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BIOGRAPHICAL SKETCHES OF THE AUTHORS. 

DEnNnAno NAUNYN was born in Berlin on the second day of September, 1839, 
and received his education partly in that city, partly in Bonn. ·while a student, 
his duties as au amanuensis, first of Prof. Reichert, afterwards of Prof. Frerichs, 
afforded him an early opportunity of familiarizing himself with both anatomy and 
internal medicine. From 1803 to 1868 he was an assistant in the Medical Clin ic at 
Berlin (service of Prof. Frerichs). In 1 8~9 be was iuYitcd to fill the position of 
Professor of the Medical Clinic at Dorpat. Iu 1871 he was callc<l to fill the same 
position in Berne, Switzerland. Finally in 1872 he accepted a simi lar call from 
the University of KOnigsbcrg1 in Prussia. 

Naunyn's first published works related to questions of anatomy. Thus, his doc· 
torial thesis wns u On the Development of the Echinococcus," nnd in 18GG he pub
lished n paper u On the Development of Cancers of the Liver." Since 18G3, when 
he became nn nssistnut in Frc1·ichs' Clinic, his chief interest hns centred in questions 
of physiological chemistry ancl experimental pathology. Ju the former department 
he hns puhlished the following papers: "On the Chemistry of Trnnsudations and 
Pus;,, "On the Behavior o( Carburetted Hydrogen in the Organism.11 Jn the 
department of general pathology, he has made exhaustive studies on the subjects of 
Icterns, Fever, and Diabetes. Upon the first-named topic be has written two pn.pers, 
while upon the second be has wr itten four, two of which, however, were published 
ns coming from him and Quincke conjointly (" 011 the Influence of the Central 
Nervous System upon the G~ncrntion of Ileat 11

), and one from him nncl Dobrznnsky 
coujointly ("Contribution to the Theory o f Rise of Temperature in Fever 11

) . All 
three of these were published in 1873. Jn a paper written by him in 1875 on Din
hctes ("Contribution to the Theory of Diabetes ~Icllitus "), Nnunyn bas incorpo
rated not only the results of bis own investigations upon this question, but also 
those of hi~ pupils. Finally, two other works remnin still to l>e mentioned, -riz., 
one puhlishcd hy Frnncken and himself in 1873, "On the Coagulation of Illood in 
the Lil'in~ .\nimnl." nncl a second by Eichhorst and himself iu 1874, "On Degen
eration and Regeneration of the 6pinn.l Corel." 

The nrticles which he published before 1873 "1.ill all be found in the .Archives 
of Reichert nnd Dubois, while the Inter ones lrnYe app<'nred in the "Arcbiv fiir 
Experimentcllc Pathologic, etc. 1

11 published by Klebs and Schmiedeberg in con
junction with Naunyn. 
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RUDOLF BoEnM, the olclcst son of the late Dr. :Mnrtin Boehm, wns born in NOrd
lingca, B1wnria, on the H)th of May, 1844. After completing his studies at the 
gymnasium, he visited first the University of .Munich, then thnt of \VHrzburg, in 
which latter he took the degree o( doctor during the summer of 1867. llis uniYcr
sity studies were interrupted in 1866 by the out.break o! the wnr, nnd for n time he 
served as an assistant surgeon in the military hospital at Munich. From the winter 
of 1866 to the spring of 1868 Boehm devoted llis time chiefly, under the direction 
of F. vou Rccklinghauscn, to pathological and pathologico-anatomical researches, 
the rc:mlts of which are incorporated in the following publications, wbich arc his 
maiden efforts: "Contribution to the Normal and Pathological Anatomy of the 
Joints 17 (Dissertation. Wlirzburg, 1868); "Experimental Studies on the Dura Mater 
of Man and of :Mammals" (Virchow's Archiv. Bd. 47. p. 218 ff.). 

In the spring of 18Ci8 Boehm was appointed nn assistant in the Psychiatric Clinic 
of the Julius llospital in Wiirzburg, and served in this capacity till the spring of 
1870. The duties of this position gave him ample opportunities of becoming 
familiar with practical medicine, for in addition to his labors in the wards of the 
insane, he was ol>ligcd to prescribe for the patients in the very large department 
devoted to epileptics, ancl also in the so-called 11 Pfri.indc." It was during this 
period that he published a German edition of 1Uaudslcy's " Physiology and Pathol
ogy of the :Mind 11 (Wiirzburg: Stuber, 1870). 

In the spring of 1870, after completing his service in the Julius Hospital, Boehm 
went to Leipzig in order to continue his re!'lcarches in experimental physiology 
under the direction of Prof. Ludwig. Already in the following summer, however, 
tha breaking out of the Franco-Prus<>inn war compeJled him to abandon his scien
tific studies. Jle took pnrt in the campaign ns battnlion surgeon of Bavarian 
troops, and did not resume his work in Leipzig until April, 1871. Jn the fo11ow· 
iag autumn he established himself as a "Privat<locent" in the University of Wlirz
burg, his" Ifabilitntion" thesis being ent itled" Studies on Ifoart-Poisnns" (Wiirz
lmrg: Stuber, 1871). He began to deliver lectures during the winter semester of 
1871-72, and at the same tima acted in tha capacity of assistant to Prof. A. Fick, 
in the Physiological Institute of the Wnrzburgcr IlochscJrnle. The following 
articles were published by him during this period: "Experimental TnYestigntions 
on the Effects of Digitalis and Digital in" (PfHigcr's Archiv, Bd. V.): (conjointly 
with A. Hartmann, of G.:? neva) " Investigations on the Physiological Effects of the 
G~rman Aconitin 11 (Vcrhandlungen der WUrzburger medicinisch-pliysikalischcn 
G"scllschnft, 1872); "On the Influence of Arsenic Acid on tbe Unformed Ferments 11 

(Ibid .), etc. 

Jn the summer of 1872 Boehm was callecl to the University of Dorpnt, to fill 
the chair of M1-tcrin )fodicn, Dietetics, and fTistory of :\fcdicine, which had \Jccn left 
vacant hy Prof. Schmiedebarg. Ile accepted thC" call, and in the following autumn 
movccl to Dorpnt, where he has remained up to the present time. As Director of 
the Pharmacological Institute of the Dorpa.ter lloclischulc, Boehm has published 
in the Archiv fUr cx'perimentclle Pathologic und Phannnkolog-ic the fol1owing 
experimental pharmacoclynamic aud toxicologicnl nrticles, based either upon 
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his own researches or upon those which his pupils ban carried out under: bis direc
tion: 

1. On the Effects of Pscudaconitin (Nepalin). Archiv fiir cxpcr. Path. und 
Pharm . Bd. I. 1872. 

2. On the Effects of Arsenic Acid. Ibidem. Bd. II. 1873. 
3. On the Influence of Arsenic Acid upon Yeast Fermentation, etc. Ibid. II. 

1873. 
4. On NativeJlc's Preparations of Digitnlis. Ibid. II. 1873. 
5. On the Effects of Prussic Acid, etc. Ibid. Ill. 1874. 
6. Ou the Effects of the Salts of Ammonia. Ibid. IV. 1874. 
7. On the Effects of the Salts of Baryta. Ibid. V. 1875. 
8. On the Ncrvus Accelerator Cordis of the Cat. Ibid. V. 1875. 
9. On Paradoxical Effects procl11ccd by the Vagus; a Contribution to the Know

ledge of the Effects of Curare. lbid. V. 1875. 
10. On the Poisonous Constituent of the Water-Jlemlock (Cicuta Virosa) and 

its Effects. Ibid. VL 1876. 

11. Contribution to tha Pharmacology and Toxicology of the Preparations o( 
Iodine. Ibid. YI. 1870. 

12. The Poisonous Alkaloids of the Seeds of Stavcsncrc (Delphinium Staphy
sagria). Ibid. VI. 1876. 

13. On Restoration to Life a(ter Poisonings and after Asphyxia. !hid. 1877. 
Recently Boehm has published, conjointly with the clinicist F. A. Hoffmann, 

° Contributions to the Physiology of the Changes which Carburetted Ilydrogen 
undergoes 11 (Archiv fiir exp. Pathol. Bd. VIII. 1878). 

HERMANN VON BOECK was born on the fourteenth of August, 1843, in n smnll 
village o{ the Bavarian district of Allgnu. Ilis father was the practising physicinn 
of tha pince. At the age of ten, von Boeck was sent from home ton school in Brc
gcnz, on the La.kc of Constance. In 1855 he entered the St. Stephen's Gymnasium 
in Augsburg, nod in 18GO the Gymnasium of Munich, where in 18G3 he completed 
his preliminary education. During the following three years he pursued his medi
cal studies at the University of Munich. 'Vhen the war broke out in 18GG, he 
entered the army as an 11<1sistant surgeon, and served in the campaign against tl1e 
Prussinnc:. Upon the termination of the war in the autumn of tSGG, he wns appoincd 
nn assistant of Prof. van Linclwurm, in the :Munich llospital, and served in this 
capacity till the cnrly pnrt of 1870. In 1868 and 1869 he passed both the university 
and the State examinations. In 1870 he continued his studies in Berlin and in 
Vienna, ancl in the autumn of the same year began the practice of medicine in 
Munich. In 1871 he established himself in the university as a "PriYntdoccnt " in 
Pharmacology. In 1876 he was appointed "Extraordinary Professor " of Uatcria 
Mcdica, Toxicology, etc.-n position which he still holds. 

Von Bocck's principal literary works arc the following: 
11 On the Cold Water Treatment o( 'I1yphus.1

' Bayer. ncrztlichcs Intelligcnzblatt. 
1870. 
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"Investigations on the Decomposition or Albumen in the Jlum:m Being under 

the Influence of l\Icrcury and Iodine." ].Junicb, 1869. Zeitschrift fnr Biologic, 

von Pcttenkofer, Voit, et al. 8. p. 17. 
"Investigations on the Manner in which Albumen becomes decomposed in the 

Bodies of Animals under the Influence of Morphine, Quinine, and Arsenic Acid." 

Munich, 1871. :M. Rieger'sche Bucbhancllung. 8. p. 52. 

" Investigations on the Interchange of Gases in the Bodies of Animals under the 

Influence of certain Remedies." Zeitschrift flir Biologic. 1875. 

"On the Effects of Arsenic upon the Tissue-Changes." Zeitscbrift filr Biologic. 

1876 i and Centralblatt flir die mecliciniscbcn Wisscnscbafteu von Rosenthal nod 

Senator. 1877. 

EDITOR'S NOTE. 

In the Ta.ble of Contents of volume XVI., Dr. E. Buchanan Baxter is credited with 

the translation of the chapters on Anremin., Chlorosis, Progressive Pernicious Anremia, 

null Corpulence. The translation of the latter chapter, however, should have been 

credited to Dr. John Todhunter, of D11blin. 
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Historical Introduction. 

Tlie earliest histo ricn,I mention of true cases of the hemor
rhagic din,thcsis, which correspond in their habitual and at the 
same time hereditary charn,cter to the "hremophilia" of the 
present dn,y, is in all probability to be found in a passage in the 
writings or the Arabian physician, Khalaf Abu I Ka sim el Zahrcwi, 
known also as Abu! Kasim or Alsaharavi, who died at Cordorn 
in A. D. 1107. Although this writer had no knowledg~ of the> 
affection except what was told him by indi viduals who were 
affiictecl with the icliosyncrasy, his desc l"iption is so trne in its 
main outlines to whn,t we now know as the bl eeder disease, that 
one cannot but recognize his account as the first authentic eri· 
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deuce of the existence of the afieetion in ~arliPr limes, and we 
therefore give the passage in full as it nppPars in the barbarous 
Latin translation by Paulus :aicius (I. c.J: 

De pa11sio1i.e fiu:i;u8 sanguinis a quocttm'}lte locorum. 
"Vicli io quihusdam rcgionibus casale quo<ldam, dictum 'n.I-kiria,' viros, qui 

narraverunL mi hi, quoniam, cum accidit in corporihus ipsorum Yul nus aliquod mng
m1111, indesinenter fluit sanguis ex vulnerc, quousquo moriLur. :r~t T"Ccitnvcrunt mi hi 
supor Jioc, quod quibmdam. ex pueris suis, cum frica!'et manu gingi-rns, copit snn
guis fluorc ex ill is, doncc mortuus sit. Ali us Yero, fl cl>otomnLus a minutorc sangui
nis, non ccssavit ex co flucre, doncc pcriit. Et universalitcr eornm mars, ut in 
pluribus, contigit in hunc mod um. !face est rc!t1 qunm nunquam ct nusqunm vidi, 
nisi in c:lsalo pracdicto, nee repcrii hoc accidcns ab aliquo antiquornm mcmornn· 
ti um, ncc scio cjus cnusU.m, ct, (111od mihi vidctur de curntionc ejus, est, quoll illc, 
cui hoc acc1dit, cclcritcr cautcrizct locum, t.loncc sanguis rcstringatur, ct ego mini me 
prol>avi hoc, ct est apud me monstrum.' 1 

The above quotation ed<lently refers to the existence of a 
disposition in the males of certain familiPs to obstinate and 
uncontrollable hemorrhages after the reception of injLuies-a dis
position quite analogous to th:it obsc1Ted in the "bleeders" or 
"hremophilists" of our own clay. That Alsaharavi was correct 
in his assertion that none of the older writers had referred to the 
disease, is shown by the entire failure of modern research to dis
cover any trace ot tl1c affection in the works of the Greek, Latin, 
Arabian, or other ancient authors. Furthermore, in ckuacter
izing final ly the extraorclinary behavior of the individuals in 
question as something " monstrnns," Alsa.hnravi manifests a 
feeling from which even more recent times have found it difficult 
to escape. For, previous to the rediscorery of hmmophilia as a 
special form or disease about a century ago, a long period 
elapsed dtuing which persons who were af!lictPcl with this idicr
syncrasy would naturally ha,-p been looked upon as subjects of 
"demoniac possession;·· indeed, as Grandiclier has well pointed 
out, it mnst he regarded as a really fortnnate circumstance that 
hromophilia was in fact almost unknown among the populations 
of Enrnpe during the ent ire inten·al from Alsaharavi (1107) to 
Fordyce (1784), because otherwise the aff Pction could scarcely 
have fnilccl to play a very dangerous part in the hi story of civil
ization during the times of witchcraft and the persecutions 
attending this delusion. 
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The symptoms of hremophilia are of snch a striking character 
that it is difficult to explain the almost complete gap in the hi s
tory or the disease during the latter part or the middle ages, ancl 
even in modem times up to the beginning or the eighteenth 
century, exeept upon the supposition that cases of this affection 
were comparatively rare during the whole or this long period. 
'l'hat cases did occur, however, from time to time, is not only 
intrinsically probable, but is shown by reports of isolated cases, 
although some of these accounts .are not so complete as might be 
desired. 

Tims, Alexander Benedictus, who died in 1525 while professor 
at Padua, g ives an acconnt of the singnlar death o[ a Venetian 
barber, who, while clipping the hairs at the end or his nose, acci
dentally puncturecl the skin with the point or the scissors, and 
died from the hemorrhage thus produced (I. c.). The passage in 
question unfortunately does not gi,·e us any rt1rther information, 
and is, moreover, somewhat obscurely worded; bnt it is difficult 
in reading it to avoid the suspicion that it really refers to a case 
of hmmophilia. Far more trustworthy is the report of another 
case, discoverPd by Virchow i11 the almost forgotten w01·k or 
Philipp IIoechstette1· (I. c.), a practising ancl hospital physician 
in Augsburg, who died in 1635; the case was republi shed by Vir
chow (1863) in hi s Archives (Vol. XXVIII., p. 426) . The patiPnt 
was a boy, who from birth had snfferecl on all possible occasions 
from more or less severe attacks of bleeding. such as umbilical 
hemorrhages cludng the first clays of life, repeated epistaxes, 
bloody stoo ls and petechial eruptions, ancl in fart presented in 
every respect a very well-marked picture or luemophi lia. Still 
another case, reported by Dr. Banyer ' as early as J743 in Eng
land, has recently (1872) been discovered by \Yickham Legg, 
arter having been enti rely overlooked for more than a century. 
The patient, a young man twenty·fonr years of age, was attacked 
for the first time in 1729 with a dangerous hemorrhage, after a 
slight puncture from " rusty nail in the sole of the right foot, 
and thereafter, up to the time of his death in 1738, continued to 

1 Philosophical Trnnsnctions, Vol. XLII. 1743. No. 471 1 p. 268. 



IMMERMANN.-ILEYOPllILIA. 

manifest a marked tendency to hemorrhages or the character of 
hromophilia upon a great val'iety or occasions. 

\Vi th the exception, however, of these few older reports. our 
knowledge of hromophilia as a specilic Conn or the hemorrhagic 
diseases is entirely an acquisition of modern times; in fact, i t 
cannot be truly said to have commenced until the present cen
tury. To be sure, towards the close or the last century F ordyce 
(1784) gave an acco unt of a hemorrhag ic disposition noticed by 
him in several individuals belonging to the same family circle
the d isposition being therefore probably or an hereditary charac
ter; and soon afterwards other fami lies of bleeders were reported 
in Germany ( \V1'Stphalia) by a writer in the " Medicinischen 
Epheme1·iden," published at Chemnitz (1703), and by Ra,-e (1798). 
Still, for some years these articles att1·actecl but little attention, 
ancl no general interest was excited in Europe until after a series 
of cases hacl been reported in American joumals. The first of 
these American articles appeared in the ~frclical R epository of 
New York, and contained an account by Otto of a widespread 
bleeder family, in which the disease could be traced back for 
nearly :t hundred years. Three other bleeder families are re· 
ferred to, observed by Rush and Boardley. The word "bleeder" 
was here fir st used. This epoch-making arti cle was soon fol
lowed by others : one by Coxe and Smith 1 (1805), another by 
Hay (1813) of the large bleeder family Appleton-Brown, and 
finally, in 1817, another report of a bleeder fami ly by Buel. 
These cases, in addition to those reported by Fordyce and his 
immed iate German successors, 'incl some other observations 
published by Consbrnch (1. c.) in 1810, now afforded for the 
first time sufficient material for a systematic description of the 
disease. 

1 This article consi~ts of a. letter written by Dr. E. H. Smi th, of New York, in 1794, 
to Dr. Rush, of the same city, in reference to the case of a child who died from bcmor
rh!Lge, which had pre\'iously recurred a few days before ca.ch birtbdn.y, and had always 
stopped upon the birthday. Death occurred five day!{ before hi11 fourth birthday. The 
case has always been quoted by the Germans as Coxe's or Lowthorp'si but, as Wickham 
Legg has pointed out in his work on Hremophilia (London, 1872, p. 20), Coxe's only con· 
nection with the case was an addendum to Lhe letter, quoting two other instances from 
Lowthorp\~ Abridgement of the Philosopbica.1 Transactions of London. neither of which 
cases, however, seems to ha.ve been an inst.a.nee of the genuine discase.-TnANSI.ATOR's 
NOTE. 



JIISTORICAL INTRODUCTION. 

This task was undertaken by Nasse, and, consiilering the 
imperfect material at his command, his trea tment of the subject 
cannot be too highly praised . In an article publi shed in 1820 
(l. c. ), on " An hereditary di sposition to fatal hemorrhages," he 
qnotes all the cases which had been reported since the time of 
.\.lsaharavi , and discusses the eti ology, symptoms, and termina
tions of the bleeder disease with the same thorough method antl 
classic clea rness of style which characterize all or his wri tings. 
The article excited everywhere, but espec ially in G<>rma ny, a li v<> ly 
interest in the study or thi s in teres ting affec tion, ancl was foll owed 
between thi s time and 1850 by numerous publications, many of 
them inaugural dissertations written at 'Vcirzburg and ]3crlin 
under the intlur nre o( the teachings of Schoenlein, who was much 
interested in the di sease, and was the first to give i t a permanent 
position in systema tic pa thology umler the ]Jrescnt name " hm
mophilia " (or hmmord10philia). In other coun tries also, particu
larly England, North .\.merica, and Switzerla nd, a considerable 
number of new cases, as well as of families of bleeders, were 
reportecl in journal articles and larget· treatises; indcecl, this 
periocl of thirty y<'ars surpassed all others, past or present, in the 
copiousness of its literature on the subject. Among the Germ an 
articles we may nwntion, especially, those by Krimer (1820), 
El saesser (1824- 183:3), Steinmetz (1828), Rieken (1820), Kuhl 
(1834), and Grancliclier (1832-1839) ; followed in 1840 by the two 
articles of \Vachsrnuth and Lange, which were the most impor
tant and comprehensive that appeared dnring this period; a nd in 
1851 by the valuable reports of l\Ieinel a nd l\Ia rtin , in r~(Prence 

to bleeder familiPS in Franconia and Thuringia. " ' achsmuth's 
article is a true monograph of the disease. It not onl y shows an 
intimate acquain tance wi th the prev ious li terature of the subject, 
bu t contains al so an accoun t of several rases in his own famil y 
circll', and is the best and most complete trea tise, wi th the excep
ti on of the earlier arti cle of Nasse and the later ones of Yirchow, 
Granclidier, a nd k gg ; while to Lange we are indebtetl fo r the 
first vigorous p rosecution of the stati stics of the disease - a 
branch of the ubject attended by immense diffi cul ties. 

0( the ar ticles which appeared in other conn tri es dnring thi s 
peri od, the most valuable are those of the American physicians, 
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Reync·ll Co<ttes, Ilughes, and Bowditch (IL ce.); in Englancl, the 
treatises or Bl:igden, Davis, Murray, Osbonu•, Kendrick, Lane, 
Cochm110, .\.llan, and Clay (ll. cc.); and in Switzerland, Yieli's 
interesting reports of the two 1arge bleeclPr families at Tenna, in 
Granbunden, to which we shall ha,•e repeated occasion lo refer 
in the presmt article. 

The comparatirn scantiness of the li terature on this subject 
in Fl'anrr, ancl other countries speaking the Romanic languages, 
is mainly dne to the lack of interest occasio1wd by the rarity of 
the disease among the populations of the so-call ed Latin race. 
Several important articles, howe\"er, by French writers (Roux, 
Lafa1·gne, Lebert, Dequevauviller, Dubois, etc.), will be found 
111entio1wd in the preceding bibliography. 

Among the more extended articles si nee J 850, one of the most 
valuable is the chapter dc\"oted to this affertion in Yirchow's 
:Manual of Special Pathology (18.34, \~ol. I. p. 263 et seq.). Brief 
as it is, this excellent article contains everyth ing of importance 
on the subject up to that time, and by its clear statement or tho 
causes o( the disease, and careful description of its chief symp
toms, gives a trne and vivid picture of the affection. In the fol 
lowing year (1855) appeared a11 exhaustive monograph by Gran
didier, who, as we have seen, hacl already published several 
shorter commnnica.tions, and hacl done good work in promoting 
the study of the subject by his digests of cnrrent Ii terature on 
hrnmophilia in Schmidt's Jahrb(icher des gesammten J\Ieclicin. 1 

'ro these treatises of Grandidier, Virchow, \Yachsmuth, and 
Nasse, more than to any others, we are mainly indebted for our 
present knowledge, ancl we shall, tlwreforo, use them freely in 
our own account or the disease, at the same time urgently recom
mt'nding the reader to consult the articles themsch-es to supply 
any deficiencies that may appear here. 

Of recent publications in other countries, \Yickham L!'gg's 
work (London, 1872) requires particular mention. It contains 
Revera! new cases observed by the author, reviews thoroughly 
the entire previous literature of the disease, and advanc~·s some 

I 1862, Vol. CXVII. p. 829; ancl 1872, Vol. CLIV. p. 81. 
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original opinions characterized by a soundness or judgment 
which ent itles them to careful consideration. 

The preceding summary must suffice, as it is not the object of 
this historical introduction to enter fully into the details of the 
literature of hremophilia. Nor is it desirable to detain the reauer 
with an account of all the theories which harn been adranced in 
explanation of the anomaly since the affection came to be morn 
generally known nearly a centmy ago. It is only necessary to 
say that none or them has gained exclusive acceptance, and 
that this fatal affection still remains one o[ the "enigmas" o( 
pathology, the sol ution o[ which must be left to the future. 

A few words may be added, howm·er, with respect to the 
temporal and spatial frequency of the disease. That the alfec· 
tion has gained in frequency to an important degree wilhin a 
comparati vely recent periocl can scarcely be doubted. As we 
have already seen, not a trace of hremophilia is to be founu any· 
where in the entire literature of the middle ages ancl earlier part 
or modern times, with the exception of the doubtful passago in 
Alexander Benedictus, and Iloechstetter's case; anu in none of 
the bleeder families can the disease be fo llowed back further 
than the beginning of the last century. To be sme, this si lence 
or writers during the pel'iocl refel'l'ed to does not 1wcessarily inui
cate the entire absence of the disease in tliose times; st ill , as 
suggested above, some mention of it migh t natLtml ly be expected 
i( the affection had beenfrequently observed. l\Ioreover, in con
equencP or the great fecundity of bleeder familil'S, and the 

markecl inhel'itability of the anomaly, there seems to be every 
likelihood that the affection will become still more common in 
the futme. The few bleeders existing two hundred years ago 
have probably hy this time a considerable nnmber of bleeder 
descendants, and this number is likely to steadily increase. Cer
tainly thns far the natural restrictions to the propagation or the 
disease-the premature death or many members of these families, 
and the failnre of othe1·5 to beget offspring after attaining the 
proper age-harn fai!Pd to check the progress of the affection, 
not to mention the possibility of its spontaneous extinction. It 
bPcomes a question, therefore, whether active precautions, of 
both a private and public nature, may not perhaps be warrant-
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able to pre1·cnt the disease ultimately becoming a social calamity; 
bnt the full consideration of this inquiry lllU SG lJe deferre<l to tho 
chapter on Prophylaxi s. 

As to tho spatial frequency, or, in other words, the geogra
pldcal extension or hromophilia, stati stics seem to show that the 
disease occurs more frequently in certain countries and groups 
or countri es than in others, and is therefore not uniformly di s
tributed over the earth's surface. From the more or Jess uncivil
ized portions oI . the globe reports or either the existence or 
non·cx istence of the disease are naturally wanting; still , e\'en in 
countri es thoroughly penetrated by the scientific spirit, differ· 
ences as to the frequency or the affection are noti ceable, wl1ich 
cannot he attributed to a negligence or medical obsen•ation. 
Thus, in Germany, where, particularly in the Rhine and l\Iain 
districts, a special industry in the collection of cases was awak
ened by Nasse and Schoenlein, tho disPase s till seems to be 
e:rceptionallycommon, notwithstanding the interest excited else
where. Next to Germany in the order of frequency comes 
Gn•at Britain, followed by the northern countries Sweden, Nor
way, and Denmark; then North America, Ilo11and, Belgium, 
Switzerland, Russia, Poland, and France, while no cases have 
been reported from Italy, Spain, Portugal, Greece, and Turkey. 
Upon the whole, therefore, lhe widespread Anglo-Germanic 
family of nations in both the Old ancl N ew "\Vorld appea rs to be 
affected much more frequently than the populations of the so
called Latin race; but that the latter, and the Slavic nations 
also, are not wholly exempt, is shown by reports or several cases 
in France and Russia; and that, finall y, the afIPc tion is not 
confined solely to the so-ca lled Caucasian race, appears from a 
recent lengthy account hy Heyman n (I. c.) or a :Malayan family 
of bleeders at P al<'mbang, in Java. It is rlear, moreover, from 
the g<•ographical distribution oI the disease, that the prevalence 
of h:cmoph ilia is littl e or not at all influenced by climatic differ
ences, and the same remark will apply also to the elevation of 
the regions affected. Cases are reported of bleeders and families 
or bleeders from the lowlands of Holland and Livland, a s well 
as from the high AlpinP- valleys or Switzerland (Vicli) ; in fact , 
wherever the disease has been observed, it has always presented 
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the same stereotyped form , whatever the external conditions of 
geographical position or social life. 

We nppcncl a table of the geographical distribution of the disease, comprising 
the cases compiled by Grancl idicr up to 1872, together with all the new cases which 
we have discovered for 1873 and 1874. It shows strikingly the unenviable prc
cminc:ncc o f tha Ang io-Gcrman ic race, and particularly of the German nation, in 
respect to the prevalence of the disease. The table includes 650 authentic cases 
occurring in 2tn families. Of these families there were in 

.. U4 

.. 52 

Germany ... 
Great Britain .. 
N o rth America . . . . ... ... .• . . • .. ... 23 
Frnncc .. . . ... .. .. ............... . . . . 22 
Jl.uss ia and Poland .. . . .. IO 
S witzerland. 
Sweden, Norway, and Denmark . . . . . .. . . . , . , . , .. . . . . 
Ilollnnd and Belg ium .... 
Java 

General Definition of the Disease. 

As commonly obser1•ed, luemoplt ilia or the bleeder disease 
(hmmorrhophilia, hemorrhagic idiosyncrasy) may be defined as a 
congenital and ltabitnal hemorrhagic d iathes is, since the ex
tremely obstinate and dangerous hemorrhages for which bleeders 
are noted usually beg in in the very earliest years of life, and 
recm habitually. At all e1•ents, it is dec idedly excep tional for 
an !tabitual hemorrhag ic tendency, accompanied by the othe1· 
clinical peculiadties to be presently descri bed, to origina te in 
1niddle life, so as to warrant ns in regarding the di sposition as 
acquired. On the other hand, it is equally mwommon Ior an 
individual wh o has been a marked bleeder in infancy, and in 
whom therefore the disposition was presumably congenita l, to 
lose the idiosyncrasy completely in early youth, and remain 
thereafter entirely free from hemorrhagic attacks. In fact, the 
congenital origin and the h:ibitual nature of the di sposition are 
so constan tly observed together in the so-called bleeders, that 
although each of these attributes is doubtl ess important by itself, 
it is unquestionably their combination that constitutes the chief 
charac teris tic of h remophilia. 
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For the present we may be permitted to rest with this general 
definition, leaving for future consideration those exceptional 
cases of lucmophilia in which either t!Je congen ital or the habi t
ual character of the affection is but slightly marked or entirely 
absent. As we shall see later, some of these cases, as well as 
some even q uite transitory forms of hemorrhagic diathesis, are 
clea rl y entitled by their etiology to be regarded as hremophilia; 
still, in such a broadening of our conception of the diseasP, it is 
evident that these anomalous and rudimentary forms must 
Jack those external characters which are pathognomonic of the 
bleeder anomaly, and that the diagnosis or such cases, therefore, 
can never be more than conjectural (see Diagnosis). 

On the other hand, if we confine omselves to the usual and 
well-markell forms of the di sease, it will be seen that it is just 
these two attributes which chiefly di stinguish hremoph ilia from 
other he1norrhagi c affections, particularly ;;curvy and the mor
bus macnlosus TVerllwfii (see the two following articles). All 
of these other forms of hemonhagic diathesis, espec ially the 
two mentioned, present neither of these attributes, hut are essen
tially acqnirecl and transitory processes. llmmophilia, on the 
other hand-at least so far as \Ye can judge from clinical symp· 
toms-does not appear to be in any true sense a pathological pro
cess or morbid "accident," but rather an abnormal '~condition" 
of the living organism, and probably clepencls for its material sub
stratum not upon a. tissue.change which runs a cletinite course, 
but far rather upon an original striwtural vice (v itium primae 
formationi s). \Vere such an anatomical basis for the clisease 
actually clemonstrated in the form of some abnormity, which we 
could not but regard as really a so-callecl "clefect of organiza
tion," our difficulties as to the nature and proper definition of 
hremophilia would naturally end at once, ancl it would only 
remain to investigate those exceptional conditions uncler which 
the manifestations of the anomaly, instead of appearing at the 
outset and throughout the course of life, occasionally appear 
only at a later age, or even only tra.nsitorily. Unfortunately, how
ever, it must be confessed that our knowledge of the anatomical 
nature of the bleeder diathesis is as yet little more than rudimen-
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tary, anc1 that for this very reason the affection still belongs to 
the obscure problems of special pathology . 

As a strict definition of the nat ure of the bleeder disease is 
therefore at present impracticable, these few remarks must suf
fi ce, li tLle as they really add to our knowl edge of the pathologi
cal condition which underlies the disease. lu the further consid
eration of our subject, also, the di sad vantages of not having a 
definit e established theo ry of the affection will be equally appar
ent. Thus, in the foll owing chapters on the causes, general pic
ture, and individual symptoms of the di sease, it will be impos
sible to treat these topics synthetically in a logirnlly connected 
manner, and we shall therefo re be obliged to content ourselves 
at first with a mere analysis of the facts as they have been ascer
tained empirically, without attempting any a priori explana
tions ei thPr as to the mode of action of the observed causes, or as 
to the orig in of particular symptoms. After these poin ts have 
been d iscussed, we shall again take up the questic,n in regard to 
the nature of the affection- tha t is, in regard to the in ternal con
nection between the clinical fa cts. Tbe results of invest igation, 
as we bave already intimated, certainly afford bu t a very unsat
isfacto ry answer to the question, and we should be disposed to 
abstain al together from any theoretical di scussion of the nature 
and mode of origin of hremophilia, were it not that the didactic 
character of the present work demands that at least an attempt 
should be made at a comprehensive deduction of the facts 
observed . It is Lhis consideration alone, and not the conscious
ness that we ha,·e any exhaustive theory of our own to oITer, 
that has led us to c1evote a short theoretical excursus to the sub
ject later in the article. 

Etiology. 

A. Predisp osing Causes. 

1. Hereditary family disposition. Of all known predi spos
ing causes of the bleeder di sease, thi s is unquestionably Lhe 
most striking and important. Grandidier speaks of the affection 
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as altogether "the most hereditary oi all hereditary diseases;" 
while Nasse, in the \"ery title of his work-" An Hereditary Dis
position to Pata! Hemorrhages "-shows the importance he attri
buted to this characteristic which he was the first to make gener
ally known. In fact, when one case or the disease has occurred 
in a family, i. e., in a group or blood-relations, other members 
are almost al ways affected sooner or later. This cumulation of 
the all'ection in certain families becomes readily apparent when 
we compare the total number of i·ecorded cases with the number 
oifamilies affected. Such a comparison sliows that the number 
oI individun.l cases is almost three times as Jn.rge as the number 
of families; 01-. in other words, that hmmophilia, when it once 
manifests itself in a family circle, is rarely content with a single 
victim. 

Grandidicr's compilation in 1862 included 512 cases distributed among 174 
families. By 1872, according to the same writer, these numbers had increased to 631 
a.nU 213 respectively. 1'"'or the years 1873 and 1874 we have discovered 19 more 
cases reported in medical literature, occurring in 6 families. This gi vcs a total, 
therefore, of GjQ bleeders to 219 families, or nearly tAree bleedera to every family 
affected. 

This cumulation of the affection in certain families - the 
so-called bleeder families-sometimes takes place more or Jess 
rapidly through the birth of a greater or less number of bleeder 
children in a family where the parents and ancestors have been 
entirely [r~e from l.11.emophilia; at other times the cumulation 
develops gradually through a longer period oi time, the anom
aly starting in a single individual, and clcscending directly 
through n. series of successive generations. In the first case we 
have to deal with what may be termed a multiple congenital ori
gin of lwmiopltilia; in the latter case with a direct transmission 
or the disease. Usually, however, when the first mode of cumu
lation has once disclosed itself, the other ultimately becomes 
associated with it, since the occurrence or several cono-enital 
cases in a family is generally followed by a direct trans1;.ission 
of the disease. A third, and at the same time tbe 11wst impor· 
tant mode of propagation, is by means of what may be called 
indirect transwission. Thus, after one or more cases of hremo· 
philia have appeared among the children oi healthy parents, the 
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affection is usually handed clown, not so much by the bleeders 
themselves, as by their non-bleeder brothers and sisters; and 
this singular mode of transmission of the outwarcl manifestations 
or the disease may be repeated for several generations. In such 
cases, therefore, if we leave out of account the gpnealogical start
ing-point or the affection, the clinical or non-latent phase or the 
disease is evidently propagated in its further course along side or 
indirect paths, and not in the line of direct descent. Now, while 
the single congenital origin of hmmophilia in families hitherto 
free from the disease merely increases the number of i ndi vi dual 
cases in equal proportion to the number of bleeder families, it is 
clear that by the much more common modes of propagation
multiple congenital origin, and direct :incl indirect transmission 
-the number of individual cases increases much more rapidly 
than the 1rnmber of bleeder families, and that there is therefore 
good reason to apprehend that the pre~ent ratio of three to one, 
instead or remaining constant, will steadily become larger in the 
future. li it seems surprising, on the other hand, that tho pres
ent ratio is so small, it should be home in mind that om· exact 
historical knowledge of h:mnophili:i dates back only to the end 
of the last century, ancl that no careful statistic:il studies were 
made until quite recently-in fact, only since the time of Lange. 
The m:iin cause, however, for this low ratio, doubtless lies in the 
operation of certain factors, which tend directly to restrict the 
multiplication of primiti,,e cases, as well as to prevent the cumula
tion of the clise:ise. The proportion between blePders and bleeder 
families must unquestionably, even by this time, have become 
far larger than it is, if (1) all new members of a bleeder family 
were lhernseloes actually bleeders, and if (2) all bleeders pro
dnced oj/:~pring; but, in point of fact, there are important limita
tions in both these particulars. 'l'hus, many of the new members 
of these circles fail to manifest the disease at all, and while some 
or these failures are apparently mere irregularities of a com
pletely ermtic character, others, as we shall see in the following 
section, are ob ervecl so frequently that they may almost be 
said to follow :i lnw of the disease. On the other hand, :i very 
l:irge number of actual bleeders die from the disease so early in 
life (see Terminations) as to be unable to lake any share in the 

VOL. XVII.-2 
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propagation of the anomaly. Indeed, this great premature mor
tality of bleeclers is the main reason- aside from another to be 
considered under the Sexual Disposition-why the direct hered
itary transmission of hremophilia is much more im·e than the 
indii-ect; since the non-bleeder brothers ancl sisters, on account 
of their freedom from this danger to life, far more commonly 
attain the procreative age. 

On the other hand, bleeder families present another peculiar
ity, which, instead of restricting, tends rather to increase the 
number of cases in these circles, viz., the extraordinary.fruit
fulness of the non-bleeder brothers and sisters-a peculiarity, 
moreover, of great importance in relation to the indirect trans
mission of the disease through these members of the family. 
Since attention was first called to this remarkable fact by 
\Vachsmuth, the confirmations of it by later observers ham 
become so numerous that it can no longer be regarded as merely 
accidental. Thus, direct investigation has shown tlll1t the average 
number of legitimate births in bleeder circles is nearly double 
the ordinary average; and although some writers have been dis
posed to ascribe a teleological significance to this peculiarity by 
regarding it as a "remedinm naturae" against the excessirn 
mortality of bleeders, it is none the less clear that the interests 
of society are endangered by a provision-if it be such-which 
threatens to seriously increase the frequency of this fatal 
affection. 

Tltc first stntistics on this point were pnblishrd by Wachsmuth, and cmbracecl 
only t\velve marriages in bleeder families. Front these marriages were born 114 
childre!l, or !.l.5 children to each marriage i whereas the normal average of chil
dren born in wedlock is only about five. A later compilation by Grandidier 
showed 204 children to 21 bleeder marriages, or a ratio of !.l.7 to 1; and a still later 
estima.tc 324 children to 36 marriages, or exactly !.l children to each marriage. 
These figures show, at alt events, that the asserted fecundity of bleeder families is 
in all probability not imaginary, but real, and in some way intimately connected 
with the nature of the anomaly itself. What makes this peculiarity the more 
remarkable is the fact that most of the individuals who mnui fest it a.re not them
selves bleeders, and yet a.re able to transmit the disease, the latent nnomnly in their 
own pel'sons appearing fully developed in their children. 

The terrible importance of hremophilia to the welfare of the 
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families concerned, on account of its markedly hereditary aml 
dangerous character, would naturally lead us to expect that in 
many of these families full accounts of the existence of the affec
tion in former generations wonld have been handed down through 
oral or even written tradition. In fact, several of these families 
possess records so complete in this par ti cu Jar that it has been 
possible to construct an actnal family tree qf the disease, with 
roots or main branches running back through several decades or 
even a century and upwards, and ramifying more or less widely 
in later times. 

Thus, in the American bleeder families Smith·Shcpard and Applcton·Ilro~, 
the disease could be directly traced through the entire intervnl from 1720 to 1806 
(Otto, Tiay); while of the two unrelated blee<lcr families at Tcnna in Graubiindcn, 
one at least has been affected since 1770 (Yieli, Grandidier), and in the two families 
together the affection had gained such bend way by the year 1854, that at Tenna 
alone, out of a total population of 165, there were at that date no less than fifteen 
bleeders. So abo Dr. Schrcy, who was himself a hlccder, infonns us (Dissc1t. de 
hremophilia. 1857. Bcrolini) that the disease could be traced in the widespread 
bleeder family to which he belonged in Mtihlfurt (Rhenish Prussia) as far back as 
1750. Other instances of a similar kind may be found in the statistical compila
tions of Graudidier (11. cc.), which show that up to 1872 there were in all 73 care
fully described cases possessing a clear genealogical record of the disensc. That 
the result.s of investigation upon this point should have been less sntisfoctory in 
other cases, which were possibly just as truly of an hereditary character, is certainly 
not surprising, if we consider how few families are able to recall tlic pnthologienl 
fate of their ancestors even when it has been of a peculinr character, and bow very 
readily the 1·udimentary cases, which occur in bleeder families alongside o( tlw 
marked forms of the disease, might be OV'crlooked entirely. Still another difficulty 
arises from the fact that the disease is trnnsmitted indfrectly much more frequently 
than directly, since children natura11y remember with less distinctness the discuses 
of their collateral relntions than those of their parents. Finally, it is not to he for
gotten that, as a rule, the pedigree of tlie disease is not identical with the pedi(lroe ef 
the family name, nnd that consequently the disease is more difficult to trace genea
logically than it would he if it were transmitted only agnatically, i.e., only tlirough 

. the male reJa.tivcs bearing the family name. Experience shows, however, on the 
contrary (see further on), that the cognatic or maternal influence plays n far more 
important rOlc thnn the agnatic in the propagation of bleeders; hence, we com
monly find that, in consequence of the marriage of the females into other ngnatic 
circles, the group of individuals which forms the bleeder family, and which is com
posed for the most part cognatically, is distributed among severnl families bearing 
different names. Numerous instances of this kind are to be found in the literature 



20 DL\IERllA:NN . -TI..-E'.'.IOPJIILIA. 

of hromophilia (sec Grnudidicr); still the number of these, ns well ns of reported 

hereditary cases in general, would undoubtedly have been much larger if family 

traditions were not so commonly monopolized by the ngnntic family history to the 

almost total neglect of the cognatic record. 

2. Se:c. The predisposing influence of the sexnal character 
should be mentioned immediately after the family hereditary 
disposition, not only because it ranks next in importance, but 
also bec<iuse it is ordinarily connected with the htter h1 ii manner 
that is extremely clmracteristic. In general, it rn<iy be said <it the 
outset that fuUy developed hamwphiUa occurs with very rnuch 
.r;reater frequency in male than in female individuals. The 
evidence upon this point is overwhelming. The earliest cases, 
reported by Als<ilmrnvi, A. Benedictus, Iloechstetter, <ind Banyer, 
were all male bleeders; while in recent times, Otto, Ifay, Nasse, 
""arhsmuth, and many other writers, have specially insisted 
upon this peculiarity of the disease, and their opinion is amply 
confirmecl by the large mass of evidence now in existence. Thus, 
a compil<ttion of all the reported cases of well-marked luemo
pltilia, in "·hich the sex was noted, cliscloses the remarkable 
fact that the fully formed anomaly has been observed nearly 
thirteen times more frequently in male than in female individ
uals. 

Out of G30 o( these cases there were only 48 females to Ci02 males-a proportion, 

therefore, of 1 to 12.6 i or, expressed in percentages, 8 per cent. females to 92 per 
cent. males. In scarcely any other affection is the predisposing influence of sex so 

strikingly noticeable. 

This prernlence of hremophilia in the nmle sex is equally a 
characteristic of individual bleeder families. Thus, when sm·eral 
cases have occurred in a small circle of this kind, it is much more 
common for the sons alone to be afiectecl, rather ·than the sons 
and cfaughters, or the d<iughters alone. \\'hen the disease appears 
in both sexes, moreO\·er, the number of mrde bleeders usually far 
exceeds that of the female bleeders ; <incl finally, the instances 
are much more numerous where all the sons without exception 
arc blccclers than where the disease attacks all the children (both 
sons and daughters), or all the daughters alone. Such facts as 
these show clearly that the influence of sex in predisposing to the 
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anomaly in question is not merely a general law governing the 
gross statistics of tile disease, but is likewise a radical differential 
principle, the operations of which are special in character, and 
discernible even in the smaller groups represented by the children 
of single families. 

The statistical material available for the study of these special operations of the 
law is naturally much smaller than that which we were able to use above for the 
general comparison, since most of the reports of bleeder families fail to give the 
number and sex of the children who are not bleeders. Still, taking the instances 
compiled by Gramlidier in which these particulars arc noted, and addiug the 
instances recentl1 recordcd, we have a total of 76 bleeder families available for our 
purpose. In these families the comparative distribution of the disease between sous 
and daughters was as follows: 

Sons were affected in .. 
Daughters were affected in 

. ...... 70familics. 
. 15 " 

In children of lite same parents, therefore, tlw disease oceurre<l 4.7 times mo,·e ji·e
quently in the s<ms tlum in tlie daughters. 

Sons alone affected in. . . .... .. 61 families. 
Sons and daughters both nffccted in. . . . . . . . . . . . . . . 9 
Daughters alone affected in .. . 6 

Consequently the sons aUme were affected 6.8 times more frequently than the 
sons and daughters together, and 10.2 times more frequently thnn the claughtc1s 
alone. 

Furthermore, the composition of the 76 families with respect to the sex of all 
the children (bleeders and non-bleeders) was as follows: 

Sons and <laughters both. . . 
Sons alone. 
Daughters alone .. 

........ OOfamilies. 

. ..... 13 

3 

Now, we have seen above that out of these sixty families containing children of 
both sexc~, there were only nine instances in which both sexes were affected; this 
le:wes fifty-one instances in which the disease was confined to the sons, notwith
standing the coexistence of daughters. Consequently, in families containing 
children of both sexes the affection occurred 5.7 times more frequently in the sous 
alone than in the sons and daughters together. Again, with respect to the limita
tion o( tile disease to the daughters, we find that out of the six instances mentioned 
above, three occurred in families which contained no sons, Jen.Ying only three 
instances, therefore, in which claughterr were exclusively nffecte<l, notwithstanding 
the coexistence of son~. It is clear, therefore, that when c11ildre11 o( both sexce 
existed, the exclusive limitation of the disease to the sous occurred far more fre
quently than the exclusive limitation to the daughters, for the former occurrence 
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was noticed fifty-one times out of a possible sixty, and the latter only thrice-a 
relative proportion of seventeen to one. 

Tbc prevalence of male bleeders among the cbilclrcn of the same parental pairs 
is shown also by the following table, giving the comparative numbers of male and 
female bleeders in the nine families in which tlw aona and dau(Jhlcra were both 

affected: 

Total number of male bleeders in these nine instances. . 40 
fcm.a"le " .. 11 

The total number of bleeder sons, therefore, in these circles of brothers and sisters 
was 3.6 times larger than that of the bleeder daughters. 

Furthermore, in the fifty-nine instances in which son.t onlv were affected and 
the exact number of these bleeders was stated, we find: 

Total number of bleeder sons .. ..... . ....... ... . ...... 170 

or nearly three bleeder sons to each marriage. 
Ou the other hand, in the six instances in which clau(Jhtera only were affected, 

and the exact number of these bleeders was stated, we find: 

Total number of bleeder daughterS.. . . . .. n 

an average of only 1.5 bleeder daughters to each marriage. 
It appears, consequently, that the average number of female bleeders, when the 

dise:ise is limited to the daughters in families containing children of both sexes, is 
only half that of the male l>leeders in the much more frequent (nearly ten times 
more frequent) opposite cases in which the sons only are affected. It would seem, 
therefore, that the influence of the female sexual character in preventing the occur
rence of folly developed hromopbilia makes itself felt even when in a particular 
family circle a special tendency to the production of female bleeders can be recog
nized, since the tendency in most of tlicsc instances is restricted to much narrower 

. limits than is the case with the male bleeders. 
Finally, the preponderance of male over female bleeders is also shown by the 

fact that the implication of all tlte sons in a given family is much morefreguent than 
the implic:ition of all the children (both sons and daughters), or of all the daughters 
alo11e. While the former event, according to relillble accounts, has happened 
twenty-seven times, the implication of all the children has occurred only three times, 
nnd that of all the daughters alone only four times. Three out of these last four 
fmnilies, it will be remembered, contained no sons, while of the twcnty-sevc.n 
families in which all the sons were bleeders, there were only eight in which no 
daughters existed. 

Now, although the foregoing details prove beyond the least 
question that the female sex is far less subject than the male to 
fully-developed hromophilia, it is still not to be overlooked, on 
the other hand, that the actual share of the female sex in the 
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entire number of cases, which probably belong to the patlwlogi
cal domain qf luernophilia, is in all probability consiclerably 
larger than appears from the statistics already given, or than can 
possibly be shown statistically. For all the cases th us far con
sidered represent only the completely developed form of the 
disease, that is, only such varieties of hemorrhagic diathesis as 
are demonstrated to be genuine luemophilia by their congenital 
and habitual character. In addition to these, however, there is a 
large number of rudimentarily de·veloped and anomalous cases, 
whose identity with hremophilia is far less clear, and wllose 
comparative frequency therefore in the two sexes we ltave no 
1neans of deter1nining with accuracy. Still, as Grandidier has 
pointed out, it is possible that such rudimentary cases, particu
larly those in which a certain degree of bleeder disposition is 
manifestecl only transitorily and at certain times (e. g., at the 
first appearance of the menses, in childbirth, etc.), are really more 
frequent in females than is commonly supposed, the tme rela
tion of these attacks to hremophilia being overlooked in con
sequence of their trifling nature or hrief duration. Of course, 
we are far from advocating the indiscriminate admission of e1·ery 
transitory hemorrhagic diathesis of this kind to the category of 
hremophilia; on the contrary, the position assumed earlier in 
this article is ever to be kept in mind, viz., that the congenital 
and habitual character enters into the definition of the bleeder 
disease as an essential element, ana that probably in all cases 
hremophilia is to be regarded as an affection which depends 
npon an original and permanent structural vice. Only those 
cases of transitory hemorrhagic diathesis, therefore, can be pro
pPrly admitted which are fairly entitled, notwithstanding tlieir 
temporary clinical cltaracter, to be considered as merely the 
momentary expression (or, more correctly, "the outbreak") of a 
really penuanent, though usually latent, morbid disposition. 
\Ye are clearly warranted, however, in suspecting the existence 
of a congenital disposition to hemorrliages, and therefore hremo· 
philia, whenever the individual, male or female, who is momen
tarily the subject of a severe and almost uncontrollable hemor· 
rhage, without ever having suffered from decicled hremophilia 
(lwbitztal hemonhagic cliatltesis), comes from a bleeder family, 
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pet"lwps has blader brothers and sisters or blreder cllildrcn; 
jn short, therefore, whcne,·er such a patient, notwithstanding
his apparently perfe<'t health in other respects, still sta1ids 
undN llll' ban ef an lnredilary Lt11de11cy Lo attacks qf danger
ous blerding. 

'l'h~se etiological considerations, as we have already inti
mated at the outset of the present chapter, certainly point to 
the ilesimbility of enlarging our conception of hremophilia in 
some way so as to include at least all tliose imperfectly devel
op(•d cases of hemorrhagic diathesis which exist alongside of the 
complete forms of the disease in both sexes among the members 
of bleeder families,and manifest themselves at some time or other 
by actual clinical symptoms (hemorrhages). Still, any attempt to 
introduce these rudimentary cases into the statistical register of 
hmmophilia wonlil be thwarted, n~t only by the want of exact
ness in existing observations, but also more especially by the 
fact that these cases in their minor degrees of development, such 
as am seen with special frequency in female , are entirely indis
tinguishable from a condition of apparent good llealth, or, in 
other words, from a complete latency of tlte congenital blteder 
disposition. So long, however, as we are unable to compute 
these rudime11tary cases, an exact calculation or the comparatire 
frequency of hmmophilia in the two sexes is obl'iously ont of the 
question, and wonlcl doubtless remain so even if we possessed
as we Cl'rtainly c1o not-a record of all the fully developed forms 
of the disease. Still, there can be no reasonable doubt of the 
very ma1·ked preponderance of freq ucncy of the disease in the 
male Sl'X. 

The expr<'ssions used above-apparent goocl health, or, still 
b0ttcr, complde latency ql the bleeder disposition-were em
ployed in contrast with the attribute of actual and perfect 
health, for the purpose of designating the bodily condition com
mon to all tltose 1nembers ql bleeder families, wllo, without being 
themselves bleeders, are still able to transmit tlle anomaly l1ered
itarily to their own offspring. \Ve ha,·e already seen that 
the propa~ation of hmmophilia takes place in reality far more 
frequently by indirect than by direct transmission, that is, rather 
through the non-bleeder brothers and sisters than through the 
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bleeders themsefres. Now, to abandon the law of continuity in 
these cases, and to suppose that tbe disease constantly passes 
over the intermediate members ancl renews itself de norn, is 
certainly contrary to our fundamental conceptions or natural 
processes. In fact, the undin1inished severity with wliich l11e 
disease reappears in the children of these individuals, compels 
us to infer that the soundness of the latter is not actual, but only 
"apparent," and that they are really subjects of a latent bleeder 
diathesis. It is clear, however, that if we are to take into con
sideration the nature, and not merely the extemal manifesta
tions or the anomaly, we shall strictly be compelled to include 
in the category of hmmophilia also all those completely Zateid 
cases in which indil'iduals who have never themselves bled in a 
morbitl manner continue to give birth to one child after another 
bearing the unmistakable impress of the disease. Regarded in 
this light, the relative shares taken by the two sexes in the affec
tion appears widely different from those shown by statistics which 
deal solely with the external phenomena of hmmophilia, and the 
highly interesting fact is disclosed that the female sex is in 
reality to be regarded as tlte more intensely ajjidal, because it 
possesses in a far ltiglter degree titan tlte male, not merely the 
opportunity, but also especially tlte capacity for transmitting 
tlte disease by inheritance to its own offspring. For, in by far 
the majority of instances where hmmophil ia. is trans mittetl to 
one or more children, and where consequently a multiplieation 
of individual cases or the disease takes place, this result is 
brought abont, not through a male (bleeder or non-bleeder) 
member or a bleeder family, but directly through a female 
member. That this peculiarity, moreover, is by no means wholly 
dependent upon the excessive premature mortality or the 
(mostly bleeder) male members of these families, but is rather 
directly connected with a more actirn transmitting power on the 
part of the female members, is apparent from the following 
important ancl interesting facts (Grandidier): 

1. JJiales in blPeder families, wlw are tltemselves bleeders, do 
not, as a rule, bPget blercler chi ldren by women who belong to 
non-blerder families; in faet, tlte cltildren in this case are 11s11-

ully ltealtlty and non-bleeders. On the other hand, tlte children 



2G IMMERll..ANN.-H ... E:UOPlfILIA. 

qf women iolw are tltemselves bleeders are quite uniformly sub

jects of liamwphilia. 
2. JJiales in bleeder families, wlto are not bleeders, almost 

never beget bleeder children by women from other families. On 
the other hand, among the children of women who belong to 
bleeder families, without being themselves bleeders, tltcre are 
almost always some who suffer frorn pronouncecl lu:emopliilia 

(see above). 
It is clear, therefore, that in the transmission of hromophilia 

the maternal in1luence is far more important than the paternal, 
for while the female members of these families appear to be capa
ble of propagating the disease, whether they are bleeders or not, 
the males mrely manifest this ca1Jacity except when they are 
themselves bleeders, and e1'en then the chances of transmission are 
much less than in the case of a latent disposition on the mother's 
side. Since now, as we have already remarked, the females are 
mrely fully developed bleeders, and the male bleeders either die 
prematmely, or, as a rule, fail to reproduce the disease in their 
children, it follows that the non-bleeder women in bleeder fami
lies are infact the most frequent and most efficient" conductors" 
(Yieli, Grandidier) of hremophilia, ancl that to them the hitherto 
constantly increasing spread of the n[ection is mainly due. 

In the two large bleeder families at Tcnna, in Graubilnden, Vieli found Umt the 

males had neoer transmitted the disease, although they had all been blC1Jders with but 

. a sin97.e (!) exception, their chilclren by intermarriage with other families having 

been invm·iably sound and free from hremophilia. Ou the other hand, during the 

entire period of the existence of the disease in these familjes-nearly a century

none of the women, so far as could be discovered, had ever clearly manifested the 

blccclcr diathesis; and yet, with the single excl.lption referred to, the sons of these 

non-bleeder women had all been bleeders. Iu other families, however, an aonatic 

transmission of the disease, that is, from father to son, has been observed in several 

instances (Schuenemann, Reinert (IL cc.l, etc.) i still, such an occurrence is compara

tively rare, while the appearance of hremopl1ilia in the children of non-bleeder males 

in b::cmophilist families is so very exceptional that Grandidier expressly mentions 1 

his inability to find a single example among the numerous cases of hremophilia 

reported in Germany an<l Switzerland. Isolated instances of the kind have, how

ever, been observed by English writers, particularly Legg.2 There seems to be no 

reasonable doubt, therefore, that the mostfreq1tent mode of provagation of lur;mophi· 

1 Schmidt's Jo.hrbUcber. CLIV. S. 9G. ~ 1. c. p. 127. 
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lia ia by meana of indirect transmission fo a cognatic direction,- hence the appropri
ateness of the term " conductors, u wh ich was first employed by the inhabitants of 
Tennn, and nftcrwnrcls became generally adopted as a designation for the non
blccder women of hremophilist families through whom the disease is transmitted. 

3. Age.-Inasmuch as hremophilia is probably always of con
genital origin, we can properly speak of a predisposing influence 
of age only in o far as the first outbreak of the affection tends 
to occur at particular epochs in the physiological course of the 
vital prncesscs morefrequently than at others. Now, all observa
tions go to show, as we have already intimated (see Defin ition of 
the Disease), tha t the first bleedings of hromophilia, in by far the 
majority of instances, take place in very early cltildlwod, and 
are decidedly rarely postponed to a later period. Still, except 
from traumatic causes, marked hemorrhages or this character do 
not often make their appearance EO early as immediately during 
birth, or cluring the first few days or weeks of life, while the 
occmrence of the so-called spontaneous bleedings at these times 
is quite exceptional. At all eYents, as Grandidier particularly 
insists, the great majority of the so-called spontaneous umbilical 
hemorrhages of new-born children are not to be considered, 
notwithstanding their apparently congenital character, as the 
manifestation of an actual bleeder diathesis , since they arc not 
specially frequent, but rather rare in bleeder families, and are, 
moreover, not apt to be followed in after-life by an habitual dis
position to hemorrhages. 011 the other ha11d, as was indi rectly 
intimated above, traumatic hemorrhages of an obstinate and 
even fatal character have bee11 repeatedly observed in the children 
of bleeder families after the most trifling wounds. Thus, quite a 
number of deaths have been reported in J ewish families from the 
rite of circumcision on the eighth day, as well as similar results 
in other families from cutting the frenum linguro soon after birth, 
or from accicle11tal wounds (see the full er consideration of this 
point under the Terminations of the Disease). 'Vhile it is evident, 
therefore, that the congenital bleeder diathesis may manifest itsell 
under favoring circumstances very pr~maturely, the most com
mon time for the fnll outbreak of the disease is at the end of the 
nursing period, or at tlte beginning ef tlwfirst dentition, not only 
because the traumatic bleedings now become more frequent in 
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consequence of slight contusions, excoriations, etc., but <'SJWCially 
also because abottt this time the apparently spontaneous bleed
ings begin to make their appearance. Occasionally these latter 
hemorrhages do not occur until the second year or e'·en later, 
"·hi le in its subseq nent course the disease, notwithstanding its 
essentially stationary character, freqnently presents fluctuations, 
with }Jeriods of aggravation, during which the bleedings arc more 
frequent and more readily produced, present a more obstinate 
character, all(1 arc specially dangerous to life. Accordingly we 
find that tlwrc arn certain ages, Yiz., those with which these 
periods of aggravation usually coincic1e, when the disposition to 
bleec1ings is particularly marked. 'l'hus, Grandidior calls atten
tion to tho fact that the seconcl dentition, pubert!J, and in females 
tile first appearance andtlw cessation of' tlte menses, arc specially 
critical periods for these patients; and although this rule is not 
without occasional exceptions, its general correctness is proved 
by tho experience of most of the rcpo1-tec1 cases. Finally, it is 
also to be noted that ·1Ditli the adcance ef age there is very gener
all!J a gradual decli11e in tlte average intensity of' the affection, 
and that acco1·dingly the manifestations o[ the congenital anom· 
aly are commonly found to be most marked in youth, and to 
become much feebler as the indidc1ual approaches middle life. 
In exceptional instances, however, the symptoms of hromophilia 
rnuur again and again with undiminished intensity up to olc1 age, 
anc1 even at this period death may result directly from one of 
the hemorrhages. 

As regards the relation Mhich tlte &pontaneous umbilica7 !temorrhages of new-bom 
children o~al' to hannophilia, it appears from the investigations of Graudiclicr I in 
228 cases of hcmorrhagia umbilicalis neouatorum, that out of this number only 
14 occurrc<l in bleeders belonging to eleven different bleeder families, and that 
nearly 04. per cent., therefore, of these hemorrhages were clue not to hremophilia, 
but to other causes. Moreover, on comparing this statistical result (14 cases of 
umbilical hemorrhage in eleven bleeder families) with the large number of cases of 
hremophilia thus far carefully reported (650 cases in 219 families), it is evident that 
this form of hemorrhage is far from common in blredrr circles, and is very much 
l"SS frequent thnu the traumatic and spontaneous hemorrhages. 

1 Die freiwilligrn :N'achblutungen der Neugeboreoen. Cassel, 1871 i also Schmidt's 
Jahrbiicher. Bd. CLIV. p. 95. 



ETIOLOGY.-CONSTlTUTION, TE~IPERA:IIENT. 20 

With respect to the time of the first outbreak of the affection, cx:ict data 11re 
wnntiug in a large proportion of the reported cases. Still, in most of the accounts 
it is stated that the indi,~idunls nffcctecl had been suhject to dangerous hemor
rhages" from early childhood." In !>5 cases, however, Grandidicr succcc<lccl in nsccr
t:l.ining the time when the first hemorrhage occurred, as shown in the following 
table: 

In the 1st year of life . ...... 58 tiu~cs. In the nth year of lifo ...... . 1 time. 
" 2cl 8 " " 10th ........ 4 times. 
" 3d 
<I 4th 

" 5th 
IC 6th 
u 7th 

u 8th 

3 " " 11th 
2 l. IC 12th 

5 " " 14th 
5 " " 15th 
1 It II 17th 

" I " 22d 

........ I time. 
.... 1" 

...... l" 

..... 1" 
........ I" 

.... 2timcs. 

According to this table 60.5 per cent. of the first outbreaks occurred in the first 
two years of li[c, and 61 per cent. in the first year alone. In all prohability, how
ever, the share or the first year would be much large1· if the statistical material wcra 
sufficiently extensive to give the true percentages. Furthermore, it is to he parti
cularly noted that the twenty-second year appears t1.1 be t\Je very latest limit up to 
which the congenital and hereditary disposition to hremophilia can remain latent, 
and thereafter develop into the pronounced and habitual disease. For, C\'en in the 
cases in which the date of the onset of the affection has not been recorded, it is 
reasonably certain from statements in the reports that the anomaly had already 
manifested itself in childhood and youth, and, therefore, previous to the twentieth 
year. \\Thethor, however, the samo rule holds goocl also for those rudimentary 
forms o( the disease whose manifestat ions are often of onl)' a. transitory nntme, 
and whose only cloim to be regarded as hremophilia rests upon the fact that the 
nffectccl individuals belong to bleeder families, must for the present rcmaiu 
undetermined. 

4. Gonstit1ltion, Jlabitus, Temperament.-There appears to 
be no one definite fol'm of physiological constitution which exhi
bits a specially mal'ked pred isposition to hrnmophilia; on th<' 
contrary, the varyinp; accounts given by writel's of the condition 
of the bodily functions in bleeders and bleeder families 1·ender it 
pl'obable that, apal't from the tendency to dangerous hemorrhages 
which chat'acterizes the pronounced form of hremophilia, and tlie 
capacity for transmitting the anomaly inhering eren in inclividn
alR with tlw latent disposition, the constitution of bleeders may 
cli.ITer widely in indil'idual cases. Some authors, it is true, have 
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distingui shed, according to the nature of the constitution, two 
distinct forms of hremophilia, viz., an erethistic and a torpid 
variety, and have maintained the greater freqnency of the latter, 
that is, the more frequent coincidence of hmmophilia with torpor 
of the vital processes. \Ve fail, however, to find any warrant 
for such a clistinction; indeed, the very fact that the affection 
occurs as well in connection with a more active flow of the vital 
processes-the so-called erethismus of the constitution-shows 
conclusively that no essential etiological i-elation exists between 
Jucmophilia and either of these constitutional states; not to 
mention that the terms themselves, "erethismus" and" torpor," 
have been ancl still are frequently u sed without any clear con
ception of their meaning. 

Just as it is highly probabl~ , therefore, that there is no spe
cial form or constitution, by which bleeders are characterized, 
so these indivicluals possess no distinguishing lwbitits. The 
muscular and osseous systems may be strongly or imperfectly 
developed, and while a tendency to obesity is noticeable in many 
cases, in others it is wanting. Some writers have attachecl 
importance to the color of the liair, skin, and iris, and assert 
that bloud or reddish hair, a pale ancl but slightly pigmented 
skin, ancl bl1te eyes, are particularly frequen t in bleeder-fami
lies; still the disease is by no means uncommon in dark-haired, 
brunette indivicluals with brnwn or black eyes. One peculiar
ity, however, viz., a certain delicacy and transparency of the 
general integitrnents. toyether ioith a sitperflcial position and 
rnarl•ecl fnlness qf the subcutaneoits vessels , particulctrl,11 the 
?Jeins, is mentioned by trustworthy observers (Otto, Nasse, 
\\rachsmnth, Schiinlein. Virchow, Grandidier, Vieli) as so com
monly noticeable in bleeclers, that we can scarcely deny it acer
tain causal relation to the bleedings of hromophilia, especially 
since these peculiarities in the position and fnlness of the super
fi cial vessels a l'e accompanied also by certain anomalies in tlle 
structitre qf tlte coats of the nessels (see Anatomical Changes), 
which may likewise be urged with some force in favor of a vas-

1 The word constitution is used here as in Vol. XVI. (p. 252)1 to e)..1_1rcss the sum· 
total of the \•ital processes in relation to the mass of matter set in motion, and the 
velocity and direction of its movement. 
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cular theory of hromophilia , and at all events deserve foll con
sideration. 

Finally, as regards the temperament and mental endowments 
or bleeders, no universal or e1·en _general rule can be deduced. 
"\Vhethcr, as asserted by some wri ters, a phlegmatic tempera
ment is really " somewhat " more common in these pa tients than 
the choleric and sang uine, must for the present remain doubt
ful; cer tain it is, however, that in several instances the indi\"id
uals arc described as very vivacious, ancl possessing an ardent, 
even passionate di sposit ion (\Vachsmuth). Inasmuch, therefore, 
as the most diverse forms of temperament are compa tible with 
the bleeder clisposition, it is hardly likely that we shall d iscover 
any important predi sposing factor in thi s direction. Nor is the 
inquiry more promising when we come to the menta l endow
ments, for although some bleeders are described as defi cient in 
intelligence, others are highly spoken of fo r their clear-headed
ness, qt1i ck perception, arti stic talents (music, painting, " ver
sification "), etc. ; indeed, i t must be evident from the contra ri ety 
of these descriptions, in teres ting as such ltors-cl'<euvres undoubt
edly are in the hi stories of patients, tha t little or nothing is 
adcl ed by them to our knowledge of the etiology or luemo
philia. 

5. R ace ancl N ationality.-The scantiness of accurate reports 
as to the occunence and frequency of hromophilia in numerous 
non-European countries-as was noticed in onr introductory 
sketch of the geographic distribution of the disease-makes it 
impossible to decide whether race really exerts a predisposing 
influence or not. Still our sketch , it will be remembered, 
revealed at least one interesting fact, viz., that in those 1iortions 
of the Olcl ancl New \Vorld which are inhabi tecl by Europeans 
or persons of European clescent, the frequency of the disease 
appears to be largely influenced by the nationality of the popu
lation, the Anglo-Germanic race exhibi ting a special disposition 
to the a ffection. A similar predisposition, it may be added, 
seems to exist also in the widespread Jewish race, since as we 
have already seen, the disease has been repeatedly noticed among 
this people in connection with the rite or cirnumcision, while of 
the total number of bleeder families thus far reported a consider-
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able proportion have been Israelites (Grandidier). "\Yith these 
1·emarks we must dismiss the subject of predisposing influences, 
and pass now to a brief consideration of the determining causes 

of kcmophilia. 

B. Determining Causes. 

Under this head are to be included all influences which 
appear eilher to develop hr.emopltilia de novo, i.e., to incluce its 
first appearance in a family circle, or to awaken the latent dis

position to an actual outbreak. 
"\Vi th respect to the primordial causes of hremophilia, we are 

still in complete ignorance; nor docs the origin of the disease in 
any considerable number of families appear to have been chm to 
their common exposure to influences of a sim il ar character. It 
is clear that in an aliection which, like hremophilia, apparently 
always depends upon a congenita l morbid idiosyncrasy, the 
physical peculiarities ef the parents (in cases where the disease 
occurs to all appearance spontaneously in the children without 
evident ltereditary trnnsmission) certainly deserve special at
tention. Inrestigation upon this point has, however, fa il ed to 
give any uniform result, the parents and ancestors in some of 

these cases having according to all acconnts enjoyed perfect 
health, while in others various family diseases are men tioned, as 
gout, scrofula, and affections of the heart and lungs (Grn.ndiclier). 
Furthermore, the opinion entertainecl by some writers (Har

ris)' that consa11g11Jneons marriages, to which so many other 
disastrous results are ascribecl, incluce also hromophilia in the 

oO':;pring, has by no means been proved, although coincidences 
of this kincl may be occasionally noticed; nor is there anything 

in the records of inclividual cases, or of series of cases, to 
show that any other fact whatever, external or internal, con
ccrnocl in procreation and conception, could have playecl a 
defimte rMe in the etiology of the clisease. Finally, i11jluences 
upon tlw mind of the motlier during pregnancy, especially such 

1 Philadelphia Medical Times. Vol. lI. p. 38. 
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as excite violent emotions (terror, anger), have also been regarded 
as determining causes of hremophilia by many writers (l\Hitzen
becher,' Andre') ; still, the facts in such cases are so apt to be 
distorted by the influence of preconceived opinions that it is 
easy to imagine a genetic relation where there is really nothing 
but the operation of mere chance.' 

It must prnbably be aclmitted, therefore, that the entire ques
tion as to the nature of the influences which operate originally 
in the genesis of luemophilia still remains to be settled, and that 
the pathology of the disease, so far as regards this vital point in 
the etiology, is still wrapt in complete obscurity. On the other 
hand, the determining caitses of the bleedings, tlrnt is to say, 
the intlnences which are able to excite an outbreak, when the 
disposition, however acquired, already exists, are much better 
understood, and are briefly as follows : 

The characteristic hemorrhages of hremophilia are most gener
ally induced by injuries which sometimes produce an acttial 
solution of continuity with escape of blood upon tile surface, at 
other times merely an interstitial extravasation without any 
true wound (solution of continuity). Cuts, punctures, incised or 
lacerated wounds, contusion and wrenching of the external soft 
parts by pressure, blow, or more forcible lateral displacement, 
may all act as exciting causes; while as regards the mode in 
which these canses operate in bleeders it is especially cha1·actcr
istic that extremely obstinate and copious external hemorrhage, 
as well as a very extensive interstitial hemorrhage, occurs in thPse 
individuals not only after severe wounds and injtuies, but qnite 
commonly also even after the most insignificant traurnatic acci
dents. Indeed, it seems as if it were just these rnry trifling 

1 Disse:-tatio de Hremorrbngicis. Heidelberg, 1841. 
'&kmidt's Jabrbiicher. Bd. LXXII. S. 192. 
a J. W1Ck!tain Lrgg

1 
in his admirable Treatise on Hremophilia, liondon 1 1872, 1>. 

35, nrter t:i.kiug essentially the same ground as the above, adds: ·•It is well, never· 
theles!'l, not to lose sight altogether of the influence of the emotioM, especially or the 
depre!'lsing emotion~. iu the production of hemorrhage. A sudden great fear is not 
uncommonly the starting-point of n hemorrhagic di.o;;position in women; and the emo
tions of grief and anger may be followed by hemorrhages. I believe Lhat the emotions 
have a far greater influence upon the tissues than is generally thought. "-T1tA:-;s

LAT01t's NOTE. 

VOL. XYII.-3 
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injuries, "o harmless in healthy persons ns to scarcely attrac t 
a ttention, that arc specially dangerous in bleeclers; in fact, the 
mortnlity statistics of lucmophilia show that fatal hemorrhage 
results far more commonly from wry slight than from severe 
"·ouncls. Still we are not to conclude that the latter nre unat
tenclecl by clanger to bleeclerc;; on the contra ry, such wouncls 
liave been fonncl to result fatally more frequently in them than 
in otlwr persons (Gmncliclier), although the cliffcrence between 
bl eeders ancl non-bleeders in respec t to the clinicnl course of 
these more serious wouncls ancl injuries naturally attracts less 
notice, for the reason that the latter are also clangorous even for 
non-bleeders. }cclcl to this the further fact that with prudence 
on the part of the patient importan t lesions are far less likely to 
be mPt with than those of a very trifling character, ancl we have 
some exp la nation why it is that cer tain writers (Fordyce, Coates, 
Allan, " rachsm uth) ha\"e laicl so much stress on the clanger of 
insignificant, ancl so little upon that of serious injuries. 

There is certainly no cloubt, ltowe,·er, that the most trifling 
lesions in bleeders may be followecl by ex tremely alarming 
results, ancl in this respect the descriptions which these writers 
have given are by no means exaggreratecl. Thus, simple punc
tures, the opening of small superficial abscesses, the application 
or leeches ancl cups, the extraction or teeth, the cutting of the 
frenum lingum in young chilclren, the ritual operation of cir
cumcision in J ewish bleecler children, as well as numerous other 
very trifling operative procedures, have been Iollowecl by uncon
trollable ancl ultimately fatal hemorrhages in so large a number 
or cases, that any operation upon these patients, howeYer slight, 
attencletl by bleeding, must be regarclPcl as dangerous. The same 
is true also in regarcl to slight accidental wounds of nil kinds 
(pin-pricks, superficial abrasions of the skin, trifling contusions, 
etc.); these are likewise very apt to be followed by most obsti
nate ancl alarming ex ternal hemorrhages, or by very cliff use ecchy
mo es of the soft parts; in fact, the much greater difficulty or 
even impossibility of avoiding such accidents makes them a 
specially frequent source of clanger. Certain of these minor 
wouncls (both the operative ancl the acciclental) seem to be 
altenclecl, as a rule, by much less risk than others. For example, 
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circumcision, the extraction of teeth, and accidental wounds of 
the head and face are spoken of as exceptionally dangerous in 
bleeders, while venesection and vaccination are regarded as less 
hazardous. Still, there are distinctions based entirely upon the 
hitherto observed rates o( mortality, and consequently upon the 
prognostic differences which naturally exist between the indivi
dual forms of hemorrhages according to their nature and loca
tion, and do not materially alter the fact that even the forms 
which are alleged to be harmless, e.g., those following vaccina
tion, may at times be characterized by unusual abundance and 
obstinacy (Dequevauvil!er, Tardieu, Thal, Vieli), and, like the 
others, may even run a fatal course (Alsalmravi, Otto, Ilughes, 
Jiiiling, Rieken). Indeecl, all clinical obserrntion shows that any 
trauniatic lesion in a bleede1", whatever its cause or situation, 
may excite a cltaracteristir hemorrhage (external or interstitial), 
ancl may, therefore, be regarded as a possible cause qf' a lwmw
pllilia bleeding. 

A remarkable exception to the general behavior of traumatic hemorrhages in 
bleeders seems to be prescntC'd, to a certain degree, by ti.mt atteuding the operation 
of tJaccination. At least the reported cases of profuse bleeding after tllis operation 
have been exceedingly rare, two only having been recorded in the entire litcrntnre 
of hremophilia (Heyfolder, 1 Stromeycr'). It is a curious fnct in this connection 
that Hicken was so well satisfied of the innocuousness of vaccination in bleeders 
that he even recommended the operation as a. prophylactic against further hemor
rhnges.3 

1 Med. Verein.szeitung. 1833. No. 48. 
~Die cbirurgi8cben Krankbeiten des Kopfes. 1864. S. 120. 
1 Another instance of the danger occasionally attending vaccination in bleeders 

deserves to be mentioned here. In a case of marked bremopbilia attended by Dr. W. 
G. Wylie, nod ~ccn also by Drs. Yan Buren, Keyes, and myself (nil of New York). it was 
ascertained that the patient, a. young lady, had nearly bled to denth from \'accinntion 
when six weeks old, nnd that several subsequent attempts at vaccination bad all been 
attended by alarming hemorrha_gE's i none of the attempts were successful. In lnter life 
repeated and profuse hemorrhages bad occurrecl from the nose. gums (aCtcr extraction 
of a tooth), nod bowels. During the summer of 1877 the patient died from peritonitis, 
suspected to have been r-xcitcd by hemorrhage into the peritoneal cavity(?). Tbiscru=.e, 
which Ur. Wylie informs me he intends to report in full, is unusually interesting, not 
only from the sex of the patient, nnd from the fact that the mother was al.so a marked 
bleeder, but nli:10 because this instance of the disease breaks the Jong silence oC Arncri· 
can reports oC bromopbi'lin.-TuA.NSLA'l'On's ~OTE. 
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As regards the modus operandi of traumatic influences, it is 
noticeable also, according to trustworthy observers C\Yachsmuth, 
J\Iartin, Grandidier), that tlie danger from tlte same kind <!l 
wound, as a leech-bite or the prick of a pin, is not equally great 
at all times, and that the disposition to bleeder ltemorrltages 
ajler wowicls seems to 1Jary considerably at clij/'erent ti1nes. In 
our consideration of the predisposing causes particular attention 
was called to the existence of certain periods ef life (p. 25) 
which are excessively dangerous and critical for bleeders, because 
traumatic hemorrhages occurring at these times present a spe
cially marked bleeder character; it may be added here that 
variations in the individual disposition to serious hemorrhages 
after wounds are likewise occasioned by other causes, the natnre 
of which we are still unable to determine with certainty. Krimer's 
conjecture that the change ef the 1noon exerts an inflnence upon 
the intensity of the hemorrhagic disposition seems to us scarcely 
compatible with present scientific conceptions. IIIore credible, 
perhaps, are the statements or other writers, that traumatic 
hemorrhages in bleeders are more severe during changes ef tlte 
seasons, in spring and autumn (Consbruch, Rieken, \Yachsmnth, 
Grandidier, J\Iartin), or during the sultriness ef air preceding 
a tltunclerstorrn (:Hartin); still, the evidence of a determining 
influence on the part of these atmospheric conditions is too im
perfect to warrant us in accepting it as conclusive. 

There remains to be considered another point of importance 
in this connection, viz., the influence of traumatic hemorrhages 
in modifyin.IJ the future cltaracter ef the disease. Almost all 
writers testify that the occurrence oj' a trawnatic hemorrhage 
not only at times awakens a hitherto latent h::cmophilia, bnt also 
materially aggraMtes, at least j'or the time being, tlte manifes
tations oj' an already cleuloped hemorrhagic diathesis. Tims, 
it has been noticed by Virchow, Grandidier, ancl others, that 
after the occnnence of a tr>1.umatic hemorrhage the patient is 
specially subject to the so-called spontaneous lte11iorrhages, both 
those in which the bloorl escapes extemally and those of an 
interstitial character. Still the precedent occurrence of a trau
matic hemorrhage is not essential to the cle\'Clopment of these 
spontaneous bleedings; they may occur inclepenclently of such 
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a connection, and may even constitute the initial manifestation 
of the disease. 

'Vhile, therefore, for many of these spontaneous hemorrhages 
we are able to find a determining cause in the previous occur
rence of a traumatic bleeding, in other instances unpreceded by 
an event of this kind, we are naturally compelled to search for 
other explanations. In these cases it is to be noted particularly 
that sometimes the hemorrhage occurs without any demonstrable 
exciting cause, and especially without proclromata, suddenly, as 
it were of its own accord; at other times, and in fact rnorej;·e
quently, the patient complains, before the hemorrhage, of jlusl!
ings, a sensation of lwcit, and rnore forcible pulsations ef tlw 
heart ancl arteries; the face, especially the cheeks and the lobes 
of the ears, is markedly reddened and feels hot; there is also 
headache, together with sensitiveness of sight and hearing and 
mental excitement-symptoms, however, which usually all grad
ually decline and entirely disappear when the bleeding is once 
established (Bt1el, Elsasser, Rieken, Davis, 'Vachsmuth, Uhde, 
Yirchow, Grandidier, and others). Now these molimina, which 
evidently stand in an indirect causal relation to the ensuing 
hemorrhage, are obviously to be interpreted as the expression or 
an increased arterial tension, perhaps also of an abnormal fulness 
of the entire vascular system ; hence the spontaneous hemor
rhages which are thus characterized may properly be distin
guished as jluxionary (Virchow) or possibly even as plellwric 
hemorrhages. The pertinency of these designations is shown. 
moreover, by the fact observed by Grandidier that many of these 
hemorrhages are very clearly induced by influences which excite 
a more forcible action of the heart (the use of alcoholic stimu
lants, mental emotion, physical exercise), or which suddenly 
increase the mass of the blood (copious drinking). It is notice
able, on the other hand, that these prodromata-the molimina 
above described-are rarely observed wlwn the spontaneous 
hemorrhages have been preceded by a trauma, for the reason 
that, under these circumstances, the anremic condition of the 
patient naturally precludes any considerable congestion, parti
cularly any plethora. 

To summarize, finally, our present knowledge of the exciting 
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causes of the hemorrhages oi bleeders, the result is briefly as 
follows: 

In bleeders the hemorrhages arc most frequently of 
a directly traumatic origin, but they rnay also occur 
without the reception of any wound or mechanical in
jury (spontaneous hemorrhages)- Still, many of even 
the latter hemonhages are indirectly traceahle to the 
influence of a recent wound, since it is found that after 
such an event the tendency to spontaneous hemorrhages 
is considerably increased, or, it may be, is for the first 
time awakened. \Vhen, on the other hand, there has 
been no antecedent traumatic hemorrhage, the spontane
ous bleedings generally manifest a (listinctly jluxionary 
character, and are preceded by various symptoms of 
congestion and plethora. Finally, in rare instances the 
spontaneous hemorrhages seem to occur independently 
ef any rnanifest e.vternal or internal cause, with e»ery 
appearance therefore of actual spontaneity, and must 
accordingly be regarded, until the subject is better 
understood, as the result of unknown influences. 

Pathology. 

Description of tlte Disease and Symptoms. 

Since hromophilia, as was insisted upon at the very outset ot 
our subject, is not, properly speaking, a morbid process in the 
ordinary sense, i. e., a constantly changing pathological event 
with a typical course, hut rather an abnormal state of the cor
poreal organization or a moruicl disposition, it is evident that the 
manifestations of this somatic vice may be modified in an unusu
ally vaded manner, according to the other external and vital 
conditions of the individuals aO'ected. A complete picture of 
tlte disease is therefore ont of the question, ancl we shall accord
ingly confine ourselves, first, to a statement of the nature ancl 
general type of the pathological symptoms by which the anomah· 
usually manifests itself, with a somewhat full description ~I 
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their rnost important characteristics; and secondly, but with less 
detail, we shall consider the special ruoclifications wlJich the 
typical manifestations of the anomaly are found to undergo 
according to the time of their occurrence, their determining 
causes, their particular localizations, etc.-in brief, therefore, 
according to theu· accidental relations. 

The symptoms of hromophilia, as the usual name of the afl"ec
tion denotes, and as we have repeatedly had occasion to men
tion, are essentially of a ltenwrrliagic charncter, so that the 
following sketch of the symptomatology will consist in the main 
of a more complete description of the kemophilia bleedings, 
wbich, according to their anatomico-clinical aspects, may be di
vided into two leading varieties: first, the extenwl hemonhages, 
in which there is an extravasation of blood upon the free surface 
of the bleeding part; and secondly, the interstitial hemorrhages, 
in which the blood penetrntes into the interstices of thP bleeding 
tissue. "'hile this generally adopted distinction will he ob
served in the following remat·ks, it shoukl be borne in mind at 
the same time that the same bleeding-point not infrequently 
gives rise to both varieties of hemorrhage; for example, an 
external bleeding may be followed by a hemorrhagic infiltra
tion of the bleeding tissue, and, on the other hand, after an inter
stitial hemorrhage the blood may ultimately force its way to, 
ancl stream from, the bleeding surface. 

l\Iost of the hemorrhages can, howe•er, be referrecl "·ithon t 
mnch difliculty to one or the other of these categories, or at least 
belong in llteir main features to one rather than to tlw other, 
so that we are on the whole practically justified in considering 
the two forms separately. A still more urgent reason for this 
course is the difliculty of adequately describing, by any other 
method, the important clinical diil'erences which the two forms 
of hemonhage present, not only with respect to their usual situa
tion, but also in their entire mode of progress and their concomi
tant symptoms. 

1. External lwmorrlwges.-These maybe subdivided, accord
ing to their genesis, into the traumatic and the so-called spon
taneous hemorrhages (see Etiology). In the first rn1·il'ty, the 
location of the Jwworrhage depends u.pon the site of the lesion, 



40 D.DfEIDI.A.NN. -IL£1IOPIIILIA. 

and is therefore unrestricted, since wounds may naturally occur 
in any part of the boc1y. It is obvious, however, that traumatic 
external hemorrhages must take place most frequently from the 
skin anc1 superficial parts, because these by their very position 
are most exposed to injuries likely to excite hemon-1,age. 

Finally, in this form of hemorrhage, lhe bleedings are much 
more frequently single than multiple, as might naturally be 
expected from the fact that they are usually clue to very 
trifling accidents, anc1 are confined to the immediate site of the 
lesion; so that we never meet with several bleedings of this 
kind occurriug at the same time, except in those rare in
stances in which wounds have been inUicted simitltaneously on 
different parts of the body. The behavior of the spontaneous 
superficial hemorrhages, on the other IJand, is somewhat different 
in these respects. Thus, there is not only a more definite and 
more pronounced predilection for certain patts of the body and 
for certai11 tissues, but also a more frequent tendency to the 
occurrence of simultaneous hemorrhages from different localities. 
The fa,·odte situation of these IJemorrhages is the 1mwous mem
branes, particularly those of foe nasal and oral cavities (the 
gums); next in frequency, those of the .c;enilo-itrinary appara
tus, bronchi, sto11wch, and 'intestines; more rarely the conjunc
tiv<e anc1 the skin qf the external auditory passage, and still 
more rarely the external skin, providcll its normal histological 
structure and its natural resistance and vascularization have been 
preserved. 011 the other hand, these hemorrhages are compara
til·ely freqtwnt whei·ever the skin has been inflamed, ulcerated. or 
filled with bloou from an interstitial hemorrhage, or where there 
are recent, still highly vascular cicatrices i·esulting from pre
Yious wounds. In certain bleeders, however, bleedings which are 
independent of any wound, and which may therefore be regarded 
as spontaneous, take place from the intact skin of the tips of the 
fingers, the toes, lobes of the ears, nose, and back or the IJead 
(Coxe, l\Ierkel, Adelmann). Rarest of all appeur to be the ex
travasations of blood into the internal cadties ; at least only a 
few cases of this kind have been described in the entire literature 
of hromophilia. The comparative infrequency of these hemor
rhages is naturally to be explained by the more protected posi-
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tion or the cavities concerned; still, the very fact lhat hcmor-
1-Iu1ges clo occur also in these more deeply-seated localities, shows 
that the bleeder diathesis is not confined to the superficial parts, 
b11t is quite general, and extencls to all regions or the body. 

Of hemorrhage into the abdominal catity two cases have thus for been directly 
observed (Grnndidier, Lemp, 11. cc.), in one of which blood was extravasaled at 
the same time into the tunica vaginalis testis. A third instance of pcritoucnl 
hemorrhage was not directly observed by the writer who reported it (Brigstock, 
1. e.) 1 but its occurrence was inforrccl from the history of the case.-Of intermenin
f]Utl apoplexies in bleeders only four cases are recorded (Wilson (2), Cousins (1), 
Tra.nCus (I) i 1 while of hemorrhages into the vleural anll pcricardial cavities not a 
single one is reported. On the other lrnnd, judging by the clinical symptoms in 
the large number oi cases in which bleeders have suffered from inflammatory 
arthritic affections (see Complications and Scquclro), it is highly probable that s:m
guinolcnt effusions into the various synovial sacs have been of frequent occurrence 
(Duhois,' Ammann,3 Assmanu 4), although as yet this point has not been demon
strated autopsically. 

From the two statistical compilations made by Grnndidier some time since, we 
have drawn up the following table, showing the comparative frequency of spon· 
tancous bleedings in different parts oi the body in 308 carefully described cases . 

llcmorrbage from the nose .. ...... .... l52time3. 

Ilromoptysis ..... 
Jlromnturia .. 
1tromatemesis . . 

gums 
intestines 

llcmorrlrn.ge from the female genitalia .... 
tongue ... 
external auditory passage .. 
tips of the fingers . . 
scalp .... . .. . 
cnruncula lacrymalis 
ulcers of the skin ...... . 

38" 
35 .. 

17" 

lG" 

14 " 

10" 
6" 

5" 

4 " 

4 " 

3" 
2" 

the upper eyelids. . 1 " 
umbilicus long after healing .. 

The above table, which of course comprises only ll. small fraction of the spon· 
tancous hemorrhages that have actually occurred in bleeders, shows at least that 

cpistnxis is by far the most frequent form. 

1 St. Louis Med. and Surg. Journal. N. S. Vil. p. 535. 1870. 
9 Gazette :MCdicale de Pn.ris. 1838. p. 43. 
3 Schmidt's JahrbUcber. CLIV. S. 91. 
4 Die llaemophilie. Dissert. Berl. 1869. 
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As regarcls the mode of escape of tlte blood in the external 
hemorrhages of hmmophilia (both the traumatic ancl the non
trauma.tic1, all the descriptions of writt>rs agree that the bleecllng 
takes placP, as a rule, not from large Yes,eJs, but from numerous 
ressels 1rf the smallest size (capillaries). On inspection, therefore, 
of the bleecling part, it has only rare>ly been possible to distin
guitih any particular Yessels from which the blood was escaping 
in a jet or stream; on the contrary, the extravasation has almost 
always been found to take place, after the manner of the so
calh•cl parenchymatous bleedings. from a great number of minute 
openings, as if from the pores of a compact sponge saturated with 
iluitl (\\"achsmuth, Grancliclier, Yieli, Yirchow, and others). 
Kotwithstancling, howe,·er, the usually capillary character of 
these hemorrhages, the blood is poured out uncler a compara
tively very strong pressure, as is shown not only by the rapidity 
with which a large quantity of bloocl is lost from eren a small 
surface, but also by the great difficulty of checking the bleeding 
by means of external compression. For, usually, on every attempt 
to control the bleeding by })ressure with the finger or a compress, 
the bloocl very soon wells up at the sicle, while at the same time, 
or generally even before this result is noticed, an extensh·e 
ecchymosis (interstitial bleeding) takes place in the surrounding 
}Jarts (Buel). The clanger, however, lies not so much in the force 
of the hemorrhage, that is, in the rapidity or momentary pro
fuseness oi the loss of bloocl, as in its extensive duration; in 
fact, it is this obstinate persistence of every hemorrhage, what
erer its origin, wltich is the most important and at tlte same 
time the patltognomonic peculiarity of the bleeder diathesis. 
Thus, it is by no means an uncommon experience in these cases 

· to lincl that an originally trifling hemorrhage, which there was 
eYery rea>on to expect would soon cease spontaneously or yield 
to treatment, still persists, in spite of all efforts to check it, not 
only for hours, but e,·en for days a nrl weeks toge/lier, ancl finally 
reduces the unfortnna te patient to a state of extreme anremia, or 
e>en destroys life (see Terminations). The symptoms which arise 
during the course of such protracted hemorrhages, ancl, it may 
be, usher in a fatal result, are naturally the same as are orclinarily 
met with in extreme anremia, Yiz., marked clecoloration of the skin 
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and \'isible parts, the facies Ilippocratica, a small, soft, and finally 
scarcely pe!'ceptible pulse and heart-beat, a blowing systolic mul'
mur ovel' the heal't, and usually, so long as the cil'culation retains 
a certain degree of force, a loud venou" hum in the cervical veins; 
finally, extreme exhaustion, hallucinations, uelirium, turns of 
faintness, anu even actual syncope, in which the patient lies for 
some time in a condition simulating, and often terminating in 
death. The fatal result in these conuitions of extreme prostm
tion usually takes place with complete loss of consciousness, or 
with convulsions, such as occur in the anremia produced by loss 
of bloocl under other circumstances, or else, with the symptoms 
of simple syncope (paralysis of the heart). On the other hand, 
the occurrence of syncope appears by no means infrequently to 
be the means of sav ing the life of the patient ; for, after all eJTorts 
to check the hemorrhage have faileu, the bleeding sometimes at 
last ceases of its own accord during a death-like swoon, aml life 
is gradually restored after the patient has Jain fo1· hours or days 
in a sort of vita rninima, waxy pale and unconscious. Indeed, 
even more rnmarkable tban the severity of the hemorrhages are 
the 1/larked tolerance with which bleeders bear great losses ef 
blood, ancl especially the rapidity wilh which restitution of tlte 
blood-rnass is usually effected even after enormous extravasa
tions. \Yhen we consider that these losses of bloou often 
amount to several pounds, and not infrequently recur several 
times at compa1·atively short intervals, it must cerlainly be a 
matter of surprise that a fair degree of health is in gpneral so 
long preserved, or so speedily regained when tempomrily lost; 
that in fact so many of these individuals even present a fre"h, 
well-nourished aspect, frequently complain of flushings (see Eti
ology), and are at the farthest possible remorn from any appear
ance of anc.crui::t. 

We give here a few instances in which the quantity of blood lost has been par· 
ticularly noted. Tlrns, Coates's patient is stated to have bled three gnllons (24 
pounds) in eleven days, Hay's patient two quarts for several days in succession, 
nud Smithharst's pnticnt three pints. Jn Krimer's case four pounds nnd a hnlf of 
blood were lost within twenty.four hours after the extraction of a tooth, and in 
Schaefer's case from three to four pounds clnily for se;vera l dnys nftcr the snmc 
operation. In n new-born infant, bclouging to a Jewish Ulecdcr family, Thal fouml 
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after the circumcision a qunrt of coagulated blood covering the po.rts adjacent to the 
wound. Uhde was informed by a patient, a man forty-four years of age, that his 
periodically recurring spontaneous bleedings from the nose, gums, etc., lasted, as a 
rule, for more than a week and until he became completely unconscious; for 
several days afterwards be lay in a death-like stupor, then gradually returned to 
life and consciousness, and convalesced, at first slowly, but afterwards, with the 
return of appetite, so rapidly that within a few days be again "bloomed like n 
rose. 11 

·with respect to the composition of' the effused blood, numerous 
reports are to be found in both the earlier and more recent litera
ture of hromophilia, but only very few careful microscopico
chemical examinations. The pale color and watery consistence 
of the effused blood, mentioned by almost all writers as notice
able during the later stages of the hemorrhage, it should be 
premised, are by no means to be regardecl as characteristic of 
the disease, for the same rprnlities are found also in the blood of 
non-bleeders as a result of the extreme anremia following pro
tracted hemorrhages. No correct inference, therefore, can be 
drawn in regard to the composition of the blood in bleeders, 
except from an examination of the fluid which escapes at the 
beginning qf the liemorrlwge, before it has undergone the typical 
changes belonging to acute anremia (see Vol. XVI., p. 360). The 
number of exact analyses of such blood, as already rnmarked, is 
still far from large ; still, the gross examinations, such as coulcl 
readily be made, ha1·e been sufficiently numerous to establish 
conclusively at least two important points: 

1. 'rhe blood in bleeders at the outset of the l1emorrhage is 
not paler in color than in healthy persons, but gradually 
becomes so as the hemorrhages continue, in consequence of the 
ensuing oligremia. 

2. 'rhe blood in bleeders maintains completely its coagula
bility for a long time during the hemorrhage, and does not 
acquire the above mentioned watery quality until l:ite iu the 
attack (Buel, Stoehr, \Vachsmuth, l\Ieinel, Assmann, and others). 

These results of the gross examination, pointing to the pri
mary absence of oligocytluemia or hypinosis (deficiency of the 
blood in fibrinogenous anc1 fibrinoplastic material), and probably 
also of a leucocytotic condition of the blood in bleeders, is, more-
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over, supported by the few microscopical and chemical analyses 
that have been made (Hey land, Finger, As~mann, Gavoy-Ritter, 
Otto). These investigations show that the blood in hremopbilia 
is not only not deficient in red blood corpuscles ancl fibrin genera
tors, but, on the contrary, contains an unusually large amount 
of these elements, and is, moreover, characterized by a compara
tive po1,erty in leucocytes. Such a conclusion, if, confirmed by 
future observation, woukl certainly prove of great importance in 
reference to the theory of the disease, as demonstrating that the 
habitual condition of the blood in these individuals. is rather one 
of plethora than of anrnmia, and that the latter is merely a 
trausi tory accident of the disease. 

Assmnnn (Die Tlremophilic. Inaug. Diss. Berlin, 1869) in several cases carefully 
counted the reel and white blood corpuscles under the microscope, and always 
found an absolute increase of the former, the relative proportion being as much ns 
1,500 tot. A similar.result had previously been obtained hyFingcr (Schmidt's Jnhr
!JUchcr. Bel. CXVlI. S. 330). The excess of fibrin iu the blood first effused was long 
ago noted by Ifoyland (Neuc med. und chir. Zeitung. 1844. Nr. 5), who stated that 
be found per thousand parts 780 water, 137 coloring matter, 70 albumen, and 5 (!) 
fiUrin. The lattl'r figure seems suspiciously large, but an increase of fibrin has also 
been shown by the more recent analysis of Ritter, puhlished by Gavoy is bis disscr· 
btion (L' lll!mophilie. Th~e inaug. de Strassbourg, lSGl), as well as that by Otto 
(Ueber die Bluterkrankheit. Leipzig, 1865). 

I. Ritter. 
1,000 parts of plasma contained: 

Water ... 
Fibrin. 
Albumen .... 

Salt•. 

1st Analysis . 
.. 923.20 

2.64 

................ 73.90 
0.26 

2dAnnlysis. 
922.44 

2.64 

74.70 
0.22 

1,000.00 1,000.00 

1,000 parts of plasma contained: 
Water .. 
Fibrin. 
Albumen .. . 

Fnt 

II. Otto. 

. 905.04 
4.35 (!) 

89.54 
1.82 

Soluhle salts... . . . .. . ... . .. .... ...... .. .. 5.43 
Extractives .. 3.82 

1,0G0.00 
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In the latter cnsc-onc of spontaneous cpistnxis-n pound of the first blood lost 
was examined Uy Schcrcr's method. The specific gravity was 1,02R, o.nd nothing 
unusual was noticed in regard to the coagulation. 

After the cessation or arrest of an external llPmorrhage the 
wound lieals by different processes, according to the nature of 
the injury. Clean incised wonnds usually heal rapidly by fhst 
intention (Otto, Buel, Elsaesser, Schulze, Uhde); still the resulting 
linear cicatrix shows for a time a marked tendency to reopen, 
and in this case another exhausting hemorrhage generally ensues. 
Irregnlar laceratecl wounds, deep excoriations, a.ncl large surface 
wounds, on the contrary, very rarely heal by primary cicatriza
tion, hut almost always by suppuration, during which pro
tractetl }Jrocess various secondary acciclents are liable to occur, 
such as hemorrhages from the soft, generally fungous, and 
extrnmely lacerable granulations in the base of the ulcer, reten
tion and putrefacti\·e decomposition of coagula."o{ blood in the 
wotmd, secondary gangrene, etc. (Deqtwrnudller, Thal, Dhde, 
Yieli, and otherR). Should, !1owever, a cicatrix be ultimately 
formed in spite of these obstacles, its delicacy and great ,·ascu
larity will involve a much greater clanger of recurrent hemor
rhages than when the cicatrization has taken place by primary 
intention. 

Interstitial bleedings.-'fhis variety of hemorrhage in bleeders, 
like the preceding, may occur either traumatically from pressure, 
a blow, or bruising of the parts, or apparently spontaneously, 
i. e., without any demonstrable injury. It is not improbable, 
however, that many of these so-called spontaneous interstitial 
extravasations are actually prodnced by mechanical injuries, 
which "-ere of so trifling a nature as to have escaped attention. 
We have alreacly seen that one of the chief peculiarities of the 
bleeder diathesis is the readiness with which tritling mechanical 
injuries give rise to rnry extensirn ecchymoses, and it is not 
unreasonable therefore to suppose that in many of these appar
ently spontaneous cases we have really to deal with the effects 
of local injtnies, the mechanical causes of which elude detection. 
By this remark, however, it is by no means implied that all 
interstitial hemorrhages in bleeders are of traumatic origin; on 
the contrary, there io every reason to suppose that they may 
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occnr also, equally with the external hemorrhages, simply as a 
result of local congestions or of a general increase of the bloocl
pressnre. 

Interstitial hemorrhages, particularly those of an undoubt
edly traumatic nature, b<>long in general to the earliest Yisible 
manifestations of hromophilia, since they frequen tly make their 
appearance dnring the first few days of life, or even dLtring birth, 
from pressure or other mechanical injury of the body of the 
chilli during the act of partmition. In after-life, besides occur
ring as the direct result of injuries or as the effec t of an antece
dent congestion aml plethora, these interstitial bleedings are 
quite often noticed in connection with the ex ternal hemorrhages, 
both the traumatic ancl the spontaneous varieties. In this case 
the smface of the body very frequently becomes cornred more 
or less unh·ersally with numerous hemorrhagic efflorescences 
indicative of the occurrence of multiple interstitial hemorrhages. 

'file usual anatomical seat of the interstitial bleedings is the 
skin and subcutaneous connective tissue; in very rare instances 
al so the :rntopsy has demonstrated their presence in the internal 
structures, e. g., the gastric mucous membrane ancl the brnin 
(Schoenlein, Yirchow). The cutaneous and subcutaneous forms, 
when proclucecl trct111natically, exhibit a special predi lection for 
the back, f itndanient, the neigltborlwucl ef the lroclw nter a11u 
the back of the neck-in short, those parts of the body which are 
most subjec ted to pressure in consequence of the posture of the 
individual in sitting or lying, the wearing of tightly fitt ing gar
ments, etc. The spontaneous interstitial extraYasations, on the 
other hand, are observed most frequently ou the ltairy scalp, 
the genitalia (particularly the scrotum), and the ea·trcmities; 
more rarely on the trunk ancl face (Yircltow. Grandidier). 

According to the size and forms of the cutaneous interstitial 
ltemonhages or purpura-effiorescences, it is customary to d isti n
guish the Sel"eral varieties by special terms; thus, the dark, blu
ish-red, rouncl ish spots o( the size of the heacl of a pin or a lin
seed, are known as petecltice, those of larger size and irregnlar 
shape as eccltymoses, and the elongated emptions as wheals or 
vibices. 

All of these varieties are met with in hromophilia as local 
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e""Pressions of the existing hemorrhagic diathesis, and constitute 
the most frequent, if not the most.regular, symptoms of the dis
ease. It is to be particularly noted, moreO\·er, that these inter· 
stitial cutaneous hemorrhages are met with far more frequently 
than the external bleedings (the traumatic as well as the non. 
traumatic) in those interesting rudimentary cases qf luemophilia 
which are so commonly obseiTed in bleeder circles, especially 
among the brothers ancl sisters of actual bleeders, or in the 
mothers of hmmophilist sons (Grandidier), :ind which are there· 
fore to be regarded :is mani fest:itions of a family tendency to 
the disease (see p. 23). On the other hand, no one of these 
varieties of exanthemata is :it all pathognomonic of hremophilia, 
since they all occur in other forms of hemorrhagic diathesis, in 
scurvy, in the rnorbus maculosus \Verlhofii, etc. (see the two 
following ch:ipters), and on the other hancl are occasionally, 
though rarely, :ibsent in genuine hmmophilia. 

As regMds their mode of origin, moreover, these purpnric 
eruptions present certain differences, which, :ilthough by no 
means of an essential character, :ire of sufficiently frequent 
occurrence to deserve mention. Thus, the larger interstitial 
hemorrhages, the ecchymoses :incl vibices, are particularly apt 
to originate traumatically; the wheals, in fact, being very 
often produced by pressure from the folds of tightly fitting 
garments upon the underlying skin, this pressure giving rise to 
linear extravasat-ions, which form, as it were, impressions or 
copies of the individual folds of the dress. \Vith respect to the 
other modifications in shape presented by the trnumatic eruptions 
in bleeders, we h:ive already noted :i fact which has an impor
tant bearing in this connection, viz., that the size of the extrava
sation is almost always disproportioned to the force of the mech· 
anical injury, even the most trifling compressions or contusions 
of the skin being followed by hemorrhagic effusions of very con
siderable extent; hence, the hemorrhagic emptions which are 
produced by obvious mechanical lesions are :ilmost always of 
larger size and more irregnl:ir shape, and very rarely present the 
minute and regnlarly roundish form of the so-callecl petechire. 
In regard to the origin of the latter, which are likewise (see 
above) of very common occuiTc•ncc in bleeders, we can only say 
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that they sometinws make their appearance in large numbers 
quite suddenly and without apparent cause; at other times they 
foll ow upon the profuse external bleedings, and in rarer instances 
they may be regal'C1ed as consecu tive symptoms of congesti\'e 
hypenemias of the skin. \\' hile, moreovff, the larger ecchy
moses, whether arising either traumatically or from congestion, 
c1o not appear to be con1wcted, as regards their histological lo
calization i11 the cutaneous tissue, with any special sets of blood
vessels, the petechial bleedings, on the other hand, proceed 
chietty from the close, c1elicate networks of capillaries, wh ich sur
round the swea t-glands as well as the terminations of the hair
sheaths and sebaceous follicles, and form also the starting-points 
of small circumscribPd interstitial hemorrhages in other hemor
rhagic form s of tli sease. 

Tlie f urther course of the interstitial cutaneous hemorrlw ges 
is the ame as is met wi th under other circumstances. The 
extravasated blood gradua lly undergoes certa in typical changes : 
thP red bl ood-corpusr les become deprived of their coloring mat
ter, shrink, and lina lly diBintegra te ; a portion of the separated 
coloring matter is absorbed by the surrounding ti ssue, anc1 tl1 e 
J\•s t collec ts in the [01·111 of granules in the spaces betwe(•n the 
th•sue-elements, wh r1·p it gradually chang~s in color. Corre
sponding to these lll Ptamorphoses in the effused blood, parallel 
changes of color take place in the hemorrhagic ernpti ons. \Vhen 
recent, the Jatte1-, as we hav,; already mpntioned, a re of a bluish
red color; later th Py become greenish, then brownish, yell owish, 
etc., and, as a rule, a considerable time (two or three weeks) 
elapses before they entirely disappear from the surface of the 
skin. 

The interstitial bleedings into the subcutaneous connective 
ti.~sue are frequent, bu t by no means regula r cornplications of 
the cutaneons hr11wrrha_r1es. They are observed especiall y after 
injuries, bllt may a lso occ nr occasionally witholl t an evidence 
of traumatism, apparently, thereforn, spontaneously (Vieli). 
Clinically these subcutaneous hemorrhages are of much more 
serious import than the inters titial cutaneous bleedings, be
cause the effusion of blood usually takes place far more copi 
ously into th r loose coarse meshwork of the subcutaneous con-

VOL. XVII.-4 
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uectil·e tissue than into the denser and more homogeneous corium. 
and because the mo1·e or less extensin• and prominent blood
turnors or ecd1y11wuiatet (h>ematonuita). which are produced by 
the subcutaneous hemorrhage, ofrt>n become in their turn the 
somce of fnrther secondary disturbances. . 'l.s regal'(l s their cuw
totnil'lll situation, these bloocl-tumor,; ha,·e been noticed most 
frequently ill the region of the false ribs, Oil thP back, and espe
cially on the lower 1-.rlte111ilies, lh1' i1111ff swfor·e <1/' the thigh.,, 
popliteal r1'.r1io11, etc. (.\Han , :Meinel, Martin, Grandicliet, Lemp, 
Vi1·chow, and oth,•rs). 

In tlw 1·eport ed cases the size of th<' tumors variecl consider
ably; many or tht.•m W('Te as large as a goose egg or an apple, 
wllih_. several inslances arc mentioned of enormous ecchymoma
ta, as large as a child' s h ead or larger, which had been producecl 
by trilling contusions, or had apparPntly a1·is1•n spontaneously. 
The tumor::;, moreO\·er, pre::;ented markt>d differenc~s in resist
cutcP, many of them being as hard as a board, others soft and 
fiu ctuating ; frequently abo the harcl swellings ultimately became 
soft and distinctly f\nctuating on palpa tion, or, 011 the other 
hand, ernn increased in d<'n>it_1-. The:;e di[ereuces probably 
de1wnd for the most pa1·t upon the location of the tumors, since 
in gPneral the latter are soft or er en flucttrnting to the feel iu 
tho:;e situations where the subcutaneous connecti,,e tissue is of a 
coarsPr textu re and readily mornble, ancl where therefore larger 
quantities of Huid or loooely coagulatl'cl blood cau be effused 
into it:; interstices. On the other hancl, the re:;istance of the 
tumor will naturally be much greatl'l' where the ti:;sue is denser 
and possesses narrow meshes. In the latter case the original 
induration is modified in rnrious ways by t he subsequ ent changes 
which the extrarnsat ion undergoes (see below). 'rhe color of the 
blood-tumors is U8tially a bluish-black; they are generally. 
moreo1'er, surrnunded by quite a broad, rosy halo, which is er i
dently the result of a reactive infl am mation excited by the 
e[used blood, as is shown by the tenr'!Prness, which may eren 
increase to severe pain, especially when pus has formed under
neath the skill. 

A frequ ent termi11ation oE these snbcutaneons hromatomata 
in bleeders is in secondetry suppuration ancl ulceration of the 
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infiltrated tissue. \\'hen this result occurs, tlie originally hard 
and resistant tumor becomes soft and fluctuating, usun.lly fii-•t 
over its central portion; the skin becomes thinned, and external 
rupture takes place either spoutaneously or from, some n.ccidental 
or intentional tmumn.tic lesion. The discharge is almost always 
composed, in addition to pus and shreds of tissue, of a large q uan. 
tity of blood, n.nd is generally followed by a very obstinate and 
copious external hemorrhage. The ntpture or opening of a sub· 
cutn.neous blood-tumor inn. bleeder is evidently, therefore, always 
attended with risk, and n.t times with urgent danger. Anothe1· 
sou1·ce of clanger is the occurrence of dry gangrene ot the skin 
covel"ing the tumor, 01· of sloughing of the infiltrated connective 
tissue before or after the opening of the h'ematoma. In both or 
theoe conditions, espec ially the latter, a profuse intercu1Tent 
hemorrhage is to be apprehended from the erosion or small 
vessels. In many cases, on the other hand, these blood-tumors 
run a more favorable course: no rupture occurs from any o[ the 
previou8ly mentioned causes, but the effused blood is gradually 
absorbed, and the tumor, after becoming softer, but still not 
fluctuating, finally disappears entirely. Still, the process or 
im·olution requires months for its completion, ancl during this 
time slight mechanical injuries not infrequently excite renewed 
interstitial hemorrhagPs, and a more or less complete restoration 
of the original size of tlw tumor. 

Other symptoms q/' licenwphilia.-\,T e have already de ·cribed 
so fully the essential clinical features or the disease while con
sidering the Juemophilia bleedings, that littl e is wanting to com
plete the picture. Aside from the existing hemorrhagic diathesis 
and the interctll'l'Pnt constitutional disturbances produced by it, 
there i · usually little in the geneml condition of theSL' pati<>nts 
that is actually abnormal, or e,·en specially charactt>1·i st ir. Their 
bodily functio11", digestion, respiration, tl1e urinary and other 
secretions, are freqne11tly performed with entire regularity. 
Exc<•ptions to this rnlP ha,·e, to be sure, been often observed. and 
distnrbances o( various kinds ha\'e been described in referenc<' to 
this or that partiruh11· funrtion ; still it set>ms to be entirely clear 
from the data we possess tha.t these indiv id11al differences are 
either me1·ely pli!Jsiolo{!iml peculiarities qf the constitution such 
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as are met with in 1wrfeclly healthy in<livicluah, Ol' else, patho
logical accidents, whicil baYe no t1in•1·t connPrtion with the 
luemophilia itself. The reaclel' is refe1wd, therc>fore, for what
ever further infonnation he may deri,·e on any of these points, lo 
tile original articles \see Bibliography). 

There are, however, on the part of the organs of circulation, 
certain pathological phenomena which are of snrh constant 
occurrence in this affection as to be of special significance. These 
symptoms, which may be bl"iefly characterized as CO!l[Jesti'oe or 
even as pletlwric, have been already ref1'1Ted to in the etiology, 
and again just now in onr consid1·1·ation of the bleedings, for the 
reason that the abnormity in the circulation 01· quantity of blood 
which these symptoms denote is probably not without an impor
tant det<•1·mining influence upon both the occurrence of the spon
taneous and the course of the traumatic lwmorrhages. In tl1e 
chapter on the Nature of the Disease we shall consider this point 
more fully, but we may here add that these signs of increased 
artp1·ial tension ancl plethora (violent beating of the heart, a full, 
hard arterial pulse with fuhwss of the visible veins, flushed 
app<,,trance, sensation of hPat, headache, giddiness, mental excite
m1•nt) are not only observed VNY frequently as prodromata for 
somP time previous to the spontaneous bleedings, but also still 
more frequently make their appearantP and gradually disappear 
again without the production of lwmorrhage. Such, briefly, is 
the part which these symptoms are observed to play in the eti
ology and symptomatology of hremophilia; tlie consideration of 
tlwir fn1ther causal relation to certain frequent complications 
ancl sequelre of the disease must be deferred to a later chapter. 

Anatomical Cltanyes. 

Tlw total number of autopsies made thus far upon the bodies 
of bleeders is perhaps as large as might have been expected in 
view or the comparative rarity of th<· diseasp; still, so few of 
even this small number have been conducted with the necessary 
care and thoroughness, that it certainly seems premature at 
present to speak of certain patho-anatomical conditions as if 
they were constant anomalies of the bodily organization in 
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bleeders. The !Pw results that have been obta ined are, however, 
sufficiently important to deserve full con;idemtion, especially as 
they seem to throw some light upon the deep obscurity which 
otherwise involve the nature of the ent ire ailection (see below). 
Should fu ture autopsies rei·eal with more and morn fr~quency 
the existence of conditions simi lar to those to be presently 
described, we would then ltave a definite patho-anatomical basis 
for a rationul interpretation of the clinical phenomena in 111any 
cases of hmmophilia. 

It is probably scarcely necessary to show here in detail that many of the changes 
which ha\'e been rcpcutcdly found at these autopsies arc by no means to be regurd cd 
as anatomical causes of the bleeder diathesis, but rather merely as results or acci
dental complications which luwe no necessary connection with the disease itself. 
The purely accidental changes need not detain us, while as regards t.hc simple con
secuti\•e le!:.ions it need only be remarked, that when the death hud resulted from 
traumatic hemorrhage, the body naturally presented traces of tbe wounds: further
more, that petechire, eccbymoscs, and blood-tumors were observed in cases which 
had presented these symptoms before death; and finally, that as lhe fatal result 
had in most cases been occasioned by loss of blood, there were gcnernlly lo be 
observed the usual cndaveric signs of the inten!Se amrmia, viz., extreme decoloratiou 
of all the external and internal parts, a minimal quantity o( blood everywhere in 
the body, and a pale, watery condition of the residual blood. 

No apparatus of the body seems to be abnormally affected 
in bleeders so uniformly as the vascitlar system (Vire how). 
Both the older and more recent writers speak o{ the striking 
supeijlciality and abnormal distribution qf the cutaneous and 
siibcutaneous veins and arteries, ancl especially of the abnormal 
structure and ioidth of the arteries (Blagden, Schoenlein, Schlie
mann, Liston, vVil son, Hooper, Fischer, Virchow, Grandidier, 
Gavoy, Uhde, Schuenemunn, JI . cc.). Thus, in quite a large series 
of cases, the intiina of the smaller and larger arteries (the tem-

. poral ancl radial, the aorta, pulmonary, carotid, etc.) was fo und 
to be remarkably thin, ancl sometimes actually transparent, 
without any upparen t diminution, how~1'er, in the elastic relmc
tility of the coats of the vessels (Yirchow) ; while in a certain 
nnmber of these cases the litmen qf the large arteries (aorta, 
pulmonary) and their main branches was abnormally narrow 
throughout the entirP ~xtent of the vessels (Schliemann. \'ir-
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chow, Uhde). \ 'ery genernlly, also, where the autopsy was 
rarpfully made, t he intima of both the large and tl1e small 
arteries wati distinctly tieen to have undergone a partial fatty 
degeneration quite analogous, as regards its locality and other 
characters, to the dPgenerative changes of the inner coat of the 

vessels in ancemia and chlorosis (\' ol. X\'I., pp. 368 and 530). 

The subject is one of such great importance that it is only proper to complete 

the above general sketch by citing a few reports of the results found in particular 

cases of the disease. As early as the year 1817, BlagUcn, on ligating the temporal 

artery in a bleeder twenty-seven years of age, found that its coats were as thin as 

those of f\ vein: at the subsequent autopsy a similar condition was detected in 

other branches of the external carotid, and in this vessel "there were several opaque 

white depositions on the outer surface of its inner coat, such as precede ossifica

tion" (fatty degeneration, acC'ording to Virehow 1). A similar condition was found 

by Hooper (1840) in the radial arteries, as wdl ns· in other vessels of the arm, in a 

bleeder twcnty-tive years of age, who hncl bled to dC'i~th from a slight contused 

wound in this region, occasioned by a fall from a horse.- Wil>;on (18-10) 2 found the 

wall~ of the artel'ies in a bleeder chi\U three and a. half years old , only half as 

thick as normal, and ll~ischer (1$;3J) also found the coats of the arteries extremely 

thin and transparent in a bl('cdcl' aged cightc<'n. Previous to this, in 1831. Schlie

mann published a case observed hy Scl101:nl<'in, in which !he pulmonary artery of a 

bleeder fifteen years old was observed to have unusually thin walls and an 

abnormally small calibre. Narrowing or the pulmonary artery was also noticed sub

sequently by Gavoy (18Gl) at the autopsy of a bleeder fourteen years of age. Far 

more frequently the aorta has been found to be narrowed; at least, Vircbow in his 

treatise 011 chlorosis, 3 while describing the vascular lesions of that affection, men

tions also that he bas met with this defect of growth in al1110.~t all the autopsies made 

by him on bleeders since 1857, when his attention was tirst ca lled to it by a striking 

case of hremophilia reported by Lem1>-a man twenty-four yenrs of age, with an 

enormous hrematoma of the right thigh. It is probable, therefore, that this arterial 

hypoplasia, together with the partial fatty change which generally accompanies it, 

is by no means peculiar to severe forms of ch lorosis, but likewise bears a specific 

relation to hremophilia, of which it frequently seems to constitute the anatomical 

substratum. 

As regards the condition or the hPart, our information is less 
definite. To be sure, most o[ the recPnt reports o[ autopsies 

I J.C. p. 268. 
2 This date is incorrect. The case is rel:ited in Wilson's Lectures on the Blood, etc. 

London, 1819. p. 412.-TnANSLATOH's NOTE. 

3 Ueber die Chlorose und die damit zusammenhti.ngenden Anoma.lien im Gef.issappa

rate u. s. w. Derlin, 1872. 
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mention a fatty degeneration of the musculature of the organ; 
but, in view of the extreme anremia of the cadaver in the majori ty 
of cases, it seems to be altogether prnbable that the lesion in 
question is merely the wurniic form of fatty heart (see Vol. 
X\'I. , p. 358). The size of the heart is reportetl in some cases 
as normal (Elsaesser), more frequently as hypertropllie; the lat
ter condition sometimes involving the entire organ (Gavoy), but 
generally only the lift ventricle (Besserer, Schneider, Virchow). 
The a.bsence, however, of a.ny definite mention of the size of the 
hen.rt in many other ca.ses, particnla.rly in the older reports, 
lea.ves it still doubtfltl whet.her a moderate degree of 11 ypPr
trnphy is a frequent or only an exceptional lesion in hlt-1·d.-rs. 
8l10ukl the fo rrn er prove to be the case on futmP invf'stigat ion, 
the cardiac <'nl a rgement would natu rally fall in lo line with I he 
abnormal position and structurn of the vessels as one of the 
determining condi tions of the Hymptoms of luemophilia(see later, 
the Xature and Pathogenesis of the disease). 

&\_::; rPganls other organ:-:, the lesion::; obsen·ecl have hPPn RO 

vaduns in character as to require no special mention, with the 
exception, pe.-11aps, of the spleen, which has sometimes been 
found to be enlarged, softened, ancl engorgPd with blood, as com
pared with the othe1· organs \l:\chultz, Uhde, Spahn, Buss). In 
the great majority of cases, however, no such ehanges were ob
served , and it is more than probable, thereforn, that the r> 1il arge
ment of the spleen fouml in the instances referred to was merely 
an accidental complication of no importance in the genesis or the 
hremopbilia. 

Oornplications and Sequelre. 

The disposition to other diseases does not appear to be essen
tially different in bleeders from that of healthy individuals: at 
least we find it mentioned in many of the reports that the 
patients suffered, eqna ll y with non-bleeders, from the 1110,t va
rious acute and chronic local and general affections, which appar
ently stood in no genetic relation to the habitual hemorrh ag ic 
diathesis. These accidental complications, it is interesting to 
observe, do not in general seem to run a more unfavorable course 
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in bleeders than in others, unless the ('O mpli<·a ti ons are or such 
a natu re as to ex cite the intercurren('e of hmmopbilia bleeding• 
(Grandidi er). In brief, therefore, it may be Haid, as regards the 
majority of other affec tions, that the existence of thi s d iathesis 
d oes not noti ceably p red i:;pose to their occurrence, a ffords no 
marked immunity from them, and does not appear to materially 
modify their results. 

Wheth er bleeders nnd their immediate non-bleeder relations are really less liable 
than other p Cl'SOn s to consu111ptiun (Grandi dicr) must, in the absence o f exact statis
tics, st ill remain douUtful. At all events, the immuni ty is not absolute, for wel\ . 
au tl \cnticated cases of fatal phthisis have been reported in bleeders and their 
relations (Bjorkmann and Lindbeck, Finger, Lindwunn, Schmidt). 

Just as a ll kinds of acq nired morbid processes arise a nd rnn 
their course independently a longside of thi s permanent dia the
sis, so lt>emophilia may be occas ionall y complicated a lso with 
o ther diathetic affections, which from time to time produce their 
characteri sti c derangements of health. Thus, cornbinations of 
lucmoph ilia with scrofula hal'e been repeatedly obsetTecl (~chlie
mann, Lindwmm, R einer t, a nd others), a nd in other cases gouty 
attack s a re mentioned; still these instances form so small a frac
tion of all the cases of h remophilia, that there does not seem to 
be even the remotest j ustification for regarding these compl ica
tio ns as anything more than mere " accidents," for which the 
bleeder diathesis is in no way responsible. 

On the other hand. some few affec ti ons are encountered in 
connec ti on with h romophilia so regulal'!y , or a t least with such 
striking frequency, that we canno t bu t regard them as more or 
less dependent upon tlw affection in question. This is obviously 
t lw ('3Se with the acute .r;eneral anremia which ensues after each 
of the bleedings, and which. from its na tu ml connec ti on with the 
hemorrhages, migh t with equal p rnpriety lw classed either witl1 
the symptoms or with the compli cati ons or h re mophilia. \Y e 
prefer, h oweve1·, to include i t nnde1· tlw la t ter head for two rea
sons : fir t, becau8e, until t he bloorl -mass is completely res tored. 
the an romia mod ifi es the usual bodil y cond ition of the p atient so 
essentiall y as to lweome itsPlf the ohjPr t of sep a rnte attention 
a nd lre:itment ; and secondly, because, upon theoretica l g round8 
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to be considered later, i t seems to us particul arl y desirable that 
the symptoms which belong to the lucmophilia per se should 
be disting ui shed fundamentally from those of the consecu tive 
intercnrl'ent anretuia. 

The so-called r li emnatic ajfections a re al so of such frequent 
occunence in bleeders and their imnwclia te rela ti ons as to de
serve mention in t hi s connec tion. In fact, Grandidier, while he 
regards these attacks as " pseudo-rheumatic ·· in eliaraeter mther 
than as belong ing to '· true" rheumati sm, mentions them am ong 
the symptoms of hmmophilia in direct connec tion with l1i s de
scription of the external and intersti tial bleedings. 'l'hat painful 
swellings of the join ts, muscular pains, and ab o nem algic a t
tacks, particul arly '' iolent too thache, are of extremely common 
occurrence, not onl y in ac tual bleeders, but also in their non
bleeder bro thers and sisters, can certainly no longPr be di sputed, 
since the number of bleeder fa milies in which the··e rheum atic 
or }Jse uclo-rheumatic affect ions occur in a cumulali n• manner is 
a lready q uite large and is steadily increasing. To incl ude these 
a ttacks, however, among the symptoms proper lo hmmophilia, 
or to desig na te them, as Grall(lidier has done, by a term which 
disting uishes them from trne " l'heumatic" processes, set->ms to 
us at present, of doubtful propriety, for the reason that they are 
met with in only a minority of cases, and moreover are identical , 
so far as tli eir mode of occurrence and general course is con
cerned, with the ordinary form s of rheumatism. F or these 
reasons we have preferred to consider them among the complica
tions of hmmophilia, and to regard them as an indirec t rather 
than ati a di rec t e[ ect of hmmophilia, leaving to the fu tnre the 
determina tion of the real nature of the causal nexus. 

As far as we can ascertain , rheumatic nffections of the above genera.I character 
have thus fa r been observed in the members of eighty-two bleeder famil ies. This 
number, although quite large, is still too small in comparison with the total num
ber of blec<lcr fami lies tu warrant us in regarding these attacks as immediately 
dependent upon the bleeder di athesi~ 

The most impor ta nt of these rheumatic diseases in bleeders are 
nnqtH's tionnbly tliP joint ajfections . These comprise all l(rades 
of a rthri tic rheumatism, from simple inflammatory ar thralgia up 
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to the most copious syno,·ia l effu;ion,;. Tlw attacks appPar to 
occm most frpquPntly during the eold, damp w1.,tther of spl"ing 
and autu mn ( \ ' iPli, c+randidier); somt:.timPs tlH-'Y are preceded, 
J1ke the spontaneous bleedings, by ,·ariou::; symptoms o[ conges
tion; at other ti mPs they occur without any prodroma what. 
ever. Theil- relation in point of time to the> bl eed ings is by no 
means typical, since they nmy precede, accompany, or follow 
t he httter. In many cases their developrnc>nt is quitP acute, at 
otlwr times slowPr and more g radttal ; in the IonnPr case febrile 
symptoms u sually occur in additi on to the a rti cular pains, in 
the latter thern is u sually an abs1'nC<' of r .. 1·Pr. The course of 
thos<' attacks, in which the pain is a more prominent symptom 
than the effm;ion, resembles, or is identical with, that of so·called 
a.cut<.· articular rht-'Ullta.ti::mi. Tllus, in many of the cm•es the 
pains occur in sel'c>ral joints simultan<>ou,;Jy, alt<>mately decline 
and increa$e again in inten~ity, or migrate from one joint to 
anothf'r. SomPtimf'~. howPvPr, tlw pain i~ ronfinPC1 for some time 
to a single joint, which in cc>rtain "'""" rnay also presPnt the 
Rigns of tinid Pffll~ion. 'J'Jw:-::.e f'ffll~iOllS an" u:-.11alJy Sf\l'OllS, but 
it is probabl<' that they may also be somctimPs of a sanguinolent 
charactPr, at least it is so stated by lluboi,, Ca mman, and Ass
rrnwn. In the latter case the effusion is cleal'ly to be l'c>garded 
as a direct symptom of the h'emoplrilia, in the same sense as the 
intem al supel'tieial hemorrhages of bleeders. IV!rether extrava
sations of blood ever take place into the cav ities of the joi11ts in 
these patients cannot be determined with certainty in the absence 
of any autopsical results upon this point. In the reported cases 
of this kind the d iagnosis has restecl merely upon clinical symp· 
toms, such as the g reater painfulness of tlw swollen joint. the 
pressure of cutaneous hemonhages in the neighborhood. and the 
palpator·y evidence of solicl masses in the fluid effusion, 1d1ich 
were suppos<>d to lw roagula of blood. Sti ll, these cases hare 
been decidedly exceptional ; far more freqnently the symptoms 
have all pointecl simply to a serons pfTusion, viz., more or less 
swelling of the joints, moderate pain on fol'Cible pressure, or even 
an entire absence> of pain, and usually on careful exploration the 
ev iclence of fln ctnation. 

The termination of most of the reported cases has been in 
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recovery, with a gradual or rapid subsidence of the pains in the 
painful forms, or with absorption of the fluid effusion in the exu
dati ve affec tions of the joints. In many of the latter cases 
the attack appeared to be followed by considerable thickening 
of the synovial membrane, as well as by thi ckening and 
short ening of the accessory ligaments, resul ting in permanent 
anchylosis. This unfortunate result was noticed most frequently 
in the knee, but exceptionally also in other joints (elbow, hip). 
Suppuration of the joints, on the other hand, has never been 
observed in these affections as a result of the intlammatory 
process. 

The rh eumatic rnuscular affect ions in bleeders completely 
resembled , in their clinical features, the ordinary form s of rh <•u-
111a ti c myalg ia . They occmrecl still more frequently tl1 an the 
join t affec tion, and very of te n were superacl ded to the la tter. As 
rega rds its mode of occurrence, duration, and localization, the 
muscula r affection was far from presenting an y unirorm or 
typical charactPr; on the contrary, the g reates t di ve r8ity in these 
respects waH obser ved iu the indi vitlua l cases. The usual lPrmina
tion was in recove1·y , i . e., disappearance of the pain and com
plete restoration of fun cti on ; in some instances, however, proba
bly in consequencP of proliferation of the interstitial connec tive 
tissue and subsequent· contraction of the latter, the chronic 
rheumatic myositi K tinally resulted in permanent contracture 
and consecutive atrophy of the affected muscle. 

The neuralgic' attacks of bleeders seem to affec t mos t fre
quently the dental branches qf' tli e trigemim1s. Thus, Grandidie1· 
mentions the st1·iking frequency with which bleeders suffer from 
periodic attacks of violent toothache, often independently of any 
obvious cause such as caries. As experience has amply proved, 
there is great ri "k in these cases that the patient, in spi te of all 
warnings, will in sist upon tla~ extraction of one or mon-' teeth, an 
operation which is foll owed usually by dangerous, and sometimes 
by actually fa ta I 11 emonhage from the lacera ted vessels of the 
alvPoli. 

In concluding our considera tion of the complications of h romo
philia, it may be added tha t the rhemmi tic disposition not only 
occasionall y outlasts the tendency to hemorrhages, but in some 
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instances does not make its appearanee until after the ext inction 
o[ the latter, and then is entitled to bP n•garded rather as a 
serptel than a complication of th<> disease (set• Duration, Termina
tion, and Prognosis) . Little is known in n~gard to other sequelw, 
partly because many bleeders die at a Ycry early age from the 
direct effects o[ the di sease, paitly also because the affection in 
others persists into old age, and finally becans<, the number of 
complete and incomplete cures of the bleeder disposition, notwith
standing all the cases that ham been repo1ted, is still compara
tively small. \Ve merely remark, therefon., t11at besides the 
purt>ly accidental affections noticed in these persons after the 
subsidenee o[ the hemorrhagic disposition, in some cases moist 
ernptions on the head, and in others lwmonhoids, are 111entio1wd 
as making their appearance so immed iately after the disappear
ance of the hromophilia , that some observers ha,·e p1·efened to 
regard these complaints as critical manifestations of thP disease. 
01· perhaps even as anomalous symptoms of a still existing, but 
latent. bleeder diathesis. 

Koture aud Pathogenesis qf Hannopltilia. 

In the forego ing remarks on the etiology, symptoms, anatorn
foal changes and more important complications o[ hmmophilia, 
we have Pndeavored to present the reader with a brief account · 
of the known facts so far as they are externally related to each 
other; the question now naturally arises, what is the causal nexus 
between these empirically ascertained fa cts, 01-, in other words, 
how are we to interp1·et the 11at111·p and pathogenesis of this 
rnma1·kable affection? At the very outset of thi s article we were 
obliged to confess that all the hypotheses and theories advanced 
l1itherto in reference to the nature of the bleeder di sease- eYen 
the most recent and best established of them not excepted-are 
sti ll vNy defective, and by no means suffi ce to bring the obsen·ed 
symp toms into complete acco1·d with the post-mortem results and 
etiologica l facts. But none of thPse hypoth<>ses fail so completely 
to meet the requirements of modern patholop;y as those which. 
without attempting to account for tl1e clinical nnd anatomical 
facts o[ the di sease, and without any ev idenre but a fancied 
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resemblance, simply asser t the relation"hip or Pl'Pn identity of 
luemopbilia wi th other more or less imper!Pctly understood 
l'Ons ti tutio nal ano 111a.li es . 

To thi s category belong some of tlte oliler views of thP aftPc
tion, which ha ve long since been abandoned, and now possess 
merely an historical interest. Accord ing to these, hwrn o
philia was supposed to be, properly speaking, not an inde
pendent di sease, but merely an ex ceptional expression of morbid 
bodily conditions, which ordinarily manifested themselves under 
other a nd what mig ht be regarded their legitimate ('Jinie:il J'orms. 
Thus, Krimer assumed that hromophilia is identical in its nature 
with the congenital arthritic dyscrasia, of which he supposed 
it to constitute merely a special variety ; while, on the other 
hand, Schliema nn regarded it as a parti cular modifi cation of 
scrofula. These hypotheses were based simply upon the obser
vati on of cases in which bleeders had suffered from gouty 
attack s la ter in lire, or hail presented symptoms of scrofula 
in addi tion to those of hremophilia, without thPre bt' ing a ny 
plam;ible rea:;on whatPver for inft'ning an essential connection 
between the two classes of symp toms, a nd in spite, moreover, 
of the well-known fact t hat the majori ty of bleeders do not 
sulfe1· from go ut or scroful a, a nd that the majori ty of gou ty and 
scrotulous inilil'idual s am not subjects of h;emophilia. Still 
rn ore arbitmry was the assumption of lleyfeJder, who united 
these two oppos ing doctrines in to a single theory, according to 
which the underl y ing const itu tional anomaly of ltmmophilia was 
held to be a combination of heredi tary arthri tis a nd scrofula. 
This view, which we hal'e mentioned merely fo r the sake of 
completeness, may be left to the refutation which a simple state-· 
ment canies with it. 

Far more pla usible is the view enter tained by some other 
writers (Vieli, Grandidier, Hyde-Salter, et al. ), that there is a 
close rela tionship between hromophilia and the rltmtmatic di s
position. This opinion was based upon certain fa cts, to which 
we have already alluded in t he preceding chapter, viz., that a 
very la1·ge p roporti on of all the hither to observed cases of luemo
philia sufrered a t some peri od of their li ves, either dming the 
continuance of the hemonhagic diathesis or after its disappear-
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ance, from so-called rheumatic attud<s (painful affections of the 
joints, muscles, etc.), and that. IurtlwrmorP, tlw ~ame gymptoms 
ha,·e been noticed ah;o to occur in a ::itriki11gly l'11111ulativc man
ner within the circle of many bleeder families. \\'ere the question 
merely one of relationship, and not of identity, between the two 
forms of disease, the aboYe view might be accepted without 
much hesitation, sine<> there cau be no question that bleeders as 
a class exhibit a marked predisposition to rheum:ctic affections. 
But W(~ foil to Bee any good rea:::;un for reganling hmmophilia as 
simply a special form of rheumatism. ln the first place, I"lteuma
tism in both its hen·ditary and aequired form is far rnore fre
quently 111Pt with clinically as an entirely independent disease 
wholly unconnected with hremophilia, and, therefore, in all 
prnhability n•sls upon a much wider etiologic>Ll basis tlian does 
the latter affection. Furthermore, the rheumatic alfoctions in 
question are by no means universal in bleeders, nor is rheuma
tism common to all bleeder families; it seems fair to conclude, 
therefore, that the two pathologieal territories are not only 
unequal in extent, but overlie each other so partially that the1·e 
is no warrant for their fusion into a common domain . Still, eren 
if we restl'ict ourselves to the view which appears upon the whole 
to accord best with clinical experience, viz., that the connection 
betwPen the two affections is merely that of family relationship, 
manifesting itself in the fact that the fundamental structural 
vice of hwmophilia operates also as a predisposing factor for the 
development of rheumatic processee, we gain very little after all 
towards a comprehension of the nature of the bleeder disease, so 
long as the nature of rheum" tism is itoelf so impel"fectly under-

tood. \Vhile we admit, therefore, that the frequent coincidence 
of rheumatic symptom; with hwmophilia is a fact of great clini
cal interest, and may possibly help us at some future day to a 
correct understanding of the natme of both diseases, we fully 
agree with Virnhow 1 in his warning against the folly of attempt
ing to explain one unknown subject by means of another equally 
obscure. 

The marked hemorrhagic character of the symptoms of hremo-

I}. C. p. 26!). 
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philia has na tmally led aleo to various attempts to connect the 
di sease with other f oons ql the lteinorrliagic diat11esis. 'l'lrns, 
J. Yogel has maintained the identity of hromophilia with seurbu
tus ; ' while \ ' irchow at one time insisted that lt<emophilia might 
possibly be closely related to chronic splenic cachexia,' but 
latterly seems to have entirely abandoned this opinion. If 
hrnmophilia, howe1·er, as we had occasion to poin t ou t a t the 
\"Pry beginning of this article, can properly b1' made to include 
only the congenital and habitua l cases of hemorrhagic diathesis, 
together with sueh briefer and more ta rdy fo1·ms of hemorrhagic 
di sease as are cleady connec ted genealogically with undoubted 
bleeder eases, tlwn certainly the 1·iew which assoc iates luemophil ia 
with othe1· hemorrhag ic affecti ons must be regarded as absolu tely 
un tenable. In confirma tion of this d ew we may note also the 
important fact that the seYcre general cachexia, whieh scorh11t i1· 
patients present in addition to their 11 entorrhagic diathesis. aud 
which is notiC1'd also in those splenic a ffec ti ons during the course 
o[ which a tendency to bleedings is clernloped , is entirely fo r
eign to luemophilia p er se; in fact, it is just the contmst between 
the general goocl health and the existing disposition to dangP rous 
hemonhages which is one of the chief characteristics of bleeders. 
Finally, the theory of a close relationship between hmmophilia 
and the hemorrhagic splenic cachexia is disprol'ed by the C'ir
cumstance that whil e the sple0n has been fo und somewhat 
enlarged a t a few autopsies of bleeders, in the great majority of 
instances no mention is mad e o[ a ny t umor of the organ. 

The a ttempts to trace the odgin or h:emophilia to tlll' $plPPn 
wpre eddently de term ined by two considerat ions: on the 0 1w 
hand, by the recognized fact that thi s organ is intimately con
nected with the formation of tl1 e bl ood. a nd on tl1 e othPr. by 
the beli l'f that the natltl'e of lucmophilia consists in a defer·lil'l' 
composition ef tli e blood. Before Yi rchow ga1·e to thi s belier a 
somewhat more concrete cxp1·ession by pointing out the possibly 
splenic origin of the sup posed a lteration of the blood, a YariPty 
or views as to the nature of thi s defect were enter tained by the 
older writers. 'rhus, some supposed it to consist in a relf11/io11 

1 Ilnudbucb zur Ke untniss und Heilnng der Blutfi iisse . ~ I. c. p. 2U!l . 
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<if the blood at its e11lbryonic stage qf development ( ~frC"kPl), a nd 
others in a defic ienc!J of fibrin and red blood corpll81·/N \ ltypi
nosis and oligocytlucmia ru bra).' The untenableness of these 
theories, h owever, ultimately became apparent, when it was 
proved by \Vachsmu th, Besserer, MPinel, and others, tha t the 
blood in bleeders is by no means dPfec tive eithe1· in its organiza
ti on or composition, and t hat when care is tak en to coll ecL and 
test the first blood which rtows, the lat ter is fo und to coag ula te 
readil y and to be no lighter in color than u sual. The ca l'eful 
microscopic ancl chemical analyses made still more recently 
(see p. 45), all show conclusively that the bl ood in h rnmophilia 
actually contains more than its normal share of fibrin and red 
blood corpusclPs, and in other respects comple tely resembles 
norma l blood ; so tha t, fo r the present a t least, the hy pothesis 
that the bleed er d isease is in general dependent upon a conp:enital 
imperfection of the blood, 01· is a dyscrasic affection, will have 

to be entirely aba ndoned. 
In thus i·eject ing all dyscrasic theories o( hwmophilia, we by 

no means wi sh to be untl er:::; tootl , howPver, as denying the occur
rence of accidental clmng<'S in the blood, bu t only as insisting 
tha t these are to be considered mPrely as casual complications, 
01· as conser11tite d iso rders incidP nt to the d isease. Under the 
latter hm d we ha"e in mind particul a rly the very intense acute 
oligcernin which so frequently develops intercurrentl,11 as a 
necessary rt'sult or the hemorrhages, anil which , should the 
hemorrh age p rove fata l, is encou11tered a t the a utopsy along 
with the other ronsecu tive lesions. That t hi s p urely secondary 
alteration or the blood can in no wise be held responsible for the 
morbid disposit ion-the primary disease-is so p erfectly obvious 
that this renewed a llusion to Lhe subject migh t seem entirely 
superfluous; still we cl eem it necessary to again call attention to 
it expressly, because thi s seconchuy oligromia or bleeders, like 
every other in tense oligremia, determin es in its t urn, through a 
sor t of vicious circle, the production o( cond itions which not 
only protract the continuance o( the immedi a tely exislin[J 
hemorrhage, hut also in a special manner favor the occurrence 

1 .Nft11se. b'l8aeJ1srr,andotbcrs. 
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of new he11wr1·l"'(fl'S in other localities. For, the more watery 
(hY})inotic) thP bloou becomes in consequence of the progressive 
loss of blood, thP morn unfavorable will evidently be tl:te con
ditions for the spo11tane6ns arrest or the external hemorrhages 
by tile formation of a clot npon the bleeding surface. Further
more,- the greater the uirninution in the stock of the red blood 
corpuscles, the g1·eater the danger of the development of a sec
ondary ltemo,.,-lwgic diatlwsis, induced by the defectfre func
tional restitntion and impaired ni•trition of tlte wall.~ qf tlte 
'/'essels (see the articles on _\.nremia, Chlorosis, and Progressive 
Pernicious Amc111ia. in Vol. XVI., particularly pp. 358, 1330, 
58.i). In this way th<' temporary oligremia occasionecl by loss of 
blood, besides materially promoting the persistence of the 
primary bleedin~. in all probability also determines the occur
rence of tho>e secondary hemorrhages, which, in the form of 
petechial supedirial hemorrhages from mttcous me111branes, 
etc., so frequently accompany or follow the trne (primary) 
bleedings or luemophilia.-Strictly speaking, therefore, it does 
not eem to ns quite correct to regard these secondary hemor
rhages as lae 111opllil iCI bleedings, notwithstanding the fact that 
they occur in bleeders, ancl are, equally with the primary bleed
ings, the expre,sion of a hemorrhagic diathesis; on the contrary. 
they appea1· to be compl etely analogous to the he11101·rl1agie 
attacks which occur also in non-bleedern as a result of intense 
oligocytluemia [mm any cause, and are therefore to be regarded 
as merely the clinical manifestations of a transitory c1i spositio11 
to hemorrhages only ,·ery indirectly connected geneticall y with 
the congenital and habitual hemorrhagic diathesis of luemo
philia. 

Besides the :l.bovc-mcntioncd secondary hemorrhagic diathesis, we certainly 
ought to include also, among the results of the symptomatic oligremia of bleeders, 
tbc degcnerati,·c changes so frequently found at the autopsy in the muscular sub
stance of the heart, the intima of the vessels, etc., because exactly the same lesions 
arc constantly met with in other cases of intense anremia, particularly in those of a 
progressive pernicious character (see the articles referred to nlJo\'e), and arc 
obviously, therefore. not directly due to the bremophilia itself. To attach impor· 
tance to these probably often quite terminal degenerations, in connection with the 
occurrence of thl• primttry bleedings, as if the vascu lar degeneration had been an 
original and continuom:ly acting predisposing cause of rupture of tho vessels, seems 

\ 'OL. A'TTl.-fJ 
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~:t•:,0t~;rl~~o:,: 1:~~:~y.:~j::~;::~::; an1~';,7,~;,:~n;: h:~,~:~,~~.;::'~;:,;~~:'./:;~at,.:~;~ 
underlying anatomical cause must itself also possess the diameter of n. preformed 
and tit the same time stationary anomaly. 

But what now is this enig mati c patl10logieal sonwthing 
which is lo be regarded as the true ('ause of the bleeder anom
aly, aml of which we have thus fal' be<'n able to predicate 
only that it is probably not or a dyscrasic m1tul'e i I s h1erno
pltilia at all a prdho-a11ato111ical llnil, in the sense that invari 
ably, in e \·ery imlfrjdual case of the di sea::.;P, an anatomical 
ubnormity re(' 1t1Ting in a. stereotyped form ean bt~ clemornstratecl, 
which is mpabl e of expla ining tlie rnngeuital and habitual 
lwmorrlmgic diathesis of the persons aff P<'tt>d by it ( \Ye have 
already intimatPcl repeatedly tl1at this d oi>s 110/ appear to be 
the case; rhat. at least so fal' a~ O lli' knowl<>dge extencls at 
pn""~fl' nt , lucmophilia is not yet to be rt>gal'dt-'d m; an anatomi
cal, but merely a clinical pathological 1111il, be<'au se a com
parison of the total autopsical results shows tlmt thel'e is no 
single anatomical cliamcteristic common to alJ the cases; that, 
in fact, even tlw changes most uniformly fl' Htountered ru·e in 
some instanc<'S eo ntirely absent. Any attempt, therefore, to 
explaiu the nature of hmmophilia upon the hypothesis that all 
ca">s of the tlis<>asc are anatomically identical , iu the same sense 
as nll cases of rrnupous pneumonia, typhoid fever, etc., are 
supposed lo be identical, " -ill, in 01u opinion, necessarily prO\·e 
a failure, so that all that can be att<> mpted at present is to 
apply th<:> positive results in particular autopsies to the interpre
tation of the Ji;.crnophilia in concrelo. 

By far the most readily susceptible of at least a partial. if 
11 ot a complete, explanation of the clinical complex of symp
toms, is that entire class of cases of congenital and habitual 
h emorrhag ic diathesis, in which the autopsy has revealed the 
ex istence of ononwlies in the position qf' the cutaneous and sub
c11ta11eo11s rcssels, particularly an wiiis1wll!f superficial co1//'se 
ql the same, as well as certain, probably equally congenital, 
slrzu·tural changes in tlie arteries, especially a striking delir·rrcy 
of their walls and an abnormal narrow11r'SS qf their l11mi1n1. 
l\Iol'eover, the recent observations of V irchow have shown that 
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in all probability this class or group iuclmles by fa1· the majority 
of ca:ses oI the tl.isease, so thn.t, if we are able to gin~ :::;ome tsort or 
anatomical explanation of the bleeder diathesis in these cases, WP 

shall have taken an important step forward upon this diflkult 
ground. In fact, Yirchow, whose earlier but n'cently abandoned 
,·iews lHL\·e been i-efened to above, is now inclined to maintain " 
leading rule for these vasct~lar anomalies in the production of 
the symptoms of kemophilia, and in !Jis discussion of the similar 
lesions occurring in dilorotic individuals has attempte(l incident
ally, and, of eourse, only in brief outlines, to sketch a rneelwnica/ 
explauation of the bleeder disease upon this basis. In the fol
lowing brief presentation of the subject it will be our object to 
describe somewhat more fully the influence of these vascular 
abnormities upon the conditions of the circulation, and to throw 
what light ",, can upon the manne1· in which the lesions in 
question predispose to the occurrence of the bleedings of h<emo· 
philia. ,\.t the same time, however, it shoulcl be prnmisecl that 
the views ad,·anced here apply only to a certain proportion of 
all the cases of luemophilia, i. e., only to those in which the 
vascular anomalies actually exist, ancl that even for these cas"s 
the explanation is incomplete. In order to account Jully fo1· the 
clinical facts, we a re compelled the1·e[ore to call in the ai(l of 
further auxilictr!J conditions, which cannot, it is t1"1.1e, be dc,mon
strated with the same precision as the vascular anomalies, but 
may yet be inferred with the highest clegree of probability from 
certain symptoms during life. These auxiliary conditions, the 
diverse character of which renders their existence in incliviclual 
cases for the present merely conjectural, will also require to be 
considered in some detail, partly for the pmpose of filling up 
logically the numerous gaps which the ,·ascnlar theory still 
leaves in the explanation of the above cases, and pa1tly becaus<-' 
instances repeatedly occur in which, on account of llie abseil<'" 
of demonstrable ~r1sc11lar ono11wlies, these supplementary con· 
ditions are our sole guicle to the elucidation of the affection. 

13efore entering upon the subject of the auxiliary conditions, 
let us tirst consider the influence of the vascular anomalies them· 
seh·es, and inquire in what manner each qf tlwin, considered b!J 
itself; promotes the occmrence of the bleedings of h~emophilia. 
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Now, tlte most important clinical Ieatun·" h.1· which these hem
orrhages are clmra.eterfaPd, h will hL• n·rn t-'mbt>rPd. an•: 

1. 'rhe readiness with which they are l-'X<"ilPtl. 
2. The force with which thP hlootl escapl'>. 
:J. '!'heir protracted d nmtion and obsti na cy. 
'J1}1p que8tion before n:--. then·Ior~. is how l'ar can lltr supufi

l"ial po,<; iliou, Lhr• de!iNtCf/ ond tlu· 1aurow l11112ino r!f Llu:' N,.<;sel.~·. 
favOI" tJw OC<..' UlTellCf' Of hemonJiag-es jn genPral, and how far CUil 

tht-y, in an a]n-•ady exbting 11 ernorrhage. µ.: ivl"" it an nnusually 
Yiole11L .ind obst inate cltal'll c ter ~ 

Now, in th e til·st place. a s11JH1jil'ial posiliu11 of the cnta 
neons ancl subcutaneous Yessels m·idently exposes the latter 
more intensely and rn ol'e freq uentl y to all kinds of mechanical 
illjuries, and thel'efore undoubtedly predisposes to the occm
rence of both superfi cial anc1 in tP rstitial lro1wwti c hemorrhages 
in all inc1il'iduals affected witll this topogmphico-anatomical 
anomaly. 'l'ltc same result may be brought about also by means 
of the.flua·iu1ts. which the anomaly facilitat1es to a high degree 
in the capillaries of the general integuments of tlte body (the 
skin and subcutaneous connec ti rn tissue). For a clirnin.ished 
tliickness· of these tissues not only exposes tile superficial arte
ri e::; in an exceptional degree to all tl1o::;e nnmernus exteolal 
influences which are known to be capable of inducing arterial 
hypenemia (e.g., mechanical, chemical, thermal .infhtences. etc.), 
bLLt it al so opposes a lessened resistance to the expansion of the 
vessels by the fornible entrance of blood in fluxions from intet-
1wl causes (e. g., plethora sanguin.is, violent action of the heart, 
etc.). But wllenever such a determination of blood takes place 
in the superficial arteries, an overdistension ancl increased blood· 
pressure must necessarily arise also in the capillaries, and thus 
predispose not only to extrarasations in gl'neral, but especially 
abo to those of an unnsually profuse and protracted character. 

In a similar manner the thinness qf tlte walls (f tlte artelial 
vessels also predisposes to hemorrhagic a ttack s in general, and to 
a more malign course oE the same in particular. Not only does 
this delicacy of structure facilitate the occurrence of traumatic 
lesions in the superficial arteries from external injuries, but more 
especially it also increases the liability to active congestions from 
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bo th external and internal causes. \\-ith the samP dh;tpnding 
force a thin arterial wall will naturally PXpand more conside1·
ably than a thick one, and consequently equally energetic 
contracti on:; of the ]wart will be more likely to produce a n 
engorgement in a vascular apparatu s provided with thin wall :; 
as a result of the diminished resistance to the circula tion. than 
in vessels more solidly constructed. The immedi a te result of 
such a dis tension of the ar teries, provicled the coats of the vessels 
retain their elasticity, will evidently be to propel the blood more 
forcibly into the capillaries in direct propo1'tion to the arterial 
expansion by the sy stolic blood-waws. N ow, at mos t of t he 
autopsies of bleeders the arteries, even thl' largest, :;uch as the 
pulmonary artery and a orta, have been found to p l'Csent just 
these characteri:sti c::;, Yiz., an ab normal t1iinness, togeth<>r with a. 
considerable degree of elasticity of the wall s ( Virchow), and it i:; 
fair therefore to conclude tha t dmiug the li fe of these cases thP 
entirn capillaty blood was at a ll times subj ected to a compara
tively high pressure, which might not only lrnrn favor"d the 
occurrence of hemorrhagic a ttack s, but abo at the same time 
have impressed npon the latter the special character or luemo
pliilia bleedings. 

As regards, 1inally, the influence which an abnormal 1utrrow-
11 ess of tlte large arter ies, particularly the aorta, ex erts upon the 
circulation, we may conveniently re[e1· to our exposition of the 
subject in the article on Chlorosis (Vol. XVI., p. 539), where the 
subjec t was di scussed at some length on account of the ,-ery 
important part which this particular anatomical a nomaly (in con
nection with an increased delicacy o r the arterial walls) play :; 
al so in the lat ter affection. 'l'he reader of that article will remem
ber tha t while the clinical picture of arterial hy p oplasia rnries 
considerably in different indil·idual s, according to the quanti ty 
of bloocl and the degree o r elastic retractility possessed by the 
coats of the arteri es, the a nomaly in question, under some ci1'
cumstances and in a certain proportion of the cases, presents the 
character of a jluxionary d iatltesis with a tendency to prqf'nse 
liemorrlw ges. 'l'his will be the case particularly when, in addi tion 
to a retention by the vessels of t heir natmal elas ti city , there is al so 
an excessive 'IJolil/lne ef blood in comp ar ison w illt the d iminished 
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width qf 1711' arterial a11JJamt11s (Yirchow). Xow. just as the 
HJl'Jtorrl1a9ic type of many cm;ei!i of rhloro:-;i::;. as lfo;tingniislwcl 
rrnrn the morp eounnon amenonltroil' form. mar probab1y be 
accounted fo1· b1· such a so-called pldhora ad Msa (or pletl1om 
ad spatinm), so-,tlso a sort of explanatiou would bP afforded for 
the' oceurrence of luemophilia blPedings and [or the existence of a 
more or lPiss per111rwen! ltemorrlw!Jif' diatlu~.,·is in ct-rtain indi-
1·iduals witlt a nanow arte1fal apparatus, H it could be shown 
with stdllcient certain ty that the blood-supplfl i11 LheSt' persons 
is habituall!J iii ea·cfss qf the capacity of Lhe Vl'Ssels .' 

A direct estimation oC the volume of blood in bleeders during 
life has never bec·n attempted, and is of con rse impracticable; 
while, as we luwe seen, the amount of blood found after death 
is usually no guide as to the quantity present during life. 

Although it is impossible, therefon>, to prove clirectly (by 
measurement of the rnlume of blood) that a condition ofplet11ora 
acl vasct exists in many or all cases of h>emophilia, sti ll some of 
the clinical symptoms, it sel'ms to us, point clearly to the great 
plausibility of such an hypothesis. or these clinical indications 
we need enumemte only : I. tlte peculiar co11u1'stive symptoms 
which so frequently precede by a shorter or longer time the spon
t:rneous bleeclings in these individuals, and which may Yery 
reasonably be interpretccl as a sign of vascular engorgement; 
:I. tlte surprising toleration of excessive losses of blood; and 
3. the t>qnally remarkable complete ancl mpid restitution of the 
volume of blood. Indeed, if we exam ine the second and third 
points somewhat more closely, we find that in many cases of 
h remophilia we have to deal not merely with a relative plethora 
(plethora ad vasa), but probably even with an absolute plethora, 
whiclt enables these individuals to bear their appctrently exces
sive losses so comparatioely well just because it is itself the 
expression of an wmsually active power ql ue11erati11.r1 blood. 

Our course of thought thus far has imperceptibly led us, as 
the reader sees, away from the consideration of the vascular 
anomalies and their effects upon the circulation, to tlte discussion 
of a second factor, which may possibly be of the highest impor
tance in the production of tile bleedings or h remophilia-a factor. 
moreover, which is not dependent npon the configuration of the 
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vessels, but is ultimately connected with the absolute qiwntity 
qf' llte ltabit1tal rnpply of blood. Tlte greater this ltabit~tal supply 
and tlte more tlte vascular apparat1ts is permanently 01•e1jlllecl 
in consequence of it, tlte 11wre readily tlte clinical symptoms 
prc11liar to tlte bleeder disease may arise, and the greater will be 
the tendency, not 1nerely to ltemorrhages in general, but particit
larly to tlwse of a prqf'use and difficultly controllable character. 
'l'his being the case, it may readily be conceived that in cettain 
instances the l1abitual existence of a high degree qf' absolute 
plethora may oC itself be sufficient to maintain a bleeder disposi
tion without the intt·rvention of the vascular anomalies above 
described. Ot, in othet wotds, we may suppose that al though 
in moderate degrees of habitual pletlwrn hremophilia requires for 
its development the concurrence of other fa,-oring cond itions on 
the part of the ,•essels (particularly delicacy oC their wall., 
narrowness of the lumina) , still the affection may now ancl then 
manifest itself as a clinfral form of disease enti rely unconnected 
with the vascular lesions teferted to. 

Such an hypothesis would not only afford a sort of explana
tion fot that minority qf cases in which nothing abnormal cou ld 
be detected in the position and structure of the vessels, but 
wot1ld also serve to account for many of the characteristic fea
ttu·es of the 1nore frequent cases in which tl1e vascular anomalies 
were actl1ally present. Evidently the introcluction of this seco11c1 
factor-vctriations in lite volmne q/' blood-woulcl be 011ly a gain 
to the vascular theo1-y of hremophilia, by bringing it into morn 
complete accord witl1 the facts, ancl by enabling us, withottt 
c1Ptracting from the essentially permanent character of lhe 
disease, to dispense with the conception of hl.l'mophilia as an 
anomaly incapaule of fltictnation. Such a conc~pt i on , howpver, 
is a logirnl necessity so long as we regard the hwrnophilia in 
these cases as c1Ppendi11g solely upon the vascular hypoplasia, 
whereas in reali ty experience shows that the disposition of 
bleeclets to hemorrhages, and the severity of the bleedings, are 
usually by no means tlte same at all times of life, but present all 
sorts of ttuctuations which manifestly point to a varying intensity 
of certain causal factors. A vascular theoty, moreover, which 
regards merely the position and strnctute of the vessels, without 
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taking into account abo tht> tiuid colltt>llh of thP lattPr, woukl 
wholly fail to explain why in many ca-P> rht> tit»t Yhible out
brPak o[ thP bleeder diathesis. insrPad of O('turring a, usnal in 
early childhood, is po tponed to a -omewhat Jarer period of lift>: 
or why, on tht> otht>r hand. rlw aff.,,·rion •rill more frequently 
dediJws in intensity "ith the aclva11n~ of a!.!•\ and, h1deed, ulti· 
mutely dis,•ppears entirely. But all tht»•' Jittc·ra:ttions and differ
ences in respc->ct to the beginning. coul':-<t', ancl tenuinati.on of tlw 
dh;ease at oncc-> becorue mol'e intelligible the rnornPnt wB recognize 
in the rru!Ji1tf! q11a11lity qf blood iii bleet!Ns 11 pus.vible, if not a 
probable ctuu:;e qf rariotions in LlaJ di.s-po.~·itio11 lo l1P11wrrltage8 . 
.Furthermo1·t>, just as there may he cliniral """'" of hremopltilia 
itt which the hemonhagic diathe>is i> incluct>d and maintained 
oimply by an unusually high degree of hahitual ah>olnte plethora 
1ei/lw11{ Clll!J obnol'l1li{!J on the pad 'If' ti//· res»dv (-Pt> above). :;o 
abo, on the other hand. it b to be nott>cl partinilarly that ~ctn 
loheli th~.'Je rascular auouwlif's rue pow,,1tl, llu- -'"!J"tptrnus rff 
lueinopltilia 1wtd JtlJl /JP il<cari"bl!J 11Wni/i-s{lfl, Thus, theoe 
symptoms will presumably be absent, if alon!.( 'dth the dimin
i-hf'!l capaeity and imperfect den•lopnw11t o( 1l1P va:,cular appa
ratus there is also a eone~pondiug diminution in the habitual 
\'Olume of the blood. >O that there is 110 habitual pletlto1·a od 
tll8(f, no exeessive disteu:::iion oI tilt' thinnt-tl all(l narrowed. but 
>till elastic arteries, by the systolic hloocl-\1·"""· ::lo long as the 
harmony between the quantity of blood :uHl the capacity of 
tbe ,.e,sels is not materially disttu·bed, tl1" ha•mophilia, although 
it txists in flu· fJNm on tltr pud ft/' !la: ru·;.w1.~·, will still remain 
[(f{,.,tf . and may pos,;ibly continue"' for the <'lltiJ·,• lifetime; bur, 
:,hould conditions :nioe which d~termine " tt>mpo1-ary or perma
nPnt incrt>ase in the ma's of blood. tlten thP con!.(enitally estab
Ji,Jied luemophilia awaken;. aml a nu1bitory or persistent 
hemorrhagic cliathe;is de,-elop', tht> inren:,ity of which will 
depend chietiy on the clegree of di,propot·tion which now exists 
between the calibre of the Yessels and the ,·ol urnP of blood. 

"-e come now, finally, to the question whether. hesides the 
two conditions mentioned. there may not be still otlwr mi:Kiliary 
factors concernecl in the production of luemophilia bleedings, 
either on the part of the bodily organization or un the part of the 
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dtal processes of bleeders ~ 'ro this question, if i t be urnlerstood 
as applying to all cases of the disease without exception, we are 
hy no 111euns prepared to reply either n~gatively OJ" still Jess 
affirruativdy. For certa in cases, however, th<' Pxistence o ( such 
further pn·dispo, ing facLors may be conceded. In the fil'stplace. 
we may regard in this light the lw bitu allyfurcible eu1d rud iuns 
Qf lite ltead, of which we have ample evidence in the unusually 
hard pulse and apex -beat of many h<emophili st individuals, and 
particularly in the cardiac lt yp ertroplty occasionall y found a t 
their autopsies. That such a functional hypPrkinesis, all(l espe
cially an actual hypertrophy of the heart, will fav or the forma
tion of a congestive diathesis, and thereby predi spose to pro
fu se hemorrhages, is too evident to requi rn detailed proof ; bu t, 
besides this, the conditions in question, as thPy are both l'Ppeat
edly observed in bleeders, a[ord additional support to thP theory 
of the actual existence in these very pa tients of a condition of 
relative or even absolute habitual plethom during li fe. For ex
perience shows that permanent hyperkinesis aml hypertrophy of 
the heart are developed the more readily, the g l'enter the quan
tity of blood in comparison with the obstrnctions to its move
ment in the circulatory apparatus. Some writers, on t11e other 
hand, interpret the motor ex citation or the heart so frec1 uently 
met with in bleeders, and also the increaRecl thickness of the 
cardiac wall s, as results indueed by the increased ri chness of Lhe 
blood in reel corpuscles (_\.ssmann), by means or which the hem·t 
is constantly kept in a state of increased functional as well as 
nutriti,-e activity. 'Vhich of these two explana tions is the cor
rect one, or whether both factors act in combimiti un, we shall not 
attempt to deeide.-Some other writers, finally, have pn•fen ed 
to rPgnrd ]Hemophilia as due to a deranged i1wuvatio11 <1f tlte 
rtssds. _\.ccording to this view i t is maintained thnt the bleeder 
diathesis, as well ns the tendency of bleeders to rlteumatic affec
tions (se~ Complicati ons), are in the main vaso-rnotor phenomena 
comwned with an unusual di sposition in certain indivicluals to 
a neurotic relaxation of the vessels, which manifests itself in 
frequent capillary hypenemias, stases, spontaneous hemorrhages, 
and, when a wound has been received, in imperfect contraction 
of the vessels (O t to, R einert, etc.). Undoubtedly this theory 
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a.lso has its clairrn; as explaining in part thP origin and course or 
111wty h>1>1i10philia bleedings. since th<> circulation is evidently 
intluenePd to ;omP extent by the innervation of t!te vessels, and 
therefore a tenclPncy to actirn neurotic dilatations or the vessels 
must ci priori be regarded as contributing to the occurrence of 
hemorrhages of a bleeder character. 8till, in view of the ana
to111ical and elinieal Iaets previously mentimwd, which permit 
within certain limits a grossly mechanical view of the clinical 
problem, there ean be no propriety whatever, it seems to us, in 
advancing a vnHo-motor theory of hmmophili:.i in so exclusive a 
for1n as 11 a::; bt>Pn achocatecl by many writers, i. e., as a general 
tl1eory applicable· to all cas,,s of the disease. \Ve cannot but 
regard it as a questionable practice 1 when wrih:.l'S, instead of 
directing th<>ir "tt<>ntion to the more immediate and more pal
pable causes of disease, forthwith betake themselves for an 
Pl>.}llanation to the domain or the '- lll'rVOUS," that" sphere o( 
pure dynamics" to which recourse should be had only when no 
interpretation or the clinical facts can be found ebewhere. 

Restated in a succinct form, onr present knowledge or the 
nature of h;c·mophilia is probably fairly representecl in the follow
ing conc1 nsio11s: 

Jfamwplii1in is, i1t general, a congmital and ltabitualforrn 
of the ltemorrlwgic diathesis, in which the.frequently recurring 
ancl reculil/J i nd,ncecl hemorrhages probably, in rnost cases, 
owe their extraordi1tary vehemence, obstinac!J, ancl clanger to 
an equally congenital and habitual disproportion between tlte 
volume qf' blood (IJlcl lite capacity of the vascular apparat11s, 
resit/ting in c1 n abnormal increase qf' the lateral pressure wit/t
in tlte 'l!essels. In 'flwny insfonces, moreover, functional ere
tllis1n qf' tlte heart and li?Jpertrophy of the cardiac 1nusculature. 
by inducin,'I rt trndency to congalions, also oicl to an impor
tant degree in producing tlte ltemorrhage.s, and in giving tltein 
their abnormal clinical character. Finally, neurotic i11fluence.s 
rnay perhaps orcasio11lly act as an addition(ll factor by te11i
voraril?J increasing the perrnanent congestive diathesis. 

Of the thrc,e factors mentionPd in the above definition, we 
regard the first-the congenital disproportion between the volume 
of blood and the calibre of the vessels, or, at least the existence 
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of a congenital foundation for such a disproportion-a· by far 
the most important and most essential pathologital element of 
hromophilia. " ' hile, moreover, this disposition may obviously 
be brought about in various ways (sometimes solely by a hyper
plasia of the blood, sometimes solely by a hypoplasia of the 
vessels, and sometimes by both anomalies combined), ancl while, 
therefore, tltere is i11 all probability no absolutely si11gle patlw
gmesisfor all cases qf' luenwpltilia, we are still of the opinion 
that at least most of the cases have a similar, and, indeed, com
plex mode of origin, as is shown by the fact that in most cases 
there are anatomical ancl clinical indications of the existence of 
both a vascular ltypoplasia and an actual, not merely a relative, 
plethora. Upon thi s view, therefore, the majority of cases of 
hremophilia would probably arise in tltis wise, that in con
sequence of either hereditary or merely accidental i11tlul'nces 
operating in the original d01·elopment of the body, the plastic 
force inherent in a certain tissue system (the vessels) is abnor
mally feeble, so that the evolution of the vascular apparatus, par
ticularly the art!'ries, takes place incompletely; while at the 
srtme time the blood, which is so closely related hi stogeneti cally 
to the vascular apparatus,' takes no part in this defect of nutri
tion, but, on the contrary, grows in a normal-in fact, ri,n excessive 
manner, and this tendency, mornover, is maintained throughot1t 
life. Still, it must be admitted that d priori a parallelism in the 
growth of the vessels and blood is much mther to be expected 
than this contrast, which in our opinion constitutes the patholo
gical substratum of most cases of hmmophilia ; indeed, this 1•pry 
presumption serves to explain why hmrnophilia is upon the 
whole so rare an anomaly, especially in rompari on with the 
chlorosis of congenital origin. If, however, the growth of these 
two varieties of tissue dming the embryonic development of the 
individual, instead of taking place harmoniously as usurtl , actn· 
ally proceeds disharmoniously so as to lead to the formation of 
the aborn mentioned complex defect in the original design, a 
further propagation of this vice by means of liereditar?J tta~l·Y
mission in the fntnre is, according to all analO!!':V· not only 

1 See article on Chlorosis. Vol. XVI. p. 547. 
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pos:;ible, but even highly probable, :;o thar afto>r l1>ernophilia has 
once a.risen congenitally within a. given fa111ily l'irde, the sub
sequent herl'ditary diam,.ler of the disease follows rntuually as 
simply a special .cpplieation of the !(elleral htw of heredity. 
)forPover, ~inc~ tl1e transnri:.;:-;ion o[ l1<-t~mopllilia takes ph1c1 .. 
far more commonly in the r.:ovnatic diJ·pl·tion, we might SU}>
pose in particular also rlmt the malenw1 p1v<lo111inates o'·er 
the 111ale intlue11ce in the development of the 1·es;1,l:; and blood; 
nor is th1,re anything at all unreasonable in lliis hypothesis i11 
view of till' known relations of the so.called pamblastic tissue 
(I Lis) to the rnat1•rnal organism (ovule and follicle). Furthermorn, 
in ordPr to at-count for the remarkable fact tktt, although luemo
pliilia is almost alwrtys tmnsmitted by the mother rather than 
by thP father, the disease in reality manifests itself by a decided 
preference only in the male descendm1ts (sons), we must be able 
to show either tlmt the mttural disposition to ntscuhtr hypoplasia 
or to plethom is stronger in the male S<'X, or t liat the female sex 
enjoys a relati1·e immunity from 011e or the other auomaly of 
growth. :Now, patllo-anatomical experience teaches most posi
tively th:it hypoplasia of the vessels is by no means limited 
Pspecially to the male sex, but occurs mor·e freq ttt'ntly in females 
(see Uhlorosis); on the other hand, the male organism, as is well 
known, is from the beginning clistinguisl1ed from tl1e female by 
a gn-"a.ter :mpply of blood, a more active hre1mLLopoiesis, and a 
morf' vigorous development of the citrdiac muscle; and for these 
vel'y 1·easo11::; possesses, therefore. a, much strongt-'I" disposition to 
absolute. as well as relative plethora, ancl at tlrP 1;ame time, we 
may suppo~e, to hmmophilia. It s1•ents to us, therefore, in a 
high degree probable that when the hereditary hypoplasia is 
present in the male members of a bleeder family, :ind becomes, in 
connection with a plethoric condition of the blood-mass, the 
patho-anatomical substratum of a pronounct•cl bleeder affection, 
the same hypoplasia may be supposPcl to exist also in the female 
members; but that the latter clo not themseh·es become bleeders 
simply because the bleeder diathesis is kPpt latent by certain 
normal attributes peculiar to the female organism, particularly 
by the smaller· qua11tity of blood and the more feeble develop
ment of the cardiac musculature. In order to settle this point, 
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howe,·er, it would ob,·ion:;ly be necessru-y to ascertain definitely 
by carefol po:,t-111ortcm examinations ~oltetlter tlte same 11!/P':. 
plasia wltitli is 11tel witlt in tlte 11wrked bleeders qf a family is 
also JJffSe1Lt ih lite bodies qf their non-bleeder mothers, sislets, 
and brothers. The decision of thi s question has 11ever b!'Pn 
seriottsly attempted, so far as we k11ow, by a11y pl1y ician wl10 
has hatl the pl'Ofe:;sioual cat'e of bleeder fa111ilies, because hitliel'to 
the whole interes t in regard to the mOl'bid anato111y of the dis
ease has been co111i11cd to the actual bleedel's witl1out extending 
also to the llOIL-bleede1· (usually female) 111en1bers Of these fanJi
Jies. Perlmp:;, however, the hypothesis which \l"C J""'e adrn11ced 
may se1Te to direct the attention of the medical Jlltbli c to tl1is 
subject, aml it is solely with tit.is ,-iew that we Jia,·e treated it 
somewhat more fully than would otherwise befit the dogmatic 
tone required of a work of this kind. 

There is still 'rnother circumstance, moreo,·er, which some
what modifies the effect of an hereditary and congenital vascular 
hypoplasia in the female organism. at least duti11g lite period ql 
menstrual l(fe, as co111pared with the male. Thus, the 111e11stmal 
bleedil<!JS u11queslionably act as a Yery pffettire del'ivath·e. 
thereby pre,·e11ting o,·er-/illing of the rnscular apparatus ancl 
the fommtion of ,i congestirn diathesis. That the menstruation 
may, howm·er, occasionally present a ltenwrdwgic type in 
females with narrow :incl thin-walled vessels, was espec ially 
insisted Llpon in our consideration oI chlorosis; 1 indeed. we ni·e 
free to confes:; that, to our mincl, these rarer menonhagic casPs or 
chlo1·osis in wo111 en appear to be in rnality quite a complete 
analogue of the hmmophilia more commonly obse1Ted in males. 
"'e are, moreo\·er. conffrmecl in this Yiew by the fact tha t in 
male individuals the hmmophilia has sometimes been observed to 
disappear after the establishment of periodic hemorrhoidal bleed
ing:; (see p. 60). 

In conclusion, we recur for a moment to another fact already 
alluded to se\·eml times, viz., that ,·ery commonly hmmophilia, 
besides presenting rnrious iutermediary flu ctuations in intensity, 
undergoes a gradiwl decline in its average severity with adllan-

1 See Vol. X\T p. 52~. 
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cing agP; and that sometinws, a[ter the "ponta1wons bleedings 
ha1•e i·pcurred with less and less frequPJH'j', ancl thP traumatic 
hPmorrhages lrn,v" gradually loHt thPir hlPPcler rharacter, the 
diathesis disappears apparently spontaneously in tlw later year; 
of life. In searching for the natural causes o[ this fnequently 
observed peculiarity in the conrse of the blPed"r anomaly, tl1e 
most obvfous explanation, it sPems to us, liPs in connf'ction with 
that abatement in the pliysiologicr1l o·generatine power in olrl 
pt::l'sons, which manifests itself, as is "·ell known, chipfly in the 
:splIPre of luematopoifsis, ancl gives rise, am011g ot1h~r conditions, 
to a marked tendency to oligmmia (se" Yol. X\rL, Jl. 303). It is 
1·ertainly easy to see that just in proportion as tl1e formation of 
blood talws place less actively, any pldltom "d rasa that may 
have existed will be relieved, together with tlw tendency to hro
mophilia bleedings, and that when this rt'Jie[ is incomplete, so 
that profose hemorrhages still occur now and then, a much 
longer time will in gPneral elapse after the attacks before the 
previous condition of plethora is reinstat~d. Hence, in old per
oone, as experience shows is actually the case, the spontaneous 
bleedings will probably o ·cur only at longer intervals, and the 
traumatic hemonhages will be or a less profuse character than 
in younger bleeclern; indeed, the blood-mass may finally become 
so reduced in tLe former that the bleeder diatlwsis is kept latent 
for the rest of life. 

The preceding views are intended to be regarded only as a 
provisional attempt to deduce from the empirical material ob
tained by autopsies and clinical observations a somewhat clearer 
conception of the nature and pathogenesis of lucmophilia. To 
be sure, our exposition, as we freely admit, still leaves unex
plained many single points in the symptomatology and etiology 
of this remarkable affection, but we believe that justice has been 
done to at least some of the most important features of the dis
ease in both these respects, so far as seemed possible to us at 
present without resorting to gratuitous assumptions. 

Diagnosis. 

It is often extremely desirable, especially with reference to a 
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prophy !axis o[ the bleedings, to be able to diagnosticate the 
existence of a congenital hemorrhagic diathesis lHfc>rf thP unwel
come fact is forced upon our attentioll by the ocnuw nce o( a 
dangerous hemorrhage. Such a proviclential cliag no::;is, as we 
may term it, is, however, possible onllJ in lteralilal'!J case.v of the 
di sease, or in those of 11wlliple congenital orif1i11. bu t not in tlw 
pri11W/'lf and isolated cases; because, al thoug h the manner in 
which the transmission and multiplication of luemophilia usually 
occur is now fairly well understood, we a l'e still ignoran t as to 
the mode of its primordial genesis. It is evitl<'nt, therefore, tha t 
in some cases, notwithstanding the most car <>ful t>xarnina tion of 
tlw patient's history and family record, a diagnosis will be 
impossible until after the occurrence of repea ted lwmorl'hages, 
while in other instances a failure to foresee the eventual ou tbreak 
should be regarded as almost a crime. 

Far the most open to the suspicion of luemophilia are, in 
the first place, all individuals whose 111oll1ers {H·lo11g lo bleeder 
f a111 ilies, whether these. mothers are themseh-es bleedt>rs-as is 
comparatively rarely the case- or, on the contrary, are entirely 
free from the disease (see p. 26). Still more certain becomes tbe 
prorisional di agnosis, if other children in the famil y have already 
been subjects or the affection; and when this is the casP, we shall 
at least err on the sa fe side if we continue to rt>gard every male 
child bom in suclt a family as a bleecler until future tests (acci
clPntal WOUnds, etc. ) demonstrate tbe absence O[ OL helllO!"l"hagic 
diathesis (q uisq1,is illontni ltabeatur luemoplt il11s, clonec proba
rait co11trari1t1n !) . Indeed, when hremophilia has once made its 
appearance in a family of children, the intrnduction o[ every new 
member, if a male, is always to be regarded wi th apprehension, 
even though no evidence of the disease is di scoverable in tbe 
mother or her ancestry, for experience has shown tha t under 
such circumstances, where the disease has ari sen de novo and 
has not been transruitted hereditarily, it far more commonly 
manifests itself in several children one after another than in a 
single one alone. On the other hand, luemopltilin in tltefatlwr 
is a far more uncertain guide in the presumptive di agnosis of the 
disease in the child ; while, if the father merPly belong to a 
bleeder family without being himself a bleeder, the indication is 
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of WIT snboi·dinate rnlne. Jn fact. all experien('e sltow,; that 
undrr. tJu .. la.ttPr eircum~ranep:::; the eluu1cPs are altogPther in 
fayor of tl1t• child'" not heing "bleede1'. Jn t11P presumprh·e 
diagnosis of luemophilia, the1~fore. the {'()(111otic relationship:; of 
the indidclual afford indications of far more importance than the 
agnatil'. 

Still. as has already been mentimwd in thP Btiology. tl1e 
geueml rnlP tliat the male offapring o( motlwr:; belonging to 
bkecler familie8 are subjects o.f pronouneed lm•mophilia. is by no 
means without exception; indeed. m"ny of these children, [or 
rea:-;orn:; not well unclcr::;tood, l'emain <"'ntirely frep from the affec
tion throughout life, or at least the diathe~i:::; maintains a com
plt>le late11ey in them. The diagnosis, therefore, ju mah~ chil
dren related as above described. can ne,·er be more than con· 
j<,clurnl, and ean be fully determined only by the .futnre couroe 
of tlw case. The absence of hemorrhages during the first few 
weeks o( liie, it should be remembered. is no indieation of safe
ty. for the disease frequently deh1ys its appearance until the 
end of tlw first, or e,·en into the second year. Should, holl'· 
e\'el', the secon(l year pass "ithont the orcunence of hromo· 
philia bleedings, the chances will haYe diminished considerably, 
since, of the cases thns far carefuUy recorded, nearly 70 per 
cent. cle,.rly manifesteu their nature before the expiration of 
this period (see p. 29). Stil l, even now the child is not entirely 
secure from " tal'd)· outbreak o( hrnmophilia until the full 
growth of the body has been attained ; from this time onward 
the immunity is complete, since there is 11ot a sinr17f case on 
record of the ot1tbreak of pronounced hlemophilia [or the first 
time after the twenty-second year of life. 'l'his rule, however. 
applies only to the fully developed bleeder disease; the rudi· 
mentary forms may sometimes manifest themseh·es trnnsitorily, 
for the first time, at even a hter period. 

Far different. on the other l1and. is it with the presumptire 
diagnosis of h;emophilia in the feuwle members of a bleeder 
family . In tl1io ~<'X the pronounceu disease is so rnre that its 
existence in a female, hitherto free from any of the sympto111~. 
can in gPnerul be predicated only as a remote possibility. eren 
thongh she belong to a bleeder family. and some of her nearest 
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mal e l'clatives (brothers, sons) be actual bleeder&. Still, i( the 
family l1 ave hitherto exhibited a marked tendency to till' pro
duction of female bleeders; if, for instance, the mother and sis· 
ters be notorious bleeders, the possibility refenell lo becomes 
somewhat more definite, and in exceptional cases may en'n 
attain to a degree of pl'obability. Even under these special con
dition ·. however, OU!' s uspicions will frequently prove en oneorn;. 

In marked contrast wilh the presumptirn diagnosis of latent 
hwmophilia, that is, of I he bleeder di sposition, sta nds the diag
nosis of the manifest disease. This, in }Jronouncecl cases, is 
usually unattended by the slightes t difficulty, since the fre
quently recnrring spontaneous bleedings, the extraorllinary clan
ge!'ousness of all traumatic hcmonhages from e\'en the slightest 
causes, and the family history of the individual, togelhel' form 
an eti ologico-clinical picture which is scarcely pamlleled in dis
tin..tness by that of any other anomaly. As for confounding 
such fully developed cases of hrcmophilia with other hemor
rhagic affections, especially seun·y and morbns maculosus 
\Yerlhofii , the clanger is comparatively slight, because thesu 
CUSPS are most completely marked by that hereditary or con· 
genital and habitual cl1aracter which sharply d istingu ishes 
1Hcmopl1il ia at once from all other rnrieti cs of the hemonhagic 
diathesis. Nor is there any greater difficu1ty in recognizing well 
marked hwmophilia in the female sex than in the male; for 
when a female imlividual lias once clearly manifested a congeni
tal ancl habitual tendency to profuse ancl dangerou s hemo1Thages, 
th t>l'e certainly need be no hesitation in characterizing the patho
logical condition as hrornophilia; least of all, if the patient 
belong to a family of bleeders. 

Difficulties present themselrns in the diagnosis of the manifest 
disease in the two sexes, as a rule, only when, 1. The case in ques
tion is lliefirst of lite kind in tlte family circle, and the lwmor
rhagp is the first in the hi story of the patient; or, 2. \Yhen we 
have to deal wi th a rudimentary case, or with one running an 
anomalous course. In the first place, as r<>gards the correct 
recognition of a primary case of hremophilia, thi s is in general 
impossible during the first attack of hemorrhage, aml we shall 
have to suspend our decision un til repetitions of the bleedings 

vor •. xvTI. -G 
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ham ckter~1ined the habitual character of the existing hemor
rhagic diathesis. Still, in cases of this kind, h:.l'mophilia may 
at least be strongly suspected if the iudiddual prc•st>nl no other 
indications of disease, and be a male child in lltejirst ur second 
year of life. On the other hand, the 1wesumption i; r•gai11st 
the existence of lunmophilia, when the primary m'rnifestation of 
a hemorrhagic diathesis occurs in an adult without a hereditary 
history of the disease, and especially if the patient be a female. 
Finally, in rudimentary forms of Jircmophilia, especially in 
those which present merely the clinical character of a transitory 
hemorrlrn.gic diathesis, it will rarely be possible to recognize the 
affection as an imperfect development of a congenital bleeder 
<lisposition, except when the case occitrs within tlte limits of a 
ulecder family, and when other members of the same family 
circle present the disease in an unmistakable form (see p. 23). 
Cases of transitory hemorrhagic diathesis, in which we have no 
such indications to guide us, "-ill usually liaYe to be excluded 
from the category of hremopltilia, and referred to some other 
dyscrasic affection of known nature, such as scnny or morbus 
rnaculo:ms (see the two following articles). 

Duration-Terminations-Prognosis. 

The duration of hremophilia as a congenital hemorrhagic 
disposition probably always corresponds, on the whole, with the 
lifetime of the individual, since even iu those cases in which the 
affection fails to appear until alter the first year, or gradually 
ceases with advancing age to manifest symptoms, the diathesis 
probably still exists in a latent form dtuing the periods of 
apparent absence. "'hen, however, the outbreak of the hremo
philia takes place at the Yery earliest period of life, and, as is 
unfortunately too commonly the case, the death of the iudiridual 
results sooner or later from an attack of hemorrhage, then the 
congrncnce between the duration of the disease am1 the duration 
of life is clearly perceptible, and the habitual character of the 
affection stands out with special distinctness. 

The abO\·e remarks as to the duration of the pronouncec1 
forms of hro:nophilia will naturally apply also to those rudimen-
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tary cases which are observed especiall y in the female members, 
but occasionally also in some of the malPs of bleeder fam i
lies, since in these cases al so the bleeder c1isposition must be 
regarded as congeni tal. As regards their clinical duration, that 
is, the period during which the hremophilia bleedings manifest 
themseh•es, the rudimentary cases, as has been repeatedly 
poin ted out, p resent a double ty pe, since in many of them sligl1 t 
attacks or hemorrhage recur more or less frequently tbronghou t 
life and therefore habitually, while in others the di sposition 
remains entirely latent, with the excep tion of a single ou tbreak 
of grea ter 0 1' less intensity. The temporal course, tlwrcfore, of 
this latter type may present all possible varieties in the indirill 
ual cases, and is in general bounded by no definite limi ts. 

As regards, finall y, the duration cf lite ltemorrlwgic attacks 
tltemsdoes, greut differences a re noticed also in thi s respect. In 
a case obsen ·ecl by Escherk h, in " ' iirzhurg, the pat ient, a hlePcler, 
blecl to cleath in forty -four hours, from a sligh t cu t receh·ecl in a, 

stuclents' clttel ; in another case, recorclecl by \Yachsmu th, a, 

young lady bleecler clied cluring the wedding night, therefore 
within a few hours, from the effects of the rlello1·a tion (ru pture of 
the hy men) ; whil e in other cases hemorrhages have lastccl several 
wePks before their termination in death , or their arrest just in 
time to save the life of the patient. That the attack s of syncope 
which tuke place towarcls the termination or excessive hemor
rhages a re not always the forerunner of death , bu t a i-e rather in 
some instance the very means of saving life, has alreacly been 
poin ted ou t in our d escri ption of the symptoma tology of the clis
ease. 

The ultimate result of h remophilia in the great majori ty of 
cases is deatli, possibly in the very fi rst attack , but u sually from 
one or the hemorrh ages in later li fe. The mortali ty or tlte 
cli seasP is therefo re ,·ery high, ancl at the same time also very 
prernatm e, on ac<'onn t of the generall y very earl y ou tbreak of 
the cliathesis, ancl its intensity cl uring the first peri od of life. A 
very large number of bleeders succumb to the murclerons affec
tion in earl y yo u th, the ra te of mortali ty between the first. an cl 
seventh years being particularl y excessive; while only a com
paratively small p roportion of bleeders suffering from the well-
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marked and iully developed form of the disease escape the 
constantly threatening danger of a fatal hemorrhage, and at last 
reach the age when the diathesis is frequ<'ntly observed to abate 
spontaneously or to become latent. There can be no question, 
therefore, as to tl1e extremely pernicious character of hremo
philia, especially in childhood and youth. 

Although the age is not definite1y stated in all the hitherto observed fatal cases 
o( hremophilia, it is expressly mcutioncd in a very large number of the reports that 
the death occurred in" early childhood. 11 Grandidicr has compi led 212 cases in 
which the ugc at death was accurately known, and this talilc, which includes l 07 
males and only t.J females, shows clearly the excessive mortality o(blccclcr children 

Uctwccu the first and seventh years of life: 

Male~. Females. Total. 

Within the first year.. 2!J 
1''rom 1 to 'iycars.. 80 

" 8 to 14 " . . . . . . . . . .. . ... .. . . :H) 

" Hi to 21 " 

" 22 to 2S " 
" 29 to 3.; " 
II J6 tO 4;j " 

Over 50 " 

Total 107 15 

29 

92 

40 
2; 

212 

According to the above table, therefore, more than half of the entire 11uml1cr, 
121 ( It 1 males :111d 10 females), died from the affection before reaching the eighth 
year, and only 24 survived the twenty-second year. Instnncca are by no means 

wanting, however, in which bleeders have attained advanced age, even though the 
tendency to hemorrhages has continued undiminished. Thus, the head of the 
bleeder family Appleton-Brown died in old age (year of life 11ot stated), of 
hrematuria and bleedings from bed-sores (Hay); while Grandidier in his latest 
articles mentions patients-some of them perhaps still alive-who had passed their 
fiftieth, or e'•cn sixtieth year without having lost the tendency to hemorrhages. 

On looking over the causes which have induced the fatal 
hemorrhage in individual casPs, one cannot but be stmck with 
the high mortality from trifling wounds. Thus, the record shows 
that the extraction of teeth, circumcision, and the application 
of leeches an' specially dangerous; less hazardous, but still 
attend~c1 with danger, are the minor operations, such as venesec· 
tion and cupping, while vaccination seems to involve but little 
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risk. Among the accidental wounds, those of the face (especially 
the lips) appear to be most apt to excite fatal bleeding. 

The total number of known deaths thus far from extraction of teeth is thirteen, 
from ritual circumcision in J cwish ch.ildreu eight, and from the application of 
leeches five. Extremely dangerous, but not 'rat:.ll hcmon·lrnges after extraction of 
teeth, have been observed in more than forty cases. For further details, we arc 
cbligcd by Jo.ck of ~pace to refer the reader to the articles of Graudidicr mentioned 
in the Bibliography. 

In many cases of pronounced hremophilia death results, even 
during the continuance of the disease, from other intercnrrent 
morbid processes ; still these instances bear but a small propor
tion to those in which the fatal result is clue to falal hemorrhage. 
Finally, as we have already pointed out repeatedly, the hemor
rhagic tendency not infrequently decreases with the aclrnnce or 
age, or even becomes completely extinct, and therefore may be 
said to undergo an amelioration, or e,·en a cure, in the clinical 
sense of the word. These fa,·orable terminations of hrcmophilia, 
to be sure, u~ually occur only after the incliYidual has sufrerecl 
from the marked affection during his entire childhood and 
maturer life, and therefore only in the periocl of physiological 
decadence; still, isolated cases are recorded in which the ten
dency to hemorrhages has ceased in youth, or e,·en in childhood 
(Thore, Lemp, Heath, etc.). After the subsidence and disap
pearance of the bleedings, the health of the patient is, ho\\'e1·er, 
by no means always perfect; usually, either during the period of 
remission or after the disposition has become completely latent, 
Urn pre\'iously mentioned complications and sequelce make their 
appearnncP, ancl delay or e,·en absolutely pre,·ent the full resto
ration of the patient's strength. Srill, Yiewing the terminations 
of ha:rnophilia as a whole, an early death appears to be so much 
more frequent than the other obsen·ecl resnlts, that the fully 
developed all'ection must unhesitatingly be pronounced one of 
the most dangerous anomrdies in the entire range of pathology. 
The rnclimentary cases of luemophilia are, of coursi>, compara
tively less dangerous; still, a fatal result is by no means unknown 
e1·en in them. Thus, it occasionally happens that a lwmorrhngic 
disposition, which has hitherto clevelopecl imperfectly, or has 
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even bePn completely latent, suddenly surprises one by its out
lrnr;t in a profuse hemorrhage, which places tlie patient in immi
nent danger, or even actua.lly destroys life (Za:.ll', Beyer, Otto, 
and other•). 

After what has been saic1, but little need be add<:'d in refer
<·nce to tlll' general JJTO(JIWSiS of luemophilia. \\'hen the affec
tion has once clearly manifested itselI with some degree of 
intensity in a child soon after birth or somewlmt later in life, the 
prognosis rn ust be regarded as, upon the wholq, unfavorable, the 
chances being greatly in fa\"Ol" of a }Jremature death; while in 
the improbable case of a prolongatio11 o( life we must always 
take into account the extremely obstinate character of the anom
aly. Should the child, however, survirn the eighth year, some 
11ope may now he entertained that the organism, by virtue of its 
increasPd pow~r of resistance, will be able to withstand the 
future blePding;; still the danger is by no means passed, for any 
one of the bleedings in later years may prove fatal. On the 
other liaud, the prospect will naturally be much more fayorable 
if a tendency to latency be indicated by the climinished severirr 
of the bl!'edings, and cspeciallr if an actual latency be demon
strated by the fact that slight accidental wounds rnn their ordi
narily favorable course. In the absence, however, of such 
satisfacto1-y proof, one should be cautious about giving a more 
farnrable opinion, because, even though the spont,meous bleed
ings have entirely ceased, the apparent reco1·ery or the patient 
may at any moment be convertetl into a condition of extreme 
dauger by some triJling accidental wound. Finally, if the affec
tion even in ad,·anced age shows no tendency to spontaneous 
ilH"olution, the general prognosis will continue to be very du 
bious so long as the disposition to profuse hemorrhages remains 
undiminished, and the latter occur from time to time with their 
former intensity. 

ll'hen, on the other hand, we have to deal merely with a 
rudimentary form of hremophilia, in which the disposition to 
hemorrhages is indeed permanent, but is only slightly marked, 
the general prognosis will naturally depend upon the average 
degree of intensity of the afiection, and will therefore be, upon 
the whole, fayorable quoad vitmn. In such cases, moreover, a 
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complete retrogression of the diathesis in after-life, ancl there
fore an actual recovery, can be calculated upon with much more 
certainly. In those anomalous cases, finally, in which the mor
bicl disposition manifests itself only transitorily, tho general 
prognosis coincides with the special prognosis, i. e., with tho 
prognosis o.f lite individual bleedings, to which we now pass 
briefly in conclusion. 

The special prognosis of luemophilia bleedings is modified 
chiefl y by the nature of the existi ng hemorrhage. External 
bleedings are, as a rnle, more serious that the interstitial forms, 
ancl among the latter the subcutaneous hmmatomata involve 
much greater clanger than the cutaneous hemorrlrnges (petechi m, 
ecchymoses, vibices). ·Next in importance comes tho situation 
of the bleeding, since certain localities (the dental ail·eoli , lips, 
prepuce, etc.) are distinguished by specially ])l·ofuso externa l 
hemorrhages. The locality is also of importance, in so far as it 
permits or interferes with the local application of styptics; 
hence, internal bleedings are, ceteris paribus, naturally more 
dang,•rous than the external. In the third place, when repeated 
attacks occur, the prngnosis in any given bemonhage will be 
largely mocliliecl by the sernrity of the preYious attacks, and 
therefore by the degree of the existing diathesis. If the preYious 
a.ttueks have been extremely profuse and threatening, every sue· 
ceeding hemorrhage will necessaril y be regardetl with increased 
apprehern;ion. Still , if these large losses of bloocl liaYc been well 
horn<', so that the pat ient is known to have manifested a ma1·kcd 
tolerance of d iminutions in the volume of blood, this fact will, 
of course, ente r as an important element into the present prog
nosis. The age and constitution of the patient are also impor
tant ele111t•11ts in eases of profuse and obstinate hemorrhag<', 
because individuals of a Yery tender or very aclvancecl age, or of 
a feeblf' constitution, "·ill obviously be less able to withstand the 
exhaustion of such attacks. Finally, it shonlcl not be forgotten 
that the result in these hemorrhages, just as in other serious 
morbid processes, is often determined, not so much by the grav
ity of the local changes and the individuality of the patient, as 
hy ,·arious extNmll ancl purely accidental conditions; and tlwse 
the physician, in forming his opinion as to the prob,tble result, 
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should wpigh with scarcely less care than he tlcrntes to the more 
general conditions mentioned above. 

Treatment. 

Although hmmophilia is iar from bPing a frequent affection, 
its great malignity, which has bef'n thC' more clearly ascertained 
by reason of this very fact, renders the inquiry after a radical 
prophylaxis pntirely superfluous. 

So far, however, as a prophylaxis is possible, the end in Yiew 
is two-fokl : J . 'l'o prevent the occtuTcuce of new cases of the 
<lisease; and, 2. \\' here the bleeder disposition already exists, to 
check its marnfestations (the h<cmopl111ta uleedings). \Ye nur 
therefore speak of a general and of a special prophyhtxis o[ 
hmmophilia. 

As regards tl1e general prophylaxis, the main fact to be dealt 
with is the marked transmissibility of the disease, since in by far 
the majority of cases pronounced hmmophilia is not of indepen· 
dent congenital ol'igin, hu t is rather the result of direct, especially 
indirect, hereditary transmission (see Etiology). It is elem., 
therefore, that much might be accompli shed in the way of check
ing, thou gh not of entirely suppressing the furtlier propagation 
o[ the c1iscasP, i C, in spite of declamatory appeals for" the liberty 
of the subject" on the part o[ doctrinaire enthusiasts, all mar
riagfs Jikt•ly to result in the procreation of new ge1wrations of 
blecc1Prs were legally prohibited. In th e absence of such a 
gm·emme:1tul restl"iction the }Jhysician is unquestionably war· 
1-anted in u sing his personal jntluence to JJrevent snch marriages, 
by pointing out to the indi,·iduals concerned the seriousness of 
the clanger, ancl hy appealing to tlwir consciences to desist from 
a step which might inrnh·e disaster to their poste1·ity. F or, 
howe,·er little right the physician may ha,-e under ordinary cir
cumstances to inte1fore in the prirntc affairs of his patients, the 
ev il to lw "'·oided is here so great that energetic efforts to awrt 
it are certn.inly in every respect justifiabl e. The same warning is 
<'qually necessary al so in the case o[ healthy individuals, who, 
ignorantly or thoughtlessly, are on the point of connecting 
themselves by marriage with a bleeder fam il y. Still, there is 
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rleal'!y no warrant for such interrercnce with thr pNsonal rights 
or indi,·idual$, whether by the go,·crnment or by the physician 
in his ]Jrivate capacity, except when the danger is commensura te 
with the sacrifice required . To enforce celibacy, as \\". Legg has 
recently advised, upon all members or bleeder families-males 
and females, bleeders and non-bleeders alike-merely because 
the disease may p ossibly appear in t heir ofTspring, seems to us 
to be carrying caution to excess ; the mos t tha t we can reason
ably demand is a restriction o f this kincl when there is a prob
ability of the disease being transmi t ted. Now, as we have 
already seen, experience has shown tl1 a t the capacity for trans
mission does not ex ist in all the members of the famili es, buc 
only in cer tain categories or the same, a11 cl that in the other mem
bers the clanger is so sligh t as not to 1·equi re a prohi bition of 
marriage. In this latter class may probably he included all male 
111embers of a bleeder family who are not tlternseloes bleeders, 
since the transmission of hremophilia by such indidclnals is 
among the rarest of clinical e,·cnts. On the other ha nd, mar
riage slwulcl be.forbidden to all tli e f emales of a bletder f amily 
1o illwut exception, because the female sex possesses in an eminent 
degree the power or transmitting di sease, espec ially li: cmophilia , 
and this capacity ex ists in the non-bleeder as wPll as in the bleeder 
fe males of such fam il ies. I n the case of a male bleeder, it is to be 
borne in mi nd that the children begotten by maniagc with a 
healthy woman are, to be sure, frequen tly, but by no means 
uniformly, subjPc ts of hremophilia , and that whil e the clanger of 
hereditary transmission is, therefore, greater than in the case or 
the non-bleeder males of such families, it is far lt'ss than tha t 
attending the marriage of the female members, either bleeders or 
non-bleeders. Still , generaliza tions of this kind arc or li t tl e 
as<istance when we are ca lled upon to determine the I-isk in 
i11c1ivic111al cases, and it will be fa r better, tlwrofore, to be guidecl 
hy the s pecial hi story or the fa mily as regards the mode in whielt 
the di sease has hitherto been transmitted. Thus, if the record 
shows that repeated instances ha,·e occurred in which h:rmophiliu 
Jias Leen handed clown in an agnatic clirer tion (from fa ther to 
son), the marriag• wonlcl be morall y unju stifiable; whil e, if the 
tendency to hereditaI')' tra nsmission has been noted only in the 
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female members, no reasonable objection can he urged against 
the marriage of a. mule member, even i! he were a marked bleeder. 

In this connection we may refer again tu the two large bleeder families at 
Tenna, in Graulmndcn. in which families, nccor<liug to \'iclc, the disease has always 
bcl!n propagated hy the females and ncHr hy maks, although the Jatkr baye all 
been nmrkcd bleeders, and many of them had numerous off:;pring Ly marriages with 
l1calthy women. Indeed, experience seems to have taught this community the 
natural solution of the question at issue, for we find that the marriage o( the males 
in these families has come lo be regarded as entirely unolijcctionahlc, whereas in 
19J3 the few female memhcl's still living hail all ahstained from mnrringe. If the 
disensc at Tenna do not Uescrt the moJc of tramm1ission it hns hitherto followed, 
there is good reason to expect its complete extinction in a not very distant future. 
're have not been able, howe,·er, at the present dute(1875), to ascertain the number 

0 ( bleeders stilt living in this part of Hhaetia1 and are consequently not prepared to 
s 1y hO\'f far this highly desirable result has ns yet Leen actually attained. 

In the preceding suggestions as to the general prophylaxis or 
hmmopltilia are comprised the principles which, it seems to us. 
should guide the physician when he is consulted, or feels himself 
compelled to volunteer advice, in regard to a contemplated mar
riage where one or the parties belongs to a bleeder family. As we 
have seen, there are in these alliances fa,·orable ancl unfayomble 
conjunctions, and the physician, who knows how to reacl arigl1t 
the difl'erent constellations which are possible in such cases, will 
o[t<·n be able to allay unnecessary anxiety or to avert an impend
fog evil. The state o[ affairs h, however, o[ conrso materia11y 
changed when the marriage has already been consummated; tl1<• 
aspects must now be regarded as un[a,-orable, and the danger 
urgent that a progeny will result composed partly of actual 
bleeders and partly of condL1ctors or the disease. The best 
that ran b'~ hoped for from such a. marriage h; that "nothing 
will come of it" -that it will remain unfruitful. The physician 
should, therefore, regard it as his duty, when opportunity 
presents, to emphatically express this ungracious wish to the 
marriecl couple; but here his obligation naturally ends, aml 
the task of prophylaxis must now be left to a private under
standing between the individuals tlwmseh·es. 

The same remark will apply also to tl1ose cases in which a 
healthy married conple, neither of whom belongs to a bleeder 
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family , lmve, from unknown causes, bego tten a bleeder child. 
Ile1·e, where the disease llas not been frai tsmittecl lwreclitarily, 
bu t has evidently arisen congenitally, there is still reason to 
fear that th e same prPjudicial in!luences which have co-operated 
in the proc rPation and development of the Jirst bleeder child, 
will continue to act in the fu ture, since experience shows that in 
such cases the h::cmophilia does not remain isolated, bu t reappea rs 
successively in se,·eral children. In th is case al so the danger or 
fu 1-th1' r progeny should be explained to the pa rents, and the 
future responsibily shif ted to their own intelligen t action in the 
matter. 

Aga in , it may happen that a marriage which has re ulted in 
the proc rea ti on or bleeder children may be dissol\·ed by tht> 
deallt of one of the parties, and the questi on may then arise 
whether the survivor should be allowed to remarry. In decid
ing thi s question i t will be necessa ry to ascertain defini tely 
whether the affec tion in the children is or hered itary or or con
genital orig in. In the former case remarriage may be permi tted, 
whatever tlie mode of transmission, whether through the mother 
or father, prodded it can be shown that the deceased is the one 
through whom the cond uction has taken place. F or all expt>ri 
ence hithe1·to has shown that in such remarriages no ins tance has 
occnrred in which a man previously married to a woman of a 
bleeder fami ly has begotten bleed er children by a second mar
riage with a healthy woman, or in which a healthy woman prc
Yiously manied to a male bleeder has contracted the Intent 
di position by such relation so as to beget ble der children by a 
subsequent ma rriage with a healthy man. On the other h and, 
examples nre not wan ting in which the misfortune of beget ting 
bleeder chi ldren, once begun by a wi fe from a bleedPr famil y in 
her firs t ma rriage, has been continued in a second series of chil
dren by a subsequen t husband (Grandidier, R einert). Or course 
such a remarriage should not be allowed to take place wi thout 
energetic prntest. 

'Vhen, however , the hremophilia in the chil clren is clearly not 
hereditary, bu t is or independent ori.r;in, i t is naturall y much 
more diffi cult to determine the rela tive dPgree of responsibili ty on 
the part or the two parents fo r its OCCUl'rence, and the ques ti on 
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or remarriage by the survivor is, therefore, to a c~rtain extent 
an open one. Still, if we bear in mind the fact upon which we 
ham al ready laid such repeated stress, that the capacity for 
transmitting lumnophilia inheres, in a far higher degree, in the 
female sex, the remarriage of the mother in such cases will appear 
much more objectionable than that of the father; and it will be 
seen to be altogether probable that, even wlten tlte disease origi-
11(ttes independently, it is mainly due to the lnjlnence of the 
1nolhtr. " 'hat the real nature or these primordial influences 
may be through which hromophilia is begotten in the frotus we 
shall not attempt to decide; but we are satisfied that when 
bleeder children ham appeared iu a family, it is cleal'ly advis
able for the mother to abstain from remal"riage. even though no 
cases of the disease had occurred on either side of her family 
predous to its appearance in her offspring. 

Tlw })receding remarks must suffice herP to point out the 
way in which the state or the prin1te physician may interfere 
to check the further prnpagation of hromophilia, without un
necessarily sacrificing the rights o[ the individual; and if the 
directions gh·en were stl'ictly carl'ied out, there is little doubt that 
in the course of time the affection wottlc1 become considerably Jess 
frequent than it is at present. A complete eradication of 
laemopltilia, lwwei·er, by such means, is impracticable, and, 
infact, impossible by any method known at present. For 
until we have disco\"erecl those obscure primordial causes 
whir·h evel'y now and then determine the occurrence or primary 
cases or hrrmophilia---after which the ful'ther propagation of 
the disease takes place in accordance with definite known rules 
-we shall ne\"er succeed in cutting away the dPeper roots of 
the disea e, and in thus el'adicating it at the \•err sta1t. The 
investigation of the primordial causes of the di ease remain~. 
therefore, now as in the past, the necessary preliminary to a 
radical prophylaxis; ancl the preventive measures suggested 
abO\·e, notwithstanding their great practi<-al importance, will 
consequently always possess only a secondary value in the 
eradication or the disease. 

In passing now from the general prophylaxis of hremophilia 
-the prevention of new cases or the disease-to its special 
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prophylaxis, we come to a task of scarcely less importance, 
viz., the prerention of the luemopliilia bleedings. " ' hen the 
suspicion of such a diathesis rests upon a new-bom child, 
all influences likely to excite these bleedings should, of course, 
be carefully lt\'Oidecl from its very bi..rth, and especiall y after 
the existence of the affection has been demonstrated by one 
or more dangerous hemorrhages ; nor should these precau tions 
be wi thdiawn, either in the merely suspected or in the pro
nonnced di sease, until sufficient evidence has been accumula ted 
by the results of accitlenlal wounds, that involution has taken 
place, or that tlte original suspicion was incorrec t. The spec ial 
prophylaxis of hromophilitt, therefore, not only begins, when 
possible, with the birth of the individual , but in very many 
cases must continue even throughout life. 

This vig ilance, moreover, a lthough of course necessary against 
traumata of all kinds, is to be directed especially against those 
likely to excite a superficia l hemorrhage, because th is fo rm of 
bleeding has been found to be far the more dangerous to bleeders. 
Trifling injmies, pa rticularly, should be sedulously avoided, 
because these are most apt to occur accidentally, and therefore 
require greater circumspec tion for their p revention. As regards 
the intentional infliction of wounds-even the most insignificant 
operations attended by Joss of blood-the same precau tion is 
eqnally necessary ; even when indicated, t,hey should not be per
form ed if any other opera tion not inrnlving hemorrhage can be 
substi tuted, or if the pa tient's condition does not d L• mand tlte 
operation imperatively . \Vhen, howeYer, surgical in terference 
cannot be postponed, on account of the vi ta l indicati ons, the 
operator should p1·epare himself wi th all the means, to be p res
ently described, for arresting the hemorrhage as speedily as 
possible. 

To these general rules we may append a few special ind ica
cations in refrrence to the prevention of wounds. }..,ir"'t, as 
regards accidental injuries, care is evidPntly most necessary 
during the period from tlte b irth of the child up to its eighth 
year, becau ·e the manifestations of the di sease are most pro
nounced and the loss of bl ood most dangerous a t thi s time, and 
because the patient is less competent to take the nece8sary p1·e-
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cautions for himseH. During school life, moreover, incessant 
watchfulness is still imperative, for now the child is exposed to 
danger from accidents in his boisterous play with bis schoolfel
lows, as well as from his irrepressible desire for physical action 

of all kinds. U gymnastic exercises are a part of his school 
curriculum, however desimble they may be in other i·espects for 
J1is physical development, the family physician must see to it 
that the child is excused from engaging in them. Should this 
ha1·c1.fought battle of childhood be fo1tun::itely survived, there is 
still to be met the qLiestion as to his future avocation and his 
physical responsibility to the state ancl community. OI course, 
::ill the more directly mechanical employments, which involve 
any considerable clanger of accidents, are unsuitable for bleed· 
ers; and, when ::i choice is possible, the child should he educated 
for one of the "learned" prokssions, in which he will be better 
protected from the rough contact of the external world. As 
regards military service, we agree entirely with Grossheim (I. c.), 
in his opinion that all bleeders shoulcl bewiconditionally e.xempt, 
and the same remark. will apply also to similar duties, such as 
the.fire service required in many communities. These indications 
will suffice, without going into further details, to show the 
manifold character of the measures necessary in the prophy
laxis of hromophili::i, and the serious importance of the disease 
iu its social aspects. 

As regards operations, little n~ed be aclded to the general cau
tion already given. There a.re, howe,·cr, two operations-the one 
::i religious, and the other ::i social duty-which are of such impor
tance as to deserve consideration in some detail. "\Ye refer, of 
course, to the Jewish rite of circ-wncision, ancl vaccination. 
"\Vith respect to the former, while we have nothing to object to 
it in general as an honor::ible custom sanctioned by ancient tra
dition in ::i r1,lig-ions community o[ the highest respectability, we 
still agree with IIenschel, Finger, and others, that its observ
ance in Jewish bleeder families should be strictly prohibited in 
view of the unfortunate results that have attended the operation 
under these circumstances. The }Jractice which J1as been 
adopted in certain Jewish families, of substituting baptism 
for circumcision, of course serves no moral purpose either for 
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Judaism or Christianity, and it seems desirnble, therefore, that 
the rite should be moditied in some way for Jewish bleeder chil
dren, so that they can fully satisfy the religious requirements 
of their faith without running the risk of hemonhage. 

As i·egards the now almost universal practice of i-accination, 
it i8 fortunate that this minor operation is attended with much 
less risk titan circumcision, otherwise the mortality among 
bleeder children would inevitably have been far greater than it 
is. Indeed, experience lrns abnnclantly shown that yaccination 
is one of the least dangeroits operations in bleeders, ancl there 
seems to he no good reason, therefore, why bleeder children should 
be depri,·ed oE its benefit. Still, the pmfuse lwmonhages which 
have occasiona lly occurred during its performance trnch the 
necessity of the physician's being prepared with proper means 
for immediately arresting any considerable bleeding that may 
arise. 

Among other minor operations, the objert of which is simply 
curatirn rather than the fnlfilment of a religious or socio] cluty, 
may be nwntionecl, on account of their freqnency, the e:i:troctio11 
of teetlt, venesection, and cupping. As regards the extraction of 
teeth, tltcre are frw points npon which writ~rs are so unanimous 
as the extreme clanger of this particular operation in bleeder$. 
The patient, therefore. shoL1lcl be specially warnNl of this 
clanger, and all the more becanse usuall y the family physi
cian is not consnltecl, bnt rather some dentist who is not aware 
of the nature of the case; and because, moreover, the tempta
tion to have the operation performed is particularly frequent in 
bleeders on account of their predisposition to Yiolent rheumatic 
toothache. Less dangerous is Yenesection; still, this is neYer 
to be undertaken in a bleeder withont urg-ent necessity-a 
condition wltich is not likely to occnr frequently nncler the 
pres~nt indications for bloodletting. \Yith respect to cnppinfr, 
it is only necessary to remark that, while death has rarely 
resulted from its performance in bleeders, serious hemorrhages 
have not been uncommon. Inclercl, all of these measures arc 
contra-inc1icatec1, ancl should be replaced, when possible, by 
otlwrs which do not involve loss of blood. 

Fnrthermore, every precaution should be taken to a,·oid all 
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influences which determine the occurrence o[ pfrtl1ora nnd con
gestions. Under thi s head may be included evprything wliitlt 
occasions fo r the time being any considerable di s tension of th 1• 
bloocl-v1'sscls, Yiolent nction of the hear t, or a s trong determina
tion of the blood to the surface of the body : (J ) the excessin> 
u se o[ fl uids, pnr tic11la rl y h ot stimulating chinks (coffee, tea, 
a lcoholi c ben· rag1·s); (2) over-ind ulgence a t the tabl e ; (B) consti
pation ; (4) severe bodily exercise, especially during warm, sultry 
weather, as well as nt other times when tho patient is la.boring 
under vascular exc itement; (.3) intense mental c111 o tion. On the 
othe1· hand, th e cli<'t, wh ile it should be moderate in quantity 
nncl easily d ig<'stibl(\ ought to be of a no urishing character. In 
place of tea and coffee, coltl milk may be u sed; and to quench 
t hirs t, water or lemonade in not too large quantities. Finally, 
the patient sh oultl leacl a quie t, though not idle lire, as free as 
p ossible from exhausting labor a nd mental excitement. 

" 'e ha,·e now g iven what appear to u s to be the m ost impor 
tant inclica ti ons fo r the rati onal propl1y laxi s, both of the diathe
s is i tself and of its manifesta ti ons-the h rnmophilia bleedings ; a t 
the same time we ha,·e no hesita tion in saying that at present 
111 ore can be accomplished in the way of iwevention than by 
a ttempts to eradi cate the disease aftPr it has once been estab
lished. At least none of the plans of trea tment sngges ted thus 
far have stoocl the tes t of experience. 'To be sure, individua l 
cases of parti al or complete success, after the prolonged use of 
certain remedies, have bPPn reported, but in other instances the 
same treatment has provecl completely u seless. \Ylw n the 
bleeder d ispositio n, therefore, already ex iRts, we are practi cally 
limited to meas u1·es fo r the prevention of the bleedings, or for 
their arrest during the attack s o[ hemorrhage. 

Among tha various means by whi ch it has been proposed to countemct the /iq. 

m'lp/tilia cli8])()sition, nnd thus to satis fy the ilulicalio tnurbi, may he mentioned, in 
the fi rst place, the tonics and astringent. employed w ilh the view o f strengthening 
the fragil e c:tpi llad cs. Thus, among the tonics, cod ·li vcr o il has been ud vocatcd hy 
Ri cken, and iron by Heyfclder, Kopp, Martin , Viel i, and Legg. As regards the 
use of iron, V irchow has very properl y pointed out the necessity of caution when 
there are ev ident indicat ions of plethora or an excited action o f the heart. These 
symptoms, howC\'er, arc o f such common occurrence in Ul ccdcrs, either as habitual 
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manifestations of the discnse or ns forerunners of the blccdings1 that the use of iron 
fur prophylactic purposes must, upon the whole, Le regarded as conlra-imlicaUd. 
]ts temporary employment during the acute anremia following profuse hemorrhages 
i,., of coursc1 not open to this objection i in fact, the advocates of this remedy in 
hremophilia seem to hnve employed it especially at such times. Astringe1lt8 hnvc 
also been used in \'arious forms: externally-tannin baths, ri.blutions with solutions 
of sulphate of iron, dccoctions of sage, diluted vinegar, Ctc.; intcrnnlly-prepara~ 
tions of bark, rlmtany, cuscarilln, and, during periods of vascular excitement, large 
doses of autale of lead, ergot, and er(Jotin. Formerly, with the view of allaying 
the vascular excitement more effectually by diminishing the force of the heart's 
action, even periodical bloo<llettill(J was reso1·ted to; Lut latterly, since this measuro 
has been found to he so dangerous, di{Jitali:1 in large doses, or n<wseants, such as 
tartar emetic and ipecac, have been preferred, and in some cases the treatment 
by such depressants seems to have been followed by a temporary amelioration 
of the tendency to congestions (Grandidier) . It is clear. however, that such reme
dies ns the acetate of lead, ergot, digitalis, and nauseants, cannot lw used for Rny 
considerable period, and that they are therefore adapted not so much to an extir
pation of the diathc&is as to a palliation of its manifestations at a time when they 
are seriously threatened. At such times, moreover, saline catlutrtics, especially 
Glnubcr's snlt, have been used for the relief of the existing plethora. The latter 
salt was originally l'mploycd for this purpose as a domestic remedy in an Americ:m 
bleeder family, and is said not only to have exerted a favorable influence upon the 
course of the blcedinf:,rs (vide i11Jra), but also to haYC produced n. permanent effect 
upon the diathesis itself. Stil1, this effect was by no mc>ans constant or lasting in 
all the cuses; indeed, there is no reason to suppose thnt lnxativeR, nny more than 
other drugs., can act in a directly curntivc.: manner upon the structura l anomaly 
which underlies the disease. 

In passing now to the symptomatic tlterapeusis-tlw treat
ment of tlie bleedings themselves-we are met at the outset by the 
qnestion whether, in cases o( spontaneous external hemorrhage 
o( non-tmumalic origin, the treatment for its anest should OP at 
once undel'taken, or whether the loss of blood under thesn 
circumstances shonld not rather be regarded as exercising :t 
beneficial derivative influence. For, since these bleedings are 
commonly preccckcl by nu·ions symptoms of plethora and con
gestion, and tl1Pre[ore probably result from engorgement o[ thP 
vessels, it is certainly possible that in checking the hemorrhage 
prematurely we might do far more harm than good. This view 
has been expressed by nmnerous writers, both formerly and in 
recent times (Consbrnch, Thormann, Lowthorps, Tarnme Beth, 
\Yachsnrnth ,Vieli. Stromeyer, and Legg): indeed, some of these 
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authorities maintain that, after a rapid arrest or ll1c bleeding in 
such rnses, severe and dangerous symptoms are obsened, in the 
form of extremely violent palpitation, oppression for breath-in 
fact, even apoplectic attacks and general conn1lsions. Other 
writers, however (Reinert, Assrnann), have not been able to 
satisfy themselves· of any injurious results from the abortirn 
treatment iu spontaneous hemorrlrngPs, and advise that energetic 
measures should be used at the Yery outset, jt1st as in the trau
matic bleedings. The question, therefore, is still a mootable one, 
and can only be deciclecl by the results of future experience; still, 
our own conviction is that early interference. in these cases is at 
times attended with clanger. 

Such clPlay, however, should ne>er be continued too long. Its 
only object is tlw relief of the existing plethora, ancl when in the 
jndgment of the physician this bas been secured, he should at 
once interpose withont waiting until the hard, full pulse and 
flu.heel appearance or the patient have given place to an anromic 
condition of the Yascular system, general pallor, ancl exhanstion. 
It is certainly far better in such cases to err on the safe side, for 
there can be no doubt that under any circumstances an excess of 
bloocl is to be prrierrecl to a deficiency, and tbat it is no part of 
thr treatment to permit the patient to pass into a state of patho· 
logical anmmia. Another contra-indication against long delay is 
the clifliculty with which eYery protracted hcmonhagc is arreFted, 
on account of the altered (hypinotie) condition of the blood 
which ultimately results under these circumstances. 

In the traumatic external lzernorrltages, howe,-er, all authori
ties agrre as to the necessity of immediate interference. Nor is 
there any cli[erence of opinion as to the means by which the 
arrest or the hemorrhage is to be effected, the same remedies 
being equally suitable, whether the bleeding is of traumatic or 
non-traumatic origin, or whether the actirn treatment shoulcl be 
begun early or somewhat later in the attack. Of the means 
recommended for the arrest of these· bleedings, some are local, 
others general in their action; a combination of both methods, 
however, will be found more effectual than a too exclusii-e 
reliance upon local styptics. Among the local measures, com
pression, continued for a considerable time, perhaps for days, is 
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the most reliable, and, when the situation of the hemorrhage 
permits, hould be first tried, either by means of manual pressure 
or by means of a tampon, g raduated com.presses, cork pla tes, etc. 
Sometimes, J1 owever, in the smaller wounds, cauterization by 
nitra te of silver, or, in the lnrger wounds, the application of ice, 
1wrchloride of iron, or a solution of tannin, will suffice to prodttce 
a momentary coagulation of lhe escaping blood; still , to produce 
a permanent effect, su ·h styptics should always be followed by 
compression of t1w wound. In using pressure, however, th e 
danger of prodncing gangrene-an accident that has occasionally 
happened und<'l· these circumstances-shonlcl always be bom e in 
mind, a nd the compression should not be more fo rcible nor 
long<'r continued than can be employed with safety (Grandiclier). 
In the treatment of very small wounds, such as leech-bites O l' 

Rimple ]inear incisions, the twi sted suture J1as in many instances 
been found of great servi ce and but rarely foll owed by secondary 
hemorrhages. On the other hand, the actual cautery, and other 
applications producing a temporary crnst o,·er the bleeding 
surface, ra rely suffi ce to arrest the bleeding permanently; they 
merely conceal the sonrce of the hemorrhage for the time bPing, 
and only add to the difficulty of appl y ing the compression which 
is generally a fterwards required (Grandidier). Among the more 
frequent external bleedings, few present so much difficul ty in 
their arrest as those which occur from the <l ental alveoli after the 
extraction of teeth. The mo t effectual treatment for thi s form 
of hemonhnge is the application oi a tampon sa turated with a 
solu tion of the pPrchloride of iron. The retention of the tampon 
rnny be effected either by a piece of cork- which is sufficir nt in 
some cases- or, still better, by the method recently suggested by 
Hohl ,' viz. , to cover the plug with a gold or silver plate clasped 
to an adjacent tooth by platinum wire, so as to effect permanent 
pressure for se\·prnl weeks, if necessary. This operation can be 
readily perform Pd by any denti st. At the samP time other 
measm es should ner er be neglected, such as the application of 
ice-bags, deri vative foot-baths, and intemal treatment so long as 
the hemonhage continues. Great caution is necessary al so in 

I DeutscbeKlin ik. 187 1. Nr. 42. 
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regard to the too early remo,·al of tlie tampon and its cover
jugs. 

As we have already mentioned incidentally, internal treat
ment is always ad oisable in these cases ; indeed, it has 11ot 
u11freqnently happened that this methotl has succeeded i11 
1apidly ane:;ting the hemonhage after local measures hare 
prored entirely fruitless. In cases of i11ternal bleeding, where it b 
difficult or impossible to use local styptics, we are of course com
pelled to rely exclusively upon internal remedies; but, e,·en 
when the case permits the use of local treatment, the combined 
method by both general and local measures will be found to be 
more efficacious. or intemal remedies, the most trustworthy are 
acetate qf lead and ergot in lnrge closes frequently repeated 
(Schaefer, \\'achsmuth, il!eiuel, Grandic1ier, et al.); the mineral 
acids, alum, tannin, and perchloric1e of iron, are less reliable for 
internal use. In every case, therefore, when the hemorrhage 
is at all serious, either acetate or lead in half-grain closes every 
two hours, or ergot in closes of 15 or 20 grains at the same inter
Yals, ghould be given until the 11emorrliage is arrested, or unmi:;
takable symptoms of poisoning are produced. As regards the 
use of Glauber·s salt in large cathartic closes, to control the 
bleedings or hwmophilia-a treatment recon1mended by Otto, who 
"·as struck with its success in the case of the bleeder family Smith
Shepa1·d (see above), and was satisfied of its efficacy by trial in 
several of hi:; own cases-the testimony in its favor is by no 
means uniform. Itieken and Elsaesser found it entirely useless; 
\Yachsmnth, however, praises it highly, and insists upon its use 
at the very start in traumatic hemorrhages, and as early as the 
second clay in spontaneous bleedings. lie gives it in laxative 
doses or from three drachms to an ounce repeated daily. That 
the good effects, when obtained, result from the derivatirn action 
inch1ced by the ratharsis, is shown by the similar experience 
with other laxatives, such as sulplwte ef magnesia (Fordyce), 
bitartrate qf potassa, senna, tamarinds, etc. 

Furthermore, the directions previously given for the preven
tion or yascular excitement when a spontaneous hemorrhage is 
threatened, are obviously still more necessary when the bleedinp:, 
whether spontaneous or traumatic, has actually taken place. 
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Thus, it is ext!'emt•ly desirable during the hemorrhage that abso
lute rest and freedom from excitement should be stl'ictly main
tained. A low diet, and only a moderate allowance o( cool 
drinks, with enlii-e abstinence from alcoholic stimulants or hot 
liquids, snch as tea or co!l'ee, should also be enforced; and, when 
cil'cumstances permit, the bed should be place<l in a large, airy 
chambel'. 

Of conl'Se it will not unfrequently happen, after these bleed
ings have continued for some time, that the sedati1Je t!'eatment 
above described will kt\·e to be !'eplacecl by t1 1e use of restora
tivfs. Thus, when symptoms arise which thl'eaten a complete 
arrest or the heart's action, such as a sense of suffocation, attacks 
or faintness, 01' actual syncope, the temptation to l'CSOrt to stiill1l
/ants-wine (champagne), brandy, rum, camphol', ammonia-for 
the pnl'pose of suppol'ting the patient through this crisis, is 
almost il'l'esistible. Still, necessary as this mode or tl'eatment 
undoubtedly is when the symptoms al'e extl'emely threatening, 
it is always to be bomc in mind that syncope has sometimes 
pl'O\"Cd to be the very means by which the hithel'to nncontroll
>tble hemOl'l'hage has been aJTested, and that, thel'efol'e, a too 
m1·ly reso1-t to stl'ong stimulants is undesirable. At all events, 
it is sate to say that stimulants al'e cont!'a-indicatccl so long ns 
tl1el'e is reason to app1·ehend an aggl'avation of the hemOl'l'hage 
from any considerable increase in the force of the heart's action. 
'l'he same objection will apply also to the premature employment 
of trnn:ifusion (Grandidiel'), to say nothing or the dangN of a 
fresh hemoJThage from the wound inflicted in thl' operation. To 
be sure, a few cases have been reported in whieh life has been 
'aved at the last extremity by this means (LanP)'; still, exrepL 
in desperate cases, it is far bettel', in on!' opinion, to avoid the 
operation altogether than to unclel'take it pl'ematurely. 

After the immediate clanger from the hrmoJThage itself has 
hren passed, tl1e prof on ml exhaustion, which sometimes remains 
for clays or weeks in the more serious attacks, is best combattetl 
by e!l'orts to .simply maintain life, such as en(ol'Cing tlte recum
bent posture, and absolute rest ef body and rnind, rather than 

1 The Lancet. 1840. p. 1E5. 
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by a direct resort to stimulants, restorath·es, tonics, etc. For 
experience Las amply shown that, wlten tlte e:r:pendilure of vital 
forte is restricted as far as possible, life ca;i o[ten be maintained 
for a considerable veriod i11 man. just as in the lower orders of 
animals, upon Yery small supplies or food, air, etc., and that 
hleeders particularly posse>s a mai·ked tenacity for life umkr 
these circunistances. In the administration o[ food, therefore, 
the quantity should at first be limited, and incr~ased gradually 
as the appetite revh·es; while as i·egards liquids, tho buming 
thirst from which these patients suJier (see Vol. XYI., p. 347) 
should be allayed by often repeated, but small draughts of colcl 
water or cold milk, to which, so long as the pulse and heart-beat 
rnmain alarmingly ft•ehle, a few drops of brandy or rum may be 
added. \\·hen tlw indication has been fultill,,d, it is better to 
discontinue t1a.• us.t' of such "restorn.th·es," nncl trust simply to 
a gradual re,·ival o[ the patient's strength by means o[ long-con
tinued rest and a blaud, easily digestible diet. By thi8 simply 
hygienic ancl '•unheroic" mode of treatment we shall at least 
most effectually guard against the pre111atme occurrence of a 
new hemonhage. For the same reason, caution is equally neces. 
sary in the use of all the more active to11ics, and, lhc>refore, the 
ferrur;inous preparations shoultl be I"eservecl Ior those cases in 
which the exhaustion and pallor continue for an unusually long 
time a[ter the al'l'est of the hemorrhage. A trip lo the country, 
sea.bathing, :rncl other robomnt measures 111ay also be J)rescribed 
in such cases. On the other hanil, wl1en, as so often happens, 
the patient rapidly loses his pallor, and, like Uhde's patient (see 
p. 44), b~comes again within a comparati,·ely short time "as 
blooming as a rose," the physician may ob,·ionsly content him
self with enforcing the above restrictions as to rest and diet. 

The interstitial c11taneous ltemorrlwr;es (petechim, ecl'hr
moses, vibices) require no special treatment in bleeders, since 
the loss of blood is inconsidt>rable ernn when the extravasation 
into the tbsue of the skin has been of large extent, and since. 
moreover, we possess no means for hastening the gradual 
im·olntion which these pitrpura-eftlorescences undergo spon
taneously. As rega1·ds the trt>atment of the subc11taneo11s 
interstitial hemol'l'hages-tlle luematoniata-it is of the firot 
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importanc!' to protect these tumors from mecl1anical injury, and 
to abstain from opening them prematurely by incision 01· punc· 
ture. The affected limb or part of the body is to be kept as 
quiet as possible, and an effort ruade to effect a grndual disinte
gration of the tumor by means of cautious pressure, the appli
cation of lead.water bandages, moist wm·mth (P 1·iessnitz's com
presses, poultices), etc. Opening should be resorted to only when 
the discolored appearance of the tumor makes it certain that 
gangrene has begun. In these cases, which are fortunately not 
freq11 e11t, caustics are prereruble to the knife; still, even when 
the former ar<> used, profuse and da.ngerous hemorrhages almost 
always ensue, requiring tor their control the energetic employ
ment of the Yarious measures previously mentioned. 

Finally, the complications of hromophilia are to he treated in 
the same way as under other circumstauces, with the important 
exception that all remedies should be carefully a1·oided which 
may possibly excite hemorrhage. Thus, in the rheumatic a.f!ec
tions, which are so frequently observed in bleeders, local blood
lett ing and severe counter-irritants, such as blisters, the local 
application of tincture or iodine, and similar mcasmes for the 
rel ief of pa.in, are contra-indicated on account of their repeatedly 
observed tendency in these cases to produce excoriati ons which 
gi1·e rise to uncontrollable bleedings. As substitntes for these 
stronger applications, therefore, we shoulcl prefer the milder 
rubefacient" (spts. camphorro, opoclelcloc), or anodyne linimen ts 
containing hyoscyam ns, chlorofo1·m, etc. ; while the ab orption 
of the effusion may be promoted by moist warmth, or by alco
holized watery solutions of iodide of potassium. It is important, 
moreover, that the painful and inflamed parts shonlcl be ])l'O

tected from mechanical injuries by soft coverings and support8. 
Furthermore, when the locality permits, ba.nclaging the parts so 
as to secure absolute rest to the joints, musclPs, etc., from both 
active and passive mo\"cnwnts, will be found of great service just 
as in the ordinary forms of rheumatism. Lastly, some writers 
(\'ieli, Grandidier) assert that in the treatment of these rheu
matic afl'ections the use of mercurials in any form, and however 
prudently administered, is commonly attended by a. tempornr.71 
agr;raoation ef tlw llemorrlwr;ic cliatliesis, ancl therefore should 
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be strictly avoided. \Ve simply record this opin,on without 
attempting to explain the supposed idiosyncrasy; but lhe warn
ing, if well founded, will undoubtedly apply also to the treat
ment of the otlter complications of hremophilia, particularly 
those of an i11jlammatory character. As regards these other 
complications, inasmuch as their usual course is not specially 
modified by their connection with hromophilia, we ham nothing 
further to add in the way of treatment, except to reiterate the 
fundamental caution already repeatedly given, viz., to strictly 
avoid all remedies or applications which in their efiects involrn 
even possibly the risk of hemorrhage. 
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Scurry, Scorbutus. 

(German : Scharbock.') ) 
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The preceding bibliography of scurvy is far from complete, and contains only 
the more important works on the subject . A more comprchcnsiYc enumeration 
mny be found in Krcbcl's work (l. c.), which devotes a hundred pages to the bibli
ogrnphy of the disease, and gives a list of all the wol'ks which had nppearcd up 
to 1861, wilh brief accounts of their contents. This list iucludcs the names of no 
less thuu 773 authors! 

Historical Remarks. 

In the following brief historical sketch it is not our purpose 
to present an extended resume of this branch of our subject, but 
merely to point out tho:;e leading facts in the hi:;tory of the 
disease which are important for a clear appreciation of its 
gPrw:sis . 

• \Jthough neither the medical nor the historical literature of 
antiquity ancl the earlier middle ages contains a single passage 
that discriminates scurvy as a distinct species of disease, or even 
positively indicates its existence dUl'ing these periods, it is 
hardly to be supposed that an affection so closely connected, as 
scurvy appears to be, with certain wic1Ply prevalent sanitary 
e1·ils-particularly improper diet, hal'Chhips, and unfavomble 
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m<'tereological influences-can have failNl to manif<'st itself in 

all times whenever i11didduals or bodies o[ men have been sub

jected, under circumstances similar to those of recent times, to 

the influence of these noxious agents. So far, however, as his

torical evidence is concerned, the disease ran be traeed back only 

as far as the thirteenth century of tlie present era, and did not 

nrquire actual hi storical importance as a frequent and wide

"Jlrca<l affection until about the middle or the fifteenth century. 

while its ])resent name h S<'Orbutus" made its appearance in 

Jll l'<.lical alHl non-medical writings only at the bPginning of the 

s ix teenth century. 

At.tempts have not been wanting to prove the existence of scurvy in ancient 

times from certain descriptions o( disease hy the older writers, which have been sup

posed to refer to the affection in question. None of the ev idence, bowcver, will 

hear careful examination-much of it having no bearing whatever upon t1ic point 

nt issue, while the rest is a.t least untrustworthy. The most conspicuous instance of 

this misrepresentation is that ·which pretend s to recognize scurvy in the affection 

described by Hippocrates, and after him by Aret:teu<;, Celsus, Caelius Aurclianul', 

Paulus Aegincta, Avicenna, and others, under the term "~,,.x~.,H 1.u:yUXm (magni 

licnes);" still, as Hirsch has pointed out, there can be scarcely a doubt that 

these" enlarged sp leens" arc merely what is now known as the lesion of chronic 

malarial cachexia. The symptoms of scurvy were perhaps more closely simulated 

hy those of a peculiar afl'eclion of the mouth called" ~1uXoTL•pf'f!," or" ~rnµa1e&1t 11," 

in which the gums became swollen, the teeth fell out, and n. sort of paralytic 

weakness attacked the lower extremities. This di sease is said by Strabo 1 to have 

prevailed in the army of A.cl in.~ G..1.llus, in Syria; Pl iny/ moreover, mentions hs 

occurrence among the soldiers of Germanicus in his Netherland campaign, an<l 

speaks of its being cured hy the dietetic use of a fresh vcgetnlilc, the hcrbn Brit· 

tanica (Rumcx nquaticus, according to J\Iuntingi). St ill , on reading these accounts 

it hi difficult to avoid the suspicion that the affection wns not f:.Cmvy, hut rather 

what is now known a~ diptlwritic stomatitis. The same remark w111 apply also 

to the" oscedo" of :Marcellus1
1 an oral affection, which has been supposed to 

he identical with the "Stomaknke 11 of Pliny and Straho, ns well as with our 

modern scurvy, from the fact that J\la.rccllus recommended for its treatment the 

hcrba Brittanica: "O.~cdinem herbfL Brittanica viriclis, i:umpta in ciho Jnctucre 

mo,lo, sanat. 11 The nearest approach to the symptoms of scur"\"'y is unquestionably 

to be found in llippocrntcs1 description of the "volvulus snnguineus,. (fiAf0r 

oiµaT'61811r), in hi s treatise on Internal Affections. The Latin translation is as 

follows: 

1 Gcograpb. lib. XVI. c. f. 'Hist. natural. lib. XXV. c. 3. 

:: Lib. de medicam. c. 2. 
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1
• ~\[orbus autcm per uuctumnum oriri incipit in coque hncc accidunt; ex ore 

malus odor exspirnt, a dcntiLus gingivre absccdunt ct ex naribus sanguis cfiluit; 
intl'rclum '\'ero ex cruribus ulccra rumpunt et haec quidem Ytmcscunt, alin vero 
cxoriuntur i color nigcr est, cutis tennis, ad deambulationem ct cxercitationcm non 
promptus est . hie morlms multa curntioue indigct, alioqui non dccc<lit, 
sed homincm ad mortem usquc comitatur." 

That the symptoms of this" volvulus snnguincus" strongly resemble those of 
scurvy cannot \Jc denied i still, neither llippocrntcs nor later writers give us any 
clue to the causes of the affection in question whereby the idcntity of the latter with 
scurvy cnn he satisfactorily established. Such an omission, moreover, when we 
hear in mind the marked, and indeed, characteristic etiology of scurvy, is fatal to 
the acceptance of supposL·d evidence o( this kind from lhe ancient writers; and we 
ran only conclude, therefor<', that while lhc existence of i::curvy in early times is ,i 
priori highly probable, direct proof of the suspected fact is still wnnting. On the 

other hand, we po,.scss unequiv(lcal reports of the occurrence of scurvy at tlic time 

of the Crusades, in an epidemic form, and under external conditions completely 
similar to those ordinarily observed in more recent times, viz., want of food, harcl· 
ship, unfavornl>lc weather, etc., during marches and sieges. The first epidemic of 
this kind broke out in November, 1218, at the siege o{ the city o{ Damietta, among 
the forces of Count Saarbrlickcn, and continued through the entire winter with great 
destruction of life . Another epidemic, still more malignant, occurred in 12.tO, in 
the army of St. Louis, of l!~rnncc, when it was lying before Cairo nod wns suddenly 
deprived of its means of subsistence by an overflow o( the Nile. Tl.Jc epidemic of 
1 '218-1219 is described by ,Jt\cl>b <le Vi try 1 as follows: 

"lnvasit pmetcrca multog de exercitu nova pcstis, contra quam physici nullum 
rcmcclium inv~nire potcrnnt: dolor rcpcntinus peclcs invasit et cnn·:-i, et conjunctim 
cnro corrupta gingivas et dcntcs ahduxit, mastica.ndi potcstatcm nuforrcus; ti bias 
horribilis nigrcdo offu~cnvit ct sic longo tractu cloloris afllicli cmn pa.ticntia multa 

migrnvcrnnt ad Dominum pluri1ni; quidam usquc ucl vcrnale tcmpus duruotcs, 
bcncficio caloris cvascrunt Jibernti." 

And Join ville 2 relates in regard to the plague of the year 1240: 
"Et nous vint la nrnladic du l'O:>t qui 1Hoit tellc, quc la chair de no~ jnmh<'s 

s~choit ct !Hoit t:mll!c de noir ct de tcrre; cl a nous qui avians malndie tcllc vcnoit 

cl1-iir pourric aux g ··n~iv~·s ct nul u'C:::happoit. Le signe de la mort Ctoit, quc l:l. 

oU le nrzsa.ignoit, it folloit mourir." 
It is cvitlcnt from thc~c dc!>cript ions, in the thirtcC'nth century, o{ what we ran 

hardly foil to recognize as scun•y, that the dist'nsc had ntt1act<d the attention of 
historians long before it hccumc the object of scientific invC'stigntion by ph.}'Siciuns. 

The immedintf' ocraeion o[ the incrensf'cl no~ological impor
tance whi('h scurvy snllclenly acquired fo1· the civilized popula
tion' o[ Europe in the second half of the fifteenth century, and 

I .i.Y. flrl'bcf, }. C. p. ~. ~ Ilistoirn de St. Louis. Paris, 17G1. l'· 324. 
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continued to maintain for nearly three hunclred years, was the 
wonderful transformation in the commerce of that epoch initiated 
by the bold voyages o[ the Spania1·ds anc1 Portuguese, beginning 
with the discovery of America and of the passage to lhe East 
Indies. \Yhereas previous to this time the nautical enterprises 
of maritime nations had been almost wholly confined to coast 
Yoyages with frt>qncnt ]a.ndings, ancl ship's crews, therefore, hacl 
only rarely been kept at sea for any considerable period, the 
spirit of adventure in the Old \Vorlc1 now sought its scene of 
action upon the open seas, which thus became more and more 
the high"'ay for purposes of conquest, colonization, anc1 eom
mrrre. This extension of navigation, however, hy necessitating 
the detention of the crews on shipboard for weeks or months at 
a time, naturally exposed them to certain sanitary evils, stH'h as 
an impoverished and unvaried diet in connection with all kinds 
oE hardships and deprl\·ations. Undt•t· such conditions this all'ec

tion, which from its comparative rarity hitherto hacl attracted 
lmt little attention, now became the great pestilence oE ocean 
life, and, jn fact, began its more important historic n>le among 
the nations of Europe as the special disease of mariners. So 
marked has b('en this peculiarity of scurvy up to quite recent 
times, that attempts have been made to distinguish, ns regards 
the etiology ancl symptoms oE the disease, between sea and land 
scurvy; but such a distinction can have no possible bnsis except 
in the general fact that the caLlS<'S of the dis•'ase usually operate 
with gre>Lter intensity at sea than on land. 

That this clrPadfnl prernlence of scnny at sea coincide(l with 
the beginning of modem navigation, nncl was in fart its most 
dangerous enemy, is shown very strikingly by the fearfnl epi
cl('mic of the disca5e which broke ant among the crew of \~asco 

de Gama, in January, 1408, after the Cape of GoodIIopc had been 
passed on tlwir way to the East Indies, and within a short time 
carried oil' IOU out of IGO of his companions.' In fact, the annals 

of seafaring nations are full of distressing accounts of the devas
tations occasioned by scurvy during the sixteenth, ~('venteenth, 
and eighteenth centuries, especially dnring the voyages to the 

1 Lind,1. c. p. 3-19. 
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inhospitable .\retie and .\ntarctic regions. Thus, that admirable 
writer, J. Lind, in the preface to his classic work on Scun·y (1752), 
complains tl1at "the scmvy alone, during the la•t war (encling 
in 1748), proved a more destrnctirn enemy and cnt o[ more 
nlnable lives than the united efforts of the French and Spanish 
arms." The same writer aloo cites, from the histo1·y of maritime 
<'xpeditions during the two centmies which liad elapsed since 
Yasco de Gama's time, numerous instances in which the failure 
of important undertakings at sea had been wholly occasioned by 
outbreaks of this scourge. 

Among the instances of this kind mentioned by Lind nncl others mny be men

tioned : the sccon<l voyage of J. Cartier to Newfoundland (1535), during which a 

large proportion of the crew died from scurvy; the expedition of de :Monts, Pon

trincourt and Pontgravc to Canada, towards the enrl of the sixteenth century; the 

circumnavigation of the globe by Lord A.usou (1740-1744), during which the squad

ron lost 380 out of 510 men by scurvy; the expedition to the North Pole, under 

IL Ellis (1746-1747), nnd many other voyages. 

The terrible devastations which scurvy had continued to pro
duce at sea for severnl ccntmies at last awakened the go1·em
nwnts more immediately concerned-particulnl'ly England-to 
the necessity of devising an effecmal remedy. By the e11d of the 
last century the English government had been so far successful 
in cont rolling the disease in the navy and mercha11t marine by 
means of the enforcement of certain preYentive measures, such 
as the bt'tter equipment and provisioning of all ships bound on 
1ong voyages, that scurvy has ever since been obsernxl in the 
British sel'l·ice with constantly decreasing frequcney, and is 
no11'adays of comparnt ively rare occunence. The example set 
hy Englancl was soon followed by other maritime states with 
equally grntifying results, so that this disease. which a hundred 
years ago was the spectre that inspired all mariners with terror, 
!1as never durin!l' the present centnry committed its former 
rmrages at sea, except when entirely unforeseen eYents ha\"'e 
occuned which exposed lhe sh ip's crew to certain deprivations 
(see Etiology). Indeed, it may happily be said that scurvy at 
sea, or, if one prefers the term mnch employed formerly-sea 
sc tu1·y-is at present one of the rarest of morbid conditions, and 
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that the interest which attaches to this topological variety or 
disease is therefore mainly, though of course not entirely, merely 
historical. 

Vlhcrens the ships of the East Inc.lia Company during their first voyages around 
the Cape were in the habit of losing nearly one-half of their crews from scurvy, the 
Company as early as the year 1775 was able to Loust that, in consequence of 
improvements in hygiene, one of their vessels lost only n ai119le man from this dis
ease during the voyage (Black, N. Fontana 1). Captain Cook, during his second 
three years' voyage to the Antarctic Ocean, lost only one sailor, who was already ill 
at the lime of departure, while uot a single fatal case occurred during 0. v. Kotzc
huc's geographi c expedit ion to the South Sea ( 1815-18 18), or during the Arctic 
''oyage of .J. Ross in 1818. In the English mnrine the average lo8s from scurvy dur
ing the twenty years from 1830 to 1870 was only 0.1:1 per cent. of the total mor· 
blity (Friedel), ancl in the Austrian service, from 1863 to 18G8, only l.14 per cent. 
(Duchek)/ while many other examples might also be cited in evidence that the dis
ease on shipboard is far less frequent at the present <lay than formerly. Stil1, as 
these data equally show, sea scurvy is not yet completely erad icated, but still figurrs 
constantly on the disease-lists of marine boards; indeed, many recent experiences 
prove that the affection cYcn nowadays breaks out with the same intensity as for 
merly when the usual precrmtions are neglr>ctccl 1 or when circumstimccs prevent their 
hcing carried into effect. Thus, the crew of Captai n Lasarew, during his voyage 
of discovery to Nowja-Semlja, were so severely attacked hy scurvy that it was no 
longer possible to mnn the ship, nnd Lasarcw was obliged to return; 3 while in 
ll\ack's last expedition to the North Pole the entire companysufferecl from the 
disease.~ For other examples, we refer the rca<lC'r particularly to Krebel. 5 

'Vhilo we possPss authentic accounts of the occurrence of 
scurvy at sm as early as the second half of tho fifteenth cen
tury, it is not until the first half of the sixteenth that reports 
begin to appear of tho appearance of the disease on land. At 
least it is highly improbable that tho singular affection men
tioned by severa l historians as lrndng prevailed in Saxony and 
Thnringia dming the year 1486, and referred to subsequently by 
Fabricius in his "Annales mbis Misnirae" (17.31) as an epidemic 
of scurvy, was really an outbreak o[ this character; in fact, all 

1 SeeKrcbe~1. c. S. 20et29. 
'I. c. p. 277. 
3 Uulletin scicnt. de l'acadCmie de St. Petersbourg. Vol. IL p. 13!1. 1837. 
4 J ourn(LJ Ucr neusten Land· und Seerciseu. 8. H. S. 70. 1837. 
' l. C, S. 28. 
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tlw symptoms point to its having been merely an epidemic of 
ergotism occasioned by the use of spurred rye p .. IIir;ch). By 
the beginning of the sixteenth century, however, we find the di;
ease prevailing quite extensively and with unmi;takable ·.rmp
toms along the coasts of Northern Germany, tltBNetherland$, 
Scandinavia, and the present Baltic provinces of Russia. R efor· 
ences to this epidemic may be found in Emitilts Cordus and 
Agricola 111. cc.), and a more complete account in the later writ
ings of Olaus Magnus, Echtins, Ronssens, \Vierus, Dodonaeus, 
and Brncaeus (IL cc.) Even by this time the intimate connec
tion of the disease with certain social evils, particularly famine, 
as well as with public calamities, such as wars and sieges, had 
attracted attention-Olaus llfagnus, for instance, describing 
the affection as a " morbus castrensis, qui vexat obsesos et 
inclusos." In fact, somewhat more than a third of all the larger 
and more severe outbreaks of land scurvy which have been 
recorded for the period between 1556 and 1857 wottld come under 
this definition of Olans l\Iagnus, since 40 out of the 114 took 
place in besieged fortresses; and to this li st may be added also 
the last important epidemic, which was observed in Paris dur
ing the siege of that city by German troops in 1871 (Delpech, 
Grenet, Dechambre, Hayem, Lasegue et Legroux, 11. cc.) 

Among the more remarkable instances of this form of epidemic scurvy in fo1·mer 
times may be m.entioned: the epidemic at Breda dming the siege by Spanish 
troops in 1625, when 1608 soldiers were attacked by the disease within the very 
short period of eight days; the epidemic in the Swedish army before Nur<'mberg 
in 1031, described by Roethenbeck and florn; and the epidemic at Thorn (1703) 
during the Swedish siege, involv ing a loss of h.lmost G,000 of the besieged. Other 
accounts of a similar character may be found in the works of Krebel 1 and A. 
Ilirsch. ' 

It is clear, therefore, that just as the outbreaks of scurvy at 
sea have occurred chiefly on the occasion of great nautical en ter
prises, SO the di sease has played its principal role Oil land as a 
war pestilence. The other epidemics of which we possess 
authentic reports may be divided into two classes: the one 
embracing th~ mo1·e severe outbreaks which were limited to con-

I I. C. $. 12 ff. 
VOL. ;\.'VII.-8 

9 1. e. s. 534. ff. 
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lined localities, and the otlter tho;e i11 which the disease prevailed 
epidPmically throughout a consiilemhlP ~xtent o( coLmtry. ThP 
more severe lol'ol epidemics of scurvy during- thP la::;t four cen
turiPs Q('('UtTPcl cldPtly in prisons. }p~s frt-qm .. utl.r in banack:::-. 
ho::;pitah-. poor-hou~es, foundling ~u::;ylum:-., etc:.-in short. in 
building~ or ~rnups o( building::; tlil' Ol'l'Upaut~ of which haYe 
been suhjPttt'<l to overcrowding. undP;U1line~~. n lack of air and 
light, eolcl aJ1cl moisture. and particulaTly nn irnpt'OJH:.'l', unnt

rietl dit>I. In eo11:.;eqt1Pnce or the em .. rgetic effort:; made in recent 
times to i111prove the general sanitary condition of such estab
lishments, "cun-y now occms in them (a1· 1<'ss fn·quPntJy than 
forrnel'ly, aml p,·en in prisons ha:::; bt->en ohsPlTt~cl only in isolated 
in~tancPs during thP last three dr·ead"'· 'l'lllls, out o( the 114 
epidemics 0[ sclll'vy, accounts or wllieh hav<> been eompiled by 
A. llirneh, :J:'! oreuned in endOt'P<l phLrP' or tl1e kind mentioned 
abon., anil 12 of these in prisons: 'till, it should be observed 
that \\'e do not possess reports of all the local epidemics which 
ha\'P aetually taken place, and that, there(ore, this branch of the 
statistics o( tlw disease, as compiled up to the yPar 1857, can lay 
no claim to com pJeteness. 

Among the local epidemics of scurvy which have occurred during the present 
century may be mentioned particularls: tl1c outbrenkq of the clisco.sc in the Mil hank 
penitentiary in London (1824), the foundling as.ylum at St. Petersburg (18:.H), the 
provincil\l jail at Prague (1836), the pri::ions of Christiania (1844), Alrxandria (1844), 
and Pesth (184G), the SalpCtriCre at Paris (1847), the workhouse at Constantinople 
(1848), the barracks of the Austrian troops at Rastatt, as well as the Strassburg 
prisons (nil of them in 1854), the insane asylum at Aix (ll:!a3-56), and the prisons 
and workhouse at Ronncs (1856). To this class of epidemics belongs also the out-. 
hrca.k of scurvy among the French prisoners confined in the casemates at Ingolstadt 
(1871), among whom, however, only 159 were attacked out of a total number of 
10,000 (L. Doering). 

After deducting from Hirsch's list of the land epidemics of 
scurvy those which occmred in besieged fortresses and other 
inclosed situations, there remain, finally, forty-three instances 
of tl1e pandemic occurrence of the ilisease. That this number 
represents with a fail· degree of accuracy all the more important 
instances of this kind for the past three centuries, may be safely 
inferred from the attention which the historians or this period 
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seem to have devoted to the description of epidemics in general; 
and we may reasonably conclude, therefore, with Hirsch, that 
while the diseasr was formerly more frequent and widespread 
than now, it by 110 rneans possessed that imiversal irnportance 
in tlte past which ltas been ascribed to it by rnany writers. 

This l'iew, we are aware, is absolutely opposed to the opinion 
held by many of the olcler as well as more recent observers, that 
scurvy was really the dominating affection of the seventeenth 
anu eighteenth centudes, and that during this period the entire 
population of Europe, not to say the whole world, was laboring 
undPr a" constitntio srecularis scorbutica," resulting from cer
tain unknown atmospheric and telluric conditions. The intro
duC'tion of this conception of a permanent scorbutic constitution 
of disease operating during this entire period has led to so much 
confusion in mo<l<'rn medical literature, that. it may not be out of 
place here to explain briefly the way in which the error arose. 
The whole responsibility for this confusion must be asc1·ibed to 
the infiuence of the writings of Severinus Eugalenus, whose work 
on scurvy, published in 1604, and since then frequently quoted as 
an autho1·ity, has done much to spread false views of tlw clinical 
nature of the disease. In place of the clear, though necessarily 
incomplete descriptions given by his predecessors, Eugalenns sub
stittLtes a picture of the disease drawn with such hazy outlines 
that it might include pretty much the entire special pathology 
of the present clay, ancl did, in fact, embrace all of it with which 
he was himself acquainted. Indeed, on reading his work, one is 
actually at a loss to decide which is the more amazing~the colos
sal splf-complacency with which he distorts facts, or the complete 
lack of connected thought and natural powers of obsenation 
displayed in almost every sentence. 

The first four pnragraphs, which are devoted to the causes and the actual symp
toms of scurvy, have been shown by Lind to be incomplck extracts taken at random 
from Wicrus, and this portion of the work, it is scarcely neccssar_v to say, contains 
everything of value to be found in the entire bulky volume. The rest of the dog
matic part (forty-five paragraphs) wns wholly the intellectual property of Eugalc
nw~, and consisted of a long medley of descriptions of other morbid conditions and 
symptoms (particularly those pertaining to the secretion of urine), which had 
nothing whatever to do with scurvy in either the pnst or the present ncccptntion of 
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this word, but which he proclaimed with much emphasis us the chief signs of a e<m· 

1t.itutio soorbut.ica. The work concludes with a series of "observations," in regard 
to which it is sufficient to say that the greater part of them were not cases of 
scurvy at all, although he reports them as such with the greatest assurance. 

vVe should certainly not have delayed so long upon thi s 
work of Engalenus, had it not played a very important part 
in the history of the literature of scurvy, and been regarded 
fo1· nearly a hundred years as the '·canon scorbuticum," so 
that even intelligent investigators were scarcely able to eman
cipate themselves from its inttuence. Indeed, most of the writers 
who treated the subject during this period were merely the 
blind followers o[ the teachings of Eugalenus, and even sur
passed him at times in t heir extravagant assertions. Thus, Sen
nert declared scurvy to be the most multiform of all diseases; 
Drawitz h eld that all ch ildren were scorbutic from th~ moment 
of conception ; while in the opinion of hloellenbroeck all diseases 
were complicated by scurvy, or, according to Bontekoe, were 
di rectly produced by it. From these expressions we may judge 
h ow rank ·a growth of weeds sprang from the seeds sown by 
Eugalenus; in fact, we have here only another illustration of 
what the experience of all times has demonstrated, viz., that 
no doctrine, however absurd, will lack adherents, provided only 
its prophets display the necessary a udacity. Indeed, the dis
ciples in such cases, as we have seen here, are usually not con
tent with a blind faith, but must needs 011tdo in recklessness 
even the master himself. 

In the course of tinw, h owever, a reaction natmally took 
pla<'<>, aml although a few shrewd observe1·s like Sydenham, 
Fr. llofTm an n, 1Iead, Kramer, a nd vVillis, contented themsehes 
with protesting more or less forcibly against these extravaga nt 
de! usions, without absolt1tely denying the <:>x istence of such a 
diseasP as senrvy, others went to th<~ opposite a nd equally false 
extremt· or prnclaiming its non-existence and forthwith striking 
it out of the li st o[ rPcognized affections. 'Vhile th is confli ct o! 
opi nion, which began during the first half of the eighteenth cen
tury, was still raging fiercely, there appeared in 1752 an admi
rable monograph on th e di sPase, by J. Lind, which by its quiet, 
philosophical tonP, did much to allay the stri fe, and entitles him 
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unquestionably to a superiority over all other writers on this 
subject, whether ancient or modern. ·with a rare skill , which 
might serve as a model for all time, he not only separated 
the wheat from the heaps of chaff accumulated by his imme
diate predecessors, and restored in its tl'lle outlines the picture 
of the disease drawn by Olaus Mag nus, Echtins, 'Vierus, and 
other older writers, bnt he also retouched it with such fidelity to 
nature by numerous observations of his own, that little is ldt Lo 
later observers except to copy him as the master. 

Now, as Hirsch well says, the simple fact that such a com
plete chaos of profess ional opinion upon tlw Sllbjcc t of srn1Ty 
conti 1rnecl to ex ist fol' mol'e than a centul'y befol'e the time of 
Lintl-one party imag ining that they could detect the sec l'et 
influence of the disease in evel'y morbid condition th<>y enc·oun
ter('d, while their opponents obstinately l'efused lo acknowlPdg<• 
the exi tence of sc ul'vy at all-th is fact affords in itst' lC a fail' 
pre umption that the majori ty of medical writel's on the Sllbject 
during this pel'iod had no oppor tunity of obsP1Ting fol' l hPm
selves any considPrable number of consecuti1·e eases o[ the 
genuine a ffeet ion. If thi s inference be correet, it is <· l<>ar thnt 
the p!'evalence of scurvy. even at the time of it supposed geuc
ral sway, was far from being so universal and permanent as 
many la.tel' 'niters imagined, and that such <>pid('ll1ics a8 did 
occur are not to be viewed as clinical manifestations of a mys
terious secular anomaly of the human const itution, but rathel' 
as the result of definite injurious influences which were limited 
to certain times and places. 

At the same time it is entirely compatible with this concln
sion to acknowledge that during the seventeenth and eighteenth 
centuries scurvy was a far mo!'e frequent and widespread affec
tion , not only at sea, as was proved abo1·e. but also on land, than 
it has been during the p!'esent century. For, even admitting, as 
we must, that the hi storians and medical writPl'S of those times 
frequently mistook petechial typhus, or even epidemic ergotism, 
for outbreaks of scnrvy, it would certainly be carrying our sk ep
ticism too far to maintain thn, t the present rarity of the disease on 
land is proof of its equal infrequency in the past. On the con
trary, it can hardly be doubted that the same special conditions 
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which excite local Ppidemics of scurvy in our own day-as in the 
late Fr.inco-German war-must have operated with far gr<'ater 
intensity at a time when the presP-nt sanilary l'egulatiom; were 
unknown. and tl1at it is entirely to these hygienic improvpments 
we owe our presc•nt comparative freedom from this popular 
scourge (Krebel, Hii·sch, Duchek, and others). IndePd, the suc
cess which Jrns already attended tht• adoption of such measures, 
especially within the last thirty yea1·", fully justifies the hope that, 
as our knowledge of hygiene advances, epidemics of this kind 
on land as well as on sea may in time be reduced to a minimum. 

In view of the few opportunities for observing the disease on 
any large scale dul"ing the prnsent c<> ntiu·y. it is not surpri sing 
that but a comparatively small nnmber of comprehensive mono
graphs have appeared within this period. Among the more recent 
works which dese1·ve particular attention since tlrn time of Lind, 
may be ment ioned those of G. a nd V\f. Samson von J limmel
sl icrn (1843, 1844), Cejka (184.4), Fauvel (i847), a nd Lilienfeld 
( L851); furthermore', t.lie works just refprred to, by "\. . Jlit·sch 
(1860), Opitz (1801), Krebel (1862), and Duehek (1861, 1870); and 
finally, the in part Pxcellent contributions of l<rench writers on the 
epidemic at Paris i11 1871 (see conclusion of the Bibliop;raphy). 

A few words, finally, in regard to the _qeograpliic distribulion 
of scurvy during the period within which the affection has been 
distinguished as a special form of disease. Just as the affection 
has occurred at sea undPr all latitudes-h igh and low-but with 
especial frequency and violence on expeditions to the Arctic and 
Antarctic regions. so on land it has prevailed epidemically both 
in cold and hot climates, but particularly in the nortlwrn terri
tories of the eastern hemisphere. Thus, out of the 114 (•pidemics 
of land scun-y compiled by Hirsch (see above), 31 occurred in 
European and Asiatic R nssia-a far larger number than 
occurred in any other country of the eastern h em ispl1 er<'. In 

fact, the last grnat epidemic took place in Rnssia i11 1849, during 
which year 260,444 indi viduals, living in 16 diffe1·pnt dPpart

ments of the kingdom, were attacked by the disease, with a 
mortality of 60,958.' \Videspread epidemics have also often been 

1Krebfl-,l. c. S.19. 
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observed, though with less frequency, in Germany \12 limes), 
tlw 1Vellierlcua/s, 1Yorway (particularly in Finmark), Denmark 
(in Uopenhagt•n, the last tinw in l 84G and 1847), ancl in ke/a11d 
in counection with the famine of 183G and 1R37. In thP Brilislt 
i slands, on the other hand, ancl in Fr"'u·e, Spain, I taly, ancl 
the Balkan peninsula, the disease has been less prevalent, not
withstanding the s tatements to the contrary by the superficial 
writers of the school of Eugalenus. In regard to the Janel 
epidemics which have occurred in non-European countries, our 
information is incomplete, except perhaps with refnence to the 
outb1·eaks in Asiati c Russia; still, we know that in the East 
Indies the disease ha s pn•vailecl epidemically at 11u111ernus lirn<'s 
during the pn•sent rentnry, and with spedal violen<·~ in JS:l:J and 
1840 (8f"P . \ . llirsrh). 1 During tlrn last fpw d1"<'ac.l("~ n11mp1·ous 

aggravated case::; of the disease occurrPcl ahm among the hordt• of 
aclt•PnturerS WhO Jloekecl to the gold diggings Of ('alij'OTJli((, :lll(] 

wer~ there exposed to the most distres"ing prh·ations (Logan\. 
In .... \..u::;tra.lia, also, ~C111'\'Y is said to han .. bPPn ohsPJTed \.,_., . .Y 
frequt>ntly of lat<>, '''JWC'ially among the travellers on the cx1wd1-
tions to the into•rio1· or thP country (Beck!Pr). It must be suf
ficiently clear from thesP f<'IV details as to the geography of 
the di sease, that although the affection pn'vails with greater 
frrqur•ncy in some regions than in othen,, it possesses on the 
whole a thornugh ly international charact•'r, and is by no nu•ans 
rPstl'ictecl to particular localities; and that, fnrthermorP, the 
essential causes of scurvy are in no way connected with any 
definite modificn t ions or climate, because every variety of these 
conditions is llll't with in the countries and zones where severe 
outbreaks have bePn of common occurrence (see also the Eti
ology of the disease). 

General Definition of the Disease. 

Scurvy may be defined as a constitutional disease, traceable 
in most cases to a definite violation ef liygienic laws, particularly 
to defective and improper alirnentation; generally characterized. 

c. s. 540. 
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mOl'POvt·r, by an insidious access, a lingering C'Ourse, a11d a 
variable mock o[ termination, and mani[estinl( itseH elinically by 
an inten::;p .r1rnaal caclte.via in connE:"ction with various local 
eruptions and clisorders of a. hemorrhagic and he111onhagico
intlammatory character. That the aITPction b<>longs propedy 
among the general disorders of 1111tritiu11 is apparent both from 
the profound constitutional distu1·ba1H'e, which pt·ecedes for a 
shorter or longer period the outbreak of the local symptoms, as 
well as from the fact that these mani[estations affect the most 
different organs and regions of the body (skin, mucous and serons 
membranes, muscles) ; still the special pathological character of 
the tissue-changes in scurvy clearly entitles it also to a position 
among the liemorrhayic forms Q/' disease, while its resemblance 
in certain particular; to the congenital and habitual hemorrhagic· 
diathesis, or hmrnophilia, trealN1 of in the preceding article, 
would seem to render the prPsent arrangement peculiarly 
appropriate. Not that there is any pmctical difficulty, as was 
repeatedly obseiTed in our consideration of h<cmophilia, in dis
tinguishing between the two diseasPs, for they difl'PJ' not only in 
many of their symptoms, but even mor0 radically al"o in tl1eir 
etiology-h:cmophilia being a congenital or hereditary and more 
or less permanent affection, while scurvy, on the other hand, i" 
an acquired constitutional anomaly induced by external cause-<, 
and in .favorable cases presents a distinctly transitory character. 
Still, the present order of treatment has the obvious advantage of 
accentuating both the contrasts and the resemblances between 
the two diseases far more sharply than would be possible by a 
more disconnected arrangement. 

Etiology. 

That individuals d("ffer in tile predisposition to scurvy, just 
as to most other morbid processes, is quite apparent from the 
common experience during epidemic and endemic outbreaks of 
the disease, that, out of the entire number of individuals exposed, 
only a portion are attacked, while the rest escape entirely ; but 
to what personal conditions this spec ial susceptibility or immu· 
nity is due, it is impossible at present to state precisely. At all 
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events, it is clear that such factors as sex, age, and constitution , 
although perhaps not entirely without influence, are of merely 
subordinate importance so far as the relative frequency of thP 
disease is concerned, since under the same extemal conditions 
scurvy has been noticed to occur in women as well as in men. in 
the young as well as in the old, and i11 feeble as well as in 
hitherto robust individuals. 

Of course, in all the statistics which give merely the absolute 
freqne11('y o( SCUl'VJ, these distinctions Of sex, age, a.nd C'Onstitu
tion a1v very noticeable; but a simple glance at the cir·cum~tances 
under which such differences in morbility ha1·c occurred will 
show that they were dependent not so much upon inequalities in 
the internal disposition as upon purely external cau,es. Thus, 
the far greater frequency of scurvy in the male SC'X may rc>adily 
be explained by the fa<'t that men have been muC'h more' expo,ed 
than women to all those infh1ences at sea as 1wll as on land, 
which experience has demonstrated to be mo"t likely to produce 
the disc>ase (see Tli storiC'al Sketch). So also tlr<> greatp r· prernlc>uce 
of scurvy, not only among males, but also among thOSl' in adult 
and middle life, as well as of a pre1'iously vigoronR constitution 
-although we ha1'e no exact statistics on this point-is doubtless 
owing to the circum ·tance that these qualifications are commonly 
requisite in those se lected for maritime or militar·y serl'ieP. If 
we learn out of tlrl' question, however, these purely incidental 
circumstances, which ha1'e of course largely determined the 
absolute freqnency o[ sctll'vy, and confine ourselves to those 
statistics which beat· directly upon its relative frequency, we fail 
to find any uclt important ancl constant differences, at least as to 
sex ancl ar1e, as would warrant the conclusion that either of these 
conditions materially modifies the natu_ral disposition to the 
disease. 

To he sure, epidem ics of scurvy have occurred in which more women were at
tacked than men, as in the epidemic of 1803 in South-eastern Hungary, recorded 
hy F. \'. Scl11aud

1 
and one in Croat ia in 170i. of which Ozanam reports that 

women on ly were affected; still, the fallacy of inferring from these facts that 
women pos!'lCS!:i n stronger· predisposition to the disease than men is shown by the 
circum1>tancc th at in othf'r epidem ic!', occurring in the midst of a mixc>d popula
tion, many more men were attacked than women (Legroux and others). That 
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scurvy, furthermore, although far more frpqut•ntlJ obscrvi•d in :1dults and mature 
life, attacks also children and persons of advan('c<l age, i?:i shown by the epidemic 
outhrcaks of the disease in foundling hoi;:pitals ((·pidcmic nt St. Petersburg in 1831, 
reported by Doepp) and among the aged occupants of asylums and charitable insti· 
tut.ions (Chrastiua). _\_11 interesting fact in thi s connection is mentioned by Fauvcl 
(I. c.), though, as a single instance, it cannot be regarded as evidence of a general 
predisposing importance of age, viz., that <luring the severe epidemic in the SalpC· 
triCrc at Paris (1847) the diSt.lase occurred onl y in ol<l women. 

On thP other hand, the wnditulivn RC<' tnS to exPrt a some
what more defini te intluence upon Lhe susceptibility to the clis
easP; at least, it bas been a common <'xperienee both in sea and 
Janel epidemics that persons in feeble lll'alth arc attacked earlier, 
in la1·ger n um her:-<, and m ore sevel'e:ly than thH robust, al though 
the latter, as we have already seen, po::;s1.,ss no immuni ty against 
the disease. tio, also, persons who are a ln»icly .rnjfering from 
other diseases, or from the ejfeds qj' so11u nce11t attack of di.i
ease, seem to bP specially sensitine to the intluence o[ those deter
mining caut-l.PS under which scm·,·y w·nPraJly occur:l (see later). 
Thus, prr•ons who are suffering from intundttent feoer, dys
fntcry, 01· syphilis, or have 1·el'rntly 1"ul an nlfor•k nf hemorrhage, 
or been wounded, a re said to be attacked by the disease with 
unusual r<'adiness (Duchek, Krebel, and others). 

The evidence of such a predisposmg inHucnre is most Ratisfoctory in the case of 
malarial diacftse, either existing at the time or recently recovered from. Duchck 
stat.cs tlm.t of nineteen scurvy patients examined by him, fourteen came from mala
rial districts, and that iu all of these the enla rged spleen o f intermittent fever 
was distinctly noticeable i furthermore, in hi s hospital service at Lem berg scurvy 
figured at 1.5 per cent., and intermittent fever at 33.6 per cent. So also Wolfram 1 

mentions the statement of Kriscllkcr, that, during the epidemic of scurvy at. Rastatt 
(1852), intermittent fever was generally prevalent, and that in fifty-one c:ises the 
intermittent fever was complicated with scurvy, while in sixt._l -sevcn cases of scurvy 
attacks of intermittent fever supen•cned during the course o( the disease. With 
respect to the combination of d!!senvry. .~yphili1t, hnnorrliages and wo1md& with 
scurvy, sec particularly the reports of Krebel,' especially hi s observation in regard 
to syphilis, that venerea.l patients who have scvernl times undergone mercurial 
treatment manifest an exceptionally strong disposition to scurvy 

Unquestiona\Jly, however, the development of scurvy depends 
far less upon predisposing pathological facto1·s than upon the 

1 l. c. S.157. 2 l C, s. 177 ff. 
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determining causes, since countless cases are on record in which 
individuals in the full enjoyment of vigorous health were stricken 
by the disease as a direct result of exposure to certain external 
influences. The general nature of these external influences has 
been fairly well determined; but whether the same influences 
are at work in all cases, in the sense that there is a uniform 
etiology of scurvy, is not in our judgment definitely settled by 
the present evidence. At all events, we agree with Duchek and 
others, that the mere fact of scurvy having occurred in numerous 
individuals and widespread epidemics notoriously under the 
operation of one and tlte same noxious inti uence, is in itself no 
evidence that the clinical complex of symptoms may not oc
casionally, or even frequently, be developed in quite a different 
manner. 

That clinical processes of the same nature may, under certain circumstances, be 
excited by the most dissimilar causes, is taught in nearly every chapter of special 
i>athology where the etiology has not been adopted as the basis of clas..;ification; 
and we should hardly have thought it necessary to dwell upon the point here, 
had not so many distinguished observers, particularly A. Ilirsch, strongly insisted 
u1>0n rm uniform etiology for this affection. 

The observation that scurvy occurred far more rarely as an 
isolated affection than in the form of local or extensive epidemics 
naturally gave rise, in the course of time, to the inquiry whether 
scurvy might not i11 reality be a specific infective disease o[ a 
contagious or miasmatic nature, like syphilis or malarial dis
ease. In fact, not only the miasmatic, but even also the conta
.'fiOltS nature of 8eurvy, has been maintained by many of the 
older writers (E.-!1tius, Ilorst, Cameau, Poupart, Brambilla, and 
others), and reeently also by Rottwil.' There are, however, 
important objel'tions to classing scurvy among the contagious 
processes, particularly the circumstance that the disease has 
never been obs<'rveil to be eonveyed from one place to another, 
either by scorbutic patients themselves, or hy fomites or other 
objects with which the patients have come into direct contact 
(Lind, Schraut, Laney, and others). The conception, therefore, 
that ticnrvy is transferrable by means of a true contagium, that 

1 Nasaauiscbe med. Ja.hrbilcber. Bd. XVI. S. 749. 
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is to say, a specific virus reproduced in the bodies of persqns 

allected by the disease, must obviously be disC"arded, and all thp 

more since the facts adduced in proof of this thpory are SUSC'Pp

tible of a different interpretation_ 

The fact upon which the contagionists mainly rely is the occasional occurrence 

of the disease in infants, who have been nourished exclusively by the milk of their 

scorbutic mothers (Rottwil, l. c.). In these cases it is supposed that the mother's 

milk contains the specific contagious matter, and acts as the vehicle of infection. 

This evidence is, however, obviously unsatisfactory, even if we admit, as we are 

disposed to do, that the scurvy in the infant was actually induced by the milk of 

the scorbutic mother, and not by other external causes. Certainly it is much more 

reasonable to suppose that the mother's milk in such cases, being secreted l>y a 

diseased body, is less nutritious than healthy milk, and produces scurvy in the 

child, not by reason of any positively poisonou!! and contagious properties, but 

simply in consequence of its being an improper and fL:frrtit:r food 

On th<· other hand, it is mueh more difficnlt to disprove the 

possibility of a rniasrnatic origin of scurvy i1t n1111iero118 indi

vidual eases mid local epidemics. Thu><, the occasional OCC'UITencP 

of scol'butic affections in persons whose diet has not !wen c1efee

ti"e in any of thP particulars to be presPntly d<>srrihed, but who 

have lived in unhealthy apartments and been obliged to breathe 

imp urn air or drink watel' of a suspicions q nality, would naturally 

lead one at first sight to concede the possibility of infection by 

means of a specific miasm introduced thmugh the air 01· drinking

water. Still, such a view of the genesis of scurvy can of con!'se 

apply only to a ,·ery limited number of cases, and as a general 

explanation is obviously untenable; for no fact in the etiology 

o( scurvy has been mor·e clearly demonstrated by repeated and 

exact observation than tlw direct connection of the vast majority 

of isolated and epidemic occurrences of the disease with certain 

anomalies of alimentation, and for thPse cas<'S, therefore, au 

additional factor, such as this hypothetical miasm, would be 

manifestly SttpNfluous_ Nor is the 11ypothesis in question at all 

necessary for even those exceptional cases which do not conform 

to the usnal etiology of tht• disease. Certainly, until some 

positive evidence is adduced of the existence of such a miasm, it 

is far more reasonable to assnme a non-infective origin for these, 

equally with the ordinary forms of scurvy, and to suppose that 
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in exceptional in tances impure air or drinldng-water and other 
sanitary faults of a general natme may not only p1·edispose to, 
but e,·en directly induce scurvy, just as we see the disease more 
frequently occasioned by an improper diet without the aid of 
miasm. \Vith these remarks, therefore, we dismiss the miasmatic 
theory as unproved either in its general or limited application. 

To pa s now to a fuller consideration of those anti-hygieni c 
agencies to which we have already repeatedly alluded as the 
most commonly observed conditions of scurvy, we find that the 
most important factor in the genesis of the disease is unques
tionably a defective dietary . Although this general fact has 
Jong been recognized, opinions have differed widely, and still 
differ, as to the partic1tlar dietetic error which is the actual 
cause in the majol'i ty of scorbutic affections. Some have sup
posed that it consists in a mere deficiency ef food; others in the 
use of decomposed food and bad drinking-water; others still in 
the excessive ~tse ef certain articles qf' food, particularly salt 
meat and salted provisions; and finally, others in the absence of 
certain alimentary s1tbstances, such as fresh vegetables and 
fresh 1neat. Still, as Duchek pertinently remarks, although all 
of these hypotheses are supported by ample real or apparent 
evidence in the history of scurvy, none of them is by itself 
capable of expla ining all cases of the disease. 

The theory which ascribes scurvy to a simple deficiency of 
food is based by its supporters (Milman, van Swieten, Canstatt, 
and others) upon the frequency of epidemics during famines 
occasioned by a failu re of the crops, wars, and other public 
calamities, and upon the fact that at such times the disease 
selects the poorer and more badly-fed portion of the population. 
Hirsch. however, has shown that scun-y has by no means been a 
constant accompaniment of the so-called famine years, and 
numerous instances a re on record in which the disease has raged 
with great violence under circum stances when the supply of food 
was ample as regards quantity and defective only in its quality. 
Still , although it is highly probable that the only connection 
between starvation, or a general c1t>privation of food, and 
scurvy lies in the simullaneons excl nsion of particular articles 
of food, it is difficult to reconcile this conclusion with the fre-
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quently observed absence of scurvy in other cases of famine. 
Was the diet in these eases merely deficient in such substances 
as might be withdrawn without incurring tltP risk of scurvy, or 
were other conditio1rn present which counteracted the intluence 
of the impov,•rished nourisbment' UnfortLmately, we have no 
means a.t present for answering the8e important questions 
definitely. 

As a concomitant of famine, scurvy has been noticed pnrticularly in Sweden 
(1784); in St. Petersburg, Cronstaclt, and other places in Hussi:L (1785); in Braila, 
when the country was occupied by Russian troops dul'ing a failure of the crnps (1787· 
ancl t 793); in Hungary (1803); in Southern H.ussia, in consequence of the ravages 
of locusts (1823); in Iceland (1836 and 1837); in Prague, ufter the failure of the 
potato crop (1843); in England, Scotland, and Ireland (1846-47); in Russia 
(1847-49), ctc. 1 On the other hand, scurvy has been repeatedly observed in various 
public inslitutions at times when the supply of foorl was ample in quantity; thus, in 
the prison at Clairvaux (t840); in the SalpCtriCre (1817); in a poor-house at Con
stantinople (1848); in the deaf and dumb asylum at Brcslau (1854); in the asylum 
on the Alser in Vienna, etc. (A. Hirsch). On shipboard, also, outbreaks of scurvy 
have occurred even when the crews were well supplied with food as regards 
quantity, although, of course, the affection more commonly makes its appearance 
when the supply o{ provisions has begun to fail and it has become necessary to 
diminish the daily :lllowance. 

Since a mere deficiency of food, therefore, seems to be of only 
secondary importance in the development of scurvy, it remains 
to inquire somewhat more closely into the etiological relations of 
the quality ef the food. In nu111erons instances scurvy has 
been noticed to occm both at sea and on land in connection with 
the prolonged nse of .ipoiled food, Ruch as mouldy ship biscuits 
and semi-putrid meat. Although in the majority or thes<' cases 
the patients wPre drivPn to the use of such articles by the lack 
of any bett<'r food. still, instances" re not wanting in which the 
disease appeared to be developed ~imply because spoiled food 
had been nnnPcessarily added to an otherwise suflkicnt diet, or 
because the individnalR who were amply supplied with other 
food lmd r~soi-tPd to the nse of such substances in consequence 
of a j)<'l'version of appetite. 

1 See A. Himcb, l. c. S. 550. 
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Thus, Coale reports that on the frigate Columbia, during her voyage around the 
world with a crew of 480 mcu, diarrhrea aud afterwards scurvy broke out, not
with!,tanding the abundance of good provisions in general, as :-oon as the supply of 
meat nncl biscuit taken on hoard at BomOay was found to have become spoiled. 
Similnrly the ravages of scun'y among the gold-diggers of California have been 
ascribed chiefly to the use of semi-putrid meat (Logan); although in this ca!>c 
the result was doubtless due in part a.lso to the lack of food in general, and to the 
exlrcm<.>ly unf:worahlc external conditions to which these persons were subjected. 
Of special interest in this connection is the case reported by Molitor, of a healthy 
soldier twenty-eight year!:! of age, who suddenly acquired a passion for eating raw 
putrid m('at, and after a time became scorbutic an<l died. These examples, to 
which otht·rs might C<lSily be added, seem to afford a fair presumption that scurvy 
nmy occasionally arise from the use of spoiled (decomposed) food; still, it is clear 
that only a small fraction of all the cases of the disease are actually due to tbis 

Scurvy has also been nttributed in many instances to the use 
of barl drinking-water. Of course, no evidence on this point 
is valid unless the action of other c-anses, such as defects in 
diet, a nd other nox ious agencies, can be excluded. 'rhis condi
dition seems to have been fulfilled, however, in some quite recent 
obsen'ations, and we eannot but regard, therefore. the practic·(• 
long observed in the English mal'int>, o[ kee1)ing thP drinking
water in iron casks, as fat' from being an illusory safeguard 
against the diseasc'. On the other hand, it is quite certain that 
even the best drinking-water aITorcls no absolute protection, as is 
shown by the fact that in the majority or individual cases, as 
well as epidemics, the quality of the water has been all that 
coulcl be desired. 

'l'he possibility of the not very infrequc>nt occurrence of 
CUITY in consequencP of the use of bad drinking-water seems to 

be supported particularly by the experiences during Burke's 
exploratory expedition to the interior of th0 Australian ronti
nent (BPckler '). \Vhile the division of the expedition to which 
Beckler himse!I belonged was severely attacked by scuny in 
spite of the amp!P stock of provisions with which the party was 
supplied, the other expeditions, which were less completely 
eqnipprcl in this respect, escaped entirely- even the two columns 

1 Ueher das Auftreten und den Verlauf des Scorbutes im lnnem voo Austrn.lien 
Berliner med. Gesellschaft. I. fl. 2. S. 'H 1-240). 
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which set out later, and were obliged lo subsist entirely upon 
the remains of Burke's provisions. The only drawback with 
which Beckler's cohunn had to contt>nd on its journey was the 
bad drinking-water, whereas the later travellers, in consequence 
of the setting-in of the rainy season, found everywhere a good 
supply of pnre water. Beckler, therefore, attributes the cases 
of scurvy which occurred in his party to the bad quality of the 
water used on the journey. 

By still other authorities many outbreaks of the disease, par
ticularly those which have occLtrred in pl"isons and ships, have 
been ascribed to a certain monotony or lack of oariely in diet, 
that is, to the prolonged use of certain articles of food, some of 
which, it is asserted, have a direct power to induce scurvy. This 
has been supposed to be the case particularly with the salt 
'meats, which, in connection with the dried leguminous vegeta
bles, form even nowadays a large part of the regular " sea
diet," and in former times were used daily for weeks and months 
during the long sea-voyages, to the almost complete exclusion of 
fresh meats. The frequency with which violent outbreaks of 
scurvy occurred at sea in connection with such a diet, and 
rapidly disappeared after tile reception of fresh provisions, 
naturally led to the opinion that the usual sea-diet, and especi
ally salt meat, contained a patlw,r;enic scurvy-producing sub
stance. 

The history of nautical enterprises, especially those of former times, abounds 
ju instances of the occurrence of scurvy after long-continued use of a sea-diet. 
Among the more recent cases of this kind may be mentioned: the outbreak of the 
disease in the American blockading squadron during its cruise in the Gulf of Mex
ico in 1846, when the supply of fresh provisions failed to such an (:Xtent that the 
crew of the Raritan received sm.all allowances of fresh meat and vegetables only 
nineteen times in three hundred days (Foltz) ;1 also the outbreak of scurvy in the 
Austrian corvette Dnndolo during its detention in the same 'raters in 1865, when it 
wn.s prevented from landing on account of the prevalence of yellow fever on shore, 
and was therefore unable to renew its stock of fresh meat and vegetables (Duchek). 
Another intcrcstiug instance is mentioned by Hose,~ of a coast trader who became 
se:iverely affected by scurvy, apparently in consequence of living for a loug time 
exclusively upon salt meat. 

1 American Jonmal of 1\fed. Sciences. 1848. 2 TheLaucet. 1807. l\fay. 
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Formerly, the opinion was very generally entertained that 
such a positively morbific substance was to be found in the large 
quantities of l"O)lt11Wn salt contained in salt meats, and that 
scurvy arose from the excessive ingestion of this article into the 
blood and huruor" of the body. The untenability of this view 
was, however, soon demonstrated by two facts: 1. The frequency 
of scurvy in persons who had not eaten salt meat or salted provi
sions to excess; and 2. The circumstance that the long-continued 
u se of large quantities of common salt has almost uniformly 
failed to develop the disease (Lind, Budd, Hirsch, Duchek, and 
others) . 

Widespread epidemics of scurvy, which were clearly unconnected with the use of 
salt food, particularly salt meat , have been frequently observed; thus, in Hungary 
(1735) among the soldiers of the imperial army1 who were abundantly supplied 
with fresh meat; also in Lord Anson's expedition, shortly after the departure from 
the Mexican coast (1747); in tl1e :Milbank penitentiary at London (1823); in Hastatt, 
among the Austrian garrison (1862) i m Paris during the s iege of 1871 ; and in 
Ingolstadt, among the French prisoners of war (1871), etc. That an excess o ( salt 
in food is incapable of inducing the disease is shown by the absence or comparat ive 
rarity of scurvy in many northern communities, in which all the meat or fish eaten 
for months together has been taken in a. salted condition-as well as by the absence 
of the disease among workmen in salt· works and salt-mines. These and similar 
observations have for some t ime past led to the almost complete abandonment of 
the" salt theory" of scurvy, but lately this exphmation has been revived hy some 
pathological experiments o( S. Stricker nucl Prussak. 1 According to these investi
gations, a sort of hemorrhagic diathesis may be developed artificially in frogs by 
the injection of a large quantity of a solution of salt into the circulation. since after 
this operation the uninjured capilla ri es permit a dia.pcdesis of the red blood-cor
puscles. Cohnhcim has, however, pointed out tllC fallacy of applying this ohscrrn
tion to the genes is of scurvy, by showing that thi s hemorrhagic diathC!'liS in frogs is 
a very common occurrence at certain seasons of the year entirely independently of 
sucl1 experimental procedures. 

The evident failure of the "salt theory " to explai n the noto
rious connect ion between a sea-diet and scutTY naturally di1·ected 
attention to the view now generall y accepted, viz., that these, 
ancl possibly all cases of t lw disease, are du e, not to the toxic 
action of any particular ingwdients of the diet, but directly to 
the absence ef certain substances which are necessary to the 

1 Wiener acad. Silzungsberichte. 1807. LVI. 
vor,. xvn.-n 
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maintenance of ht>alth. Aecordi11g to th.is mod t> m 1heory, lhl'n=

Ior1\ ::;cm·vy is to be regarded a :-; a. :spe<'ialf<H11i <tfpat'lial inani
tio1t, which can be d early shown in vt>ry nurnerom; in::;tances to 

be induced solt> ly by tlte witl1dm1e11/ •1/' fresh ""ffdablos from 

the ilaily di et. 
Indeed , the e,·idPnce that thi,; fa<·! Dr Ila; lwcl fa1· more inttu. 

enC'e than any of tht1' othe r::; previou-..ly 1111;•11tio1wd, in lhe cau:::;a

tiou of most o r lhP land and s<·a <·pid»111il's o( Sl'Ul'l'Y, seems to OP 

quite decisive. }10 1· the 11umb~· r of 1·:.i ~Ps i11 which th e disease 

has hrokPn out on ~hips, in hesit •gl'd 1·iti+->s, and under othe1· 

circ11111:::1tt1nct>s, at t}u-. very time wlll-'11 1 lw stock oI frp:::;h vege

table=--. ]l3Jticular1y rJffen N'f/l"'lu/Jles and po{(l loes, bPgan to give 
out, and it became uecessa1-y to ,. .. 1y o•xclusively upon bread, 

biscuit, ricf'J and dried bean:; aml p1 ·a=--, is now so extremely large 

that tJte importltll('tl O( this lll OtlP O( "'1USatiOll llltt)' HOW be 

regarded as bPyo11cl rPasonahl~ tlispui<•. ::lorne writers, especially 

A. Uir;<·h, ''""" µ;o so Jar as to holcl tlmt the absence qlfreslt 
vegetables (gn'en•, "tlach, potatoes) is /he. .~ole cause q/ tlte dis
ecuu:. ba;::;ing their opinion not only HJHlll tl1t .. uotorious freqtH•nc·y 
oJ scuny at times when thf'n:> is a cletil'i1111 1-y or entire ahst .. nce of 

these articles o( food, but al;o upon 1he fmther fact that such 

onth1·1»lk; alrno;t always mpidly di sappear as soon a; it becomes 

possible to ob tain a s upply of fr1•;;i1 YPµ;emblt>s, as, fot· instance, 

on the anintl o( tlw ; hip in port, aft,.1· 1ho 1·,,,ising of the siege, 

f'tc. """)tether, howpver, we are jus tifo .. d in assuming so exclu

s ive a cau sation for the disea;e, seem; to u s very cloubtfnl for 

reasons which we shall give later ; still , "'" are entirely satisfied 

thnt tlw lack of fresh 1·egetables is in countless cases the most 

important, and in many the exclusin' cause of tlw disease. 

The abundant histo ri cal evidence upon this point ha.s been collated so fully by 

A. l lirsch tha.t we refer the reader to his summary 1 for the older observations, and 

-content ourselves with citing a few of these inst::mce<; merely by wa.y of a historical 

transition to the analogous experi ences of the prC'~cnt day. Thus, a lack of fresh 

vegetables was notoriously the cause of th<' outlm':tk of r.:.c urvy in Admiral nossier's 

expedition to the We'it Indies ( t 726), in Lord Anson's to Cartagena (1741), a.ad in 

KanP.1s second polar voyage. Ro also, according to Cartis, an outbreak occurred in 

1871 in the English squadron on its way to thC' East Indies, when after the paesagc 

1 1. c. s. 54.6- 550. 



()f the Cape the supply o( succulent vegetables had given om, nntl tlw <'r<'w n•fuscrl 
the pick.Jed cabbage that was left; whereas the disease disappeared again entin·ly 
aCter an abundnncc of fruits and vegetables had been tahn on board at the islanll 
o[ Johanna. Similar instances arc to he found in great numhcrs during the prc:-.n1t 

century: for iu. .. tunce, the outbre;\k on botlr<l till' Lis1t10~·11(• 1 hound for th1· Im.l ies 
(18.";:J}, when only those sailors were attacked who h<ul cxcl1angcd tht•ir daily 
allowance of potatoes fol' salt. meat ()I.organ); aJ .... u on board the Paliuuru .. , un hlr 

voyage to tile no1·th·ca.stcrn coast of A.fric:~ with an ample supply o( good waL1•1, 

fresh meat, and dric<l \'egutahks (legumes and ri C'e), but nil fresh vegetable!, or 
succulent fruits. Numerous outbreaks of scurvy on land :ire also trnceable to the 
same cause. .\mong those which occurred in former times may L~ mentioned pnr· 
ticularly the epidemic during the siege of Thorn by the 8wetl1•s (170:J), ;\ttriLntctl 
by Bachstrocm expressly to the absence of Ycgetablc food i abo the outbreak at 
Bremen (17U2), among the English soldiers, when vegetables were 110 longer prn
curnblc in the m:u·kets; in recent times abo the t•pii.lu111i1· \\ hich occurrt"d in 
Southern Hussi:i (l823), after the destruction of ngctation by locusts (Lee), the 
outbreak at Vrnguc (184:3), :l ftcr the total failure uf llu• potato crop (C.:cjk1t), rte . 
. \"regards the endemic occmTcucc of ~curvy, the pccufotr di'itrihutiou of the llis
ea"c among the population of Pinnmark (the northern portion o( Norway) suppl ii·.; 
us with -:triking l'Vidcnce upon the point in quc-;tiou. Tints, while tho disease i-; of 
\'Cry common occ.:urrcnce among the Quacns and Northmen, particularly iu winter, 
it is 'tuite unknown :m10ng the L:tpp .. and Fiuns-lhc only difference in mode of 
life heing th•tt the former live in the winter almost entirely on mt':lt, while the hmcr 
con\nme, prcp1u·ed with milk, large quantities of sorrel gathered in the autumn 
(Walter). At the conclusion o( llis thorough and Vl'ry im;tructive exp1>siti1111, 
l!ir.;;ch devotes :l few remarks to the explanation of tho hi-.torical fact that land 
-.curvy h tt') steadily decr('a)jcd in frequency for the past two centuries. In acconlanc:.:1· 
with the present theory, of which he is a. strict adherent, he ascribes this fact to thl' 
improvements in ou1· means o( intercommunication, which enable u-; to rnpitlly 
supply with vegcttLblc food :tny di::;trict that m:ly have been cll'privcd of the ~mue liy 
rc:to.;on of a failure of the crop.;, or other c:niscs. titill another circumstance whid1 
mli-.t have exerted considerable iul:lucuce iu former times upon the dovclopmcnt of 
tht• dis1•ase, is the little :tttcntion which w:lS then paid to horticulture, purticularly 
the cultinltion of green ,·egetabl1•s; in fact, until within a comp:irativcly recent 
period, these articles of food, which we now rcg~utl as the most efficient :111ti-;t·or· 
butics, rarely entered into the diet of the greater portion of the Eun;p1•an popuJ;\· 
lation. As an instructive illustration of this f;H·t, HirSch mentions that iu the 
sixtccotb century, ('atharinc of .\ra~on 1 the consort of Henry \'Ill. of England, \\as 
unable to obtain a sa lad without M'ndin:; her gardener to the Xctherlands for it!
Fu1·thcrmore, the very gcnernl use of 1KJlal(}(tJ as an article of food among the potJr 
:md l'ich alike, h as undoubtedly contributed largely to the prevention of the disea-.1• 
ai n. po puln 1• s<·ourge during- the past two hundrt'd yeal's, s ince the affection 11:1.; 

notoriously decreas1•d in freqm'ncy rn direct proportio11 to the more <:0 111111011 u-.1• 11f 

thii vegetable (Garrod, J. c.), un<l in fact ha-; not uccurri:d a.; a pnndcmil' witllin 
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the past forty yt·a r<.,
1 

except when there has been a widcsprcacl failure o f t he potato 
crop, as was the case in the previously mentioned outhreuk at Prague in 1843. 

The evidence ulrcudy g iven is ccrti1inly sufficient to ('Sta!Jfo,,h tl1c grmt, i ( not 
decisive, importance o f au absence of vegetable fooc.1 in the ctmsation of the 
majority of individual c:~"<'S as well a:- cpidemi ci; o f t he di sease, hut it may be 
interesting to note ah.o how clearly the most reet·nt observations point tu the same
conclusion. J<'or i11stu1u·c. during tho siege of Paris by the German army in 1870-71, 
lh t• influcnct· o f a lack of fresh vegetables in the daily diet of the bcsiegl'd wa:<> 
strikingly :-hown in the appearance of a widcf:prcad epidemi c of scurvy. Tln.; s. 
Dclpcch stat('s that. in t he military h ospital " clu Gros-Caillou ,. scurvy began to 
show itself as soon as the supply o f g reen vegetables and potatoes disappeared 
from the hospital di etary. So also, in the pcn i tcutit~ry in the Hue de SantC-n 
healthily located an<l wcll-m;urngccl institution in other respects-scurvy occurred 
nfter the 23cl o f Septemb('r, when fresh meat, and above ull , green vegct11bles and 
fresh potatoes, could no longer !Jc obtaiil('cl. That the clcprivat.ion of such ngcta
bles is far more efficient than the lack o f fr('sh meat in the product ion of scurvy is 
convincingly shown by numerous cnscs o f the disease in persons who belonged to the 
better clas<;cs, nnd had been well supplied up to the encl o f the siege with every kind 
of food, except fresh vegetables .• \.case reported hy Delpcch is very in~tructin on 
this point. The pat ient was n wine merchant forty-five years of age, who lind in a 
he:llthy, dry, well-heated huuse, and was ahunclantly supplied with fre~h (11orseJ 
meat, but about the mi<lLlle of Jo~ebruary, 1871, was attacked by scu rvy. The onl y 
defect in hi s mode of life to which the di:'lCase could be traced was the" lack of 
all fre.,h vcgetahlc food, particularly potatoes;· ever s inc-c the beginning of the 
siege. The patient ra pidly recovered after Ycgctahlcs (dandelions, crcs...~s) and 
succulent fruits (lemons, o ranges) were ordered as a pnrt of liis daily di et. Similar 
outbreaks in the 1 !Upital Cochin arc also reported by Bucquoy, who was convinced 
that all the case:; observL·d by him were clue solely to the deprivation of certain 
arti cles, especially green vegetables ancl potatoes. }"'inally1 Lcgroux and LasCguc, 
who watched the course of the di sease iu the civil p risons of Paris during the siege, 
although they do not ascribe the same cardirnll importance that Delpcch docs to 
the lack of these vegetable substances as a ctmsc o( scun·y1 at all events came to 
the conclusion that the outbrc:iks in these various institutions (:Mazas, DCpOt des 
C'ondam nc.,, l\fai..,ou de la Sante, St. Lazare) did not take place until during the 
!-lecond half of the siege, when, after fresh meat had become scarce and g reen vege
tables had given out entire ly, the prisoners were also deprived of their daily allowance 
of potatoes. Some of the French writers on this epidemic at. Paris hayc given also 
the deta ils of certain other analogous outbreaks which have occurred \\ithin late 
ycar11-. Thu ~, Del pt>ch describes an extensive epidemic which took place nmong the 
French soldiers during the siege of Sevastopol, in consequence of the destruction of 
ull the grcC'n vegetahlC's in the neighborhood of t he camp by the excessive beat. A 
severe ontbrcnk occurred also in Janu11.ry, 1867, on the Ft·ench man-of-wnr Casti
g lione, during lwr rc>tum voyage with .French troops from the unfortunate Mexican 
exped it ion. ·wh ile the other vessels of the Hect, wlii ch were well provided with 
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fresh meat and veg<'tablcs, as well as potatoes, escaped the disease entirely, tbc 
crew o f the Cnstig"lione, who had plenty of fresh meat, but no fresh vegetables, 
suffered severely. Tbc outbreak soon disappeared, however, after the neglect was 
repaired at the Azores. 

In view of this long array of evidence, pointing clearly to thP 
important role which the deprivation of certain articles of foocl 
(in a lesser degree even fresh meat, but far more especially green 
vegetables and potatoes) plays in the genesis of scurvy, it natu 
rally becomes of the highest importance to inquire into the 
pltysiolor;ical value of these alimentary substances, or, in other 
words, into the particular way in wltich the pathogenic 4fect of 
tlteir witltdrawal can be explainecl cltemicall!J. \Vhen attention 
was first clirectecl to this question, a special anti-scorbu tic action 
was attributed to the vegetctble acids which are well known to 
exist in la rge quantities in many vegetables, and particularly in 
the succulent fruits; in fact, these acids were even employed in a 
pure state both as prophylactics and as remedies for the disease, 
but the results were so unsatisfactory that the attemp t to explain 
the effects of the so-called scorbutic diet by tbe absence of these 
substances is now very generally abandoned. Pu1·ther111 on', the 
fact that one of the most effi cient of anti- scorbuti c foodti, viz. , 
potatoes, conta ins no vegetable acids at a ll, renders it highly 
improbable that the prophylact.ic virtues of the acid fruits and 
vegetables are direc tly clue to the organic acids found in these 
substances. These considerations directed the attention of 
Garrod (I. c.) in 1848 to the very large quantities of carbonate ql 
potaslt contained in potatoes, ancl on ana lyzi ng the articles of 
foocl most commonly in use he came to the conclnsions : 

1. '"That in all scorbu tic '.:l iets (s."tl t meat, dried leguminous 
vegetables, rice, bread, etc.) potash exists in much smaller q uan
tities th'rn in those which >tre capable of maintaining health;" 
and, 

2. ··That all substances proved to act as anti-scorbu t ics con
tain a large amount of potash" (tlrns, besides potatoes. fresh 
green vegetables and salads, and also fresh meat as compared 
with salt meat, etc.). 

This theory of the di sease; according to which scitrvy is 
developed O// the itse of f ood deficient in potaslt, has been 
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acloptl'll more or Jess unwserveclly not only hr O:inncl l1imsel1. 
but alt;O by quit" a mm1hPr of emirn .. nt a.utl1oritiP8 .. J. Y. IJiebig, 
A. Hir,cli, :illll oth~r'" 

On al·count of the importance of the !'lUbjcct, we gin below GaJ"rod's analytical 
tll\Jle as rcarrnugcd hy Duchck 1 to show the proporLions in descending order· 

lioiled potatoes (large) 

Haw potatoes (small) .... 

Lemon juice .... 

Cimejuice .. 
Unripe oranges ......... . . . , .. .. , . . 

Boiled mutton .. 

Haw beef. . ... 

Boiled salt meat (slightly salted) 
Peas .. 

... l.875grm. 
.. 1.310" 

. .... 0.852 
.0.846 

. .. . 0.675 " 

.0.67o" 
. ..... 0.59fJ " 

. . O.G72 " 

. ...... . 0.520 " 

Raw salt beef.. . . . . . . . . . . . . . . . . . . ... . . . 0.~94 " 
Small onions. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...... o.aa;; " 
BCiit wheaten brc:id. . . . . . . . . . . . . . . . . . ..... 0. 258 " 

Dutch cheese. . .................................. . 0.230 " 

llest wheat flour... .. . . .... . . .. .. ... .. . . . . .0.100 " 

Oatmeal.. 
Hice .. 

. . ..... . 0.0:;4 " 

.. .... 0.010 " 

As 1·ega!'cl" 1'1·~slt ,·egetables, "·hich are omitted from this list, 
it is to be hol'lll' in mind that the potash, most of which is 
eombinrd with the otganic acills, is mul'h mote abunchnt in all 
parts or green plants dlll'ing their periocl of vigorous growth than 
latel' when the lP;wes al'e fully formecl, and that on the other 
J1and the a111on11t or lime ancl silicic aciu, which b at iil'st small. 
aftenvarcls steaclily increases (J. '"Liebig).' l\Ioreover, since the 
"alts or the vege table acicls are knom1 to be all co1H"ertecl in the 
hocly into carbonates, it is clear that the ingestion of the potash 
"1lts or the vegetable acids must be 1wad_r. if not eompletely, 
Pqnh·alent in its final effect to the direct intl'Oclnction of pota ~lt. 
'!'he behavim· of the phosphate of potash, rhloricle of potassium, 
and nitrate of potash, which are largely fonncl in fresh meat, 
dried l e~nminons Yegl-'trrbles, etc. i8, howeYer, ~omewhut differ· 

1 Ilandbuch von Pitha und Billroth. 1. c. S. 285. 
~ Die Chen.lie iu iluer Anwcndnug au.f die Ag1icultur uud Ph~·siologie. 9. Aufl. 1875. 

s. 203 
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ent ; these salts are not com·erted into carbonate of potash, hut 
pass thrnugh the body for the most part unchanged. Thi" 1·e1:.r 
eii·cnm:;tance, a:; Chalvet has pointecl out,' interfe res with theil· 
perfect a~similation, whereas the potash assoei"ted wi th tlw vege
tabl P acids l'ead ily <-scapes Crom its loose alliauce, and is there
fo1·v more available as fommtive material for the ,-arions tis
snes of the body (particularly the muscles, reel corpuscles, etc.). 
'rhese hints in rega rd to the physiological rul e which the retained 
potash plays in the body. a:; well as in i·egarcl to the pathogenic 
effects which a deli cit·u1-y 01· complete lack of this mate1-ial ir1 the 
food may be snppo~ed to p1·oduce. must suffice at p1·esent ; but 
we shall refer to tlw subject again later in the artil'h· (;ee Nature 
of the Disease). 

Althoug h """ '""'' :lfl111it that Ganod' s theory of a clPticiency 
of easily a:;similabll' l"''" ' h salts in the food as tl1e real efficient 
canse of scnrvy seems iu a high degree attra«tive ancl entirely 
adequate to account (01· a 1·ery large number of obseJTl'cl fact,, 
such as thP freq1H•nt outbreak of the disease al'ter the prolonged 
use or the so-called :;ca-diet on shipboard ancl during long 
sieges, we are still not prepared. withont fmther .,,·ide1w;>, to 
regard thi s explanatiou as :tpplicable to all the inc1il'iclual cases 
of the affection. TnclePd, if we are not to do violl'n!'e to known 
facts, the hypoth•·~i :; i11 qtt<'s tion "eems to us to requ i1·e restatP
nwnt in the following mocli1iecl form, viz .. that whil1• as a rule a 
di et defi cient iu ea"il_r assimilable votassi111n "alt ,; (l•s1wc ially 
pota, h) app a1·s to r<'"nlt sooner or later in tl1e c1Pn·lop11wnt of 
scorbutil' symptoms- ancl the more rapidly ancl C!' l' t:ti uly iu pro
portion as this faeto 1· is a ided by certain other noxious agents 
to be nwutioned la t<,r -011 the othN hand. "curry notoriousl!f 
occ-urs i11 rcr!J 1u11111·m11s instanres 1oltl'li l11Ne ltas ber11 1w drfi
cienc11 in tile s11ppl11 qt 7>olos1i. In fact. it is not more certa in 
that a lack o( ea~ily decomposable potash compouuds iu tit<' food 
is decidedly th.- most effective cause in tlw majorit_,- or s!' !llT_1· 
epidemics, tlrnn it is llrnt not only individual cases, bnt e\·en 
widespread ou tbrPaks o( the disease, may develop inclepeudently 

of thi s connectiou. 

I Soc. mCd des hOpit.. SCtrnce du 24 mars, 1871. Gaz. helxl. 2. s. T. vnr. 
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. \mong the more recent epidemics which were clearly 'lmcomu:cted with a. 
d eficiency of fresh vegetables, may be mentioned particulnrly the one at Rustatt 
in the winter of 18,jl-52, to which we have before repeatedly referred. Not· 
withstanding the use of fresh yegetables1 so far as the season of year per· 
mitted , six hundred and ten of the Austrian garri sou of the fortress were attacked 
·with scurvy, and it was particulary noticeable that, although the epidemic began 
in November, the great majority of cases occurred in :May and .June, a season of 
the year in Southern Germany when fresh vcgetal>lcs arc always abundant. 'l'be 
monthly li st of patients was as follows: 

November, 1851 

December " 
.January, 1852. 
}.,cbruury ;i 

~[arch " 

: : ": ~ I ~~~I , 1::2.:. ":: .... : : : : ~fa; 
. . 3 July ·• . . . 56 

. ~O .\ugust" . 12 

So also with respect to the origin of the scurvy which appeared among the 
French prisoncrsof war confined at Ingolstadt in 1871, Doering expressly states that 
the dietary contained an ample allowance of meat and potn.toe~. and that on this 
occasion, at all events, the disease was not traceable to a Jack of vegetable food. 
A similar report was made some time before this (182.i) by Seidlitz, in one of 
the papers of the St. Petersburg physicians, in regard to the occurrence of scurvy 
among the inhabitants of Astrakhan. This writer showed thut the disease usually 
continued to :;pread in th is country up to the middle of )J:Ly, although plants 
and vegetables of all kinds ·were ll.bundant after the fii'tit of .\pril, and were 
used daily by the people in la rge qmmtities (cresses, daudelionl'l, salad, chiccory, 
spinach, sorrel, lettuce, parsley, onions, g arli c, etc.). Furthcnno!'c, Rochoux 
remal'ks, in reference to the distribution of the di sease among seamen of different 
nationalities, that Indian sai lors1 who lhre exclusively upon vegetables, arc 
subject to the disease; sti ll, the force of thi s objection to the above theory is 
broken by the fact that rice, which forms the chic{ vegetable food of these per
sons, is characterized by a marked deficiency of potash (Ree the table previously 
g iven). :-\till more striking evidence is afforded hy tho outbreak which occurred 
on the Austr ian frigate Nova r·t, during her voyage from )fadras to Singapore, 
althoug-h the daily diet conta ined not on ly fresh meat, but u.l"o bananas, lemons, 
oranges in large CJttautitics, cocoa.nuts, yams, etc. (Schwarz) ; also by Duchek's 
observation that in Lemberg scurvy prevailed more especially among the poorer 
part of the population, who liYed almost entirely upon vegetable food, particularly 
potatoes. These nnd the numerous similar instances to be fuuud in the history 
of scurvy certainly show this much, that Garrod's theory, however high we may 
estimate its importnncc for the cxplana.tion of 11uwy scorlmtic affections, is by no 
means adequate to solve the etiological problem in all cases of the disease. 

Among the other intlnences which :tpp~a r to bPar n r:iusal 
relation to the disease, either as factors a uxiliary to the d ietary 
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defect discussed above, or as direct and imlependPnt <·auses in 
themselves, may be mentioned particularly: 

1. Unlwalthy clwellillr; apartments.-'l'hP frpquenry with 
which scurvy occurs among individuals compelled to l'Psid1· for a 
long period in cold, damp, poorly oentilaterl and lif!lit1Yl mo111s 
(cellars, casemates, and prisons), is one of the best attested facts 
in the history or scurvy. In many of these !'ases, or COlll'se, the 
result has been largely due at the same time to th i> Jack of 
proper foocl; still, instances are not wanting in which the dii·ect 
agency of the factor in question could be isolated with a fail' 
degree O[ Cel'tainty-as, lol' instance, when, under the $"1llt' co n
ditions of diet, the tlisease has sele!'ted from a given hody o( men 
only those whose dwelling apartments were unhealthy, Ol' an 
outbreak has rapidly disappeared aftel' the removal of the 
patients to bet tel' quarters. 

An instructive illustration of this mode of origin is presented by the Rastatt 
epidrmic, which has already been ment ioned in another connection .. \.lthough the 
troops at this fortress all had the same diet, the Austrian garrison, which wns quar
tered in a narrO\V, damp cascmnte, and was obliged to do arduous guard d uty by 
the side of the wet trenches, suffered severely from the disease, while the Baden 
guard for the convicts escaped almost entirely. A similar immunity was noticeable 
also among the offi cers of the Austrian garrison, who occupied better ventilated 
and less crowded rooms in the casemate, while tbeir food and out-door exposure 
were essentially the same as those of the rank and file (Opit r.). St ill clearer evi· 
dence is afforded by the ~pidemic in the military prison at Alcssanchia (1844), 
where only the convicts confined on the lower damp tloor were attacked, while those 
occupying the upper, dry and Ucttcr ventilated floor, remained free from the dis
-case, alth1rngh the diet wns exactly the same in Uoth casts.' So :\lso the epidemic 
which broke out in the damp, too much shaded military hospital at Givct (May, 1847), 
was ascribed by Scoutctten ~to the unhealthy sitnation, since the disease disappcnrecl 
soon after the patients were transferred to a more elevated Joenlity in the neighbor· 
hood. Doering g ives n. similar explanation of. the recent epidemic among the 
French prisoners of war at Ingolstadt, where the diet wa'i in C\•cry respect unobjec
tionable, and no cause could be assigned for the outbreak, except the confinement 
in the narrow, damp casematcs of the fortress. Similar facts in considerable muu
bers Dt:ly be cited from the history of scurvy at sea: for example, where nmong the 
vessels of a. fleet-all provisioned alike-scurvy appeared only in the one whose 
quarters for the crew were obviously unhealthy. Thus, during Cook's second 
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voy11gco[ di!scovc-ry, a violent outbreak o f seurvy occurred on tlw Aclwmtnre, while 
the other vessel. the Hcsolution, escaped entirely. The diet and amount o f work 
were the s:1m1· 0 11 both ve...gels, and the only tliffert'ncc to which tilt' attack could Le 
attributed was the fact that the .\dventure !<ail t·d deeper in the water thau the 
Hesolution, and was ublig-cd 10 kt'"cp b l?r hatd1es dosed during stormy wcutl1cr, so 
tlmt it wa..: impos..;ihle to kt·ep the quarkrs below <l cc·ks properly ventilated. Th~e 

and similar l'Xpcr i 1·nce~ on lan<l and Sf':l naturally rai~c again the question touched 
upon :it the outset of this chapter, whether the di-.. ease may not possibly be due in 
11wny o{ the epidemics tn a spccitic miasm which dc\"C\ops in. and attllches ihcli 
to, certain localities: !ml, a-.( we were obliged to admit on that occ11.s ion, our infor
mation is still too ir1compldc to warrant an abso lute dccisiou upon thi s point. 

2. Unfotol'o/Jle ?neleoroloyfrol <-011dilio'lls. - '11he lem perotnrt' 
and degree <if' 111oisture qf' th e almr,sphae, " " moclilietl pal'ticu
lady by th<" .1w1son of the ymr and the eli1nafr. appe:u· also to 
eXt>rt ~0111\-' i11tl llPllt' l-' upon the development of the di~f:" a:-ie. 'rl1us, 
it has gt' 11t"l'all.1· hee 11 noticed tl ral in tPmpernte JatitudPH lantl 
epidemie:; oel·u r 111uelt more fn·quently during continuously wld. 
dainp w1·ut11a. :111cl. therefore. eRpecially duriug the i1,,.leme)lf 
sea,son q/' 111<' yr·ar. 'rl1is foet i~ ~hown n·ry strikingly h.' 
HirnC'lr' s l'Ompilation of all the kuown ext€'nsh·e epidPrn ic;;: for 
Ollt of tlH' HiXt)'·l'iglrt hLnd Outbreaks twenty-one OCcUrred ill 
wintPl' allcl rliii·1y- f'.'even in S}Jring, while during the ::;urnmer and 
autumn tlu·1·p Wl'r<-' 011ly eight and two J'(•spectirnly. At ser1 also 
this pr·Pclilel'lion of semvy for a continuously cold, 111o ist cli
?llate lras b<'<'ll perhaps even m ore conspicuous than on land. 
Thus, for tlr P highPr· latitudes we ne€'d mention only tlre well
know11 fr 'l'Cp1 P11c·y :rncl ex treme severity of tl11 · cli senst• on polar 
expeclit iow; and 011 w haling Ye::;sels sailing in tliP nortl1 em ~ea:-:, 

while (~,·en ln the tt•n1pera.te zones there are Ct-·rtnin r<'giort!' of the 
ocean wh(•J'P s torms and rainy weather arf' so habitual (r-. [/., the 
wat<" l'S in till' 1wig hborhood of Cape Ilom), that beforp the intro· 
due tion o[ is tt•am mwigation sailors regardecl tlie!:W l oeal ith· ~ as 
the fix(•d q uart<' t's of St lllT)', in \\·hirh it bel100,·ec1 el'Pt'S "di in~ 
vessel to tany ''"short a time as possible. '!'ha t there is. thPr<" 
fore, a Cl'1tai11 '"LllR:d conneetion between th est" meteorologil':rl 
conditions :rrnl "' 111·1·>·· enn hardly lw qnestionf'cl, hut whether tl1e 
rellltion is n cliwct and immediate one is very donbtfnl; far more 
probably, at leas t in the great majority of cases, it is of merely 
a11 'i11di?w·l nature, ancl dependent upon the difficulty of obtain· 
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ing proper negetahle [oocl in cold climates or clul'ing the inde
ment season of the year. 'l'his Yiew is snppol'tP<l by tl11· fad 
that Yiolent outbreaks of SCUITJ" ham repeatedly Of'c111Ted uuder 
directly oppositP eonclitions of temperature ancl 111oisturP. that 
is, cltuing contilrnously liot and dr!J weather; fol' instance, when 
the vegetation tht'oughout a large region of country has been 
blighted by dmuth aJl(l fresh 1·egetables are no lm1gel' to be 
obtained, as well as when sailing 1·essels are becalmed in tmpieal 
seas for clays and weeks at a time, and the supply of potatoes 
has gradually gh·en 011t. 8till, whill' th1' inflnenl'e of cokl and 
moisture in the genesis of scnrry is, upon tl1t• whole, therefore, 
rather inclin·et than imm ediate, it would be iueorrect in onr 
judgment to in~i~l that these factors han•no dil·er t ageucy at all. 
For, in view of tl11· familial' Pxpel'ience that tlie body demnnch au 
increased supply of food during cold, clamp " ·eatlier, in conse
quence of the gl'eater loss of h eat and mon• rapicl waste of the 
tissues at such tin1es. it is d prio1·i not only po:<sible. b1tt en,n 
very probable, that any limitation of food. pal'lieularly of tliose 
substances the laC'k of which is known to pl'oduce scurvy 111ost 
i·eailily, will 1·efrri., parib11s be most likely to incluC'e the cli sense 
when there is the greatest disproportion betw(·e11 the de11iaucl for 
food and its supply . It is elem·, therefore. that cold ancl mois
ture, althongl1 uot '·4.:'ffitient canses ,, .in th<· stti('t :senst·, are still 
important auxili:11-y factors in the etiology of ~Clll'I')", i11neasi11g 
to an importm1t i!Pgret' the effect of improper alimentation. a11cl 
in the minor gl'ade~ o[ incomplete nourishnwnt (;'\'t:'fi acti11g as 
the immediate d etel'mi11ing cause of tl1e outb!'eak. 

3. Excessil'I' pli!Jsir'ol l''1'rrtio11 01· a lack of prop<'1· <',Tercise. 
'fhat saere bodil!/ 1•.1·edio11 promotes in a higl1 degrl'e till' d(•,·elop· 
menL of scurvy, especially when there has been no co1w poucling 
increase in the allo11·ance or food, may be fairly infel'l'ecl rrn111 
the results of ,·en · numerous obsBrvations. Thus. on sllipbo:ml 
the clisease has ,:epeateclly been notieed to break out al times 
when the crew wen· eompelled by sel'ere weather to ke1·p on 
clnty clay and night without any extra allowauce of' ration,. 
Similar instnnC't·..,; !tart"' often o<·eunecl also iu pri:::ions. on octa· 
sions when the prisoners had bee11 t'Jll p loyed fol' " long t i me at 
harcl lnbor 011 1•urthworks, builcliugs, etc-.. a11cl the same dit•t l1ml 
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!Jeen used as when the prisoners were k!>pt at rest. ln anny 
epidemics also it has been noticed that the disease is specially 
apt to attack the soldiers whose duties are the most arduous. 
Still more convincing are the numerous instancPs in which, clur
ing sieges, the milit:uy garrison intrm;ted with the defense were 
exclusively attacked by the disease, or at lea ·t were affected in 
far greater proportion than the citizens whose allowance of food 
was exactly the same. It is highly probablP, therefore, that 
fatigue renders the body specially susceptible of scorbutic dis
ease in much the same manner as cold and moistnre seem to do, 
viz., by increasjng the waste or bodily substance, and thus 
hast!'ning ancl accentuating the patlwgenic effects of i11sufficient 
or impropPr food. 

During the violent outbrenks of scurvy nt the siege of Thorn (1703), the epi
demic began among the Saxon garrison, ancl did not extend to the citizens until 
towards the end of the siege, when, in consequence of the almost annihilation of 
the garrison by the scourge, the citizens thcmsel ves were obliged to stand guard and 
perform other military duties (Bachstroem). In 1841 Cannstatt observed an out
break of scurvy in several squadrons of the Bavarian light cavalry, whose duties 
had been unusually severe, wbile their diet was insufficient i 'Volfram, 1 moreover, 
mentions that out of the fifty-six scorbutic cases in the garrison at Lille in 1860, no 
less than forty-four were artillery drivers-soldiers, therefore, who, upon the small
est pay and with the snnic rations as their companions, had been kt!pt hard at work 
taking care of their horses from four 0 1clock in the morning in summer and five in 
the winter, up to seven in the evening. In genern.l , scurvy seems to select the 
cavalry in preference to the other branches of the scrvicn (Cannstatt, Duchek), prob
ably on nccouut of the longer daily duty required of mounted soldiers. As another 
illustration of the influence of severe labor with insuflicient diet may be mentioned 
also the outbreak reported by Wald, in the prison at " 7 artenherg, in 1854. On 
account of the overcrowding of the Prussian prisons it bccnme necessary to enlarge 
the building at this place, and all the convicts except the feeblest were employed 
on the works, without any change in the usual diet, which was composed chiefly of 
bread and leguminous vegetables, until the occurrence of a violent outbreak of 
scurvy in .\ugust taught the authorities the necessity of repairing the neglect by 
adding men.t, milk, and green vegetables to the daily rations. The same mistake 
of keeping laboring men upon a. diet adjusted to a state of repose was committed 
two years before this time, in 1852, in the Prussian prison llavicz, where the pris
oners were employed, without any dietary precautions, as labol'crs in the recon
struction of the burned portion of the building, and in consequence suffered from 

I}_ C. S. 152. 
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an outbreak of scurvy. A similar outbreak was recently observed by Duchek 
ninong the workmen in Klosterneuhurg (1868), who, although working twelve 
hours a day in close rooms, had lived upon the same food as when they were 
entirely inactive. In this connection we may mention also the remark of Lord 
Brougham in the House of Lords (Sept. 27, 1841), that eleven nncl a hulf per cent. 
of the persons confined in slave-ships and English prisons were reported as suffer
ing from scurvy as a result of overwork upon an euti rcly insufficient clict. 1 

On the other hand, want qf exercise is also said to predispo'e 
to scurvy (Krebel). 'rhus, it is assertecl that sailors who takP 
sufficient exercise to keep up a good appetite and aetive diges
tion, so as to properly assimilate the usually wry indiges tib!P 
food which forms their diet at sea, are much less ap r to s 11ffp 1· 

from the disease than their lazy companions whose appetitPs and 
digestive powers have become impaired by an indolent mocle 
or liie. This greater predisposition to scnr1·y on tlw part or such 
individuals is doubtless connected with the demngemPnt of 
assimilation induced by their sedentary habits, whPreby thP 
tissues become imperfectly nouri shed and less able, conseqnc'ntly. 
to resi t morbific influences in general. 

4. Mental depression. Among the influences which contribu te 
to the development or scun"y may be included, finally, the mental 
emotions, especially long continued auxiety and d1'spair, and 
perhaps even enmti; while, on the other hand, joyful emot ions 
are said to have a favorable influence upon the course of the dis
ease in inclividual cases as well as in entire epidemics. Of course 
the extemal conditions under which scnrvy has usually occmred 
-wars, sieges, cliflicult nac1tical expeditions, confinement in 
prisons and hospitals, etc.-are peculiarly adapted to call forth 
the depressing emotions; and it is certainly not unlikely, from 
wlmt we know or the injurious effects which such e111 ot ions exert 
upon the vegetative iunctions of the body, that the mc> ntal dis
turbances thus occasioned may ham played, to a certain degree, 
an rwtiv1' and indFpendent part in the genesis of the di ·ease. 
Still, i t has 1w1·er been possible under such circumstances to 
isolate this influencP, or to accurately determine its importance, 
since very generally the causes of the mental depression were 
the same as those to which the development or the scmvy could 

1 J(rebtl, I. c. p. 213. 
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:tbn he ns('ribPd. The """',_. diflk1Llty pr<•tiPnt' it"'lf in etitirnat
iug the impo1't:.mre or joy, reawake1wd liopt\ a11cl other elevating 
Pmotions 111 Ia.vorably intlue11cing tlw (·onr:..;1 .. ol' thP di::3~a::3e. That 
:-;111'11 a.n i11liw ... ncf" i:; actually exerted, a.ml i;-; not 111erPly apparent, 
citn l1:1rdly ho <l1t<-'8tioned. ]'or instaneP, Hla1H· 't"h•; potiitively 
t,ha.t i11 1111• Engli:.;lt men-of-war outbreak~ of :-;{·11t·vy have u:-;ua11y 

sub:-;iclt .. d rapidly arter dctorious engaµ;1··mt.:mt:.;. Still. in most 

casP::; t11t•st.> pJ, .. ,,a.ting < .. motions and tl1t-' tlisa.ppeararwe oi the 
srourgt' an• r1•cclly hilt co-ordinate ~fl'ects o( the ':t11H•f1111dwnental 

('a USP, viz., lhn fa.vorablf' eliangP wl1ic1t ]1as m·c·1u·1·e<L in the exter-
1ml :-;it1mtion of t11t-' indh·idua.ls, as fo1· Pxample, through the 
raising- ol' a. 1011~ Kh-'gP. 01· t11e fornl anival of tl1, .. y,.:.i";:·ml in a safe 
harbor wh••m" "'Jlply oC prod;ions could u•' ohLained, etc. 

It mu:-;i- be ( .. vi<l1•11t, now, wP think. from a retro:-;pertive sur-

1·o•y of tl1is a.bund.ant material wltieh Jias a<Tlllllllhtt<-'d in the 
{'Olll'="l' of l"inh"' in r1"'gard to the Ptiolog.r of :-:1·111·,·y, tha.t we have 
fail•·cl to obtain a 1Lniform theory. or, in fact, a11y powfectly clear 
l'01l<'t.>ptio11 or the w·1wsis of the disl-'a!5(-'. ~ot only does the 
affeetion K~t. .. lll h> arise in dijf'n·e11l 1roys in dljf'f·o ·11t (·n.-;es, but 
f:n-en wJ1ere w1· l1avP lia.cl rnol'e or h-·ss po~itivP 1•viclPnce of the 
dir1--•ct age1H·y of t·Prtain noxious intlut>nce:-;, sw·h a-.; those men
tiont>d ahov<>, WP ha.ve not always bt>ell ahle to ])Oi11t out their 
motle of action with absolute precision. In :t suh~•·quPntchitpter, 
after we lmv1i considered the sy111ptornntoloµ;y 'tJtd morbid 
a1rntomy o( the clisease, we shall n·tnm to tli" '"'sttlt; of our 
etiologieal inquil'y, fol' the purpose of npplyi11g them, :-;o Jar as 

is feasible, tn un interpretation of tht• Jl"thological process und 
its clinical manifestittions. Bnt for the pl"es1int Wtl rnuy conclnde 
here with the following summary of tht> conclusions-negutive 
and positive-which we have thus far rpaclted: 

L :-;curvy j:-; certainly not a contagions di:-;P~tst.>. 
2 .. \. mia:smatic mode of origin is lik+"wh;e d1"arly to be 

rejPcted fo1· thP majority of cases, but in nncny it1'tanc.es cannot 
be PXclndecl with absolute certainty. 

8. Tn many "'"es scurvy sf'ems to b!l prnduc~d by the use of 
spoiled food ancl bacl clrinking-wuter. 

4. The exeessiw use of salt i not un efficient cau;13 of scmvy. 
:;. 'l'he majority of cases of scurvy are most probably due 
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<lireclly to a defi cient supply of certain nuu'iti vP snbstances, 
which are more abuntlant in fresh tha.n in salt meu.t, and :u·p 

particulal'ly abundant in green vPgetables and potu.tot>s. 
6. It is probable that tlte immediate ClLU SP of scurvy in most 

instances is a deJiciency of potash in the J'ooc1 , PSJWcially tl1 e 
potash salts or the vegetable acids. 

7. An absenee 01· deJicienci· of anti scorhu tiC' [oo< l "'Pn1' to 

produce the disease 111ore rnatlily wlw 11 tltt• dP1wu1d [or food is 
for the time being increased by ex ternu.l conditions (1'olt1, <larnp 
\Watlter, hardship), or when the vegetati ve functi ons a 1·p impain·d 
by depressing intluences of all kinds (lad ( o[ ,,xercisP, mental 
emotions, e tc.). 

8. There t.tl'e, thereforP, a.nxilia.ry cam;t'S or l"C' lll'Vy, and h is 
not improbable that these intluences, when thPy are specia lly 
potent or wh1?n several or them ac t in combinatio n, may !::iO tne· 
times develop the disease in individuals Ot' Ill'"""' of men with
out the pi-esence of the usual ca use (the Rastu. tt Ppidemic, etc.). 

Pathology. 

Genernl .De8l·ription qf t li r' D i8ease. 

The beg~nning of scurvy h;, as a rnh\ slow allll g1·adua.l, and 
manif!'sts itself J'or t lte most part by symptoms which at first do 
not beu.1· the chamcteri stic stamp of the l>iter lontl pltenomena of 
the disease, but arn d ecidedly of a more general all(l indeterminate 
nature. These letis pathognomonic ellange:s in tile gem .. ral con
cli tiou, as they usually appear at the very beginning of the 
disease, do, however, belong to the sculT.)' i tself, and not to some 
prodroma l cachexia or another kind ; since observa tion of the 
malady in its full y developed form teaches plainly tha t that 
initial general ma.lai :se lasts, without any matpri al <" hanw:·, during 
the whole continuance of the scurvy-indeed, tha t ii increases in 
intensity proportionally to the subsequent developnw nt of the 
loca liied symptoms. If this t lwn constitutes a n in tegr:mt part 
of the attack of scurvy, it must, on the other hand, be allowed 
that there are al so cases of scurvy in which the di sease seems 
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to appPar at once witlt the clen•lop11u•11t of loeul foci, without 
serious initial gPneral illnPss, n,nd it is only later that the 
alteration of th~ ge1wml conditio11 shows itseli more plainly 
(Ct>jka) . Yet surh cases form uPCi(leclly the minority, n,nd even 
in these the cachexia, as was just notic<·d, usually <loes not fail 
to manifest itself JatPr. One may, therefore, be allowed to con
sider the existe11<"P o( this latter, whether first clevt>lopecl some
what later. or, as in mo~t ca8es, constituting a characteristic 
fpature of the <lisease from its very beginning, as n, peculiarity 
which n,lmost c-011stantly belongs to scurvy, or as an essential 
criterion of tho potliological specir's (comp. Diagnosis). 

The ev idences oE this elm-eloping crtdwxia are, briefly stated, 
tJ1p follmdnl-(: Those attackPcl begin to complain of great 
weatiness and deptession, which gradually increase to such an 
ext<>nt that after e,·en the slightest bodily exertion a feeling of 
complete exhaustion results, coupled with a sense of oppression 
in the chest, as wpJl as with palpitation of the heart. This lesse11-
i11g of the norn1al fepling of bodily vigo1· is regubrly accompanied 
later by painful sen">itions iu the voluntary muscles, nt first with 
the charaf"ter or the muscula1· pain which usually follows over
PXPttion of the bocl.r, but later with n, more violent (rheurnatic
like) character. These sensations annoy the patients principally 
i11 the clay-time, and especially aftPr rather active mm-ements; 
d11ring the night. on the contmry, as well as after Imig repose in 
bed, a tempomry al!Pviation is often experiencecl. The pains are 
sometimes vc·1·y variable as to locality, and then usually visit 
just those groups of muscles which were in activity shortly 
before ; sometimes. however, they are more fixed in their nature 
and are then localized preferably in the muscles of the small of the 
back and cn,Jves of tlw legs, which come specially into pln,y in 
'miking. Another pathological peculiarity of the scorbutic 
cachexia, which likewise often makes its appearance at an eurly 
stage, is the patient's wear sensitivene88 to a low temperature, in 
conseqnence oE which lw is very apt to complain of feeling chilly 
and manifc>sts a disposition to seek warmth (for instance, in bed). 
Together with these sometimes painful, sometimes merely uncom
fortable sensations, there exists further, in most cases from the 
very lwginning, a noticeable neecl of sleep, to which even in the clay· 
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time the patient is often compelled to yield, without experiencing, 
however, a conesponding degree of refreshment. Furthennore, 
during their waking hours the patients show a changed psycl1ical 
demeanor, which is marked by increasing apathy and indolence 
of mind, and chiefly by a spiritless and dejected mood, which is 
also usually not wanting in those cases of the disease in which the 
psychical depression is not fully explained by the wretched sm·. 
roundings of those attacked (comp. Etiology). In regard to the 
need of food, individual cases of scurvy behave at the beginning 
of the disease quite differently. In some cases, for instance, the 
appetite disappears at an early stage, while in others it lasts 
longer, and may even in individual cases degenerate into a posi· 
tive voracity, characterized perhaps by a strong cradng only for 
acid food. At other times all articles of food within reach of the 
patient, even though repulsive and decomposed, are gulped clown 
with a greed that is positively unearthly. 'l'hc feeling of thirst 
is usually not essentially changed so long as no fever exists. 

Simultaneously with these subjective derangements of the 
general condition, the appearance of the patients is for the rnost 
part also changed. 'l'he features fall in ancl are marked with a 
painful and sacl expression, the eyes especially sink back more 
and more into their orbits ancl are encirclPcl by brnacl, bluish· 
Yiolet rings. The reclclish tint, too, of the lips ancl cheeks gil·es 
place to a more cyanotic hue, and the mucons membrane of Lho 
month shows the same change in color. From clay to clay the 
skin shows an increasing pallor and earthy color, and in a few 
cases we may !incl, even in this pmdromal pel'iocl, broll'nish
colored spots of greater or less extent, with ill-clefinecl outlines. 
on rnrions parts of the face ancl bocly (Opitz) similar to those of 
IJ1onzed.skin. The spots, once cleYeloped, generall.1· outlast the 
hemonhnges and ulcerations of the skin which occur at a later 
date; and in those cases which terminate fa1-orably, they gener
ally lose their color only during convalescen«e. Another much 
morn constant skin-symptom, which, moreover, hardly ever seems 
to fail when the disease is at its height, and a~ a rnle is notice· 
able even in the pmclromal period, is the remarkable dryness and 
brittleness of the epidermis, which is thmwn off in scales like 
bran (pi tyriasis tahescentium). Still another characteristic pecu-

YOL. XVll.-10 
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liarity is the greater }Jrominence of the folliclPS on !he othPrwise 
witherecl and lhccid skin, a peculiarity which will be most 
readily recognized by passing the hand over the extensor side of 
the extremities (Dnchek). The tem}Jeratnre of the skin appears 
to the touch J'ather lessened than increasecl, but whether the 
inner temperature of the body experiences feverish augmentation 
at the very beginning of scurvy is more than doubtful, although 
for that matter accmate thermometrical observations o{ this 
}Jeriod of the disease are wanting. It is, however, by no means 
probable that any increase of temperature of the body which 
might occur at this time could reach the degree of febrile move
ment often observed at a later stage. 

Besides the morbicl changes just mentioned in the appearance 
and the condition of the skin, there will be obsened, for the 
most part quite early, ancl often before the breaking out of the 
l'eal local scorbutic sym}Jtoms, signs of a disturbed-that is, of 
an impooerished general condition of nourid11nent; the heart's 
action, too, will be found to be feebler than natural. The 
mnsc!Ps of the bocly lose their predous normal Jirmness, be
come flaccicl and somewhat emaciatecl ; there is likewise gener
ally to be observecl, even at this early 1wrioc1, a moderate de
crease of the pannict1lus adiposus, ancl therefore a corresponding 
decrease o[ the weight of the body. The arterial }Julse becomes 
smaller and softer, ancl the contractions of the heart diminish in 
frequency. It is only after bodily exercise, as in }Jersons suffer
ing from anmrnin, that a more vigorous action of this organ m:rni
fests itself temporarily-this increased vigor being perceil'ecl by 
the patient as a feeling of }Jalpitation, and by the JJhysician as a 
more frequent and more rnhement impulse of the heart. The 
frequency of respiration, which during I"e}JOSe is, as a rule, not 
essentially chang~cl, may likewise, by the same causes, be in
creaseu to violent ]Janting. A thorough JJhysical examination 
of the heart and lungs, as well as of the abdominal organs, 
shows as yet nothing abnormal. The spleen, it shoulcl be re
membered, owing to previous or still existing intermittent fenr, 
has been fonnd enlarged in the prodrornal period o{ scurvy: on 
the other hand, no enlargement of the spleen belongs properly 
to the disease, at least in its early stages. Just as little cloes 
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the secretion of the kidneys at the commencement of scuny 
seem to undergo any decided change. 

Finally, in regard to the duration of this initial period, this 
varies extremely, and may under certain circumstances be ,·ery 
long-that is, may last inany weeks. Oftener, howe,·er, more 
decided symptoms of disease appear, e,·en as early as dL1ring the 
first or second week, and !encl it more serious aspect to the 
cachexia. The hitherto ill-defined picture of the disease assumes 
a more clecicled character, and shows the marks distinctly 
charactel'istic of scurvy. Moreover, it will be remembered tl1at 
it was distinctly slated by us ill the beginning that in many 
cases the initial stage may be only slightly developed, or e,·en 
wanting altogether, and that in these, for the most pa1-t light 
forms, the disease is mn.rked from its ,-ery commencement by 
the local symptoms which are now to be mentioned. 

In the majority of all cases the existence of scorbutic dis· 
ease is first proved in an unmistakable manner by the gums. 
That is to say, while usually during the proclromal periocl the 
whole mucous membrane of the mouth exhibits a bluish tinge, 
there is now developed on the edge of the gums, ancl especially 
on the outer sicle of the incisors, a zone of greater or less 
breaclth within which the mucous membrane has a dark bluish
red tinge, ancl at the same time appears swelled ancl loosened 
in its connection with the teeth. All these changes are most 
pronounced on the pointecl projections form cl by the gums 
between the individual teeth, and which now begin to protrude 
more and more like puffy knobs. The swollen parts or the 
gums are at the same time quite painful; they bleecl, too, Yery 
readily on touch or pressure of whatever kincl; while, on the 
other hand, the rest of the mucous membrane of the mouth 
does not usually show abnormal sensitiveness or become at first 
the seat of bleeding. It is, moreover, characteristic of the scor
butic affection of the mouth at the beginning, as well as in its 
later stages, that, however much the painful swelling ancl red
ness of the gums may extend backwarcls from the region of 
the incisors upon the mucous covering of the eye-teeth ancl 
molars, yet all those places where teeth are wanting remain 
entirely unattackecl; so that, for instance, in the case of chi!-
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dren "·ith few teeth, or of aged persons, the srorhntic :iffection 
of the mouth is reduced to a minimum, or may indeed be 
entirely absent. On the other hand, in those places where only 
the stumps of teeth or merely the roots remain in the alveoli, 
the mucous mPmbrane is attacked, just at if the rnw of teeth 
were perfect; indeed, it is precisely at such places that the 
affection often shows itself in ari especially in tense form. Finally, 
in proportion to the d evelopment and preponderance of the 
above-described changes do the patients begin to diffuse a nau
seous ouor, which is not at first cha,racterized by that carrion 
stench usually perceived in the exhalations of those suffering 
with scurvy in a more severe form or nt a more aclvnncecl stage. 

""'"ell-marke(l scurvy, however, does not invariably begin 
with the g ums; case::; also occur in which, nfter a shorter or 
longer continuance of the prodroma,l period, or indeecl "·ithout 
any such, other symptoms than the clmracteristic affection of 
the mouth a,re first obserred, and it is only Ja, ter in its course 
that the reddening and inifammatory swelling of the a,h·eolar 
edge is added to these other ixith ological appearances of the 
disease. Thus, cases haYe been obsen·ed in which suggilations 
of the skin, bloody infiltration of the subcutaneous connective 
tissue (especially of the lower limbs), 01· even hemonhagcs of 
the bowels, preceded the affection of the g ums (Cejka, Ducbek, 
and others). It must certa,inly be considered as a matter of 
some importance, in its bearing upon the question o( the origin 
of scorbutic manifes tations in gP1wml, that qnite often the first 
evidence of serious loca,l sympt oms, whil e the cachexia, was still 
but slightly developecl, occnrrecl prefPrably on precisely such 
parts of the body as hacl been exposed to an injury of some 
sort (mechanica l or chemical), or on which at some previous 
time an intlammatorr process had existed, and had subse
qncntlr run its course. 

l;-or instance, a. very slight bruise, which in the case of a person in good health 
would hardly lcnvc any trace, may lead , in the case of one suffering with scurvy 
which is 11till in the Intent stage, to an extensive S"uggilati un o f the skin, and with 
this to manifest breaking-out. of the disease; or, in another analogous case, the 
administration of a purgative may occasion not s imply a diarrhrea, but C\'Cll a pro
fuse cntcrorrhagill; finally, in a third ~asc, the development nf scmvy causes the 
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granulation tissue in n wound to become spongy and to bleed easily. In ull such 
cases the anomaly of the b~giuniug of the disease consists in this, that in the case 
of individuals who have in<lccd, as a rule, a certain degree of cachcxin, but as yet 
no scorbutic affection of the gums, local appearances of scurvy may occur at first 
on other parts of the body, while the affection of the mouth ouly occurs at a some
what later period of the disease. One circulllStance, however, is common to all 
these casea of scurvy of nuomalous commencement-namely, that a district of the 
body, which has been in some way injured or otherwise pathologically affected 
before, becomes the first seat of the disorder. 

Finally, in this connection it shoulcl be stated that, in a few 
cases of well-characterized scmvy, this affection of the mouth is 
completely absent dming the whole dumtion of the disease, and 
that, too, notwithstanding the presence of teeth or the remains 
of teeth in the jaws. This anomaly, howeYer, belongs to the 
rare exceptions ; the early and almost constant complication of 
the gums is the rule. 

Then again, there are a few cases-generally of a mild type · 
-in which the affection of the month, coupled with a certain 
degree of general discomfort and weakness, is the only syrnptom 
which betrays the scorbutic natnre of the disorder. In tliese 
cases, moreo,·er, tbe disease may, by a timely change in the 
manner of life, good care, and proper treatment, be made to 
retrogrnde even at this early stage. In such an <Jvent not only 
does the general condition improve-the boclily and mental ex
haustion of the patient giving place to a normal feeling of 
strength and the expression of the face becoming more natural, 
but the affection of the mouth also often shows a surprising 
tendency towards recovery. The mdematous swelling of the 
edges of the gums diminishes and their lidd redness disappears; 
the parts also cease to be painful, and show no disposition to 
bleed; in a word, everything proclaims the restitutio ad inte
grurn of the parts interested. 

llfore commonly, however, the disease pmsues a different 
course. In the more severe forms of scurvy, and sometimes also 
in the lighter ones, after the cachexia is fully developed and the 
gums show the pathological changes already described, there 
m·ise still other local lesions in districts of the body which are, 
in an histological point of view, widely diverse. But before we 
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submit these other local symptoms of the disease to a brief ex
amination, it seems necessary to girn further consideration to the 
changes which the general condition and the affection of the 
mouth undergo in the more severe degrt>es of scurvy. 

Ir the case assumes a severe type, which generally then hap
pens when scurvy attacks those already diseased or incapable of 
resisting it, or when the injmious causes, clescribed under the 
head oI etiology, continue active during a long period and can 
thus develop their whole pernicious intluence, then the weakness 
and prostration of the patients soon become extreme. They are 
unable to walk about and cannot even sit up; ancl while they 
are in such a co11c1ition of prnstration, the mere attempt to lift 
them into tho upright position may bring on a dangerous ancl 
sometimes even a fatal fainting fit. The pulse ancl the heart
beats both become reduced to a minimum of strength, and on 
auscultation of the heart systolic murmurs may now often be 
heard, as in the case of the most advanced stages of simple and 
of pernicious anremia. Every movement, however slight, gh·es 
rise to the painful sensation of palpitation of the heart, accom
panied by dyspnma and a feeling of great oppression. The 
appetite is entirely absent; the thirst, on the contrary, is as a 
rule increased, owing to the fever which is now almost constantly 
present. The rhenmatoid muscular pains have also increased in 
intensity and rob the patients of their rest at night-in sho1't, all 
the snbjective symptoms and functional disturbances which were 
present dnring tho initial period have now very greatly increased 
and reachecl their highest degree. From the appearance of the 
patients and from their general condition of nutrition, it is 
clearly evident that they have rnached a very high degree of 
cachexia. The featnres are greatly changed; the body seems 
emaciated, although it shows at the same time more or less 
dropsical swelling, especially on the lower limbs; tho skin is dry 
and flaccicl, and the epidermis comes off in scales; in some 
places, too, it will be found to have lost its natural covering of 
hair; finally, almost always the hemorrhagic spots, presently to 
be described, will be found scattered over a greater or less extent 
of the body. This disease, really terrible in the later stages of 
its progress, may in individual cases of intense scurvy be devel-
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oped from cases prev iou ly of a milder character, the change in 
type taking place sometimes very grad ua ll y, sometimes more 
ab rn ptly. In the latter case, for example, the de,·elopment or 
St!Vere local symptoms often inflnences for the worse the patient's 
general cond ition in a very sudden manner. 

In severe and protracted cases of scurv y the d iseased cond i
tioll of the gums increaoes both in extent 

0

and in tensity in p ro
portion to the increase of the general cachexia. The bloody 
and cedematous border of the g ums, at first ·narrow, ex teucl s 
towards the roots of the teeth , and at the same time steadily 
increases in thickness. There are thus fo rmccl at last ,-cry bulky, 
spongy swellings, which are of an in tense bluish-red color, bleed 
abundantly at every to ucl1, a ucl are fo r the most part n ry sensi
tive. In some cases these swellings may be so great as to com
pletely conceal the teeth. The act of chewing, which was already 
ditlicul t before, becomes now almost impossible, especiall y if, as 
is often the case, the fo rmation of n. d iphtheri tic slough, or n. 
diffusf' ichorous disin tegration, be superadded to the infi am
matory CEdema of the g ums. \\'here n. cl ipl1theritic slough has 
fonnecl there will be observed n.l ong the upper edge of the gum, 
or on the summits of the swellings, lnrdaceous grn y ish-whi te 
depos its, which adhere closely to the mucous membrane, and 
when removed leave behind a bleeding excavati on in the sub
stance of the g um . On the other hand, where n. c1 ill'uso ichorons 
disin tegra tion has tak en place, the parts preseut the appen.rance 
of a slimy n.nd extremely fetid mass, which, on being cast off, is 
discharged from the month mixeu with abundant mncns. 
\\"here this latter process takes place, the roots or many of the 
teeth are often deprived of their COVPring or mnCO llS membrane; 
moreO\·er, they may become loosenecl in their attachment to the 
ah·eoli , and finall y may even fall out, n.f ter first becoming dis
colored n.nd in some cases even carious. It is, however, remark
n.bl e that while in severe cases of scurvy the most serious 
changes always take place in the gum s and teeth, the mncons 
memb rnne of the rest of the mouth par ticipn.tes, even at this 
stagP, in so slight a degree. All the rest of the mncous mem
brane of the mon th, even when the g mus are most severely 
a ttacked, shows, as a rule, only n. livid color and moderate 
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cedema-sckh>m a <lispos ition to bleed, or severn inflammation, 
or real ulceration. 

If we puss on now to the consideration of the other local 
manifestations of scnrvy, we shall find that the skin, tile connec
tive tissue, and tlte 'muscles, are, next to the mucous membrane 
of the month, the pa,.ts most often affected by this disease, as 
well in the mild a; in the more Se\"el'e fol'mS . Emptions of a 
]Jrononnccd hemorrhagic character ure among the cllarncteristic 
manifestations of this di sol'cler. They al'e usually del"elopccl in 
the later stages of the di sease, though not unfreqnently a lso in 
the earlier ones. These pnrpmic efflorescences are oftenest an<l 
ea rli<>st dC\·elopecl on the lower extremities, but are al so observed, 
especiall y in se\"el'e cases, on the rest of the body (o n the trunk, 
on the upper extremities, but comparati\"ely Yel'Y selclom on the 
face or on that part of the head which is co1·erecl with hair). 
Tl1ey occur in pal't without appal'ent ca use, in pal't as the imme
diate result of an injul'y to the skin , of ten of a nry trifling 
nature. Among the hemorl'hagic eruptions which 1"we devel
oped spontaneously, the most numel'ous, as wPll a; the most 
regularly found, al'e the small follicular petechim, which vary 
from the size of a hemp-seed to that of a lentil. These spots are 
of a roundish shape ancl at first of a dark bluish-reel color ; they 
do not disappear on pressure, and are slightly or not at all prom
inent. Furthermore, as these spots are situated immediately 
01·er the hair-follicles, a hair or the s tump of a hair will gener
ally be seen ri sing up throngh the centre of each spot. The 
color of the spots, which at first is bluish-red, afterwards passes 
gradually through a Yariety of hues-greeni sh , then brownish, 
etc. Quite often also in cases of scu1Ty, elevated efflorescences 
will be found, or the same color and size as the simple petechire 
mnculatro. They seem to occnr independently of any external 
cause, and many assume either the character of sn1all nodules 
(Lichen scorbnticus, Lichen lividus, Acne scorbutica- Pnrpura 
papulos.-i), or that of small vesicles, filled with sanguinolent ftuicl 
(Herpes scorbuticus, Purpura vesiculos.-i). Apart from these 
various circumscribed forms of cutaneous hemorrhage, larger 
and more extensive extravasations into the tissues of the skin, 
aud beneath the epidermis, occm much more frequently in 
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scurvy than in any other form of hemorrhagic c1iathesis. In 
outward form these foci of disease present at one time the 
appearance of ex tensive blotches (ecrhymoses) of irregular form, 
colored at first violet-red, later bluish-g1een, brownish, etc.; at 
another, that of streaked extravasations of blood, or stripes 
(v ibices) ; sometimes, also, that of vesicles of quite large size, 
fill ec1 with sang ninolent tlnid (P emphigus scorbuti cus). These 
prornptions, the larger as well as the smaller ones, seem to occur 
by preference 011 the skin of the lower extremities. As the 
disease, however, advances ful'ther in its development, these 
intel'stitial he111 ol'l'i1ages of spontaneons origin occur also on 
other parts of the body. \Vi th the pl'ogress of the di sease, too, 
the more readily does a tl'ivial external injul'y produce suf!g ila
tions of val'ying form and extent. Instances al'e known where a 
rather hard and somewhat une1,en suppol't has been su fll cien t to 
produce them in the arm~; they have also been p1'oc1nced in the 
buttocks by a crease in the sheet upon which the patient lay. 
In severe cases of scul'vy almost the whole surface of the body, 
except pel'haps the face and head, may be covered with pa1tly 
confluent, larger and smaller, newer and oldel', pnrpnric ernp
tions, which naturally give to the patient an iippeara 11 ce as 
variegatecl as it is strange and alarming. 

Not always, howevel', do the cuta1wous hemol'rhages of scnrvy 
patients appear uncle!' the clinical form of simple interstitial 
hemorrhages, or of simple inflammatory hemol'l'hagic exudations 
011 the free surface of the corium; often the extramsation or red 
blood-corpuscles is only the prelude to, or a part of, more severe 
destrnctive proce,;;ses which result in the formati on of ul cerations 
of the skin. P emphig us scorbuticus may, in the absence of all 
treatment, 01· where improper treatment is canied out, JXI s into 
a condition of ul ceration of the skin-suppuration first taking 
place under the blacki sh crnsts into which the Yesicles have been 
converted, followed by a gradually progressing di sintegration of 
the tissues of the skin (Rupia scorbutica). In cases which pur
sue a more favorable course, and especially if the patients receive 
an appropriate and timely treatment, the crusts fall ofl', without 
the skin having been destrnyed beneath them, ancl all that re
mains to mark the spot is a temporary brownish di scoloration. 
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On the other hand, the peculiar ulcers or the skin (nlcera scorbn
tica) which occur with rem:ulrnble frequency when the course 
or the disease is malignant, do not always arise in the above de
scribetl manner from pemphigous emptions, but may also in cer
tain cases, withont the previous formation of :i Yesicle, dcrnlop 
immediately from" simple hemorrhagic infiltration of the skin, 
whicl1 undergoes purulent breaking-down, or it may result from 
the breaking open afresh of i·ecent and still l1ighly vascular cica
tricial tissue or the skin. Finally, we sometimes meet with cases, 
as was incidentally mentioned above, where :i so-called scOI·butic 
ulcer, with its peculiarities which will shortly be noticed, is 
derclo1wd by speedier or more tardy metamorphosis from an 
ulcer or another description already existing; this is likely to 
happen, for example, when the patient has meanwhile chanced 
to become affected by general scmTy. 

Now, although we should not be just ified in asserting that 
scorbutic ulcers of the skin possess pathognomonic characteris
tics-that is, characteristics which are observed only when scun-y 
exists-still these ulcers present featmes which are, to a certain 
extent, characteristic or the disease. These special fo:itures are 
more easily recognized in all those cases in which several such 
ulcel's am developed on the patient at the same time or in quick 
succession, and thereafter purstie nearly the same course of 
development. These u lcers vary in size (sometimes being as 
large as a thaler or even as the palm of the hand), and extend 
in d~pth through the corium. They are covered with :i brownish-
1·ec1 or blackish tough scab, on the removal or dropping off of 
which there appears sometimes a foul, ulcerate~l su!'face corerecl 
with shreds or tissue stained with blood, sometimes a spongy 
and easily bleeding surface oI granulations ; in both cases the 
ulcerated surface secretes a considerable quantity of thin, san
gninolent fluid, often of an ichorous ch~ractcr, and then of 
highly ofTensive odor. These ulcers are, moreover, generally 
surrounded by a broad halo of a dirty violet color; they show 
little tendency to cicatrize; on the contrary, they are apt to 
spreacl both in extent and in depth. In the latter case the 
ulcerative process may involve some of the larger vessels of the 
skin, :ind so give rise to copious and even fata l hemc11:rhages. 
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A part from this, however, these ulcerations exert a Yery delete
rious influence on the general condition of nutrition by the pro
fuseness of the secretion connected with them. The painfulness 
of these scorbutic ulcers is, as a rule, not very great; still, it 
contributes its share to the subjective discomfort of the patients. 

'Ve mention, finally, the fact that the above·c1escribed 
changes in the skin (hemonhages, hemorrhagic inflammations, 
and ulcerations) may also occur in the imnwdiate sunoundings 
of the nails. The latter, then, sometimes show simply an extra
vasation of blood beneath them ; sometimes, liowever, if an 
inflammatory or ulcerative process has attacked the root or bed 
of the nail, they may tum brownish-yellow, die, become loose, 
and at last be thrown off, either wholly or partially (Paronychia 
et Onychia scorbutica). 

After the gums and the outer skin (the nails inclndl•cl), the 
scorbutic attack localizes itself most frequently in the subcuta
neous and deeper layers ef connectioe tissue, as well as in the 
muscles and intramuscular tissue. Tliese foci of the dbease 
also appear to be located with special frequency on the lower 
extremities, and in mild cases are indeed entU-ely limited to 
these parts of the body. In the more severe forms of the dis
ease, on the other hand, they are observed not only in greater 
number, but also oE gi-eater extent; they are also found on other 
regions of tl1e body. The loose tissue near the tendo Achillis 
and that in the hollow of the knee, and further the muscles of 
the calf of the leg, must be mentionec1 as the chief localities spe
cially chosen by the scorbutic affections of the connective and 
muscular tissues; besides these, howe,-er, the subcutaneous tis
sue of the posterior surface of the thigh, as well as of the arm
pits, and, among the muscles, the recti abdominis, the lumbar 
muscles, and the pectorales majores, are comparatively often 
attacked. Moreover, in what has just been said, it is by no 
means intended to convey the impression that other layers of the 
connective tissue of the body, or other portions of its muscular 
tissue, may not now and then be found affected by scorbutic 
processes. Now, in regard to the outward form of the affec
tions of the connective tissue, these present themselves as swell
ings, which are at first soft, but later usually become as hard as 
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a board. The limi ts of these swellings a re in some cases sharply 
defined, in others less su; the skin over them is not movable, 
ancl is variously colored, according to the mode of orig in (com
pare what fo llows), the time of duration, and the cleeper or more 
superficial site of the focus. The induration may, under circum
stances favorable to its development, become very ex tensive, 
so tha t, fo r inst::q1ce, a t times a considerable port ion of a limb 
(the whole cttlf of the leg, more thttn half the thigh, etc.) will be 
affected by it, and more or Jess swelled. The mttn1ier of origin 
is not always the same, since these foci are so111 etimes developed 
acutely, ancl then, for the most part, with pttins and fever ; 
sometimes grad uall y, and in this case usually wi thout pain and 
wi thout fe•·er. If the mode of development be a n ac ute one, 
there will be noticed, as a rule, on the p ttinfnl part, which is 
beginning to become ind tn ated, a very vi vicl redness of the skin 
which co•·ers it; this is, moreo•·er, hot to the touch, s11·elled, 
and shining. After tt fe w days, the red ness, swelling, and pain· 
fnlness hav ing in the mea ntim e dimini shed: th0 skin assumes 
a brownish tinge, and t he epidermis begins to scale off, the 
latter process being usuttlly repeated sm·eral times. Finally, a 
di scoloration, which is ttpt to last a considerttble time, ma,rks 
outwttrdly the site of the recent or even still active subcuta
neous focus or di sease. In other cases, where the infiltration 
of the subcn tttneous connective tissue has taken pl ttre in an 
acute mtLnner, the superjacent skin undergoes a, livid discolora
t ion, grows thinner and thinner, ttnd Jitmlly ruptures. From 
the ul ceratecl opening t hus fo rmed, large q tmntities of bloody 
ma,tter, mixed with shreds and sometimes gangrenous masses, 
are then usually disclmrged, and tt fo ul ul cer renmins, offering 
in its fu1t her cou1·se the above-described chmacteri stics of scor· 
butic ul cerations of the skin . If, on the othet· hand, the p rocess 
takes pla,re more slowly, without either pa,in or fe ver, the hy per
IBmic redness and the swelling of the skin covering the pmt will 
be absent; there will also be no subsequent scaling off and 
brownish discoloration of the sa,me. On the surface of thi s swell
ing, which at first is soft, but subsequently becomes ha,rd, there 
is merely to be perceived a, bluish, greenish , or slightly yellowish 
tinge, according to the more superficial or deeper site of the 



PATHOLOGY. 157 

focus. The functions ' of the neighbol'ing parts, especially the 
muscles and joints, is naturally very seriously affected by these 
indurations and tumors of the connective tissue, and, as the 
usual site of these foci is on the extremities, the power to use 
the latter, even in those cases in which no serious pathological 
lesions have occurred in the muscles themselves or in the cap
sules of the joints, is often materially diminished. It is not a 
rare occurrence, however, in scurvy, for the muscles of the 
extremities to be the seat of localized inflammatory processes, 
which may d ievelop either at the same time with the subcuta
neous connec tive tissue foci J escribed above, and as a direct 
extension of the latter process, or even quite independently . In 
the former case it is not possible to recognize the existing affec
tion of the mu scles by any special clinical signs obse1·val.Jle dm·
ing the patient's lifetime, nor indeed in any other way tha n 
by an autopsy. In the latter case, on the other hand-that is, 
if it ari se independently- the localized disease of the muscle is 
characteriz~d by the presence of a hard mass, which is more 
or less sharply defined, sometimes painful, sometimes indolent, 
but upon which the skin, whose color has undergone no change, 
is perfectly movable. Fo1· the rest, the circumscribed scorbutic 
affec tions of the nrnscles show a great analogy with the similar 
afTections of the connective tissue in the following particnlars : 
they occur at one time as acute processes with fever, at an
otltel' as subacute or chrnnic without fever; they are, more
over, natmally accompanied by a decided impairment or the 
functions of the muscle attacked. The pathological prncesscs 
and hi stological changes, which lie at the foundation of th~ 
scorbntic affections of the connectirn aml mnscular tissues, will 
be more thoroughly considered farther on ; we will , therefore, 
here only remark in passing that in both these tissues we han .. 
to do in part with simple hemorrhagic infiltrations of non-in
ff am matory natnl'e, in part with hemol'rhagic inflammations. 

In out· description, thus far, we lrn1·e in general portrayed 
those features of SClllTY which are obsen·ed in the greatest 
number of cases, the mild as well as the sernre ones, and which 
might fairly be considered as the principal characteristics of the 
disorder, either in its partially developed or in its fully devel-
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oped form. In many cases of scurvy 'either recovery takes 
place, or the disease terminates fatally, under manifestations 
of increasing general weakness, without the development or any 
further local symptoms on any part of the body. As we shall 
describe farther on the changes which arc observed at the 
autopsy in those cases that end fatally, it is plainly our best 
course at present to describe next in order, as briefly as possible, 
the retrograde changes that take place in those local mani resta
tions or the disease (in the gums and teeth, skin, connectirn tis
sne, and muscles), which have already been rdened to. In 
these cases, some of which may be even qnite severe, the i·ecov
ery may be either complete or incomplete. 

In cases where the affection of the gums has been intense, but 
yet not of a diphtheriLic character nor associated with ichorous 
disintegration of the mucous membrane, the swelling and red
ness, under appropriate treatment, may grndually disappear, 
and in the course of time the parts may return to their natural 
condition, the edges of the gums becoming again adherent to the 
teeth. This return to the natural condition, however, requires 
many weeks, and often months. Again, the restoration may be 
incomplete ; a hyperplasia is very apt to take place during the 
stage of convalPscence, in the still reel ancl swelled gums, as a 
result o[ which they generally remain thickened ancl induratecl 
during the remainder of the patient's life. These permanently 
swelled gums, however, do not usually cause the patient any 
really serious annoyance. Diphtheritis of the mucous membrane 
which surrounds the teeth, and, still more, fully de"eloped dif
fuse ichorous degeneration of the same, leads .directly to more or 
less Pxtensive losses of substance of the mucous membrane, 
which, in favorable cases, are gradually filled up later by the 
formation of granulations and cicatricial tissue, ancl may at 
length be entirely healed. In such cases the teeth may escape 
damage altogether, or some of them may fall out. Among the 
cutaneous processes, the petechire, ecchymoses and vibices grad
ually disappear within a few weeks. The scorbutic ulcers of the 
skin, on the other hand, take the following course : the granula
tions, which at first are tlaccid and bleed easily, become firmer 
as soon as the patient's general condition improves; the secre-
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tion, moreover, loses its thin, sanguinolent character, ancl becomes 
more ancl more like goocl orclinary pus; finally, after a certain 
length of time, the loss of substance is macle goocl by the forma
tion of a brnwnish-recl, dark-colorecl cicatrix. The indurations 
of the connective tissue, even where the swelling was very exten· 
sive ancl hard, may in favorable cases graclually grow softer and 
disappear; yet frequently the last remains of these indurations 
only disappear after tbe patient is far advanced towards recov
ery, and when his general condition leaves nothing to be wished 
for. In other cases there remains for years, or even for life, an 
abnormal rnsistancc of the parts which were the seat of these 
indnrations-a result which indicates that a hyperplasia of the 
connective tissue has taken place at the point of previous scor
butic attack. If these firm masses of callous connectirn ti5sue 
are si tuated upon or in the neighborhood of the fleshy parts of 
muscles, there results secondary atrophy and lasting functional 
impairment of these latter; if they are, as is often the case, sit· 
uatecl near to joints, they occasion for a long period, or e,·en for 
life, a so-ca lled false anchylosis-the immobility of the joint 
being due to the fact that the tendons, which pass close to it, are 
em·elopccl by the growth, or that they form adhesions with the 
bones that compose the articulation. Such stiffness has been 
seen to remain, after scnrvy in the knee-joint, owing to the pres
ence of indurations in the popliteal space; and in the ankle-joint, 
owing to the presence of indurations near the tendo Achillis. 

Among the forms of immobility of the latter joint ohse1Tecl 
most commonly at the clinique, are those known as pes equ inus, 
pes Yalgns, ancl pes rnrus-the two latter being of less freqnent 
occurrence than the former. Finally, the hemorrhagic foci in 
the substance of the muscles general ly end in gradual resorp
tion; more rarely there remains (in consequence of au abnormal 
grnwth of connective tissue and the formation of a ciratricbl 
cal.losity) a hardness in the muscle attacked, which is, moreo,·er, 
in such cases naturally shortened, and becomes the seat of a 
lasting, more or less pronounced, contracture. 

In contrast to the forms of scorbutic disease which have 
been thus far clescribecl, and in which the disease, although severe 
and sometimes even fatal in character, yet remains limited in 
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its local manifestations to the parts of the body already men
tion~d (gums, skin, connective tissue, muscles), there are other 
fol'ms which aJ'e to be looked upon as more severe than the fore
going in this one respect, viz., that the localizations are more 
varied in character, and especially that they involve to a greater 
OJ' less extent other regions, ol'gans and tissues of the body than 
those all'eady named. It may be well at this point to remind 
the reader that if at the bedside we are apt to find the type 
of a disease somewhat different from that which is pictured in 
the text-books, this is especially true of all the different fc;·ms 
of scol'butic disease. In our ful'ther consideration of scurvy, 
thel'efore, it will be impossible for us to give a comprehensive 
description of the general course of this affection in its more 
unusual fol'ms; we must simply limit ourselves to a shol't enu
meration of those parts, organs ancl tissues in which clianges 
of a distinctirnly scol'butic character have been observed. 

'l'lte niitcous membrane q/' the nasal cavities is not unfre
quently the seat, in severe cases of scurvy, of serious and clan· 
gerous epistaxis, which occurs at times spontaneously,-more 
often, perhaps, on too violently blowing the nose. These attacks 
of bleeding at the nose, which for the most pal't cannot be suc
cessfully combated without. plugging the nasal passages, al'e 
considel'ecl, and have been long considered, as a very ominous 
symptom,' owing to the exhaustion which they occasion. Pro
fuse lternorrhages frorn the stornaclt are sometimes observed; 
they appear under the form of a more or less abnudant hrema
temesis, which may at times be ushered in by a very marked 
sense of oppression in the region of the heart (Duchek). 

Ilernorrhages froin the bowels and copious bloody stools 
occur more frequently; they are ,-ery apt to follow the aclmin· 
istration of the active purgatives (compare above), although 
in other cases they result from a dysentery which, having 
existed previously, bas been modified by the scurvy (compare 
Special Symptomatology and Complications). These bloody 

1 ('ompare the passage already mentioned in Joinvillc's Ifistoire de St. Louis, which 

speaks of tbc epidemic of scurvy in 1:.?49, in the army of St. L6uis of France: 1 • le 
sigue do la mort Ctait tel, que l:l., o:t le uez salguoit, il falloi& mourir. 11 
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dejections often lead, if very abundant, to rapicl exhaustion of 
the patient, and to clea th in the course of a very few days; 
at times they continue somewhat longer, and perhaps even fo r 
se ,·eral weeks in succession the patient may pass per anum, se\·
eral times da ily, sang ninolent masses of a most pu trid odor. 

IIannaturia also sometimes occurs in severe cases of scnrvy. 
On the otlier hand, hemorrlwges f rom the respiratory organs are 
of ra re occnnence, and are for the most part onl y observed in 
the case of th ose who a re already a(!'ected with incipient phthi
sis, ancl are consequenlly already predi sposed to hmmoptysis; 
ot· in cases where tl te scurvy becomes complicated by a pneu
monia, hemorrhagic infarctions, or gangrene or the lungs. In 
general , all these hemorrhagic accidents, which occm in the 
course of an at tack of scnrvy in the various canals and open 
cavities of the body, contribu te in a very g rea t <legree to aggra
Yate the patient' s general condition ; they a re to be considered, 
therefore, uncler all circumstances, as very dangerous symptoms. 

Of an equally serious nat L1re a rc the localizations in the 
serous membranes, especially the pericardium and pleura. 
These local a(!'ec tions, which are not of rare occu1Te!lce in the 
more severe fo rms of scurvy, are clevelopecl often in a wonder· 
fully short space of time; they are ushered in by fo ,·er, and con
siot of injlcmwwtory ej/'usions ef an hemorrhagic character (pel'i · 
carditis, or pleuri tis exsuclatoria sang uinolenta sive scorbu tica), 
which arc cliuically marked by the well -known phys ical signs 
of pPri canli tic or plemi tic exuda tions, ancl which by their quan
ti ty occasion, as a rul•', great hinclerance to the fun ctions of 
the hea rt or lnngs, as the case may be. These e(!'u ions in 
severe cases often hasten the encl where patients are lyi ng 
a lready in a state of complete p rostration ; in other cases, too, 
they lead q uite directly, of themseh·es, to d,•ath . breaking in 
suddenly upo n the patient, who hacl np to thi s time been in a 
fair general condi tion, ancl by their violence ancl rapicl develop· 
ment very shortly enclange1·ing li fe. or the greatest in terest, 
on the other hand, is the fact noticed by a few observers (F. 
v. Nienwye r), that e\'en very ab unda nt ancl suddenly occurring 
e(!'usions into the thoracic or pericardial cavity, in the case or 
scorbutic patients. may sometimes be absorbecl witll almost 

VOL. XYII.-ll 
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equal promptness, if a timely ancl energetic treatm~nt p1·0,·e 
successful in improving the general condition . 

.Affections of tlie bones, cart ilages, and articulal ions are 
among the pecnlia r complications sometimes observed in the 
more severe forms of scurvy. The periosteum o( the long, hol
low bones o( the extremities is mos t often affected, espec ially 
tha t of the tibia on i ts an teri or sUl'face; fur ther, the periostenm 
of the J'i bs, of the scapul a, ol the inferior maxillary, as well as 
of the pala tine process of the supe!'ior max illary bone. These 
affections of the pcri os teum, wl1ich a re generally circumscribed 
in cha racter, occur l'elatively 0Ite11 as t!1e result of some me
cha ni cal injury (a blow, concussion, etc.) tha t has befallen the 
bones; they also sometimes occur wi thout any appal'cnt cause. 
On the sul'face of the bones abo,·e-narned, as wpll ''" sometimes 
on other bones of the skeleton, there a rn fo rmed pain ful swell
ings of Yary ing s ize nml of a certa in degree of hardness, which 
owe their orig in to s im ple hemorrhages or to inflammatory 
hemol'l'hagic effusions under the pe1foste um (periostitis scor
lmtica), and which, even in fa rnrabl e cases, a l'e u sually reab
sol'becl only Yel'y tardily . The bone itself u suall y remains intac t 
so long as these swellings of the pcri osteurn clo not exceed a 
certnii1 sizP, and prov ided the general concli tio11 is early im
proved; in unfavorable cases, howeyer, ancl especially if the 
pel'iosteum be sepa rated from the bone tl11"oughont a consider
able extent, partial necros is of thi s latter, with subsequent 
1•xfoliation a1ul ex pul sion of the dead port ions, is Ycry apt to 
follow. In other cases, aga in , the epiphyses of the bones 
become swell c>d and pa infnl , a nd at a la ter s tage the cartilage 
may bc>come p:utinlly 01· c 1·en wholly separatc>cl from the ends 
of the bones-a process which has been espec ially obsen-ed on 
the 1·ibs, sometimes c,·en affecting several al these bones at once. 
In such cases there is fo rmed, on one or on several ribs, a swell
ing of the anteri or ext1·emi ty, painful especially on p ressme or 
on the mO\·ements of respiration; la ter there will be de,-elopecl 
an angular bend at the point of junction o{ the rib with tlio 
costal car til age ; still la ter, abnormal mobili ty and crepitation 
at tl1is same point ; and finall y, complete separation of the car
tilage from the rib. After this separation, the anterior extremity 
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of the rib, deprh·ed of its connection with thr sternum ancl 
without support, now sinks back, while the detached end of 
tile cartilage appears prnminently under the skin. Reunion 
may afterwards take place by reabsorption of the blood and 
other tluicl matter ex travasated between the two parts, but they 
rarely resume their normal position. As a, matter of fart, the 
patients succumb before this ca,n take place, as the affection in 
question is usually only clereloped in ex tremely se1·en• rases 
(Dnchek). Finally, among the scorbutic affect ions o[ the bones 
must be enumernted the softening of the cal lus of uni ting or 
long unitPd fractmes, described by some authors (. \itkPn, 
Pringle, BPll, Leve ill e, Krebel). This softening is a<'compani1•cl 
h.r swelling and painfulness of the parts in rolved, ancl has !wen 
obsen·ed in a, n11111b~r of very severe cases of scu n·y. In r<>gard 
to the scorbuti c afl'ections of the articulations, these occur 
sonwtinws ns independC'nt local affections, sometim es as nccom-
11 ~rniments of pcrial'thritic processes going on in the neighboring 
connectirn li ssne. In both cases we Imm to clo with serons, or 
much more often with hemorrhag ic effu sions in to the cad ties 
of the joint , the process being characterized by great painful
ness and constantly increas ing swelling of the joint, by active 
fever, an cl by the appenrnnce of fl nctuation. 'l'hese efl'usions, 
however, H th e generrtl di sease tn.kes a favorable turn, may, 
like the effusion s into the serous cavities (compare aborn), also 
be quickly reabsorbecl; it rnrely happens that they lead to 
actual anchylosis. This arthritis scorbutica, for which, as a 
rul e, no special immediate cause could be assignecl in the cases 
reported, has been observecl most often in the knee- and ankle
joints, but also in the hip· joint, shoulcler-joint, ancl in the artic
ulation of the jaw. 

As very rare local affections of scuryy are to be considerecl 
the i olatecl cases of 'intenneningeal ltemorrliage, which usually 
ran their course unclPr the form of rapidly fatal apoplexy, but 
also in some cases ]eel to cleath with the appearances o( gracl
nally augmenting compression of the brain: headache, clullness, 
and finally stupor. It is still doubtfnl whether or not hemor· 
rhages occur in the substance of the brain; at all events, the 
remarkable case describec1 by Opitz migh t have been pointed to 
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eithPr as a case of scorbutic hPmorrhage in to tho brain, or as 
one of nn acutely de,·eloped k cmatoma of the clura mater 
which snbscqnently was reabsorbed, or a:; onc of hemorrhage 
in to the pia mater which remainecl circumseri bed. l1.s the 
patient recovered, it was not possible to detennine which of 
these three suppositions was the correct one. 

In the case of scurvy to which we have ju!'lt referred , conn1ls ions suddenly 
occurred, fo llowed !Jy lo!>S of cousciousncss, nnd li cmip lcgia o f the (left) s iUc o f 
the face nnd body. Twt" nty -four hours later the sensorium had become clear 

and the paralysis had di sappeared. A modcrntc degree o f headache pcr
st ill fo 1· some time, nnd there was al so a slig ht l1 ypcncsthcs ia o f the affcct ld 

upper extremity, which lasted about two weeks; lat.e r these symptoms also dis-
appcarc<l , and finally the p tltient eutirely recovered from his scorbutic attack. 

Finally, r.mong the scorbutic local affect ions which arc not 
of such Yery 1''1 1"' occurrence, shoulcl be mentionecl the afl'ec ti ons 
o[ t lte eye ancl its accessory organs . Thus, there is sometimes 
dP \"e1oped, in miltl as well as in se,·ere cases of sc1u,7, an inflam
mato1·y process in the conjunctiYa of the bulb, as well as of the 
eyelicls (conj unctiri tis et blepharitis scorbutica),-a fo rm of con
junct iviti s which shows, besicles the usual manifes tations of 
tlii s afl'ection (redness, swelling, ancl increasetl secretion), those 
characteri stics which stamp it as being scorbuti c in its nature;. 
Thus, fo r example, at an early da te, more or Jess extensive extm
rnsa, ions of bloocl are pret ty sure to mak e their appearance 
u ncler the conjnnctiva, ra i:;ing the latter up in many places ancl 
causing it to protrmle in the form o[ little sack s till ed with 
bloocl, which may bo suffi ciently numerous to cover the whole 
anterior smface of the eye. In cases which pursue a favorable 
course, there follows later a graclual reabsorp tion of the extrava
satecl bloocl, with clisappearance of the inflammatory symptoms. 
At other times, in aclcl ition to the conjuncti viti s- or even inde
pendently of this-hemonhages take place in to the an terior cham
ber of the eye, ancl these often seem to be clepenclent upon an 
inflammatory affection of the iris (iritis scorbuti ca). This latter 
affec tion may entirely di sappear, 01· may leacl to an abnormal 
a ttachment of the iri s to the anterior surface of the rapsule of 
the lens. The ex tmrnsatecl bloocl is either quickly ancl en tirely 
i-eabsorbecl, or portions of the same remain for a considerable time 
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in the form or brownish-red spots on the surface of the lens, 
interfering more or less with the power of sight. The occurrence 
of hemorrhagic chorioiditis has al so been asserted; and finally, 
sometimes, in very severe cases, which so far 11ave always ended 
fatally, there arises, in the course of a fully de1·elopecl general 
cachexia, a panoph thalmitis (generally do11ble), in the course of 
which the cornea becomes rapidly opaque, and may e1·en undergo 
ul ceration, as a final result or which the eye is completely de
stroyed (G. v. S. Ilimmelstiem ). 'Ye shall not here go into fur. 
ther details in rega1·d to these quite numerous alTeetions of the 
eye which are obsen·ed in the course of SClllTY; for ful'th·r par
ti culars regarding thPS<', we refer our reade1·s to the works of 
Thielmann 1 and Krebel, ' as well as to the tex t-books of opl1thal
mology. 

To close our general examination of the course and manife'· 
tations of sctir1•y, we shall still mention some pathological !nett<, 
which, indeed, do not possess that spec ific clinical character that 
appr rtains to the local symptoms hi therto considered, but which 
nevertheless may prom of value by lead ing to a clearer under
standing of the nature pf the disrase. Among these facts may 
be mentioned : 1. The frequent occn1Tence of enl argement of the 
spleen during the later stages of the more severe cases of scun•y, 
-an enlargement which has been verified during life (and also 
on post-mortem examination) independently of any malarious 
affection; then 2. The frequent occurrence of albuminuria in 
the more intense cases of scurvy of every sort. \\' here antopsies 
were subsequently made, no achancecl or m·en clearly de1·elopec1 
affection of the kidneys was by any means fo1rncl always to 
correspond wiih the ex istence of this latter symptom; these 
organs, on the contrary, were not seldom found apparently 
intact (Opitz, Duchek , and others). Interest ing, but in a theore
tical point of view perhaps somewhat overesti m:ited (comp. what 
follows), are further, 3. The statements of Duchek in regard 
to the comparative quantities ef the various normal elements of 
tlte urine in the case of a number of scurvy patients carefull y 
examined by him for thi s purpose. It was fonnd, for example, 

1 Die Beorbutische Augenentziindung. Med. Zeit. J;tussl. 1844. Xr. 1 u. 2. 
~ L. c. S. 179- 186. 
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that with the increase of intensity of the scorbuti c disordPr in 

geueml, not only was there a decrease ef tlw amount ef uri1te 
secreted, but also a decrease qf all tlte solid elements qf' the ~trine 
with the exception of the potassa (and of the phosphoric acid); 

while cice versd, as improvement occurred in the scol'butic symp

toms, the urine again inereasecl in q nantity, nncl at the same tim .. 

the normal quantitative relations between tho solid elements of 

the urine were restot'ed. \Ve shall ret11 rn again to this matter 

farther on, and only give here very sumrnarily the ernluations 

stated by Duchek: 
Duchck's 1 cxamimltions were conductccl in the cases of six scurvy patients. Iu 

the first period of the disease the quantity of urine passed in twenty-four hours 

fell to lJ00-1200 cubic centimetres-in one particularly severe case as low as 8:}0 

cubic ccntimcti·csi further, th <J s peci fi c g ravity fell to 1015-1009. Spcd~lly not ice

able was the want of proportion between the amounts of potassu and o f so<la 

secreted iu the first period, since, while the former remained almost the same as under 

normnl C'oud itions, nncl in three cases even increased somewhat, the latter decreu&d 

so much und so quickly thut, in place of the normal proportion of 1 : 12 between the 

two alkalies (potassa and soda)1 the proportion was now on an average l : 1.9. 

On the other hand, during the second period of the disease the secretion of pot:issa 

cxperi encccl a slight absolute lessening . 

Finally, it has again and again been men tioned in the course 

of this article that many local affections of scurvy may run their 

course with fever. In opposition, however, to these results of 

observation, it must be remarked that the tcmpemtme of the 

body is not influenced specially by general scm,·y, at least not 

to the ex tent which wou ld justify us in designa.ti11g the increase 

as f Pver. On the contmry, when the temperature during scun·y 

reached a fe,'er point-ancl this occnrred in fact in almost all 

severe forms of the di sease at some time 01· other-then there 

always ex isted at the same time such local processes (of an 

inffammatory natnre) as would in all probability have induced 

fever even in non-scorbutic patients. 

Post-mortem Appearances. 

The bodies of those who have died of scurvy show, as a rnl e, 

slight rigidity, early decomposition, ancl extensive cadaveric 
1 Oestr. Jahrbilchcr. 1801. Bd. XVII. S. 39. 
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spots ; they appeai-, moreo,·er, emaciatPd in va rying degree (ac
cording to the du ration of t he disease), though at t he sa me time 
there is often d ropsical swelling, especia ll y of the lower limbs. 
The skin is usuall y of a d irty grayish-yellow color, dry and 
lea thery to the touch, a nd covel'ed with ab unda nt epidermis 
scales. On the trnnk a ncl ex tl'emi ties (almost ne,·e r on the face) 
are to be seen, vary ing in nnrnber, size, fol'rn, and topogmphi· 
cal distribu tion, the hemunl1agic erup tions o( tlie skin, already 
described on a p revi ous page. A 111 ore careful mic!'oscopical 
examination or the parts so affected shows that, in the case 
or the smallet· (petec liial ) fol'ms of purp tnic eruption, the ex tra· 
vasation of bl ood almost always proceeds from the w ry close 
and fine network of capilla ries snnound ing the hail'-folli cles, 
since the extra,·asa ted red co rpuscles of the bl ood am only fo und 
deposited in the meshes of this netwod <: aml in i ts immediate 
neighborh ood. The lai·ger hemonhagic ern ptions (ecchy mose8, 
vibices) a re na turall y occasioned hy mu1·e extensire exlrarnsa
tions of blood, which will be fo11 11 d at one time to have ema
nated from the more superfi cial, at another from the deeper 
capillary network of the corium. The hemonlrngic foci ex isting 
in the more h omogeneous a nd com pact upper laye1· of the 
coriLun (pars papillai'is corii) are, as a mle, less sp1·eail out in 
surface tha n those which a re more ileeply situatecl in the laxer 
ti ssues of t he pars reticulnri s corii; but the former are almost 
alway; co111plica tec1 by the entrance of blood into the deeper 
layers of the epide1·mi s, especially in to the so-cal lecl re te i\Ial 
pighi. i\Iicroscopiral examina ti on teaches that i t is not onl y 
in the case of vesicul ar a nd bull ons eruptions (p u1·pnra ,-e-icu
losa-pempltig us scorbu ticus) that the blood extra rnsatecl from 
the superficial cap illari es of the skin becomes collec te<l on the 
surface of t lie papill re, bu t that the same process, on a much less 
extensive scale, goes on a lso in the macula r fo l'll1 s of purp ura, 
since in these, too, it will be fo und that the rete }falpighi has 
been invaded by the red blood-corpuscles (Opitz). N ow, whctlier 
the cu taneous hemorrhage has been superfi cial or deep -seated, 
we shall find- if, as is usually the case, it is of quite long stand 
ing - that only very few of the bl ood-corpuscles which are 
deposited in the rete and corinm are well preserved, the greater 
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part of them lrndng begun to disintegrate and to lose their color
ing matter in a greater or less degree. It will be fo und, too, that 
the neighboring tissues have, as a rule, imbibed this coloring 
matter, or it has been deposited in separnte particles here anll 
there among the tissues in the form of small grains, lumps, or 
Hat pieces of n1rious colors (yellowish-red, brownish, black).-In 
1·<•gard to the coarser anatom ical cha1·acteri stics of scorbtttic 
u lcers of the sk in, we refer to what has ueen ali·e:icly stated by 
11 s in Lhe description of the di sease; no very ~wcnrate histologi· 
cal clt•scriptions of tl1e uehavior of the edge o[ the ulcer, of the 
grnnulations, etc., are to be found in the literature of scnrvy up 
to the present time. Those indurations qf' the subcutaneous 
connective !issue, and of the deeper layers of connective tissue, 
which have been recognizable by palpation cltt ring life, prove at 
the autopsy to be infiltrations of the tissue by ex l rarnsatecl 
ulood which has coagulated, and the color and condition of 
which depend upon the recentness of the extrarnsat ion. These 
infiltrations present d ifierent characteristics : so111 e arn 1·ather 
finn, some softer in consistency; some are sharpl y defined, and 
may then in some cases e\·en be enuclea ted, while the limits 
of others are Jess clearly mm·ked. In the more recent foci tl1ere 
will still be fo und a dark cheny-red or bl'O\\'nish-red cmor 
of gelatinous consistency in the midst of a clea rly distinguish· 
able net\\'01·k of fib res of connective tissue, which are of a yel
lowish or reddish hue; on pressure or section a redd ish serum 
may be caused to exude from the clot. In the case of foci of 
older elate, on the other hand, we have yellowish-brown or gray
ish-yellow, firm and homogeneous deposits of fibrine within 
which the tissue-elements (fibres of connective tissue) can only 
be found with difficulty. In still later stages, ancl in the case of 
such extrn.vasations as were apparently beginning to be dissi
pated during life, the still ex isting fibrinons masses will be found 
to have again become softer and more friable, yet at the same 
time more decolorized than before; and the network of connec
t ive tissue, which could p rev iously hardly be clistingnishecl, will 
now be found to be more plainly recognizable and of gelatinous 
consistency. Finally, if the mass represents a focus of ancient 
date, which has at the same time retained its hardness, then, on 
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cutting into it, the knife encounters an almost cartilaginous 
resis tance, and, as a rule, meets with callous masses of connectire 
tissue of a yellowish or brownish color, but no longer any fibrin
ons clots and sangninolent infiltmtion. If extensive callous 
solidifications of this sort have taken place in the subcutaneous, 
subfascial, and intermediate connective tissue, then the muscles 
lying beneath or imbedded in this tissue are seen to be atro
phied; their tendons are often abnormally attached to the bones, 
or are, as it were, actually walled up in the fibrous tissue, and 
the joints to which they belong are by this means often brought 
into a condition of so-called false anchylosis. Thus are to be 
explained, for ins tance, those di splacements of the osseous parts 
composing the ankle-joint which are known under the names of 
pes eqninus, pes valgus, and pes ,·am s (comp. Description of the 
Disease) . In regard to the more recent foci in the 1n1tsdes, it 
rnnst be said that the anatomical changes which charactNize 
these are similar in ~ ,·e 1·y respect to those of tl1e more re<'ent foc i 
in the connectil· e tissue, since here, too, we hare to tlo with infil
trations of extravasatecl blood into the fleshy part o[ the mns
cles. That portion of the mu scle which is thus impn•gnated 
with clotted blood appea1·s of a dark cherry-red or even bhwkish 
color; it is, mor0o ve1·, somewhat hard, yet much less firm than 
the mnscuhr tissue which remains in its normal sta te, anrl may 
for this reason be easily crnshed by careless hanclling. On the 
othet· hand, in the case of muscula1· foci of older date and which 
have not become resolved, we find, as in the case or lasting indu
rntious of the connective tissue, on section of the shortened and 
much atrophied muscle, at the point where induration could be 
felt, scarcely anything besides callous cicatricial tissue. 

Much less uniformly do we find , at the post-mo1tem exami
nation of those who have died of scmTy, lesions of the articula
tions and bones, in addition to those which have been described 
of the skin, the connective tissue, and the muscles. Sometimes, 
however, on opening one or another articulation which has been 
found to be swelled, there flows out a serous or a sangu inolent 
tluid from the opened cavity, whose wall s (cartilage, capsular 
membrane) may then on examination prove to be in a normal con
clition, or may appear more or less severely affectecl. The latter is 
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very likely to be the case where the efft1sion is hemonhagic in 

charactet·, in which m·ent there will pretty often al so be found 

vartial ulcerations of the capsule of the articulation, effusion of 

blood between the cartilage ancl the epiphysis of the bone, sepa

rati on of the cartilag<', ancl pulpy softening of the ends of lho 

bone nmlcr the same. The following may also be mentioned as 

among thu lesions which arc sometimes obserrnd in the bones : 

coll1•c1ions of clots of blood, OL' of sanguinolent jelly-like sub

stance between tho periosteum ancl bone, separating the perio:;

teum from the bone, ancl complicatl'cl for the most part by par

tial necrosis and softening of the bone, and frequently, too, by 

ul ceration and degeneration of tlrn periosteum itsoH; fu1ther, 

detachment of the tendinot1s insertions of the muscles from the 

bone thus altered and diseased; finally, extran1sations within 

the bone, especially in the midst of the spongy tisstte, which is 

at snch points almost always more or less softened, and has 

been at times fonn cl to form a deliquescent, gelatinous mass. 

N ow, in l'egarcl to tho remaining parts, the 'ln1wous 1nembrane 

of tlte mouth, in the first place, must be again shortly consicl1•1·ed 

here. As a rul e, in cases of scmvy which have tel'l11inated 

fatally, the gums of lhc cad,n·er show still more 11lainly and 

visibly tho;e plwnomen'i or ex trem e swelling, or cliphtheritic 

slonglting, or of ulceration, which had been observed clut·ing life. 

Only the redness i; less pronounced than during life, since this 

is in part ow ing to an actirn congest ion of the vessels of the 

mncous membmne, which natnrally disappears at death ; while, 

on the other hand, the condition of h c•mo1Thagic infiltration of 

the mucous membrnne, aml the lividity of the same caused by 

thi s, is particularly di st inct, both to the naked eye ancl on 

microscopical examination, owing to this same (post-mortem) 

abs0nce of conge-stion. A rnicl'Oscopic examination shows, 

indPed, that the whole of the cliseasecl tissue is more or less 

thi~kly stLLclclecl with the reel corpuscles of extravasatecl blood. 

If the case under examination be one of olcler elate, which has 

run a long course, the thickened gums may be found compact, 

firm , and nodular; a careful examination shows that tit is depart

ure from the usual state of thin,!;S is occasioned by a new forma

tion of connectil·e ti ss L1e, which has taken place in the gums 
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after they have been infiltrated with blood. The rest or the 
mucous membrane of the month shows in scurvy, on the cadaver 
as well as du1·ing life, but slight alterntions ; its color is for the 
most part somewhat bluish, and it is only rarely that it prnsents 
more serious lesions in the form of hemorrhagic infiltrations or 
ulcerations with loss of substance. 

Among tlw organs ef the thorax, it is thC' pFricardillln which 
is most fr1•q1t<'llliy attal'kPd, and next to that the pleura. Jn one 
or more (someli n1 es ereu all Llnee at once) of these sel'Ous sacks, 
considerable t>fl'usions o( "' fluid, either clearly sang1tine 01· at 
least stai ned with blood, will often be found. The quantity of 
this tluid, as we h:we just remark.eel, is ft-1 .. quently vc1·y great, 
and may, for instance, in the pericardium alone, amount to st•v· 

ernl pounds. In addition, however, to these exudations, eri
dences of inflammation are also pretty constantly found in tho 
serous rnern branes, 113-mely, increased injection of the vessl·ls, 
fibrinons deposits, and finally hemorrhagic spots, which ow" 
their origin to an extra,·asation of blood into the tissue itself o( 
the pericardium and pleura. Ecchymoses of this sort arn sePll 
more especially on the epirardimn as well as 011 the pleurm pul
monnJes; extrarnsations of greater or less ext~nt also occur 
under the serous coats, in which case the «xtravasatecl bloocl is 
deposited in the form or hemorrhag ic foci direetly upon tho su r
face of the hrnrt and or the lungs. The lteart is usually flaccid, 
its muscular fibres pale, ancl probably in prolonged cases also 
nfrerted with ratty degeneration. HemorrhagPS h:tl'e been nwn
tioned as at ti.nl'S occurring in the muscular ti:ssne of the heart, 
likewise occasionally ev idences of endoca1·ditis rnh·ularis. The 
tissue qj' tlte lungs is for the most part the seat of a bloody 
mderna, which is very frequently accompanied by hypostases in 
the form or catnrrhal-cronpous solidifications of the tissue or the 
lungs in their inferior and posterior portions, on both sides. 
Somewhat Jess frequent :u·e the firmer hepatizations in other 
localities; still, even extensive croupous prrnumonia of one or 
the other lung has been observed in some cases (as a simple com
plicating proce s). Finally, in quite a nnmber of cases the lungs 
contained more or less numerous hemonhngic infarctions-in a 
few, even gangrenous foci of greater or less extent. 'rhe mucous 
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membrane of the bronchi almost always exhi bits extensil"e and 
m1merous ecchymoses on an otherwise pale surface, and is usu
ally covered wi th abundant bloody mucus. The mucous meni
brane of tlte larynx is found in a similar condition, and, more
over, shows a t times mdema in a very marked degree. 

There is also found at times in the abdominal cavity, although 
much less often than in tlrn thomcic cavity, an hemorrhagic 
effosion accompa nied by fibrinous secret ions ancl deposits on the 
pa rietal and vi sceral seroc1s surfaces, and numero us ecchymoses. 
On the mucous 1nernbrane of the stomach and small -intestine 
are seen hemonhagic spots a.nd erosions, nnd at times more pro
fo und losses of substance, penetra ting e1·en to the mnscular coat 
and showing villous edges infiltra tecl with ulood (Opitz); ulood, 
either clottC"d or in a hair fluid state, is also frequently mingled 
with the contents of these portions of lhe bowels. The mucous 
111embr't1W of the large intestine generally presents Yery marked 
lesions in those easps in which frequent bl oody stool occurred 
dut-ing li fe (Sarn son-Jiimrnelstiern , Cejka, Duchek). The mucous 
membrane appears swelled, i ~ stndded \vith very numerous 
hemorrhngic infiltra tions, and is remarkably tender (which ex
plains why it bleeds so very easily); in some plnces a bl'ownish
red, pulpy rnass, a t timt•s quite considerable, rnay be wiped off 
from the surface of the mucous memb1-,11w, and the snbjacent tis
sue is then found to be destroyed or quite Jillecl with blood and 
softe ned. In other cases thel'e is exte11 sive folli cular ul ceration 
(Cejka), generally accompanied by an hemol'rhag ic infiltration of 
the edges of each small , roundish loss of substance. The contents 
of the large in testine are, like those of the stomach and small 
in testine, for the most part mingled with blood . The liver shows 
no pathological peculial'ities other than hcmonhagic spots on 
its surface. The spleen is sometimes of no1·mal size, much 
oftener, however, appreciably enlarged, and in thi s case contains 
more blood and is of diminished consistency. At times, more
over, there exists in thi s organ wedge-shaped, hemorrhagic foci. 
In the pancreas. effusions of blood wei-e on various occasions 
obsei·ved by Cejka. The kidneys seem often to have beeu founcl 
in a quite normal condition, even where albuminuria had existed 
during life (Opitz, Duchek); at other times, howernr, in cases 
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where the urine during life had contained large quantities of 
albumen, the evidences were found of a commencing 0 1· even of u 

well -developed parenchymatous degeneration of these organs 
(Cejku, Krebel); finally, in u few protracted cases even atrophy 
of the kid neys was observed (Opitz). Hemorrhagic spots were 
sometimes observed on the capsule of the kidneys; infarctions 
too, of rnrious size, have been seen in the conical substance, Jess 
often in the deeper tissues. The nmcous membrane of the pelcis 
of lite kidney, of tlte ureters, and ef tlte bladder, was often the 
seat of eccl1ymoses as well as of erosions, the contents of the 
mi nary passages being in such cases for the most part tinged with 
blood. In the genera l description of the disl'ase we mentioned 
very brieffy the anatomical changes which may occur in scurry 
within tlte skull or in the organs of sigltt. 

Finally, in a di sease like scurvy, which manifes ts itself by 
such prominent hemorrhagic symptoms, the condition ef tlte 
blood-i•essels, especially the capillaries, as well as that of the 
blood itself, dese lTCS special consideration. But, strange to say, 
up to the present timH no descriptions of any ntlue in regard to the 
condition of the walls of the capillary vessels are to be found in 
the literature of scun·y-a fact which of itself would justify the 

conclusion that at least no positive anatomical changes of a very 
marked character are uniformly present in these Yessels. This 
}ll'esumption, too, is in harmony with the result of the examina
tions orLas0gne andLegrn11x, who during tlH• epi<lPmic occasioned 

by the siege of Pul'is (1871), exam ined cardully the condi tion of 
the capillul'ies on the bodie uf se,·en patients who had died of 
scurvy, and could discover nothing abnormul there, beyond very 
scattered fat ty gmnulations. Now, in regard to the condition of 
the blood, this important question too, like that respecting the 
state of the capillary wall s, has up to the present time gil•en 
rise much more to theoretical speculation than to exact obserrn
tion ancl examination. \\'e must not, h owever, he surprised at 
the small number of unalyses of the blood that have been made 
in thi s disease; we must remember thut in recent times it is only 
seldom that an opportunity has been offered to take blood from 
scurvy patients in sufficient quantity and sufficiently pure to 
serve for examination; and we must al so not forget that any 



174 I:\DCER".\lANN. -SCURT'\'". 

direct nttempt to take blood in this disense is attended with 
danger. Our knowledge of the condition of the blood or scun•y 
patients is, therefore, limited principally to the very rough 
rnsults offered by an inspection of the blood of the cadaver in 
fatal cases, and to the results of a smnll llumbcr of microscopic 
and chemical analyses made only with partial accuracy on blood 
taken by the lancet or by cups during life. 

Autopsies showed that, where the disense had lnsted hut n 
short t ime, the blood found in the cav ities of the hPart ancl 
of the 1fLl'gcr vessels was, as a rul e, of dark color ; moreover, 
that it was sometimes fluid or only pa1·tially clotted, and some
times firmly coagulated; while, on the other hand, where the 
duration o{ the disease hacl been longer, the blood was rather 
of a lighter color and in a more Huid state, without, however, 
an enti1·e absence of firm coagulations o f f-ibrine ernn in such 
cases. These results by no mmns justi[y the conclusion that 
these alterations of the blood are in any sense specific, since 
precisely the same properties are discovered in the blood of 
the cadaver in innumerable cases of those who harn suffered 
with quite different serere diseases of shorter or o{ longer 
dm-ation. Nor has the matter been made really clearer as 
yet by the results of microscopic and chemical analysis; and 
absolutely nothing characteri stic, hardly even anything con
stant or positive, can be gleaned from lhe statements of those 
investigators who have formerly or even quite recently de
votccl themselves to this subject. Now, in regard to the red 
blood-corpuscles, the exam inations bearing upon thi s subject 
showed in the first place no anomaly in the form, that is, no 
shrinking of the blood-disks, as had been formerly assumed 
ou no other ground than that of certa in theoretical ideas (of 
an increase in the amount of salt contained in the blood of 
scurvy patients, and of a loss of wnter from the corpuscles 
occasioned by this) (J. Yogel). In rega rd to the ap:gregate 
number of the red bloocl-corpuscles, the statements o{ di(]'erent 
authors vary, since some (Opit'-) report that they ha\•e found 
the blood still very rich in these bodies in severe forms of scun-y; 
while others (Becquerel and Rodier, Chalvet), on the contrary, 
report that they have found a noticeable diminution in the num-
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ber or the same in the advanced stages or the disease. Just as 
Yarious, too, are the statements in regard to the amount or iron 
contained in the blood, which Opitz and Schneider report to be 
somewhat increased, Duchek to be about normal or slightly 
dirninisbecl, while Becquerel and Rodier, as well as Chail"et, 
n·port it to be (corresponding with the numerical decrease or reel 
ro1·puscles seen by them) considerably decreased. According to 
Chalvet, too, the amount of potassa contained in the blood 
di>creases in a degree corresponding to the diminution in number 
or the reel corpuscles, a statement which has nothing sur1wising 
in it uncler the presupposition of oligocythremia r11bra, since 
polassa, like irnn, is a preponderating element of the reel blood
corpuscles mily, while under normal conditions it exists in only 
very minute quantity in the plasma. Garrod, too, thought that 
he found the hlood or a scun·y patient Jacking in potassa. in an 
analysis which he formerly rnade (unfortunately, in a Yery 
imperfect manne1·), and by the aid of this untrustworthy result 
sought to give a further positive ground for his theory in r<>gnrcl 
to the natlll'e aml pathogenesis or the disease-a theory to which 
we have already alluclecl in the Etiology, and which is in other 
respects most worthy or attention. But, \\"ithout further con
sideration, it must be C'lear to every one that quite as little use
fu l advance would be made towards the theoretical cornp1·cheu
sion of scurvy by the simple proof of a lessening ,,r the potassa, 
as or the iron, contained in the bloocl considered as a whole, 
since both these changes (the diminution or iron as well as that 
or potassa) must be supposed to ha1·e taken plarc in e1·c1·y other 
oligocythmmia rnbra. Now, as these changes undoubtedly take 
plare in the ,·arions forms of anremia, and still more in chloro:;is 
(compare the chapter treating of this in rnlume XYI.), it is 
impossible to consider them as really pathognomonic charncter
istics or the blood of scmTy patients, or to attempt to explain 
the disea e in this way. For the purpose or testing Garrod"s 
theory that the diminution of the amount of potassa is the tme 
and exclusive cause of the constitutional scorbutic affection, it 
would be far more important and convincing to obtain compcirrt
tive estimates qf tlle amount of potassa contained in equal vol
umes ef scorbutic and non-scorbutic 1wl corpuscles, and to 
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tliese might fur ther be aclded analogot1s estima tes of the amount 
of potassa contained in other tissues specially rich in potass:• 
(particularl y the s triated and non-•tria ted muscles). Examina
tions or tliis sort ham not, at least to our knowledge, been as 
y et undertaken by any one ; we cannot, therefo re, here make 
reference to any such. - In rega;-cl to the beha,·ior or the wltita 
blood-corpuscles, recent statements (Laboulbiine) indicate a con
siderable increase in the num ber or these bodies in pronounced 
cases or the disease ; in these reports, howernr, there is wanting 
anything to prove that the leucocytosis appa t·cnt to the micro· 
scope was also really absolute in the cases referred to, and the 
supposition is certainly allowable that the increase in number of 
the colorless corpusd es formecl only :m apparent departure from 
the normal, caused by the decrease in number of the reel co1 .. 
puscles . But m-en supposing that absolute leucocytosis of the 
blood regularly existecl in scun·y , the proof of thi s would still 
offer nothing patliognomonic, since it is well known that this 
departure from the normal has been of late observed in processes 
of disease most widely differing in character. F ormerly specu
lation turnecl with ,·cry marked p reference to the fibrine of the 
blood, and a decrease in this element was supposed to be the 
most important, perhaps the only change in the blood of scnr1'y 
patients by which especially the hemorrhagic diathesis was to 
be explained. \\' hen careful examinations, however, were really 
made, they clicl no t by any means rPgulal'ly prove a decrease of 
the fibrinc ; more often it was founcl to be present in normal 
quantity, and a few of the earlier as well as more recent analyses 
have shown even an increase in its amount. Thus, for instance. 
Becquerel and Rodier, in fi ve scurvy patients examined by them. 
found the amoun t of fibrine to vary between 2.2 per cent. ancl 
4.1 per cent.; Opitz and Schneider found it in one case to be 3.-1 
per cent. ; finally , Chai vet, as well as Lasegue and Legroux, found 
the quantity or tibrine to be abou t twice as great as it should be 
in a healthy individual, say 2.0 per cent. From these numerical 
data we may at least gather so much as this- viz., that the scor
butic manifestations cannot be a ttributed to a " hypinotic condi· 
tion" of the bl ood, and that theories grounded upon th is sup· 
posed quality find no support in chemistry. 
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Andra! and Gavarret, Becquerel and Rodier, Fane, Sclrnei
der, and some others, state that the amount of albumen con
tained in the bloocl is diminished ; w l1ile Chai ret, on the other 
hand, maintains that it is increased. Authorities also disagree 
in regard to the salts of the serum of the blood, some holding 
that there is an increase in the alkalinity o( this fluid, others 
that there is an increase in the amount of chlo1·ide of sodium, 
both of which conditions are held to be the cause of the scorbutic 
111anifestations. For example, while Becquerel and Rodier in 
particulm·, as well as Denis and othei-s before them, thought 
that they had found, in their examinations, an increase in the 
salts of the blood, especially o( the chloride of sodium, to double 
the normal amount, and attributed to this excess the assumed 
diminished coagulability of the blood of sCllrvy patients, Sclmei
der and Opitz wei-e able by their analyses to prove the contrary, 
viz., a dimi1rnlion in the amount of salts.-:N"ow, if we take a 
general survey of the total results of the analyses made o( the 
blood of scurvy patients up to this time, we can hardly avoid a 
feeling of dissatisfaction. From the various and conlrndiclory 
statements of dill'erent authors we obtain but one, and that a 
decidedly negative result-namely, that the condition of the 
blood of scurvy patients, so far as we understand it at the p1·es
ent tin1e, shows no peculiarities which might not occur as well 
in other pathologic>il processes. 

Special Symptomatology. 

Analysis of tlte Symptoms qf tlte Disease and of tlte Anatomi
cal Oltanges. 

In this section we will endeaYor to illustrate, by a fpw Pxplan
atory remarks, the account of the more important clinieal and 
anatomical clata bearing on scm-.y, that has been given in the 
two preceding sections of this chapter. Jn this way we shall 
perhaps succeed in attaining a more exact theoretical com
prehension of the affection. 

Since in the majority of cases the characteristic clinical pic
VOL. XYII.-12 
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tare of scurry is usherecl in by the den'Jopn10nt Of a p0cu]iar 
cacltexia, and since this disturbance, which afft•cts the subjecti,·e 
as well as the objective condition of the entire organisru, per
sistently maintains a ve1·y conspicuous place among the various 
local scorbutic phenomena throughout the whole course of the 
disease, it seems necessary to give it the first place in the special 
consideration of the symptomatology as well as in the general 
clinical picturn. It really looks in !llost cases as if all the other 
local manifestations or scnn-y were developed from the alreadr 
existing or primordial cachexia, and especially as if the facility 
with which the subsequent local processes are <:voh·cd i11 di!Terent 
parts or the body, as well as the intp11sity or these local processes, 
stood in a direct ratio to the se,·erity or that geneml pathological 
condition! 

The cacltexin ef scurvy resembles in many respects that of 
anamia, particularly in the loss or power in the Yolnntarr 
muscles, but also in the diminished force of the heart's action, 
and in the prostration or most of the Yegetative functions of the 
body. The following symptoms may, JiowC\·er, be considered as 
more especially characteristic of the former, b~cause they are at 
least not so constant and so marked in simple anmmia, e,·en 
when it is cxcessirn: rheumatic pains in the muscles-which are 
a lmost always present even in the ini tial period, and which later 
often attain an excessive degree-and the usual ly excessive psy
chical depression, which is also one of the earliest symptoms 
or the cl1ange in the general condition in scu 1Ty, and which, 
as we have already remarked, cannot be ascribed entirely to the 
often unfavorable surroundings of the patients. It is, moreO\·er, 
worthy or remark, that the bodily languor or scorbutic patients 
very often reaches an unusual degree of intensity even before 
the occurrence of local symptoms, ancl that it makes its appear
ance in general at an earli er period, and with more intensity. in 
scurvy than in the idiopathic or essential forms or simple amcmia. 
In a case or fully developed scu rvy, the IJrostration is excessh·e, 
and can only be compared according to its intensity with the 
weakness and exhaustion that a re observed in the acute anremia 
fo llowing great loss or blood, or in the more severe forms of symp· 
tomatic anromia accompany ing fever, carcinoma, etc., or perhaps 
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in progressive pernicious anremia. A t the same time, however, 
the pallor of the d sible pa rts, especially the mucous su rfaces, 
is far from reaching that degree of in tensity in scurvy wh ich we 
are accustomed to lind in simple severe oligocy thmmia (or oligo
chromremia); it is often even entirely absent when the d isease 
has lasted bu t a short time, although a very marked d isturbance 
o[ the general health may already exist and the patients per
haps already fee l exceedingly wretched and feeble. Further, the 
change in the color of those parts that in health are vividly 
injec ted (the cheeks, lips, etc.}, is especiall y di stinct in the early 
peri ocl s of scm vy , but the parts become li vid (cyanotic) rather 
than pa le (anre mi c). The linge of the affected parts resembles 
more the dull b luish-red observed in pa tients whose bloocl con
tains sufficient colored elements, but in whom hmmatosis (decai'
bonization) is incomplete in consequence of weakened act ion o[ 
the heart or o[ some other dera ngement of the circ ulation. Direc t 
observations, moreover, seem to show that the blood of sco rbutic 
patients in the earlier stages of the disease is not paler, bt1t is 
rather of the normal color or even darki>r than normal bloocl; 
that consequently neither the number of the red corpuscles nor 
the amoun t of colol'ing matter conta iiwd in them has unclergone 
any positive decrease (Schneider and Opi tz); on the other hand, 
they prove tha t the circula tion is affected and rendered slower 
at a very early period, as a result of actual adynamia of the 
hPart. Hence, we are finally compelled to assume as necessary 
that the weakness of the heart, the m?tscular debility, and tlte
ollter manifestatiqns of lite scorbutic cacltexia, probably owe 
tlteir origin to sometking else than an ordinary oligocytlwmzia. 

" rhen, however, the disease is of long stand ing, the pa tien t 
really becomes pale ancl anromic to a degree dependent on the 
dura tion and severity of the attack , and particul arly on the 
number and copiousness of the hemorrhages, the heigh t of the 
fever, etc. In such cases a trne anmmia is actually superadded 
to the scurvy as a complication or a sequel. llforeover, theo
reti cal considerations, which we will discuss more fully far ther 
on, lead us to believe tha t, as the scorbut ic cachex ia increases 
in intensity , the n'production of the red blood-corpuscles is 
grndually more and more inter fered with, and that in the later 
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stages of the di sease a n oligocy tli mrnia is clevelopecl, which ~ s 
not entirely consequent upon loss of blood, fm•e r, etc., but is 
clue to a n act ual in terference witli tlie cle,·elopment of the bloocl
ti ssue. \Vhil e ·asserting, however, this we1l -grounded opinion, 
that oligorythremi a. occurs as an accidental change in the con ~ 
stit ution of the bloocl, in the later stages of many severe cases of 
sc ul'l'y, we do not mean to insist less on the above-men t ioned, 
a11d, as we think, equall y well-grnunded opini on, tlm t the ca
chex ia of scnny is in i tself and origina ll y not an oligocytluemia 
(o r oligochrorn;cmia), nor an a nromia at all , but a sp ecial and 
'independent cunstitidional affection. In additi on to the pecu
lia l'i t ies (rl1eumatic pains, psychical depression) already spoken 
of, we may, there[ore, in accordance with the detail s g iven above, 
mention explicitly as a prominent cha l'acteristic of this pa tholo
gical species, a very severe functional derangement of the motor 
apparatus (the heart and the voluntary muscles), which must 
not be ascl'ibecl, as in ame rni a, to a want or hmmoglobine in the 
blood . As the cacltexia of scun·y progresses, h owever, it is 
characte!'ized, as a special fo rm of consti tutional di sorcler, par
ticularl y by its local developments, Which a re peculiar ill their 
natnre, ancl are not met with ill the sa me form in any other 
general di sorder. J~et us now brietly consider wha t the clinical 
picture ancl the anatomical lesions have taught us in rPgard 
to each of these local processes : as the scorbutic affection qf 
the g1tms is the most frequent, ancl genera ll y also the earliest 

-local sy mp tom of SC lllTf, we will consider it fir :; t, and study 
more closely its na ture and mode of origin. The hi stological 
changes i11 1 ancl clinical appearance3 o{ the g urns, even in the 
slighter fo rms of the affect ion, show that we have to deal with 
a clecic1eclly inflammatory process, which begius with hyper· 
mmia and extravasation of the fluid elements of the blood, 
and leads to recl lless and painful swelling of the parts affected. 
The peculi ari ties which di stingui sh thi s stoma ti tis marginalis 
from other inflammatiolls of tho mucous membrane ol the 
month, are the g rea t t endency of tho d iseased mucosa to 
bleed upon p ressure, touch, etc., and the fa ct that the affected 
part is uot onl y hy permmic ancl ccdematous, but is al so at the 
same time l1 emonhagically infiltrated. The question whether 
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this extravasation of red blood-corpuscles into the tissue of 
the mucous membrane owes its origin, like tlie tranmatic bleed
ing of the gums, to a rhPxis of lhe capillaries, or, in addition 
to this, also to a simple cliapedesis through the uninjured walls 
of the capillaries, must remain in abeyance, since thi s spec ial 
point, which is without any great importanee for the under
standing of til e process, has not yet been cleared up. In 
general, however, we may dP<luce from the symptoms which 
exist the positive conclusion that the character qf scorbutic sto
rnatitis is hemorrlwgic, which indicates a diseased condition 
(abnormal fragility , corubiued perhaps with abnormal permea
bility) ef the capillaries. 

It is trne that in the more severe cases of srmTy the inflam
mation of the gums not unfrequently takes on a diphtheritic 
character or leads to diffuse ulceration of the affected mucous 
surface, but these exacerbations of the inflammatory process are 
not specially characteristic of ·corbutus. It is well known that 
similar df!'strnctive processes are by no means rare in connection 
with intense inflammations of the mucous membrane of the 
mouth of entin•ly different origin (we may refer, for instance, to 
tlie more severe forms of stornatitis mercuriali s). It would be 
just as incorrec t to attribute exceptional importance to the 
hyperplasia of the connective tissue, which sometimes graclually 
takes place in the intlamed gums, and snbsequently leads to 
permanent thickening and induration of the same, since it is 
likewise a well-known fact that a new J'orm:ition of connectirn 
ti ssue very frequt'ntly appears as a late link in tlw cl1ain of the 
elementary processes of intlammation when this has continued 
for a Jong time an<l is mild in form. It only remai ns for u s, 
therefore, to consitler briefly two questions in regard to the scor 
brttic affection or the gums-two questions which are, howe,·er, 
from their nature, of g 1·cac importance. These relate, 1st, to tlie 
reason iolty this particular part of tlie body is so frequently 
ancl so early C(f{ected; and 2d, to tlw connection between tlie 
liemorrlw.qe and the injlarnmation in this peculiar pathological 
process. In n'gard to the first point, the other loca l symptoms 
in scurvy clemonstrate sufficiently that neither the predi sposition 
to hemorrhage nor that to iuflammation is limitetl in this di sease 
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to the gums, but that, on the contrary, all possible ]Jarts and 
tissues participate in it. Fnrther, a number of isol:.tted observa
tions prove not only that the affection o[ tho gums is not al ways 
the first local manHestation of the disease, but also that it may 
even be absent during the entire course of the disease. Finally, 
tilese observations teach in particular th:it the anomalous pri
mary local maniCcstations of scurvy occur especially on such 
parts of the body as have been in some way (mechanically, 
cilemically, etc .) injured, and tlrnt, on the other hand, the 
development of the affcdion of the gums seems to be depen
dent upon the existence of teetil in the jaws, and therefore 
upon the act o[ chewing. All these circumstances taken to
gether render it at least very probable that the injlanunatory 
mul hemorrhagic affection of tlte gums occurs usually so early 
and so constantly in scurvy simpl!J because they are, con
sidering the tenderness of their ltistological structure, exposed 
to such ·various and severe mechanical, chemical, and thermic 
irritations (in S<'izing and mastica.ting hard alimentary sub
stances, in the ingestion of highly seasoned articles of food, hot 
drinks, etc.). 

In considering the secoml point (connection between the 
hemorrhage and tile inflammation), we must recall first the later 
local manifestations of scmTy, which were described in tile sec
tion on Genernl Symptomatology. They prove that extravasa
tions occur with remarkable facility in scorbutic patients with
out connection with any previously existing intlammation, but 
as direct results of injury of any kind; they occur then at the 
very point injured. TMs behavior altows its to coitclude that 
there is an alteration in the walls of the capillaries, entirely 
independent of inflammation, and which may be loosely char
acterized as a diminution in their power Qf resistance. On 
the other hand, it is clear that the inflammatory hyperremia, 
which causes dilatation o[ the capillaries, may, where the resist
ance of these is insufficient, lead to a direct extravasation of 
blood by rupture and by diapedesis, precisely in the same way 
that this is brought about by any lesion due to external causes. 
It is tl!e1·efore allowable to regarcl the bleeding o[ the gums in 
scurvy, whether it be superficial or inter:;titial, as the effect of 
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the combined action or external irritants and of inflammatory 
hypenc mia, an'l to explain it by both these factors ac ting 
together. Ou the other hand , however, it cannot be denied that 
an inflammation is now and then p1·imarily excited, or an already 
exbting inflammatory process agg rnva ted, by the occmrence of 
in ters titial bleeding, the blood extravasa ted into the interstices 
or the tissue acting as an intlammatory irritant. Finally, we 
must al so bear in mind that, vice versa, any inllammatory alter
atio11 in the tissue of vascular parts, quite independently of 
the accompanying hypencmia, iniluenceti in a very direct man
ner the power of res istance of the capillary tract ail'ected, and 
thus of itself predi spo eti to hemorrhages. 

\\re have in ten tiona lly devoted considerable space to the con
sideration of the scorbutic r,ffoction of the mouth, not only 
because it seems to us to be particularl y importan t on account 
of its frequency and its early de,·elopment, but also because it 
is, in our opinion, specially adapted to fac ili tate the compre
hension of the genesis of oth er scorbutic loc:il affec tions. If 
we consider next the scorbu tic processes in the outer skin, in 
the connective tissue, :incl in the mztscles, which we ha,·e ail'cacly 
clescribecl , we find that in them, too, the hemorrhagic natu re 
of the distmbance is exquisitely markl'cl. These affections or 
th r skin , connec tive ti ssue, ancl muscles are a t times purely 
hemorrhag ic in character, i. e., hemonhnges otton tn ke place 
in these parts duri11g the com se of the di sease, either sponta
neously or after slight injuries, although no other gross 1rsions, 
aml parti cul arly no sig ns of inflammation, a re present. In this 
way a rn p roduced, for instance, simple }Jetechim, ecchymoses, 
and vihices of the skin, and also those hemorrhagic infiltra tio11 s 
of the subcutaneous connective t issue and of the rnuseles which 
are developed without inOammato1·y recl nPss of the skin covcr
i11g the part, with out fever ancl without much pain . At othl'r 
times, however. tlw ht> ni onhagfls accompany and are symp~ 
toma tir of inflammatory p l'Ocesses, ex. r;r., in purpura papu · 
lo>n, pemphig us, and rn pia scorbutica, and also in those foc i in 
the connectirn ti ssue a ncl muscles which a re deYeloped more 
acu tely. with µain, redness of the skin , ancl feyer. Finally, in 
still other cases the clinical sympto ms seem to indicate that the 
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h emorrhage is the prim ary process, to which lite infla mmation 
is secondary, being exc ited by the inte1-.t iti a l effusion of blood . 
In shor t it is, on the whole, easy to t race a p retty complete 
analogy between the pat l10logical process in these parts and 
the scorbu t ic alterations of the g ums-an a nalogy, moreove1·, 
which cont i11ues thro ughout t he entire com se :tnd in the ter· 
rninat ions of the morbicl p rocesses. F o1·, in the skin, the con
nective tissue, a nd the muscles also, under favo mble circum
stances, reabsorption of the cxtravasated b loocl and resolution 
of the infhunrmttion can take place, and tho process finally ter
minate in comple te recovery in loco. U nder unfavorable circum
s tan ces, on the contrary, the inflammatio n may take on a more 
malignant character, a nd lead to des trnction of the t issue, or 
finally, it may gradually terminate in hy perplas ia of connective 
tissue and leave behind a permanent indu1·ation (callosity, 
cicatrice). 

The case is exactly the same with the affections of tlie bones 
and of the periosteurn, which, however, a re more rare, as well 
as wi th the C((Tections of the j oints, which sometimes occur in 
scurvy . The clini cal mani festat ions during life, and more espe· 
cially the lesions fo und a fter death, prove beyond question, that 
in the scorbuti c afiections of these p arts we have also to deal 
with hemoJThages, or relatively still o[te110r with infl a mmations 
of a hemorrhagic cha racter. These alterati ons, in their further 
development, do not in general present, either clinically or ana
tomicall y, any p eculiarities tha t are specially characteristic of 
scurvy. Like the local scm·butic aJIPc ti ons, which have been 
a lready investigated , their terminations are fo r the mo t part the 
na tu ral, and indeed, the necessary consequences of the morbid 
p rocesses that have been set up, and of the abnormal condi tions 
or nu tri t ion in the parts affected, occasioned by these processes. 

For instance, no one wou1d be surprised to fi nd that a portion of bone situated 
under a pcriostcal extravasation or hemorrhagic exudat ion in n scorbutic patient 
has become nccrosC'd, ~ince under all circumstances this is the usual fate of bone 
when deprived o f its nourishing pcriostcum. For the same reason, there is nothing 
in itscH remarkable or peculiar to scurvy in the necrosis of the cartilage when it 
h·L'! been detached hy hemorrhage from the bony cpi physis, or in the ulceration of 
the cap·rnlc o f the joint, that is occasionally obsC'rved in intense scorbutic artl1ritl s. 
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·wi th i·egard to the scorbutic affections of other mucous 
membranes than tha t covering the gums, the epistaxis consti
tutes a simple hemorrhage, from the abnormally lender capill a
ries of the nasal mucO LlS membrane, excited for the most part by 
the mechanical inita tion of blowing the nose. The genesis of 
the hmmatul'ia and of the lleowrrhages f rom the stomach and 
intestines is less clear. As a rule, however, they m·c noC p rn
ceded by inflammation, but rather present anato mically tho 
characteri stics oC simple hemonhagic processes. The case is 
different with the hemorrhages from the large intestine; here 
the post-mortem examination most frequently reveal s, as the 
cause of the bleeding, a severe inflammatory al tera lion of the 
mucous membrane o[ a clysenteric (diphtheriti c-ulcPrnti vr) char
acter. The etiological connection of thi s inflammat ion with the 
general sco rlmtic disorder is probably not the same in e\"Cry ind i
vidual case. 

I n tlw firs t place, different au thors (comp. E tiology) ham 
o( la te years drawn attention to the frequent coexistence of 
epidemics of scur"'Y and dysentery, ancl insisted pa rticularl y 
on the increased predi sposition of pa tients suffering from diar
rha:?a to the development of scurvy. There can be, therefore, 
no doubt that the afiection of the large intestine ex isted pre
viously to the development of the scun·y in many of the cases 
in ques tion ; the latter on ly added to the clinical picture of 
dysentery certain symptoms speciall y peculi ar to ittielf, in par
ti cular tl1 e pronounced hPmorrhagic character O( the Stools, and 
thus produced the so-called dysenteria scorbu tiea, or scorbu tic 
modification of the clysenteric process. Recondly.-Scorbu tic 
patients may subsequently become affec ted with dysentery by 
in fec tion with dysenteric poison. Abundant opportuni ty fo r 
thi s is often presented in naval exped itions to the tropics, in 
besieged citiPs, etc. Here, too, we ha1'e to deal with a com
bination or two different processes, but in an inverted order to 
the above ; and a special clinical type, namely, the hemonhagic, 
is impressed on the dysentery by the already existing scorbu tic 
disorder. Thirdly.-E1·en without prev ious or subsequent infec
t ion wi th the specifi c poison o( dysentery, i t seems that a severe 
hemorrhagic ul cerative process may sometimes be set up in the 
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mucous membrane or the large intestine in scurvy (Duchek). 
This process, which is usually exceedingly deleterious in its 
action, then constitu tcs an actual localization of tlte general dis
ease, and conesponds periecLly in its pathological type with the 
more severe form o( affection of the gums obsen·ed in so n1any 

scorbutic patients. "\\rhether it is the mechanical inju1·y oc
casioned by hanl fwcal masses, or the more chemical irritation 
of the mucous membrane by undigestell and decomposing matters 
contaim·d in tho inLestine, or some other noxious inttnence that 
constitutes the immediate exciting cause of this local scorbut ic 
affection, we are for t he present unable to st:ite. It is, indeed, 
most probable that the direct exciting cause is not the same in 
every case. 

Duchck, although he concurs in general with the opinion advanced by G. v. 

Samson-Himmelsticrn and Cejka, that this affection of the large intestine is in 

the majority of cus<:s a complication, nevertheless believes that it is also at times 

merely a localizat.ion, and not au independent complication of the scurvy. He 

repeatedly saw the affection set in in scorbutic paticuts in the hospital, after the 

disease had existed for a long time, and terminate fatally by causing frequent 

intestinal hemorrhages. In these cases there was no reason to suspect :\ clyscntcric 

infection. He hclicves that an hemorrhagic infiltration of the mucous membrane of 

the large intestine, which accompanied the surface bleeding, was probably tho 

cause of the ulcerative destruction. 

The sanguinolc11t effusions into the pleura ancl the pericar
dium, as well as the much Jess freqnent effusions into the 
peritoneal caoil!J, seem to be almost always the procluct of an 
exndatirn inflammation of these serous membranes, which is 
accompanied by extravasation. As e\'idences of the inflam
matory character o[ the process, we may adduce the anatomical 
changes in the serous membrn1w itselJ', tlte naturn of the col
lected Jiuid, which does not usually consist of purn blood, and 
also the Clinical course during life, which is, as a rule, febrile 
(comp. Description of the Disease). The terms "pericarditis or 
pleuritis exsud•itoria sangninolenta, andpericarditis or pleuri
tis scorbutica," seem, therefore, in p:eneral appropriate for these 
localizations or SC111'Vy. The question whether cases of pure 
hromothornx or hremopericarclium do not also sometimes occur, 
in which there is simple hemorrhage witllout intlammation, must 
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fer the present be left unanswered, since we are unable to find 
anatomical pl'oofs of this in the literatm e of the disease. With 
regat·d to the mode of origin of these hemorrhagic exudations, 
some authol's hold that the bleeding is the primary patholog'cal 
process, while the inflammation is consecuti,·e to and directly 
caused by the hemOl'l'hage (Samson-IIirnmelstiem , Seidlitz, 
Duchek, and others). Although we do not by any means wish to 
deny that the cx travasation of blood iuto the serons cav ity may, 
at times, actually excite inflammation o[ its walls, and that the 
extmvasatecl blood itself may act as the exciting cause of the 
intlammation, nevel'thelcss the other theol'y does not seem tons 
to ofl'er a less plausible explanation of the scorbutic affections in 
q nestion. This tbeol'y is, tha t the hemorrhage is only the con
sequence of a pre-existing inflammato1·y hypenemia, and of the 
incrPas~d fragility of the cap illnl'ies occasioned by the in!lamma
tion. \Ye should unquestionably give this latte!' theo1-y the 
prefel'ence in the majority of the cases in whicb the extrnrasa
tion takes place g radually, and more especially in those in which 
the exudation conta in s only a smaller quantity of blo0l1. In many 
of the acute cases, on the other hand, in which, as Krebel states, 
a copious effnsion can often be found in the pleura or in the 
pericardium, after the expiration of only a few honrs, and in 
which, moreover, the subsequent autopsy shows that the Jluid 
is almost pure blood, the assumption of a primary abundant 
hemorrhage with consecutive inflammation would probably be 
more coITect. As yet we have no positive knowledge o[ tho 
exciting causes of plenritis and pericarc1iti" exsuclati,·a sangui
nolenta , or of the p1·imary hPmmThages which lead to their 
development in some cases. The assertions of Seidlitz. K1·ebel, 
ancl others, that cold , clamp weather and the ex istence of the 
so-called" rheumatic constitution" are particularly farnrably to 
the development of these processes in scorbutic patients, would, 
even if we were to concede them to be correct, apply mther to 
the case of primary inflammation witb subsequent lwmorrhage 
than to that of ini tial hemorrhage with consecutive inflammation. 
The sign ifi cation o[ these etiological factors mu;t not, however, 
be estimatell too highly. E\'en supposing that we were willing to 
admit that many of the cases of hemonhagic pleuritis, which 
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have been observed in corbn tic patients, were rather mere acci

dental complications of the pre-ex isting di sease, due to subse

quently "catch ing cold," or to the intlnence of a "genius epi

demicus rheumaticus,'' we shonlcl scarcely attempt to explain 

in a similar ma nner the much more frequently observed san

g uinolent inflammations of the pericardium. F or we know 

from experience that a primary " rheumatic affection " of this 

latter serous membrane in healthy persons is extremely rare. In 
attempting, therefore, to explain the peculiar fact that hemor

rhagic inflammations of the serons membranes, nnd especially of 

the pericardium, are rela.ti\·ely frequent in the course of scnrvy, 

and are often, as it would seem, developed sponta1wously, we are 

compelled to take refuge in the assumption that in scm·bntic 

patients the serOllS mernbranes, ancl especially the peri ca1·d ium, 

like many of the other tissues, am more strongly predisposed lo 

inflammation than the same parts in health !I subjects, and that 

it only reqnires the stimulus of very trifling and consequently 

easily ovcl'looked or perhaps unknown causes, to lig ht up actual 

inflammation in these membranes. All the scorbutic affections 

q/" the eye, which were b1·iefly stndied in the genernl description 

of the disease, also belong in the category of hemorrhagic or 

l1 emonhagic -inflammatory processes. They are consequently 

entirely confo rmable in charncter to the localizations of scurvy in 

other parts ancl organs, which we have just discussed. The fact 

that the external co1·ering of the eyeball , namely, the conjunc

t iva, is most freq ucntly the scat of the extravasation ancl inflam

mation , may unquest ionably be sati sfactorily explained by the 

exposecl situation of thi s 111embra ne. 

\Ve have finall y to inrnst igate briefly a few path ological 

phenomena which wPre mentioned at the close of the section on 

gc1wral symptomatology. In their anato mical and clinical cha r

acteristics these clo not correspond exactly with the phenomena 

that we have thus far been st udying, but they are nevertheless 

worthy of attention because of their frequent, and in part, per

J1aps, regular connection with the di sease. One of th e symptoms 

of this sort, which is freqnently but by no means 1·egularly met 

wi th, is the enlargement qf" the spleen. The signifi cation of this 

symptom in scurvy can as yet be only very indefinitely and 
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indeed negatively determined. "1rnn it io developed in the 
course of the disease--apart from those cases where it ari ses front 
certain complications, especially malarious infection-i t seems 
to depend not so much on the mere fact of the ex istence of the 
scurvy, as more particularl y on the severity and intensity of the 
affec ti on. At the same timt>, however, there have been a good 
many exceptional cases where, altltough the disease is very 
severe ancl extensive, the s pleen remai ne(l small and was fo und 
at the a utopsy to be of normal size. In the fa tal cases, in which 
an enl a1·gement of the spleen was developed during the course of 
the disease, and where the post-mortem examination rendered i t 
possible to ascertain exac tly the nature of the a nato mical altera . 
tions, these were found to consist in hypermmia of the organ, 
" ith pulpy sof tening o( its tissue. The scorbutic enlargement of 
the spleen rnay consequently be classed wi th t he acute enl arge
ments of the spleen tloat are apt to occur in t he course of 
typhoid fever, recent intermi t tent fever, acute miliary tu
berculosis, and other feb l'ile-infec tive p rocesses. It does not, 
however, seem to us by any means allowable to assume on this 
accoun t some toxic, in fect irn principle as the cause or these 
and other cases of sc u1Ty. The anatomical lesion in q uestion is 
cer ta inly wor thy of notice, bu t H cannot serve in any way to 
explain the nature and pathogenesis of the di sease. 2. The albu
minnria al so, as we have already mentioned, is fo r the mos t 
])art only founil in severe cases of scurvy. I t frequently occurs 
as a pathological symptom in cases in which no ana tomical lesion 
of the kid neys can subsequen tly be demonstra ted. \Ye belie'"e 
ourselves justified in assuming that the fo rm of albuminuria, 
which is not clue to a comp]i ('a ting degenera tion of the k idneys, 
really deserves the na me of scorbntic a lbuminuria, ancl is depen
dent upon <l elicate vascular cha nges in the kid neys. \Ve aro 
still unable to demonstra te these changes ana tomically, bu t they 
are nevertheless sufficient to permi t a fil tration of the albumen 
of the blood from the wssels in to the u rinary canals. \Ye be
li eve, therefore, that we have to deal here with the same nu tri
tive or functional alterat ion of the wall s of the blood-vessels, 
which must be assumed as the cause of the general hemorrhagic 
diathesis in scurvy. \Yhen thi s al tera tion is more highly devel-
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oped in the uropoelic apparatus, it gh·es rise to the phenomenon 
o[ 111-C'maturia. Finally, in cases of albuminuria, where marked 
degeneration or the kidneys was rotmcl after death, the genesis 
or the fo rme1· of course depends dil'ectly Oil the existence or the 
latter. 3. \\'hile we were describing the clinical picture of the 
disease, we mentioned further some otlter infrreslinr; cltaractcr
istics ef tlte urine, which Duchek discovered during hi s exami
nations of this excretion in the various stages of th e disPase, and 
which he asserts to be regularly present. The decrease in the 
quantity or the urine and of most of its solid constituent s, as 
long as th e di sease is growing in intensity, ancl the converse 
increase of the qnantity and of the solid matters in the period of 
defervescence, can both be pretty easily brought into genetic con· 
nection with the changes which the heart' s action, and probably 
also those which the entire processes of nutrition, undergo in the 
different phases of scmvy. _\.s with the increase or the scor
bu tic cachex ia the action of the heart becomes w~aker, and the 
nu triti ve changes, i11 consequence of the enreeble(l circulation, 
become more ancl more sluggish, the urine in an equal mtio 
becomes less abundant and the total amount of its solid elements 
smaller. Inversely the re-establi shment of a more active circula
tion, ancl the incrnased activity or all the organic processes which 
accompany convalescence, must be attended by an increase in 
the quantity or the urine ancl in the amount of its solid contents. 
It is a noticeable fact, howe,•er, that in the cases examined by 
Duchek the phosphoric acid, and particularly the potassa, clid 
not participate in the quantitative decrease of the other solicl 
elements of the urine in the first periocl or the clisease._ On the 
cont1·ary, at the height of the disease these const ituents appeared 
to be relatively, and, in three of the six cases examined, even 
absolutely increased in quantity. If we assume i t as granted 
that this excess of potash ancl phosphoric acid will in future be 
discovered with a certain regularity iii scorbutic patients, ancl 
will be found to constitute a tolerably constant attribute of the 
disease, we may explain i t in a variety or ways. In the first place, 
Duchek himself believes that the relatively abunclltnt excretion 
of potassa in hi s patients, during the entire conrse of the di sease, 
might very well have been occasionecl by the use of food rich in 
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potassa (vege tables), with which they were generously supplied, 
and indeed that i t was doubtl ess, in part at l ~ast, due to this. 
If this view be correct, however, the abundant excretion of 
potassa in the urine woulcl then in our opinion be an indirect 
prnof that rela tively little of the potassa taken into the system 
and absorbed by the circulating fluid really remained behind in 
the body of the patient and was empl oyed for organic purposes. 
Inversely, the not only relative but actual decrease in the excre· 
tion o[ potassa during convalescence, which was al so cl emon
strated by Duchek, might be explained by the assumption that 
conditions which had meanwhile set in were more foxo1-able to 
the assimilation of the potassa in the food. It is possibk, how
ever, as Duchek also sugges ted, that the absence of a diminution 
in the excreti on of potassa and phosphoric acitl cluring the earli
es t part of the di sease migh t be dne to a comparati vely excessive 
disin tegra tion of those tissues of the body which are ri ch in 
potassa and in phosphoric acid, such as particularly the red 
blood-corpuscles and the muscnlar fibres. I t " ·oclld conse
quently be an indication tl1at, in spite of the iuterfPrence with 
the nu tritive changes in general , the waste of certain tissnrs that 
are rich in potassa and phosphoric acid s till continues relativply 
g reat, if indeed it is not a.bsoln tely increasecl, as happened in 
three of the cases examined. Finally, an absolute increase in 
the amonnt of potassa excreted has recently been demonstrated 
to OCCUI' during the existence of f ever as Ull actual symptom of 
the febrile process (Salkowsky, Senato1') ; a.nd it seems to us, 
inasmuch as fever is a very common occurrence in severe cases 
of scurvy, tha t i t is at least possible, if not probable, that the 
observa tions of Duchek were made on patients who were a t the 
time suffering with fever, and that the increased excretion of 
potassa may have been in part a simple febrile phenomenon. I t 
is e\'ident, then, that the facts adduced by Dnchek are capable 
of very Yarious explanations, and fo r thi s reason they do not 
for the present afford us any secure standpoint fo r the de\'elop
ment of a defini te theory of scurvy. Nor are we di sposed to 
ag ree with Duchek in the opinion that they are calculated to 
remove an objec tion to Garrod' s hypothesis, which suggests a 
diminution in the quautity of potassa taken into the system as be-
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ing the cause or the scurvy, and that they furni sh at least a nega· 
ti,•e proof for it. So long as exact comparatirn observations are 
entirely wanting in regaril to the quantities or potassa taken 
into the Hystem and excreted by scorbuti c patie nts wb o are free 
from fever, it will not be permissible to conclulle, from the non
"-Jlpearnnce o[ a. diminution or the exc retion, that the potassa 
goes through its permutations in the sy ·tcm, in all respects in a. 
regular manner. It will be much better to lea.ve the question in 
J·egard to the amount of pot:i.ssa a.ssirnila.tt'd and excreted during 
this disease, for the present entirely open, a.nd to await the 
l'esu1t of more clecish·e examina.tions. 

Finally, we retum once more to the conditions of tempera
ture in scorbutic patients, in order to call attention to the fact that 
the thermometri c curve does not by any me:i.ns conform to a con
stant rul <' in the individual cases. It may be confidently stated, 
however, on the basis of actual observa.tions, llrnt scurvy is in 
itself not " feb ril e disea.se, but that, on the contrary, frver is 
only an accidental and intercurren t, altl1ough an exceedingly 
com mon symptom. It occurs particularly in the more severe 
cases as a eonsequence or exi sti ng inflammatory localizations of 
the cliseasP, and then continues during a shorter or longer 
period. In such cases, therefore, it is proper to speak of a 
"fever of individuals snliering with scurvy,'' but not of a 
"scorbutic fever." 

K ature and Pathogenesis of the Disease. 

At the beginning of this chapter, we defined scurvy to be a 
general tlemngement of nutrition, in which, in addition to a 
more or less se,·ere, and at the same time peculiarly modified 
cn.chexia, hemorrhagic n.nd hemorrhagic-inilammatory localiza
t ions occur in various organs and tissues. 'l'he analysis of the 
symptoms of the disease which has just been terminated, has, 
we think, demonstrated by details the conectness of tbe general 
definition previously given, a.nd has parti cularly fumished proofs 
that the characteristic local symptoms o( the di sease can all be 
considered as the results of a. definite, general , morbid condition: 
or, in other words, of a constitutional anom:i.ly of the body. 
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The conslilutional nature of the disPase is still more clearly 
demonstrated by lhe pre-existence of the sco l'l)U tic cachcxia, 
whicb, as a rule, at least precedes by some space of time the 
local eruptions. " ' heu considered in connrctio11 wi th thb ini tial 
aITection of the enti re body, the later loc:il phenomena ap1JPar 
for the most part only as further partial p<'rturbations of " de-
1·angemen to{ the organic prncesses, which i1woh-es the entire sys
tem. The clinical f orm of these partia l lesions is, h owe1·cr, as 
we have shown, doublP: either the inflamnmtory diatlwsis goes 
hand in han cl with t.he 1H•monhagic diathc>sis, or, alontr with an 
unnsnal tcndenry to cxtr:wasati onof blood per rhexin, ancl prob
ably also per diapedesin, there exists an abnorn1al ntlnorability 
of most of lhe t issues, in consequence of which inflammation is 
very readily exrited in them by slight injuries of any kiml, or 
en-•n, as it would seem, appears spontaneously. rr1w character o{ 
tl1e inftan11nations thus produced is, howC\·cr, for th1• most p:ut, 
also hemorrhagic; either the inftammatory hyper:cmia leacb to 
extrarnsation from the brittle or abnormally permeable capilla
ries, or, on the otht• r hand, the extravasa.tion acts as an inlhm
matory irritant to the tissues witl1 which it ronws in contact. 
:E\·prything consitlt•rl'd, therefore, scuny is a hemorrhagic, con
s ti luti o11al disease, i11 which , to di st i11guish it from other forms 
of the hemorrhagic diathesis. the cachectic na.t111·e is strongly 
ma rked , ancl at the same time the tendency to inflammatory 
lesions o( the ti :s-sues i:s vel'.)1 gl'e:tt. 

The et iology of the clisc:tse shows, moreO\·er, that it is not a 
congenital constit tttional anomaly, like hmmophili"' ; nor is it, 
like the latter, tran. missible from father lo son, or, in the 
majority of cases, het·editary ; on the contrary, the disease is 
Jirst acquired after birth, under the inJluence of cel'tain anti
hygienic conditions to which. as a rule, not single individuals 
alone, but whole bodies of men at once are subjected; henre, it 
commonly appPars in the form of extensive or ci rcu mscribecl 
epidem ics, seldom in isolated cases. It would be incorrect, con
sequently, to seek for the essence of scurvy, like that of hmmo
philia, in some l'itium primm fo rmationis. On the contrary, it is 
fair to assume that. the anomalies in the Yascular system c1e1·el
oped at a latpr 1wriocl, and the diminution of lhe physiological 
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resistance of the tissues to inflammations, both o( which are 
observed in scorbutic patients, are the results o( an altPration in 
the nutri tive process, occasio11ed by the outwanl circnmstances 
of existence o( the individual. Hence, the answer to the ques
tion as to the pathogenesis of scurvy would essentially (l~pencl 
upon the discovery o( the manner in which, under the inlfoence 
of the causes discussed by us in the section on Etiology, the 
normal 1rntritive process may become so altered in the vessels 
and the tissues supplied by them, that hemorrhages l'eadily 
occur and inllammations are easily developed. 

In the fii·st place, we must here insist on one thing, viz., that 
as the etiology o( the inclivklual cases or epidemics of scurvy is 
notoriously not always exactly Lhe sam~, so the pathogenesis 
cannot with any more reason be a priori considered to be the 
same for all cases. " re must clearly nnclerstand that the insu(
fici ent power o{ resistance and the pernwability of the capillaries, 
as well as the vulnerability of the ti ssttes, can, as we know by 
t>xperience, not only be occasioned by very various injurious 
influences, but possibly, too, in Yery clill'Prent ways by these 
Yarious causes. Our theoretical speculations will unques tionably 
reach a plausible result more rapidly if we investigate, first, the 
possible mode of action of those pernicious agencies whose 
influencu in exciting scun·y has been positively demonstrated in 
an empirical manner by nnmerous ancl exact observations, leav
ing the rnmai11ing agencies, known to be prejudicial, Ior subse
q Ltent consiileration. 

It was in this way, as we ham alrnacly repPatedly stated, that 
Garrod proceeded, when h e erected his so-ctLiledpotassa-theory 
of the disease upon the basis of the thousandfold authenticated 
fact, that scurvy is developed with tlte greatest facility among 
persons who are deprir ed of a fr~sh n•gptable alimentation (green 
vegetabl es, potatoes). Since those aliments, on the total absence 
of which from the food the scod111tic cach~xia with its secondary 
local consequences most frequently depends, arn specially rich in 
potassa, an(l contain, rnoreo,·er, this alkali in a form particularly 
easy or .assimilation (in combination with ca1·bonic or some vege
tabl e acid), Garrod further concludes that the scorbutic affection 
is clue cLict!y to an insufficient supply qf potassa in the organ· 
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lsm.-lt cannot be denied that this theory is in several respects 
very sednctive; it not only seeks to do justice to the special 
physiological nutri t ive value of numerous articles of food, which 
contain otherwise very li ttle nutritive matter, in the usual sense 
of these words, and tl1e deprivation of which for this verv reason 
is not in fact followed by 0t·dinary marasmic anremia, "but it is 
also st1pported by weighty facts derived from the chem istry of 
the tissues. These facts prove that a deprivation of potassa is by 
no means a matter or indifference to the oi·gani sm. For, little as 
is otherwise known in regard to the special physiological impor
tance of most of the inorganic nutritive substances, aud in par
ticular of the potash combinations, these two facts are positively 
settled, viz., that potassa fonns an integral constilllent of all tis
sue-elements (cell s), and that precisely some of the tissues which 
are physiologieally of the greatest importance, such as the mus
cular fibres and the red blood-corpuscles, are especially rich in 
potcissa. 

If we take the e facts into consideration, it will certainly be 
easy to understand that an insufficient or inappropriate supply 
of potassa in the food would not presumably be without a patho
logical action on all the tissues of the body, and especially upon 
such as contain large quantities of potassa. At first the pl1ys
iological function of the tissue, and its normal physiological 
resistance to causes of di sease of every kind, will be impaired, 
and later on, the tleprivation of potassa continuing, the phys
iological reproduction of the tissue-elements will probably be 
checkccl. It surely needs no fnrther demonstration to show that 
both the di sturbance in the subjective and objective general con
dition, and also many of the special peculiarities of the scorbutic 
cachexia-for instance, the Yery pronounced functional derange
ment of the heart and the voluntary muscles- the tendency, 
moreover, to inflammatory lesions of the tissues terminating 
frequently in ulceration, etc., and finally, also, the oligocythre
mia which graclnally makes its appearance in the later stages of 
the di sease, can read ily be accommodated theoretically with this 
view. R eferring now particularly to the hemorrhagic diathesis 
in scurvy, ancl to its possible connection with the insufficient 
supply of potassa to the organism, we may either assume a 
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direct trophic impairment of the capillary walls, or what is mo;e 
probable, an indirect impairment of their function and nutrition 
through the red blood-corpuscles. These latter being less rich 
in pota.ssa, untl thus weakened in con::;titution, are no longer 
abl" to accomplish the task of keeping the capillary walls in a 
state o( functional and nutritive health. 

This is not, 11owever, the place to lose ourselves in further 
conjectures. \Ye must simply endeavor to deduce a really 
pathological cause from the patltogenetic influence which is in 
all probability furnished by insufficient supply of JlOtassa lo 
the organism, ancl whicl.J. possibly abo has a direct etiological 
rwtiou in \"Pry rnany cases of scurvy. It is evident that it 
is not the insufficient supply of potassa, 1wr the presence 
of lltis substance in too inconsiderable quantities in tlte cir
culating jlnid, bnt the consequent want qj' potash in the 
tissues themselves, which must be reganh'cl as the real mor
bid c·ondition and as the cause of the perverse (functional, 
mttrith·e, and plastic) behavior of all the tissue-clements, includ
ing natnrally the reel blood-corpuscles, or the elements of the 
blood· tissue. ~\..ny series of experiments, thcre[orc, which might 
be undertaken with the object o( obtaining, 011 tl1e basis o( 
Garrocl's hypothesis, an anatomical and chemical substratum for 
the understanding of scurvy, mnst aim at determining the com
parative quantities of potassa contained in the red blood-corpus
cles, the rn11 ·cles, ancl other tissues in healthy persons, and in 
scorbutic patients. They mnst not, however, be limited entirely 
to analys•'S of the blood as a whole, since these would only fur
nish proof of the condition at a given moment of the general 
nut1·itive fluicl, which constantly varies in the percentage of 
its compolH'nt elements. Although no comparative inrnstiga4 

tions of this sort have as yet been made, and Garrod's theory 
is on that accou11t unfortunately still u11provided with a firm 
anatomical basis, it may nevertheless be profitable, with a riew 
to the establishment of the possible mode o( origin of scmvy, to 
devote a short space to tlie hypothesis that a want of potassa in 
the tissues, or a want ef organic potassa (not of potassa cir
culating in the fluids), may bring on the scorbutic disorder. 
Evide11tly thb latter theory affords a much more reliable basis 
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for a comprehPnsion or the pathogenesis of indiddual cases of 
scurvy than the theory which only takes into account an 
insnfficient supply qf potassa to the organism, for it does not 
seek to explain !tow the want ef organic potassci lws been occa
sioned in the concrete cases. An insnffi cient supply or potassa 
in the food is one, but by no means the only pos .. ible way in 
which this absence of potassa· in the tissnes can be produced. 
It will not be uninteresting, and is, indeed, necessary, to con
sider here briefly some of the other possibl e ways in which it can 
be proclt1ced; in doing so wesball take the opportunity to recon
sider some of the empirical statements made under the head of 
Etiology. 

A want of potassa i11 the tissues can in the first place also 
be due to the fact that the potash combinations are snpplied to 
the circL1lating fluid by the food in sufficient quantity, but in a 
form that is ill adapted for assimilation. In this case they are 
soon discharged from the bocly in the excretions, without having 
previously been appropriated by the tissues, and thus without 
Jiaving fulfilled their physiological purpose. ln this connection 
thP remark or Chai vet, a decided ad\"Ocate of the potassa theory, 
is worthy or notice. Ile explains in this way the fact that green 
vegptab les and pota toes are so much more val nab le as anti-scorbu
tics than the dry leguminous vegetables and meat. He belieYeS, 
moreover, that tile deprivation of the first-named articles or food 
is the most preg11ant cause of sr nrvy, simply because they con
tain potassa in thll unstable, and, there[ore, easily assimilable 
form or potash, and also in combination with the vegetable acids, 
while the ame alkali ex ists in mea t. chied legnminons vege
tables, and bread, in considerahle quantities, it is true. but in the 
much more stable forms or chloride of potassium ancl phosphate 
of potassa. Garrod, too, relying on hi s often mentioned inves
tigations or the clwmicnl constitution of various artic!Ps or food, 
p1·onounced deridedly in favor or taking the percentage or pot
aslt in them as the measure of their antisrorbutic properties, 
and, as we nw ntioned on page 134, chose particularly the 
remarkably high fi g nre or the carbonate of potassa in the potato 
as the point of drparture in hi s theoretical speculations. I n the 
second place, a deficiency of organic potassa may arise in spite 
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of an abundant ancl appropriate supply of potassa in the food, 
when derangements or the digestion ex ist accompanied by diar-
1·hma. The food which is taken into the stomach is, under such 
circumstancPs, prevented from entering t1w c irculating fluid in 
sufficient quantities. The question whether the predi"position of 
dysenteric patients, and or persons suffering with diarrhmal 
dyspepsia, to sctu,·y, as well as the clevelovment o[ the affection 
after the ingestion or decomvosing articles o[ food and of foul 
wo.ter, may not be dtie to this circumstanC<', must for the present 
be left u11an~wered, although it must be borne in mind as a. 
poss ibility. f"n /he third place, the taking U}J of the Circulating 
potasso. by the tissue-elements must also nnclonbtedly be in
Httencecl by all those weakening agencies which lessen the 
trophic energy of the cells, o.nd diminish their capacity to o.ppro
ptfate the poto.sso. from the blood. As instances of these influ
ences, we may mention deprirnticn or fresh air and light, idle 
repose of the body, aml excessive heat. "r o have already stated 
that these external pemicious influences are also counted among 
the causes of seu1Ty, and, with good reason, as it seems to us, 
o.l ways fiml a place in the etiology of tllis disease. ln defence of 
the explanation or their mode or o.ction, which we have just 
attempted to gh·e, we will merely refer to that fundamental 
cellular principle, according to which the taking np of different 
substances from the blood into the living cell-body is o. vital 
action or tile latter (Virchow). It is therefore possible tliat 
even the most abundant snpply o[ potassa from without may 
be useless, if, in conseq nence of great prostmtion of the patient 
o.nd exhaustion of the nutritive energies of the tissues, the cells 
no longer possess the power to extmct from the stream of 
nutriti.-e matter which flows by them the substances neces
Rary for their own regeneration. It certainly seems right to 
hold up all these possibilities to the view of the opponents of the 
potassa theory, who might otherwise with apparent reason base 
their opposition on the fact tho.t scurvy has at times occnr
rnd among persons snppliecl wiLh food containing potasso. in 
abundance, and has even persisted nnder these circumsto.nces 
(for instance, the epidemic of Rastatt). These possibilities pre
sent the theory in a somewhat different light, namely, under the 
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form which we have just desc ribed, and which is d <•ciuedl y mo1·n 
appropriate fo r snch cases as the above. It is sutfi ciPnt simply 
to mention the facts, that the distance which tlte alimentary 
substance contctining potassa has to travel in passing fro1n the 
mouth to the tissne-elements is considerable, that i t is read ii 1' 
turned aside from the dirPcl comse, aud finally , tha t ernn whe;1 
i t has safely a rrived at the cell s, it is not alway s necessarily 
absorbed into th Pm. 

It is ei· ident that the amount of potassa contained in the tis
sues mus t depend on the qua ntity consumed in , as well as on the 
quantity ta ken up by, the tissue-elements. Hence whenever, in 
consequence or unusual activity of the 01·ganic processc~, a large 
quanti ty or potassa is temporarily di ,;charged from the tissues 
into the circul a ting fluid , whence it is elimina ted th ro ugh the 
excrntory canal-- , the demands of the body for a more abundan t 
suppl y of potassa mnst of course be p:uticul arly great, and a 
non-complianee with these dema nds will p robably easil y give 
ri se to morbid di sturba nces, a nd in particular to scu1Ty. It 
would be excPecl ing ly in teresting, and i t i8 eYen important, to 
know, for in sta nce, how the ex pendi ture of potnssa during severe 
bodily exerti on compares with tha t during a state of repose, anll 
fur ther, how Lhtl amount consumed during a long continued 
sojourn in a clamp, cold atmosphere woukl compare wi th tha t 
consumed during a sojourn of equal leng th in a tempera. to or 
warm ancl d1-y cli111 Me ; since hardshi ps a nd clamp, cold weather 
ha ve been so frequently asserted to be exceed ingly acli1·e acces
sory causes or scurvy. As, however, 110 direct investigations or 
these points ha ve as yet been made, it is for the p resent unfor
tuna tely impossible to tes t the soundness of the potassa theory 
in tl tese respects. The decision of t he ques ti on, whether or not 
lhat theory suffi ces to meet these etiological demands, must 
a wait the results of fur ther resea rch. Finally, we will al so men
ti on that the increased excretion of potassa during fever, demon· 
strn tecl by Salkowsky,' teaches us a t least one important far t, 
viz., tha t the a moun t of potassa consumed under defini te pat110-
lor;ical conditi ons does not by a ny means confor m to the amount 

1 Yi rchow's Archiv. Bd. LUI. 2. 3. 1871 . 
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oI potassa supplied , bu t Iollo"·s solely its own laws. " ' hetlier 
or not there a re al so physiolo.r;ical conditions which , in regard to 
the waste oI the potnssa of the ti ss1ws, a rc a nalogous to fe1·er, 
is a questi on that is not answered by the inves tigati ons oI this 
obse1Ter, since these. so far as they rela te to hea lthy subjec ts, 
have been direc ted only to the influence oI the food-that is, of 
the supply oI p otassa-upon the excretion of this substa nce. 

Although, however, the results of Salkowsky's i1wcstigations cannot as yet be 
made use o f to determine theoreti ca ll y the .,,•arying predisposition of hea lth y persons 
to scurvy under different conditions of ex istence, we may a.t least deduce from them 
the conclusion t.hat there is an increased predisposit ion to scorbutic symptoms on 
the part o f fever pilti cnts and of convalescents from febrile di scnsf's. In fact, obser
vations at our disposal seem to prove that indi vichmls who arc enfeebled by some 
severe disease am more rapidly attacked lJy scurvy than those whose powers of 
rcsistnncc arc in the normal physiological condition. Some exquisitely marked 
fobrilc n. ff .!ctions, fo r inc;tance, particularly intermi ttent fcnr, occasion in fa ct nu 
unu:mally in tense predispos ition to scurvy. Duchek is inclined to ascribe the fre
qn ·nt occ:urrcnce o f scurvy M a complication o f malarial fever, which he Jrns himself 
observed, to the extremely rapid destruction o f the red hlood-corpusclcs ( in other 
words, to the ex tensive disorganization o f a ti ssue peculiarly ri ch in potassa) in 
intermi ttent fever. This destruction does not seem to be clue entirely to the fever i 
i t is, in part at least, the effect of the specific in fection itse lf. 

In whn t pcc«cdes we have sough t to secnre fo r Garrnd' s po
tassa theo1-y of the pathogpnesis of scurv y nil the domain which 
it is abl t?, 11nder wlintPver cil'cum stan ces, by virtue o f its own 
inherent p lausibility , to hold in snbj<'c Li on. \\'e ha ve, moreoYer, 
endeavorctl particulnrl y to show tha t a number of cases nnd epi
demics of scntTy , in the producti on of which a sca rcity oI Ioocl 
1·ich in i1otassn. was notoriously not an a.<' tivo factor, can al ~o, to 
some extent, be explninecl by thi~ theory ; bu t we ne.vcrlheless clo 
not "·ish to bo uncle r; toocl us h adng in tlw least degree p rejudged 
the question as to the possible modes of orig in of these cnses. 
F or instance, " ·e do not by any means wi sh the p receding deduc
tion to be understood to mean tha t, in our opinion. the syndrome 
of scun-y m?tst of necessity be the rcsnl t o f a scarcity of p ota ssa 
in the ti ssues in all those cases in which there is a high degree 
of probabili ty, or even only a remote possibility , o f the existence 
or thi s pathological alterati on. \Ye cl o not deny that the dis
ease might possibly in some, or, indeed, iu very muny of these 
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cases, ltarn originated from very different morbid factors. Ilow 
fat• the casuislkal domain of that theory actually extends, and 
whether il really possesses any such domain, are questions for 
answers to which we must look to future illl'estigations. Tlte 
direction which it is desirable for these imestigations lo take 
has been described above. Meanwhile, it will certainly be Wl'll 
in any case to bear in mind the possibility that the scorbutic 
symptorn s may not always take tlwi1· origi n in the same derange
ment of the general nutrition, but tlmt not only the pathogenesis 
and the et iology, but also the cherni co-palhological subst ratum, 
may perhaps vary in individual cases. ln view oI the facts here 
·l iscussed, the assumption may seem plausible that a want of 
the needful quantity of organic potassa may inlluent·c injuriously 
the integl'ity of the tissues and with it thP hl'alth, and tl1at the 
special form of the derangement of the health thus occasioned is 
in every case the srorbutic. On the other hand, howei-cr, there 
is nothing in them which offers the least contrncliction to the 
hypothesis that precisely the same combination of symptoms. 
namely, a general ca.chexia, accompanied by llemonhagic inflam
matol'y localizations in d iffel'ent tissues, might at anotl1el' time 
be proclucecl by trophic derangements of quite a different 
character, such, for instance, as those occasioned hy mias
matic poisoning. It must always be remembered, that the 
cli ·ease known in pathology as "scurvy " fo ,. the pl'cscnt J'ol'ms 
only a symptomatic un ity, and that the name of lhP disease is 
stl'ictly considei·cd not much more than the eonventional, shoi·t 
expl'ession fol' a special collection of morbi d symptoms. If we 
bear this in mind, we shall be able to r~strain ou!'selves and 
othNs from premature and perhaps entil'ely hopeh·~s attempts 
at unification on nn etiological, pathogenetic, ancl chemico-palh
ological basis. 

Complications and Sequelce. 

It has been already noted in the etiology that scurvy not 
infreqnently attacks individuals who are already sufferi ng from 
disease, and then itself plays the part of a compli cn.tion of the 
pre-existing pathological process. \Ve have also named at the 
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appropriate place those affec tions, such as malaria l diseases, 
clysentery, and syphili s, which show ::i peculiarly markecl tend
ency, where the conditions ::ire ftwor::ible fo r the deYelopment 
of scurvy, to become complicatecl wi th t hi s disease. At other 
times the secondary scorbutic a[ ecti on seems to be merely an 
accidental comp lication or tbe pre-exi sting fnndmnental di sease, 
since the empi r ical proof of ::i more frequent coinciclence of the 
two cannot be aclduced. In this connecti on i t is necess::iry to 
st::ite bri..fl y the fact that scurvy m::iy occ ur as ::i complic::ition 
during t.lln co 11r::;e of the rnost clivl'rse morbitl processes. The 
modilic-ations wl1i ch this complication occasions in the clinical 
chal'acter o( the prr-exi sting di sease are almost always of an 
unfrn·orable nature. The derangement of t he general health 
then almost inrntfahly becomes m ore ma1·ked, and the signs or 
::i p ronounced caclwxia u sually appea r very rapidly ; hu t aside 
from these, tht! hPmonhages which now occur in ]oco affec tus, 
as well as in other parts or the body, have their efTee t in aggra
va ting the condition. ancl may eYen be the direc t cause of ::i fatal 
issue of the primary disease. This is ::ipt t o be the case, for 
instance, wh(:.n scurvy supervenes as a concomitant constitu
ti on::il anomaly, in the course of dysentery, typhus, pnenmonia, 
ph thiSi$, a nd inJiammations of the serous membranes, particulm]y 
plenriti s. and finally, when it complicates suppmating and 
granulating wounds, fr::ictures, ::incl inflammatory di seases of the 
joints. Obsei·v<' rs ha,·e hacl opport unities on many difTerent 
occas ions to convince themselves or the increased malignity of 
all sorts o[ Severn affec tions, both internal a nd s urg ical, iu the 
contingency just cl escri bed. 

On the other hand, conrnlescents from scurvy, ::ind patients 
;vho are s till s uffering from the di sease, a re liable to be a t tacked 
by other di seases. In such cases we hav e, of course, to deal 
with complications or wi th sequelre of the scorbutic affection 
itself. TIH•se secondary affec tions, again, rn::iy be en tirely acci
dental, ha,· ing no demonstrable genetic connec ti on wi th the exis t
ing or antPcecl ent scurvy; in o ther cn.ses, as some obsen·n
tions a t our command prove, a connecti on of this sor t c::in be 
traced to a certain extent. \Vi th regard to the accidental com
plicati ons and sequelm, which may be very diverse iu their n::iture 



COl!PLIC.\TIONS AND SEQUEL.£. 203 

and cannot here be enumerated in detail , we may mak e the 
general s tatement tha t they run a much more se,·ere course 
than under ordinary circumstances. The reason of this is to 
be fo unu in the fac t that they are developed, not in a healthy 
organ ism, but in one that is shattere<.l and exha usted by th" 
cachexia, which is either still in full force, or a t least has not 
yet been entirnly overcome. Naturally, those cases a re rela tively 
most unpropi tious in which the scurvy i tself is not ye t eradi
cated, and the supervening complica tion is inherently severe in 
i ts nature. The case is more propitious when less seriotts affec
ti ons occ u1· as acci<.lental sequelro of a scurvy tha t has already 
run its course. In the true complications, independently of the 
w eat exhaustion of the patients, the hemorrhagic-inflammatory 
diathesis especially exe1ts a d isturbing and da ngerous influence 
on the regular co u1·se of the affec tion, whil e in the Sllll llehc it 
is the a nmmia tha t has been lef t behin<.l by thl' a11 tece<.lent 
scurvy, a ml consti tutes in fact a secondary co11 st itutio1rnl affec
tion, which is the principal cause of the dimini shed power or 
resistance on the pa r t or t hose a ttacked. 'Ve must content our
seh·es with this brief mention of the p l'incipal traits iu the clini
cal behavior of such accidental processes, since a clos<'r inves
tigation O f theit· deta ils does not Seem tO US tO be in ]l i:tCe lJerP. 

Among the complications of scurvy which are obsPn ecl with 
relative freq1 iency, and which consequently have pedt aps a morn 
direct connec ti on wi th the scorbutic nffec tion, we mu::;t mention, 
on the pa rt or the respiratory appara tus, par ticulnrly cro1tpo1ts 
v newnon ia. A t least, it is not ,·ery unusual to Jim! a t the 
autopsies or persons who ha ve <.lied of scurvy, the a natomical 
signs of a morn or less recent hepatiza tion or ex tensirn portions 
of the lungs. I11 other cases the subjef'tirn and object i1'e chest· 
sy u1ptoms during the lifetime or the patients indicate the acute 
development of a pneumonic process. The pneumonia of scor
bu tic pa tients runs, as a rul e, a ve1·y severe-for the most part, 
i11deed, a fat '11 course. The immediate c'1use o[ death is appa r
" ntly, in most cases, the ex treme insufficiency of the heart' s 
action-a direct effect of the existing scun·y, which from the 
Yery bt->g inning imprl'sses on the supervening pulmonary affP<.' 
tio11 a n adyna 111ic chnmcter. Sometimes, too, at the heigh t or 
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the disease, before the fatal issue, mortification o( the tissno o[ 
t he lungs sets in with the characteristic signs o( pulmonary 
gangrene (stinking, cliscolorecl sputa). In sllch cases the autopsy 
shows, in nc.ldition to the pneumonic infiltration, gangrenous 
foci o( greater or less extent in the miclst or the ltepatizecl tis
slle. Ifemorrlwgic infarction is a lso a frequent complication of 
srun-y. The in[arctions are usually mul tiple, a ncl the anatomi
c-al changes characterist ic of them are o[ten founcl in the lungs 
at the autopsy. The moclP of prnclnction of these foci i , <ts a 
rule, the same in scnn'y as under otlwr circumstances-namely, 
by embolisin; the emboli are clerivecl from thrombi which form 
in the right auricle, ancl parti cL1larly in the appenclix anricnlre, 
in conseqLience o[ the enfecblccl circulation. 

The ac1tif, 1tlcerating 1'alv1tlar endocarditis, which is some
times, but not often, fonncl at the autopsies of scorb11tic pa
tiPnts, should probably be regarclecl as a rnerPly acciclentnl com
plication, occasionecl ped1aps by sept ic infPction orig inating 
in scorblltic ulcers of the skin or woLrncls. In t he majority of 
the cases o[ scnn·y that terminate fatally, the valves have been 
found perfectly intact, although blowing murmurs over the 
heart are very frequently lJParcl during life. Ilemorrlwgic peri
carditis. likP the a nal ogous form of plenritis, ancl of the Jess 
freqnent peritoniti s, mttst be classecl among the localizations of 
scurvy, since they belong with those lesions which, although 
tlwy may O<'Cut· exceptionally uncler other circumstances, are 
essentially charaC'teristic of this di sease, aml are very commonly 
founcl at the autopsies of se.vere cases. \Ve have also al ready 
hacl occasion to speak of the relation which the occasionally 
observed diplttlteritic-nlceratine enteritis bears to the scurry. 
\Ye pointed ont, in parti<-ular, that this process, which is almost 
always attenclecl by doleut symptoms. especially by frequent 
discharges o[ bloocl per an um, ancl rapidly leads to a fatal tenni· 
nation, must at tinws. like hemorrhagic pericarclitis, a ncl other 
hemorrh agic fo rm s of inflammation. be regarclec1 as merely a 
local izat ion o[ the existing general di sease, while in other cases, 
on thP contrary, it is an actual complication clue to infection 
with dysenteric poison. 

On the part of the kidneys, we mnst mention the existence of 
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parencltymalous degeneration in a considerable number of those 
cases of scurvy in which albnminnria existed during life (Cejka, 
Krebel). " 'e have already expressly stated, however, that in 
quite as many of the cases, where albumen appeared in the urine, 
gross alterations in the kidneys were entfrely absent. 

Finally, of the complications of scnn·y which a!Iec t the nerv- · 
ous apparat us, we mus t mention an anomaly o{ sight-nanwly, 
hemeralopia. The connection of this peqtliar morbid pheno111-
enon with scurvy has been, both in former times and quite 
recently, the subject of active discuss ion. In the first place, it 
is a fact tlmt hemeralopia ancl sc tuvy have been very freq m•ntly 
found coexi sting in the same persons ; u sually the scu1Ty is 
de,·elopecl first, the patients subsequently becoming hemeral opic. 
It is also true, however, that nnmerous and widespread epidern
ics of scurvy , as well as a great number of smaller outbreaks, 
ha,·e mn their course entirely without hemeralopia ; a nd tha t, 
finall y, hemernlopia has al so been repeatedly observed alone 
without scnrvy. In our judgment, therefore, both those au
thors who simply deny any and e,·ery connection of night
blinclness with scurvy (Friedel), ancl those who maintain that 
hemeralopia is, wi thou t q nalifi ca tion, to be set down as a phenom
enon of scnrvy (Delfort, Blanc, Bump fi eld, Hulme, and many 
others), are equal ly in the wrong. The mos t that can ho co n
clncled from thP facts at our command is, thM, among the as yet 
but little studied causes of hemeralopia, there are some which 
r ela tively oft t> n exist side by side with, and are pe rhaps, indeed, 
in part identical with the causes of scurvy, and tha t, under such 
circumstances, an ep idemic of hemeralopia as well as one of 
scurvy frequently ari ses (B1·yson, Schwarz, ancl others); or, per· 
haps, that the exi sting scorbu tic cachexia i tself c1e \"elops a strong 
Jll"ecli spos ition to hernernlopia (Kuett11er,' Dnrhek). In poin t 
of fact, it seems to us that both these possibili ties must he 
admitted to ham a part in p rod ur ing the effect in ques tion , since 
either one of them alone is hardl y suffi cient to ex plain it. On 
the one hand , the fa r t that in the frequent cases of coexistence of 
scun·y and hemeralopia in one and the sa me circle of men, u sn-

1 Peters burger med. Zcitscbri ft. Ild. YI. S. Q,j, 
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ally only scorbutic persons were attackecl by the derangement of 

the sight, healthy persons escaping (Schwarz, Kuettner, Duchek), 

and that, as repeated observations prove, the hemeralopia disap
peared under an exclusively antiscorbutic treatment either siluul

taneously with or soon a[ter the scurvy (Schwarz, Kuettner), 

demoustrate conclusively the existence of a genetic connection 

uetwcen the two diseases. On the other hand, however, the 

occmTPnce of entire epidemics o( scurvy without a. single case 

of hemeralopia, and the analogous occmrence of isolated heme

ralopia without scurvy, prove that, i11 addition to the usual 
causes of scun·y, other pecilliar concomitant causes must be pres

ent to occasion de farto the derangement of vision in the patients 

who are already predisposed to it. At present it is unfortu

nately still impossible to describe more closely the nature of these 

spl'cial gl•netic in tt uences, and also to say on what the predispos

ing influence of scurvy actually depends. It docs not seem to us 

altogeth1•r correct to consider the hcmeralopia as simply the 

effect of the prostmt<>d co11clition of the general nutrition 

(Dnch .. k), since anmmic marasmus cloes not of itself usually lead 

to hemera.Jo1Jia. jn othel' cases. 

The occurrence of hcmcrn.lopia in the course of scurvy is not confined, a'3 it was 

once thought, to epidemics of scun·y at sea and in the tropical regions; it has 

been also observed iu recent times in epidemics on land, nud where the discnsc has 

prevailed on shipboard in the temperate zones. Tims, it was observed in numcrnus 

cases dming the epidemic in the work-house at Prague (Cejka), and during the 

epidemic at Rastatt (Opitz); it was also observed by Kucttncr, in the prison at St. 

Petersburg (18G4), in 18 out 140 of the prisoners who were suffering frnm scurvy, etc. 

It was also met with as a complication of scurvy, according to the reports of the 

English navy, not only at tropical fleet stations, hut also at the nav·al stat ions in tlic 

Mediterranean and in the irregular service (Friedel) . It was, however, much more 

frequent at the tropical stations. These reports, nevertheless, show that the 

hcmerall)pia is not immediately dependent on the scurvy. For, at the Australian 

station, where, during the period of twenty years from 1845-18Cl5, scurvy 

was most prevalent in the English ships, heml'ralopia wns entirely absent, whereas 

at three other stations this disorder occurred more fr<'que11tly tlrnn the scurvy. 

Both affections1 therefore, present evident points of contact and even very remark· 

nble coincidences, but, on the other hand. in mnny cases such disparity of behavior 

that it is as yet c:xcecclingly difficult to determine with any accuracy their relations 

to each other. 
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Diagnos is. 

The diagnosis of scurvy does not in general present any great 
difficulties. As the disease rarely attacks isolated individuals, 
and usually occurs in the Corm of an epidemic on shipboard, in 
fortre•ses, or in camps, or as a prison or asylum pestilence, the 
indi1·id nal case o( SC UI'l"Y under observation is, as a rule, only 
one mnong several or many. This cu11mlation qf similar affec
tions, within certain limits of time and space, facilitates in no 
small measure the correct cliagnosis of each new case. It is a 
very noticeable (act that those affections with which scm1•y in 
its clinical manifestations presents the closest resemblance, and 
for which it might most readily be mistaken, namely, hrcmophilia, 
and morbus ma,cnlosus (see the following chapter), hcha1·e in this 
respect in a totally different manner. The other diseases of a 
hemorrhagic character which might perhaps, in addition to 
the two just named, come into qnestion in the differential diag
nosis, namely, leukremia, psendoleukremia (anmmia splenica et 
Jymphatica), and progressive pernicious anmmia, do not belong 
in the category of pestil ences. 

The etiological conditions al so are of Yalue in aiding to 
establi sh the diagnosis. Scurvy is in the fast place, as we have 
already frequently remarked, unlike hmmophilia, neither a 
congenital or hered itary di sease, nor an habitual anomaly o( the 
<·onstitution; on the other hand, unlike the majority o( the cases 
o[ morbus maculosus, its origin is not apparently spontane
ous. 011 the con trary, in almost e,-ery epidemic o[ scurry, 
and also pretty consta ntly in the less common isolated 
cases of the disease, the anamnesis proYes that the bodies of 
men or the single individuals attacked have been prcdously 
exposed for a shorter or longer period to the influence of certain 
anti -hygienic conditions. " rhile speaking of the etiology, we 
de cribed in detail the special nature of the pernicious inf!twnces 
which produce scurvy. At present, therefore, it will be suffi
cient to recall briefly to the memory o( the reader the mMt 
important of these. First in importance is the wan t o( fresh 
vegeta,ble food ; in the second rank we may mention the want 
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of fresh meat, the use of spoiled food, and putritl drinking-water, 
a long continuetl sojourn in close, damp, aml d:lrk quarter::;, or 
in the open air during damp, cold weather, with in sufficient 
clothing, over-exertion oI the bodily powers, depression of spirits, 
etc. 'J'he amount or consideration which is to be paid to these 
:rnti-hygit·nic cond iti ons, in making the diagnosis, must cor
respond with the g reater or less dPgn·e of importance which they 
possess as eauses ot the disease. \\' hen we 11ave to deal with 
isolatetl cases, the diagnosis of sc urvy sh ould, as a general rule, 
not be cl efinitively made unless i t is justified, not only by the 
eutirc clinical picture, but also by the etiology of the existing 
affection. 

Alllong the local symptoms of scnrvy, tho peculiar o.ff"ection 
of t!te gums, with its previously mentioned characteristics, must 
be pu t promi1w ntly forward as illlporta nt for the diagnosis ; not 
only !Jecause i t is by far the must frequent, and for the most 
part, too, the earliest of all the localizations of the general dis
ease, but also because i t is almost ne1·pr met with in precisely 
thi s particular form, in any other lw morrhagic disease than 
scm vy. I t is trne that simple bleeding from the g ums is by 
no means rare in hmm ophilia, and even in morbns maculosus, 
and that it is al so observed quite frequently in the course 
of 1e11km111ia, pseudoleukremin., progressive arncmia., etc. In 
all these morbicl conditions, however, we almost i111·ariably miss 
that inflammatory loosening and spongy consistency of the 
bleeding gums, which, together with tlrn disposition to hemor
rhage, fo1-m such regular characteris tics of the sco1·butic affection 
of tho mouth. Leukmmia form s the only exception to this rul e. 
ln it we somet imes meet with a hemon·hagic inttammatory affec
tion of the gnms, the g ross clinical picture of which seems, 
according to the description, to be similar to that of the stomati
tis gi ng ivali s of scu rvy (Olli1·ier). Mosler ascribes it to the irritat
ing action of the saliva, which in lenk,emic patients becomes 
morbidly altered in its chemical const itution. This lenk.emic 
stomatiti s- -i n which, be it mentioned in passing, Ra111·ier has 
recc11tly clisco1·erPd by microscopic examinati on, in addition to 
inters titi a l cx tr:wasat ions of bloocl, a filling-up of l'nliro cap illary 
di stri cts of the g nms with colorless white blooll-co l'jrnscles-is, 
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' however, o[ very rare occurrence, ancl even when prespnt, it can-
not, if proper care be exercised, ea sily lead to a confo unding of 

th t! existing leukwmia with scurvy. F or it seems that the 

affection of the gums in ques tion only occurs exceptionally in 

n·ry advanced cases of leukrem ia, and in these cases the con

dition of the blood, as well as or the spleen and the lymphatic 

glands, always presents sufficien tly clear proofs or the nature of 

the di sease to di spel immecliatt!ly any doubts which the physi

cian might entertain. 
On the other hand, however, as we have already mentioned, 

the afiection of the gnms may be entirely wanting in scurvy. 

This is espec ially apt to be the case when the pati<•nt has lost 

hi s teeth; the part of the mucous membrane of the mouth in 

question is then usual ly very slightly or not at all affected. 

This itTegularity in the type of the di sease will not, however, 
prevent a correct diagnosis, pro,· idecl only the di sease be in other 

respects, as rega rds etiology ancl symptomatology, sufficiently 

well marked . Next to the gums, the external skin is unques
t ionably the pa1-t in which the localizations of scnrvy occur with 

the g reatest frequency; and since the various purpuric eruption s 

which make their appearance on i t are also undoubtPdly the 

most perceptible to the senses of a ll the symptoms or I he di s
ease, it is nat ttrnl that, altogether independentl y of tlwir rela

tions to the sco rbutic affection o[ t he g um s, grea t importance 

should be attached to them in forming the diagno,is. \Ve can 

certainly ma intain, without frar of error, that the pre,enre of 

an abnndance of the hemorrhagic emptions, which lrnrn been 

descl'ibed in detail in another place, aclcls mnch to the security 

or the diagnosis of scurvy in incli,·idual cases. An entire ab

sence of any and e,·ery purpuric emption speaks with eq ual 

force against the ex istence or this disease. On the other hand , 

however, no palhognomonic sig nification ran be ascribed to those 

forms of purpura which are most frequently obsen·ecl in scorbu

ti c patients, namely, to the simple hemorrhagic petechire, ecchy

moses, ancl vibices, even though these more common kinds of 

interstitial cutaneous hemorrhages, like the inflammatory extra
vasations which will presently be nwntioned, ocrnr with especial 

predilection on the lower limbs, and are often limited entirnly to 
VOL. XVII.-14 
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these rrgions of the body. It is well known that the pathologi
cal domain, within which such suggilla.tions of the skin o( greatPr 

or lPss extent may and inueecl often uo occur, is much more 
extensive than tlrnt of scurvy alone. !Ience, even when till' 

simple hemorrhagic eruption is exceed ing ly abundant, we can 
only cone! ude from it that a hemonltagic diathesis ex ists in the 
case u ndPr consideration ; for the exact diagnosis of the special 
variety of the disease, we must rnly on the remaining symptoms, 
with what help can be derived from the etiology of the case. 
The case is so 111 ewl1at different with tho hemorrhagic inflamm>i
tory ornptions, particularly those which we h:we d escribed in 
anotl1er }Jlace under the names of Pemphigus scorbuticus and 
Rupia scorbutica. These rnrieties of purpuric eruption, as is 
evident from the qualifying adji•ctive we have used, occur, so 
far as is known, almost exclush·ely in scurvy-hardly ever in 
other hemorrhagic diseases; their presence, therefore, furni shes 
a much more certai n proof of tho existence of the former disease 
than is offered by the appearance of petechim, ecchymoses, and 
vibices. The syndrome of scurvy is sti ll more charact<'ristic in 
all those severe cases in "·hich, in addition to the gums and the 
skin, other parts of the body and other tissues, namely, the sub
cuta110ous stratnm, the muscles, the serous membranes, the peri
ostcum oC the bones, and tho articulations, are aJtected in the 
manner we have already described. \Ve may state explicitly 
that neither the peculi>ir, board-like infiltration of the snbcu
taneons connective tissne, nor the hemonhagic inflammatory 
foci in the muscles, nor the enormous eIT nsions into the serous 
cavities, etc., which are so frequently met with in scurvy , com
bine with any frequency to form a unitecl clinical picture in any 
other disease. It may therefore be affirmed, in regard to the 
local symptoms of srnrvy, that the facility with which the diag
nosis is m>idc from them alone increases with tho number of 
tissues affected, and the distinctness of tlw inflammatory as well 
as of the hPmorrhagic character of the existing local lesions. 

Finally, the state of the general health is also of Yery great 
importance in the diagnosis of scurvy ; in many cases, indeed, 
it is absolutely decish·e. In contra;;t especially to hmmophilia 
and morbus maculosus, two h emorrhagic diseases which are 
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characterized by the absence of any real cachexia, or in which, 
at least, a cachexia is only developed as a complication in the 
later stages, in conseqnence of the loss of blood, the great major
ity of the cases of scurvy, as we have already slated, arc ush
ered in by a morbid derangement of the general health, which, in 
addition to a greater or less di sturbance of the subjective sensa
tions and or the capacity for bodily exertion, prnduces an 
exquisitely mai·kcd cachectic change in the appearance of the 
]latiPnts. It is usually only after this initial stage has lasted for 
a time-in other words, after the cacllexin already exists, tlrnt 
the local symptoms oC the hemonhagic inflammatory diathesis 
break out in various ]larts or the body, espc('ially in the gums 
and the skin, and, by their combination with the general de
rangemPnt, complete the hitherto incomplete cl inical picture of 
scu1·vy. It is cvidPnt, therefore, that, like the etiology and the 
local symptoms, the state of the general health also constitutes 
an important point of di!Ierence between most ca'<~S or scu rvy on 
the one hand , and cases of hrnmophilia and morbus maculosns 
on the othr1", and that it can be made usefttl in the difT,,n,ntial 
diagnosis of those difTCl'ent, but nen'rlhelcss sy mptomnti ca lly 
related afl'ections. h must, indeed, be admitted that in mild 
cases of scurvy the initial cacltexia may be but li ttle dernloped, 
or eren almost entirPly wanting; but nc1·ertheless, this excep
tional behavior in single cases must not by nny 111Pans be 
thought to diminish the general trusLworthincss of the diagnos
tic rule just formulated. On the contrary, for the co1T<'Ct app1·e
ciation of snclt anomalous cases, it is only necPssa1·y to take 
suffi ciently into considerati on the fact, that enrn wh1'n the 
cachPxia is absent, the diagnosis can inrnl'iahly be made with 
the g1·eatest probability, providecl the case in question ocems 
during the prevalence of an epidemic o[ scnn·y, and cl"idently 
under the influence of causes that are liable to prnduce that clis
ease; and proddecl, fnrlh er, the existing llemonhagic inffomma
tory local symptoms (in the gums, the skin, the snbrutaneons 
connective tissue, the muscles, etc. ) are of such a nature as to 
111ake any other diagnosis seem absurd. 

On the other hand, the primary cachexia, which is almost. 
always present in scurvy, produces a certain resemblance between 
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this disease, in its clinical belrn.vior, and lcuk:nmia, psendo
leukrernia, and progressiv e pernicious amcmia, in so far as Lhe 
hemorrhagic diathesis in these three morbicl processes is always 
developed secondarily to a sernre general illness. N otwithstand
iug this, however, scnl'vy cannot be easily mistaken for leuJuc
mia and pseudoleukwmia; it is easier to conceive the possibility 
of its being occasionally confounded with pernicions anmmia, 
especially as unfavorable outward conditions or ex istence some
times play a certain part in tbe etiology of this last process. 
In addition, however, to the fact that progressive pemicious anm
mia has never yet broken out epidemically as a pestilence in any 
locality, there ex ist, as a n1le, enough outward points of differ
ence between it and scnrvy, to di sting uish clinically in a satisfac· 
tory manner each or these two diseases from the other, and con
sequently, to serve for a differential diagnosis. \Ve may men· 
tion, {or instance, in this connection, that pa ti ents with perni
cious amemia present an excessive pallor; scorbt1tic patients, on 
the contrary, rather a cyanoti c (livid) hue; that, moreover, the 
bleeding in pernicious arn:cmia is a simple hemorrhagic phenome
non , while in scurvy it is frequently the accompanimpnt of local 
inftamma.tory processes, etc. Finally, useful diagnostic points 
can also be obtained ex juvantibus, since appropriate treatment 
is capable o{ producing extraordinary results in scurvy, while 
up to the present time every sort o[ treatment that has been 
triecl in leukromia and pseudoleukrnmia, as well as in progres· 
sive pernicious anromia, has pro1·ed almost entirely useless. 

Duration. Terminations. Prognosis. 

The duration of srurvy is scarcely ei-er short. It is influenced 
very essentially, however, by the outward circumstances in which 
the patients exist during the course o{ the disPase. The longer, 
namely, the patient, after the attack has commenced, remains 
exposed to those anti-hygienic inftnences to which the deYel· 
opment o{ the di sease was especially dne, the more severe 
does it nsually become, and the longer, in particular, is its 
duration, supposing of course that the life of tlrn patient is pre· 
served, and that at some later periocl a favorable change takes 



TEIUUNATIONS.-PROGNOSIS. 213 

place in the conditions of his existence. \Vhen this change occurs, 
a turn for the better usually sets in rapidly, even in very severe 
and apparently desperate cases. Even then, however, a consider· 
able time elapses in almost ernry case; and indeed, when the 
attack is very severe, many week s, as a rule, pass by before the 
disease can be considered as ended and the bodily powers as fully 
restored. \Vhen the disease terminates fatally, its duration is, it 
is trne, more or less shortened by the decease of the patient; still 
it is in general rare for death to ensue very soon after the scorbu
tic symptom s make their appearance. The rule is rather that 
the really dangerous accidents which bring about the d readed 
catastrophe only appear after the symptoms have persisted for 
a considerable length of time. 

In recent times, since we have learned how to guard better by 
prophylactic means against the conditions which produce scurvy, 
and, moreover, how to treat the disease appropriately after it 
has once made its appearance, the termination has been much 
oftener complete or incomplete recovery than death. Experience 
has shown that the shorter the duration o[ the disease, the less 
fully developed its symptoms, and the sooner especially the 
patient comes under appropriate treatment, so much the greater 
is the prospect of complete restoration to health. 'fbe way in 
which Lhe retrogression of the local symptoms and the restoration 
of the normal general condition take place i11 these mild cases, has 
been fully described in the section on the symptomatology. In a 
similar manner, only much more slowly, a gradual involution of 
all the morbid symptoms often enough takes place even in the 
more severe cases, and continues until all trace of the disease has 
di sappeared, prodded the requisite removal from the etiological 
inttuences has been accomplished before it was too late, and 
prodded, moreover, noth ing is neglected in the symptomatic 
treatment of the foci of di sease. At other times, however, even 
unde1· the circum stances just named, the recovery is incomplete, 
because local processes have been developed, while the scur1-y 
was at its height, which are incapable of a complete resolution. 
Among tlwse we may men tion particularly, ex tensive loss o( 
substance by ulceration of tbe gnms, which under the most 
fortunate circll!n stances can only be replaced by a cicatricial 
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fo rma tion, or abnormal development of connectirn t issue in the 
inflamed and swollen mucous membra ne, ind ucing a. lasting 
thickening and induration of the g ums ; for t.her, p rocesses of a 
tlestructi vu nature in the skin, which le:.we cicatrices, or firm 
connecth·e-tissuc growths in the subcutaneous tissue, which often 
prodt1ce second;uy a trophy of the muscles beneath, as well as 
false anchylosis of the neighboring articula tions (especially the 
knee- and ankle-join ts). Finally, among the cases of incomplete 
recovery belong also t hose which leave behind suppura tive pro
cesses in the joints, or true anchy losis, or necrosis of the bones 
ancl cartilages, as well as those in which ex tensive adhesions 
fonn between the lungs and the pleurn costalis, or the heart 
and the pericardium, as the results of a pleuri ti s or peri carditis 
scorbutica. 

Death results in scurvy, as has been already mentioned, for 
the most part only after the di sease has lasted for a long time, 
and when the localizations are numerous and severe. It is there
fore usually the indirect result of an unaba ted persistence of 
the causes which give rise to the disease. The fatal result is 
in most cases direc tly due to a general functional exhaustion 
of all the vital organs, which is manifested by the signs of the 
most complete universal prostra tion. Less frequently the final 
catastrophe must be ascribed di.rectly to some unusually severe, 
and at the same time, on account of their situation in vital 
organs, espec ially dangerous localizations or compl ications. 
Among the dangerous local affections sh ould be mentioned par
ticularly: hemorrhagic exuda tions into the pleural ancl the peri
cardia! sacs, and the scorbutic affection of the large intestine, 
as malignant complications; on the otlier hand, we must men· 
tion especially the in fec tious form of dysentery and croupous 
pneumonia. Still another mode of death in scurvy is that by 
acute anremia, or by bleeding. Death from this ca use may occur 
at any stage of the disease, and may be clue immedia tely, just 
as in other form s of the hemorrhagic dia thesis, to excessive 
bleeding from cuta neous ulcers, or to an epistaxis which cannot 
he checked, or to hemorrhages from the s tomach or to profuse 
los:ies of blood from the urinary passages and the genita l organs. 
Al though the number of cases of scurvy which end fatally in 
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this way is not very small, still thi s cause of death does not 
play so important a part in the general mortality or scur''Y as 
it does, for instance, in that or hremophilia or or lllOl'bUS mac
u) OSUS ; it does not, therefore, deserve to be mentioned and 
counted as belonging in the first rank of the various modes in 
which the fatal i ·siie has been obsen·ed to take place. Finally, 
we must also mention that, even during tlte earlier stages of 
the di sease, and when, moreover, no special anatomical lesion 
of serious character exists, many scurvy patients have suc
cumbed in an unexpectedly sudden manner to paralysis o[ the 
heart, with the symptoms o[ syncope. This has happened espe· 
cinlly when the patients were obl iged to make some violent 
movement, to stand up suddenly, etc. Ilence, neither the extent 
nor the intensity o[ the demonstrable gl'Oss lesions can serve 
alone in e,·ery case as the measure ol the degree or danger 
which is actually present. This depends also to a very grea t 
extent on the intensity o[ the general weakness, as well as on the 
occurrence or non-occurrence of external accidents which might 
occasion paralysis or the hea rt. 

It is m· ident, from what has just been said, tha t the prognosis 
in scun7 is dependent upon very various circumstances. First 
and foremost, of cotuse, it depends on the duration and severity 
of the case, the severity being estimated by the condition or the 
general strength of the patient, and by the site, the extent, and 
the in tensity of the local prncesses; in the scconcl plac<>, on the 
possibility o[ procuring appropriate therapeutic aid and of plac
ing the patient under the ex ternal condit ions that arc necessa ry 
for his recovery. Pinally, even in mild casl1S that arP progress
ing fa1'orably, and in which all the dietetic and therapeutic 
measures necessary for the patient's recornry a re being employed, 
we should always bear in mind the possibility or the occu1Tcnce 
or the clun!(erous accidents alluded to above, by which life may 
be very suddenly ancl unexpec ted ly jeopardized. A farnrable 
prognosis should, therefore, never be too confidently !(i1·0n in 
advance, even where the circumstances appear in gr1wral pro
pitious. The patient should .at all events never be dPc!ared 
entirely out of danger until unmistakable signs of far advanced 
conrnlesccucc arc given by the force and strength o[ tho lu•art's 
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action, by the renewed vigor of the other organ ic functions, a!l(1 

finally by a. nearly complete retrogression of a.11 the local pro
cesses. 

Treatment. 

In speaking or the etiology or scurvy, ancl again in what 
immediately precedc>8, we ha.rn rcpea.tecl ly referred to the great 
a.nd blessed influence which wi se and provident attention to cer

tain sanitn.ry needs in unusual seasons and circumstances, to
gether with the adoption at the proper time of appropriate treat
ment, exert in limit ing the development of this disease a.nd in 

g iving to its cou rse a more favomblc form. It ma.y be boldly 

asserted, that in the whole province of special pathology there 

are few mo1·bid processes in which a. well directedpropltylaxis ancl 

a. strict complitince witli the inrliratio causalisare able to accom

plish so much, as in the case of scurvy. It is true that our 
theoretical k.11 owledge o[ tl,10 modP or orig in o f this affection, as 

well as of the manner in which the measures that are recom
mended in its trcatmPnt act, is at present deficient in many 

poin ts; bu t fo1tunately this hiatus does not seriously interfere 

with the success of tlw prophylactic and therapeutic measures. 

It is an historil'al fact Lhat sc utTy has become much less frequent, 

and has lost much o f the nialig nancy which formerly distin

g t1i shed it, since php;icians leanwd to cleduce, from the knowl

'~dge ga.iiwd by expPrience in regard to its etiology, some evi
dent conclusions as to pmctical methods of preventing and com

bating the clreadl'd evi l. 
The prophylaxis ef scitri>y ineludcs, in the first place, like 

t hat Of anromia, a wry large part of the domain Of general, 

pHIJlir, as wPll as pdvate hyg ient', since everything which tends 

to improve tlw outward cond itions of existence of individuals, as 

rega l'd s their nouri shment, habitations, clothing, employment, 

etc., and se1Tl'S to elevate the physical condi t ion of a popula

tion, not only inrrpases in general their cap ita.I stock of h ealth, 

but may be regarded at the same t ime as a special preventirn of 

scurvy . Experience has ahnndnntly proved that scurvy ne\'er 

was prevalent among persons whose outward conditions of exis-
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tence at the time could be called normal ; lhi5 much is also cer
tain, that the liability of an attack of scurvy is not particularly 
great in the ca5e of any man who is free to satisfy his more 
i111portant hygienic needs, and undel'stauds how to make a ti t
ting use of this freedom! It may, indeed, be safely asse1ted 
that any ma11 is safe from scurvy who is able to command a 
sufficiently abundant and at the same time Yaried and nulri tious 
diet, and plenty of good,_ pure, dl'inking water; who ltas, morn
over, the good fortune to possess a roomy, light, and d ry dwell
ing, ancl can protec t himself by proper clothin o- from the 
inclemencies of the weather, and who, finally, can prese1·ve his 
mind in a quiet and cheerful frame, and is neither forcecl to ornr
exertion of the body not· ye t. obliged to pass his life in complete 
physical inactivity, and that thi s immuni ty will persist so long 
as he continues in the unhindered possession and enjoyment of 
all these essential requisites to health. And as it is the positive 
duty of evel'y sanitary board to secure these hygien ic advan
tages for as many as possib.le and in the most thorough manner 
possible, it follows that the prophylaxis of scm vy necessarily 
coincides in ordinary tirnes and under ordinary circumstances 
with general sanitary measures. The question of the preven
tion of scurvy assumes a more concrete form for the most pmt 
only under certain conditions of existence, wliich may all be 
considered as exceptional in their nature, and therefore, from 
the standpoint of strict ltygienP, as anomalous. Let us there
fore, without further digression , enter at once upon the consid
eration of these somewhat less u sual condition of physical 
existence, which are well known to involve for certain rrasons 
an outward prec1i position to scurvy, ancl let us briefly discuss, 
as an addition to what has been previously sa id under the heads 
of the history and etiology of scurvy, the most important of the 
things that can be stated and recommended as or proved value, 
in rega1·d to the prophylaxis or scurvy under such circum
stances. 

Here again our attention is naturally first called to the occur
rence of thi s affection on shipboard, and we must consider by what 
precautions its breaking ont at sea can be most surely prevented. 
Since the great liability lo contract scurvy on a 1·oyage in former 
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times was undoubtedly due to the sort o[ provisions with which 
ships were then supplied, and since, moreover, in recent times the 
di sease has scarcely e,·er appeared on sh ipboard until after the 
fresh meat, the g reen vegetables, and finally, the store of potatoes, 
had bt•en g 1·adually exhausted. and the crew had been confined 
for a consiclerable periocl to the so-called" sea-Ioocl," the prophy
laxis o[ the disease evidently consists first of all in supplying 
ships, before sailing, with an abnnda1}t provision of good p ota
toes, which are the most easily procm ed and preserved of all the 
anti scorbnti c aliments. It is no Jess advisable to replenish the 
storn o[ potatoes as often as necessary at intermediate stations, 
so as to prevent, if possible, any scarcity of this article of food in 
the daily ration of the sailors. The preservation of large quan· 
tities of g reen vegetables (i n hermetically sealed cans, etc.) is, of 
course, much more difficult and especially much more expensive, 
and the regular d istributi on of this sort of food to the whole 
ship's company would hardly be practicable as a permanent 
thing, particularly on board of merchant vessels. It is hardly 
necessary to say that, whenever by a fortnnate combi nation of 
circumstances it is possible to obtai 11 fresh vegetables during a 
voyage, the opportunity should never be neglected ; the crew 
shoulcl be encouraged to indulge freely in them at the time, and 
a supply should al so be Jaicl in for future u se. For reasons that 
are easy to understand, the renewal of a ship's supplies of green 
vPgetabl es becomes a matter of the greatest difficulty in the case 
of voyages to the barren polar regions and of lengthened sojourn 
there. A few moderately palatable, nutritious plants, snch as 
the spoonworl (Cochlearia offi.cinalis), the common sorrel (rumex 
acetosella), the dandelion (tamxacum oflicinale), the h ouse-leek 
(seclum acre)) and some other species are, however, founcl among 
the scanty vegetation of those rPgions, and when the yoyage 
fall s in the short polar summer, the men should be encouragecl 
to gather these plants and to use them as vegetables or salads. 
\Ve venture to doubt whether the spoonwort, so much vaunted in 
formpr t imes, and even yet, as a prophylactic against threatened 
and a specific for existing scurvy, really possesses any "very 
special " an ti scorbutic powers, and do not believe that this 
power, if i t exists, resides in the sulplrnretted ethereal ciil of this 
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cruciferous plant. 'Ve are disposed rather to account for the 
important and gratifying role which spoonwort has unquestion
ably played in the history of the prophylaxis as well as or the 
treatment of scurvy, simply by the circumstan;;;,s that the re
gion or distribution of this plant extends unusually far to the 
north, ancl that mariners in the higher latitudes, when eeking 
for vegetable food on the barren strips of coast of the arctic 
regions, very frequently [onnd this spoonwort ancl often nothing 
else. 

The plant is fouucl, iiccording to Mertens, Egede, nnd others, in incredible quan
tities on the coasts of the extreme north (Sp itzbcrgcu, Greenland). lt thrives even 
in sand or on almost naked cliffs, wherever even minute c1uantities of the droppings 
of birds or the excrement of seals have fallen. Its taste is said to be in the polnr 
regions less pungent, but more of a bitter-sweet (Krebel). The dandelion (tar:txa
cum ofl1cina1c), which is so common on our grass-lands, and affords n savory vege
table especially ada.ptcd for use as a salad, is also met with by the polar explorers 
in the very farthest north. It doubtless owes its great reputation as a prophylactic 
against scurvy principally to this accidental circumstance. 

" 'e stated, while speaking of the etiology, that bread, clriecl 
leguminous vl'getables, and rice, although all vcgctabk aliments, 
still do not possess the antiscorbLLlic propCJ"ties of potatoes and 
green vegetables. Sauerkraut, however, would seC'm to be a 
goocl ancl very efficient substitute for these latter in the alimen
tation of tho sailor; o[ its efficacy in preventing the scurvy, 
Lind, J\Iertens, :incl other earlier writers were thoroughly con
vince<l. Lind, in particular, stated that on board o[ Dutch 
ships, which were habitually well supplied with sauerkraLlt, 
sctU\T was unusually rare, and he recommended most urgently 
that ships shonlcl take with them large supplies of this aliment, 
which, when ]Xtcked in casks, can be preserved in good condition 
for years. That this advice of Lind's was really well grounded 
seems evident from the fact that at the present day English and 
other marine surgeons always recommend an abundant supply 
of sauerkraut as well as of potatoes, on sea.going vessels, as one 
of the principal prophylactic measures to be taken for the pre-
1·ention o[ the scurvy. It seems worthy of mention inn. theoreti· 
eal point of view, that sauerkraut, as us ually prepared, loses 
nothing of the nutritive elements of the fresh cabbage (especially 
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of its nutri tive salts), so tha t i t may in fac t be look ed upon 
as a complete, though not a very easily diges tible, substitute 
for the fresh vegetable substance. Finally , let ns once more 
recall to memory the fact, of ethnological in terest, tha t cer
tain peoples (Laps and Finns) dwelling in tbe far north are 
able during the long winters to protect themselves successfully 
from scnrvy by the daily use of a substance similar to sauer
kraut-namely, common sorrel, gathered in the autumn and 
prepa red with reindeer's milk. They consume considerable 
quan tities of thi s substance with the flesh of animals killed in 
the chase. Other northern peoples who live exclusively on meat, 
- Ior instance, the Quaens and Normans,-suffer severely from 
scurvy. 

Of other articles of food, j uicy f ruit certainly approaches 
most nea rly to vegetables in i ts chemical properties, and like 
them it is also valuable as a prevent ive of scurvy . As oranges and 
lemons are, of all kinds of juicy frui ts, the easiest to pack away 
and to keep in good condi tion on shipboard, it has become a 
pretty general custom in recent times to lay in supplies of them 
on ex tendPd voyages, and to deal them out to the crew at inter
val s, iu order to diminish the danger of an epidemic of sea-scurvy. 
The so-called lenwn-jidce is al so employed as a prophylactic 
against scurvy, in the Bri tish and some other navies. It consists 
of the expressec1 juice of lemons, clarified, and for its better 
preservation mixed with brandy in the proportion of 10: 1. On 
every long sea-voyage, even at the present day , each English 
seaman receives daily, after the first fortn ight, 30 grammes ( 3 i.) 
of lemon-juice and 45 grammes ( 5 iss.) of sugar as an an tiscor
butic ration. As, however, the lemon-juice, even when p repared 
as above described, did not always remain good for suffi ciently 
long periods, anc1 as, moreover, in spite of its regular employ
ment, scurvy sometimes broke ou t on shipboard, it was subse
quently c1iscarc1ed in the Austrian navy, where it had been 
employed for a time (Dnchek). It has also lost much of the 
favor with which it was temporarily regarded by the naval 
au thorities o( several other na tions. But, in our judg ment, it is 
not fair to conclude tha t a preservative is totally useless because 
it is not entirely sure, or does not protec t in every case ; and 
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there is as little justification for the belief that all necessary pro
phylactic precautions have been taken against scmvy by the 
distribution of any one otlier article of diet alone. The con
tinued employment of lemon-juice ou the ships of the first mari
time power of the world- namely, of England, cannot, as it 
seems to us personally, be ascribed to a mere conservative whim; 
on the contrary, it furnishes noteworthy extrinsic evidence that 
lemon-juice must possess certain antiscorbutic virtues, when 
employed in connection with a sea-regimeu in other respects 
rational. It must not by any means be imagined, however, 
as Clialvet very justly observes, that the use o[ plain citric 
acid in the form o[ lemonade, or of lemonades prepared with 
other vegetable acids, can in any way take the place, as pro
phylactics, of lemon-juice or of the jt1ice of other acid fruits ; 
or that, for instance, in orcler to prevent scnrvy on sea-voyages, 
it is only necessary Lo carry a large supply of crystallized citric 
acid, which is very easily preserved. .A.ccol'ding to the state
ments made in another place, ii is in the highest dL'gl'ee improb· 
able that the pure vegetable acids possess any efficacy whate,·er 
as direct antiscorbutic agents; on the contrary, there is goocl 
reason to believe that it is only when in the form of their unstable 
combinations with potassa (precisely the form in which thPy are 
chiefly contained in fruits and in mauyvegetables) that they pos
sess these antiscorbntic qnalities. Hence, the fact that wge
table acids, given alone, are worthless both as prophylactic and 
as therapeutic agents in scmvy (Beckler, Duchck, ancl others), 
does not prove anything whatever against the effi cacy of the 
expressed juices or fruits. 

Of animal foocl, apart from fresh meat, wl1ich should be 
procured as often as possible when opportunity olTers, and the 
fresh milk of stall ed animals (cows), supposing that such live 
tenants can be accommodated on shipboa1·cl, canned meats ancl 
condensecl 1nilk are to be recommended above all otlwr articles 
as prophylactics against sea-scurvy. As further snbstitutes for 
fresh meat, which at all events are far preferable for sea-cliet to 
the jnstly decried salt junk, the following might be nwntionecl: 
the so-called meat-biscuit, meat-powder, meat preserved in honey 
casks, or enveloped in sugar, and also meat which has been suit -
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ably prepared for preservation by immersion for a. short time 
in creosote water. "' e refer the reader to Krebel 1 for further 
information as to the modes or preserving ancl cooking these 
various prepamtions of meat, all of which, though not in an 
equal degree, deserve to be recommended as supplies for n sca
voyage. Liebir;'s Extract qf Jfeat is also to be highly recom
mended. This preparation, although entirely lacking in albu
men, contains otherwise in the greatest abundance and in con· 
densed form precisely those substances (salts of potassn) which 
the ment loses most dttring the process of pickling, ancl to the 
want of which modern "Titers are disposed, not without good 
reason, to ascribe the frequent occunence of scnn·y aftt>r long
continued and exclusive use of salted m<>at. The history of this 
disease furnishes numerous examples from former times which 
seem to support this theory. 

Iu the hygienic administration of a ship, the most careful 
attention must be paid to the condition of the food used, as well 
as to the choice of the diet, if it is desirecl to render the protection 
against scurvy as certain as possible. Spoiled articles of food, 
whether they be meat, biscuit, or anything else, not only prom 
decidedly injurious to health by provoking more or less serious 
derangements of the digestion, but it would also seem that the 
de,·elopment of many epidemics o[ scnrvy must be ascribed to 

the use of such articles in the sea-diet. It is the cluty, tl1erefore, 
of those charged with the supervision of the daily rations o[ the 
crew, not only to see that the food usecl is sufficient in quantity 
ancl properly prepared, but also that it is inn good stntc of pres
e1Tntion; whatC\-er is suspicious in this latter respect should be 
promptly discardPd, and, if any intermediate stations are madP, 
the deteriorated mticles should be replnccd by a new supply in 
the best possible condition. 

Good drinkinr;-woter is also a very important preservative 
against scurvy at sea. Supplies or chinking-water on shipboard 
can with a little care be kept from spoiling for a long time ; they 
should be contained in large, tightly closed, iron tanks, placPd 
in the coolest possible part of the ship. There are, moreover, 

I I. c. s. 232-237. 
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various methods of more or less value by which foul drinking
wa tt' r tan be purified , either by filtration, 01· by precipi ta tion of 
the dirty slime that has formed in it, as well as methods by 
which drinking-water can be obtained by the distill ation of sea
water. The necessary information on these poin ts will be fo nncl 
in Krebel's ' wol'k. Finally, as often as a fitting opportunity 
presents itself, the store of chinking-wa ter should be renewed, a. 
freshly drawn supply of good spring-wa ter being taken in. Th i,; 
is a clnty which must be fulfill ed with as much care as the 
replenishing of the supply of provisions. 

As other beverages to which we a.re entitled, by a.bundant 
experi ence, to ascribe a. protec tive effi ca.cy against scurvy, and 
the da ily use of which on protra.cted voyages is, therefore, desir
able, we ma.y mention especially tea, good beer, particula. l'ly the 
spruce beer (Sprossenbier), prepared by arlding turiones pini 
s. a.bietis to the fermenting mash, or essence of sprnce to the fer
mented drink; and finally , wine, or, in place of it, cida. The 
rnlne of all these beverages, as prophylactic agents against 
srnn·y , may be considered as thoroughly pro\'ed by the decrease 
in the frequency of this di sease at sea since they hare been 
generally introduced into the di et li sts of ships ; a.11 cl it is 
a very st1·iking fact, that, like the antiscorbulic aliments (green 
vegetables, frnits, etc.), they all a.re rema.1·lrnble fo r the large 
amount of potassa. which they contain in combination with 
carbonic acid ancl vpgp table a.cicls. This circumstance furni shes 
still another argument in favor of Garrocl' s theory, that the 
occurrence of scurvy is due to a.n insufli r ient supply of potassa. 
to the organism. 

However, the etiology of scurYy does not exclnsi>ely or in 
a.11 cases con8ist in a. faulty suppl y of food a.nd drink ; and as 
numerous observa.ti ons pro,'e tha.t epidemics of the di sc•a>c ran 
occur on hipboard even when the supply of food and d rink is 
most perfec t, it is ev ident tha. t they must be referred to other 
injurious ca.uses . IIence, the prophyla.c tic measures to be 
takPn against scurvy at sea should not be limi ted merely to an 
appropri a.te regula.tion a.nd supervi sion of the alimenta tion. It 

I}. C, p. 240-245, 
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is also <:''sential that strict attention should be paitl to all those 
other injurious influences by which a prolong<'d confinement on 
shipboard may be rendered dangerous in this respect. SomP o( 
tlwse in!lt1ences are merely auxiliary, but others are perhaps of 
cardinal importance. Among them we must rnention, in particu~ 
lnr, clefectirn ventilation ancl uncleanliness of the ship, frequent 
exposurn to wet ancl cold, with the consequent drenching aml 
chilling of the bocly, excessive hardships, and depression of 
spirits. Every effort must, therefore, be maclo to secure uncler 
all circnmstances the greatest possible cleanliness, so far as this 
is practicable on board of a ship on a long voyage. Special 
attention nrnst also be paicl to the proper ventilation of the 
cove1wl spaces in the ship, since a stagnation of air vitiated by 
all sorts o( gaseous emanations in these spaces, se<:'ms plainly to 
have hacl a direct causative connection with the outbreak o( 
many epidemics of scmTy on shipboard. Fot· this reason alone, 
apart from the other ac11·antages of good, pure air, it is especially 
advisable, whenever the temperaturn of the air a11d the state of 
the sea will permit, to open claily the ports of the ship and the 
cabin windows, so as to secure a free exchange o( air. It is of 
course a Yery great advantage to have the air in the interior of 
the ship renewed also cluring stormy, cold, ancl clamp weather, 
ancl for this end v:trions ventilating apparatuses have been pro
posed ancl employed, by means of which, without opening the 
windows oi the ship, the air can be changed as often as neces
sary.' The first apparatuses of this sort were introduced by 
Baskoweil ancl Ventura. 

The clothing of the crew is another matter which deserves 
attention. It shonlcl be appropriate for the climate, but in 
particular shoulcl be o[ snch a kincl as to protect the body as far 
as possible from chill ancl wet. A sufficient supply of woollen 
shirts ancl drawers should be in the possession of each man, 
especially on voyages in the northern seas; in aclclition, thick 
outer garments. In regulating the often very exhausting cluties 
of the ship's service, the attempt shoulcl be macle to distribute 
by regular reliefs the bnrclen of the general work in such a 

1 Krebel, I. c. p. 227. 
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way that it may bear as equally as possible upon the shoul
ckrs of all, and that rest and exertion may succeed each other 
a t suitable in terval s. At the same time, howe,·er, the indi
vidual' s capa bilities shoulcl be kept in mind as far as possible, 
and the tasks allotted to the weaker and more delicate members 
of the crew should not, when it can be avoided, be as sernre 
as those allotted to the stronger and more r obL1st. It mnst, 
moreover, always be borne in mind, tha t notwithstanding a 
fair distribttt ion of tho burden of duty, in which the weaker 
indiv iduals an· favored in some degree, the a moun t of bodily 
exertion unconditi onally demanded from each one varies very 
greatl y under cliffereut circumstances (for instance, i t is much 
g1·eater wlwn th <' weather is stormy and the sea high than in 
calm weathet"). and tha t the supply of food, as well as of exbiJ. 
arating chinks, shoulcl be in proportion to the greatness of the 
exertions call ed for. N othing can in fact be more det1·imeutal to 
the physic-a l well-being of a crew, and more favorable to the 
development o( an outbreak of scuny among them, than a too 
ri g-id acll1erencP to formal regulations which prescribe a uni form 
and almost un1·arying sea-diet, botil as rega rds food and drink, 
without reference either to the different needs of differently con
stituted men, or to the great variations in the severity of the 
bodily exertio11s c1 1•nianded . There is no o ther situa ti on in which 
a certain fluctuation in the amount or the clay's rations, gaugecl 
on an intelligent knowledge or physiological principles, is as de
sirable, and i11 a prophy lactic point of view as ad1·antageous, as 
it is on shipboard. Finally, it is also wi tho LLt doubt the d ut y of 
those in comma nd, in the try ing timPs and preca ri ous situati ons 
which are so ofte11 met with on long vo_rag""· to e:wrt to the 
utmost their moral enf' rgy, a nd to bring in to play t heir in tellec
tual endowments, in order to maintain or 1·pawa ken courage, 
enclurancP, good humor, a nd a h opefnl stat<' o[ mind in those 
under their control. The ,·e1-y benefi cial infinf' nee of these psy
,.Jiical factors on the heal th of the crew has been repea tPdly and 
with good 1·eason insisted upon. a nd from the earli es t tinws tlwy 
have been considered as specially effi cacious in warding off the 
attack s of senn")'. The preceding remarks can onl y be looked 
upon as aver.'· g1•1wral and incomplete outline of the precautions 
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that must be taken by the offic<>rs chargf'cl wi1lt thP sn1wrinten
dence or the sl1ip's hygiene, in order to g uanl as far as possible 
agairmt an outbreak of scuny-that former1y :-;o dangerous and 
en•n at tlie present time so threat~ni ng t•Jl1•111y or the sailor. 
F o1· [11rtlwr details in regard to prophyladic 1rn"tsu1·ps, we must 
1·p[1•r to the works wliich treat specially of tliis subjt'et, in particu
lar to Krebel' s monograph. We shall 0111 .r adcl, in addition to 
what has all'eady been stated, that in 111a11y east's unexpected 
o<·cunences will make it necessary to abandon for a. time some 
one or more or the elPmen ts of the 1n·ophyhixis, but that mitu
rally tho ]>OSSibiJity- indecd, the probability Of all OLLtbreak of 
scun·y tlll-'11 h1creases in tL corre::;porn.li11g rn1•asure, a.JH1 eventu
ally Jlethaps the disc'as<• adnally makes its ap1warance_ Ilence, 
so<L-scurvy, as " topologic<Ll rnriety o[ tlu· di sease, does not as 
yet belong ent irely in the domain of history. In add ition to 
tht> qnt>:;tio11 o[ i ts prevention, that of its treatment will in all 
probability long continue to occ LLJ>Y the attpntion of naval au
thorities and sl1ips' surgeons. 

The prophylaxis of the so-c<Lll e<l lruul-scurry, or, more cor
rectly S]lt'aking, of this di sease when oecnning on land, for in 
its natme i t is entirely identical with se<L-scurvy, falls princi
pnll,r in the domain of military hyg iene. The reason for this is, 
that 1 his ral'iety ot the disease, as hi story proves, has occurred 
both in a ncic'nt and recent times with speci>Ll frpqur ncy and de
strnctiveness in bPsieged cities, as well as during long marches 
and military operations performed under cireumst<Lnces of un
usual cliflkulty-in short, as " result of the incidents of war. 
'l'lw nwaslll'•'' to be adopted for the prevention or scurvy in time 
of war shonlcl b<· dictated, in the first place, hy a pmdent forn
sight in n'ganl to the possibility or towns being besieged. 'Vith 
this possihili1y in view, these measures should consist principally 
in provisioning as abu ndantly as possible :ill fortified places, 
particu lar!y with suffi cient suppli es of those easily preserved 
aliments and chinks--for instance, potatoes, sauerkraut, con
densecl milk, a nd wine-which possess unnsual antiscorbutic 
efficacy; secondly, in securing " sufficient number of c<Lttle and 
horses, with the necessary qtmntity of dry fodder (o<Lts, hay, etc.), 
in order that the besieged ganison and the civil population may 
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hav.e fresh meat to eat as long as possible ; thirdly, in a strict 
examinalio11 aml repeated inspection of all springs and pernm
uent sources of water-supply in the fortified place, in order to 
prevP11t eontamina.tion or the drinking-water hy filth or eftlnvia; 
Jiually, wlwn the place is really besieged, in:. rPgtrlal<'d distribu
tio11 o[ l'ootl aml llrink to the troop:::;, compri:-.ing 1 hL' gani:::;on 
and tho inhabitants, in 1· .. !ieving at proper intervals the troops 
who are cha rg<•d more specially with the duty of defence, and 
last, but not l'""t, in the ernpl oyment of tlw m0t·al infitie11ce of 
the co111111andi11g officers for tlte Pncourage111ent of the defenders 
aml of tlte l'itiZL'llS as soon as any abatement is noticed of the 
heroism manifested at tile beginning. It cannot, however, be 
1l»1tiP<l lliat, even with th,, help of all the matPrial as well as 
me11tal and moral iol'l'l'S, it is not always possible to prPvP11t 
pPl'llHlllPntly tJu .. outbreak of :::;c1uTy in a. lw:::;ieged town, and that 
tlte prophylaxis of lltt> tlisPaSt\ in this 1ielc1 of its Hpecial pr<'<li
lection, will <'011-;tantly <'1tco11tttPr cliffi<'ulties, if possible, ;till 
greater tlmn in rim ti .. ld of mariti111e expP<litions. It ne,-erth1• 
Jess forn1s a most important part of tht' d11ty of all ]WUdent 
strategbts to rnePt this powerful ally o[ th11 l'llemy by tire most 
energt.•tic t->mploy111P 11t o[ all avtLilable forcP~, and by lhe rno:::;t 
int1·llige11t fort->siglit in the clil'ectiou:::; that lmn" bi .. en ]JOintt.'d out. 
\Ve need not insist on the necessity of supplying t roops op<'t·at
ing in the fidd, more paxtimd:uly during :L win te1· {'ampaign, wit!J 
s1tflkient slon·s, whirh should he snpplemented by additional 
supplies of food, wi1w, warm clothing. ete., sent to the soldiers 
from their homes. '!'he great facilities of communication in 
modern tinws render tlte proper rnaint<··nancc ·of troops, at l0ast 
while operating in civilized countri«:-i, mw:h morP feasible at th11 
present clay than formerly. [t is probabl1• that to this extemal 
circumstance is due in no ~ligltt degn .. 1~ tlw J'aet that srlll'\'Y 
has been SO much k:;s frequf'llt lluring thP ~]'4->at wars of the 
la.te t tim~s, during whiclJ. a.pa.rt from its occa ional prevalenee 
in besieged fortress1's, it has only sbowe<l its•·lf in very rar<' 
instances among bodies of trnops operating in the open field. 

Jn onler to guard against the possible occmTence of scurvy 
as a pestilence i11 prisons. 01· a' a local Ppidemic in alms-lio11Rrw, 
j'ouniflinr; rtS!fl1u11s, barral'ks, etc., it is of th,. fit,t importance 
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that the food provided for the in111at!'; should be Rnfficiently 
al.mndaut and not too mono tonou ;, aud varli eulnrly that it 
should not too exclusively consist of bn,atl aud dried legumi 
nous ' 'Pgetables; a constant and abundant supply of good, 
clea1· chinking-water should also be furnished. Jn the next 
plaC'e, we must recommend, as of hnrdly less importance thnn 
n proper supply of food and drink, n careinl attention lo C'l ean
lincss, and particularly to the proper Yentilat ion of the cells and 
inhabitl'd rooms. Finally, a certain, not too limited amount of 
exorcise iu tlio open air, is of the utmost aclvantage, especially 
in the case or prisoners who would otherwise be forced to pass 
the whole day in sedentary occupations in their ))lace of confine
ment. \\' ithout this exercise the body is liable to become pre
maturely infirm, and thus more predisposed to attacks of scurvy. 
\\' hen. on the other hand, priso11e1·s are required to perform, for 
any )pngth o[ time, work demanding much greater exertion of 
bodily strength than tlwr are accustomed to-for instance, in 
erecting bni1dings, agricultul'nl lnbo1·s, etc .. the hours of labor 
shoulcl not bP excessive; nncl in propo1·tion to the lnbor required. 
the ration should be imprm·ed by the addition of meat, green 
vegetables and potatoes, as well as milk and beer or wine. 
Experience has sufficiently proved tlrnt the neglect of these 
111 easu1·e,, nncle1· such circums tances, ltns relatively often been 
followecl by outbreaks of scurvy among prisoners. Finally, we 
woukl fnrther observe that, whene\'e r it is necessary to build 
a pri son, hospital , alms-house, banack, or any other building 
dest ined to serve as a place of more or less compulsory abode 
for Jarp:e numbers of human beings, the very g reatest possible 
attention should, as a matter of course, be paid to the dryness 
and roominess of the localities to be occupied by the future in· 
mates. Care ·hould also be taken to secure a good locat ion for 
tlw proposed establi slnnent. both as regards the nature or the 
subsoil and tl1 e facilities olfert>cl for tl1 e free ad mittance of light 
and air-in short, evE>rything should be atte nded to in the ex
ecution of the plan, whiC'h ca n in any way tend to increase the 
salubrity of the in,titution. 

Lastly. th e prophylaxis o[ scut'I'.'' demands also that, in years 
in which, owing to bacl crops, especially of potatoes. apandeinia 
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spread of scmvy among the poorer classes of any country is 
threatened, public cl.unity ancl even direct gO\·ernment help 
should come fol'ward and make up for the failure or the crops 
by procuring the necessary supplies of ngetable food from other 
conntl'ies; also that private and public a;sistance must do theil" 
utmost to alleviate any other material misery, whatever it may 
be. tliat thl'Patens a t any time to unclel'mine the general health of 
the pPople. For, although all kinds of external privations may 
not lead with equal l'eadiness to the development of an epidemic 
of scurvy, still all clo, indirectly at least, contribute to its pro
duction, sine<' they all lessen the powel' of the organism to resist 
disease, and thus, by preparing the ground, enable the real canses 
of scurvy to exel't their noxious influence more potently. 

The medical experienc~ of the present centul'y has taught, 
at times in the most disti nct manner, that a compl'ehensive ancl 
at the same time energetic administration of the hygienic princi
ples which have just been describ0cl, raises an excePdingly strong 
barl'ier against the development of scun·y, both at sea and on 
Janel. In the first place, epidemics of scnrvy of such intensity 
and extent as were formerly of frequent occurrence, havc> been 
very rare of late years. Mol'eover, whenevel', either from sim
ple neglect or from necessity, one ot· other of the morn impor
tant of the p1'ecat1tions mentioned has be~n left unattended to, 
and, in consequence of the omission, an epidemic of scurvy has 
broken out, the subsequent elimination at the earliest possible 
moment of the offence against sanital'y laws has almost always 
proved to be a sure and unfailing means of preventing the fur
ther extension of the pestilence. It has also h<'•' ll Jll'Ovecl by 
numerous observations, that these hygienic measures exer t not 
only a pl'ophylactic, but also a very important clil'ectly l 'Ura

tire action, since they constitu te, when caniecl ou t with great 
strirtness ancl properly adapted to the etiology of each indi
Yidual case, the groundwork of the causal treatment. \Ye have 
ah'<'ady rPpeateclly stated that, in aclclition, a rational prophy
laxis, a trict compliance \\'ith the inilicatio causalis, of which 
we shall presently speak , has proved itself to be not merely in 
some degree, but incle•'d in the highest degree, effec tive. lt iH, 
therefore, suflicient fol' the present to call to mind once more, 
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that a rapid change for the better takes place i111·ariably in mild 
cases, and with striking frequency even in the se,·eres t cases 
of this disease, as soon as the treatment succeeds in doing away 
with the exciting causes of the disease. 

Bu t the thorough fulfilment of the indicatio causalis presup· 
po~es in th <· fir>'t placP an actual loiowledge of the causes of the 
disea~e, in eoncrf'to: a mere theoretical aeqnain tanre with the 
injurions inttuence~ . which may in general ghre rise to scn1Ty, is 
not suffi cient. Hence, an accurate etiological i1westigation is 
essential for •t rational and successful tre:Ltment in indiridual 
cases as well as in incli\"idual epidemics of scurvy. This exami· 
na tion must determine the special causative factors that have 
been acti ve in each case, and make them serve as a basis for the 
plan of treatment to be adop ted. It will not do to enter upon 
the causal treatment of scurvy with any preconcei,·ed ideas as 
to the exclush·e agency of some one or other exciting cause, nor 
to base the treatment, whereyer an epidemic of SClllTY pre\•ails, 
always on the same etiological p lan ; on the contrary, it must 
be constantly borne in mind that not even the pa thogenesis, 
much less the etiology of scu1Ty, can be said to be uniform. 
Even though, for instance, one parti cul ar peccant circumstance
namely, t11e drpri1iation qf f resh vegetable food, seems to hare 
played with common f requency the part of the exciting cause, 
am1 altl1ough the ve1·y nitmerous cases and epidemics of scurvy 
thus prodtteed can be cured more mpidly and s1trely by imme· 
di a tely supply ing the aliments of which the patients have been 
t1eprh-ec1, than by any other means ; still , it would be ,·ery 
absurd to regard salad, green Yege tables, and potatoes on this 
acco un t as a wzi!,ersal remedy for scmTy. On the contrary. 
the hi story of the disease conta ins many examples which prore 
tha t epidemics may a lso at times arise, spread, and attain great 
proportions e,·en when the supply of fresh rngetables is perfectly 
suffi cient, ant1 that, as we may at 011 ce add here, the curati ve 
effi cacy of the articles of food mentioned , altho11gh um1oubted in 
,·ery many, is by no means eddent in all Pp iclt'mics ancl isolated 
cases. " ' herever the scmTy is to lw a ttri b11 tec1 in roncreto to 
the influence of other causes, tlw fulfilment or the ind icatio can· 
sali s demands, o priori, other therapeutic measures, and experi-
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ence lms shown. moreover, that such other modes of treatment 
are often much more efficacious than an increase in the sup
ply of juicy veµ; Prabl P,;. This is particularly true, in regard to 
the treatment to bl' employ ed in all those epidemic,, tlw etiology 
of which points to unhealthy conilitions of the l1 abitations oceu
pietl hy lho,;e a ttack ed rather tha n to defec ts 011 til e pa rt of til e 
alimentation. Lu such ca:::;es it lrns been ma.uy time:-; demon
strated, that a transfer of the pa tients to more healthy(lighter and 
clryPr) habita ti ons proves a means o( cure as much to be reli<'d 
upon as the cl1ange to a correct di rt in th oc:.0. mnC'h more nunierou!'j, 
cases, in which the disease b clue to improper OJ" insnflicient food. 

A very instructi ve instance of this is to be fo und in the rapid improvement 
and recovery o f all the s<.:u rvy patients o f the low-lying and damp mili tary hos
pital at Givct ( HH7), as soon us they were transferred to a neighboring heig ht, 
although no other treatment was adopted 

\\re cannot spar<' time here to enter again into the deta il s of 
the mea "Ltl'es required to carry ou t the indicatio causal is in each 
pal'ticula l' case. \\re mnst refer to t he full statements g irnn 
under the head of Etiology, for an acco un t of the prejud icial 
influences, tli P elimination of which may he desirable in till' indi
Yidnal cases, and to tho,;e g iven under the head of Prophylaxis, 
fol' a11 account of tlw measures to be adoptecl. 

It seems to u s vf't")' doub tful whether there is or e1·er can be 
any e.s·sential mocle o t treatment for scur1•y apart fro111 the causal 
treatment, tlH .. s ucee8::; of which, h o w<>ver, wh en p roperl y incli · 
vidnalizecl and sufficiently energetic, h; exceeding ly g ratify ing. 
It is trne, tha t the search after st1ch a moc1P of treatment has 
se1fonsly occnpi Pd tlw atten tion of physician,;, especially in 
former times, a ud that many clilleren t remed ies and methods of 
treatment ha.n· at nirious times, some even qui tP recently, been 
c1aimPc1 to possess specific a n tiscorbntic efli caey. If, howeVPI', 
we aclmi t that neither the etiology nor t il e pathogenesis of scn1·1·y 
is the same in e1·ery case. a nd in our opinion this Yiew is the only 
one tha t aecords with the p resent state of medi ca l knowledge-
or if, to express i t in othel' words, we feel ourse lves forced to 
admit that the eollectit·e sym ptoms of scurvy, identi cal in a cliu
ical point o[ view, may in d ifferent insta nces be engenclen,d by 
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different external in(tue1tce8 and in d ifferent way s, we must 
naturally define and. limit more closely the conception of au 
"essential " mode of treatment for the disease. The remedy 
namely, which is to fulfil the inclicatio morbi , must be able to 
exert a decidedly favorable and curative action on the peen] ial' 
general cachexia, uncl the hemorrhagic-inflammatory local symp
toms in all the etiologically diflt'1·e11t forms of tlw disease; in 
other words, independeutly qf lite particular uwde qf develop-
1iient of tlte individual ca.se or epidemic. 

Such an '• a nti scorbuticum," the radical , therapeutic action 
of ~vhich on scmvy should be about analogous to the action of 
iron in the treatment of amcmia clue to different causes, is, how
evrr, as yet wanting in our treasury of remedies, a.nd is, there
fo re, still to be found. Instead of it we find mentioned in the 
hi story of the treatment of scmvy. apart from the noted very 
efficacious dietetic directions already described, which serve both 
for the general prophylaxis of the disease, and Lhe special foltil
ment of the indicatio causalis in tl1e individnal cases and epide
mics, only such remedies as either 1), really belong, or at least 
appear to belong, to a more cornprdtensice crwsa/ ln,atment, or 
2), merely comply with the indiratio syinpwmaliNi. To the first 
category belongs, fo1· instance, the often reeomnwnded, :ind also 
often successful , empl oyment of the fresh juices e:vpressed from 
the leaves, roots, ancl fruit of d ifferent plu.n ts, Slte lt as the differ
ent varieties or the brnssica nn<l na::; tnrti.um, the- tamxacnm, 
cochlearia, seclum acre and sedum tt'lephium, dteliclonium, bec
cabnnga. oxalis, and different varieties of rumex- a lso beets, 
turnips, rarrnts, radishes ancl hOl'se-radish, chenies, currants, 
lemons, barberries, whortleberri es, the fruit of the come! tree, 
etc. The administrat ion of thesP juices, however, is plainly 
nothing more than the administration of thP a limentary sub
stances themselves in " more medicinal form, ancl the same 
resul ts will be attai nt>d in as certain and th orough a manner 
by the use of [rnsl1 vegetables, salad, and fruit, as articles 
of diet. 'rhe treatment by tl1t~ jnices1 moreovt>1'. in its nature 
and its effect: is prineipally a mel"e compliance with the indicatio 
causalis in the far greater maj ority of cases of R<· m·vy. If it is 
desired Lo make a therapeutic use of these juices, in H<'ve1·e cases 
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of tile disease, in order to increase the effect of a correspond. 
ing diet, they should be given in quantities of from u0,0-120,0 
gmmmes ( ~ ij. -jv.) daily, or, ii the case requires it, in still larger 
qnantities. On the theoretical presupposition that it is the 
organic odds eontained in many of the plants mentioned which 
constitute their curative principle, these aei1h them,l'lrns were 
recommended as antiscorbntic ··remedies." Experiments in the 
treatment of scurvy patients were accordingly rnadP with tartaric 
acid, citric acid, and at times with other organic acitls; the l«•sult 
of whicl1, howe,·m·, was on the whole so completely negative that 
the theory on which they were based was soon tkmolishecl 
In regard to tho presumably active principle of these v1•getable 
substances, namely, t.lw potassa, i t is to be regretted that no 
suffi ciently extended and exact series of experinwnts lmn' as yet 
been made to determine the therapeutic action of tlw pure 
rer;r,lable salts qf' potassci (bitartra.te, citrate, and acetate of 
}JOtassa). llowevel', Brouardel, on the grnnnc1 or his own expe1·i
PUCe dul'ing the last Paris epidemic, at all e1·ents commends the 
abundant use of boilal 10ine, which in the process of boiling has 
Jost part or its alcohol and water, and for this very rt>ason l'On
tains the bitcirtro!P qf' pofossa in more concentnll1,d form. He 
also recommenc1s, as do likewise Bucquoy and oth1·•r,, t he ad
ministration of the tal'tra.te of iron anc1 pol assa. Uertain inor
grmic combinations of potassa, in particular nitrate qj' potassa, 
dissolvecl in vinega1· (Uamero11) or in water (llendPl'S011), and 
given in closes or from 8,0- 1.),0 gmmmes ( ~ j. ij.) daily, have also 
been strongly achocated in former time,, as well as quite recently 
(Pechey). But even if future experiencP should PStablish still 
more firmly and surely the truth of the maxim, that, as a want 
of potassa in the food is a frequent muse or scnrry, so thP salts 
of pota$sa, ~::i.speeially those which are most ea:sily tfo.;integratt-'cl 
and assimilated, possess a dPcic1ed therapt>utic at'tion on the dis
ease, we shall sti ll be rompellt,d to ascribe this favorable_ action 

1 to a compliance with the indicatio causahs, aml not with the 
inclicatio mol'bi. In other words, the employment of them as 
medicamPnts ronqwnsates tor tlw previous deprivation of foocl, 
rich in potassa, m1<l eventually al'rests the morbid process 
occasioned by this clt>privation. Finally, in the class of remedial 
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agents which probably owe theil' effi cacy to the potassa they 
contain. we may also count lite barrn qf' bea. which has been so 
largely a 11d at tinws so snccessfnlly employed in th<' treatment 
of scu1'1·y. The eredit of Ji.i·•t introducing this subs tance as a 
rnmedy belongs to N eumnnn,' wl10 found yeast wonderfully 
efiecti1·e in thP tl'eatment of tl1is di sease in all i ts stages, and 
recommended it~ adminbtration intema..lJy. in do~PS of from 
180,0-300,0 gramnws (:; Yj~,;.-jxss.) daily. Nemnann·s favorable 
opinion has bec11 s hared by a g l'eat number of physicians and 
authors (amon~ other:; G. S. v. Himmels tiem , \Yindisch, Fink, 
P. v. Nienwyer. and rn orf' rreentJy "Doering), while others again, 
among whom a1·p Krebel, aml particularly Duchek , .ilthongh 
tlwy do uot de11y entirely t he u sefulness ol: this substance. rate 
it, howeYe l'. jn general murh ]ower than Neumann does. If we 
k eep in mincl the fact tl1at barm, being a vegetable Ol'ganisrn in 
a sta te o( Ye!')' aetirn proliferation, i , like all rapidly gro11ing 
parts of pla11t,;. ,.e,.y rich in potassa, we must admit that its so 
high ly laudPd anfo;c-orhutic effieacy appeal's to be a significan t 
illustration of G;irrocl',; theory; at the same time this richness 
in potassa, wht>n con,; iclerecl in connection \\'ith the favorable 
results ohta itwd by the 11 '<' of fresh vegetable food in so manr 
cases oi scurvy, Pxpla.in:', to .some extent, the effi cacy oi barm. 
Finally. it OUl'ht 11ot to be a matter or surpri.se t hat a l"l' JUed.1· 
usually so valuable should have proYed ou th e whole of so little 
effi cacy in cases o( ,;cmvy. which were notorionsly not dne lo 
nny want of food containing potassa in suffici ent abundance 
(potatoes). The cases obsen'ed and treate~l by Dnchek were 
precisely of thi s chara cter. 

Let us no\\' turn lo those other therapeutic snbstances which, 
in 0111' opi11ion at least, possess only a symptomati c Yalue. 
Among these we must mention in the first rank the Yadous 
}Jl'eparations of qni11i111', the p11rebitters (gentiana), llie oromalic 

bitters (calamns, cortPx anrnnt.) and the aromatics (rad. angeli
c;-c, rhiz. zingiberis, cortex cinna.m om ii). It dors not seem to us 
possible that thesP "1bstances, the beneficial influence of which, 
on t lw condition of patients, we a re by no means disposed to 

1 Itufelaud's Journal. Februar 1832. 
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deny, can exert in cases of scurvy any other titan the Ol'dinary 
tonic and digestive action which they are wont to display in so 
many othel' cachectic conditions, and wherever in general there 
is prostration of the digestive powel'S. The same is, in our 
opinion, also true of the tonics, in the more limited sense of 
the word, namely. of the p rnparations of iron. which are said 
to be very useful , especially in severe cases, or when convales
cence is retarded. If we bear in mind that the scorbutic 
cachexia in its mol'e developed iol'ms leach to pronounced 
amemia, and especially oligocythfcmia. or, to pnt it in other 
words, is very usually complicated with thi ti lattPt' anomaly. 
it will be eYident tha t the fa\"orable efrpr·t o[ iron in some 
cases is a proo[, not that the remedy pos~e,SPS any actual anti 
scorbntic property, bnt simply that it has beeu indicated by the 
sy 111ptoms in the concrete cases. About the same may be said, 
too, in regard to the actual or pretendecl cures said to have been 
obtained by tl1 e use of the m ineral acids (Cooper, and others), 
particnhtrly snlphuric and nitric ac ids, or of the er.qot q/ r!Jl' 
(Uanuto C:rnuti , IIenoeh, Baue1". and others), and of the cliloride 
of iron (Bonchet, Bourdon). All these mPdicaments, on accoun t 
of their more or less proved powers as l1amwslalics, "-ere em
ployed tentatively in the milder as well as the more severe 
cases, against the hemo1Thagic diathesis; they "·ere prescribed 
as in other diseases wit It a specific object. 

It is a notable fact, however, that most of the medicaments 
ju question were, on the whole, or no g reat serdce in combating 
the hemorrhagic accidents in scorbu tie8, at l!"ast when given 
internally . Further than this they did not us11 ally ex1·1-t any 
essential influence on the scorbu tic- cachexia. tl 11• eradication of 
which is of primary necessity, since it eonstitutes til e hai; i ~ on 
which the hemonhagic processes, as s11mplo111s of the general 
disorder, are developed. In any case, thprefore. these medica
ments, according to their action must, likl' the tonics and diges
tives, be classed simply as symptomatic remedies. 

Finally , it still remains fo r us to diseuss ,-ery briefly those 
measures which are to be adopted in the symptomati c treatment 
o[ scurvy. and which are directed partic11lr11'l71 a9ai11st the 
more .yir fous i11di11id11al symptoms. Of all the symptom' of 
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the disease, the fwwlional 1oeakness of lite llluscula!" appara

tus, ancl particularly or the heart, which i,; so intense in the 

severe cases, is by far the most dangerous, and hence clemamls 

the grea test amount or <ittention in the tn,atment. The treat

ment or this ,;y mptom must be both negati 1•e ancl p ositive. On 

the one hand, the greatest pains must be taken to avoid what

ever might still [nrtber enfee ble the patient in his already pros

trated condition, while, on the other h<incl, everything possible 

must b~ clone to raise him up from t liis state. In the first place, 

all direc tly enfee bling treatment and medication must be avoided, 

particularly any 1w11ecessary limiting qf tlie .mpply ef f ood, or 

the ad11iinislralion qf lite mo!"e powe1ful drastics when consti· 

pation happens to exist, or the employment qf an active 1ner

l'1trial treatment <to combat inflammatory localizations or com

plications (pleuritis, pericarditis, enteritis scorbntica, etc.), or 

more especially local CLnd general blood-letting. With reganl 

to the use or purgatives, we must mention explicitly that the 

more active among them (senna, jalap, aloes, colocyn tlt, etc.), not 

only exert an enfeebling and prostrating action, but in scorbutics 

readily exci te ,·iolent hemonbages from the bowels, which can

not be checked. Hence, whenever in such pa tients constipa tion 

rnnders the employment or some therapeutic means desirable, an 

endeavor should be made to evacuate the bowels by the use of 

cly ,; te1·s, or at most only by the administration or very mild laxa

tives (castor oil, tamarind p ulp, bita rtrate of potassa). The 

employment of mercurials is also fo 1·bidclcn, even when in the 

concrete <'ase they might seem specially indicated for some other 

reason, for experience has shown tha t the,;e preparations, in 

addition to tl1eir in;jurious action upon the general nutrition, 

almost a lways exert, after a slio1·t interval, an exceedingly unfav

orable influence on the scorbutic affection of the gums, and more

On?r, usually aggrava te the hemorrhagic diathesis. Final1y, the 

direct abstraction of hlood by leeches or by the lancet, although 

it has been occa,;ionally recommenclecl as a means of combating 

the scorbuti c clyscrasia (Opi tz), is still in gene ml , and very justly, 

too, looked upon as absolutely counlerincli catecl in this di sease, 

becauRe of the prostration which it prnclucPs. .\t the utmost it 

might be allowable as an occasional expedien t in those very pe-
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culiar and unusual cases where there is a marked disproportion 
between the quantity of the blood- that is, the burden to be set 
in motion by the heart, and the momentary capability of the 
heart muscle to perform this task-or, to state the case more 
precisely, when extreme and dangerous cyanosis o(·cn1·s in the 
comse of a still recent attack of scurvy in a pre\'iouslr strong 
and full-blooded individual. Under these exceptional circum
stances, the abstrnttion of a moderate quantity of blood by the 
lance t, or the nppli cation of a number of leeches over the left 
bo1·dpr of the stemnm near the heart, may perhaps, sometimes, 
actually sa\'e life, since by a partial depletion of the venous sys
tem the physiological task of the heart will be temporarily 
diminished. Under all other circumstances, howe\'er, the physi
cian must carefull y shun these measm es which would only 
af(gra\'ate the sco1·bn tic disturbance by the addi tion of arncmia 
as a complication: on the contrary, every pa ins must be taken 
to preserve the s tock of blood as intact as possible. 

There is still another conc1ition in which the treatment of the 
weakness of the heart in srorbutics must be rather o[ a nega tive 
or prohibitil·e chamcter . \Yhenever, namelr, the disease is far 
advanced and tl 1<• f~eb l Pness ex treme, the patient must be pre
vented, as far a; po~sible, from making any movement of the 
body, anc1 should constantly be oblige(l to retain a nearly hori
zontal posture in bed. 'l'he reasonableness of these precautions 
must be plain to all. The latter, in fact, is indica tec1 not onl y in 
the innctional ady n:11nia occurring in the cotn·se of SC lll'I'~' · but 
in all other ady namic conditions as well, and perhap,; 1 l1t' only 
rea,on why it roqui1·rs ; pecial mention in the s,,·mptoma tic treat
nw nt of scurvy i:-:, that in this di sease a. relative ly largP number 
of '11ddP11 c11;at h' have been obsen-ec1, whi(' h were c1n e to the 
i111p1·ncl1'nc·p of the patients in sitting up. or stand ing up and 
walking about too soon . Finally, the positi 1'e measures which 
must he employPd to counteract the feebleness of the heart and 
the genern l fnn C' tional adynamia, do not difTer fro m those which 
are usually ac1op t!'cl in analogous cases. Tl1e nse of 11011risldn!f 
f ood, whirl1 must bt\ however, easily di,q1•.<ti/J1e. and appl'Opl'ia te 
to tlw wPakenecl dip;Psti rn powers, is espec ially to be rpc·om
mem1ed, a8 well a,; the diligent administration qt' analepl ics, 
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especially or strong wi1w, eognac, or, j f thi s bt~ unntrninable, or 
other alcoholic "timnhtnt,, and finally :Li>'o of eampilor and otiler 
direct stimulant,, wlwnm·er paralysis of the heart is tlu·eatenecl. 
The administration of the preparations of iron and quinine, of 
which we have alre:uly spoken, is also generally ve ry 1rnefnl in 
the later stage,; of the di sea,;e. Lastly, a trip to the country, ancl 
tl1e ns<' of cold batlt,; and similar inoiyumliny measures are to 
be reeommf'nc1Pc1 d1ning reconvalescenl'P, to p1·a.clic:tte the last 
traces of weakness. 

Amonp: the local symptoms or scurvy, the a:{fection qf' the 
g11 ms in pa1·tieular frequently calls for special 1occtl treatment. 
In combating tliis symptom, in aclclition to cl<'anliness and fre
q1wnt rinsing out of the mouth witli cold wate1· or with water 
ancl vi1wgar, the loeal employment of a::;tringents i :::; to be recom~ 
menclr•d. In many cases great benefit ltas been derived from paint
ing the loo:.;t\11P<l, snffosecl, and inflamed g um :; with a. solution 
~r nitrate of siln•1" alum or tannin, with t h<' tinctme or catechu 
or ratanhia, or with a decoction or P ernvian oak or willow 
bark : also from frequently touching the easily bleeding, super
tieial lo~:o;t':-) or substance, as well as the deqwr ulct-"rati ons, with 
a solid stick o[ lunar canstie. Tincture of mynh, spirits of 
cochlcaria, borax, ancl cllloratc of potassa llave also not infre
quently been employed, locally, with goocl resul ts in scorbutic 
stomatitis, and may therefore he briefly em1me1»Ltcd here in con
nection with the rPmedies just mentioned, as well as finally the 
mineral acids, in a sufficiently clilutecl form; fot· instance, hydro
chloric acicl (Cejka) in the form of an ointment, etc. It should 
:ilso he reC'all1>c1 to memory here, that in many cases even the 
more intense forms of the scorbutic a ffection of the mouth have 
clisappearecl in a very short space of time, without any direct 
local treatment, hut simply uncler the favorable influence of an 
appropriate treatment of the main cli sorcler. This circumstance 
must not, how1we1', leacl us to neglect local treatment entirely. 

The attempt mnst be macle to check, acC'orcling to the ordi
nary mies, partly by local applications, partly by int<>mal rern e
di Ps, tlte li N1wrrlwges which occur in various parts of the bocly 
cl!ll'ing the course of the disease. In epistaxis, in order to pre
vent as mnclt :l s possibl tl the exhaustion of tlt e patiPnt, an early 
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use of tht> lampo11 and the application or cold are ndvisable; 
in ltf'llW,-dlll(Jl'8 from the 8fo111aeh and bowels, the swallowing of 
pieces of ice 01· alum-whey, and the application o[ large bags of 
ice to tlH' abdomen ; in hemonhagPs from Li11• ,,,.fna1·11 pus.w,ritw, 
the intt·1·nal use of tannin which nds locally on these pal'ts; in 
bleeding from c11tc11ieo1ts ulcNs, compn·::;~ion or Jigat11rt-> of the 
eroded ,·e~seb, as well as t li e application o[ the solution or the 
chloride of iron to the blet>ding stuLH·.,,, and, if l'Pll'tirt•d, the 
actual caLttery, etc . 'l'be acetate of lmd anll tl1e ergot of rye 
gh·en i.11tcmally ju large closes, tlf'serve s1w•('i:Ll lll t>ntion , as rem
eclies which, :1.8 a. rule, possess great vallie \\·ithouL rdereJH't' lo 
the particular site or the hemorrhage. 

Of the a ffpctions Of lhc Skill in SCUIT)' tJie ,;i11 1ple intPrstitial 
hemorrlrnges ttnd the peteuhite, ecchymo..;p::; aml vihicP::; :ui::;i11g 
from them, a11d also the slighter forms oI dt>rma.titis, rPquirt• 110 

special treatment. rrhe SC'Orbutic U[<:er8 Wt'l'U ill fOI'lllf'r I imes 
vt>t')' often treated locally with the same fresh v<'getabl" reme
clirs which a.re nsl'll with so much snc<·e:::::; iuternally in eo111-
bating the general disease. In many cases it was claimed tl1at 
lol'al improvement (comp. the observations or Lincl ancl Krebel 
tonrhing this subject) resulted from the application o[ slices of 
lemon, carrot poultices, crushed herbs (cochJe,ufa, sedum acre, 
etc.), or brewers' yeast to the ulceratecl surfaces. In no one case, 
however, was satisfal'tory evidence adducecl to show that the 
i111prnved appearance of the ulcerated sur[ace was due excln
sh·ely to these local applications, aml not at all to the simulta
neous inl t'r nal u~e of the same rnmeclies. In recent times, apart 
from tl11e <>nerg~tic employment or the dietetic and medil'inal 
measures clirectecl against the general disorder, which constitute, 
at the same time, by far the most elTectual treatment for all the 
localizations of the disease, the cntaneou,; ulcers receh·e only the 
usual surgical treatment of atonic nlc(-"l'ation:-:. rrbiR, as is well 
known, in addition to cleanliness and rarPfnl local disinfection, 
consists principally in the application of a,;tringent or aromatic 
water dressings. The lwmonha gic inliammatory ajf'ections qf 
llte subr;utaneous connective ti.is1le, tlu' pe,-ioste1bm, tlie bo11es, 
mrtila,qe and arlicnlations, which are 111Pt with in sevel'e eases 
of ~lmrvy mnst, like tl1e cutaneom; nlC'31'::$, be trea.tecl according 
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to gem .. ral sm·~ieal i·ulPs, since we ll o not as y e t possess nncl 
1>robably lle,·e1· shall d bcoYel' any eff1,eti,·e local treatment spe· 
cially d ireeted against the scorbutic na tuJ'e of the troubles. At 
all events. the lotions aml fomentations wHh water, diluted 
virn-·gar, spirits of camphor. and other aromatic and spirituous 
flui ds, which ha.\·e bf'en 1·eco111111 t-ncled wilh thi s vi ew, although 
they may li:Lve p1·01"ed rnry benefici a l in 1mrny cases, cannot 
be <'ouuted in the category of the special anti seo1·butic local 
renLeclfr•s. 

In tlt P llf•111orr71 rt,r;ic ?° 1~/lrumnrttio u.\' 'tl L71 P Sfl'ous 11u)mbrane.r;~ 
esperiall y of thP pNh·ardium >e nd the ple11ro, if t he exudation 
shoul d lwco111 e so ext(•11sirn that life is clin•ctly endangered 
tl1rC> ugh l Ju .. mechanical interference with the respimtion and cir
culation, t li e removal by operation oE the hemorrhagic fluid 
woul d certaiuly be indi<'ated (of course with s tri ct observance of 
the usual a nd necessary precau tions). In eon~eq nencc, however, 
o( th<' n••T dangero us character of the operation o( pa racentesis, 
whl'n per[ormecl on the 1wricardium. i t sh ould only be rnsorted to 
in c:t~es or lhl' most m gent necessi ty. In thi s respect scorbutic 
peril'atditis prnsen ts the same ind ications as inflammation or 
t li t> sProus sat aris ing from other causes. The case is different in 
regard to the removal of pleuritic exudations. Uere, on account 
of the tritling natme o( the procedure, and the freedom from 
clang1,r of the aspiration method, which has la tely come into 
general u se, the operation may very properl y be rnsorted to as 
freely ancl as often as in the treatment of orclinary plenriti s. F or 
the rest the same rul e, which ' rn have repeatedly mentioned as 
possessing a genernl application to the localiza tions o{ scmTy, 
applies with special forne to thP intlammations or the serons 
rnemb1·ane,. i . e. , without appropria te trea tment of the constitu· 
ti onal d isorder in which they take t heir root, they clo not show 
the slightest tendency to recovery, while, on the contrary, under 
a J>roperl.r conducted 11:eneral trea tment, they often nmish as it 
were spontaneously and with astonishing rapidi ty, simulta
neously wi th the disappearance of the scorbutic cachexia . 
Hence, in tlw t reatment of these inflamma tory processes the 
greatest weip;h t must, a t all events, be laid upon the measures 
di1'ec ted against the caclwxia , and , if necessary, recourse ma.r be 
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h:vl, with mm"' 01· IPss hope of success, to special treatmem, 
according to the ordinary principles of therapeutics. 

The same may be said of the treatment of the scorbutic affec
tions of tlte eye, for a detailed account of which we refer the 
reader to the text-books and the more extended works on oph
thalmology. 'Vith regard to the ltemeralopia, which is quite 
frequently met with as a complication or sequel of scurvy, we 
have already mentioned in the section on complications, that it 
usually c1isappears simultaneously with the scmvy, when the 
dietetic treatment indicated for the latter is employed. \Ve also 
stated that this peculiar behavior proves that there exists a 
pretty close, although not yet acct1rately definable, genetic co11-
nection betwet>n it and the scurvy. In regard to the ti·eatment 
o[ other complications of scurvy we must refer in general to the 
appropriate chapters of th.is Cycloprodht (see in particular Maht
rial Diseases, Dysentery, Syphilis). Before concluding, however, 
we must mention expressly that the existence of scurvy, with 
its pregnant symptoms of weakness and its hemorrhagic i.ntlam
matory diathesis, necessitates the greatest prudence and care 
in tlw selection of the methods of treatment, and that this gen
eral disorder must often be overcome before the correct treat
n1»11t of the complications can be entered upon with suffici1'nt 
coutidencP. 
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General Nature of the Disease. 

The names P 111p11ro hcr·mr,rrlw.9ie" and 11Iorb11s 111ac11los11s 
Werlltojli have, since the time of \Verlhof, been applied to those 
1·ery peculiar and ran· eases of acquired ancl tra11sifory l1 f'mor
rlwgic diathesis. whirh. on account of their .•pumdic ocr·1ure11re 
and their relatively brief d11ration,and mor!'Ol'l' I' also on aeeount 
of the obscurity qf their etiology and the apparent spontaneit.11 
qf t11 eir dt'1•elop111e11l, cannot be classed nnd~r .TTremopliilia, 
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&·llrO!J, OJ' rhe ordinary symptomalic ti>11tlency to bleeding. 
\Vith regard to the last it must be reme111bt•n' d , tlmt the hemo1·-
1·hag ic diathesis is frequently obser\'ecl as a conseeutive or accom
panying symptom of certain sen·re acute or chronic diseas<». 
:such a::; nufola, typhus Pxanthema.tieus, phosplto1·us-poisoning, 
Jeuk:.emia, progressive perni cious amp111ia, ]))'Otrac1+ •U icterus, etl' . 

In su"h """''", h owever, since it has d<'veloped on the foundation 
ful'lli sh1•d hy another well-defined pri111ary disease, it must he 
regarc11>cl ancl !'iassed as purely .sy111plv11wli<-, ;o far :ts its clinical 
nature i::; ('Ollcet·nec1. Strictly speaking, tho Rame is true also 
of the h emorrhagic clinthesis of sc urvy, tor in Lh::tt dise::tse tl1 e 
tenclt•n"y to hemorrhage is u sually not obser\'ed until after the 
scorbuti c gl'ne1al disturbance has set in, and, ftnthermore, the 
hemorrhagps wlt1•n they occur have in all probability a direct 
rausul conn putio n with the })re-existing ('al'hexia. The cases 
clesig nat•'cl as "J\Iorhus maculosus" cliff .. 1· from those of scurvy 
and from tho;e or t he ordinary symvton1ati c hemorrhagic diathe
sis in tlli,, I hat the affection posses,es 111on' or less distinctly 
the chamctPr of an e.ssential disease, that is Lo say, tlw tPndency 
to hemonhage, although sometinu~s Yt'ry marked, cannot be 
suffieiently explained either by the amLn11wstic clata or by the 
so111atic tonclitions of the patients, a nd rnnnot he made mor .. 
int1•llig ible by analogy with other simihLr observations. As 
prolotvpes of the disease in question, we can therefore tak <
only those cases in which the hemonfotgic diathesis is de,·elopecl 
swlrleuly a11c1 111iexpectedly at any periocl of life in indioiduals 
prerin11sl11 li('{(l/hy, ancl in which it cannot be consiclPred, as can 
many a110111al ons cases of hremophilia , as llu' res11lt qf an inher
ited ptN/isposilion. Less typical, a11d the1-efo1"' in their clinical 
bt-"arings tl1P subject o f much coutl'Oversy, a m: first, certain 
<·asP" which cliff<'r in many cardinal points from the clinical pic
tme of scurvy, hut, nevertheless, on account or the external 
conditions under whieh they cle,·elop, present a l'PJ'tain, although 
u sually only an apparl'nt e tiologieal similarity with the latter 
di sease; se<'onclly, cases which occur in inclividuals still suffer
ing OJ' recenlly recovered from some other clisease, and which, 
although the connection is merely Pxtemal rtnd accidental, 
remind us of the symptomatic hemonhagic t.lia1Jwsis from the 
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fact that the affec ted pe1·sons were not previously in perfect 
ltealtlt ; thirdly ancl lastly , those cases in which the hemorrhagic 
phenomena art: decidedly the most prominent symptoms, but 
in which otlter patltolugical p henomena are also observed which 
cannot be regarded as d irectly and immediatel!J dependent upon 
the hemorrhagic diathesb , or upon the hemorrhages tha t have 
taken place. \Ve will presently discuss in detail the nature of 
tl ie most frequent of the concomitan t phenorn ena alluded to in 
this third category, and 1'1so the appropriateness, to these com
plicated cases, of the name given to the disease. It is necessary 
first to consider brieHy the hemonhagic diathesis, since it pre
sents itself in the indiddnal cases of mOl'bus maculosus under 
different forms and in rnry ing degrees of intensity. These vari
ittions arl' not, i t is true, of essential importance, but they have 
led pathologists to c·onstitute subdivisions of the disea ·e with 
different names. 

Hebra, Reder, and other authors. denomina te as " P urpura 
simplex" that simplest form of the disease which consists e:cclu
sitely in the development of minute petechim, while thm ughout 
the whole course of the affection no extensive in terstitial cuta
neous extravasations and no hemorrhages into other parts take 
place. If, on the contrnry, in addition to these minute petechioo, 
larger spots and even extensive ecchymoses and vibices appear 
upon the general surface, ancl if further, in additiou to the skin, 
internal parts, such as the mucous and serous membranes, are 
attack ed by the hemorrhagic diathesis, the same authors deno
minate the cUsease as " P urp ura lucrnorrliagica ." In many 
text-books the milder form of morbus maculosus, the purpnra 
simplex, on accoun t or the insignificance of its clinical ancl mm
tomical C'haracters, is classed, not among the general hemor
rhagic diseases, bu t among the local a ffections of the skin . 
Experience teaches, however, that morbns macul osns very fre
quently begins as a so-call ed purpura simplex , which later 
develops into a 1mrpnrn h;emorrlrngica, in consequence of the 
supervention of extensin• C'utaneous ex trarnsations and internal 
hemorrhagt'S. Hence. since it is impossible in any given case 
of purpura simpl ex to precli ct with certainty that it will run its 
whole course strictly as such. the systematic subdivision of the 



2-lU L\l :UEH .\L\XX. -)fOit BU~ ~lAC'ITLOSIJS. 

Ui::-;t .. a::;e into thf>:if" two rarieties must bt> l'P~anl1•d as purely con
\'eutional and artificial. \\·e therefor" prt'fp1· '"treat of purpura 
simp1Px also :1111011g thf' general disturhanc1•:; oC 11ntrilion. Like 
p11rp11ra l1;.emo1Thagi<'::t. it is in our opinion ont' of the forms in 
which \\·e rlhof"' ilisea;e .;hows its,,!(. It may bP defined as a 
Jlli!tl llll(l \"Pl")' J"UdillWlltary form Of this pathological Species, 
w)Ji('lt nm) Pith+•1· l'Prnain in this embl'yo11iC' :-.law' until recovery 
::;rts in, 01· niay :it any rnomf'nt be tl'an:.;fonrn·a i111-o th e severer 
Ior111 or tl11• di sea:--1•. 

ln point Of S<'l"l'l"ity :lllfl development. p111"]llll'a Simplex and 
purpura J1m111onhagica, therefore, are si111ply different grades of 
tht• :-oamq e~~1 · 11Lia.I hemol'rhagic diseasP. [t 11111st be well under
stoocl. !iOWPVer, th:tt for t!H• deve!OplTIPnt or this disease, it is 
essp11fial that the>re shonld be no other prinmry <listurbances in 
thP gin•n 1·a:-;1·~. Tha.t, on the other hand. Lii t' 8PCondary symp
tom-.;, 1-•:-: 1wcia lly :-i lll'h a:-; c.:11aracterize genp1·:-d arnl'1nia, will not be 
wantiup; af'tf"r Llt(.i Ol'('UJ'l'enre of 11rof'n:-:l\ lu~111onllages, is too self
e,·idt>nt. a fact to reqnil·e t-'X})lana.tion, 01· <'On~idl'ration here. 'Ye 
mu~t , liowf"\"l .. 1·, ilwt>stigate ~Lt this poi11t lll1• qw·:-;Lion whether we 
should or "houlcl not include undPr thP h<>a <l of morbus macu
lo::;us, tho::;e ca~es of :-;poutaneons lwmonhagic diathesis which 
present a som<>what morn complicat•'d clinic·al history. In this 
connPction WP nm~t nwnrion 1irst, thal, whilP many cases both 
or purpura. ;irnplex and purpura IH0mo1·rhagica l"llll their comse 
u11ar·r·o111pa11ifd U!J ft' 1·r·r" \p111p1u·o 11011 jr·/;ri!is), others, on the 
contrary, <'xhibit l"PlwilP movement" \J'llr"/J11m .fdniU.i) withont 
the 1·e lwing any 8per ia.l reason, any appar1·111 anatomical cause, 
fm· the ··l01·ation o[ temperature. 'fl1<• r •• ,.,.,. ill these cases may 
0('('111" only at the ]i,•ight or the cliseas<', or al least not for a 
considerahl e time after the first extntrno<atiou or blood takes 
place, or it may actually precede and 1"l1<·1· in the hemorrhagic 
Rymptom:-;. Tlw rast>s be1onging to th! 1 tfr:-'t rnriPty can uncon
clitionally and nnhesitatinfdy, fol' rea~on' Y"t to be given, be 
cln,st>d as morbus lll3Cll!Oslls, bnt there is some l"<' ason to doubt 
the clinical connection of the catil'S whieh pres<' nt a frbrile pro
dromal stage, with ordinary pmpma, and WP clo not believe that 
'ati,facto1·y proof of the identity or tll P fWO <·an be adduced. 
~otwith sta11d i ng this fact, howeve1·, we are compelled to con-
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iller llere also this tiecond form of purpura febrilis, because it 
i:; :;earcely possible to place it in any other part of the patholo
!(irnl system, and because, moreover, not a few of these cases 
eorresponcl, in every respect, with the exception of the fever, 
with those of pnrpura non febrilis. -"- somewhat gr~ater varia
tion from the typical form of the latter affection is presented by 
ce1tain cases in which eithe1· with or without a prodromal fever 
other more local distnrbances precede for a short time the hemor
rltages, and frequently also persist as long as the latter. These 
local disturbances are often of a rheurnatic character; they 
consist especially in pains or painful swellings of one or several 
joints. The question at once suggests itself, whether these cases 
of so-called purpurct rhewmatica ai·e also to be classed as morbus 
macnlosus or not~ On the authority of 8choenlein, who intro
duced it into pathology as a separate and special disease, the 
much spoken ofpelios;s rlieunwtica was for a long time believed 
to be a peculiar 1·henmatic-hemorrhagic affection entirely dis
tinct from the morbns maculosu:; \Verlhofii. Uncler that name 
l-\choenlein, as well as Fuchs, Canstatt, and others, understood a 
hemorrhagic disease, charncterized by extravasations into the 
<·utaneous laye1·s alone without any internal h<Jmorrhages; 
these extravasations are in the form of small petechiro, bnt the 
affection is distinguished from purpura simplex by the fact 
that the bleeding is preceded by pain in the joints and frequently 
by fever. Although, as before remal'kecl, the clinical picture thus 
produced has beeu generally regardecl as a distinct ancl typical 
disease, or a pathological species sni generis, Scheby-Buch' has 
lately proved, by clil"ect observations, the existence o[ trnnsition 
~a:;es betwepn the so-called peliosis rheumatica and pnrpnm 
htemonhagica. He observed namely cases which began like 
peliosi:;, with fever, pain in the joints, and consecutive peteehial 
Pxanthem, but subsequently exhibited, as in purpura hremor
rhagica, extensive extravasations into the skin ancl internal 
hemorrhages. It need scarcely be remarkecl that the occur
rence of thes•• case:; makes the exist<Jnce of peliosis rhenmatica, 
as an independent disease, very questionable. It appears to us, 

1 Dcutschea Archiv fil.r klinische 1\letlicin. Bd. XIV. S. 4-06. 
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therefore, advisable to disca l'd peliosis rheumatica as a distinct 
disease from our nosology, and to employ for all the forms of 
essential hemorrhagic diatheses which co 111111 ence 01· nn' aecom. 
panied by l'henmatic symptoms, the more genel'al ancl less 
objectionable name of pul'ptll'a rheumatica . \Ye must, however, 
-and here we a!'e in perfect accord wi th Scheby-Bnch' and Sena
tor,'-insist Pxplici tly on the non-identity of these rases with 
those rather infrequent cases of acute a rticular rheumatism, in 
which, in consequence of the development or an endocarditis 
ulcel'osa, and tl1e resulting embolism, multiple extiavasations 
are pl'oduced. 1t is, at all events, very noteworthy that purpura 
rhemnatica never de1·elops into severe articular 1'11eumatism ; 
that, fmther. tlie profuse sweats so constantly present in the 
hLtter a.re entil'ely wanting in the former disease; and finally, 
that it has no tendency to be complicated with endocarditis. It 
is evident from these facts that plll'pum rheumatica is not a 
special fo1:m of acute i·heumati s111 , :LHd hence it cannot correctly 
be designated by such na111 es as Hheuma.tismus petechialis, 
Hheumatismus lucmonhagicus, etc. On the contrary, it is 
probably more col'rect to assume, with Scheby-Buch, that the 
rheumatoid articular affections in the cases in question are 
dependent upon the hemonhagic diathesis, with which they 
possess some d ose causal relation. Upon this assumption, which 
ca:!not, however, as yet be positively prornd, we l'egard purpm·a 
i·heumatica as a snb·\·ariety of morbus macnlosus. In what 
follows we will , therefore, study it in connection witl1 the ordi· 
nary, non.rheumatic form of the disease. 

Finally we will ha1·e to call attention, when considering the 
symptoms or morbus maculosus, to the occnnence, in certain 
cases, of seYere gastric disturbances which complicatt' still further 
the clinical history of the disease (Henoch, Scheby·Bnch). In 
Olll' opinion, howe,·er, it is not difficult to furnish goocl el'iclence 
to prom that such cases do not form a n indt>pendent pathological 
class, but rhat they belong properl y in the general family of the 
essential hemorrhagic diathesis (mol'bns macnlosns). 

1 1. c. s. 528. ! Vol. XVI. of this Cyclop:cdia. 
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Etiology. 

Cases of hemorrhagic diathesis which, in accordance with 
theii· clinical history, must be classed as morbus maculosus 
'Verlhofii, occur at all periods of life, in both sexes and in every 
possible form of pllysiological constitution. Still, it would 
appear from the literature of the subject (H. l\Iarsh, Churchill, 
Stokes, Hunt, Law, Rilliet and Barthez, aud others), that the 
predi sposition to the affection is relatively gt'(•atpst during the 
period of adolescence, namely, from the fifteenth to tlte twentieth 
year of life. According to Curran, the female sex is in general 
somewhat more disposed to it than the male. Stroug and ple
thoric individual s eannot by any means be sa id to possess an 
immunity from the di sease, since in quite a number of the cases 
that have been observed, the patients were predonsly perfectly 
healthy and robust in pvery rnspect. Still, the majority of the 
cases have occurred in subjects of a weak and an1cmic constitu
tion; it must be distinctly stated, llowever, that, at the time of 
the outbreak of the hemorrhagic diathesis, none of the cases 
reported by us and otlwrs were suffering from tlte extreme forms 
of progressive perni cious amemia. (\Vith reference to this subject 
see Vol. XVI. ) N o inherited predisposition to the cliathesis 
can be demonstratecl in any way ; on the contrary, the sporadic 
character in respect of both time and place, as well as the 
transitory nature of the di sturbances, is highly characteristic of 
morbus macnlosns. Observations have been recorcled, however, 
which prove that the disease can occtu in the same individuals 
at longer or shorter intervals, and hence demonstrate the exist
ence in certain 1iersons or an evident individual predisposition to 
the disease. "\Ve are still entirely ignorant of the nature of this 
predisposition, but it probably depends upon congenital peculi
arities. It would not be jus tifiable to classify such cases at once 
as hromophilia, since not only the facts that the affection has 
not been inherited from the parents, and can not be transmitted 
to the ofisprin;:r, but also the fact that during the interval s the 
patients enjoy entire immunity from the hemorrhagic tendencies, 
prove that we have to deal with a very different affection. 
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Finally, in connection with the individual preilisposition to 
moi-b11 s maculo:sn:::i we must also mention lwre thB occurrence 
of the affect ion in convalescents from all sort; of ,;evere diseases, 
for instance, typhoid fever, and other Pxlmusling processes. 
Here the person; affpctPtl ean by no means b1J saill to he healthy, 
in the onlina1-y sense o[ the w01·tl , bL1t still Jc:;,; can they be 8aid 
to be actually sick, and J1 ence the ileveloping hemorrhagic 
diathesis cannot be prnperly regarded as symptomatic. Person
ally we have been lei! by a number of ob,;ervaLions made by 
ourselves, to believe that the predisposilion of convalescents to 
morbus maculosns is greatest exactly at tliaL p1•1fod of the pro
gt«•,;sing rPcovpry wlien the pallor and weakness are fast disap
pearing, wliPn they 111ake thPir first attempts to walk, and when 
the returning appetite demands an increased supply of food; at 
a time, consequently, when they cannot longer be said to be 
'"sick" in the usually accepted sense of the word. \Ve intend, 
when considering the essential character aml tlw pathogenesis of 
the disease, to return again to these cases of morbus maculosus, 
and we will tlwn sLate more definitely our views respecting their 
possible mode of occurrence. 

\rery li tt le is known concerning the determining causes of 
morbus maculosus. In very many of the cases the disease is 
developed, to all appearances, spontaneously, and affects persons 
whose bodily healtli and hygienic surroundings have p1·eviously 
been excellent. In other cases, it is true, the patients had pre
viously been in needy circumstances, Ji veil in unhealthy houses 
or on insufficient food, etc., but still, it woulcl be improper 
to lay too much stress, in the etiology or the disease, upon 
these points, since countless individuals are constantly sub
jected to such influences, while the di sease in question is 
essentially rare. In other words, we cannot subscribe to the 
hypothesis which makes morbus maculosu,; actually nothing 
rnore than a mild form of scurvy. Tlie non-idvntity of the two 
processes is demonstrated not only by important dillerences 
in thf' manner in which they begin, and tlli' 1"ou1·se which they 
mn, and hy not less s t1·iking differences in till' sy mptomatology, 
bnt mon• clPal'ly still by the simplP fact, that a cwnulati'IJe out
break of lhalfonn q/ lli e lwinorrhagic diatltesis, which, by rea-
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son q/' its clini<·al elwrtu·frrs. niu~L lw ilt>:-.i~nab•,l 11ot as :-:<·urvy, 
but as 11wdnt8 111aculo.~·11s, lia:s n,.,., ... r yl't lJt'1-'ll ohsPrred in 
t'Ontlllttllilit·.., wlit>rt> all are lidng ttml1·r 111+· :--anw 11ygienic s11r
ru11ndi11g:-:. On tllt> <'Ontrary, morbu;:; Hiando:--11:-1 always oceurs 
sporadf('ol/11, whil e scu1·vy gt->JH::rully 1n·1·,·ail:-; a:-; au t-'pidernic. 
_\ p ee 11liar 110111P1H'latun>, which is e11tir1·l ,. i1a·01Tt->d a11tl i11d1-'
fens ihl• ', lia' \wen basPcl on tlw tiuppO,P(l i<lo•11tity of flit• two 
morhic.l prO('PS:o;Ps ; according to it, mo!'bus rn:u·11Jo:;u s tig111'1-':-; in 
many ft>xt-book: a:-; '' L:u1d-sc1UT)c,1

• ju:;t :i:; if tl11 • :-it:fft-'l\! fol'm of 
s1·m·vy. in Hs mo1v rPstrictl~c1 se11 se, 1·ouhl 01T11r only <Lt sea, 
and ha:; not appea.1-ecl s11fli<·io•11 tl;- 0J'le11 OH land . 

It is t•v idl·lll. from Lite fo1·1-1goingl tl1at r!JP ,_.tioloµ:y or morbns 
ma.('ttlosus, hoth as r1•gards the uallll\" of tli1-' iudh·idnal prtidis
po~ition, and tht> tlt.>fPl'mining cau:-;1•:s, is :-;rill ii1'·oln1d in :.Limost 
('0111plete obscnrity. \\.-e rnay Pn·n a~:':i1·1·t, ancl Lliis is :L })Oint 
whidl may 1Jl'OV €" or diagnostic i111po1·ta.111·1·. 1l1al l/u !NJS we ('(lrt, 

di.'fC'ON' t" ll/UI positivdy a,j/inn co1wer11i11!J /ft, , f' !iOlorJjJ or a. case 
of trn11 sitory hemorrhagic diathetiiti, the !(l"<'arer i:; the probability 
that it belongs in the category of morbus rnaculosus. 

Pathology. 

Jleneral Features of l!te Disease. 

faforbns macnlosus often begins acnLely and at the same time 
in a. very characteristic manner. In such t·ases there are no pro
dromal wa.mings, such as local distmba11t't."'S or a ge1wral s tate of 
ill-health, the tiJ·tit indication or the exbt(>ll l"e of the hemorrhagic 
d.iatlwsi' h•'ing the appearan<'e or petechi>c upon the skin 01· the 
occmTPIH'I" of some other h emon1mgit.: :-iy111ptom, e.v. ,qr .. epis
taxis. Bt>s itles these spe<'ially pure and typical forms of the dis
easP, tlie1·t1' oct·n1· othPJ'l'\ in whirh the h t> morrhagie 5ymptoms are 
prec•t>tled for several days by mild prodrnmal symptoms of an 
uudeciclPd chararter. such as slight lan£?;uor, headache, loss of 
appPtite, and sonwtinws even moderate fev••r. These prodromi 
usually last only one or two dayti, rarely longer than a week. ,.J 

•11wr!..wl i11itirtl cadtexia, like that whicl1 ~o generally precedes 
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scui·vy, is 1tever obsaced. Finally, some cases begin with rlwu
rnatic symptoms, and to such the names Purptu11 rheumatica or 
Peliosis rheumatica han' been applied. Painful spn,;;ttions are 
experienced in certain joints, particularly i11 those of the lower 
extrnmities (the knees and ankles). These pains may, or may 
not, be accomp:inietl by slight fe,·er. They continue several clays, 
and are sometimPs att ended by slight swelling or the joints. 
The exantlwm tl11•11 appPars, and siruult:111eo11sly with its devel
opment the articular affection, as a rule, abates. 

The development a11d exte11sio11 qj" the cutaneous ll e1norrhages 
are always painl ess, and are not p1·pceclec1 by any ltyperromic 
redness of the skin . The ex travasations often cover tlw en tire 
bod.IJ. It has bPen said tltat the "ldn of the face is not at all, or 
at least rnry 11Hely, affected in morbus maculosus. \Ye cannot 
agree with this statement, since in several cases we have seen 
not only petec!tire, but even extensi,·p <'Cchy1noses. which were 
unquestionably not of traumatic origin. upon the face. and 
especially on the upper eyelids ancl the margins of the 01·bits. 
The hemorrhagic exanthem, however. is nsnally most abundant 
on the lower extrt>miti es, and next to them on the trunk. On 
the latter, in the severer form s of the affection, the numbet· of 
pnrpnra spots may amount to many hundreds. In some. but not 
in all of the cases des ignated as peliosis rheunmti ca. it has been 
observed that the petechire appeared first in the neighbol'110od of 
the painful joints, and spread graclnally from them to more dis· 
tant parts of the body. 

The indiviclual spots vary greatly in size, ranging genemlly 
from that of a large pin-heacl to that of a lentil, a pea, or a 
bean. The larger ecchymoses and vibices (cornpal'e the preced
ing chapters on Hremopbilia and Scurvy) are mnch less fre
quent than the smaller spots, bnt they occnr here and there 
upon the surface in nearly every decided casP or pmpnra hemor· 
rhagica. In shape the smaller spots are often, and perhaps gene
rally, l'Onnd, but star-shaped and irregular spots are not at all 
rare among them. 'l'he larger ecchymoses assume every possible 
form. The hernonhages are not so exclusively confined to the 
regions of the capillary network of the l1'tir follicles as is the 
case in the other petechial exanthemata. \\' e find, it is true, 
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numerous pet~chim which are pierced thl'ough the centre by a 
liair, but we usually find many spots, both small and large, 
which do not present this peculiarity. Finally, in rnol'bus 
maculosus, as well as in scm·vy, we find , in addition to the 
11wcul<.e, more o!' less 1w11ierous resides, which are ••vidently 
produced by cirnumscl'ibed hemol'rhagPs into the rete ~falpighi 
from the capillary loops of the papilhc o[ the skin. 

The color of the fresh spots is the same as in other hemor
rhagic ettlorescenc1is-namely, a dark bluish-red. [t does not 
alter on pressun., bttt as time passes 011 it changes successively 
to greenish·blttl', brown, and yellow (compare the descriptions 
o[ i::lcmvy and 1-I::emophilia). It is exc1•cdi11gly common for 
fr rsh m·ops of the pet~chial eruption to appear at varying inter
vals during the cotu·se of the disease. \\' heu several such 
rehtpses have oceu1Ted, the body of the patieut p1·esents a very 
odd appt'arance, since the spots, whieh vary greatly not only 
in size and sh:.t.pP, but also, owing to tlu.-'it· dilft.•rent age::;, fri. 
color, are scattered about in a most irrnguhtr nHLJUWr. " ' ith 
regard to these i·elapses we must abo nwntion that, like the first 
outbreak of th<' PXanthema. tlwy are frpquently ushered in by 
slight Iever and pains in the joints. 8ometimes the process 
clescl'ibed above is J'<'peated several times, with g 1·eat exartitude, 
each fresh otttbreak of the eruption being attended by a modifi
cation or the premonitory symptoms. ln otliel' cases, on the 
contrary, there is no concurrence in point of time between the 
intercnrrent development of frPsh elevations of tempernttue and 
articular }XLins on the one hand, and of fresh cutaneous hemor
rhages on the other, the relations of these different symptoms 
to one another being very in~guJar. 

The OCCUITl'nCe of th t> majol'ity of tliese •·elapses or the hemor
rhagic exanthenm does not, by any means, seem to be depen
dent upon special external causes; like the hemorrhagic clia
thesis in general, they are apparently perf1•ctly spontaneous. 
Still, in many cases they are dependent upon some mechanical 
injury, or upon some change in the functional activity of the 
heart, etc. Just as in scurvy, we find that suggilations appear 
at point-:; where the skin has been subjected perhaps accident
ally to unusual pressm e or to some other slight injury, or a 
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relapse of the purp11m t•1·uption occurs, aml " [resli crop of 
spots appears ptu·rintlal'iy on the lower extremities, when the 
pa.tient makes :::;0 11w artin~ mm·ement-Cor inst~tnce, when after 
ha,·ing been eo11fi ned to bed for some time, he makes his fil'St 
attempt to get up and walk about. 

In many, but by no means in the majority o( the cases, the 
hemo1Thagir diathesis manifests itself clinically only by the 
eruptions on th" external surface (purpura simplex). It is far 
more Crequentl y a ttendecl also by he11wrd'c'.fJeS i1' other parts 
(pul']mra lucmorrhagica proprie sic dicta). T liese may happen 
at any time dming tlie course of the disease, even at its very 
beginning. There is also a class of intermecliate cast•s in which 
the 1·isible lllllt'OUS membranes, viz., those or the mouth, pharynx, 
aml eyes, exhibit morn or less extensive interstitial extravasa
tio1", without any free hemorrhage from their surface. 

Generally, howe\'PI', the symptoms or the hemorrhagic dia
,j;hesis are not so limitPd, the interstitial extravasations being 
arcompanied, a; a ntle, by more or less c·opiou8, supe1ficial 
ht·111Mr11ar11w. Prntuse and exhausting liemol'l'hages from the 
s1i1wl'lkial aml deep 1Uucous membmnes, namely. from the nose, 
:::;to111ach, intt>::I ines, urinaty passages, genital ~ i11 women, and 
bnrnubi, a.n_. much 11t0te comrnon in morbus macnlrnms than etl('I/ 

i11 set•e1·e ('U8CS qf SC111'V!J. Hemonhages from the 111uco11s lining 
of the mouth , ancl particula11y the gums, also occur, b11t the 
bluish-red cliscoloration, the soften ing, swelling :.1.nd spongy t hat" 
acter o[ thP g ums, as well as the excessive sensitiveness o[ these 
parts which i" very gpnerally present in even the mildest cases 
o( scmTy, :u·p entirely wanting. If we exami ne the gums 
afte1· remol'i11g the coagulated blood, which frequently covers 
tl1P111, wp will tincl them,Pven in cases where no teeth ha,·e been 
lost. eithvr pt·r[l'ctly normal in color and consistency, or oftener 
st ill sornPwhat pale and bloodless, but nerer bluish-red or 
swPlletl. I 11 111ol'lrn" ma!'ulosus consequently all the signs of a 
hemonlmgie i1dlan1111rtiion o[ the gn1m; are wa,utinl/. rrhis fact 
will be found to possess considerable diagnostic importance. 

In \\·edhof'" disease ltemorrlwges also ocNtsio11ol111 occur 
within the .•emus 1·t1rilics, viz., the plema, the peri ca1·di11m, and 
the perit011ru111. an<l al'o in the 1neninges a11cl in the .•11bstcrnce 
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of the broin. ' They take the usual course of such accident,;. 
generally ending fatally. These complications are, however, 
decidedly exceptional , as is also the formation of extensirn hre
matomata in the subcutaneous connective tbsue. A participa
tion of the muscles in the hemorrhagic accidents has occasionally 
been observed, but it is by no means common. 

The hemon·bagic symptoms on the part of the skin and 
mucou membranes consti tute consequently the most important 
a.nil essential part of the clinical picture of morbus maculosus. 
' Ve may in thi s place expressly state it as a fact that in many 
cases of tl1e di sease there are absolutely 11 0 other symptoms, 
either loca l or general, of illness. ' Vl1 e11, for in; tance, the dis
ease affects per"ons previously strong and healthy. and is not 
accompanied by fever or rheumatic affec tions of the joints. and 
when, further, the surface hemorrhages from the mucous mem
branes are not too frequen t or abundant, the general health o( 
the patients may be almos t unaffec ted throughou t the entire 
course of the d isease. This state of subjectire good health then 
presents a striking contrast to the objec ti rn appearances. " ' hen, 
on the contrary, the hemonhages am often repeated and copious, 
and especially if the patients were pi-el"ion ly anremic, we can
not wonder at the consecnth·e appearnnce o( symptoms showing 
an alarming degret' of amcmia: for instance, pallor, dropsical 
swellings, extreme weakness, fainting fit s, ete. N or is it s11r
prising that in many of these cases dea th should occur uncler the 
symptoms of acnte oligmmiu . Still. altl1 onf(h the condition of 
the patients is often ala rming, a fa tal termina tion is in general 
not very frequen t. The sickness ends by far more frequently in 
reco,·ery after the expiration of one or two weeks. In other 
cases the disease is more protracted becau"'' of the repea ted 
recurrence o{ the hemorrhages now in onti form, now in an
other; it is only when they have finally ceased that improve
ment sets in, ancl tl1 e pale and exhausted pa. tient~ f(radually re
gain streng th ancl 11 ealth. 

Certain author;, parti cularly Henoch.' ha,·e reported cases 

1 Tarclieu. L'Uniou. 1870. No. 48. 
~ Berl. kliu. \\'ochenscbr. 1 8.J~. Kr .. ;o : Cen1cr, 1874. Kr. 51. 
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which differed somewhat in their course from those above de
scribed. 'rhese cases prnsented a peculiar, more or less idio
pathic diathesis of a transitory character, but in addition to tl1e 
fever and purpura, :md also to marked articula1· affections, which, 
however, were not p1· .. sent in all of them, they exhibited severe 
gastric ancl intestinal symptoms. 'fhese consistecl chiefly iu 
vomiting of bilious matters, meteorismus and tendemess of tl1e 
abclomen, and severe colicky pains ; they 1·ecnrred several times 
dming the course ol' the disease. Although the recurrence of 
these symptoms is not mentioned in other trnatises on the diti
ease, we mmnot undllrstand why Flenoch should be inclined to 
regard such cases as constituting a special form of disease, 
entirely distinct from morbus maculosus. \Ve believe, with 
Scheby-Buch,' that the explanation of such cases lies in the as
sumption tbat the digestive apparatus is involved in the hemor
rhagic pmcess, that we have to deal probably with hemonhage; 
in the serous coat of the stomach and intestines. 

Post-Jiorteni .Appear(lnce.,. 

\Vhen death occurs in the course of morbu; rnaculosus it is 
almost invariably, as far as we yet know, the result of too fre
quent and copiotts hemorrhages. The dead body is exceedingly 
pale in conseq11P11ce of the loss of blood; it io frequently some
what mdematous, and is usually covered with numerous pete
chial spots, both old and recent, large and small. The condition 
or the general nutrition depends upon the dmation of the disease; 
in the cases which pmve rapidly fatal it is in general unaltered, 
but in those which have run a protracted course it is somewhat 
impaired. All tlw internal parts, like the skin, present an anro
mic appearance, on account of the diminution in the quantity of 
blood contained in them. The mucous membrane of the lips, 
tongue, gums, harcl and soft palate and pl1arynx is usually 
covered with blacki sh, half-dried blood crnsts. L:pon removing 
these the membrane sometimes appears pale but otherwise nor
mal, sometime• presents superfichil erosions, antl, tinally, is some-

! 1. c. s. 400. 
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times more or less thickly co1·ered "·ith small ecchymoses. 
Similar erosions aml ecchymoses are al so met with, often in 
immense numbers and spread over a 1·ery large space, on the 
mucous membranes of the stomach, intestines, the pelvis of1 

the kidneys, the ureters, the bladder, the female genitals, etc. 
They are less frequent upon the mucous snrfaces of the air·pas. 
sages. The contents of the stomach and intestines are often 
mixed with large quantities of loosely coagulated or still fluid 
blootl . Tl.t e bronchi contain bloody mucus and sometimes freshly 
exuded blood in considernble quantities. Occasionally, but not 
often, blood is found in the pP-ricardial, pleural, and peritoneal 
cadties. Multiple interstitial extravasations in the ti ssue of the 
serosre, and small collections of blood in the subserous connecth·e 
tissue, are much more common. In other respects the tissues 
of the peri can1ium, pleura, and peritoneum in such cases are 
approximately normal or merely somewhat hyperremic. The 
extensiTe, fibrinous exudations on the surface and the other 
macroscopic inflamm::ttory changes, which are so common in the 
fatal cases of scu1Ty in which these membranes ham been in· 
Yulved, are wanting in rnorbus maculosus. 

Yery little is known of any other constant anatomical 
changes. \Ve lHIYe no Pxact data respecting the appca !"anccs of 
the articular cavities and ligam ents in the cases which were eorn· 
plicated during life by rheumatic symptoms. On this subject 
there exists only a single publication which emanates from 
Traube1 s clinic. 'fhe case was one of" peliosis rlwumatica,,, in 
which, post·mortem, the synovial membranes o[ the afiected joints 
were found somewhat injected. and the quantity of the slightly 
cloncled sy no\" ial flnid somewhat increased (Leutholdt 1

). Of the 
condition of the wall s of the Yessels, pal"ticularly o[ the capil· 
laries, we are al so almost. entirely ignorant.' It is Yel"y probable, 
however, that in these cases, just as in otlwr fatal cases of anm· 
mia clue to excessh·e loss of blood, a fatty degeneration of the 
1·ascubr tiss uPs and of the muscles of the heart has taken place. 

1 Berl. klin. Wochenscbrift. 1865 . Xo. 40 
' In one case Wi!.~on discoYercd nmyloid degeneration of some of the enpillnrics in 

the immediate neighborhood of a. few of the pctechiro. Brit. nnd Foreign Mecl. and 
Cbirurg. Re,·icw. 18.Jt'i. Oct. p. 480. 

VUL. :\\'ll.-17 
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In a majority of the autopsies the heart has been found relaxed 
and its muscula r substance pale. The val\"es, as far a~ is known, 
were perfectly normal , apart from some unimportant changes, 
and the cavities of the organ, in correspondence with the general 
anromic condi tion, contained yery small quantities of loosely 
coagulated blood. 

Very few reports of the condition of the blood during life 
J1uve been published, and even they are in many p oints at vari
ance with one another. Its color is said to be usually rather 
dark in recent cases ; in older cases, on the contrary, especi
all y when copious hemorrhages have occurred, it is brigl1t. A 
genuine oligocythromia, therefore, does not appear to exist pri
marily in morbus macnlosus ; when it occurs it is de1·eloped 
at a la ter period , and is clue to the hemonhages (for an example 
of the re,.crsc see Progressive P ernicious Amcmia). In a case 
recently observed by us in the clinic at Basel, which was very 
severe, but nei•ertheless terminated in compl ete recovery , the 
rela ti ve proportions of the red and whi te blood-corpuscles to 
one another was perfectly normal dming the ffrst cl ays of the 
disease, but subsequently the white corpuscles slightl y exceeded 
the reel in number. This condition, however, could be regarded 
only as an instance of tha t form of moderate leucocytosis which 
is known to be a regular resul t of copious hemorrhages. In the 
case refon ed to, the color of the bl ood corresponded with its 
microscopic appearances ; it was at first perfec tly normal, but 
afterwards became somewhat paler. Its coagulability was not 
affected. Albers' experience in this last respect agrees with 
onrs : he states that the blood of persons suffering from pnrpum 
hromorrhagica does not lose its capacity fo r coag ulation. Other 
observers, however, particul arly Legrand, Rayer, Biett, and Bec
querel, state that they have found the bloocl rnry little or even 
not at a ll coagulable. Of the quantita th·e rela tions of the solicl 
consti tuents of the plasma to one another, nothing is at present 
cl efini tely known, nor do we know whether or not any abnormal 
substa nces are present in the blood. 

The spleen and lymph glands present no constant changes. 
The first -named organ, however, has repeatedly been found 
enla rged, and its pulp was then of a pasty consisteney (Bill-
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roth,' and others). In a case examined by Ponfick,' the medulla 
or the bones in various parts of the skeleton was found to 
contain numerous large and small hemorrhages. 

Special Symptomatology. 

Analysis of the Pathological Symptoms and qf the Anatomical 
Appearances. 

The pathological symptoms of morbus macnlosus which we 
have described above, may be cliviclecl according to their natme 
into four classes. It must be admitted, however, that they are 
not present with equal completeness, or in the same grnuping 
and combination in all cases. 'l'he first, and under all circum
stances the most important of these classes, is constituted by 
the hemorrliagic symptoms, which are characteristic of the 
affection, and without which the existence of the disease is un· 
imaginable.. The second class includes the febrile symptoms, 
which either precede the hemorrhages or are developed intercur
rently. They are, howen·r, not unfrequently entirely wanting. 
Still Jess uniformly present, 0ither as precursors or attendants 
of the hemorrhages, are the symptoms included in the third 
class, Yiz.., the rheumatiu pains and swellings of tl1c joints, which 
are obset'VPtl in the cases described as purpu1·a (peliosis) l"heu
matica. \\'e have seen that these symptoms sometimes clo and 
sometimes clo nut possess a. definite connection with the fever, 
and also that tl1ey lllay accompany the hemorrhagic accidents 
even when fe,·er is entirely \muting. Finally, the jourllt class 
comprises those sevt.\re gastric and intestinal symptoms which are 
met with in a few cases, nncl of which we spoke at the close of 
the section on general symptomatology. 

'l'he cutaneous lternorrlwges as well as those of interned 
parts in morbus macnlosus are in general simple extravasations, 
that is, they are not dependent on any intense local ltypercemia 
or inflammation. 'l'hat the cutaneous and other hemonhngc•s 
are not clue to inflammation is evident both from the fact that 

I Yirchow'g Archiv. nu. XXUI. s. 4CiJ. ~ l\JiJem. BU. Ln. 4. S. 5J·1 (18i2). 
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the cutaneous petechire and ecchymoses are not preceded by any 
roseolar or erythematous rash, and from the anatomical lesions 
in the internal viscera which were the seat o[ hemorrhages intra 
vi tam. In morbLlS maculosus, therefore, one may properly speak 
of the existence o[ a hemorrlwr;ic, but not, as in scurvy, qf 
ct concomitctnt inflammatory diathesis. In the development of 
the overwhelming majority of the individual hemorrhagic foci 
ancl free hemorrhages which occur in morbns maculosus, neither 
ex ternal mechanical injuries nor increased force of the heart's 
action can be said to have n causntive intluence. On the contra1-y, 
their origin is apparently spontaneous. Hence, it is necessary 
to seek for the immediate cnuse of these foci and free hemor
rhages, in some diseased condition o[ the wall s of the capillaries, 
in consequence of which they are more easily ruptured, or at 
least become morn permeable to their fluid and solid contents. 
These supposecl strnctural changes in the capillary walls, how
en'J", must be of the most delicate and imperneptible kind, since 
pathological anatomists am as yet entirely unable to girn us a 
description of them. Some further rPmarks npon this subject 
will be Ionud in the section on the "Nature and Pathogenesis 
of tlw Disease.' ' 

T im analysis o[ the f ebrile symptoms in morbus maculosns• 
furnishes snppo1-t for the opinion that tlw fever, when present, 
is not always due to the same cansc,ancl has uot always the same 
clinical significance. The genesis of the fever is natlll'ally most 
inex plicable in those cases in which the abnormal elerntion of 
tem1w rat1u·e ])l'PCPcles tho hemorrhages, an (l i$ not accompa
nied by an y other abnormal phenomena, such as the articular 
symptom~. IIerP there are no anatomical changes which could 
account for thP ocrn rrence of the fev<>r, and hence we must, for 
the presPut, relinqt1ish all hope o[ explaining it. The case is not 
mnr h better with rega rcl to that feYer, \\"hich in connec tion with 
articular pa ins no t unfreq1wntly ush,,rs in the cases of so-called 
pmpura (or peliosis) rheumati ca, sin ce, to us at least, it clocs not 
seem by any means certain or m·en p1·obable that this fever is 
direc tly dependent upon and symptomatic of the affection of 
the joints. These cases may be coutrastecl, on the one hand, 
with others in which the same articular pains and swellings 
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~oitlwut fe,·c1· ini tiate the disease, and on the other hand, clinical 
experience has taught us that an initial fever may exist witlwut 
articular symptoms. It is easier to explain the occ urrence of 
feve r during tlte course ef the disease, at a time consequently 
when numerous hemonhages ha ve already taken place, and 
collections of extravasated blood have formed at ,·arious places 
throughout the body. In these cases, jast ao; in annlogous cases 
in other diseases, there is reason to suppose that many of the 
febrile movements are of a resorptive nature, being sy mptomatic 
of the process o( involution which is taking phce in the coll ec
t ions of effused bloocl; furthermore, that the blood, which has 
been extravasated in to the in ters tices of the tissues, may some
times act as an inflammatory irritant on the su1To1111ding part;, 
ancl thus cause slight fever. Finally, however, there is another 
possible ancl very difforent mode, in which the fernr may arisu 
in some ca es, namPly, the one whicll we have chosen as the 
most probable one for the fever of progr<'s~fre pernicious ::rn:.t'11iin. 
(comp. Vol. X\'I.). It will be remembered that, in the plactJ 
referred to, we exp1·essed om· belief in the opinion that there 
exists a special '· an:emic Iernr, " or that a predisposition to 
feb rile movements accompanies the more iutcuse grades of anre
mia, and is the immediate restt! t of the excessive po1·erty or tl1 e 
blood. 

'l'o save repet ition, we will rnfer the rcacler to that article for 
the proofs that h'tve been adduced in support of this hypothesis. 
Here we must point out, ho"'e,·er, that the excessirn losses of 
blood in severe cases of morbus maculosus may produce in a 
short time as extreme degrees of an:.c111ia as are met wi th in the 
latter stages of progressive pernicious nnmmi:t; and tltnt con
sequently a fever which appears dming the comse of the former 
disease. rtt a time when the poverty of the blood is greatest, and 
which decreases and disappears coincidentl y with the amcm ia, 
may with perfect propriety be called an "anremic fe,·cr " in the 
sense in which we have used that phrase. That there are cases 
of febrile morbus maculosus in which the elevations of tern pem
ture actually present a remarkable parallelism with the grade of 
the existing nmemia, is clearly demonstrated by the case alreacly 
referred to, whicll we onrselves observed in the clinic at Basel. 
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The following notes oI the history oI this cn.se are taken from 
the clinical joumal. 

A. S., sixteen and n half ycnrs old, photographer, born in Schlcswig-Ilolstein. 
His father died r(ccntly of phthisis pulmcnum ct laryngis, nnd lie has 1i\'ed since 
with his mother nnd five brothers and sisters in needy circumstnnccs; states, hnw
cvcr, that he was perfectly well until the day before his admission. An inherited 

or individual predisposition to hemorrhage docs not exist. None of the other 
members of the family ha ve at any time been subject to bleeding, and he stah:s 
that they al'C all perfectly healthy. Ile himself never before suffered from hcmor
rlrngic nccitlcnts, and his present s ickness came on 1nuldenly and without warning. 

On the 12th of March, without any apparent cause, nud when he wus feeling iu 
every respect entirt:ly well, a hemorrhage :from his tongue took place. On tho 
following morning tho Jiatient noticed several bluislH·cd spots on hi3 lips, and hy 
noon his entire body was covered with numerous blood-spots of various sizes. 
)[cauwhile his appetite was entirely t111:1ffectc<l, and he had no headache, no pains 
in the limbs or joints, and in short no subjecti,·e <listurUances whatever. He was 
received into the medical clinic cm )forch 14, 1876. 

Status 1mrsens: )[udcratcly strong individual, of rather pnle complexion. 
Pctcchiro scattered over the face; on the upper and inner margin of the orbit on 
the Jert side, n large violet-blue ccchymosis. Exceedingly abundant petechial 
cxanthcm on the body and also on all the extremities. 'l'he lips and gums covered 
with blood-crusts . Upon removing them the gums appeared superficially excoriated 
in many places, but otherwise normal, except that they were somcwliat pnlc. On 
the lips a few bluish-red spots nhout as large as a. lentil, and on the clorsum of the 
tongue three l>ullro about 0.;) centimetre in diameter, filled with blood. The nos· 
trils on both sides ohstructed with cll'ied blood. No nhnormities of the heart, 
lungs, liver, or spleen. Pulse moderately strong and reguhtr, 74. Eighteen respi
rat ions per minute. 

March 14. Temperature: Morning, 08.G" F. Evening, 08.2" F. 
Further course: 

March 15. Temperature: Morning, 98.6° F. Evening, 100.4" F. 
During tho clay new petechi::c, tpista:ds. The ophthalmoscopic exnmination of 

both eyes revealed no hemorrhages in the retina. The microscopic exa.mination of 
the normally colored Uloo<l ~bowed no increase in the relative number of the white 
blood-corpuscles. 

March 16. Temperature: Morning, 08.2° F. Evening, 100~ F. 
Small ecchymoses in the conjunctiva. Upon the body, besides new petechire, 

several large, irregularly shaped ccchymoses. Gums not spo11r1y, 7Jale. V-:ry dark, 
bk>oily u't"ine was passed several times during the day. General health 10/wlly 
una_{f'rtted. Appetite good. Countenance rather pnk 

M arch 17. Tcmpernture: Morning, 08.7° F. Evening, 08.° F. 
Urine continues bloody. Two bloody stools. The ohlc r pctcchirc already greenish 
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nnd brownish in color. New petcchire. Towards evening, ci1istaxis, which was 

repeated in the night. 
March 18. Temperature: "Morniug, 98.7° F. Evening, 102~ F. 
Jkcnrring cpistnxis so seYerc as to render plugging of the anterior and posterior 

narcs on both sides necessary. Persistent lur:maturia a11d seceral bloody stools during 

the day. The patient feels languid, and is 'Dery 1.l(Llc. Pulse small, somewhat 

tense, 8·l. Hcspiration regular, and not accelerated. Spleen not enlarged. 

From this time, the temperature in the axilla ·was taken e'\'cry two hcurs. 

Evening, 7 o'clock, 102° }"'. i !J o'clock, 100.5° F . i 11o'clock,100.4° F. 

March 19. 1 A.M. 3 A.;-.r. 5 A.'.\f. 7 A.M. 

T. 100.4° 100.4 100.5 ~ !)!), 0 

!JA.U. 

100.4° 
11 A.:'if. 

100.73 

l P.M. 3 J'.)I. t; r.M. 7 l'.M. 8 r.~r. !) P. )f. 11 P,)[. 

'1'. 101.G" 101.1" 102.6° 102.23 Sodresal. 1 gr. 56 00.53 08.7 

Durin~ the day the blood trickled from the nostrils through the tampon. 

Bloody urine and stool. Great weakness and pallor. 

March 20. 1 A. u. 3 A. M. 

T. 07.7° 00.5 
5 A.ll. 

99.7' 
7 A.:'!L 

102.2' 
0 A.M. 

102.G' 
11 A.:>or. 

101.8 
1 P.)[. 3 P.ll. 5 P.)[. 7 P.M. 8 r.:u. 9 P.M. 11 l'.)f. 

T. 101.1° 103. 1° 103.1° 103.3' Sod. s.'l. g<. 84. 101.1° 9G.8° 

Delirium. Spleen not en larged. 

pallor. 

March 21. l A.M. 3 A.lt. 

T.100.4° 97.3° 

Urine no longer bloody. 

5 A.ll. 7 A.l[. 

9G.G ' 98.2° 

No stool. 

!) A.M. 

98.2 

Extreme 

1 P.M. 3 P. )[. 5 P.:'it. 7 P.:'it. 8 P.lf. !) P.)L 11 P.:'11. 

T. 100.4° 100.7° 103.5° 102.0' Sod. snl. g <. 84 101.3' 99.5 

Tampon removed. No new cutaneous hemorrhages. Urine ji·cc froin blood. 

No stool 

March 22. 1 A.M. 3 A.M. 5A.)I. 7 A.)f. 9A.M. 11 A.M. 

'£. 09.5" JOO.° 99.5" lOQ.40 101.3' 100.9' 

3 P.!1.1. 5 P.M. 6 P.M. 7 P.M. !JP.)J. 11 P.)[. 

T. 1009 102.7 103.1° Bath. 99.5 ' 102.2 ' 101.3' 

Urine a.nd stoolji·eefrom blood. Delirium. Prostration. 

March 23. 1 A.)L 3 A.:-.1. 5 A.lr. 7 A.:-.1. 9 A.M. 10 A.M. 11 ,\.lt 

T. 102.2 101.5° 101.3' 103.1° 103.1° Sod. sal. g<. SI 101.6' 
11'.)l. 3 P.)[. 7P.M. flP.)f. 11 r.lr. 

T. 101.3 Bath. 99.5° 
5 P.:-.r. 
100.9 102.6° Bath. 103.6 Bath. 101 ·8 ' 

No new hemorrhages. Condition unchanged. 

March 24. 1 A.le. 3 A.M. 5 A.lr. 7 A.M. !) A.M. 11 A.)[. 

T. 101.3' 97.7° 100' 100.4° 100.4 101.6' 

1 PM. 3 P.'.\I. 5 P.'.\1 7 r :-.t. 9 !'M. 111'.)f. 

T . 102.2° Sorl. sal gr. 84. 100.'i" 100.4" lOQ.4° 99.5° 100.4' 

Sensorium not yet quite free. Orent pallo_'· - --------

1 Salicylnte of soda. 
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March 25. 1 A.ll. 3 A.l(. 5 A.M. 7 A.ll. !) A.'.\f. 11 A. :\l, 

T. 99.9' 97.7 ' 99.3 ' 100. ' 100.7~ 100.7° 

l l'.M. 3 P'.\I, 5 P.M. 7 P.lll. !)r.:M. 11 l'.M. 

T. 10l.G ~ Sod. sal. gr. 84. 101.3' 100.4' 98.7' 9G.S !)0.2 

March 26. 1 A.:\f, 3 A.ll. 5 A.).(. 7 A.M. !) ,\.).[. llA.ll. 

T. !)!).5° !)!).2 ~ 100.4° 100.4° 100.7' 100.7' 

3 r.M. 51'.)I. 71•.).[. !>l'.\I. llP.)1. 

T.101.5 Sod. saL b"l'· 84. 100.4' 99.5 98.7 ' !)$.7 98.7 

Petcchire faded. No hemorrhages. Spleen not enlarged. 

March 27. 1 A. :.1. 3 A,)!. 5 A,.\I. 7A.:\C. !).\.)(. 11,\.)I. 

T. 00. ' 98.4' nu.2° !OJ' 101.1" 101.5' 

31'.:\I, 51'.:\1. 71•.)r. 01'.'.\[. 11 P.)I. 

T. 102.G ~ 102.0° 103.1 ' 101.ff' 101.G' 100.7 

March 28. 1 .\,)1. 3 A.ll. 5.\,:\1. 7A.:\1. !),\.:\1. llA. ).f 

T. 99.5' 99.5 ' 00. 0 09. ' 09.3 ' 99.3 ' 

3 r . .:i1. 5P.:\f. 7 P.)I. !) r.:\r. llP.:\1. 

T. 99.9' 100' 100.7' 100.7' 100.4' 98.7 ' 

From this on time there was nofecer. The nppcarnncc of the patient improved. 

Scusorium became absolutely clear. So long ns the hemorrhages persisted, the 

trcntmcut consisted in the subcutaneous injection of t:rgotin, and the internal u~e 

of acetate of leatl antl ice. Appropriate dietetic rules were enjoined, yiz. 1 rest, the 

horizontal position, aud for nourishment nothing Lut cold milk. The use of the 

preparations of irou w:lS begun on the 20th of May. Rapid impro\·emcnt in 

strength and appearance. lie was discharged cured on the 4th of April. 

The rlteitmatic symptoms in the joints, which distinguish 
the cases of so-callecl Purpura rlteitmatica from other cases of 
morbus maculosus, form, in respect both to their genesis and to 
their anatomical nature, an exceedingly obscure chaptet· in the 
symptomatology of the disease. In no cases are there any gross 
nutritil•e changes in the joints which can give rise to them, a.nd 
it is doubtful even whether these disturbances can prnperly be 
called inflammatory. Bohn' and others think they are clue to 
collateral hyp~rmmia :111cl mdema, caused by embolisrn of srnall 
vessels in the neighborhood of tlie affected joints. 'Ye do not 
agree with them, since as yet neither the source of the emboli 
nor the emboli themselves have been demonstrated, and in the 
majority of the cnses belonging in this category it would cer
tninly be imposs1hlP to d~monstrate either. It is more probnble 
that the same strnctmnl changPs in the walls of the vessels 

1 Journal filr Kindcrheilkundc. X. F . Bd. I. S. 3!H. 
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which are at the bottom of the disease, and wltich at a later 
period facilitate the escape of the red blood-corpuscles, and thus 
produce the hemorrhagic accidents, are favorable at an earlier 
period to the percolation of large quantities of liquor sang ninis, 
through the capillary walls of the most various vascular prov
inces in the body, and that in this way tran:mdations take place 
into the cavities of the joints. 'Vhen these transudations are but 
small in quantity, they manifest themselves only by pains, but 
when they are more abundant they also cause swelling. Finally, 
we have already stated that purpura rheumatica cannot be 
regarded as a hemorrhagic form of ordinary articular rheuma
tism, and have brielly cletailed the reasons which militate again:;t 
such a supposition. 

'Vith respec t to the gastro-intestinal symptoms that are 
observed in mauy cases, we may repeat that we agree per fectly 
with Scheby-Buch, who regards the bilious vomiting, the 1neteor
isrnus and tenderness of the abdomen, and also the severe colicky 
pains, as in all probability the direct consequences of the peri
toneal irritatiou caused by hemol'l'hages into the serous coat of 
the stomach and intestines. These symptom s might also possibly 
be in part due to extensive hemorrhagic infil trations in the mu
cous coat of the digestive tract. Infiltrations of small c> r ex tent 
have relatively often been found in this membrane at the autop
sies of purpnm patients. 

N ature and Patlwgenesis of tlie Disease. 

The analysis of the etiological and clinico-anatomical data. 
shows that in morbus maculosus or purpma hemorrhagica (in
cluding the various symptomatolog ical sub-varieties of purpura 
which we have here treated collectively), there exists a transitory 
hemordwgic cliatltesis, which possesses, mnch more than other 
intercurrent cli:;positions to hemorrhage, the cliaracter of an 
independent, or, as we haYe already expressed it, of an essential 
disease. For, although, as we have shown, the tendency to 
extravasation is sometimes exceedingly decided and geneml, it 
is at the same time in the majority of the cases so indep<'ndent 
of all other patholog ical complications, aml so isolated in a 
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manner as a temporary abnormHy of the affected individuals, 
that in contrast with it all other forms of the transitory hem
onhagic diathesis, and particularly the scorbut ic, must be re
ganleJ. as relatil"ely ,-ery imperfect examples of this pathological 
species. It is ev ident, a priori, that the p1·imary cause of this 
transitory, aud at the same time so independent morbid di sposi
ti on to extravasations from the vessels, c>in lie only in a disturb
a nee or tho physiological relations existing between tho blood 
and the walls of tho blood-vessels. Or, in othe1· wonls, there 
is in morbus rnacul osus a primary disease, either of the blood 
or of the walls of the blood-rnssels, or ef both together. In con
sequence of the negatirn results furnished by tho examinations 
of the blood in genuine cases of the di sease that have hitherto 
been undertaken, and of the absence of all macroscopic changes 
in the walls of the blood-1·essels, and finally, of the obscurity 
and confusion of the etiological conditions under which the 
hemorrhagic dia,thesis not infrequently develops in concreto al
most instantaneously, to disappear again completely after a more 
or less p rolonged ex istence- it is at present absolutely impos
sible to determine whether the mode of development in cases 
symptomatically identical is really always the same. Hence, 
simple as is the mere clinica l fact of the existence in morbus 
rnaculosus of a transitory and essential hernonlrngic diathesis, 
and easy, as it consequently is, to define briefly and concisely 
the nature of the disease, it is in an equal deg1·ee ditncult, and 
eren for the present impossible, to answer the question as to its 
pathogenesis. On account particularly or this lack of a precise 
etiology and of a satisfactory histolog ical and chemical founda
tion, we must always bear in mind the possibility that these 
cases, which resemble one another so closely in their clinical his
tories, may have h:id entirely dztf'erent developmental histories. 

The genesis of the disease appears to us relatively most com
prehensible in those not infrequent cases where it occurs as an 
actnal sequel to other seYere and prostrating pathological pro
cesses, that is, when it is developed not during the existence nor 
immediately after the termination of the latter, but at a some
what more advanced period of the convalescence. It is certainly 
possible th:it the intercurrent appearance of the hemorrhagic 
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diathesis in such cases has some connection witli the Yery pecu
liar and exceptional relations which frequently exist at that 
N'r!J tinw, between the volitme of the blood on tlte one hand and 
the re.Y istinr; power of the vascular apparatus on tlw other. For 

reasons which were giv<!n in deta il, when S}Jea.king o[ ancemic 

marasm1ts (comp. Vol. XVI.), it must be ac1mitted, as proba
ble at least, that the general nutrition and functional power 
of all the ti ssues suffer, during the course of se\·ere diseases, in 
direct proportion to the impairment in the composition of the 
bloocl, and that the wall s of the blood-vessels, ancl pat·ticularly 
those of the capillaries, are involrnd in this nutritive ancl func
tional decadence. As a result, the capi IIary walls become more 

brittle and more permeable. This condi tio n, in itself and at first, 
merely predisposes to hemonhages ; but when it has reaehecl 
higher grades of development, ancl cspeciaIJy when auxiliary 
exc iting causes are present, it may lead to hemorrhages eYen dur
ing the course of the severe primary affection. Two q nestions now 
present themselves, viz. : why this hemorrliagic diathesis does 
not manifest itself more freq nently as a symptomatic affection 
dtuing the course or the primary diseases which beget it! and 
why, on the other hand, it should occur relatively as often during 
conrnlescence in a more independent manner and as a sequel? 
In our opinion the correct answer to tho fo rmer question is, that 
the great diminntion in the force of the heart's action and the 
markccl decrease in the volume or the hloocl, which occur so com
monly in the course of severe pathological processes, present an 
obs tacle to the actual outbreak of the hemorrhagic diathesis which 
is sufficient to k eep it perfectly latent in rnry many cases. In the 
same way in the normal course of convalescence, the rcco1'ery of 
the cardiac power and the increase in the Yolnmes of the genera l 

nutritive fluids produced by the assimilation of new albuminous 

material, go hand in hand with the restitution of the functional 
nnd nutritive integrity of tho capillary wall s, so that nt no plrnse 
of this process is there any marked disproportion between the 

increasing cardiac energy and the increasing mass of the blood 
on the one hand, and the increasing resistance of the capillary 

walls on the other. Q , ltowever, durin,q tlte course qf con-rale8-
cence from a severe disease, tlte restitution of tlte walls of tlte 
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ressels does not keep pace witlt tlte regeneration ef lite blood
mas.s aad lite increase in the energy ef tlie heart's action, it is 
edclent that we must regard this ioant of harmony between the 
usually synchronous processes ef recovery as a preclisposing 
cause of the clevelopmeut of a transitory hemorrhagic diathesis. 
" ' e believe in fact that the not infrequent appearance oi morbus 
rnaculosus, during convalescence from typhoid fover ancl other 
severe diseases, is to be accounted for in this way. This opinion 
i; supported by the fact that in such cases the outbreak of the 
hemorrhagic d iatl1esis frequently appears immediately after some 
unusnal movement, etc., which ca.uses temporary excitement of 
the heart's action: as an instance we may mention the first 
attempt to stand up and walk about. 

This explanation, however, is applicable only to those cases 
in which the purpura hremorrhagica is developPd during com·a
lescence from some severe disease. Such cases, howe,·er, consti
tute only a small minority of the whole. "'" must hen· again 
call attention to the fact that the disease often attacks without 
any apparent cause indi,·idual s who were previously in perfect 
health. In such cases we cannot, of course, speak of a prece
dent diminution in the volume of the blood, nor of a11 alteration 
in the walls of the blood-vessels c1ependent upon anromia, nor of 
a want of harmony in the regenerative processes. Here the 
pathogenesis is ev idently different, and we may adtl at 01we that 
it is as yet entiJ:E:ly inexplicable. The examination of the blood 
has shown that there is no gross, palpable anomaly of that fluid 
which can be regarded as the cause of the supposed alteration iu 
the walls of the ,·essels. I!Pnce, in the search after an d priori 
explanation, we are drirnn either to assume the existPnce of 
imperceptible changes in the blood, ex. gr., the importation of a 
deleterious, miasmatic principle, or to recognize as the basis of 
the hemorrhagic diathesis a pecnliar di sease of the bloocl-vessels 
more or less independent of the condition of the blood. Opposed 
to the theory of the rniasmatic origin of morbus maculosus is 
the fact that the di sease is neither epidemic nor endemic, but 
that the overwhelming majority of the cases are perfectly iso
lated. A microscopically demonstrable primary disease of the 
walls of the blood-vessels, at least in the rapidly fatal cases, does 
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not appear to exist (comp. Complications and Sequelro). It can
not thel'efore be assumed in explanation of the phenomena. The 
theory of a neurotic disease of the vessels has been suggested by 
some recent expel'iments performed by Nothnagel ' on animals, 
which pro1·e that mul tiple hemorrhages occm in the lungs after 
slight lesions of cel'tain points in the col'tex of the brain. This 
theol'y is pel'haps more tPnable than the others. \Ye will refrain, 
however, from fnrthet· speculations regarding the pathogenesis of 
the apparPntly spontaneous cases of morbus maculosns. Since 
we cannot Pxplain them satisfactorily, we prefer to wait till 
fnrther im·pst igations and anatomical obserrations shall ha1·e 
thrown more light upon this very obscure subject. 

Complications and Rerf'tehe. 

A particularly important and very frequent complication of 
morbus maculosus is the acute anremia which is dorcloped in 
severe cases as a result of the hemorrhages, and which, provicletl 
the disease does not end fatally, persists for a time after tho 
hemorrhagic dinthesis has disappeal'etl. or 1·ery slight prog
nostic impol'tanC<', but still intel'esting. is tho development of 
cntnneous wheals or urticaria which has been obserrnd by some 
authors. This complicatio11 appears to occnr chidly in those 
cases which present severe gas tri c symptoms (IIcnoc!t' ancl 
Scheby-Buch '). Stnrting from the fact tlrnt nrticarin usually 
occurs in connection with c1i::;tnrbances of the digesth·e appara· 
tus, Scheby-Buch lms suggvst<•d that in these cases it may be 
more directly dependent on the gastric distnrbnnces than on the 
hemOl'l'hagic diathesis. A fo rtunotely Yery rare complication 
and sequel of severe eases of purpnra is the mortification and 
ulceration qf tlte mucous coat of tlte intestines. sometimes pro
duced by widespl'ead and multiple hemonhagic infiltrations. 
'!'his has been obse1Tecl ancl described by Reumont, Herard, 0. 
'Yeber, E. " 'ag1wr, and others. The intestinal ulcers produced 
in this mannel' showed 110 tendency to hea ling, and induced 

1 Centrnlblntt fiir die med. \\"issenscb. 1874. Nr. 14. 
~ 1. c. p. 403. 3 1. c. p. 4VO sqq. 
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profuse diurrhcra, which subsequently in all the cases proved 
fatal through exhaustion. Zimmerman ' reports a case of mor
bus maculosus \Verlhofii of long standing, in which death was 
due to perforative peritonitis, the result of multiple eschars in 
the intestinal walls, which penetrated as far as the serous coat. 
The walls of tlrn smallest arteries in the neighborhood of the 
necroti c places in this case were found on microscopic examina
tion to be thickened in a peculiar manner. The increase in 
thickness a[ected particularly the adventitia, which was fillecl 
with countless rounded cells and nuclei. Zimmermann, after 
describing these appearances, refPI·s to the pecul iar cases of 
'' Periarteritis nodosa ., repo1·ted by Kussmaul and Mayer, ' and 
calls attention to the resemblances as well as the great discrepan
cies ex isti ng between their cases and hi s. \Ve readily admit that 
the di[erences in the clinical histories ancl the post-mortem ap
pearances am too great to warrant us in employing the peri
arteritis nodosa disco1·ered by Kussmaul and )fayer as a basis on 
which to build up a theory of the hemonhagic diathesis present 
in morbtts maculosus \Verlhotii. 

Diagnosis. 

Since the morbus maculosus Werllwfli, as n clinically dis
tinct di sease, possesses a marked hemorrhagic character, i t can 
be confounded only with such other processes and conditions 
as possess likewise a hemorrhagic habitus. For instance, it 
may be, and in fact often has been, confounded with scurvy; 
al•o, but less frequently, with the congenital and habitual pre
disposition to hemorrhages which characterizes luemophilia. 
'l'he di lTerential diagnosis from leukcemia and pseztdo-leukcemia, 
and from progressive pernicious ancemia, may also present diffi
cnltiPs. Finally, we must also mention the possibility of con
found ing it with the symptomatic lwmorrltagic diathesis which 
sometimes accompanies or complicates various severe morbid 
processes. 

1 Archiv der Hei\kunde. Bd. XV. (1874). S. 1Ci7 . 
~ Dcutscbcs Arcbiv fi.ir klin. Med. Bd. I. (l SQG). S. 484. 
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The diag nostic poin ts between morbus maculosus and scun?J 
are derived both from the etiology ancl the symptomatology of 
the two affections. This duplication of the differential poin ts 
makes the recop;nition of typical cases of one or the other dis
ease perfec tly easy and certain ; it is, moreor er, invaluable in 
the more do ubtful cases, since either the etiolog ical or the symp
tomatic differences are separately sufficient for the differen tial 
diagnosis. Scurvy is a hemorrhagic affection which is almost 
without exception dernloped only under the influence of long 
and severe privation, ancl whi ch, moreover, as a rule, preruil s as 
an endemic or epidemic disease. Its development is almost 
never an "apparently spontaneous one," and isolated cases of 
the di sease are relati vely very rare. Morbus macnlosns, on the 
other hand , as a rul e, occurs sporadically . and in Yery mnny 
of the cases the di sease is " apparently spontaneous. ' ' In those 
other cases where the anamnesis slw ws tlia t the hygienic concli
ti ons wi th rega.rcl to habi tation, foocl, etc. , ha\" e not been good, 
the fac t tha t the disease has attacked only one indh·itl. ual will 
weigh heavy in the balance against scmTy, providPd it rnn be 
shown that many persons were exposed to the same nnhealthfnl 
surroundings as the pa tient, withou t being similarly a ffected. 
These eti ological differences are supplemented by not less 
important symptomatic cliITerences, whi ch prove of ,· cry g reat 
value in the diag nosis or doubtful cases. In the first place, 
the majority oC cases of scurvy a.re preceded by a di st inct an<l 
protracted stadium prodromornm. During this time usually 
no hemoJThages occur, but a. markecl general cachcxia. wi tlt 
peculia t· characteri stics is developed. The hemorrhagic d ia
thesis of morbus mac ulosus, on the contrary, genera ll y appears 
suclclenly and without warning, or at most, after a ,·e1·y shbl-t 
prodromal indisposition. In none of the cases, at lea.st in the 
beginning, is there anything like the scorbu tic cachex ia. wi th 
its signs o( an intense primar?J depravation or the general nutri 
tion, which is for the most pa.rt independent of any hemoJTlrngic 
attack . It is trne that g reat impairn1ent of the general health 
ancl of the bodily powers may be developecl in the co u1·se of 
sr>vere cases oC morbus maculosus, but it is then entirely of a 
secondary and ancemic character, and it s degree is dependent 
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upon the frequency and copiousness of the hemorrhages. Finally, 
there are abo some striking differences in the ch:1racter of the 
bemorl'imgic symptoms in the two diseases. In the first place, 
the hemonhngic inflammation o( the gums, which is so charac
teristic of scun·y, is wanting in morbus rnacnlosus, although 
in the htttl'r, simple nun-intlammatory hemonhages from the 
gu111s are not infrequent. :Moreover, the loca l symptoms in 
general or SCUIT)' JlOSSeSS not only :t heJJJ ol'l'hagic, but also an 
inflammatory characte1" which in lllorhns maculosus is either 
entirely wanting, or present only to a very limited extent. 
Further, these inUammations in scun·y show a g reat tendency 
to encl in ulceration ancl mortification o[ the tissues a!l'ectecl. 
E,·en after all that has here been said, it might still with some 
appearance of reason be asserted, that between scurvy aml 
morbns macnlosus there exists only a quantitative distinction; 
that the fonner is merely a more sernre, and the latter a milder 
form of one aml the same general disPnse, aml that consequently 
it is superfluous to speak of a di!l'erential diagnosis between the 
two. Opposed to tl1is Yiew, howeYer, is the interesting fact that 
certain severe hemorrhagic accidents, particularly the exhausting 
nncl often fatal bleeding from the nose, stomach, intestines, uri
nary passages, nncl female genital npparatus, arc much more 
frequent in morbus rnaculosus thnn in scun-y, while, on tl1e 
contrary, the equally dangerons ltemor1·hages into the pleurn 
ancl pericardium are more frequent in the latter. llence, it is 
not so easy, on account of this very clif'ferenr.e in tho topographi
cal dist1·ibution of the most freqnent varieties of the hemorrhage, 
to discuss the differences in the intensity or the two processes. 
\Ye must, on the contrary, aclmit, whetlwr wo wish to or not, 
that they differ in qnality with regard to the symptoms as well. 

'\Yell-ma1·kecl cases of morbus maculosus cannot easily be 
mistaken for larmopltilin, since we includP in the former disease 
on ly those cases in which the hemorrhagic diathesis does not 
c1<'1wnd on a.u inherited prPdisposition, and does not constitute 
an lmbi tnnl pathological condition, but in which, on the con
trary, it is dm-eloped in an isolated manner, and is, as a rule, of 
a transitory nature. The following additiona l points or clifferenc1· 
between the two affections may nlso be mentioned: the somewhat 
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greater frequency of morbus maculosus in the female is con
trasted with the decided predilection of hromophilia for the male 
sex ; the u sually tririal rnsnlts of slight injLLries in morbns 
rnacnlosus as compared with the great danger attending even the 
wry smallest wounds in hremophilia; finally, the absence in 
pnrpura hrnmorrhagica of all those symptoms of an habitual 
Jluxionary cliathesis and plethora, which seem to be rarely 
wanting in h rnmophilia and arc particularly marked just before 
the occnnence of the spontaneous hemonhages. In general, 
therefore, it is not difficult to determine whether a g iven case of 
the hemorrhagic diathesis belongs in the ca tego ry of morbns 
macnlosus or of hrn mophilia. It must not be forgotten, howeyer, 
that there arc also rnrlimentary forms of hmmophilia which 
remain latent during the greater part of life, and only manifest 
themselves transitorily, perhaps only once, perhaps oftener. 
Such cases, on account of this anomalous behavior, simula te 
morbns maculosus pretty closely . The most important diag
nosti c point in all such cases of hwmophilia is furnished by the 
fact that the hemorrhagic diathe is in question, although it 
appears in concreto to be only a transitory a!Iection, occurs 
within the consanguineous circle of a bleeder family, other 
members of which have suffered from the more developed forms 
o[ hccmophilia.. 'Ybere thi s criterion 1s wanting, we may con· 
iidently exclude hmmophilia, and diagnosticate a simple t.-an
sito1-y hemorrhagic diathesis (morbns maculosus \\'erlholii). On 
the other band, morbus macnlosns has been know Ll in many 
cases to recur fr<·qncntly throughout the entirn life of an individ
ual (Rohlfs).' Beha\' ior like this indicates a special a nd prob
ably congenital tendency to hemorrhagic accidents, and is Ycry 
sugges tirn o( gennino hmmophilia. But even under such circum
stances no man would henceforth be excusable in making a 
diagnosis of trne bleeder di ease, unless the proof of the heredi
tary nature of the disease, parti cularly its indirect transmission 
from the side of the mother, can be aclclnced. To make the 
diagnosis certain, the patient should be of the male sex, and 
finally , it must be shown that during his free intervals, any acci-

1 1\Iemora.bilien. Bd. XX. S. 43J (187;j), 
YOL. )i.."-VIL-1~ 
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dental traumatic hemorrhages prove excep tionally intractable. 
H these signs are not present, and there is no question of the 
possible existence or other processes, the case in question must 
be considered one of morbus maculosus, and not or h remophilia. 

;liorbus maculosus may be di sting ui shed from the 1i emor-
1"7iagic diathesis ef leuluemJct ancl p seudo-leuk cem ia by an exami
nation or the spleen and lymphatic glands, ancl (in Jpukremia) 
also or the blood. :Morn diffi cult, and in fact only possible 
with the lt c>lp of the microscopic analysis or the blood during 
life aml of the examination of the medulla of the bones after 
death , is Lhe c1ilfei-ential diagnosis between simple morbus macn
losus ancl myelogenic leukccmia, in those cases of the latter 
a!fect ion in which the spleen and lymphatic glands do not par
ticipate to any marked extent in the hyperplasia of the medulla 
of the hones. ~\s an example of this we may rder to a case 
from the clinic a t Basel, the histo ry or which was, for c1iagnostic 
reasons, briefl y cl etailed in the chapter on Progressive P ernici
ous Anremia. This case was admitted with a diagnosis or mor
bus mac ulost1s \Verlhofii, ancl was at fi rs t regarded by us as 
progressive pernicious anromia, but it was afterwards shown 
to be neither the one nor the other, but a snbacute myelogenic 
lenk::cmia. This was positively prnved , even during the lifetime 
or tho pa tient, by the examination or the blood. Similar cases 
have probably oftou occurred, and been wrongly diagnosed as 
cases merely or severe morbus macnlosus with fatal termination. 

The diagnostic separation oI progressive p ernicious ancemia 
from morbus maculosus, is in onr opinion of special importance, 
because wo are convinced that the casuisti c literatme or the 
latter d bcase includes many cases which should properly be 
dassed as p rogressive pernicious anmmia, and not as \Yerlhofs 
di sease. An importan t and act trnlly card inal di/Ierential point 
in this case is tha t in progressive ancemia the hemorrhagic 
diathesis is al ways developed on the basis or a pre-existing, 
plainly ev ident, and very marked poverty of blood, and is con
"eqnently secondary; whil e, 0 11 the contrary, in morbus macu· 
lo.nts tho hemorrhagic cliatltes is is p rimary, and the an::cmia 
which subsequently appears in the severer forms of the disease 
i; secondary to it. \Vhen in a given case, which presents a 
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marked degree o( oligremia in addition to petechire and other 
hemorrhagic symptoms, we have by exclt1sion narrowed the 
question of di agnosis down to progressive anremia ancl \Verl
hors disease, i t i in our opinion only necessary, in order to 
decide the question, to ascertain the chronological order in 
which the principal symptoms presented themselves, or, in other 
words, to determine accurately from the anamnesis whether the 
hemorrhagic diathesis or the ex treme ana!miu. was the first to 
appear. 

The confounding of niorbus maculo.ms with symptomatic 
predispositions to liernorrlwge of other kinds than the above is 
Mither theoretica ll y excusable, nor indeed likely to occtu· often 
in practice : fo r the ex istence of some severe primary di s0ase in 
connection wi th the latter ca11 almost always be established 
without nrndt diffi culty by the demonstration of the local ancl 
general symptoms procluced by it. 'Nhen the examination of 
the patient has been cond ucted with proper care, and suffi cient 
attention has been paid to the etiological concli tions, i t is almost 
invari ably possible to decide, without hesitation, whether the 
hemorrhagic diathesis in question is only symptomatic, or con
stitu tes a11 essential d isease which can properly be called mor
bus maculos 

D nration, Terminations, and Prognosis. 

Even if we exc~pt the fatal cases, which sometimes run a 
very rapid course, the duration of morbus maculosus is, as a 
rule, short. In the majority of the cases it lasts onl y from two 
to four weeks. This includes also the dura tion of the consecu
tive anremia, when it is not very ex treme. The d urat ion of the 
hemorrhagic dia thesis itself is often much shorter, say from fi ve 
to four teen days. In many cases, however, the di sease is more 
protracted, in conseqnence or repeated relapses of the petechial 
emptions anil the intemal hemorrhages, or on accoun t of the 
intense grade and slow di sappearance of the consecutive anre
mia. llfany weeks and even months may then pass by before 
the patient is completely res tored to health and the last traces 
of the disease have disappeared . In the majority of the cases 
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the disease terminates more or Jess rapidly in recovery. In 
some nry rare cases His followecl by sequelm, and finally not a 
few of the cases end fatally. Death is due to acute anmmia, 
and general ly at tho acme of the disease. The danger of its 
occurrence increases in direct proportion to the profusion and 
number of the hemorrhages, ancl to the individual intolerance of 
the patient to Joss of blood. 

The prognosis depends upon the grade of the disease and the 
bodily constitution of the patient. It is in general mther favor
able than otherwise. It must not be forgotten, however, that 
cases which were at first very milcl and apparently harmless, 
sometimes very rapidly change their character and become ma· 
lignant. 'rhis happens when the hemorrhages, which have pre· 
viously been slight, snddeuly and usually without any known 
cause become cl::tngerously copious and at the same time begin 
to affect different parts of the body. The character of the dis
ease thus becomes suddenly severe and immediately threatening. 
It is therefore never possible in the com menccmen t of a case of 
morbus maculosus to make a positive, favorable prognosis. On 
the other hand, a fatal result cannot be certa inly prndicted, even 
in those severe cases where the patients are exhausted by Joss 
of blood, and li e in a condition of the deepes t prostration. For 
experience has taught us that even a very intensely developed 
hemonhag ic diathesis in this disease may disappear quickly and 
completely, and that the patients uniler such circumstances, 
though perhaps with the greatest difficulty, finally recover from 
the condition of dangerous prostration into which they had fallen. 
It is ev ident, lastly, that the prognosis in the individual cases of 
rnorbns maculosus will depend greatly on the treatment em· 
ployed. By the employment of appropriate measures any imme
diate and threatening danger may often be greatly diminished, 
while a neglect of the proper precautions may directly hasten a 
fatal termination. 

Treatment. 

A rational prophylaxis against morbus macnlosus W erlhofii 
is for the present impossible, because the causes of the disease 
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are as yet absolutely unknown. For the same reason we cannot 
with any propriety speak of the fulfilment of the inclicatio cau
salis, in the strict sense of the t erm . It is, nevertheless, advis
able in all cases of the disease to improve the hygieni c surround
ings of the patients, wherever they are found to be defi cient or 
bad. Among the lower classes, who are in general badly housed, 
badly clothed, and badly nourished, this is bes t accomplished 
hy promptly placing the patients in well-regulated hospitals. 
\Yhen, on the contrary-and thi s is just as often tlrn case in 
this disease-tho surroundings of the patients are all that can be 
desired, the efforts of the physician, aside from the maintenance 
of this favorabl e state of affairs, must necessarily be confined to 
fulfilling the indicatio morbi, to the symptomatic treatment of 
the case. 

The indicatio morbi calls for measures directed against the 
existing hernoJThagic disposition. LJpon this poin t clearer and 
more reliable therapeutical rules conlcl be laid clown if more 
were known concerning the nature of those a natomical and func
tional anomalies in the n1scnlar apparatns or the blood, which 
are the cause of the hemorrhages in each individual case. Since 
we are so much in the dark in these particulars, the measures 
which are usually adopted in the essential treatment or the di s
ease must be regarded as empirical rather than rational in their 
natnre. Above all, it appears to us dange rot1s to prescribe for all 
cases the same dietetic ancl medicinal regimen, based u pon some 
positive, preconceived opinion. It is, in fact, dangerous to give 
others any positive direc tions about tbe treatment to be fol
lowed . This applies particularly to the practice of venesection 
nnd local blood-letting, which was formerly, and l1as been to 
some ex tent even recently recommended, especially by English 
and Italian physicians, on the ground that morbus maculosus 
depends upon a lluxionary diathesis. Clinical experience has 
convinced us that this, if true at all, can be so only exception
ally. In the g reat majority of cases, the entire behavior of the 
patients at the time or the ou tbreak of the diathesis speaks 
against sneh a supposition. The patients are liable to be ca lled 
on during the course or the disease to s tand the loss of a great 
deal of blood, and, moreover, are frequently of a habitns tha t 
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does not bear bloodletting; hence, it is certainly inadvisable to 
resort with undue zeal to venesection, leeches, etc., which would 
1·ednce them at once to an anromic condition. Less dangerous, 
but still of doubtful therapeutic value, is the internal adminis
tration of the rnineral acids, and particularly of sulphuric acid, 
in the forlll of the elixir acidnm Ilalleri, which, since it was first 
recommended by 'Verlhof, has enjoyed a certain, but probably 
wholly undeserved rnpntation in the treatment of morbus mac
ulosns. The mineral acids, with sulphuric acid at their head, 
are said to prove useful when administered internally, not 
only as hemostatics against actually existing hemorrhages, but 
also against the tendency to hemorrhage; or, in other words, 
against the pl'esumptive disease of the blood and the blood-ves
sels. For ourselves, we must say that in the hemorrhagic diathe
sis in general, and in morbus maculosus in particular, we have 
never seen any noticeable results from the adlllinistration of sul
phuric 0 1· of any other of the mineral acids (nitri c, phosphoric, 
muriatic) in their usual form s and doses. \Ve cannot, conse
quently, join in the praises which others lavish on them. The 
11egetable acids (acidum aceticum, tartal'icum, citricum) seem to 
be ernn less effi cacious. They have been repeatedly tried in 
morbns maculosus, but with the same negative results as iu 
scmvy_ It is an interesting fact that tlie use of afresh vegetable 
diet, which is usually so beneficial in the tl'eatment of scnrvy, 
has been prnvecl to be utterly ineffective against morbns macu
losus (C urran and others). This is anothel' argument against the 
identity of lhe two diseases. Mignot, Argaing, and Lonlllet state 
they htwe obtained good results from the intemnl administration 
of the solution of chloride qf iron in tloses of one to five drops 
every two honrs, in a mucilaginous Yehicle. Other authors 
recomnwnd ergot, and othel's still acetate o.f lead in half-grain 
closes, several times a day. 01u own per:;onal observations, how
f'ver, have convinced us that none of the nbove-named reme
dies, except perhaps the last, exerts any influence worthy of 
mention on the hemorrhagic diathesis in cases of morbLlS macu
losns. Even the effi cacy of lead seems to us ns yet rather prob
lemat ical_ Respecting the value of oil o.f turpentine, formerly 
recommendetl by Neligau, Sewrudi, CmTan, ancl others, we have 
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11 0 recent observations. Since, therefore, there is 110 special 
medica tion which can be recommended as reliable, the occur· 
rence of the hemorrhages must be guarded against as far as pos· 
sible by a strict enfo rcement of dietet ic treatment. 

IIere careful a tten tion on the Jlart of the physician is often 
very useful , fo r many hemorrhages are 1111<.loub tedl y d irectly 
provok 0 d by the non-observance on the Jlart of the }latient of a 
proper regimen. In the fi rst place, every direct mechanical 
injury of the body must be g uarded against, since a push, a 
blow, a jar, or strong pressure on any part, may cause a hemor
rhage. Secondly, and particul arly in the early stages of the dis
ease, every thing which is liable to excite the hear t's ac tion, and 
thus increase the in ternal pressure in the vessels, mu st be 
avoided. MPntal and bodily rest must be strictly enjoined. The 
patiPnts must not only remain in bed, but they must amid all 
acti rn movements in the bed. The sick -room should be kept 
cool, and the patient must not be too warml y cove1·ec1. The food 
must be nu tri tious, bu t bland, must be taken cold. and shoulc1 
consist chiefl y of milk. Of other urinks, except when counter
indica led fo r some reason, iced water and len1ouade a re the mos t 
snitable; they may be gi1•en in small q uantities as often as the 
thirst may demand. On the other band, the ingestion of large 
quan tities, even of the above- named kinds, must be prnhi bited 
decidedl y, since the cnti·ance of large quantities of fluid i11to the 
blood may induce a trausito ry condi tion of plethora ad t'asa, 
whieh may result in hemorrhage . Hot or even warm drinks 
mnst not be g iven ; the same may be said in genera l of alcoholic 
sp iri ts, a lthough certa in symptomatic indications may at times 
demand them. I t is very desirable that the bowels should be 
moved regula rl y, since the accum ulation of fmces in the intestinal 
canal is well known to lead to collateral ftux ions in the upper 
part of the body - a condition farnrable to the occurrence o( 
hemorrhages. Exi:;ting constipation should be treated princi
pally by clysmata, or at all events, by very milu cathartics 
(e.g., oleum ricini). Drastics a re positively in terdicted, as they 
directly provoke intestinal hemorrhagPs, and, aside from tha t, 
oftpn leacl to a premat tu e p rostration of the strength. 

The indicatio symptomatica demanc1s fi rnt of all a direct 
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treatmen t of the existing hemorrhages. For the measures to be 
adopted against the attacks of epistaxis, h rematemesis, luematn
ria, etc., we refer the reader to the chapters on Ilremophilia and 
Scun·y. 'Ve think it unnecessary in this place to add anything 
to the directions there laid down, except perhaps that they must 
be ca rried out with proper energy. 'l'be articular pains and tlie 
swelling qf tlie joints in the so-called "purpurn rheumatica" 
require narcotic liniments, or, if the pain be very severe, mor
phine internally or subcutaneously. A special treatment of 
these symptoms is, however, often unnecessary, as they clisap
pear spontaneously after a short time. 

It is of g reat importance that, dnring the height of the disease 
in severe cases, due attention should be paicl to the S?Jmptorns 
ef tlte complicating acute anmmia, which is liable to be devel
oped sooner or later in consequence of loss or blood, and is often 
fraught with immediate clanger to life. Moreover, after the cessa
tion of the hemorrhages and the final disappearance of the 
hemonhagic diathesis, anmmia, which u sually remains behind, 
1·equires appropriate treatment. In regard to the first point, we 
refer the reader to the directions given elsewhere, ancl particu
larly to those given in connection with !he treatment of hremo
phi!ia . \Ve will only acld here that the indi cations for the use 
of stimulants, such as wine, champagne, cognac, and camphor, 
are often enough present during the course or morbus maculo
sns, viz. , 'vhenever the weakness is increasing, and the action of 
the heart threatens to cease. It is well, however, to confine the 
ex tensive use or these excitants to the occasions of actual neces
sity. The operation of transfusion does not promise much in 
morbns macu1 osus, since it cannot lessen the danger or new 
hemorl'hages. "The results of the operation, whenever it has 
been practised in cases of 'Verlhors disease (Juergensen, Th. 
Smith, and others) were inYariably unfavorable. The c1fter-treat
rnent of morbns maculosns, or the removal of the residual anm
rnia, requires the use of nutritious and easily digested food, 
fresh air, and other dietetic roborantia, ancl especially the admin
istration of preparations of quinine ancl of iron, in increasing 
doses. It must be laicl clown as an absolute ru le, however, that 
the administration of the preparations of iron should not be be-
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g un till a fter the hemorrhagic diathesis has completely disap
peared, and not until the pa tient has for se,·eral days been en
tirely free from even the sligh test signs of its existence, such for 
instance as a fresh outbreak of petechhe on the legs af ter the 
convalescent has been walking about for some time. The too 
early use of iron has in man y cases evidently led to relapses of 
the disease. Hence, although we believe that a bold adminis
tration of iron is of the very greatest value d uring conrnles
cence, we are also convinced that experience has proved it to be 
unadvisabl e, and even absolutely counterindica ted, during the 
actual persistence of the disease. 
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FIRST PART. 

Poisoning by llCctalloids; Aci1ls ; Alknlics, Earths, nod their Salts. 

FIRST DIVISION . 

Poisoning by Metalloids. 

CHAPTER I. 

POISONING BY CIILORINE. 

N otwithstnnding i ts manifold applications in the arts as a 
bleaching and disinfecting agent, chlorine does not belong among 
the especially important substances of practical toxicology. 

In most instances we have to deal with cases of poisoning by 
the action of free gaseous chlorine on the organs of respiration, 
and more rarely with cases of internal poisoning by the aqueot1s 
solution, as chlorine wa ter or solutions of bleaching salts (alka
line hypochlorites, javolle wa ter, Labarraque's solution), which, 
as well as the so-called chlorinated lime, readily aJiorcl appreci
able quantities of chlorine gas. Still, in poisoning by tile last
named substances, the caustic action of tile alkali must also be 
taken in to consideration. · 

Chlorine gas is disting ui shed by a characteri stic unpleasant 
smell , and by its property of strongly irritating the mucous 
membranes; it is of a green ish color and read ily soluble in 
water. The peculia r chlorine odor also pertains to chlorinated 
lime and the hypochlori tes. 

'fhe hostile rela ti on which chlorine bears to the animal 01·gan
ism apparently arises from the strong affini ty of thi s element fo r 

~ Cf. Chapter ou poiaouiug by lyes. 
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hydrogen, with which it forms hydrochloric acid. According lo 
the researches or Bryk' in regard to the action of chlorine on 
animal tissLics, the ammonia formecl by the decomposition of 
the protein substances unites with the chlorine to form ammoni
um chloddP. 

Dilutio11s or blood and albumen are coagulated by chlorine. 
the former being changed into a dark brown g1·f>a:sy mass,-hydro
<'hloric acid, according to Eulenherg ,' being formed at the sanw 
tim e. 

The question whether the action of chlorine is to be regarded 
<'Sst>ntially only as a local frritant ancl caLlSli c, a view which has 
lwen entertained by Jlennann,' or whether, besides the local irri
tation, a more constitutional action must be assnmed, cannot yet 
be settled with ce1-tainty. 

The possibility of the ex istence of free chlorine in the blood 
Jias been very properly rejected by Hermann, and we can now 
only qnestion whether the hydrochloric acid or otlwr combina
tions, as yet unknown, which the chlorine forms in the blood or 
hclore entering into it, exercise a constitutional action. The 
paralysis or the heart, obsened in animals in consequence of the 
action o[ chlorine, is brought up by F. Falk' as a positive indi
<·ation that the chlorine is changed to hydrochloric acid, since it 
is well known that the acids paralyze the hearts of frogs. The 
disturbances of nutrition, observed among workmen who have 
been exposed for some time to the influence of chlorine fumes, 
might also perhaps be considered by some as confirming the 
above idea o[ a constitutional effect producecl by chlorine. In 
all this, however, we are still confined to the domain of pure 
hypothesis so long as the change from chlorine to hydrochloric 
acid in the blood during circulation, or the absorption ol.hydro
chloric acid, which has been formed from chlorine in the stomach 
and intesti nal canal , has not yet been shown. Accurate exami
nations or the urine woulcl soon settle this point, since evidently 
such an appreciable addition of hydrochlori c acid would dimin-

1 Virchow's Archiv. 

t Die scba.Jlichen und giftigen Gase. S . 2113. 
3 Experimentclle Toxicoloi:,,rie. S. 143. 
4 Vicrteljuhrschr. f. gerichtl. Med. v. Eulcnberg. 1672. 'N'. F. XVL 
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ish the alka\ieg, aml would, morem·er, cause an increased elimi
nation of ch lorides. 

Eulenberg thinks that the blood-corpuscles, under the action 
of chlorine, lose their capacity for respiratory changes by the 
decomposition of the coloring matter which they contain. This 
might happen iI the two should come directly into contact with 
each other. Falk, who was able to produce the same effects 
upon frogs which had been bled (through the action of salt) as 
upon those in a normal state, by means of chlorine, concludes 
from thi s that it is superfhrnns to suppose an alteration in the 
blood-corpuscles as the effect of the action of chlorine, and 
regards the result of his experiment as an indication that chlo· 
rine in itself acts as a poison upon the heart. But we cannot see 
why the chlol'ine may not be changed iu to hydrochlol'ic acid in 
its action on these frogs which have been bled. 

The fact that a decided odor of chlorine has been noticed in 
the brain and orga ns of respiration by Cameron,' on post-mortem 
Pxamination oC a person who had died from poisoning by chlo
rinP, does not seem to us a sufficient ground for assuming that 
free chl orine circu lated in the fluids and blood during li fe. 

The primary effects of the poison when inhaled are, firstly, 
irritation of the nerves in the mucous membrane of the organs 
o[ respiration, and, secondly, certain reflex actions caused by 
that irritation. To the latter belongs the spasmodic closing o[ 
the glottis which in former times was generally rPgarded as the 
cause of death in chlorine poisoning. Von IIasselt and Mulder,' 
however, observed that rabbits placed by them in an atmo phere 
of chlol"ine gas did not perish from spasm of the glottis, but 
breathed the gas for some time. R ecently F. Falk con firmed 
this obserrntion, and fur ther noted that the closing of the glo t
tis on inhalation of chlorine lasted but a very short time, and the 
animal before succumbing drew several deep breaths with the 
glottis open. H e further found that the spasm of the glottis is 
a reflex action brought into play by sensible irritation of the 
nerves of the lary nx itself, or o[ that portion o[ the air -passages 
wh ich is situated above it, for it does not take place if thP 

---------·--- - -
1 Dubl. Qun.rt. ,Journ. 1~70. Cf. Hirt , Krn.nkheiten der Arbeiter. I. 
t yon Ifassclt-lleukel's Toxicology. II. 
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animal is made to inhale the gas through a tracheal fistula below 
the larynx. 

The clisorders resnli-ing from the introduction of solutions 
containing chlorine into the digestive tract are of a gastro-intes
tinal nature. 

Besides chemists and apo thecaries, who occasionally, through 
lack of skill or by mischance, poison themselves with chlorine 
fumes, workmen in certain chemical works (as chlorinated lime 
works and bleacheries) are especially exposed to the prolonged 
influence of larger or smaller amounts of the gas. But all 
authors agree in this, that the evil effec t on the health thereby 
caused, asi<le from some chronic affec tions to be described farther 
on, is not very decided, and that the workmen may live to an 
advanced age. 

It is only in rare instances that chlorine-poisoning has taken 
place in any other way than those already mentioned , and these 
cases were almost all brought about through accident. In the 
litera ture of the subject we have found a single instance com
munica ted by Barbet,' in which a man committed suicide by 
taking javelle water (sodic hypochlorite) .' 

Injudicious di sinfec tion of sick-rooms by chlorinated lime 
may under some circumstances also cause poisoning. IlaUort ' 
has reported cases of illness caused in th is way, and also 
remarks that dul'ing a cholera epidemic some of the post-office 
officials, whose duty it was to disinfect the letters, contracted 
phthisis in the performance of this duty. Up to the present 
time eleven cases of acute poisoning by chlorine have been 
recorded in the li terature, five of which were observed by von 
Ilasselt, two by Dieudonne, and one each by l\Inlder, Ilenkel,' 
Simonson,' and Cameron (I. c. ) ; the case recorded by Simonson 
was the only one ending in recovery, the others being fatal. 
Under the head of P oisoning by Lyes, we ha1'e considered the 

1 Joum . de m6d. de Bordeaux. 1843. 
1 Javelle water is 710tasaic hypocbloritc. The sodic salt is known as Labarraque's 

soluLion.-TltANSf,ATOR. 
3 Krnnkbeitcn der Arbeiter und Gewcrbtrcibenden. Berlin, 184.5. 
t von Jfasselt·llenkel. Toxicologie. II. 
~ CWJpcr, Wocbeuscbr. 1837. 
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cases which Tardieu' has reported of poisoning caused by bleach
ing lluicJs. 

As regards the amount of chlorine necessary to cause poison
ing, the fatal dose, etc., as may be readily understood, no specific 
data can be given. The more concentrated the atmosphere of 
chlorine, the more powerful the action. The fact, however, 
should be noted that t!Je organism appears to accustom itself to 
the effects of moderate amounts of chlorine. 'Vorkmen in the 
above-mentioned establishments can live without discomfort in 
an atmosphere whicl1 causes severe irritation in those unaccus
tomed to it. 

The symptoms of acute chlorine-poisoning in human subjects 
consist at first in severe reflex phenomena: violent coughing, 
sneezing, flow of tears, sharp pains in the thorax, and dyspnrea. 
Moreover, after leaving the poisonous a tmosphere these phenom
ena persist for some hours with varying intensity. 

lf the poison acts for a longer time, more serious affections of 
the organs of respiration ensue, consisting in spitting of blood, 
difficult respiration, temporary spasms of the glottis, and a 
pneumonia which usually ends speedily in death. Vomiting 
has been noted in several cases. 

" ' hat particular phenomena precede death in very acute poi
soning have not been clinically established. 

The statement, that workmen exposed for some time to 
chlorine fum es are predisposed to phthisis, has been absolutely 
dPnied by all recent authors. But almost all the persons affPcted 
lo;e tlesh perceptibly, though they are not incapacitated for 
w0t·k thereby ; the face shows an unhealthy color, and they 
suffer from mild catanh of the stomach and chronic bronchitis. 
Iu almost all cases the acuteness of the sense of smell is also 
diminished (Hirt). Moreover, the frequently proclaimed immu
nity of the workmen in question from cholera and other epidemic 
diseases,' is, according to Hirt, not an inmriable rnl c. 

Regarding the lesions found after death in cases of chlorine
poisoning, we possess but little information. Cameron obserred 

1 Etudc medico·lCgnl sur l'empoisonnement. 2. Edit. Paris, 1875. 
~ Clt1·1:•tisrm, Treat'Me ou Poisons. 

VOL. XYII.-10 
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congested lungs, the bronchi filled with a bloody fluitl, and 
inflammation of the trachea. 

As antidotes to chlorine-poisoning most hand-books recom
mend inhalations of hydrosulphuric acid or ammonia. Jn the 
first case hydrochloric acid ancl water [? TRANS.] are formed, in 
the latter ammonium chloride 

'fhese agents under the most favorable circumstances can 
evidently only render the chlorine still in the air-passages harm
less, while they would only increase the irritation at the time of 
inspiration, but never remove it. But since the first rnsult may 
be attainecl by simple removal from the agent which cuuses the 
difficulty, we would not recommend these antidotes to any one. 
Breathing hot Yapor of water is apparently much better. For 
the distressing spasmodic coughing, Hirt recommench inhala
tions of chloroform. The deleterious effects of chlorine fumes, 
as Bolley' recently stated, may be quickly removed by inhaling 
small amounts of aniline. But whether this agent is suitable for 
the treatment of more serious cases of chlorine-poisoning, has not 
yet been determined. 

However, in most cases tlte most important thing is a jntli
cious treatment of the symptoms. ancl "·e scarcely need make any 
furtber statement than that detailed rules cannot be laid down. 

CIUPTER II. 

POISONING BY IODINE (TIXCTURE O~ IODINE AXD POTASSIO! 

IODIDE.) IODJS)!. 

Iodine ancl potassium iodide, as well as the corresponding 
bromine preparations, lirst a$SUmec1 importance in vractica[ 
toxicology when they were introduced iuto tlte pharmacopceia, 
and in thei1· action on the animal organism the iodine prl'para
tions present nnmp1·ous analogies with those of bromine. But, 
while during the last few years numerous treatises have ap
peared on the action of bromine, reseurches on the pharmacen-

1 Zeitschr. f. lln;iane. I. 1. 
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tical and toxicological action of iodine, aside from its relations 
to absorption and elimination, are surprisingly few in number. 

Iodine, though volatile like bromine and chlorine, b far IP>S 
acth·e when in the gaseous state than they. Since its boilin"
point is very high (180° C.), its violet vapors are liberated Yery 
sparingly at ordinary temperatures, and consequently exert a 
far less intense irritation upon animal organisms. The ordiuary 
forms in which this substance acts poisonously are the alcoholic 
solt1tion of iodine (tincture of iodine) ancl potassium iodide. 
,\!though these two preparations arn chemically vp1·y different 
from one another, inasmuch ::ts the one affords an element 
endowed with strong affinities, while the other is an entirely 
indifferent salt, yet they so far agree in their artion, that the 
potassium iodide in the organism undoubtedly may ham th<' 
specific effect of iocline. Their action on animal organisms only 
cliffPrs to this extent, in that the potassium iodide has not thP 
actirn local action which gives the iodine tincture a place in the 
category of corrosive poisons. 

Tl1e alcoholic solution of iodine, as well as the aqueous 
solution of potassium iodide, is readily taken up by the fluids of 
the body, when applied to a mucous surface, to the subcutaneous 
cellnlar tissue, or to a serons surface. Tincture o( iodi11e and 
potassium iodide (the latter in the form of iodine ointment) 
readily pass into the blood from the external skin, while aque
ons solutions of potassium iodide, like solutions of salts in gene
ral, under ordinary conditions are not absorbed. 

Roussin, 1 who lms mncle a. careful study of this point, founcl that absorption 

took place through the culis, when he allowed the solulion to dry on the skin, 
when the hody was sprinkled with puh·crized potassium iodide, or when a shirt 

imprc~natccl with the powder was worn. From this it appears as if the secretions 

of the skin, under these circumstnn"CS, fayorcd the process uf absorption, while in 

the pre,;cncc of water their semi-fatty nature interposed an obstacle to the penetra

tion of solutions of salts into the sebaceous and sudorifcrous glands. 

Numerous observations ha1·e been made on the mode and the 
fonn' in which the iodine preparations are eliminatecl. ~\.cronl-

1 Rec. de mCmoircs de mM., etc. miJit. 3. Ser. XYIII. p t:lt 
~ Clnrule Bi:nWl'(l, Arch. g6ner. 18J3. I.; Lelannnn, Physiol. Chemie i Strauch, 

Inaug.·Diss. Dorpat, 1852; llcubel, Innug.-Diss. Dor1mt1 ISOJ i Ltktcal<l, Abha.ndlun· 
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ing to these, they first appear in the salh·a, combined with an 
alkali (as a rule, sodium), in from one and a half to ten minutes 
after they hm·e been taken ; then, after some 11 ours, in the urine, 
in the gastri c juice, in the bile, and in the milk. Much the 
largest proportion of the iodine leaves the organi sm within twen
ty-four h ours by way of the urine; a small amount, h owever, 
remains in the body for some time (even for several weeks), and 
appears, according to the researches of Cl. Bernard and Henhel, 
to go through a sOJ'l of cycle, inasmuch as the salt eliminated in 
the sali va ancl stomach io reabsorbed in the intestinal canal, and 
the substance is only gradually eliminated in small quantities at 
a time by the kidneys. Iodine was al so detected for several 
clays in the milk of women who were suckling infants several 
clays after it hacl disappeared from the urine.' 

Inn case reported by R ose, 1 in which large quanfiti cs o f tincture o f ioclinc were 
injected into o. large ovarian cyst after empty ing it, the majo r part o f the iodine 
was eliminated by the mucous membrane of the stomach, which Rose consequently 
com~icl e rs :u; the especia l o rgan for the elimination of iod ine. In this case, which 
unfortunately sbn<ls alone, the woman was in other respects healtl1 y. 

It is, moreover, especially striking that free iodine should mnkc its nppcnrnnco 
on the mucous membrane o f the stomach, as was shown by Rose in the following 
manner : the stomach, on being laid bare at the autopsy, presented a brown color, 
which soon di sappeared a fter it had been exposed to tho nir. 

The question as to how iodine ancl potassium iodide act in 
the organism has been much discussed . The fact that free 
iodine is never fo nncl in the urine or any other secretion (with 
the exception o[ the single case quoted a bove from Rose), but 
always some salt of hydriodic acid, leads to the inference tliat 
the free iodine in the tincture always exerts its affinity for 
hydrogen in the organism, and must combine with an alkali. 
"\Vhether it enters first by substi tution into the ti ssues, perhaps 
by circulating in the blood as iodine albumina te, ancl is then 
r onvertec1 into an alkaline sa lt, or whether it simultaneously 

gen dcr schles. Gcsellscb. f. vnterland. Cultur. Abtbcil. f . Naturw. und Medicin. 1861. 
III. i Rous.9ilt, I. c. ; Mdsens (cit. Huscmnun), Mor. Rosentlml (Wien. med. Halle, 
1862) , and others 

1 Virchow's ArchiY. XX...XV . 1866. 
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forms both compounds when brought into contact with the mu
cous coats, are still open questions. 

In any case the affinity of iodine for hydrogen sufficiently 
accounts for its corrosive action, which differs in no respect from 
that of other corrosive su\Jstances. The possibility of the exist
tence of free iodine in the blood of living animals for any length 
of time, is generally discredited. 

But if the specific action of tincture of iodine is explained on 
the hypothesis that the iodine albuminate is the vehicle of action, 
so much greater becomes the difficulty of explaining the analo
gous action of potassium iodide. An entire decomposition of this 
salt in the stomach is not readily conceivable. " 'hen it comes 
in contact witlt the common salt there present, the two must 
unquestionably be changed into potassium chloricle ancl sodium 
iodide, bnt in this latter form it would become diffused in the 
blood, and woulu finall y leave the body by way of the kidneys. 
But since we cannot expect any action of iodine from the indif
ferent sodium iodide, there remain to us but two ways out of 
the difficulty, viz., either to deny that potassium iodide possesses 
any specific action of iodine-as in fact many authors have done 
-or to as ume that the condi tions are such in the body that 
iodine is liberated from its alkaline salts. Several observations 
tend to favor this last view. 

·w hile, on the one hand, Sartisson,' who worked under Bnch
heim's direction, has already in 1866 indicated the possibility 
that iodine may be set free from alkaline iodides by contact 
with certain animal secretions (sali>a, nasal mucus), owing to 
the presence of nitrons and carbonic acids in them, quite recent
ly Kaemmerer' and Binz' have brought forward new points of 
dew, which tend to substantiate the assumption of a clecompo
sition of potassium iodide in the body. Kaemmerer thinks that 
abundant opportunities are offered for it in the blood. In the 
first place, he supposes that through the agency of the carb0nic 
acid, which is present in the blood in large quantities, hydriodic 

1 Inaug.-Diss. Dorpat, 1866. 
2 Virch. Arch. Bd. LIX. 18i4. 
' Ibid. Ild. LXll. 187-1. 
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acid is set free 1 from the potassium iodide, "·ith simultaneous 
formation of sodic bicarbonate. This acid, however, is at once 
decomposed by the oxygen of the blood. and iodine is set free. 

Binz has established experimentally the fact that iodine mar 
be separated from potassium iodide in aqneous solntions in tlw 
presence of carbonic acid ancl protoplasm. Since these very 
conditions are everywhere afforded in the tissues of animal 
organisms, Binz cone] udes that in those tissues an analogous 
decomposition of potassium iodide takes place. He therefore 
locates the place of this change not in the blood, as Kaemmerer 
does, but in the tissues (lymph-glands, muscles), and makes the 
point against the last-named author, that the oxygen of the 
blood, which is stored up in the bloocl-corpuscles dming life, and 
is intcndeu for other functions, does not possess the requisite 
power of oxidation to effect the dissociation of the potassium 
iodide. All other processes of combustion during life most 
probably do not take place in the blood whHe circulating, but in 
the tissues. 

In the observations and discussions quoted there is an unmis
takable adrnnce, and though the question regarcling the locality 
where the decomposition of the potassium iodide takes place, 
and regarding the exact mode of this decomposition in the organ
ism, cannot as yet be definitely settlecl, yet the fact itself can no 
longer he doubted, for nobody surely will again with Boinet' 
attribute the action of potassium iodide to tlw potassium. 

Of the general action of iodine we are hut imperfectly in
formed. The ingenious explanations to which Kaemmerer 
resorts in his hypothesis regarding the separation or iodine in 
tl1e blood are not founded on facts, ancl they ta!«' us no farther 
than do the theories which were current before his time, and 
which attribute to the iodine an infinencc in retarding and 
modifying the changes in the tissues. Yon Boeck,' with whose 
treatise Kaemmerer does not appear to be acquainted, has deter
mined by accurate quantitative estimation or the tissue-changes 

1 That this is possible in very dilute aqueoas solutions, has beeu shown by Strnve. 
'Guz. hebdom. 1Sti4. 14. 
3 Zcitschr. f. Biologie. V. 1860. 
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in the human subject, that the elimination of urea, dnring a 
course of tl'eatme11t with iodine, suiiers no change, and, there
fore, that we lrn nJ no rigllt to say that iodine has any eftect on 
the tissue-changes in the animal economy. IE Kaemmerer· :s 
explanation were true, that by the separation of iodine iii the 
blooll and by the formation of the correspondingly po"·eriul 
oxidizing agent, })Otassium peroxide, an "increased actlvil!J in 
tlie tissue-changes and a more complete consumption qf the con
stituents qf the blood" must take })lace, wo would infallibly be 
able to detect the result of this increased action in the substances 
eliminated by the excretions. But this, as has been stated, is 
not in the lettst degree the case. Horeo,·er, the argument used 
by Kaemmerer in support of his theory, Yiz., that persons who 
are under treatment by iodine frequently lose Jleslt aml beconw 
an::cmic, can and nrnst, as we shall see below, receive medically 
quite a ditrerent interpretation. 

At the same time the results obtained by Yon Boeck's obser
,·ntions are also in direct conflict with the statements of Rabn
teau' and Milanesi,' both of whom, depending on researche; 
made on human subjects, found, not an increase-as one sltoukl 
expect from Kaernmerer's theory, but a very perceptible diminu
tion in tlw amount of urea eliminated. ' Since, up to the prn;ent 
time, Yon Boeck, whose researches were made in Voit's insti
tute, is the only experimenter who bas taken every possible 
precaution to avoid those numerous sources of error which are 
inseparable from determinations of this kind (we refer especially 
to the control of the cliet); and since, furthermore, the state
ments of the other two authors show a suspicions discrepancy in 
one particular, viz., that, notwithstanding the enormous dimi· 
nution i11 the amount of urea excreted, tlwy were unable to 
establish any increase in the weight of the body-we must, for 
the pl'esent at least, attach greater value to the results obtained 
by tlte first-mentioned antbor. 

'.!'he disorders of nutrition which sometimes occur in cases of 

1 Gaz. m6d. dcPnris.1860. 
~ Jiu1emam1, in Virch. u. Hirsch's Jahresber. 1873. 
3 According to .Rabuterm, this diminution was 40 per cent. (!) ; according to Mila· 

oesi1 only from 4 to 19 per cent. 
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prolonged treatment with iod ine, viz., the general loss of fl esh 
and the complex of symptoms included under the designation of 
iodine cachexia, are not quite incomprehensible, even if we can
not prove experimentall y some alteration in the tissne-changes. 

It is well known that in such cases of protracted treatment 
with clrugs, as a rule, after some time the organs of digestion 
sufl'el' mol'e or less. Rose found in a case of iodine-poisoning, 
not only during liie frequently repeated vomiting, bnt also after 
death, at the autopsy, extensive cl egeneration of the peptic 
glands, thl'ough which apparently a pol'tion of the iodine hacl 
been eliminated from the organbm. Although these impol'tant 
1·esults wel'e obtained in a case of acute poisoning, and are there
fo l'e not to be forthwith utilized in explaining the more chronic 
disorders of nutrition which characterize iod ism, yet facts are not 
wanting to show that also in pl'otracted iodine-poison ing similar 
disol'der in the functions of the stomach occur. In the by no 
means rare cases where, in spite of the accomplishment of the 
desired therapeutical effect,; of iodine, disordel'S of digestion are 
lacking, we usually find no Joss of flesh or other cachectic phe
nomena. But where d isorders of digestion are present at the 
time when the iodine trea tment is begtrn, or develop in the course 
of it, they must, should the treatment last fol' any time, of neces
sity affect the general nutrition of the body, and so lead to loss 
of flesh. Bnt then, without going out of our way to seek for an 
explana tion in some mere hypothesis, we would naturally attri
bute this loss of fl esh to the diminished amount of food taken 
and assimilated. 

The assumption of the existence of an " iodine fever" has 
also strengthened very much the obscm e ideas that are held by 
some in regard to the intltience of iodine on the tissue-changes, 
and in regard to a febrile consumption of the vital forces by that 
element. But it is impossible to find in the literature of this 
subject reliable data for the belief in the existence of such a spe
cific fever, unless we regard the general statements, respecting a 
feve rish state nnd the like, as indicating the existence of such 
a fever. In cases in which the most markecl symptoms of iodism 
were present, and in which all the indications of fever (such as 
tlushed face, quickened pulse, etc.) were observed, Rose failed 
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to find the only true criterion of fever, viz., tho rise in the tem
perature of the body. From this we are tempted to clraw the 
inference that earlier authors were misled by the aborn·men
tioned symptoms into believing that there was such a thing as 
an iodine fever. 

From the general phenomena of iodine-poisoning, therefore, 
no information is to be gathered regarding the nature or this 
state. For further information regarding the other phenomena 
or iodism in man, the reader is refened to tho Symptomatology. 
:ilfeanwhile, we must here briefly consider the i·emaining expel'i-

. mCfffal la.~rs in reganl to the action of iodine. 
Experimenters ltave not been lacking who haYc condnctell 

long series of researches on tltemsel ves, on other men, aml 011 

animals, with the different preparations of iodine. Joerg' anll 
his pupils, Orfila' and Magendie, cle,·oted themselves specially 
to researches or this kind, but they established very little of 
importance besides the local and conosive action of the poison. 

:ilfagendie injected a dmchm of the tincture of iodine into a 
vein of a dog, without thereby producing any effect. A fl'W 
years ago M. Benedikt' also made a series of experiments on 
frogs, by which, however, out· knowledge of the remote action of 
iodine was not essentially advanced. Iodine, like many other 
poisons, paralyzes the power of voluntary motion in frogs, ancl 
prnduces this effect apparently by affecting the spinal cord. 
Finally, Sartisson (loc. cit.) furnished evidence that the abSOl')J
tion of iodine by the salirnry glands is determinecl Ly nene
intluence, ancl not by the chemical affinity of the poison for the 
substances of which the gland is composed. 

For convenience of reference we may distinguish three ca te
gories of etiological importance in iodine-poisoning : 

1. The occupation (as an ordinary workman) of preparing 
iodine in chemical works; 2. Accidental or intended poisoning 
with large amounts of tincture of iodine or Lugol's solution; 
and 3. 'fhe therapeutic use of iodine, which alone leads to 
iodism in the restricted sense of the term. 

1 .Mnterinlien zu einer kiinft.igen Heilmittcltcbr. I. Leipzig, 1825. 
' Toxicolog. gen. I. 70. a Wien. med. ZeitRCbr. 1802. 
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The pernicious cJiccts of iodine on workm0n in iodine manu
foctories :ne limited , according to a communication of ChP\":tl
]i('r' s,' to the 11101110nt " ·h en tho iodine obtaiued by sublimation 
111 nst he rcmo,·ecl from the receh·er. In this operation, which 
inY oh·e:::; nn Pxposul'e not merely to the fumes or iolline, but also 
to those of chlorin<', the workmen, as a. rule, experience :1 copious 
flow of tears, nn<l. sometimes evt•n slight fi ts of coughing; serious 
inconT"eniPncP and illness ne,·er occur. 

Se,·ere cases of acute poisoning arise either by the introduc
tion of iodine pn•pamtions into the stomach, or, as has rncentlr 
oftpn happened, hr the injection of large quantities of tincture of· 
ioJi ne or Lngol' s solution into serous cavities or sacs-especiallr 
into m·arian tumors. The number oI cases on record arising from 
the first-mentioned mode is not large. \\~ e ha,·e already refened 
to the two cases rPported hr rnn Ilasselt and Ilusemann, where 
suicide was committed b.r tal\ing tincture of iodine intemally; 
1o these a thinl must be added, whNc (qttite recently) two ounces 
of the tincture was taken internally.' If we add to these tho 
ea rlier cases mentioned by Tarlor (poisoning of a woman br one 
ounce of the tincture), Gairdner (fatal p oisoning of a child br one 
ennple of the tincture), and Gillespie (quoted by Ilusemann), 
the nnmb<'r of all the reeon1ec1 fatal cases of p oisoning by the 
in ternal administrMion of iodine amounts to six. 

The number of fatal cases from the injection of solutions of 
iocline into ovarian cysts is much larger. Vclpean records twenty, 
Legrand threP, which came under their personal observation. 
Here belong also tlrn communications of Rose, who reports one 
fatal casP, anrl onP followPd by recovery, in his own practice, 
and also mentions two otlrnr fatal rasps of which he accidentally 
h eard . The •mtirn number of thos<J fatally poisoned is, therefore, 
f\\·enty- sev<J n - a frightfully high 1ignre, if we consider that they 
ai·p Pxclusiv.,Jy casPs which lmrn occmrecl as the results of medi· 
cal treatment. Finally, in this category belongs also the case 
recorded by M. J3Pnedikt. wl1 ere fatal poisoning followed the 
injection of tinc-tnrP of iodine into the sac of a spina bificla. 

1 Annale!{ d'hygiCne pnh. Hlt2. 
~ Reported by llcrmttnn, of St. Petersburg. iu t!rn Petersburg med. Zeitsc!:ir. XV. 
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The more chronic form of what might be termed !h0;·a1wutic 
iodism occurs chiefly after the prolongecl administration or small 
<losl's of iodine or of potassium ioclicle ; old st rnmous cases, aml 
indil'iiltials who are very much run clown through syphilitic 
cach1•xia, are especially predisposed to it . • \roneet' has collected 
chla from the literature on the frequency of the occurrence of 
iodism after the u se o[ cliJterent preparations of iodine. In the 
case of tincture of iodine, he fouml only 20 cases where the 
ll Rt\ was followed h.r st:rions eitccts ; in 213 cases no mention was 
rnnd1• or any injurious cffc•cts; whil e in 303 i t was expressly 
statl'cl thnt the drug }Jl'oducPd no det l'imental effects. Thi' use 
of Lugol' s solution of iodine with potassium iodide caused incli
cations of ]JOisoning six times, and no hurtful action in 2.J.1 
cases; while from Lhe u se of potassium iodide alone _\roneet 
founcl tlmt ioclism hacl been proclucecl in 40 cases. Althouglt 
thf'f:.P different obsl'ITa.tions "'·ic.lently warrant no sa fe conclusion=--, 
they 1wrhnps conn•y a fairly correct impression of the fr<·qU<' ll<'}' 
o[ iodism. Ko statistical communications on this point hn rn 
hPen nry recently mad~, but from the incrensPcl number or ease's 
of iodine exnnthema.ta. observed, it may be smmif!ec.l that, owing 
to tlw exclusirn u se of potassium iodide-for instance, in syphi 
lis-ioclism has rather increasPd than dc·creasec1. 

It is not possible to gin' Pxact. data n·pu·c1 ing the dos1•:; o f 
iodine which may be consider~d ns fatally poisonous. Our 
kn owkdqe on this point is compris0cl in tho communirations 
which we ha\·c madt.> ahovP. En.in small amounts, if aclmin · 
i>tPrecl throughout a considPrable prriocl o[ time, suffice to 
produce iodism. In the fatal case repor ted by R ose, he inj1•cted 
into tlte ornrian cyst a clruclim of p otassium iod ide, and fh'e 
ounc<>s of Linctme of iodine-the amount ordinarily u sed in the 
01wrntion-anc1 then, after the lapse of a few minutes, remon•cl 
from the cyst "·hat 1·P111tti11Pcl o f the fluid injec ted. If in washing 
out tla• ey~t, ho,\·p,·er, in eases of this kind, we shonl cl neglt>rt 
to c1o it thoroughly, Yery appreciable amounts of iodine may 
remain behind ancl b1,co111e absorbed. 

Poisoning by hnge quantities oE tincture of iodine taken 

1 In::m::;.·Di~ert. Dol'J.mt. 
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internally affords especially the phenomena. of a. severe affec· 
tion of the stomach and bowels. Violent burning pains are felt 
in the fauces, pharynx, and along the cesophagus, as well as in 
the stomach and a.bdomen. Genera.Uy vomiting follows, though 
sometimes on ly retching and nausea. 'l'he matter vomited is 
more or less blue (iodiue reaction), H starchy snbsta.nces were 
present in the stomach, and possesses the characteristic odor of 
iod ine. 'rhe stools, which a.re usually profuse, are also colored 
with iod ine; at first they are of a pappy consistence, and later 
on bloody a.ncl slimy. At the same time there is a.lmost always 
complete annria. The general symptoms here described are 
identical with those observed in ca.ses of poisoning by injection 
of solutions of iod ine into ovarian cysts. To a.voicl repetition, we 
will here omit them. Dea.th from internal poisoning by tincture 
of iodine may ensue within thil·ty-six hours, though of course 
much depends upon the amount of iod ine contained in the close. 

Poison ing a[ter the injection of large quantities of iodine into 
ovarian cysts affords us a.n opportunity of observing the consti
tutional symptoms which are produced by large closes of this 
substance, without the disturbing intluence of local symptoms; 
for experience shows that the phenomena of peritonitis occur 
but seldom under these circumstauces. 

'l'be injection itself is sometimes accompanied or immediately 
followed by violent pains, which in sensitive persons may con
stitute so prominent a symptom as to overshadow all others, and 
under some circumstances may cause swooning. Next, in the 
course of a few honrs after the operation, a state of excessive 
weakness and apathy, with in9reasing paleness of the face, 
cyanosis of the visible mucous membranes, a.ud coldness iu the 
extremities, is developed. The pulse, which grows steadily 
weaker and soon disappears eutirely a.t the wrist, becomes ex
ceedingly rapid (170 bea.ts per minute, a.ncl more); when the 
effects of the poison are at their height., it is only perceptible in 
the arteries near the heart, although the hen.rt-sounds are forci
ble, and even increased in iutensity. 'Vithin the first twenty
four hours these symptoms reach their maximum. Severe 
nervous symptoms are observed neither in the cases of poisoning 
by the stomach, nor in those of poisoning by injection; but there 
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is frequently repeated and painless vomiting of n, copious wnrer.r 
fluid, which appears on the scene pretty early. This ,·omiting 
is provoked by every attempt to take nourishment, but the Yerr 
intense thirst can be more easily assuaged without such con
sequences. The stools are sometimes diarrhcric. The secretion 
of urine is usually also entirely suppressed . 
' If the patient surdve this stage, the paleness of the skin 

gives place on the second or third day to a deep flush, which is 
quite as striking in appearance. The temperaturn ri ses to the 
normal level, witholLt overstepping it, and the pulse g radually 
diminishes in rapidity, and becomes again perceptible at the 
extremities. The vomiting persists, but the kidneys now begiil 
to excrete a slightly albuminous urine. In the course of the 
next few days the characteristic exanthem, the angina, and the 
coryza show themselrns. In the single case published by Rose, 
which, together with the case rnported by Hermann, constitutes 
the sole basis for the present description, death ensued suddenly 
and wi thout the least warning, on the tenth day-probably from 
paralysis of the heart. 

It is e,·ident that the very limited casuistical basis for thi s 
clinical description can permit only a very ca utious generaliza
tion. Still, R ose's observation is the more worthy of attention, 
since in its essential symptoms it presents a striking coincidence 
with the case of internal poisoning described by Hermann. In 
tlte latter, too, the characteristic disturbances of the circulation 
wen; Yery marked, and althongh tlie Yomiting must perhaps be 
ascribed more to the local irritation of the stomach caused by 
the tincture, the complete absence of nerrnus symptoms was as 
noticeable as in R ose's case. The suppression of the urine was 
also the same in both cases. 

Rose, on the g round of hi s own observations, assumes the 
pathognomonic effect of poisoning by iodine to be a prolonged 
arterial spasm which produces the suppression of urine as well 
as the sy mptoms of paleness, weakness of the pulse, and cold
ness. Naturally such a universal contraction of the arterial sys
tem presents an obstacle to the circulation of the blood which 
forces Lh e hea rt to excessive exertion-hence the exceedingly 
quick pulse (by irritation of the accelerating fibres 1). ln Rose·s 



302 nOEIDL-l'OI SONS. 

own case i t finally led to paralysis o[ that organ. The cessation 
of this spasm is followed by l'XCessive reddening or tlte ski n 
aml the relative rise in temperature, ]llH'nonu·na which probably 
lPd to the erroneous assumption of an iodine fever. 

The vomiting, which persists throughout the ent ire com se of 
the symptoms, and is o,ccompanied by pretty it1tense sem•itive
ness to pt·tJssure 01·er the region or the sto nio,ch, is asc ribetl by 
Ro~e to the mo,terial alterations in the mucous membrane or the 
stomach, which arc excited, as has been already stated, by the 
elin1ination o[ the iodine through the peptic glands. 

Befo1·e entering upon the description of those case of poison
ing which arn clue to the internal u se oI the preparations of 
iocl ine in small quantities, we must mention the fact, that some
times in div iduals, after taking a sing1e rnoderatc dose, suffer from 
syniptoms of poisoning ('·omiting, dianhcra, etc.), which are 
quite out or prnportion to the amount taken. ""e meet still more 
frequently in practice with cases in which the fit-st doses of 
potassium iodide ])l'Ocluce moderately severe nervons symp· 
toms, Sltch as dizziness, palpitation of the heart, headache, antl 
sli ght convulsive movements. It was prnbably casc•s like these 
which gave ri se to the not very apprnpriate term "ivresse 
iodique," which is employed in France. 

'l'lrn morbid phenomena which arise from a prolonged use of 
small doses o[ iodine or of potassinm iodille, ancl are ordinarily 
comprised under the term ioclisin, consist of several groups of 
symptoms, which sometimes occur all together, and sometimes 
separately. That these symptoms do not cxclush·ely belong to 
chronic ioclism is sufficiently shown by Rose's case. " 'e tint! 
them also jn acute cases, where a sing le ] ar~P dos0 of iodine has 
bPen taken into the organ ism, provided death <loe:s nut emme 
dudng the first violent attack of the poisoning. 

They are: 
1. Nervous disturbances. 
:2. Derangements of digestion. 
3. Affections of the mucous coats oI the eye, nose, and throat, 

with anomalies of secretion. 
4. Affections of the skin. 
5. Atrophy of certain glandular organs. 
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The pathogenesis of tbe cligestirn derangements and of the 
impairment of the nutrition of the entire body dependent on 
them has been already discussed . Tbe nervous clerangenwnt; 
which characterize iodism are exceedingly variable in form aml 
intensity. By many authors tbeir occunencc is positively clen.iecl . 
Frequently they are limited to the trifling symptoms of ivresse 
iodiqne refened to above. It is evident, howe1·er, fro111 rim 
comm unications of ll'allacc and Rodet,' that they may at ti111es 
attain dangerous proportions, since those observers h3\·e l'l'}leat
ed ly observecl se1·ere motor and mental distnrbancPs or the 
character or genernl paralysis. A 1·ery frequent nerrnus sy111p
tom or ioclism, according to both Ricord' ancl \\'al lace, is neural
iric pains in the lower and anterior part of the left epigastrium. 
Wallace designatPS this symptom as pleurodynia; Ricord re
gards it as a ne1u·algic aJTPction or the fundus ventriculi. 

Of the affections of the mucous membranes, the conjunctil'i
tis, which consists in reddening of tbe conjunctiva and markecl 
increase in the secretion of tears, is often developed, according to 
Ricord, on the second or third clay after the bPginning of the 
iodine treatment. Paul Bernard' frequenlly saw it del"elop dur
ing tbe second or third month of the treatment. 

The affections of the mucous membranes of the nose and 
throat-the coryza an(l angina of iodism-are more common. 
Some authors s tate that salivation is a rnre symptom or ioc1ism, 
while others have never met with it in this connection. It is 
sa id that it can be distinguished with certainty fro111 mercmial 
s:ilirntion by the salty taste, a ncl by the absence o[ fmtor ex on\ 
stomatitis and swelli ng of the glands. That tlw Inst symptom 
b not invariably wanting, is pro1·ed by Rose's case, in which the 
extreme salivation was accompanied by a mumps-like swelling 
of the glands. 

The iodine coryza is characterized by a copious secrPti<m of 
watery mucus, moderate redness, and slight swelling of the nasal 
mucous membrane. In tbe angina the patients complain of 
intense itching in the throat, and not so much of dinlculty in 

1 Gaz. mCd. de Lyon. 1860. 'Gaz. m6d. de Paris. lSGO. 
aTbCse. Strasburg. 1863. 
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swallowing; the posterior wall of the pharynx is deeply rPd
dened, and somewhat intumescent. The coryza. b, as a. rule, 
combined with a tol erably intense frontal headache. 

Sartisson (Joe. cit.) has attempted to C'Xplain the pathogenesis 
of the affections of the 111t1cous membranes in iodism . He 
suggests it as possible that potassium iodide, which is elimi
nated in the sa!h·a and nasal mucus, may be decomposed by 
tl1 e carbonic acid and the chlorides in these secretions; the 
iodine which is thus set free could then act as a direct local ini
tant on tho adjacent mucous membranes, aml produce the coryza, 
the conjunctivitis, and the angina. The recent observations of 
Binz tencl to support the theory of the occurrence of such decom
positions; but still we cannot :tt once and unconditionally 
exclude the other possibility, th:tt the disorders in question may 
originate in anomalies in the innervation of the blood-Yessel; 
and glands of those mucous membranes. '!'he peculiar impair
ment of sensation in the mucous membranes in bromism is suf
ficiently :tnalogons to render such a pathogenesis conceivable. 
Definite knowledge on this point can, however, only be attained 
by new researches and observations. 

The iodine exanthemata are Yariable in form, and appear in 
rnrions localities. The form that i; most commonly met with is 
an eruption of acne-like nodules on the skin of the face (fore
head, temples), neck, and the upper half of the thorax; more 
rarely this ex tends also ornr the abdomen and extremities. 

Bazin' assumes three different forms of ioclilie exanthem. 
The mildest form is the erythematous, which appears in the 
shape of rnore or less universal urticaria-like knobs. Out of this 
fonn the second, more common papular form is developed. 
'J'he larger papules are surrounded by areolm, which are often 
conftnent, nnd present a deep red color, vanishing for a moment 
on pressure. Finally, a pustitlar exanthema is sometimes devel
oped from the papular form; it occurs in scattered spots on the 
face, thorax, and extremities. Occasionally a few of the pus
tules de,·elop into small dermal abscesses. \Ve ·must, finally, 
make room here for the stMement made by Mercier,' that Kuess, 

1 L'Union ml'<l. 18GG. ~ L'Union mSd. 1SGJ. 
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in Strassburg, has not unfreqnently met with a.'denm oI the eye
lids, the skin of the abdomen and the fol'earms, in l'Onnection 
with iodism. 

Iodine exanthemata run their course without Level', and, like 
all the symptoms so far mentioned, Yanish spontaneously when 
the remedy is discontinued. 

Before speaking or the atrophy of the mammro, we must, for 
the sake of eompleteness, mention the fact that Kness is said to 
have freq nently observed hemorrhages from the lungs during 
the employnwnt of the iodine treatment; while on the otlwr 
hancl, in a few isolated cases, metronhagia 01· habitual incn°ase of 
the periocli menstrnal tlow, has been demonstrated. 

It is gP1wrally admitt,•d that the f<'rnale bl't'ast is the only 
organ which may undergo complete atrophy as a l'esult of the 
action of iodine. Jiu[eland first suggested, over fifty years ago, 
rhe possibility that atrophyof the testicles might alRo be produced 
by the iodine tl'eatment; his idea fonnd a ready acceptance, and 
was quoted ~o often by one anthor after another, that it gradu
nally and imperceptibly came to be accepted as a fact. lt has 
been pointed out, however, that there is an absolute lack oI 
obsel'Vations which might serve to prove the iniluence of iodine 
in causing atrophy of the testicles. A similar statement cannot 
be made with regard to its action on the mammm. .Although all 
:wthol'iti~s, and especially Ricord, agree that it is a very rare 
occurrenct?, still cases are consta.ntly occurring from time to time, 
in which the atrophy o[ the mammary glands is unquestionably 
an effect o( the iodine treatment. As yet we arc entirely unable 
to und~r:;tand thi:; fact. It is. however, not more problematical 
than the analogous action of iodine in goitre, which at the pres
ent day is so generally admitted that it no longer causes a ton
isbment. 

In the pathologico·anatomical connection, the cases of Rose 
and Hermann constitute almost the only sources from which we 
can draw information. The following are the most important 
points which can be deduced from them. 

Rose found free iodine in the stomach and alimentary canal, 
although originally the tincture had been injected into the cysts; 
thp mneons membrane was colored brown by it. The kidneys 

VOL. XVII.-20 
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also, on sPction, prest>ntE:>d a brow11 color, whi('h graduaLI.'- dii:;
appeared 01t cxpo>ure to the air. Jn the pelves of the kidney" 
there were slight hPmorrhages; till' other organs were all normal. 

Hermann (intpmal poisoning by tinC'tnre of iodine) found tlw 
mueou::; membrane of the pharynx, epigfotti:::;, nnd cosophagu~ 
covered in 8pots with an orange-yellow pi:H:•ud<Hnembra1w; tlu-· 
spots were partly isolated and partly eonfluent. Beneath th1· 
fahe mernbranes the mucous eoat was "welled an<l suppuratiug. 
In the stomach the coloration produced by tlu· iod ine was the 
on ly thing that could bP discovered. 

Tn the presPnt rudimentary state of ou1· knowledge regardiug 
acute iodi11e-poi:;oni11g, we possess but few Hpec:ial points on which 
a rational treatment can be based. Star<'h, and, according to 
Ilusemann, egg albumen, which is quite as t>flicient on account of 
its affinity(!) for iodine, may be used as antidotes. Aside from 
tlwm, we must for the present rPst rontentPd with the fulfilment 
of all the symptomatic indications. whiC'lt need not be here 
detailed. It is a question whether 'ornl'thing might not be 
accornplislH'll by the use o[ agents which l't'lax the muscular 
coat of the arteries, ex. gr., nitrite of amyl. 

The phenomena of chronic iodism eHn. as has already been 
mentioned, be relieved by suspPnding tlw iodine treatment. The 
distmbances of nutrition, the weakness, los,; o[ flesh, and gastric 
disorde1·s, which may remain behind, requir(• a careful and ap· 
propriate strengthening treatment. 

CHAPTER TTI. 

POCSONfNO BY BROMfN"E AND ITS COMPOUNDS, F.8PJWIALJ..Y POTAB

~CUM BROMIDE (Hl<0"1l8)1). 

The toxicological importance of the bromine compounds de
pends principally on the therapeutic employment of potassium 
bromide, which, in spite of the contradictory statements of 
clinical authorities as to the value of the a.gent, is constantly 
becoming more extended. The poisonousness of elementary 
bromine and of some of its other compounds (hydrobromic acid, 
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etc.), which has frequently been demonstrated experimentally, is 
of but slight importance to the practising physician, so long as 
those preparations are as little used as at present. 

We will, therefore, touch but briefly on poisoning by free 
bromine; but both theoretically and practically the interesting 
poisoning by potassinm bromide demands a more searching in
vestigation. 

Bromine is at ordinary temperatures a deep reddish-brown, 
heavy liquid (sp. gr. 2.97). When exposed to the air it gives off 
dense orange-yellow vapors, which arc taken up with tolerable 
readiness by water, and impart to it the characteristic brominP 
odor and a yellow color. In its chemical relations it resembles 
chlorine and iodine. 

In thP liquid form bromine is one of the most active corrosive 
poisons ; in the gaseous form, one of the most poisonous, irrespir
able gases. 

Balard, the discoverer of this element, and Berzelius drew 
attention to the deleterious action of bromine on animal and 
vegetable substances, which depends upon the strong affinity of 
the element for hydrogen, with which it unites to form hydro
bromic acid. In this way bromine decomposes the animal tis
sues, the coloring-matter of the blood and fat, and coagulates 
solutions of albumen. 

Glover 1 found tbat if solutions of egg albumen were treated with a certain 
amount o( bromine water, a coagulum was formed, but the yellow coloration of 
the bromine disappeared. 

On the skin, liquid bromine produces an intense yellow color
ation, blistering, and when its action is prolonged, deep eschars. 
Analogous effects are produced by the application of bromine to 
the mucous membranes. The symptoms of the acute gastro
enteritis which rapidly follows the introduction of the poison 
into the digestive tract are, however, somewhat complicated by 
the respiratory disturbances which are caused by the penetration 
into the air-passages of the bromine vapors developed in the 
body. 

1 Edinb. Med D.nd Su.rg. Joum No. 152. 1842 
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Smaller doses, such as dilute aqueous solutions of the ele · 
ment, cause, as might be expec ted, less severe derangements; 
they consist in a burning ~ensation in the oosophagus, pain in 
the epigas trium , salivation, nausea, vomiting, diarrhc:ea, and 

colicky pains. 
Besides tlwse effects, which have been demon tratecl by 

Glover' and Barthez,' by experiments on a nimals, and by Iloe· 
ring, Butzke, Ileil?' nwrdinger, , ancl F ournet, t by experiments on 

lrnman subjects, BJakP, •Glover, and Barthez 11ave also observed 
the phenomena produced by injecti11g pure bromine and bromine 
water into the vpins of mammals. \Vhen pure bromine was 
employed, death ellsuecl immediately, with tetanic spasms-evi
cle11tly in consequence of instantaneous coagulation of the blood. 
The injection of bromine water abo produces at first violent 
general spasms, whi ch, however, cea:;e in a few minutes, if the 
concentratiou of the bromine solution does not exceecl a certain 
limit. In many of the animals experimented on by Glover and 
Barthez, corym with violent sneez ing and lachrymation was sub
sequently developed. The respiration and pulse were at first 
very much accelerated, but became gradually weak and slow; 
repeated vomiting, and evacLiation of the bowels and bladder 
•' nsnecl. Alter small closes the animals gradually rPcoverecl from 
these symptoms; after larger and fatal doses, the i·espiration 
finally became very labored, a bloody froth oozecl from the mouth 
of the animal , violent general tremo1· set in; the heart's action 
ceased in from one-half to one and a half hours. 

The inhalation of bromine vapor causes the same phenomena 
as are produced by all irrespirable gases. In the milder grades of 
the poisoning they are the symptoms of irritation caused by the 
action of the gas on the sensitive nPrves of the mucous mem
branes, anfl al so reflex symptoms, vii. , laclnymation and sali
vation, spa>< moclic contraction of the orbicularis palpebramm, 
coryza, cough, and moderate oppression ; in the severer grades, 
besides the above-mentioned symptoms, a feeling of suffocation, 

1 Vid . supra. 3 Rasselt-Henke1's Torikol 

? Cf Frank'1:t Magazine. I. p. 386 et seq 4 Frank's Magazine, loc. cit. 

~ Edinb. Med. and Surg. Journ. 1847 . 
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great anxiety, burning pain under the sternum, headache. dizzi
ness, and finally, when the bromine vapors ham been very con
centrated, spasm of the glottis and asphyxia. 

Up to this time only a single case of internal poisoning by 
liquid bromine ltas been recorded in medical literature. The 
case was that of a man in New York, who took one ouncp of 
the substance with suicidal intent.' The result was or course 
fatal. Besides this, a case or quite serious external injury by 
liquid bromine is reported from the manufactory of iodine and 
bromine at Cherbourg. In consequence of the breaking of tL 

stopcock in a vessel filled with bromine, two persons who werP 
working with it were splashed with the substance as it escaped, 
and one of them sustained considerable injuries on the hands 
and forearms. The skin was entirely destroyed where,·er it hacl 
been touched by the poison, and several months elapsed before 
the patient recoverPcl from the injmy.' 

No evidence can be adclucecl from the literature of the sub
ject to prove that the vapor or bromine exerts any serious in
jm-ious effects on the workmen who have to deal with that 
substance. In the text·books, it is true, we react of morbid afl'ec
tions to which the workmen in bromine factories are frequently 
subjected-of a conjunctivitis ancl ebrietas e bromio-whicl1 
Chevallier in particular is said to have dPscrilwd. '~' P ha1·e 
not been able, however, to fincl anything Jikc> such a statement 
in the only article on the subject that has been published by 
Chevallier. That article consists principally of the letters of two 
manufacturers who, in response to Chevallier·s inquiries, .de
clare that their workmen suffer from no peculiar disorders. " 'e 
might perhaps conclude from th is, that the workmen are usually 
but little exposed to the poisonous vapors. In a case reported 
by Duffield the inhalation of concentrated bromine vapors pro
duced an attack of spasm of the gl9tt;is which on ly yielcled to 
prolonged inhalation of steam. The assumption or Diez ' tlrnt 
laborers in salt-mines are subject to a sort of necrosis of th~ 

'Reported by Snell, New York Med. Record. 1851 
' Clter;allier. Ann. d1bygiCne. publ. 1842. 2. p. 313. 
s In Tiusemann, 'l'oxicol 
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lower jaw-bones, due to the action of brominP, has so far not 
found the confirmation which it greatly needs. 

In the tr,,atment of cases of poisoning by bromine we are 
unable, on aecount of the scarcity of the observations at our dis
posal, to recommend anything more than a mere symptomatic 
treatment. 

Both the toxic and therapeutic actions or potassium bromide 
and of the other neutral bromine compounds, sodium, ammoni
um and calcium bromides, have of late years been very actively 
di"cussed, and the literature of tho subject is consequently 
v01-y abundant. 

Before we direct onr attention to the details of the symptoms 
of poisoning, we must first briefly consider the important ques
tion wlwther tlw alkaline and earthy bromides, as such, have a 
specific action on the animal organism, or whether the bromine 
in these salts has no effect, their action being due entirely to the 
base present. 

An affirmativ<> reply to the latter portion of this question has 
been given by a number of authors who have sought to establish 
the point principally by experiments on animal•, while the spe
cific action of bromine is chiefly supported on the grounds ol 
practical therapeutic experience. However, somo clinical author
iLies also have denied this specific action of bromine. Especially 
Kincf' the poisonous action of the potash salts has become gen
Nally know11, it has been repeatPdly asserted that the therapeutic, 
as well as the toxic effects of potassium bromide, must be ascribed 
to the potash which it contains. 

It s<>ems to us that these differences of opinion are not by 
any means irreconcilable, if we take into account the variety of 
the methods by which the discordant rPsults of the different 
authors wPrP obtained. 

It must in the first place he not<•d that the so-called bromisrn, 
the form of poisoning which occurs after the administration of 
potassium bromide, and is considered characteristic, has been 
observed only in human beings, and then only after prolonged 
use of tlw agent. It is not at all astonishing that experiments 
on animals, whirh are necessarily limited to a disproportion
at<,ly shorter period of observation, should have afforded noth -
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inp: analogons. In them, a::, is evideut from tlw ob~P1-vations of 
almost all <'Xperimenters, only those littl " characteris ti c pbenom
i>na occur which we are accustomed to see after l JOisoning by the 
potash salt". There is an unquestionablP similarity betw<"t'll the 
action of the potash salto in general and of potassium bromide 
in particular, especially on frogs, and, as fat· as the gt>neral 
phenomena are concerned, on mammal s; but still a closer analy
sis shows that even in thP experiments on animals there is no 
positive identity in their action. Thus, Steinauer ' ve r·y prop<'rly 
clraws attention to the fact that Schouten's' irrvestigations on 
the blood-pressure by no means agree complet1•ly in thc• ir results 
with those obtainetl by similar experiments with otlrer potassium 
~alts. In the experiments on animals, it is tnw) the action of 
the potassium may always play tbe principal part, especially 
when the salt, as has b<>en clone by most rxperimenti>rs, kts been 
directly introduced into the circulation by injecti n into a vein. 
'fhe phenomena of bromism, however, as they occur in men after 
tbP use of potassium bromide, must unquestionably be ascr-ibPd 
to the specific action of the bromine, ii the slalentl'nt recently 
mad~ by Starck,' shou Id be confirmed . That observer found 
that the spec ifi c symptom· of bromine-poisoning (nervous de
rangements, exantlwm) make their appearance in men after pro
tracted use of sodium bromide also. 

The analogous question whether the anti-epil0ptic and hyp
notic actions or polassium bromide are also to be rden ed to 
the bronrine in the compound, of cotu·se cannot be settled here. 

Let us pass to the description of the eJiects of potassium 
brornidf' on thP animal organi :-;m. 

R egarding the chemical properties of the drug, it is enough to 
state that it is a neutral salt, which crystallizes in cubes, is 

1 Virchow's Archiv. LIX. 1874. 
1 Arch. d. lleilkunde. XII. 1871. We do not believe that the quest.ion bns been set

tled by &lwuUn's researches. On page 114 we read in leaded type . . . "that the 
doses, which are used in therapeutics, in fact incroose the frequency o[ the pulse, but 
at the a.a.me time diminish tlte blood-p1'es$Ure" (unlike the other potash salts, which 
increase it). On the other band, on page 116 be tells us that doses of potnssium 
bromide, which do not endanger life, fir!st cause n.n increase in the blood-pressure. 
Which, then, is the usmtl effect? 

3 Alig. Zeit..Rcb r. f. Psychia.trie. 1874. 
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readily soluble in water, and in its <'hi e{ chamcteri sti cs is analo
gous to the eorrespond ing chlorine compound . 

'l'he data concerning- i t::; condition:-; of a.b::;orption are givPn in 
detail in 1 he work of Clarke and Amory ; ' according to them it is 
readily tak en u p by all the mucous membranes. " ' hen a moder
ate quantity di ssolved in water is taken on an empty stomach, 
it is absorbecl in about half an ltonr.' 'l'he rectum absorbs the 
agent more slowly, bu t quite as sure])·. whil e it is not taken up 
at. all by the extern:tl skin. It is el imina ted rhi elly through the 
kidneys. The Jirst traces of bromine. as early as ten minutes 
after tlw aclministration o[ the dose, a re found in the mine. 
R abu teau' asserts, however, tha t thi s excreti on normally (with 
out special administration) contains small t races of p otassiu111 
bromich>. The major par t is removed from the body in tl1 e 
urine during fl w Jirst twelrn hours, though t he elimination s till 
continues a ftt• r three days Ju.1,1•e ehpsed. The assertion made in 
mm1y hand-book s, tha t after the admini stra t ion of potassium 
bromide free bromine appears in the expired brea th, lacks con
firmation entirely . The el imination of the substa nce throu11:h 
the ex ternal skin has been demoustrntecl by Bill • a nd Bowditcl1 .' 
The form er fo und it in the water with which the skin was 
washed, t.lie latter di scovered it in the sweat, produced artifi
cially by a 'l'urkish bath. Rabuteau also, after the intemal 
administrati on of the salt, found bromine in the saliva and the 
nasal mucus : Bill found the bromurets (Bromiire) in the secre
tion o[ the lungs, in the pharyngeal mucus, and in the froces. 

"\Vith regard to what becomes oI the salt in the organism, our 
knowledge is s till somewhat incomplete. Clarke's snpposition 
that the free acid of the gastric juice displaces the bromine from 

1 The physiological and tberapeutical action of the bromide of potassium, etc. 
Boston, 1872. 

t Since these authors believe that bromide of potassium is decomp06ed by the acid 
or the gastric juice and bromine thereby set free, they recommend tha.t the salt should 
always be administered on an empty stomach (when the gastric secretion is neutral). 
They evidently forget that the solution of the salt itself may act as an irritant and 
excite the secretion of true gastric juice. 

3 Gaz. bebdom. 1868. 
4 Ilusemam1 in Virchow's n.nd Hirsch's Jahresb. 1868 (Amer. Jouru . of Med . Sci.). 
'lbid. Abstract from Boston Med. Journ. 18G8. 
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it, has not only not been pro,·ed by experiment, but as an hypo
thesis is in the highest degree improbable. \Ye know, that e,·en 
the iodine of the potassium iodide, a much more unstable com
pound, is not set free in the stomach. Binz,' moreo,·er, has 
demo11strated that, unlike potassium iodide, the bromide cannot 
be decomposed by carbonic acid in presence of acti,·e oxygen, 
and he observes further that at a low temperatu1·e it is not 
decomposed even by nitric, nitrous, or hyponitl'ic acid. In 
consideration of these !acts it is hardly conceivable that the 
small quantity of the free acid in the stomach could exert a more 
powerful action on the potassium bromide. On the other hand, 
there is a considerable basis of probability for the assumption 
that a double decomposition takes place between thP common 
salt, which is present in Jnrge quantities in the stomach, and 
the potassium bromid~, as a result of which potassium chloride 
and sodium bromide are formed . In the urine the bromine 
appears combined with an alkali as a hromide, and accord
ing to the statements of Rabuteau, Bill. a)1cl Bowditch, partly 
also as a bromuret (Bromiir).' 'fhe form which the potassium 
bromide assumes in the blood and tissues is st ill unknown. 
However, the effects of the salt on human subjects, as well as 
Binz's observations on the behavior of its congener, potassium 
iodide, renders it probable that the action of the bromine com
ponent is felt somewhere in the organisrn , unless, indeed, we 

1 Deutsche Klinik. 1873. No. 48, a.nd Virchow"s Arch. LXII . 1874. 
1 The terms Bromiir and Brom.id of the German refer to the saturating cnpar.ity or 

the element with which it is combined, the lower saturating capa.city being indicated 
by the fonner termina.tion-" ilr-" Thus, what wns known as protobromidc of mercury, 
corresponding to the chlorine compound generally known as ca.lomel, would be Queck· 
silherbromiir, the calomel being Q1ucksilberc!d.Qr1ir ~· while the bromine compound cor
responding to corrosi'l'"e-sublimate, perchloride or bichloridc of mercury, would be 
Queck~iliJerbromid, corrcspondmg to Q11cck.'<ilberc"'orid. Wh en :m element forms only 
one series o( compounds, as potnflsium, the terms ending in Tir and t'd a.re, by some, 
used indiscriminat.ely. The same rema.rk applies to the iodine compounds l odii.r and 
lodid1 and to the oxygen com1>0unds O:ryd11l and f>x.11d, the prei:-ence of the 11 in the 
final syllable indicating the lower saturating capacity of the element. In tbe present 
chemicaJ nomenclature a s imilar tenniuology is practiced, and we have ferrous nnd 
ferric compound~. mercurom1 and mercuric compounds. as well as nitrous and nitric or 
~ulphurous and sulphuric acids, etc.-TRANSr.ATOifS NOTE. 
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accept the theory of Stei11auPr (Joe. cit.), who assumes that in 
those bromine compounds, in which tlw possibility of a sepam
tion of the bromine is not gin•n (among which he numbers 
potassium bromide), the substituted bromine-atom modifies the 
action of the other constituents (in this case potassium). 

The results of physiological researches on animals (frogs, 
rabbits, cats, dogs, etc.) have, as has been already stated, led the 
majority of the authors' to the conviction that potassium bro
mide produces entirely the same effects as the other potash salts. 
These effects consist in their essence in a diminished activity or 
paralysis of the central nervous system, and paralysis of the 
heart, while the peripheral nerves and the sttiated muscular 
fibres are left unaffected by the poison. To avoid repetition, we 
refer the readPr to the chaptPr on tlw potash salts f01· an account 
of the experimental data in queotion. 

Prom the study of the experinwntal works on potassium bro
mide, no other conclusion can be drawn than that the result• 
obtained requirPd fo be identified wiLh those of potassium
poisoning, if we put out of the qt1<'stion the as yet unexplained 
discrepancies whieh are contained in th,• work of Schouten. 
The facts adduced do not appear to "" to warrant any further 
conclusions. The assumption of a clisordPr of nutrition and a 
diminution of the nutritive chaug<'o prndnced by potassium bro
mide, which emanated from Schouten, is evidently no more than 
an hypothesis. Tlie behavior of the arterial vessels plays an 
important nlle in the experiments hitl11·rto published. The 
lllajority of the authors' assume, on the basis of numerous ob
sPrvations of the retina of the eye, the vessels of the pia mater, 
the arteries of the nwsentery, th<' ears of rabbits, and the web of 
frogs, that potassium bromide produc<'S a eontraction of the 
muscnla1· coat of the vesseb, and some few believe that the 
entire action of the poison on th<' nt'rvons system can be ex· 
plained in this way. Considering the great unreliability of all 

1 Eulenlierg nnd Guttmann, Med. Cent.rn.lbl. 1867.-Ltf.oizky, Virch. Arch.-Damou

rett~ nnd Pel.vet, Bull. gCn. de tberap. 1861.-Sclwuten, loc. cit., etc. 

~ lewkky, &ib-Mckmed1 Clarke and Amory, Saii>on, lVitcltead, and .Damuurette and 

Ptl?Jet. Others have either seen an immediate dilatation of the vessels (Nicol. and Mos· 
Mp, by observation of t.be retina), or dilatation following contraction. 
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the methods of investigation hitherto employed, even without 
taking into account the dissenting stat<'nwnts made by other 
authors, we cannot attach much weight to the above observations. 
For the rest, even if its influence in causing contraction of the 
vessels could be positively prnved, we should hardly attain there
by to a better understanding of the mode of action of potassium 
bromide. 

It is evident that these experimental results cannot explain 
the essence of those phenomena which result from a prolonged 
impregnation of the human organism with potassium bromide. 
They do not even allow us to conclude that the phenomena o( 
bromism are produced by the potassium, so long as no one has 
demonstrated that for the production of this complex of symp
toms the prolonged administration of any other potash salt is 
sufficient. Very little consideration js necessary to show that 
the results of an experiment on an animal, which, apart from the 
difierent method of application, only extends over a few hours, 
cannot be compared with the state of afiairs which results from 
feeding thP human organism with the poison for weeks, often 
for months, and even for years. vVe must therefore, in dis
cussing bromism, entirely disregard these experime11tal results. 
The fact that manifestations of an affection of the central nervous 
system-namely, dep1·ession of the functions of the brain and 
spinal corcl-ha.ve been ob"ervccl both in the chronic poisoning by 
potassium bromidt> in men and in the experiments on animals, 
indicates that the above.mentioned organs are the chief points 
of attack for tlw action of the poison, not only in chronic and 
acute bromicle-poboning, but also in poisoning by the potassium 
salts. 

Bromism, or the form of intoxication produced in men by 
potassium bromide, arises, as has been already frequently 
stated, exclusiv.,Jy from thP therapeutic use of this drug in va
rious nervous di·<eases. lt is u~ually the result of a prolonged 
tr<'Utment, in which the remedy has bPen Used in doses or from 
one to twenty grammes (from fifteen grains to five drachms) per 
diem for month~ or even years. 

In rare cases, however, bromism assumes the character of an 
acute poisoning, namely, when, as is so often the case in the 



lll6 BOEIDC.-PO fSON~ . 

beginning or treatment wi th the prepa rations of iodine, the symp
toms of poisoning p resent themselves a fter the administration o [ 

only a few modera te doses. 
Thus, J ohnson ' observed in se,·eral of hi s female pa tients, 

after the administration of the first small doses of potassium 
bromide, general tremor of the muscles, formica tion, and pare
t ic phenomena, wh if'lt lasted onl y a sh ort time. Bowditch also 
(loc. cit.) saw, in a few cases, i-estlessness a nd nervous agitation 
follow the use o( thi s substance. Laborde' made experiments on 
himself to ascertain the action o( single large doses (10 grammes 
= half an ounc·e). 'rhey caused at first a salty taste in the 
mouth, increaspcl secretion or salh·a, frequen t eructations, and 
na usea. In a n hour and a half ne1Tous dis turbance set in, 
which lasted fo r eigh teen hours. Almost all of the functions 
of the central nervous system were to some ex tent affected. 
Depression of spirits, di zziness, di stUl'bances of vi sion, somno
lence, and sleep with bad dreams, indicated a decidecl affection 
of the brain. The power of volun ta ry movements was greatly 
diminished, the gait was unsteady, and the tongue thick. 
Finally , he experienced a lso a decided blunting of sensibility 
and of reflex excitability. 

The power to resist the act.ion of t he cfrug varies very much 
in different individuals. Voisin ' remarks that childre11 bear 
exceedingly la1-ge doses (12 grammes [three drachms] per diem) 
without injury . In adults, of whom women are said to be in 
general more readily affected than men, the rapidity with which 
the phenomena of poisoning appear depends on the size of the 
daily dose of the bromide. Small doses of from 1 to 3 grammes 
(from fifteen to forty- five grains) per diem can be administered 
for months without injury. That thi ~ rule, however, is not with 
out exception, is sh own by Cholmely' s ' case, in which, although 
onl y from 1.8 to 2.7 g rammes (from twenty-eigh t to forty-one 
grains) were given per di em, th~ bromine-rash made i ts appear-

1 H1uemann in Jabrsber. of Virchow and Hirsch. 1868. 
' Gaz. mCd. de Paris. 1869 
i Arch. gCn. de med . XXT. 1873. 
4 Bost. Med. Joum. 1869. 



ME'l'ALLOIDS. -BROMINE. 317 

ance. On the average, according to Starck,' the symptoms of 
poisoning appear in the second or third week after the begin
ning of the treatment. Voisin ' expresses himself much less 
decidedly on this point. He states that bromism occurs in 
individuals who have been taking the drug daily in doses of 
frolll 4 to 10 gmmllles (from one to two and a half drachms) 
for several months or years, and that we ru:e unable to explain 
why the symptoms show themselves earlier in one case and later 
in another. 

It is CPltainly not an unimportant point that the most of the 
individuals on whom bromism has hitherto been studiecl wei-e 
not in a normal condition, but were, on the contrary, epileptics, 
whose enti.-e systems, even before the beginning of t!Je treatment, 
were in a state of profotrnd disturbance. Stal'ck mentions par
ticularly that he has seen the more serious fo1·ms of bromism 
almost exclusively in epileptics in whom the disease had ex isted 
for many years, and was associated with advanced psychical 
deterioration. 

The symptoms of bromism are composed of: 
1. Disorders in the sphere of the central nervous system. 
2. Anomalies of digestion and nutrition. 
3. Affections of the skin . 
\Vith reference to the pathogenesis of the clinical picture, in 

which sometimes one set of symptoms and sometimes another 
predominates, but little can he said. 

\Ve might include the entire intoxication in the sphere of the 
so-called cumulative actions, but we are unable to determine 
whether it is necessary (01· the production of this toxic effect 
that a certain alllount of the injurious agent should have acct1-
mulated and been rnta ined in the organism. Voisin, at least, is 
of the opinion that the occurrence of bromism is connected with 
disorders in the action of the skin and the elimination of the 
poison from the body. At all events, it is a striking point that 

1 Loe. cit. p. 72. The amount of bromine administered previous to the development 
of the bromism varied, for men, between 100 and 140 grammes (thL·ee and four nnd n 
half ounces); for '''omen, between40and 110 grammes (o..ic and oue quarter and three 
and a half ounces). 

~ Loe. c it. p. 51 . 
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the resistance of the organism ordinarily ceases abruptly after 
tb.e patient has ta ken the poison for a long time without detri
ment. 

The disorders of digestion a nd nutrition, which are generally 
developed g radually, are less difficult to explain. The cutaneous 
a!Iection is connected by mauy authors with the elimina tion of 
the bromine through the glands of t he skin, although absolute 
proof of its production in this way cu,nnot be add uced. 

The phenomena do not follow a11y exu,ct law in regard to the 
order in which they appear. Usually the nervolls disturbances 
precedt• the development of the exanthem. WiLh regard to the 
course, Voisin distinguishes ~m aC'ute and a. Jingering, slow form i 
he also recognizes a bromine cachexia, wlii eh is characterized by 
a general decline of the nutrition. 

Tlie detailed description of the symptoms pr sents some ditli
cultics, since, in the observations reported by the writers on the 
subject, the majority of the patients were weak-minded; and it 
is frequently impossible to determine exactly what symptoms 
are to be attributPcl to the primary diseast', and what to the 
toxic action itself. 

As a rul e, the symptoms of bromism develop with tolerable 
rapidity in the course of a fe w clays, a nd without any prelimi
nary prodromal stage. They begin with subjective feelings of 
great exhaustion, weakness of the muscles, and vague pains 
through the whole body. The patients become depressed in 
spirits, listless, forgetful and apu,thetic, and have a reeling, 
extremely unsteady gait, and a thick, indistinct mode of speak
ing, associated sometimes even with partial amnesia. Single 
words fail them in conversation. Voisin cites an interesting case 
of a patient who manifested this striking clistnrbance of the 
memory also in writing: he wrote "ome words which were quite 
incomprehensible and other words only ha lf-finished, in bewil 
dering sncces ·ion (agraphia). 

In higher degrees oI bromism, absolute stupor supervenes 
with marked diminution of mobility. 'I'he patients then very 
frequently, at rvrry attempt to move forward, fall down ; in 
o ther cases, still , the movements are ataxic, or attempts at 
movement provoke a general aud prolonged trembling of the 
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muscles. Yoisin found that the sensitiveness of the skin was 
unchanged; consciousness also is ne\"er completely lost. ThP 
entire condition has by many authors been compared with the 
later stages of the general progressive paralysis of the in 
sane. 

Voisin also asserts that therf' is another form of bromism 
which is charncterized by parnxysms of insanity and d(•lirium. 
l:ltarck, on the other hand, belie,·es that these symptoms. which 
are observed in epileptic patients, are not to be considered a' due 
to the action of the potassium bromide. but must be explained 
by the checking of the epileptic fits. 

One of the most striking and most characteristic symptoms 
of bromism consists in the peculiar change in the retlex excit
ability of the palate and throat-a change, however, in which 
the sen ibility of these parts does not participate. The retlex 
excitability of this circumscribed region is so completely sus
pended that even the roughest touch does not prnvoke the 
ordinarily acti,·e reflex contractions of the pharyngeal muscles. 
This remarkable fact, which we are still unable to explain, has 
been made use of recently in laryngoscopy. Bill obsetTed, even 
after small doses or potassium brnmide, a marked diminution in 
tbe sensitiveness of the mucous membrane of the urinary tract, 
and of the conjunctiva; Gatumeau saw complete anresthesia of 
the conjunctiva. 

In regard to the changes which take place in other parts of 
the body during brnmism, these consist in more or less marked 
disturbances in the vegetative sphere: the patient has a bad 
appearance ; his face is of an earthy hue ; the expression is dull, 
and the mobility of the countenance is impaired; the mucous 
membranes appear pale; the excretion of saliva is sometimes 
increased, but more frequently the cavity of the mouth is dry, 
the breath ill-smelling, and the nose stopped by hardened secre
tion ; the weight of the body soon diminishes in consequence of 
a loss of appetite, and also sometimes as a result of an obstinate 
diarrhCPa. In a few patients Voisin observed dyspnma and an 
initating croupy cough. 

The organs of circulation suffer during bromism from no 
especially characteristic derangements; sometimes palpitations 
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are obseTved , and sometimes weakness and inrgnla ri ty of the 
p ul se, or decided retardation of the same. 

The temperatme of the body is not sensibly affected. So iar 
as the soporific ac tion of potassium bromiclP and its effects on 
the sexual instinct are concerned, i t seems lo u s that a di scussion 
of these points is superllu ous, sine•• the above-mentioned effects 
are chietly observed after small non-poisonous d oses. 

riil1e exanthemata, which belong among the mos t constant 
sy mptoms of bromism, ari se a t t imes incl Ppencl ently of t he above 
described neuropa thic symptoms, at others in conjuncti on with 
them. They manifest themselvc•s du1· ing the Jfrs t two to four 
weeks a[ter the commencement oi the bro111i11!3 lreatment, last, as 
a rule, about a week , and then di sappear incl<'penclently of the 
fact whether the bromine treatment is main tained or interrupted. 
They occur, accord ing to the uni ted testimony of authors on the 
subj ect, in 60 per cent. of all cases where the bromine treat
ment is carried out (in nw n more frequently than in women). 
Starck , moreover, declares that the affections o( the sldn ordi
narily oc·cm· sooner in the female sex (after from four teen to 
twenty-one clays) than in the male (from thirty- three to forty -six 
clays). 

The exanthem, as a rnlP, assumes one o [ the form s of acne, 
ancl consis ts of discl'ete (never <"Ontluent), dark l'Pddish blotches, 
which a t tain the size of small-pox pustul es, and like them, at a 
later stage, show a depl'ession in the centre, and suppurate. 
They heal , leaving a dark-colored spot on the skin. 

Neumann,' who ex amined the affecti on very closely, found 
inflamma tion of t he g lands of the skin wi th swelling of the cells 
of the cu t is vera, a nd increase in size of the papiLlm. The exan
them is usually confined to the face, and especia lly to the region 
of the brow, month , and nose ; i t a ppears less frequently on the 
cheek , neck , breast, and back . The affection is neither painful 
nor combined with itching, and runs i ts course withOLlt iever. 

In rare cases the skin di sease occurs in the form of ery· 
thema, urticai·ia , eczema, ecthyma or furun culon::; formations, as 
appears from the observations of Voisin and '\Vood ;' Turnbull 

1 Wien. med. Wocbeuscbr. 1874. ~ B ri t. ~l ed . Joum. 1871. 
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and \Vitchead 1 noticed similar phenomena, and Neumann ob
served in an adult, who had been taking potassium bromide for 
a period of nine months, furuncles on that portion of the face 
which is covered with hair. 

The course and termination of bromism depend particularly 
upon whether or not the administration of the poison is disconti
nued at once upon the occurrence of toxic effects. If the drng 
be discontinued at the right time, 'i. e., as soon as possible, the 
phenomena under consideration usually cease with tolerable 
rapidity and without permanent injury to the patient; at most 
there will remain indefinite, unpleasant sensations, wandering 
pains, and general debility, which now and thPn persist for some 
time. Instances, however, are on record where trc>atment with 
bromine has produced fatal results. Such casl'S liave been 
described by Ilameuu ' and Falret.' Death ensued suddenly 
with phenomena of asphyxia, apparently from paralysis of the 
heart or of the nerve-centres. 

It is not our prov ince, as we believe, to discuss tl1e unfavor
able effe<' ts upon the course of the di ease, and even upon the 
patient's life, which sometimes follow a suspension of the bro
mine treatment in cases of ep ilepsy. Still, the remark may here 
be made that Starck, who is occupied with comparative experi
ments on the action of sodium bromide and potassium chloride, 
has up to this time observed a single case where, after the use of 
five grammes (four sc rnples) of sodium bromide per day for three 
weeks, bromism developed in the most unmistakable manner, 
with the skin affec tion , etc. 

In most cases it suffices, in treating bromism, to intermit the 
use of the drng at once on the development of toxic symptoms, 
whereupon they cease of themselves; at the sa me time it is well 
to supplement this trea tment by a strengthening diet, fr~q n ent 
warm baths, and other diaphoretic procedures, as suggested by 
Voisin. 

Specific antidotes and other means of combating bromism are 
not known. 

•Quoted by Starck, loc. cit. ' Jouru. de Bord. 1868. 
~ Quoted by Sta1'Ck, loc. cit. 

VOL. XVIL-2l 
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SECOND DIVISION. 

Poisoning by Acids. 

A . Jiineral 1lcids. 

CHAPTER I. 

POTSONTNG IlY SULPIIURlC ACID (sur.PHOXYSM). 

St1lphuric acicl (aciilum sulphuricum, SO,) is well known as 
one of the most powerful acids, and is noted for its strong affin
ity for water. " -hen the concentrated acid is mixed with water, 
the commingling of the two is accompanied by an extraorilinary 
1fae in tcrnperatme. Sulphuric acid is odorless, gives off no 
innws at ordinary temperatures, and, even when highly diluted, 
tastes exceedingly acid. Since it finds Yarious applications in 
technology and trade, and is ordered in various preparations as 
a medicine, it may also cause poisoning in Yarious forms. The 
ordinary oil o( vitriol (English, or Nordhausen,' sulphuric acid, 
acidum sulpl1 uri cnm crudum), as well as diluted sulphuric acid, 
-frequently called "oleum" in common parlance, and i!iluted 
with water in the proportion of 1: 5,-indigo sulphate solution, 
Haller' s acid (Elixir. acid. llalleri), etc., are therefore the prep
arations which come under the cognizance o( toxicologists. 

The natnre of this poison is such that the greatest importance 
attaches to the ell'ects of its immediate contact with the parts, 
while the more remote effects which follow its absorption into 
the blood, as in the case of other poisons, remain in the back
ground, ancl but seldom come under obsen·ation. The chief 
characteristic, therefore, of sulphuric acid poisoning, is its local 

1 The ordinrrry oil of vitriol (R~S0 1) is generally kaown on the coutinent as" English 
sulphuric acid." The Nordh5.usenncirl is called by chemists" fuming sulphuric acid1

11 

and consists of II~SOt.SOa (=lLS,01)-0\cl system 1-I0.2 SOs The two are uot iden· 
tical, as would seem to be here implied.-TrtANSLATOn's NOTE. 
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action, and it is only recently that absolute proofs have been 
adduced, which ·how that the acid can find its way into the 
blood by abso1·ption, and there produce still other results. 

" rhat happens, tht'll, in the first place, when sulphuric acid 
comes jn contact whh organic. tissues, and particularly with 
those belonging to the human body' The acid satisfies its affin
ity for water by withdrawing it from the tissues, and the activity 
with which this takes place is in direct propo1-tion to the degree 
of concentration of the acid. Simultaneously tlw tissues, under 
its inttuence, become profoundly disorganiiecl; for the acid not 
only takes up the bases containecl in them aml which are con
bined with weaker acids, but also dissolves everything that it 
comes in contact with, thus destroying tbe continuity o( the tis
sue. Not one o( the tissues belonging to the living organism 
bas power to offer resistance to the action of sulphuric acid. 

Falck nod Victor 1 h:i.ve mtUfo very accurate researches with respect to the 
action of sulphuric acid on various tissues. 

In solutions of albumen, sulphmic acid of any degree of concentration above a 
specific gravity of 1.250 causes precipitates, which dissolve completely in an excess 
of the acid. Less concentrated dilutions of the acid precipitate alUumcn but 
slowly. In defibrinated blood also the acid throws down n precipitate, which is 
solnLle in nu excess of the reagent, the blood being at the same time blackened. 
Fibrin suspended in water dissolves in an acid which hM a specific gravity of 1.470, 
the solution assuming a. yellowish-brown color; in less concentrated dilutions it 
remains unaltered. l\Cuscula.r tissue is most readily dissolved by su lphmic acid oi 
specific gravity 1.574 to 1.789, the solution assuming a blackish-red color, and the 
muscle first swelling U(> into a jelly-like mass. Dilutions of the ac id having & 

lower specific gravity than 1.574 do not dissolve muscular tissue completely. hut 
only dissolve the areolar tissue within it; the entire mass is first turned to a whitish 
hue, and tlll'll converted into a pap which is more or less thick. 

The coats of the hog's stomach arc completely dissolved within lrss than twcnty
four hours in acid of specific gravity 1.470, the resulting slimy masF being of a 
Ulackish-browu color. In acids of a higher or lower degree of concentration, solu
tion takes place more slowly, or even, in very weak dilutions, not at all. 

The chemical products of decomposition whirh result from 
the action or su lphuric acid on the tissues are not ar<"urately 
known . According to Mulcle1·,' in the tissue c1ecomposPd by the 

1 Deutsche Klinik. 1864. Nos. 1-32. 
'Cf. Buc!tlteim, Arzueimittellehre. JI. Aull 1859. p. 180. 
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acid only ammonic sulphate and humic acid, together with free 
sulphuric acid, can be found. 

The quest ion as to the form in which sulphuric acid is taken 
into the blood, after introduction into the stomachs of men or 
animals, has not yet been definitely determined. 

The possibility of the existence of free sulphuric acid, as sucl1, 
in the blood of a living man, has already been disproved deft· 
nitely by Pereira and Buchheim.' The acid reaction of the 
blood, obsetTed by other authors (\Valker,' lioelcler,' Casper') 
in human victims of sulplwxysm, is considered by Mannkopf' 
as a post-mortem eondition, for he himself proved the normal 
alkaline reaction of the blood in cases of living men who had 
been poisoned by sulphuric acid. But inasmuch as recently, in 
many cases of sulphuric acid poisoning, the increased elimina· 
tion of sulphates in the urine has been demonstrated with abso· 
lute certainty, which implies incontestably an actual absorption 
of sulplnnic acid, nothing remains but to assume either a satnra
tion of the acid immediat~ly ttfter its absorption into the blood, 
or its absorption in the form of sulphates which have already 
been formed in the stomach or the tissues (Mannkopf [Joe. cit.] 
and others). Improbable as it may appear, d priori, that the 
acid abso1·bed is neutralized in the blood, further researches are 
necessary to decide this point in one way or the other. 

As regards the elimination from the organism of the sul · 
phuric acid absorbed, it may be considered as settled that the 
acid leaves the body in the form or sulphates (Schultzen,' l\Iann· 
kopr [Joe. cit.]),' which appear in the urine in large quantities, 
chiefly as lime salts. Although this fact has in general terms 
been long since established (Orfila), it is only recently that it bas 

1 J. Percfrri's Handbuch der Heilmit.ellehre, nach dem St::md1mnkte der deutschen 
Med icin bearbeitet von R. B11d1h-'1m. Leipzig, 1846. I. Bd. S. 440. 

'l\louthly Journ . Vol. X. 
3 Wiirtemburg1\Ied. Corresp.-Blatt. 1852. 
4 Handbuch der gerichtl. Medicin. 5 Au ft. II. 
~ Beitrag znr Lehre von der Scbwefelsiiurevergi[tung. Wiener med Wocbenscbr. 

1862 and 1863. 
' Arch. f. Anat. u. Pbysiol 1864 
7 According to Iluscmrr,nn (loc. cit., p. 7.Jl ), Letheby and MiguCl have also proved, 

by ex.::uninntions of the urine, the elimin::i.tio::i of s:ilplmric acid through the kidneys 
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receil"ed the attention which it deserves. It has been ronm1 that 

this elimination in the urine does not continue for a long time ; 

that in the beginning of a case of poi:;oning tltis elimination of 

the sulpha tes fall s from a maximum to zero in a very short time; 

one has, therefore, no right to infer, from the absence of sul

phuric acid in the urine in an acute case, that a state or poison

ing by sulphuric acid does not in t ha t particular case exist. 

The urine in sulphoxysm is, as a rule, aciu; bu t whether it is 

so from the presence or other free acids, which ha ve been deprived 

or their bases hy the sulphmic acid, remains yet to be proved. 

Since such acids, according to this theory, must have formed 

already in the blood, the alkaline reac ti on of thi s Uuid is at least 

not in accord with such an assumption. 
Recent observations have shed some light upon the changes 

which the sulphates circulating in the bloo(1 provoke in th<i 

organs of the bocly (Munk aud Ley(h-11, :Mannkopf). The kid· 

neys, as it appears, are specially affected; they are thrown into 

an actual sta te of inflamma tion, which ma nifests i tself during life 

by albuminuria and the presence of fibrin ous cylinders in the 

Ul'ine, and, after death, by corresponding post-mortem appear

ances. 

Mannkopf holds that a. direc t irritation of the pnrcnchymo. of the kidneys by 

th.J sulphates is proha.ble1 nnd remarks that even Gl11 uber's sa lt s, when their la:rntiYc 

effects arc prcvcntc1l by the use of astringents, exc1t nn irrit uting effect upon the 

kidneys, causing d iuresis, and-in the case o f ulrcnd y exi sting ucph rit is-aggrnva t

i113 th e sympto m.,; . At the same time, ho wever, nnd quite properly, he declares 

tli 'lt these questions cannot be definitely settled until further experiments slrn.ll have 

Uccu carried out. 

Cases of poisoning by sulphuric ac id belong to the more fre

quent form s of poisoning which are met with by the practi sing 

physician. The reasons fo1· thi s lie in the accessibility of the 

poison, and in the widespread, though Yery superficial knowledge 

of the effects which it is snre to produce. At the same time, 

cases of thi s form of poisoning clo not app<'ar to occnr with equal 

frpquency in all coun tries a ncl localities; at all events, certain 

places, among which is Berlin. furni sh a disproportionately large 

quota. 
In the larger number of cases sulphuric acid is u sec1 fo r sui-



326 BOEIIM. -POISONS. 

cidal purposes, and this occurs very often among individuals ol 
the lowt"r classes, as, for h1stance, domestics, mechanics, etc. 
Next come, in the order of their frpquency, the cases of acci
dental poisoning by this s11bstance. These are mostly caused by 
mistaki11g the nci<l. Ior some beverngP, an accident which bas 
happened to sober persons, and also to those who were drunk. 
In a Iew cases, strange to relate, sulphuric acid has, by mistake, 
been usecl in clysters in the place of oi l, the cnor leading to fatal 
results, as might be supposed. 

Sulphul"ic ackl can only be administered with mnrdcrons 
intent to chililren, ancl those overcome by heavy sleep or drunk· 
enness. In the case oE children, us the literature o[ the subject 
informs us, this has occurred often enough; but only isolatecl 
cases are known where the acid has been administered with mm·· 
del'Ous intent to adults while asleep or o,·ercome by the effects 
of alcohol. 

Christison 1 relates that, in the large English manufacturing 
towns, the c1·ime or throwing sulphuric acid upon a person's 
face, with the intent of causing mutilation, was not long ngo so 
common that it was declared by parliament to be a capital 
ofience; and Yon IIasselt' states that attempts at murder have 
been mctde by pouring the acid into the ea1' of the sleeping 
victim . 

It is difficult to give exact statistics in regard to the frequency of sulphuric acid 
poisoning. Of 930 cases of poisoning observed in Euglnud, France, and Denmark, 
190 were caused by sulphuric acicl.3 Of 527 fatal cases of poisoning which occur
red in England Uuring the years 1837 and 1838, only 32 were caused by sulphuric 
acid. In the Vienna General Hospital the cases of sulphuric acid poisoning consti
tuted nearly ouc-haH (13 out of 30) of all the cases o( poisoning which were 
observed in that institution in the years 18.36 to 1838. According to Casper, nine
tenths of all cases of poisoning in Berlin arc caused hy taking sulphuric acid. 
Flaudin found, among 180 cases of poisoning that occurred between the years 1841 
nnd 1814, only 11 cases of sulphuric ncid poisoning, from which it seems that this 
form of poisoning occurs more rarely in France than in other countries. Moreo•er, 
from the figures quoted, which arc taken from IJuscml\nu's Toxicology,4 no general 
conclusion can he drawn other than tlrnt sulphuric acid is to be reckoned nmong: the 
poisons which arc very frequently nsed. 

1 Loe. cit. y. 160 [German edition] 
L. c. p. lUU. 

3 Cf. ton Ila.'tsett, toe. cit. 
4 L. c. pp. ~J3 and 75!). 
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We ours'.' l vcs have collected, from the li terature o f the last fifty ycnrs, accounts 

o f 113 wcll -authcnticnted cases o f sulphoxysm. Of these 37, or 32. 7 per cent., were 

men i 55, or 47. 7 per cent., were women ; and 21, or 1!).6 per cent., children uader 

ten years. Of these, 77, or 68.2 per cent., resulted fata ll y, while 36, or 31.8 per cent., 

resulted in recovery. From these fig ures, it appears that there is a marked predomi· 

n:rncc o f cases among females, a point to which other authors have already called 

attention. The causes we could only ascertain with certainty in 53 cases : of these 

2 l were accidental, 16 suic id..1.l , and 13 were C<Ucs o f rnur<ler (cbilclrcn). 

As regards the amount of the poison which is requisite for 
poisoning with a fatal result (cl osis letCLli s), in our opinion no 
figures can be g iven which will hold good fo r all casm;. Iu 
deciding thi s point we must have refere11 ce solely to lhe resull" 
o[ practical experiehce, s ince the experiments on animal::;, in 
other respects so Yaluable, in this pa rticul ar case can justify 
no conclusions with regard to maukind. Bu t iu this co11nec
tion nothing certain can be inferred from the records of cases 
of sulphoxysm. It very mrely happens that the amoun t of 
tlte poison used can be accura tely es tim CL ted, and frequently 
one is also in the dark as to the degree of concentra tion of the 
preparation used . Besides, cases have been seen to end fatally, 
in wlli ch it was known tha t small amounts of the poison had 
been taken ; and others ha ve recovered where it was ascer tained 
beyoncl a doubt that large amounts of concentrated acid had 
been taken. l\Iuch depends, as will be readily understood, on 
the amount of solids a ncl fluids contained in the stomach. It 
makes a great difference al so, as regards the course of the illness, 
whether the case comes under medical treatment earl y or late. 
Finally , not a li ttle depends on the pa rt of the body to which 
the poison was applied ; those cases, for instance, where the 
poison was injected in to the rectum, quickly ended in death. 

In general, it may be la id down as a rule that any appreciable 
am oun t of concentrated acid can produce death ; at the same 
time, external circum stances have an important bearing on the 
issue, and we do not believe tha t any more p recise ntle can be 
formul a ted. 

The general character of th& symptoms which should occur 
nrter poi sonin.~ by sul phuric acid ma y be at least infPn ed, d 
priori, from wlta t has been said aborc. Still , it woukl be an 
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error to expect that all these symptoms would show themseh·es 
in every case. Individual idiosyncrasies, and, st ill more, chance 
assert their sway here; and though the general features of the 
di sease are in tlrn main the same, yet a closer study of the litera
ture shows that the indh·idual symptoms may rnry greatly in 
character aml intensity. These symptoms nre not merely the 
imme<liate eonseq uences of the local alteration or the tissues; 
th ey are due in large part to the reae ti on of the entire nervous 
system from the violent initotion communicated to it by the sen
sory nerves in those portions of the body which have b~en sub
jected to the action of the acid. 'rhen, besicles, we must take 
into account the general phenomena caused by the absorption of 
the poison. Finally, we encounter numerous modifi cations of the 
usual complex of symptoms, as soon as the su lphoxysm passes 
from the acute into the chronic stage. As in these cases, how
ever, there ca n no longer be any question of a continued action 
of the poison, but 1·ather of the consequences of the ffrst moment
ary action, one might very properly think it advisable to di scuss 
these cases in another department or puthology. Nevertheless, 
there are practical considerations which will not allow us to pass 
the subject over in silence, especially si nce, if we were to do so, 
the practitioner might i11 some cases be left in doubt in regard 
to the diagnosis and proper mode of treatnwnt. 

The fil'st scene in a case of sulphmic ucicl poisoning will vary 
according to whether tho poison bas been taken for a suicidal 
purpose, 01· has come into the patient's hands by an unlucky 
accident. In the former case, as a rul e, the individual will natu
m lly have swallowe<l a la rge a mOLrnt of the poison, while in the 
latter case the q uite unexpected pains and rellex actions which 
occur at the moment when the acid comes in contact with the 
parts, will usually cause a sudden expuls ion or the poison. It 
is on ly in cases where a person, while intox icated, has mistaken 
su lphuric acid for some beverage, a nd, while laboring under this 
belief, has taken the fluid clown as it were at a singl e gulp, that 
large amounts of the poison ha1•e found their way into the 
stomach. On the other hand, accidental poisoning involves more 
ri sk of the poison entering or coming in contact with the air
passnges. 
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The severity of the affection of the cavity of the mouth will 
therefore vary in accordance with the manner in which the poi
son has been taken. 'l'he contact of the acid with the mucous 
lining of the mouth causes a violent and sudden sensation of 
pain, which varies in severity according to the concentmtion 
of the aciu, and is designated by the patient sometimes simply 
as a burning seusa.tion, sornetimes as a powerful drawing to
gether or all the parts, combined with an acid taste. Ir no acid 
bas been swallowed, the subjective phenomena mentioned are 
limited to the organs of the cavities of the mouth and throat, 
which almost immediately after the action of the acid show a 
whitish appearance.' If the acid, however, has been swallowed, 
whether in small or in considerable amounts, the burning pains 
extend from the mouth to the stomach, and often spread from 
these rapidly throughout the whole abdomen. In the course of 
a very few minutes vomiting and violent retching ensue, black 
bloody masses being sometimes thrown up in large quantities. 
Frequently at this stage the patients suddenly fall down sense
less, and especially delicate individuals (women) are very apt to 
be seized with trisrnus and general tetanic conn1lsions, which 
are to be considered as retlex phenomena produced by the vio
lent pain. 

Death may occur at this stage-that is, a few minutes after 
the poisoning has taken place; it is then brought about eithPr 
by the powerful action of the poison upon the system, or by 
asphyxia due to a direct lesion of the air-passages by the acid. 
If very concentrntecl acid has been taken into an empty stomach, 
the immediate perfo1·ation of the stomach and the escape o( the 
poison into the cavity of the peritoneum may be followed by 
death more or less speedily. 

As a rule, however, the affection pursues a less rapid conr~e. 
Other phenomena are likely to appear before death relieres the 
patient of the inexpressible torture in which he has been during 
a period of several hours. The intensity of the local pains 
inc1·eases; there is also a distressing difficulty in swallowing; 
and, with a raging thirst, the patient is yet unable to get down a 

1 11 As iC 1<prinkled with salep powder" (Taylor). 



330 BOEH~!.-POISONS. 

single drop. Every attempt at swallowing brings on a fresh 
attack of vomiting and retch ing. In some cases there is continu
ous vomiting. At the same time, complete aphonia is often 
present, and there is almost always copious salivation. The 
extpmal appearance of the patient is that of a verson in a severe 
anu general collapse. The eyeball s are s u11k deep in their 
sockeLs, the eyes h~we a. staring expression, and the pupils are 
dilated. The pale skin has a death-like coldness, and is covered 
with a cold, clammy sweat, while the skin of the face appears 
much rcdclened ancl gi·eatly bloated . The thread-like pulse is 
frequent, and, as a rule, can be felt only with difficulty; tl1c 
respiration, according as the air· passages arc more or Jess directly 
involvPd, is more or less labored. The alvine ancl renal secre
tions are, as a rule, suppressed; only occasionally has diarrhrea 
been observed, with or without blood, or a spontaneous discharge 
of nrine containing blood or albumen. So far as the operations 
of the mincl are concerned, most patients manifest gi·eat depres
sion of spi1·its, and in all their replies to inquiries, the most pro
found anxiety is observable. Others will be founcl, either at 
times Ol' constantly, in a state of uneonsciousness or stupor. 

In many cases of sulphuric acid poisoning, death ensues in 
the course of the first twenty-foul' to thirty-six hours, often 
after shreds of mucous membrane, which have become detached 
thl'Ough the corrosive action of the acid, have been expelled by 
vomiting 01· per anum. '£hese fatal cases, however, differ very 
much in t!it•il' extemal manifestations. Either the unconscious
ness passes g rndually into coma, and death ends the rapidly 
incrPasing collapse, or severe telanic convulsions precede the 
fatal issue, as in death by suffocation. In the former case, we 
a1·e\'ery likely to find afterwards that the stomach was perforated, 
in which event the vomiting ordinarily ceases altogether some 
time before death; but in many cases we find ourselves unable 
to assign any other immed iate cause for death, except the 
exhaustion of the individual' s strength from the effects of the 
powerful strain upon the entire organism. 'Vhere the mode of 
death resembles that from asphyxia, with violent convulsions, 
we may, as a ru le, att1·ibute this result to local changes that have 
taken place with greater or less rapidity at the entrance of the 
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air-passages (for instance, mdema of the glotti s), in consequence 
of some of the acid having fo und its way to these parts. 

If the patient, during the time specified, does not st1ccnmb to 
the ac tion of the poison, phenomena of reaction, both local and 
gent•ral, soon appear; the pulse, wliich was weak before, beconws 
stronger, the temperature rises, and all the usual symptoms of 
an inllammatory fever manifes t themselves. 

_\t those spots where the poison exerts its caustic action, the 
parts become red and swollen (from serous infiltration), purulent 
intlamma tion g radually so ts in, and ul cers develop. These pro
cesses become new sources of torturing pain to the patient. In 
the cavity of the mouth there is often an enormous swelling of 
the entire mucous membrane, es1)ecially of the tongue, in conse. 
qt1ence of which it is almost impossible to in troduce food in to 
the stomacb ; and if the posterior porti ons of the pharynx are 
in rnlved, there will also prnbably be more or less dyspncra. The 
diflicul ty in swallowing of cotu·se continues ; and when, as Mann
kopf (loc. cit. ) remarks, the eschar first separates from the wall s 
of the mouth and th roat, leaving behind a raw su rface c1Ppri rnd 
of its protecting epi thelial layer and highly sensitive, thi s diffi
culty is greatl y enhanced. Sali va tion also continues, and the 
salh·a flows constan tly from the mou th of the patient. The 
region of the la ry nx is extremely seusitive to external pressure, 
an inclica tion tha t inflammatory changes are al so going on in its 
interior. Throughout the whole length of the msophagus violent 
pains are felt, and retching and vomi ting a re the only response 
to the pa tient' s attemp ts to swallow any thing. The abdo nwn, 
which is usua lly in a s ta te or di stention, is w ry sensitive to 
pressure, and the excretions from the bowels and kidneys are, as 
a rule, still suppressed . Only in ra re cases has dia rrh ma wi th 
dysenteri c stools been obsen·Pd. In the urine, passed naturally 
or by aitifi cial a id, \'ery large amoun ts of al bumen and cas ts 
have recently been detected (\Yyss, l\Iannkopf, Munk and Ley
den, and others). Still, albuminuria has not as y et. been recog
nizecl by all observers as a constant symptom of acute sulphuric 
acid po i ~o ning. 1 

1 Smoler found nlbuminuria but once in fourteen cases. Wiener 1\ledicin. llalle. 
1861. 
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Of course, even in this reactive stage of sulphoxy sm, the 
duration of which eanuot be exactly defined, the life o( the 
patient is still in great dangei·, and, in fact, death frequently 
ensues in th~ course o( the first week after the poisoning, though 
cases have often been known where,--especially when the action 
of the poison has been Jess encrgetic, - after thi s lapse o( time, 
the patient was already far on the way towards recO\·ery . 

In most cases recovery takes place slowly. I t is indicated by 
a gradual decrease in severi ty of all the symptoms. The cliffi
culty in swallowing, the pains, antl also the vomitiug, o[ten last, 
however, fo r weeks. Fragments of mortifiell th;sue, having an 
exceedin gly fo ul ocl or, are repeatedl y voidetl, either with the 
stools or wi th the matters vomited. A number of cases are 011 
reco rd where, a fter the lapse of several weeks, long tubes of 
detached (necrosed) mucous membrane were thus removed from 
the organism ; in two cases (\Vyss, • Trier ~), for instance, the en
tire mucous lining of the oosophagus came away in this manner. 
At thi s stage one often observes a symptom which closely resem
bles the globus hystericus : in a ttempting to swa llow, the patient 
experiences a feel ing as if a ball rnse and fell in the throat. 
R ecently, l\Iannkop( has fur ther observed, in several cases of 
poisoning, neuralgic affec tions or the intercostal ancl abdominal 
11e1·ves; nlso, in isolated cases, extenclecl and severe hypenesthesia 
over the whole trunk, sy111ptoms regarding whose pathogenesis 
we are ns yet entirely in the dark. In the different cases they 
cleYelopecl at different times, between the eighth and tlie twenty
seconcl clay a fter the poisoning. 

In thi s stage, al so, the cica tri zation of the parts tlestroyecl by 
the corrosive action of the acicl takes place, a process which, in 
t he case of the mou th and phary nx, we can readily observe 
throughout its Plltire com se. I t is this prncess, too, which after 
the lapse of months brings the patient, who has successfully 
passed through all the otlwr stages of the poisoning, face to face 
with death from starYation. In all such cases we have to deal 
with cicatricinl strictures, which may be loratecl in different por
t ions or the alimentary canal. They form mostl y a t the inferi or 

1 Arch. d. Jlcilkunde. 1809. ~ Schmidt's Jabrb. 1852. 



MINEP.AL ACIDS.-SULPHUllIC ACID. 333 

portions of the c:esophagus, Jess frequently in the superior por
tions; they also form in the cardiac, bu t especially in the pyloric 
region of the stomach. In the latter case, proliferation of the 
tissues has been sometimes observed simultaneously with the 
strict nre, and some nuthori tie ev<·a report the development of a 
scirrhous g rowth from thi s proliferating porti on. If the stricture 
has its seat in the c:esophagns, or at the cardia, the food taken 
will, as a mle, be regurg itated before it can reach the stomach. 
If the contraction, however, is at the pylorns, the food which has 
been received into the stomaeh will be vomited up, either at once 
oi· after some time has elapsed . 

The natural consequence of such alterations of the tissues in 
the organs of cligPstion is a slowly progressing inanition, from 
the effects of which the patient, emaciated to a mere skeleton, 
ultima tely dies. 

It is worthy of note tha t these strictures sometimes first 
de,·elop after the pa tient already regards himself as en ti rely 
cured, and even after he has been able for a considerable period 
to take food without any difllculty. The tardy development ot 
a stricture in such cases is due to the presence of an ulcer wl1ich 
cicatrizes but slowly. 

As a matter of course, in a treatise like this, all the phe
nomena which have been observed in the numerous interes ting 
cases o[ sulphuric acid poisoning recorded in literature cannot 
be described iu detail. Fistulous communications of all con
ceivable kinds can form between different organs ; and , among 
other things, suppurative parotitis, and paralysis of the sphinc
ter ani, with in co11 tinentia aJvi , have been observecl 

As regards the extemal appearance of the corpses of persons 
who have succumbed to acute sulphoxysm, they present hut 
little that is characteri stic. The observa tion has been made that 
they resist decomposition fo r an extraordina ry leng th of time, 
which Casper is inclined to refer to the neutralization o[ tbe am
n1onia formed by decomposition. At the present time we pos
sess no facts which would corrobora te thi s hypothesis, or which 
would justify us in hriniring fo rward any other. On the ex ternal 
skin, wherever the acid comes in contact with it, changes will be 
found which extend to a greater or less depth , acco rding to tho 
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degree or concentration of the acid. According to the statements 
of different authors, it is a very common occurrence to find I"ib
bon-like streaks extend ing from the corners or the mouth a 
YariabJe distance downwarcl or outward, 0 11 the Jine o( which the 
epidermis shows a dirty yellowish colomtion and a parchment
like consistence. Besides this, one ofte11 obsc1Tcs, at various 
places on the extemal skin, brownish or rnst-colorecl spots, co1-
ered with crusts, beneath which a reddened ancl often ecchy
mosed tissue is found. These different changes, of course, I"ep
resent various grades and stages of local conosh·c action. 

The lips are usually altered in a similar manner, though orten 
they are quite intact. In the cavity of the mouth the changes 
observed will be the same as those which are seen during life, 
'i. e., a yellowish-white coloration of the epithelium, which may 
be lilted off in Ja1-ge patches, and beneath which the tissue ap
pears, at times, only reddened, at others of a dirty color, and at 
others still mortified or infiltrated with pus. "Ulcers are met 
with in all stnges, up to complete cicatrization, in the ca1·ity of 
the month, upon the walls of the pharynx, upon the epiglottis, 
and in the interior of the larynx. An analogous state or things 
will be found in the msoplwgt1s, which usually appears strikingly 
small and thrown into folds, and is deprived of its mucous cov
ering to a greater or less extent. 'fhe stomach, if concentrated 
acid has acted upon H, as a rnle is noticeably changed, even in 
extemal appearance; the outer surface di splays, instead of its 
natural color, a deep black hue. The tissue or the organ is often 
in the highest degree tender and friable, and may fall apart when 
only touched with the forceps: at other times i t is tough like 
parehment. On the inside the wall s of the stomach are found to 
be in all possible stagl's of disorganization, from simple erosion of 
the epi thelium to 110rforation, and e1·en to a conversion or the tis
snes into a blackish-brown, slimy mass. The contents of the 
stomach, which ve1-y freqnently, though not always, manifest a 
strongly acid reaction, consist chiefly of dark masses which re
semble coffee-grounds, and which vary both in bulk ancl iu con
sistence. In less severe cases the di scoloration is not so decided, 
and ulcers are found in varying numbers. In cases of perforation 
of the s tomach the abdominal cavity is more or less filled with 
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the blackish-brown contents of the stomach, which also usually 
manifest a strongly acicl reaction, aud alter the other organs iu 
the abdomen to a variable extent. The convex surface of the 
lil'er is sometimes found to be discolored ancl altered to the depth 
of several lines. Its appearance has been compared by some to 
that of a pyogenic membrane,' and microscopically the liver-cells 
are founcl to be clisorganizecl even to their nuclei. In the intes
tinal canal- should the acid pass as far clown as this-phenomena 
analogous to those observed in the stomach are to be found. In 
isolated cases-and then only when the stomach has been per
fomted-the colon and other intestinal convolutions have been 
found to be perforated, apparently in consequence of the action 
(on their external smfac<') of the acid contents that hare escaped 
from the stomaC"h. Recently the liver has been found in a state 
of fatty degeneration, the kidneys in that of parenchymatous 
nephritis. The respiratory and circulatory organs seldom show 
anything abno1·mal, nor do those of the central nc1Tous Rystem. 

In rare cases the arteries ancl Yeins have bePn found exten
sh·ely filled with firm clots. The bloocl is saicl to show 11'1rnlly 
a tarry consistence and black color. It has already been noted 
abore that dming lire it s reaction is not acid, and that if an acid 
reaction be found after death, it is probably to be considered as a 
cac1averic change. 

If death ensues in a later stage of poisoning, cicatrices will be 
founcl in dill'erent places, and strictmes, <'specially in the mso
phagus and stomach. It has already been statecl that these 
develop by preference at certain loralities. As rPganb their 
strncture, they are mostly fibrous, though in a fpw cases they 
have been found to contain cartilage. Abo,-e the stricture the 
lumen of the msophagus is usually clilatPd, but below, it is 
strongly contracted. For the rest, in such corpses we !incl every
wlwre the indications of a high degree of inanition, such as 
geneml Jack or fatty tissue, atrophy of the muscles, etc. 

'l'he prognosis in all cases of sulphuric acid })Oisoning is 
doubtful, in many cases absolutely bad. 

The treatment has for its chief task to render the poison in-

' Case of Warclel"s, Brit. :Med. Jour. Sept. 1869. 
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nocuous. Though this appears, d priori, so simple, and though 
a whole series of trne antidotes are so easily obtainable, we 
nevertheless cannot count with any assurance upon neutralizing 
the effects of tile poison. Tile reason fo1· this lies in the facts : 
Jirst, that this poison is exceedingly rapid jn its action; and 
secondly, that there is sucll marked di!liculty in swallowin;.;. 
Of course, emetics are not to be thollght of i11 a condition where 
Yomiting belongs among the most promi1wnt symptoms. "~e 
can therefore only take into consideration the application of sub
stances which can neutralize the effects of the acid. 

There has been a good deal of discussion over the advisability 
of administering the diiferent alkalies as antidotes; many have 
even recommended large quantities of pure spring water as th~ 
best remedy, basing this advice upon the favorable results which, 
in a few cases, followed the immediate drinking of plentiful 
draughts of water,' and also upon the assumption that by thiR 
means the sulphn1·ic acid is prevented from withdrawing water 
from the tissues. 

In the first place, we must agree with Husemann' when he 
asserts that the nearest remedy is the best. Everything depends 
on neutralizing the poison with the grnatest possible promptness. 
E1•ery moment of culpable delay is, therefore, to be reckoned as 
an error. Such alkalies as are to be found in every house-chalk, 
soap, ashes, 01· whatever of that natme may come to hand-mu:;t 
be employed at once, while waiting for the prescribed remedies 
to arrive from the apothecary's. Of the officinal alkalies calcined 
magnesia is best suited for the pmpose. The carbonated alkalies 
should not be employed where they can possibly be avoided, on 
account of the active development of gas which follows their 
administration, and moreover, because they also have a slightly 
caustic action, and are only converted into sulphates in the 
presence of large quantities of water.' 

'Ve do not think it necessary to discuss this question further, 
since no vttlid objection can be raised to the employment of 

1 Ji'Uclter, Preuss. Vereinsze1tung. 184-9. 
'Loe. cit. p 765. 
z Luc<like, Ueber die Gegengifte der Schwefels~urc Preussische Vereinszeituug. 

1839. No.45 
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calcined magnesia, provided it is used at the right time. 'Vith 
regard to the possibility of using the stomach-pump, and its 
effi ciency in sulphoxysm, we can form no reliable opinion, for 
the want of reported cases on which to base it. " ' e must bear in 
mind, however, the possibility that the walls of the stomach and 
msophagus, which have been softened by the action of the acid, 
might be artificially perforated by the tube. 

'rhe further treatment of a case of poisoning must be purely 
symptomatic. 

CHAPTER IL 

POISONING BY IIYDROCIILORIC ACID (SPIRIT OF SALT, MARINE 

ACID, MURIATIC ACID). 

Anhydrous l1ydrochloric acid is at ordinary atmospheric 
pressures a gas, which when exposed to the air forms a white 
clot1c1 by combining with the aqueous vapor existing in the 
atmosphere. The preparations of hydrochloric acid used in 
chemistry, medicine, and the urts, ure aqueous solutions of the 
acid of vurying degrees of concentration and purity; they also 
develop fumes of hydrochloric acid when exposed to the air. 
These ure in the highest degree poisonous to the respiratory 
organs of animals, und are also Very inimical to plants, the life of 
which it destroys uftee twenty-four hours' action even at a dilu
tion of 1: 20000 (C hrist ison and Turner'). 

In other respects the action of hydrochlori c acid as a poison 
is entirely analogous to that of the other mineral acids. Its 
affinity for water is said to be somewhat weaker than that of 
sulphuric acid, and the intensity of its corrosive uction is ulso 
said to be somewhat less marked; but we possess very few 
experimental and clinical data for a comparison of the action of 
the two acids. 

Every thing that has been stated about the nature of the 

1 OM-i8tison1 Joe. cit. 
VOL. XVIT.-22 
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action or sulphuric acid will apply, with a few modificat ion~, to 

that of hydrochloric acid. Immediately after the p oisoniug a 

few observers (Guerard) have seen hyurochloric acid fumes in 

the expired breath oE the subjects, but at a later p0riocl these 

are no longer to be S(?en. The urine of men and animals 

poisonecl with hydrochloric acid has been found to be rich in 

chloricles. The few experiments on animals, which were made 

some time ago by Sproegel, Courton, Viborg, and Orfila, have 

aliorded scarcely any noticeable results. These experiments 

were performed ot1 dogs and horses, and in some of them the 

poison was injectecl into a vein. R ecently no toxicological 

experiments have been made with the acid. 
Cases oE poisoning by hydrochlori c acicl arc rare. Up to the 

present time only about fourteen cases are to he founcl recorded 

in all the lit0rature of toxicology.' In an etiologica l connection 

the easy accessibility of hydrochloric acid, which is much used 

in the ordinary aliairs of life, is of importance. In the majority 

oE the cases known, the poison was taken with suicidal intent; 

the others are cases of acciclental poisoning. 
Hydrochlori c acid fumes can of course also cause ]JOisoning, 

when they penetrate in any consiclerable quantities into the respi

ratory organs of human beings. This is not unfrequently the 

case in factories. The poisonous fumes do not produce general 

sy mptoms so much as loca l aliections of the mucous membranes 

with which they may come directly in contact. According to 

Enlenberg,' the nse of chloride of sulphur in the preparation of 

Ynlcanized rubber aliol'dS a favorable opportunity for the devel

opment of hydrochloric arid fum es (together wi th those of sul

phurous acid), since the chloride of sulphur decomposes rapidly 

when in contact with water or atmospheric air. 

In the manufacture or bricks, JJ"ttery, ancl glass also, as well 

as in the making of artificial fertilizers and the like, hydro

ehlol"ic acid vapol's are frequently g iven olI (Eulenberg). 

\\' ith regard to the quantity of hydrochlm·ic arid requirPd for 

1 Sec Trty'Qr, lo~. cit. 1 who also rep~rts in ex.tenso the caseR mentioned by Ilusemann. 

Recently cases have been published by J(otppen, Budd, Jolmson, Nager, aud I'aul. 
2 Loc cit. p. 531. 
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the production or dangerous or fatal poisoning, the clinical data 
at our command are too few to allow a general concln sion to be 
drawn. From the obsen·ations recorded, it appears tliat half an 
ounce or the concentrated acid can cause death . 

The following table contains tlte data having a bearing on 
this point, which are derived from the cases that ham been 
observed up to the present time. 

Stevenson. 
Colins. 
Budd. 
Procter. 
Allen. 
Guerard. 
Orfiln. 
Johnson. 

Qnantilyofthc l'oisout.akcn. 

1 wineglass ful. 

~ :~· 
38S. 
3i i. 
3 ii. 
3is!!. 
1 teaspoonful. 

n'-"'ultofthc Pol..onlng. 

Recovery in 8 days. 
Death after n few hours. 
D eath after 18 hours. 
Hccovcry in JO days. 
Hccovcry in !!bout 14 days. 
Death in 8 hours. 
D eath A.hcrn. few days. 
Death in 16 hours. 

In the other cases the quantity of the poison taken and the 
result cannot be accurately ascertained. 

The symptoms of hydrochloric poisoning agree with those of 
8ulphoxysm in all essential points. 

The local action on the oral and pharyngeal cavities is some
what less intense in poisoning by muriatic acicl, and, according 
to Paul,' the results might be mistaken for diphtheria. 

In some of the cases observed, the pains in the stomach and 
epigastric region were slight, but they were very severe in the 
throat (Procter, Johnson). 

The affections caused by the fumes consist partly in inflam
mation o! the conjunctiva, partly in bronchial and laryngeal ini
tation, wh ich have nothing distinctive in themselves. The post
mortem appearances in poisoning by hydrnchl ori c acid present 
no noteworthy differences from those of poisoning by other min
eral acids. The treatment must be regulated according to the 
same fundam ental principles laid down for sulphuric acid poi
i:;oning. 

1 Bullet. gCnCr. de Tb6rap. Oct. 1871. 
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CHAPTER III. 

POISONING BY N ITRIO ACID (ACIDUM NITRI CUM, AQUA FORTIS) 

AND llYl'ONITRIC ACID (NITROUS ACID). ' 

Oi the various preparations of nitric acid, only three are 
important from a toxicological standpoint, namely: 1. 'l'he 
oflicinal pure nitric acid, containing about 28 per cent. of anhy
clrous acid, colorless, and, at ordinary temperatures, forming no 
fum es in the ai1·. 2. The crude nitri c acid (aqua fortis), whicl1 
fumes slightly, and, owing to the presence of various other sub· 
stances, has a yellow color; and, 3. The fuming nitric acid, which 
is essentially a mixture of nitric and hypouitric acids, has an 
orange-yellow color, and g h·es off i11 the air dense, yellowish-red 
fumes of hypo nitric acid.' The only difference in the toxic 
action of the three is that, in the case of the two last, the pres
ence of the gaseous hyponitric acid frequently causes compli · 
cations. U oreover, this gas can by itself produce poisoning. 

On the whole, nitric acid poisoning also presents so few 
noticeable differences from sulphuric acid poisoning, that we 
have scarcely anything to add here, concerning the nature and 
the sy mptomatology of the poisoning, to what was said about 
sulphmic acid. Among the experimental researches we may 
mention those of Viborg' and of Blake.' 

The former experimented on horses affected with glanders; 
they recm·ered after the injection of a drachm of fuming acid 
into the jugular vein . Blake, after injection of dilute nitric acid 
into the veins o[ animals, observed cramps, stoppage of respira
tion, and rapid lowering of the blood-pressure, accompanied 
after a fe"· minutes by attempts at vomiting. 

1 Jlyponitric acid and nitric acid nre not identical, as appears to be here in.iplied. 

In the new system in chemistry there is no such thing ns hyponitric acid , it b1·ing 

nitrogen tetroxide (N,Oi); nitrous acid is HNO~, the corresponding oxide being N,O, j 

(nitrogen trioxide).-TltAl'\$1.ATOR' .s XOTE. 

~ See note by trnnslator, above. 

3 Nordiscb. Arcbiv. for Heilkunde 1 etc. 1802. 
'Edin. Med. Journ. 183!.I. 
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'iVhen nitric acid is brought in contact with animal tissues, 
the well-known yellow coloration appears which we are accus
tomed to ascribe to the formation oI xanthoproteic acid. This 
circumstance is sometimes, though not always, in itself sufficient 
for the difl'erential diagnosis between sulphuric and nitric acid 
poisoning. The intensity oI the action is naturally proportional 
to the strength of the acid; when this is in 't concentrated state, 
the phenomena it proclnces are scarcely less violent than those 
caused by sulphuric acid. 

'V nnderlich 1 saw one case of nitric acid poisoning take a pe
culiar dysentcric form, while at the same time the symptoms of 
acute morbns Brightii were pl'esent. A point of especial interest 
in this case was the complete absence o[ pathologico-anatomical 
changes in the small intestine, while the la1·ge intestine pre
sentecl the most intense dys•>nteric lesions. In discussing this 
state of affairs, 'Vunderlich refers to Rokitansky's theory, that 
c1ysenteric processes are connected with an acid state of the 
blood. 

In other respects the course o[ the poisoning, the sequelre, 
and the pathologico-anatomical lesions, present the greatest pos
sible similarity with those of acute sulphoxysm. 

Though more frequent than poisoning by hydrochloric acid, 
cases of poisoning by nitric acid, on the whole, occur rarely. In 
the monograph of Tal'tra on nitric acicl poisoning, which was 
quoted by Hnsemann (Joe. cit.), but which we un[ortnnately 
were unable to gain access to, 56 cases are reported, which wel'c 
all that were recorded during a period o( 400 years. In the more 
n'cent literature only 20 or 30 cases arn mentioned.' 

Opportunities for poisoning with nitric acid are plenteously 
a[orded in ordinary life, since this acid also finds manifold 
applications in the trades and man11factnrPs. 

Of the cases observed up to the present timt>, the larger pro
portion are cases oI suicide; one was a case o( murder (reported 
by Cazanlvieilh).' The rest belong in the catalogue of accidents. 

1 Ucber einige Wirkungen concentrirter Salpetersii.ure auf den menscblicben Organ· 
ismu!. Acn.dem. Progrn.mm. 18JO. 

~Cf. nlso Trrylor, loc. cit. 
3 Allnal. d'Tiygil:nc publ. 1830. Murder of a new-born child by its mother. We may 
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On account of the small number of the avnilable observations, 
the fatal dose cannot be determined with auy more ce1tainty 
than in the case of hydrochloric acid. The treatment is l11e 
same as for sulphuric acid poisoning. 

Poisoning by nitrous acid may be combined with the ordinary 
poisoning by nitric acid (when considerable quantities of fumi11g 
nitric acid are used), and it then modifi es to some extent the 
clinical pictnre of the lat ter; or it may occur independently in 
consequence of the inhalation of larger or smaller q nan ti ti es of 
the poisonous gas, which is developed under many different 
conditions from nitric acid and other chemicals in chemical 
laboratories, manufactories, telegraph offices, and the like (cf. 

Eulenberg Oil this point, Joe. cit. ). Usually it is the breaking or 
large vessels fill ed with fuming nitri c acicl which furni shes the 
opportunity for the escape of the gas. It has recently bem 
asserted that the gas frequently accumulates in factory-rooms, 
and especially in anilin and nitro-benzin factories. 'l'o ascertain 
the action of this gas, Nysten (loc. cit. ) made some experiments, 
which have recently been extended by Eulenberg (loc. cit.). 
Nevertheless, we are still considerably in the dark as 1·egards 
the essence of the poisoning, and are unable as yet to determine 
1iositively how much of its action is to be ascribed to local influ
ence of the gas, ancl how much to its remote action. Special 
stress has been laid upon the black color of the blood, in which, 
as Enlenberg thinks, nitrogen compounds have formed. 

The local effects of the gas, which is exceedingly initating to 
the air-passages, are very prominent in all cases. They consi"t 
in a severe burning sensation in the mucous membrane of the 
nose, a strangling, suffocating feeling in the windpipe, severe 
cough (sometimes with bloody expectoration a t the very begin
ninp;). oppression of the chest, dyspnma, and the other symp
toms of suffocation. 

Undoubtedly death by suffocation may be prornked imme
diately and solPly hy the local action of the gas upon the air
passages ancl the lungs, if it is inhaled in suffi cient quantities. 

class with it also the case in which the poisoning was cfff:cted by pouring the o..cid into 

theeuernalear(T(l!Jlor,loc. cit. 11.p . JO). 
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In some cases the violence of the symptoms abated somewhat 
after a time, but iu the course of a few days deep-seated changes 
in the organs of respiration (pneumonia? bronchitis) gradually 
de,·tloped, and finally resulted also in death. 'l'he question 
whether the alteration of the blood produced by the gas can also 
produce death by asphyxia, must be left open until further 
iiwestigations warrant more certain conclusions. 

'l'he occul'rence of general symptoms is, however, positiYely 
established; disorders of the organs of digestion (vomiting), as 
well as of the nervous system, have been observed. Still , it must 
not be .fol'gotten that probably, as a rule, a certain amount of 
the gas is swallowed, and reaches the stomach, where it can abo 
produce local symptoms. 

Prolonged exposure to the action of small quantities of tho 
gas gi,·es rise to chronic forms of laryngitis and bronchitis, and 
sometimes also to conjunctivitis. 

At the post-mol'tcm examinations, as a rule, only a mol'e or 
less mal'ked altel'ation in the Ol'gans of respiration (hypencmia, 
swelling, ecchymosis, rodema of the lungs), and the above-men
tioned dal'k color of the blood, can be positively demonstrated. 

'l'he treatment or this fol'm of poisoning mnst be limited to 
purely symptomatic pl'ocedures, aftel' the cause has been re
moved. 

CHAPTER IV. 

POISONING BY IIYDllOFLUOlllC ACID. 

Hydrofluoric acid (I-IF!) is a colorless liquid which gives off 
co1Tosive vapol's at Ol'dinary tempemtures. In consequence of 
its great affinity for silira, it attacks glass readily and even dis
solves it. It is the strnngest of all the corroding agents now 
known to us. 

Although the corrosively poisonous action of its fumes and 
its aq11eous solutions have long been known (the Belgian chemist 
Louyet is said to have died from inhaliug its fumes),' and the 

1 lluijenumn, Toxikologoie. p. 702. 
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substance has, moreover, been somewhat extensively nsed for 
etching glass, yet hydrofluoric acid clid not assume practical 
importance i11 a toxicological point o[ view nntil the year 1873, 
when the first case of fatal poisoning by it was observed. 

On the extemal skii1 the acid produces suppurating ulcers, 
which heal slowly; its action is attended by intensely severe 
pain. In the case just mentioned, which was reportetl by King,' 
a toper, forty-six years of age, swallowed half an ounce of the 
acid (concentration not mentioned), and died thirty-live 11ours 
after taking the poison, the symptoms being violent vomiting 
speeuily followed by collapse. It was especially noted that the 
motion of the heart ceased before the respiration. 

At the autopsy, in addition to other points, an acid reaction 
of the blood, a separation of the epithelium in the cavity of the 
mouth and the msophagus, and a dark reel discoloration of the 
mucous lining of the stomach, were noticed. The contents of 
the stomach were thick and black. 

CHAPTER V. 

POISONING BY SULPHUROUS ACID (ACIDUM SULPITUROSUM). 

Sulphurous acid (SO,)' belongs among the strongly initating 
gases. It has a pungent, suffocating odo1·, an acid reactiou, is 
readily soluble in water, but in aqueous solution changes immedi
ately into sulphuric' acid. Since it is developed in large quan
tities in a large number of technical ]Jrocesses during which it 
is partially diffused in the air o[ the factory and workrooms, it 
might be supposed that it must freq ucntly give rise to serious 
cases of poisoning. Practical experience proves, however, that 

1 Reported by Tit. Iluscmann, in Yirchow and Hirsch's J~bresber. 1873. I. 358. 
'According to the new nomenclature SOJ is sulphur dioxide or sulphurous oxide, 

and this oxide, combined with water (II:S01 ). constitutes sulphurous acid. 'l'hc author 
throughout this chapter applies the term sulphurous acid to the sulphur dioxide.
TnANSLATOR'S NoTK 

3 See Eulenb"1·g on this point: Schiidliche und giftige Gase; and .llirt, Kra.nk· 
bciten der Arbeiter. I. 
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the re,•prso is true, and we must unqnestionably class sulphurous 
acid gas among the toxicologically unimportant substances. 

R ecently EulPnberg (Joe. cit.) and L. Ilirt (Joe. cit.) haYe 
instituted investigations to determine the nature of the action of 
sulphurous acid. The results obtainetl by the lat ter author 
especially are or great theoretical interest. Ile found that the 
gas, when inspired in different degrees of concentration by ani
mal s, produced partly local and partly remote effects, the latter 
being evidently consecntive to the absorption or the poison into 
tl1e blood. The 1xutse in respiration during Pxpiration- which 
invariably followed inhalation of the poisonous gas through tho 
mouth or nose, persisted for from twenty-five to thirty hours, 
and sometimes recurred again and again-must be regarded as a. 
reflex phenomenon caused by the irritation of the sensory nerves 
of the nasal mucous membrane. It did not appea r when the 
sulphmous acid was conducted through a canula below the 
larynx direc tly into the trachea. The poison, moreo,·er, pro
duced labored, dyspn<Pic breathing, diminution in the frequency 
of the respiration, ancl finally stoppage of respiration by paraly
sis of the respiratory centre. Animals in which the rngi had 
been di,·idecl bore more sulphurous acid than uninjured ani
mals. 

H irt ohservccl in tt ammation of the lnngs after the inhalation 
of concentrated f umes. The action of the poison ex tends also 
to the innervation of the vessels and the hea1t. The vaso- rnotor 
centre is at fil·st excited, ancl afterwards paralyzed (decrease of 
arterial blood-pressure) by small closes ; large closes cause paraly
sis at once. The effec t on the hea rt, in Ilirt' s opinion, is due 
to the direct injurious action of the poison on the card iac muscle. 
In the animals poisoned with sulphurous acid, the blood showed 
no notable alteration. 

It is ev ident from these statements that i t is still doubtful 
how large a proportion of the entire effect produced by sulphur
ous acid on the respiration and circulation is attributable to its 
local action, and how much to a remote action. F or the present 
we must rest contented with our ability to demonstrate the 
existence of both kinds of action. 

Very few cases of acute and fatal poisoning by sulphurous 
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fumes are on record, and even they belong to ea1·1ier times.' 

Death ensues with symptoms of severe asphyxia. 
The disoi·ders observed among workmen who are exposed to 

an atmosphere satLtrated with SLtlplt uroLts acid fomes, are, as a 
rule, trilling-if the proportion of the poisonous gas in tlie air is 
within the ordinat·y limits-namely, from 2 to 4 per cent. The 
difficulties consist chietly in anomalies of digestion .' Hirt denies 
absolLttely any special tendency to serious affections of the lungs 
among such persons. 'Vhen the atmosphere contains from 5 lo 

7 per cent. or the gas, a prolonged stay in it usually produces 
severe bronchial irritation-long-continued fits of coughing, and 
also conjLtnctivitis-phenomena which disappear only after l'e· 
moval from the poisoned atmosphere. 

B. Vegetable Acids. 

CHAPTER VI. 

POISONING BY ACETIC ACID (ACIDU-'l ACETICUM). 

In a diluted form (vinegar), acetic acid, as is well known, nnds 
vny extensive use as a condiment with various kinds of vege
table and animal food. Used in proper quantities, vinegar is 
rather beneficial than hurtful to health: an excessive use of the 
acid, however, cannot be borne long without injury. 

Concentrated acetic acid, and especially the anhydrous or 
so-called glacial acid (acidum aceticum glaciate) are corrosive 
poisons, the action of which is but little inferior to that of the 
weaker mineral acids. Acetic acid (C,IT,02} is volatile, and its 
fumes have a peculiar, pungent odor, which in a slight degree is 
possessed also by vinegar. It is miscible in all proportions with 
water, and with the bases forms different series of salts. 'Vhen 
brought in contact with the constitLrnnts of the animal body, it 

1 Cf. IliMemann's Toxikologie on this point. 
1 The inhalation of sulpburouo; acid for a Rhort time, and iu small qunntities, is said 

to cause au increased appetite. Hirt tested this n.ction upon himself. 
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asserts its chemical affinities by combining with the arnilablu 
water and with the free bases, or those which are in combination 
with carbonic acid; it also nnites with the albnminoid snbstances. 
Even before it is absorbed by the mncous membranes, a portion 
ol the free acid is fixed by the processes just mentioned, whil u 
the remainder, which is taken up by the blood, undergoes similar 
changes with the consti~nents of that lluid. The local corrosirn 
action of the acid is incontestably also to be referred to its 
affinity for water, bases, and albuminous substances. It lias not 
yet been ascertained whether appreciable quantities of the aci<l 
may be introduced into the blood by breathing the fumes. These 
fomes, however, in proportion to their concentration, act as a more 
or less intense initant to the mucous coats of the air-passages. 
It has been demonstrated by the rPsearches of Krause ancl 
Bobrilc' that acetic acill can also make its way into the blooll 
through the uninjured epidermis. Bobrik obserrnd in liimself 
a thread-like and noticeably retarded pulse, and a decrease ol 
f ° C. (1.35° Fahr.) in the temperature of the bocly arter a foot· 
bath con ·isting or tlu·ee bottles of strong vinegar. 'nth regar<.1 
to the behavior of acetic acid in the blood and tissues, an<l thE 
form in which it is eliminated, tl1ere are as yet no accurate 
researches on record. Still, we may assume tl1at the blood ol 
living an imal s cannot contain free act.>tic acicl for a long time any 
more than it can contain other fret> acids. The hloocl of animals 
poisoned by acetic acid has never been found acid. It is, more
over, highly probable that the acetates, like other salts formed by 
the organic aci<ls> are changed into carbonates jn the organism. 

As early as 1827, Wochlcr 2 proved that free organic ncids (oxulic, tartaric) arc 
cxcrctc<l in the urine of the dog; the crystalline lime salts formed with these acids 
were deposited on the walls of the urine vessels. 'Vhcn, however, alkaline salts 
formed with vegetable acids were administered to the animal, carbonic ncid 
appeared in the urine instead of the vc~etable ncid. With regard to the point 
where the conversion of the vegetable acid into carbonic acid took place, 'Voehlcr 
only showed that the stomach is not instrumental in effecting the change. The 
vomit of the animals, even several hours after the administration of the vegetable 

salts, did not have any alkaline rcnction. 
---------·------

1 Acicla et veg:etabilia et minera.lia qua.lem vim atque affectum habeant1 etc. Diss. 

KOnigsberg. 18G:1. 
' llufelaud's Journal d. prakt. Hcilkiwdc. 1827. G.J.. Vol. I. St. p. BG. 
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The action of acetic acid on the animal organism agrees 
entirely in i ts essential points with that o( other strong acids. 
Its behavior towards the various chemical constituents of the 
body has been determined accurately by the researches of ~Iit
scherlich, 1 Lehmann, 2 and oLhers. Since the physiologico-chemi
cal results have no special bearings on toxicology, we tl1ink we 
may pass them over here. Among other thing8, it was founcl 
that the red blood-corpuscles were clisso)rn(l by acetic acid, ancl 
attempts have been made to explain certain effec ts, e. g., decrease 
in the temperature of the body n,nd freq Ltency of the pulse, 
(Heine 3) by this fact, though the proof is st ill wanting that the 
solution which is observed uuder the microscope also occurs in 
the Jiving blood. 

:Munk aucl Leyden~ assert that tartaric and oxal ic acids dissolYe the red blood
corpusclcs in the living blood. They do not mention acetic acid in this connection. 

Goltz and Bobrik ham shown that acetic acid (as also other 
vegetable acids, tartaric, citric, etc.)exerts n, specific influence on 
the heart of frogs n,nd warm-blooded animals independently of 
any action on the nervous system. In the former, after the appli
cation of the acid in various ways, the number and energy of the 
heart-heats were diminished until they stopped completely. fo 
rabbits also a stoppage of the heart for several minutes could be 
effected by injecting the acid into a vein. Bobrik demonstrated 
on himself the action which the acid exerts i11 diminishing the 
temperature and retarding and weakening the pulse. 

Jt is n specially interesting point, that, according to Bobrik's researches, dilute 
mineral acids have just the contrary effect, inasmuch as the frequency and strength 
of the pulse is never lessened by them, but is, on the contrary, regularly increased. 

\Yhi!e, in accordance with Bobrik's experience, we must 
admit that vegetable acids, and especially acetic ac id, have a spe· 
rifle action upon the heart, some more recent observations and 
researches made by Heine (loc. cit.) on men and animals make 

1 De acidi acet., oxalic, cw. etc. affectu. Bcrolin. 1845. 
' Med. Ccntralblatt. 
'Vircbow's Archiv. XLI. 1868. 
4 Berlin. klin. Wocbenschrift. 1864. Nos. 49 and 50. 



YlmETAllL>' ACIDS.-ACETIC ACID. 3-!0 

it probable that the functions of the nervous system are also 
affected by large doses o( acetic acid. Ileine observed in animals 
periodical tetanic spasms, in men general tremor of the muscles, 
shivering and exceedingly rapid collapse. The last-mentioned 
symptom might, it is true, ham been due to anomalies in the 
circulation, to great feebleness in the action of the heart. 

The rapid death of animals, in to whose blood considemble 
quantities of concentrated acid ham been injected, is evidently 
dLte to the alterations in the bloo(1 caused by the pmverful chem
ical agent. 

The local action of acetic acid presents but littl e that is char
acteristic. Its intensity is in direct ratio to the concentration 
of the acid. ·while diluted acid produces only severe burning 
sen ations and temporary hyperromia, stronger solutions cause 
rnsication and, when applied for a long time, ulcers an(l eschars. 
Selinsky' asserts that he produced artificial croup membranes 
hy injecting acetic acid into the air-passages. On the nrncous 
coats of the intestinal canal it ell'ects exactly the same alterations 
as do the weaker mineral acids. 

The entire number of cases of arnt" a.retie acid poisoning, 
hitherto recorded in medica l literatnrP, only amounts to six. Of 
these two resulted fatally (Ileine and Uergott) from the injection 
of liquor Villati into suppurating wounds. 

Heine has proved experimentally that the acetic acid is in fact the tox ic agent 
in the liquor Yillati. This solu tion consists o ( hair aa ounce each o f cupric and 
zincic sulphates, seven drachms of solution o f suUacetate of lead, and six and a 
half ounces of acetic acid. A dose of acetic acid corrcspo11ding to the quantity of 
the acid contained in the liquor Villati killc<l a dog in two minutes, while a corre· 
sponding amount o f liquor Villati1 from which the acetic acid only was omitted, 
proved ham1lcss. 

The cases of Orfila,' Banncl, • ancl Birkett' were attempts nt 
suicide, and that o{ l\Ielion • resulted from an accidental ex
change of the acid with a medicine. Of these four cases two 
terminated Ca.tally. 

1 Petersb. med. Zeitschrifl VI. 1864. 
' Toxikologie. I. 

& Frank's l\fogaz. 

a D1uemn.nn. Toxicologie. 
'Lancet, 1867 
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All the handbook s a lso mention a chronic form of acetic acid 
poi:;oning, which is said to occur sometimes as the result of tl1e 
excessive use of vi1wgar by hysteric:tl persons, or by women who 
take it for the sake of obtaining a pale complexion. This form 
js said even to lead to phthisis. 'Ve have been unable, how. 
ever, to discover any detaileil observations of such chronic 
poisoning. 

Finally, a prolonged stay in the rooms of vinegar di stilleries, 
or vinegar factories, is said also to exert an injurious influence 
on the health (to predispose to phtlii sis). The workmen occupied 
there are said to su ffer not only from the pungent acetous fumes, 
but also from the lack of oxygen in the atmosphere; in the pro· 
ductiou of acNic acid the oxygen used is taken exclusively from 
the surrounding air. Ou this point also reliable individual 
observa tions are lacking. 

It is impossible to determine what constitutes a poisonous or 
fatal dose on account of the small number of recorded cases, 
which are, moreover, very incomplete in regard to the quantities 
of the acid taken, the degree of concentration, etc. That dilu ted 
acetic acid can be taken in large quantities without injury is 
pro,·ecl by daily experience. 

The sympto ms after poisoning by acetic acid per os consist 
in severe bt1rning pains, which supervene immediately after tak· 
i ng the acid, and ex ten cl to the stomach and abdomen, dyspha
f[ia, bloody vomit, diarrhma, to which, in the more serious cases, 
the symptoms of a more or less severe collapse are added. 
Birkett's case (loc. cit. ) was notable from the fact that a good 
deal or the acid flowed in to the a ir-passages, and provoked via· 
]pnt symptoms or suffocation, which, however, were fortunately 
relie,·ed by timely tracheotomy. In the case described by Heine 
(Joe. cit.), in which liquor Villa ti was injec ted into a resection 
wound on the ankle, which was healing badly, and was becom· 
ing covered with croupous membranes, the injection was imme· 
diately followed by blel>c1ing Crom the wou nd , and violent pains 
in it. These were soon foll owec1 by death-like pallor, trembling 
of the enti re body, with great chilliness, and a very rapid and 
weak pulse. Tile patient died in a few hours frnm rnpic1ly 
increasing collapse. In Hergott's case, nausea and vomiting 



VEGF.TAULE ACTDS.-OXAJ.TC ACID. 3.)1 

immediately followed the injection, ancl death also cnsned in a 
very short time. 

In chronic acetic acid poisoning, progressh·e detPrioration of 
the nu trition and genernl emaciation are said to occur in conse
qnence of tlie disorders of digestion. 

Respecting the post-mortem appearances and the treatment 
or acetic acid poisoning, we have nothing to add to what has 
already been said concerning poisoning by the other acids. The 
odor or acetic acid can, or course, serve as a footho ld in the diag
nosis of doubtful cases. 

CHAPTER VII. 

POISONING llY TARTARIC ACID (AC!DUM TAllTAR!CUll) AND CITRIC 

ACID (ACIDU:U O!TRICU.\I) . 

The effects or both of these acids, which in the chemically 
pure state are crystalline, aud readily soltthle in water, corre
spond in all respects with those of acetic acid. llence, an 
extended notice or them is superfltt ons. 

Several cases of poisoning, some of them fatal, liave resulted 
from tartaric acid, which is used very extensively in every-clay 
life as a household medicine and in technical applications. 

CHAPTER VIII. 

POISONING BY OXALIC ACID. 

Oxalic acid (II,C,O,) indisputably occupies the first rank 
among organic acids in a toxicological point of view, on accou nt 
both of the intensity o{ its action and of the number o{ cases of 
poisoning caused by it. 

Besides the free oxalic acid, which is crystalline in form, and 
readily solnble in water, the potassium oxalate, or salt of sorrel 
of commerce, is the only prepa ration of oxalic acid which is of 
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importance as a poison. Its action is essentially the same as 

that or the free acid. 
'rhis acid possesses in a high degree the caustic and corrosive 

action on the tissues of the animal organism which is common 
to all acids, but, in addition to it, produces also very decided 
effects on the nervous system, which modify considerably the 
general clinical picture of the poisoning. 

As regards its corrosive action, we may content ourselves 
with referring to the detailed description given of this action in 
the case of sulphuric acid. The corrosive action of sulphuric 
acid is, however, somewhat more intense than that of oxalic 
acid. 

The action of oxalic acid on the nervous system has been 
explainecl in various ways. 

Onsum' is of the opinion that oxalic acid, after entering the 
blood, combines with the lime salts in that fluid, to form the 
insoluble oxalate of lime, which cans~s death by clogging the 
capillary vessels of the lungs. This view is warmly combated by 
Cyon,' who has tried to prove that oxalic aciil is a heart-poison. 
Still Cyon's experiments are too few in number to warrant a 
positive conclusion regarding the nature of the remote action of 
oxalic acid, though Onsum's view has hardly any followers at 
present. Buchheim' assumes, in addition to the corrosive action 
or oxalic acid, a general action on the heart and the nervous sys
tem, which also belongs to its soluble compounds. He calls 
attention also to the high degree of diffusibility which is charac
teristic of oxalic acid and its soluble compounds; in consequence 
of this property the oxalic acid compounds can be given in small 
doses for a loug time without injurious results, since they are 
eliminated in the urine almost immediately after being intro
dncecl into the system. 

1 On the toxic action ot baryt.a and oxalic acid compounds. Vircbow's Arcbiv. Vol. 
28. p. 233 (1863). 

~On the toxic n<'tion of baryta and oxalic acid compounds. Arch. f. Anat. u 

Physiol. 1 by DuBois and Reichert. 18GG. p. 19G. 
3 Arzneimittellehre. JI. Ed. p. 189, Ueber den Ucbergang einiget orgnnischen 

Siimen in den Harn. Arch. f. physiol. Heilkunde. 1857. Pietrowski, Dissertation. 
Dorpnt. 
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We arc indebted to Christison and Coindct 1 for very thorough experimental 
researches on the action of oxalic acid; their results1 however, differ in no respect 
from those just indicated. 

In Germany cases of poisoning by oxalic acid occur rather 
infrequently, but in Eughtnd they constitute no small proportion 
of the cases of poisoning observed annually. Ont of 527 cases of 
poisoning occuning in the years 1837-1838, in England, 10 were 
caused by oxalic acid.' As a i·ule, it seems to have been used 
with suicidal intent. Several cases of accidental poisoning have 
occurred in consequence of the oxalic acid being mistaken for 
magnesitun st1lphate, tartaric acid (Seidlitz powder), cream of 
tartar, and the like. Attempts at murder with oxalic acid have 
also been made in England, though they were thwarted by the 
intensely acid taste of the poison, which it is difficult to mask. 

Thudichum 3 h:\S attempted to settle by experiment the qut'Stion whether it is 
possible to tJOison n person with oxalic acid without his knowledge. lie found that 
even doses o( ten grains, which is not really a poisonous dose, although gre."ltly 
diluted and disguised with various substances (oatmeal gruel, etc.), produced an 
unendurable flavor that manifested itself immediately, and left behind for some 
time a feeling of the teeth being "set on edge. n 

From the literature of the last thirty years, which we have 
had at otu· disposal, we have collected 22 cases o( oxalic acid 
poisoning. Of these 19 occurred in Englancl, and 3 in France 
and Germany. Twelve terminated in death, ·and ten in recovery. 
In eight cases suicide had been attempted. 

The fatal dose of oxalic acid cannot be certainly fixed upon. 
Death has been known to follow the administration of two 
clrachms, but recovery has resulted after a half ounce or more 
was taken. It makes quite a difference whether the poison is 
taken in the solid form or i11 a more or less concentrated solu
tion. 

\Ve will only discuss here those symptoms of oxalic acid 
poisoning which relate to the so-called constitutional action of 
this substance, since the local phenomena are the same as thosP 

'Edinb. Med. Journ. Vol. XIX. 1823. 
t Hustmimn, loc. cit. p. 353. 
J Med. Times and Gazette. April, 1860. 

VOL. XYII.-23 
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rausecl by sulphuric acicl. .\part from a more or less mnrkecl 
shortness of breath, which, t hough described by certain lLlllhors 
as characteristic of thi s form of poisoning, may really be clue to 
local disturbances, and arc l~nown to occ llr in poisoning by other 
acicls, the symptoms which inclicate an a ffection of the iwrvous 
system are principally located in the sensitive and motor sphere 
of the same. 

Pormication, both on the trnnk aml on the extrem ities, nnmb· 
ness and anmsthesia o[ the finger-tips, dragging pains in the back 
and lower extremities, tonic ancl clonic spasms, have been quite 
often observecl , a nd death frequently ensued with tetanic parox
ysms. Affections of the kidneys 'dso, similar to those which 
occur in the case o[ poisoning by vegetable substances-namely, 
pains in the region of the kidneys and loins, extendi ng towa1·d 
the extremities, with painful ul"ination-were observed by Chris
tison and "r ebb, 1 but at the same time it was particularly notice
able that the alfoction of the stomach was slight ancl evanescent 
or entirely absent. P erhaps these phenomena are connected 
with the rap id elimination of the oxalic acicl compounds il"mon
stratecl by Buchh<'i m. 

'l'he course is sometimes extremely violent, causing death in 
a few minutes, an(l sometimes more retarded ancl ch rnnic. 

R ecovery may be prececlecl by the same sequelm as are met 
with in sulphoxysn1 ancl other analogous venenations. 

On reading the accoLtnts of many cases of oxalic acid poison
ing, the gene1·al impression left is that there is very li ttle 
constancy in the phenomena ancl symptoms, and that both the 
local and the cons ti tu tional manifestations appear in the most 
manifold combinations, the exact description of which woulcl be 
synony mous with a complete report of all the cases obserred. 
" 'e are unable to name a single i·eall y pathognomonic symptom 
of oxalic acid poisoning. 

The pathologico-anatomical lesions also present nothing that 
is characteri stic. 'Vhen dilute solutions of the acid have been 
used as the poison, anatomical changes in the corpse may be 
altogether wanting. 

I fluscmann, Ioc. cit. 
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In the treatment of oxalic acid poisoning the preparations of 
lime constitute the best antidote, because of the insolubility of 
the oxalate of lime, but magnesia may also be used, and in case 
of necessity chalk-water, egg-shells, and the like may prom 
useful. Recently IIt1semann 1 has recommended sugar-lime as 
a su itable antidote. Ile has obtainPd experimentally with this 
substance very favorable results in carbolic acid poisoning. Ile 
remarks especially that the quantity or lime required to n0utml
ize the acid can hardly be administered in the form or lime-water, 
and that the use oC the carbonate of lime is incom-enient on 
account of the voluminous disengagement of carbonic acid. The 
alkalies are or course counterindicatecl, since it is well known 
that their combinations with oxalic acicl are not only readily 
soluble in water, but are nlso themselves extremely poisonous 
substances. 

THIRD DIVISION. 

Poisoning by Alkalies, Earths, and their Salts. 

CIIAPTER I. 

POISONING DY A~D!ONIA AND S.l.L A~DtoNIAC. 

Aqueous and gaseous cnnstic ammonia (water of ammonia, 
ammonium carbonate and chloride (sal ammoniac) are the few 
ammonin compounds wllich are of importance from a toxico
logical standpoin t. 

The ammonin fumes, which escape not only from aqneous 
solutions of the ir<>e base, bnt also from those of the carbonate, 
have a charncteristic, pungent, unpleasant odor. They are 

1 Dent.Ache Klinik. 1870, 1871. Unfortunately thi.q unticlote up to this elate has not 
been adopted into the pharmacopooias, a fact wh1ch it is well to bear in mind m pre
scribing for nn urgent case of poisoning. 
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colorless and not combustible in the air. The other salts have 
no specially characteri sti c external properties. 

The absorption of the ammonia salts into the animal organ
ism takes place in the case of the volatile compounds both 
through the organs of respiration and al so th rough all the mem· 
brnnes and surfaces of the body through which vrocesses of 
diffusion can occur. The non-volatile salts can, of course, only 
be absorbed through the latter. 

The elimina tion of the ammonia compounds and their beha
vior while in the body have frequently been the subject of 
elaborate investigations. 

Various authors state that after the administration both of 
free amm onia and o( the salts of this base, they have frequently 
detec ted the gaseous ammonia in the expired air, over and above 
the small quantities which are said to be normally present in 
the expirecl breath of animals and men. The sta tement has been 
positi rnly refu ted by some recent researches which were made 
on rabbits and cats by Schiffer' and also by Lange• under our 
own supervis ion. 

Elimination through the lungs does not occur even when the 
elimina tion in the urine is prevented by ligation or rnmoval of 
both kidney s. 

It can hardly be assumed that the human organism would 
act difTernntly in this respect, though the direct proof can only 
be furnished for the above-named species of animals. 

The elimination of ammonia in the perspiration has not yet 
been demonstrated experimentally, aHhough Castan ' has re· 
cently declared tha t he smelt the gas in the cutaneous excretion 
of a person poisoned by ammonia. Lohrer' made, under Buch
heim's direction, some experimen ts on himself and on dogs, to 
determine the passage of the ammonia compounds into the urine, 
which !eel him to the conclusion that all the different salts of 
this base leaxe the organism in the urine after vary ing periods 
of time. IIowPver, these results still require confirmation, inas· 

1 Berlin klin. Wochenscbr. 1872. No. 42. 
~ Inau.·Diss. Dorpnt . 1874. und Archiv f. cxperim. Path . u. Pharmak. II . 1874. 
a 1tlontpellier med. 1870. cih. in Jahresber. of Virch. and Hirsch. vid. Ilus. 
' loaug.-Dissert. Dorpat. 1862. 
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much as there is reason to doubt the accnracy of the Neubaur
Schloesing method for determining the presence of ammonia 
which was used by Lohrnr.' Lange (loc. cit.) has sought in vain 
for free ammonia in the blood of animals, into which large quan
tities of ammonia compounds l1ad been injected during life by 
the jugular vein. The ammonia reaction only showed at a 
temperature at which the decomposition of the albuminoid con
stitttents of the blood might have produced fresh ammonia. 
According to the recent researches of Knieriem,' the major part 
of the ammonia taken into the system is transformeu into urea, 
in which form it appears in the urine. 

The general phenomena occuning after the absorption of 
ammonia compounds are common to all the combinations of this 
base, but some of them are also characterized by an exception
ally severe loca l action. In the case of the gaseons combinations 
this local action affects the organs of respiration, while, whore 
an aqueous solution of caustic ammonia is swallowed, the 
mucous coats of the digestive tract are attacked. Th e caustic 
action of the latter manifests itself also when it is applied to the 
cxtemal skin. 

In their nature the local actions of the gaseous preparations 
and of the aqueous solutions of ammonia are closely related; 
at least it is difficult to perceive why gaseous ammonia, as well 
as the rnlution, obeying its affinity for water, should not extract 
from the tissues that Stlbstance which is their most important 
constituent. 

The local effects of ammonia. on organs containing nerves are, 
under all circumstances, coupled with the phenomena of intense 
irritation of the sensitive nerves, which manifests itself not only 
by violent pains, but al so (in the air-passage•) by energet ic reflex 
action. 'fhus ammonia fnm cs, when at all concentrated, pro
duce at once, by reflex action, convulsive expiratory movements, 
fits of coughing, such as occur in animals after central irrita tion 
of the nervus laryngeus superior, and spasmodic closme of the 
glottis. \Vhether or not these phenomena or intense initatiOJ! 

1 See Lange, loc cit. 
t Zeitschr. f . Biologie. 1875 . 
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are al so connected with the chemical action of the ammonia (ab
straction of water) cannot for the present be decided. 

In other respects the local phenomena a rc si111il ar in charac
ter to the effects produced by other inllammatory irri tants. The 
assertion that ammonia, when applied either in fluid or gaseous 
form to the mucous membrane of the larynx a ncl trachea, pro
duces rro upons pseudo-membranes, which arc regardPd by R eitz' 
and Oer tel ' as the product of a genuine crnnpous intlammation, 
has r<'CP ntl y bcm snbjected to a thorough tes t by Heinrich 
Jlfayer. ' Jle came to the conclusion that the products of the 
inflammation excited in the air-passages hy the poison p resent at 
the outside onl y a macroscopic resemblanec lo croup membmnes, 
bu t otherwise laek a ll the essential d1 araders of that fom: of 
exuda tion. The affection is a sim ple inflammati on. 

The study of the phenomena which ensue a fter the absorption 
of poisonous quantitiPs of ammonium compounds establi shes 
beyond question the fact that a ll the salts of thi s base exert the 
f::a mc action- vary ing only in intensity-on the organs of the 
nervous system ancl of the circulation. Lange and the writer 
11 a,·e pro,·ed experimentally that ernn ammonium rl1l oricl e does 
not, as some au thors assume,' form an except ion to thi s mle ; 
on the contrary , i t is disting nisl1 ed by an especially energeti c 
acti on npon the nerves. The most striking ])hcnomrna arc the 
distmbances of respiration and o[ the volun tary morenwnts. 
The former consists in an enormous increase in t he frequency of 
the respiration, which succeeds a, short pausP in the brPathing 
tha t occurs immedia tely after the administration of the poison; 
we ascribe it to a central irritatio n, by the poison, o[ the respira
tory tract in the medull a oblongata. This initation is so intense 
that it c,·en leads to a marked acceleration of the breathing in 
animals whose nervi rngi were previously severf'tl This fart is 
of practical significance, since i t affords a theoreti ral basis for 
the employment of injections of amm onia, which have been 
recommended in the treatmen t of cer tain fo rms of asphyx ia. 

1 Wiener Sitzungsbericht. Vol. J,Y. 2. 18G7. 
2 Deutsches Arch iv f. kl in. 1\Ied. Ylll. 1871. 
~ A rch . d. Heilkunde. 187a. VL 5 12 

' Buclilleim, Arzneimittellehre. II. ed . p. 175. 
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The tetanic convulsions provoked by the ammonium com
pounds proceed from the spinal cord. This is evident from the 
fact that they occur also in animals in which the cervical marrow 
bas been severed between the atl as and axi s, and which are kept 
alirn by artificial respi ration. 

The action which all the ammonium compounds exert on the 
circulation consists in an enormous increase in the blood-pres
sure. This was first observed by Blake, ' anll has recently been 
inves tigaterl by Lange and the writer (Joe. cit.), and also by 
Funke and De Alrna. ' The alterations which the freqttency o[ the 
pul se undergoes under these conditions a re incon,ta nt and unim
portant. Experiments on animals, af ter cl idsion of the co rd in 
the cervical region, sho\\·ecl tha t the increase o[ pressure ~o ulcl 

not be refen ecl to some central inlhtence, emana ting from the 
medull a ob longata . Very large closes d imin ish the hloocl-pressure 
so much that the animal succumbs, and at the sanw time they 
deprive the resp ira tory centres of their exc itabi lity and vi tali ty. 

The phenomena clescri becl, so fa r as they relate to the respi
ration, a re most in tense, and are clevelopecl most rapidly , when 
they are provoked by the e<n bonate or by free ammonia : a ftP l' 
the aclmi niRtration of ammonium chl oricle, on the othel' hand, 
the action upon the blood-pressu re is mo~t prominr nt, though 
the di sturbance o[ the resp ira tion is al so suffi ciently mrnkecl. 
In both respec ts ammonium sulphate has the weakest act ion of 
all the prepara tions. L. Hirt' has recently itnest igated the 
al teratio ns which the bloocl of animals unde rgoes af ter the 
inha la tion of la rge q t•antit ies of ammoni a fum es. He fo und 
tha t the blood rea ll y does assume a da rk , bl'Ownish-rPcl color, 
bu t when exposed to the atmospheri c air it imm ec1 iatrly becomes 
brig ht red again. The results of the spectrnm nnalysie are in 
e,·ery respect the same as those g i,·en by nol'mal blood. The reel 
blood-corpuscles arc only destroyed when ammonia gas is intro· 
clucecl in la rge quantiti<'s in to the blood. 

The toxic action of the ammonium compounds consequently 

1 Edinb. l\led. Journ. 1847. 
2 Pj lueger's Arcbiv. IX. 
a Krn.ukheit.en der Arbeiter. I. p. U3. 
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consists essentially in local phenomena of irritation, ancl in a 
general action on the nerve-centres ancl tlle circulation. 

The non-volatile ammonium salts only cause disorders in the 
alimentary canal when tlley are ingested in large quantities and 
in a highly concentrated form. 

Cases of ammoniacal poisoning arise as well from the mani
fold applications of the ammonium compounds, in trades anu 
manufactures, as from accident; in rare cases they are suicidal 
in nature. Hirt has proved (Joe. cit.) that the injurious action 
of ammonia fumes, which are developed incidentally in many 
chemical works, has been greatly over-estimated, since tolerably 
large qnantities of it can be inhaled by the workmen without 
special injury to health. Very violent symptoms or poisoning 
are only provoked by prolongecl inhalation or concentrated 
ammonia fumes. 

Very complete data rnspecting the development of ammonia 
fumes are given byEulenberg (Joe. cit.). \\'ewill allude here only 
to the presence of this noxious gas in sewers and privy vaults, 
because it explains the locally irritating action which the gases 
produced in such places frequently exert. The degree or con
centration which ammonia fumes can attain in badly appointecl 
privies is often so great, that under certain circumstances they 
may even cause serious poisoning. 

Medical literature contains only a few cases of poisoning by 
gaseous ammonia. ln a case reported by Ta1·dieu, 1 a physician, 
while in an epileptic fit, was poisoned with ammonia by a 
poi:ter; the latter, in the attempt to bring the sull'erer to his 
senses. having held a handkerchief, soaked in ammonia, to his 
nose, and thrnst it into his mouth . The case ended fatally, ancl 
Nysten found at the autopsy excessive croupous (?)inflammation 
of the air-passages. 

In two other cases of poisoning by ammonia fumes, the vic
tims were drnggists, ancl in both the poisoning was brought about 
in the same way-namely, by the breaking of large flasks filled 
with ammonia.' Quite recently a similar accident occurred 

1 Etudc medico-lcgale aur l'empoisonnement, etc. p. 285. 
t Souchard, Ann. d'hyg. publ, 1841. I. p. 21{1, 
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with an ice-machine, which proved fatal to a workman who was 
tenlling it. 

The careless use of water of ammonia to revive fainting, 
drunken, or asphyxiated persons, also sometimes causes poison
ing. Besides the above-mentioned case of Tarclieu's an analogous 
case, which , however, terminated in recovery, is recordecl by 
Delioux de Savignac,' while a third, in which ammonia was per
sistently held under the nose of an epileptic, terminated in 
death.' 

The cases of poisoning by solutions of ammonia are some
what more numerous. They were mostly the result of accident 
ancl of inadvertent medicinal use of the drug. 'Vit11 one excep
tion, in all the cases belonging in this category, which are 
recordecl in medical li terature, the ammonia was taken inter
nally. The exception is a case reported by Paget,' in which a 
dilute solution o( caustic ammonia was injectecl into a mcvus. 
The patient, a child two years of age, died in convulsions imme
diately after the injection. 

Regarding the quantity of ammonia or of ammonium salts 
necessary to produce poisoning and death, nothing positive can 
be statecl; on the one hand, because the observations made on 
human beings are too few in number, and on the other, because 
in the individual cases the quantity of the poison used can sel
dom be determinecl. 'Ve will not attempt, therefore, to give any 
figures on this point. 

In the majority of cases the poison used was caustic ammonia; 
cases of poisoning by the carbonate and chloride a re rare. The 
following small table of statistics, in which the writer has inserted 
all the cases that are to be fonnd in the medical li terature at his 
command, contains all the points that can be educed from this 
available material.' 

1 Caatan, Montpell . med 1870. 

' Diction. encyclopred des scienc. med. I. Ser. III. 1869. 
1 CILriJJli8on,1oc. cit. 233. 
'The cases are collected from Schmidt's Jahrbucb, the handbooks on toxicology of 

Tardieu, 'faylor, and Chril'ltison 1 the Dictionnaire cncyclopCdique des sciences mCdi

ca.les i the sources of some are mentioned above. 
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If it be at all allowable to attempt the prodnction of u general 
clinical picture from the symptomatic material furni shed by the 
few cases of ammonia poisoning in man hitherto reported, spe
cial stress mus t be laid on the following principal features . In 
most cases the phenomena produced by the local action of the 
poison arP much the more prominent, those sy mptoms which, as 
we have learned from experiments on uninmls, depend upon the 
constitutional action of the ammoniu bPing rarely ,-ery markedly 
deve l opt~cl. Thus ammonia. poisoning presents an undeniable 
similarity to the intoxications provoked by the other corrosiYe 
poisons. The amounts necessary to prod nee the general toxic 
action in men seem to be pretty large. It may be that the local 
phenomena excited by caustic umrnoniu render the absorption of 
large qt1antities into the blood impossible. 

As with all corrosive poisons, so in poisoning by ummonia, the 
reuc tion of the organi sm is immediate, wlwtlwr the toxic action 
be produced by the penetration of the fumes of the base into the 
air-passages or of the aqueous solution in to the intestinal canul. 

Yery severe pains in the month, pharynx, larynx, and along 
the trachea usl1 er in the symptoms, and excite the active reftex 
action. Not infrequently the intensi ty of this irritation of the 
sensitive nerves is so great that it cau ses complete insensibility, 
which lasts, however, only a short time. 

\Vhen the gas is inhaled, the organism respo ncls by spasrno 
clic expiration ancl temporary closure of the glottis, and thus 
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pre1·ents the admission of more of the irrespirable substance. 
\\' hen the poison is taken in the fluid form, whether i t be tuk cn 
accidentally or intentionally, the intense pain, as a rnl e, causes 
it to be spat out immediately. Even the firmest detPrminat ion 
to commit suicide is paralyzed by the physicul pai n, which 
drives all other considerations out of the mind. 

The disturbances of respiration are not confined to the cases 
in which the poison has been inhaled; they are al so ohse1Ted 
after it has been taken by the mouth more frequently than they 
are in the case of any of the other poisons. The reason for thi s 
is eithPr because the solution, while in the oral ca1·ity, e1·oh·es 
fumes in considerable quantities, which find their way into the 
neighboring air-passages, or because some of the solution itself 
gets into these passagPs. 

After the cessation of the spasmodic reflex mo1·enwnts, a per
sistent and violent burning pain, which is experienced through
out the whole extent or the air-passages, is the mos t p rominent 
symptom. It is combinPd with a more or less frequent and 
labored respiration, in terrnptecl by 1·iolent fits o[ coughing. 

In const'quencc of the increased secretion from the mucous 
glands, caused by the severe irritation, the trachea and broncl1ial 
tubes are soon fill ed with secretion, which is often mi w d with 
blood. and is expelled in large quan tities dnring the paroxysms 
ot coug lting. 'l'he moist dies produced by it am easily di stin
guished by ausculta tion. 

The vocal cords, as a rnle, cease to vcrform their work. 
Either comp!Pte aphonia occurs, or speaking aloud, when at all 
pos~ible, causes severe }Jain and coughing. 

All these Jlhenomenci increase in in tensity d ul'i ng the first few 
clays after the poisoning. In consequence of the increasing ~well
ing of the mucous rn~rnbranes, and the grad ual deYelopment of 
denser masses of exudation and ulcers, the lunwn of the air· 
passages becomes more and more reduced, ancl the breathing 
becomes more labored . The frequency of respiration increases 
at the same time. A painful feeling of suffocation , aC'Companied 
by violent pains in the region of the larynx and nnc1e1· the ster
num, depri1'PS the patient of sleep. Even after slight poisoning 
by ammonia fumes, a severe catarrh of the air-passages is left, 
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which persists for a long time. The lnngs themsell•es, as it 
appears, are not, as a rule, involved in the intlammation. In 
only a wry few cases have the rnstiges of a pneumonia been 
founcl at the autopsy. As migh t be expected, however, when
ever the above-described phenomena persist for a long time, they 
may readily prove fatal through the agency of roclema of the 
lungs. 

Sca1·cely less intense are tho local symptoms o( reaction , when 
considerable quantities of caustic ammonia are taken into the 
mouth and stomach. The most violent pains am experienced 
wherever the poison comes in contact " ·ith the mu cous mem
brane, wliich is ri chl y supplied with nerrns; they are especially 
severe in the pharynx an<l. lhronghont the length o( the rosopha
gus, where they are u sually felt immediately after the poison is 
taken, while the pain in the epigastrium, which is 1·ery constantly 
present, appears later. Great difficulty in swallowing and vio
lent vomiting follow quickly upon the ingest ion o( the poison. 

On the organs of the month the poison leaves visible traces 
of its act ion. The lips swell greatly, as do also the tong no an<l. 
the soft palate, the last assuming at the same time a bright scar
let hue; small extrnvasations of bloo<l may also be fonncl upon 
them. In two cases pmfuse salivation' was observe<l.. The mat
ter ejected during the frequent attacks or vomiting contains more 
or less blood, ancl much to ugh mucus. The fmces and urine are 
sometimes retained at first, but later on abundant discharges 
occur, which at times are passed involuntarily. In several cases 
the patients "·ere exhausted by very obstinate, pmfnse, bloody 
diarrhroas. rrh e epigastric pain is SC'1iJ'Cely ever wanting, and the 
abdomen is very sensitive to pressur~. The administration of 
nouri shment is attendecl with g reat difficulty, on account of the 
extreme dysphagia. 

The pulse usually becomes very rapid (140), and is at the 
same time small and weak. The temperature of the body appears 
to be reduced, the extremities are cold, and the patients invari· 
ably complain of feeling cold. In a very few or the cases fever 
set in at a later stage. 

1 Case of Fonssagrives, by Tardicu, loo. cit. 
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In general the patient presents the picture or profound col
lapse: the face is pale, the eyeballs are sunken and sun ounded 
by dark rings, and the visible mucous membranes are livid or 
cyanotic. 

The sensorinm is, as a rul e, nnaffected, and the patient is 
fully conscious of the agony he is suffering. 

A.ta later stage somnolence and sopor snpervcne; convulsions 
and other nervous symptoms have been but seldom obsened, 
and then only in cases where camphor had been administered in 
addition to the ammonia. 

Wandering neuralgic pains in the mnscles, fonnication, and 
complete amcsthesia, ringing in the ears and dizziness, are symp
toms of which mention has been made only in a few cases, among 
which the only case of poisoning by sal ammoniac,' which can be 
found in the literaturf', is incluclecl. In the case or the two·ycar
old child already mentioned, the injection of ammonia into a 
naw us immediately caused violent general convulsions and 
death. 

The case reported by Potain,' in which a diffused erysipelas 
accompanied the ammonia poisoning, is also uniqne. The course 
and termination of poisoning by ammonia compounds are or 
course determined by the quantity of the poison nsecl, and the 
therapeutic mpans resorted to. On the whole, the course is 
comparatively slow, the symptoms lasting for seveml clays or 
even weeks. Death is clue either to the disturbances of respira
tion, or to the weakness resulting from the affection of the 
digestive organs. In mild cases the recovery is rapid and com
plete, and is not followed by any serious seq uelro. 

The pathologico-anatomical lesions of this form of intoxica
tion, like those of many others, present nothing that is charac
teristic, unless, indeed, we attribute impol"tance to the isolated 
observation of croup-like pseudo-membranes in the larynx and 
trachea of one patient. Ordinarily we find in the respiratory 
organs only the signs of a more or less intense, simple inflamma
tion- namely, swelling, loss of epithelium, redness, and some
times scattered superficial ulcers. The oosophagus ancl stomach 

1 Oricllton·Bro1cn, Lancet. 1868. 'L'UnionmCd. 1857. 
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arc similarly afl'ccted ; the visible local clest rnctions caused by 
the ammonia scarcely ever extend beyond the stomach. A 
purely symptomatic treatment is the best lo pursue. \Yhen 
caustic ::unmonia has been taken, nncl the case is seen immedi
ately, the administration of diluted acids is indicated theo-
1·ctically, and has frequently been put in practice. As a rule, 
orclinary vinegar, " ·hich is to be founcl in crnry house, is used, or 
sometimes lemon juice; both should be g i,·en in a very clilutecl 
form. At a later stage, this antidotal treatment is oi course use
less. Moreover, the dysphaght oi the patient always presents an 
obstacle to its 0mployment. 

To the use or the stomach-pump there is no special objection, 
but emetics must be avoided. The French authors have repeat
edly used local blood-letting, such as leeches on the neck ancl 
epigastrium, accorcli ng to their own accounts, with good results. 
,,-hen the dyspncca is very severe the q ucstion oi tracheotomy 
will of comse present itself. 

The treatment or the other symptoms does not require an 
extended consideration; it must be regulated according to the 
general laws. 

CHAPTER IL 

POISONn<G BY CAUSTIC AND C.\RBONATED AI.KAMES (POTASSIU)[ 
AND SODIU~l). 

Although the cliil'erence in the constitutional action of potas
sium ancl sodium salts has in recent times been very positively 
demonstmted, we can still treat of them both together when their 
local caustic eliects come into question; ior in this respect no 
difference can be detected iu their action. 

The poisoning in question here closely resembles in its nature 
that produced by the concentrated acids. At most it presents a 
few noticeable modifications as regards the intensity of the phe
nomena and the conrse. 

The caustic alkalies also, the clwmical properties of which we 
assume to be known, are chiefly dangerous to the animal tissues 
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on account of theil' affinity for water. To a less degree, their 
behavior towards the free acids in the tissues and the acids com
bined with weaker bases, as well as towal'ds the al buminous 
substances, comes in to question ; all thrne are deprived of theil' 
fun ctions in the organism by an excess of tlwse alkalies. Upon 
these chemical reactions, which take place immediately a t the 
point of contact, depends their caustic action. 

On the sensol'y nerves contained in ca uterized spots they act 
as violent il'ritan ts, a nd thus provoke intense pain ; the parts 
surrounding these spo ts reac t by developing intlammation. The 
high diITLrnive power of the alkalies in solution is excep ti onally 
farnrnb le to tho ex tension of their caustic action into tho deeper 
layel's or the tissues. The acids, when in a concentrated fo rm, 
convel' t t he tissues into discolored, dark, tinder-like masses, bu t 
the caustic action of alkalies produces less discolored, greasy 
masses resembling salrn. \Vhen the alkali meets wi th tissues 
containing much fat, a soap is formed. 

The action of the carbona tes of the alkalies is vel'y similar to 
that of the caus tic ; the cal'bonic acid, being but feebly combined, 
is easily clisplaced when they come in contact wi th the secretions 
of the stomach. 

The toxicological impol'tance or the substances here discussed 
is not very great. Cases of poisoning by them, as a r ul e, owe 
theiL- existence to accident. Being much used in manufactures, 
they are readily accessible to every one. Cases of poisoning 
occur not only from potash and soda lye, but sometimes also 
from soap-water, which always contains free alkali. Several 
ca ,es of thi s sort have resulted from the substances designated 
being mistaken fol' purgatives. Tardieu' also reckons tho eau 
de ja1·elle, which is a solution of sodium bypochloritc,' among 
those substances which act in the same way as the free alkalies, 
and ment ions cases which afforded the charactPri stic phenomena 
of poisoning by lyes. Here, however, a part of the action should 
properly be ascribed to the chl orine. Casper ' repol'ts a case of 
attempted murder by soda lye, and Tardieu -describes two cases 

1 Loe. cil,, p. 234. 9 See previous note (p. 288). 
3Loc. cit. II. p. 4!1J. 
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where potash lye and potassic carbonate respectively served for 
suicidal purposes. 

In the literature we could find in all only cigh teen cases of 
this form of poisoning. Of these five were caused by potash,' 
two by soda lye,' seven by potassic cat·bona te,' one by soap-wa ter, 
and three by ca u de javelle. ' Fifteen cases termina ted fatally, 
and only three in recovery. 

\Vith respect to the toxic and fatal dose, no satisfactory con
clnsio11 can be deduced from the material a t our command. 
Tardieu (Joe. cit.) holds that from Lwo and a half to five drachms 
of sodium or potassium hydrate is sufficient to cause dea th . The 
fa tal cases that are reported in the li terature of the subject are 
or li tt le value in thi s connection, because in almost all or them 
the concentratio11 or the solutions used is unknown. 

The symptoms or poisoning by lyes differ from those caused 
by acids only in in tensity. 

The repulsive taste of the liquids, and the severe pain that is 
experienced immediately when they a re very concentrated, as a 
rule cause tlte poison to be spat out >i t once, so that in all cases 
only a comparatively small quantity reaches the stomach. This 
organ instantly reacts by violent vomi ting. Loss or conscious
ness and cot11·ul sions, sympto ms or reaction on the par t of the 
nervous system, which are so frequently obser ved in sulphoxysm, 
occ llr only exceptionally in poisoning by lyes.' 

On the other ltan(l , the pains in the ]Jharynx, ccsophagus, 
stomach , and epigastri c region are not much le.:3s severe than in 
the case of poisoning by acids. Loss or the power or speech and 
extreme dysphagia a re also seldom absent. 

The visible por tions of the mucons membrane of the mouth 
and throa t are more or less altered; sometimes they merely 
assume a bright-reel color, but again they are covered with a 
brownish film, and are entirely denuded of epi thelium in spots. 

1 D eul3ch (Preuss. Vcr.-Ztg. 1857), Boudet, Be/tier (Tardieu. toe. cit.), Dewar, P aUM 

(Frank's Magaz. III.). 

"Ca11pcr (loc. cit.), Lei8alurwnn (Ja.hresber. v. Virchow und Hirsch. 1867). 
3 D ewar (loc. cit .), LWgard (Frank's llagaz.), Orftla(loc. cit. ), Barclay (Tay lor, Joe. 

cit. ), Tardieu (loc. cit.), Espagne (Arch. gCn. 18G7j. 

' Tardieu,_ loc. cit. 6 LWga1'(l
1 

loo. cit. 
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The vomit has at times a. greasy, salve-like consistcnry, ancl is 

selclom bloody; its alkaline reaction has been frequently demon

strated; in very se,·ere cases shreds o( necrotic mucous mern

lwane are tllrown up. Intestim1l symptoms are, as a rule, want
ing. 

The constitutional symptoms are similar to those of a moder

ately severe case of acicl poisoning, and require no tletailed 

account. 
" re will speak later of the specific action of potassium ; in 

poisoning by lyes it scarcely ever manifests itself in an unequi,·

ocal manner. 
The patients usually recover from the immediate effects or the 

poison when this consists of lye, but very frequently a chronic 

affection is left behind, which may prove fatal months after

wards. In ten of the above-mentioned eighteen cases strictu.res 

or the msophagus were clernloped, which !eel to inanition. The 

chronic inllammatio11 which causes these cicatricial strictures is 

usually located in the lower third of the msophagns. In one 

case a large abscess formed, which discharged into tho crsopha

gus, ancl opened a communication between it and the right 

pleural ' sac. 
It is not necessary to describe in extenso the "ymptoms 

caused by these serondary disorders. A simultaneous affection 

of the lungs (pneumonia) was observed in Casper's case; it e\·i

dently resulted from the local irritation procl11ced by tho pene

tration of some of the poison into the air-passages. 

'rile pathologico-anatomical examination demonstrated, with

out exception, the limitation of the lesions to the mouth, phar

ynx, oosophagus, and stomach; they ne\'er extended into the 

intestines. 
E"en in the stomach we find, as a rule, only a frw small 

ulcers, or their residua. In rases which had n111 a chronic course 

we find, in addition to the cicatririal strictures, all tllP signs of 

inanition-na mely, emaciation , anmmia, atmphy of the gastric 

walls ancl of the muscular coats of the intestines, etc. 

In the treatment o( poisoning by lyes, the indicatio causalis 

1 Lei.sclunann, loc. cit. 
VOL. XVII.-24 
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is folfilled by remo,·ing any o{ the poison remaining in th<> 
stomach by means o{ the stomach-pump. Besides this, a liberal 
administration o[ acid drinks (rinegar, lemonade, and the like) 
is to be rccommemle(l; otherwise the management o{ tho case 
must be pmely symptomatic. 

A ju,lirious t1·eatment of the ciratricial strictures with bou
gies, together with careiul feetling, has brought abont a. favora
ble result in several chronic cases. 

Caustic lime plays n. still more subordinate rUlc in toxicology than the alkalies. 
The disorders which arc procluccd by its external action must, of course, remai n 

uuconsidcrccl here. 
Quick as well as sl:lkcd lime uc!s in n. similar manner to the other alkalies, and 

when introduced in large <1uantities into the stomach may provoke gastro-inlesti

nal symptoms. 
In the literature hut three cases 1 of poisoning by this subsbmcc arc recorded. 

They present no points of special interest. 
The poisonous qualities of the soluble lime salts (calcium chloride), which were 

determined by Blake 2 and others, by experiments on animals, llavc been verified by 
researches instituted lly Mickwitz and the author. 

CHAPTER III. 

POISONIXG BY SALTS OF THE ALKALIES AND EARTHS (ESPECI ALLY 

PO'l'ASOI Ui\l N l T l{ATE). 

All the salts of the alkalies ancl earths that are soluble' in 
water, when introduced into the system in considerable quanti
ties, Jlrovoke disturbances which vary according to the diffusiYe 
power of ea.ch combination, and hence must, in a certain sense, 
be Tegardecl as local effects. The nature o{ the base has no influ
ence in the production o{ these effects. For instance, the salts 

1 Timacua (Christison, loc. cit.) 1 Gmelin (Gesch. d. Mineralgi!tc), LUm (Frank's Mag. 

I. p. 200). 
'Loe. cit., Edinb. Med. Journ. 18!1. 
J We except, o[ course, those salts which exert a. specific poisonous poweT1 by virtue 

of their acid (potassium cyn.nide, alkaline arsenites and arsenates, etc.). These will be 
trcat:.c:d of under the heads of the poisons which they contain. The alkaline sulphides 
also must be considered under sulphurettcd hydrogen, and the by1>ochlorites under 
chlorine. 
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which :ire only slightly diffusible provoke dianhma, while thos,• 
which a re re:idily diffusible cause diuresis. ·when administered 
in large quantities in the solid form 0 1' in highly concentra.ted 
soh1 tions they all :ict as caustics by the abstraction of water, ancl 
prodL1ce gastro-enteri tis. 

Ap:irt from these local effects the bases of certain of theso 
salts possess more or less decided specific poisonous qualities. 
Of the more common of these bases sodium is the only one that 
has so far proved to be absolutely innocuous. The poisonous 
nature of potassium has 1·ecently been absolutely demonstrated, 
while that of barium lias long been known. Lime and magnesia, 
although up to the present time they have hacl no toxicological 
importance, must, in accordance with the results of experiments, 
also be classed as poisonous, while strontium, like sodium, is 
innocuous. 

On the whole, however, the specific poisonous quali ty or these 
substances manifests itself unmistakably only when they are 
introduced direc tly in to the blood in large quan tities. Such 
quantiti es as are absorbed from the intestines, as a rule, do not 
suffice to produce these so-call ed constitutional ('ffocts. Or all 
these substances ba l'ium- which will be considered a t length in 
another p!a1·e-is unquestionably the most poisonous. The po
tass ium compounds come next, while lime, magnesia , nncl sfron
tia prnbably never produce constitu tional e[ ects when absorbed 
from the stomach. 

\Ye shall confine OUl'Se!ves here to the di scussion of poisoning 
by potassium nitrate. "\Vhilc speaking of i t in par ticular, how
ever, the opporttmity presents itself to indica te tile local Pffl'c ts 
which a re common to mos t of the salts, apart from the speci fi c 
action or the potassium. 

Al though even the older observers noticed a d ifierence in the ac
tion or sod itLm nitrate and potassium nitrate, and altho ugh Blake 
in hi s experiments-to which hi therto very li tt le al tention has 
been pa id- atta ined results which proved potassium to be exceed
ingly poisonous, this fa ct, nevertheless, was not generally admitted. 
until the year 1864. It was chietly the experiments of Gra.ndean' 

1 J ourn . de l'anat. et pbyi:i. 18G4. 
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and Traube' which led to it' nnil·er,al acceptance; ancl by a 
natural reaction its importance soon became g reatly overesti

mated. 
In respect to tlieit· abs01-ption ancl elimina tion, and their 

chemical behavior while in the blood, the potassium salts differ 
in no i·espec t, as far as can be cleterminecl, from the other soluble 
salts. The certainly striking brightness of the arterial blood, 
which is invariably observed in animals poisonecl by potassium 
salts, cannot as yet be utilized in any way. The knotty point 
about potass ium poisoning consists mther in the numerous re
markable and absolutely inexplicable effects which the s ubstance 
produces npon the function s of the h eart and the nervous sy stem, 
in spite of its being itself an integral constituent of the body. 

The p otass ium salts, when introduced in considerabl e quanti
ties directly into the l>loocl of either cold -bloodc·rl or warm
blooded a11imals, stop the morements o[ the heart.' Cold-blooded 
animals are, before this OCCllrS, depdved of the power of Yolun
tary motion, while warm-blooclecl animals, a fter the ccsrntion of 
tho h earL's action, die in more or less clevelopl'd convulsions. 
Traube (loc. c-it.) compared the action of potassinm on the heart 
to that of cligitalin, and emphasized parlieularly the analogous 
influence of boLh s ubstances on the blood-pressure. liowernr, 
this correspondence in the action of ]JOlassinm ancl clig ilalin can 
hardly be proved sati sfactorily. Bnnge' s' experiments on cats 
and clogs clid not confirm Traube's statements cencerning th e 
blood-pressure. Moreover, ;\Jickwitz' ancl the writer havt' never 
seen the blood-pressure increase after j)Oisoning by potassium in 
animals which had not been curarizNl; on the oLhcr hancl, an 
increase in tho pressure innLTiably ensued after previous poison
ing by cumri. 

The study of the behador of the cardiac nerv<'s in mammals 
has contributed just as little towards explaining the natn re of 
the paralyzing acbion of potas$ium on thc> h eart as have the ex-

1 Oes. Abhnndlung. J. 
' Guttmann, Berl. kliu. Wochenschr. 1865. Yirch. Arch. XX.XV. Podcopacw, Vfrch. 

Arch. XXXJII. 
3 Pflueger'11 Arch . 
4 lnaug .-Disscrt. Dorpat. 1874. 
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periments on frogs. Still the investigations 1 which the writer 
instituted in connection with hlickwitz have opened up lo him 
some new points of view. He found that the paralysis of the 
heart produced in mammals by the potassium salts is only ap
parent, and that by patient persistence in artificial l'eSpiration, 
and by mechanical irritation of the heart (compression of the 
thorax) the action of the heart can be entirely restored. 

Since aninutls which had already lain for thirty-eight minutes 
apparently dead, and entirely without pulsation in the heart, 
were completely restored to life by these means, it is evident that 
the potassium cannot possibly occasion a profound alteration in 
the physiological condition of the heart. It is more probable 
that the efTects produced by it are dne to temporary anomalies 
of excitability in the automatic central organ of the heart. 
After the awakening of the heart from its apparent death, it 
shows a striking increase of energy in comparison with its action 
before the poisoning; this manifests itself both in the frequency 
of the pnlse and in the blood-pressure. 'fhese striking facts are 
not altogether without parallel, since a frog's heart, when its 
pulsations have been stopped by the action of potassiurn, can 
again be et in operation by mechanical irritation, and its con
tractions are then remarkably energetic. 

The ell'ects produced by potassium on the rest of the nervous 
system consist i11 a trnnsitory stage or excitement, which is fol
lowed by general paralysis; more or less general clonic spasms 
precede the pamlysis both of the motor and the sensory centres. 
Respiration does not cease until after the heart's action stqps. 

After awaking from the apparent death, the respiratory mus
clPs clo not regain their power of spontaneous movement until 
some time after the heart has resumed its action; the animal is 
still in a state or total narcosis, ancl does not respond to irrita
tions of any kind. After the lapse of considerable time the retlex 
actions gradually return, and then an abnormal increase in thP 
reflex excitability is frequently observed. This increase in the 
reflex Pxcitability may be so great, that even trifling causes (a 

1 Compare Centralbl. f. d. med. Wissenscb. 1874. Ueber Wiederbelcbung nacb Vtr· 

giftungen. 
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shaking, a gentle touch on the surface o( the skin) may cause 
spasms. The local effects produced by the potassium salts on 
the stomach and intestinal canal are essentially similar lo those 
produced by all other analogous combinations ; they consist in a 
gastro-enteritis, which varies in violence according to the size o( 
the dose. 

Cases of poisoning by potassium nitrate are not very frequent. 
In the majority of cases they ari se from mistaking thi s poison
ous salt for the common purgative salts (Glauber' s and Epsom 
salts). 

The (ollowing small table gives the most important points of 
all the cases that are to be found in the literature : 

1 Man 50 3i. Recovery. Mistake. 01.>crst::i.dt. 
2 )lan 30 >VT. R ecovery. Mistake. Dcut~ch . 

3 Man 1 sm. Death in 5 hours 1 Jour. d. Chimie 
4 Man 20 3i. Death. Mis tak e. :Mouton. 
5 Girl 1 :F Recovery . l\li stakc. Rust's :i\fogaz. 
6 Woman 48 3i. Death. .Mistake. Laflize . 
7 'Voman 36 3i. Death. 1 Jou vill e. 
8 'Voman 1 3 ii. Reco very. :Mistake. Buttler. 
n 'Voman 24 3 ~ ! . H.ecovc1·y. Mistak t:. 1 

10 Mau 40 3 11. Death. Clystcr. 0. A. Meyer. 
11 Mun 1 3 RS. Recovery. 1 Ritter. 
12 1 3vjs.s. D eath. Mistake. C.:hcvallicr. 

13 Woman ?( A handful. Rec<ivcry. Mistake . Alexander. 
(preg nant) \ (Abortion.) 

T]\e fig ures here given demonstrate the impossibility oi deter
mining with accuracy the fatal dose for human beings. 

'l'he symptoms of poisoning by nitre begin u sually with vio
lent purging and vomiting, combined with severe pains in the epi
gastric region and the abdomen. In rare cases the masses ejected 
by vomiting are bloody. To these phenomena coldness of the 
extremities, cold sweat, and sometimes al so painful strangury 
and tenesmus arc very soon added. The pulse is frequent, small, 
and irregular ; the respiration sometimes labored. 

'rhe constitutional phenomena which are due to the action of 
potassium were unequivocally present in five of the above-men
tioned thirteen cases. They consisted in a feeling of in tense 



BAP..IUM CO:\fPOUXDS. 375 

anxiety, pains in the back, spasmodic contraction of certain 
muscles (pectorals, calves of the legs), aphonia, general con\'ul

. sious, loss of consciousness, and coma. I11 Mouton· s case, the 
local phenomena were said to ham been entirely absent. Death 
ensued in from five to sixty hours. 

Among the symptoms wh ich occur only in special cases, we may mention nhor
tion, which was observed in Alexander's case; also peculiar choreic movements, 
which, in another case observed by Buttler, that of a pregnant woman, arc sai<l to 
have continued for two months after the poisoning. 

Sometimes recovery takes place very g1·aclually, various nerv
ous symptoms (twitch ings, neuralgic pains, etc.), as well as dis
orders o( cl igestion, persisting for a long time as secondary effects. 

The pathological "ppearances at the au topsy are limited to 
the frequently descrihecl lesions of gastro-enteri Lis. 

The treatment is ptuely symptomatic. \Yhen the patient is 
asphyxiated or comatosP, we must, in accordance with the knowl
edge gained from experinw nts on animals, recommend the ener
getic employment of artifi cial respiration, with compression of 
the thorax in the region of the heart. 

CHAPTER IV. 

POISONING BY RAI<lU~! COMPOUNDS. 

As regards poisonous qualities, the barium compounds hold 
unquestionably the first place among the sails of the a lkalies and 
earths. Nevertheless, they am only of subord inate importance 
in practical toxicology, because cases of poisoning by them arc 
of exceedingly rare occunence. 

Ba rit1m carbonate and chloride are the only preparations 
which must be considered in this connection, and the chloride 
(terra ponclerosa sa li ta). in consequence of its sol ubility in water, 
is absorbed without any farther changP, and acts as a poison, not 
only when taken into the stomach, but also when injectPd into 
the subcutaneous cellular tissue or into wounds ; the carbonate, 
on the other hancl (baryta carbonica, witheritc), being but little 
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soluble in water, is only poisonous in so far as it can be trans
formed into soluble combinations (barium chloride) in the diges
tive fluids. 

Experiments on animals by difierent author;:; han"', moreover, 
proved that all the other soluble barium salts possess a like poi
sonous power. 

The passage of the barium combinations into the nrine has 
been regarded as proved by the observations of Kra hmPr and 
Orfila ;' no recent investigations of this point have been reported. 

Barium is reckonPcl among tho l)O isons which exert a local 
irritating r.s well as a constitutional action; ev idently only 
because among the symptoms of acute barium poisoning vomit
ing ancl diarrhooa. are seldom wanting. Since, howeve1·, the 
anatomical lesions characteristic of local irritation arc usually 
absent, aml since the symptoms ascribed to it are also, as it 
appears, observed after the direct introduction of tile poison into 
the blood, we sec no grounds for endorsing the assumption that 
barium exerts a local initating action. Very large quantities of 
the substance will of course produce the local effects which arc 
common to all salts. Concerning the rml cause of the poison
ousness of the barium compounds we are absolutely ignorant. 
'rhe surmise of Onsnm,' that the poison is converted in the 
blood into an insoluble sulphate, which i11 a purely mechanical 
manner produces emboli in the htngs, has been confute<l by 
Cyon.3 

Judging from the symptoms, the action of barium must be 
compared to that of the narcotic poisons. 

The experiments made upon ani mals prove that the poison 
exerts an undonbted influence on the circulatory apparatus. 
Ev<'n the older toxicologists cal]pc] baritun a heart poison,' and 
Cy on (loc. cit.) has recently demonstrated this property of the 
poison by experiments on frogs and rabbi ts. 

In mammals the cessation of the heart's action after the 
administration of harium has been observed by numerous 

1 See lltJ,semrr-nn. Toxikologie. 
'Virch. Arch. Vol. XX.XVIII. 
3 Arch. f. Anat. u. Physiolog. 1866. 
' Orjila (lac. cit.), Brodie, Blake, and others. 
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authors; some have even emphasized the lack o( l'xcitabil
ity shown by the paralyzed heart when irri tants are applied 
to it. 

The inves tigations recently undertaken by l\Iickwitz, 1 uncler 
the direction of the writer, have detinecl somewhat more precisely 
the naturn of this carcliac para lysis. Although it is not possible 
to cletermine from them whether this paralysis is confirwcl solely 
to tire rnrcliac nerves, or affects also the muscles of the organ, 
still, the cessation of the heart's action during systole has been 
shown to be a constant phenomenon both in warm antl colcl
bloodecl animals: in mammals (cats) especially, the cartilaginous 
consis tency of the left rentricle is striking. In this connection 
the parity of. action between barium and digitalis can hard ly be 
overlooked. The blood-pressure increases enormously after the 
injection of small quantities of barium solutions in to tire veins, 
but the incr-ease is, as a rule, precetlecl by a not inconsiclemble 
lowering o{ the pressure. The increase often occurs very sucl
denly, antl the pressurn not infrequently becomes three or four 
times as gr~at as before; at the same time the pulse becomes 
mnch more rapid. Increasing tire dose then causes a steep sink
ing of the pr·essm e-c1trvc, ancl paralysis of the heart. Didsion 
of the spinal co1·d in the neck does not at all interfere with the 
d~veloprn ent of thi s phenomena, and hence it does not appear 
improbabl e that the muscular coats o.f tho vessels, as well as the 
heart, are all'ected by the poison. This hypothesis receives sup
port also from the state of excessire contraction int o which, as 
our own inves tigations show, the smoo th muscular fibres of the 
intestine and blaclcler are thrown by the poison. Both organs 
lose their !1tmina completely in cases of barium poisoning. 
This peculiarity, which has not hitherto been noticed by any 
other writer, antl which can be recognized even during life by 
the exceedingly active peristaltic movements of the intestines 
that a10 visible through the abdominal wall s, seems to us to 
afford also a sufficient explanation of the alleged gastro-intesti
na! symptoms (dianhma and vomiting). It indicates a certain 
preference of barium for the tissues composed of non-striated 

1 Inaug. Diss. Dorpat. 1874. 
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muscular fibres, or for the nerves contained in them, which is 
characteristic of the action of the poison. 

In cold-blooded a nimals the other symptoms, caused by the 
action of the poison on the nervous system, consist in paralysis 
of the voluntary muscles, which is, however, preceded by a 
peculiar state of rudimentary, clonic spasms.' 

1''requent tetanic spasms arc seldom absent in mammah 
The disturbances of the respiration are ev idently dependent 
upon the anomalies of the circulation which precede them . 

Since in all the literature of toxicology, both old and recent, 
only ,·~ry few cases of poisoning by barium compounds can be 
found, it may be assumed that this form of poisoning belongs to 
the rarities. In the few cases that have been reported the poison
ing was due to inappropriate medicinal use of barium chloride, 
or to the chloride or some other barium salt hadng been mis
taken for Epsom salts,' Glauber's salts,' sublimed sulphur,' or 
Carlsbacl salts.' Once a powder for rats, consisting of barium 
chloric1e, was taken with su icidal intent; finally, one case has 
been reported where temporary symptoms of poisoning occurred 
in a child who bad chewed a paper collar, in the coloring of 
which heavy spar hacl been u secl. The use of barium nitrate in 
pyrotechnics for the procluction of the so-called green fire might 
also cause poisoning, while the sulphate, which is usecl as a pig
ment on account of its insolubility, is almost innocuous. 

As for the toxic and fatal dose, no satisfactory figures can be 
given on account of the meagreness of the material at our com
mand. One clrachm of the carbonate and half an ounce of the 
chloride have proved fatal to adults. However, these are not by 
any means the smallest quantities that may prove fatal. 

The clinical phenomena are composecl of nirying nervous and 
gastro-intestinal symptoms. Nausea, anxiety, ancl vomiting usu
ally open the scene; these are followed by epigastric pains, pro-

1 Compare on this point the essay of the writer on Barium Salts. Arch. f. exper. 
Path. u Pharm. 1875. III. 

' Wolf, Casper's Woehenschr. 
, lVnclt, Henke's Zeitschr. for Staats-Arzneiknnde. 1835. 
' Tidy, Med. Pres.~ and Circ., Jahresber. v. Virch. u. Hirsch. 1868. p. 325. I. 
~ Virchow u. Hirscb1 Jabresber. 1867. p. 443. I. 
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fuse diarrham, and severe colicky pains, which themseh·es usher 
in the nervous symptoms; ringing in the ears, diplopia, prmcor
dial angnish, weakne ·s of the muscles, eccentric pains, cramps in 
the calves of the lPgs, and general convulsions. Loss of sensibil
ity and paraplegic phenon1ena have been observed in two cases. 

Among the more constant phenomena we must mention cokl
ness and paleness or the skin. In one case mention was nuule or 
a full, hard pulse. The course or the poisoning was several times 
very rapidly fatal. 

Characteristic pathologico ·anatomical lesions are lacking; 
twite the signs of a gastro-enteriti s toxica. were observed, and 
once even perforation of the stomach was found. 

The treatment must be primarily directed to the removal of 
any or the poison that yet remains in the stomach. Por this 
purpose the stomach-pump is the best means at om· disposal. 
Emetics (apomorphia) may also be used. 

As chemical antidotes magnesium and sodium sulphates are 
recommended; they shoulcl be administered iu large quantities 
of water. Otherwise the treatment must be purely symptomatic·. 
The paralysis of the heart can sometimes, as is e\·ident from our 
experiments ou animals, be overcome by persistent initation of 
the heart (forcible compression of the thorax and artificial reti
piration) continued for several minutes. In desperate casc•s i11 
men this mode of treatment, or even acupuncture of the heart, 
should not be left untried. 

CHAPTER V. 

POISON BY Af,UM (ALU)I EN) . 

Alum, which is so extensively used in manufactures, the arts, 
and medicine, must, according to both ancient and modern expe
rience, be classed among the more powerful poisons. A double 
combination of potassium sulphate with aluminic sulphate pro
duces this salt, which is a colorless, crystalline, strongly arid 
substance; it is readily soluble in water, and has a strong astrin

gent taste. 
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Mitscherlich has studied the action or alum upon albuminous 
snbstances, and has founcl that their solutions wc1·e precipitated 
by solutions of alum. Tho precipitate contains both alum and 
albumen, and hence, a.ccorcling to the current terminology, it is 
designated ns alum-a lburninate. The passage or alum from the 
stomach into variOllS secretions has been frequently demon 
strated. ' 

The experiments hitherto made with alum have been under
taken solely with a view to determine the answer to the ques tion 
whether it is really poisonous. Cl11'istison (Joe. cit.) considers it 
almost absolutely harmless, and Orflla also (loc. cit.), on the 
occasion of a medico-lega l investigation of a case in Paris, 
ascribed to it only a rnry trilling poisonous action. Although 
the experiments made, some of them by Orlila himself, hnve 
establi shed the poisonous power or alum beyond quest ion, noth
ing has been learned from tl1em regarding the nature o[ its toxic 
action. \Vhether the active agent is free sulphuric acid, as Tar
dieu' thinks, or the l'otassium salt, or, finally, the alum as a 
whole ancl as a poison sui generis, cannot as yet be decided . 

The reaction of alum with albumen furnishes a simple expla
nation of the corrosive action of the salt in the solid form or in 
concentrated solution. The emetic action of the poison also, 
which we have learned both from Barthez's' experiments on 
himself ancl from the cases of poisoning that have been observed, 
might possibly be regarded as the consequence of a local affec
tion of the mncous membrane of the stomach. 'rite great rapid
ity with which a case, recently observecl by Ricquet,' proved 
fatal , and some symptoms notPd in previous cases of poisoning 
(tremor of the mustles, spasms, depression, etc.) give ns reason 
to suspect that a l nm exerts also a constitutional action, the more 
so as in Ricquet's case the local lesions caused by the poison 
were found at the autopsy to be comparatively slight, and 
entirely out of proportion to the rapidly fatal course of the poi
soning. 

Tardieu (Joe. cit.) speaks of a woman who wilfully murdered 

1 Toxi.kologic. IL edit. 1870. ~ Frank's Mngo.z. III. 
3 Journ. de Pho.rm. et de Chim. Oct. 1873. 
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her three-months-old child by administering to it about 0.9 
gramme (fourteen grains) of alnm. In the majority or the other 
cases of acnte poisoning the alum was taken by mistake for other 
medicinal preparations (e.g., magnesic sulphate, Ricquet). Yon 
IIassrlt states that cases of poisoning also arise sometimes from 
the administration of too large doses of alum by order of the 
physician. The sophistication of ±lour with small quantiti0s or 
alum, which is much practisetl in England, appears to hare no 
toxicological importance, although Snow' finds in it one cause 
of the prevalence of rhachiti s. 

To the thre0 cases of alum poisoning described by Yon IIas
selt, Taylor, aml llusemann, we must add one case reportL•d by 
Ricquet, and two cases by Tardieu (loc. cit.), all of which ter
minated fatally. 

In the mentioned case of Tardieu, 0.9 gramme (fonrteen 
grains), in that of Ricq uet, 30 grammes (nea rly one ounce) of 
alum were administerecl. 

Of a ll the symptoms the most constant are the pains in the 
cavity of thP mouth , in the c:esophagus ancl stomach, whi rh are 
experienced immediately after taking the poison, and also the 
vomiting, which comes on very soon and is sometinJPS bloody. 
Ricquet also observed severe clysphagia, torturing thirst, and 
rf"tention of fccces. Several writers mention gn.•at weakn ess o( 
the muscles and depression. The consciousness is unclollClecl. 
There is great anxiety and sometimes a conYnlsirn tremoi· o( the 
muscles is observed. The pulse is exceecli ngly small and fre
quent. After repeated fainting-fits and after a considerable 
reduction or temperature below the normal point, ckath ensued 
inside of twenty-four honrs. 

At the autopsy, yellowish-gray ckposits were fonnrl on the 
mucous membranes of the month, pharynx, and c:esophagus; tlw 
tongue and palate were swollen. Th e stomach, intest ines, and 
kidneys were hypencmic, but without noticeable loss o[ snb
stance. The chemical tests for the poison were repeatedly em
ployed successfully. 

No special rul es for t:·catment can at present be laid clown. 

1 Husemann, Toxi.kol. 



SECOND PART. 

Poisoning by Anresthctics and othc1· Poisonous Carbon-Compounds. 

FIRST D 1VISION. 

Poisoning by An.,sthetics. 

CHAPTER I. 

POISONING BY ALCOTIOL-ACUT.F. AXD CHRONIC .ALCOHOLISM. 

Ethyl-alcohol (6,H,9I-I), as a constituent of various fermented 
liquors (beer, wine, etc.), ancl spirits (brancly, rum, arrack, 
cognac, etc.), is one of the most wiclely diffused luxnries of 
cirilizecl nations. Its useful or pleasant qualities do not now con
cern us. In these pages we only notice it so far as it proves inju 
rious to health. The cliiferPnt kinds of alcoholic liquors are for 
the most P'll't important in proportion to the quantity of alcohol 
they several ly contain. It is only in a very few cases that the 
differPnces in their other qualities are of any import;rnce. If we 
take any notice of their quality, it is g<•nerally because some 
other injurious ingi·edient accompanies the spil'it of wine. To 
this category some not very important ethers, and absinthe, 
largely usecl in France, belong. Alcoholic liquors are often 
purposely adulterated, but these adulterations clo not now con
cern us. 

Alcohol, free from water (anhydrous alcohol), is lighter than 
water, bnt freely miscible with it in all proportions; it forms a 
colo l'l ess. volatile liquid, which burns with a blue fl ame. The 
vapor has a characteristic and agreeable odor, and alcoholic solu-
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tions have a pleasant taste, which is combi1w<111·ith an intem;e 
feeling of burning. 

Concentrated spirits of wine, or alcohol with bnt little admix
ture of water, acts upon animal tissues just like irritant conosirn 
poisons. This is very likely due to its strong affinity fo r water
the less water it contains, the more eagerly will it attract water 
to itself. For the most part, however, in alcoholic poisoning, 
the local injuries arc unimportant when compared with tll<' 
gPneral symptoms which spring from the abso1·ption and recep
tion or the poison into the circulation-in other wo1·ds, into tlw 
blood. Absorption may take place in several ways. Although 
not strictly proven, it seems highly }Jrobable (considering the 
remarkable powPr or diffusion possessed by alcohol) that it can be 
absorbed into the blood by absorption throngh the unbroken skin. 
Alcohol, in the form or vapor, is difTusecl into the blood from the 
intemal smfacc of the lnngs. It goes through the tissnes oE the 
mucous nwmbrnnes, straight into the blood-vessel•, mixed with 
water. Bonehardat and Sandras' state that spirits of wi1w intrn
duced into the stomach is almost all absorbl'd by the gastric 
vei ns (though the in testinal veins absorb some), whilst none of it 
"·ill be taken up by the lymphatics and lacteals. Lastly, alcohol 
may be absorbed by the snl'fnce of suppurating wounds; indeed 
it is not VOl'Y unCOllllllOll to note a good clral Ol drnnkenness 
after the application of spirit lotions' or spirits of camphor to 
the stump or an amputated limb. 

Alcohol is eliminatPd from the body by thrcr channels : the 
ai1· expired from the lungs, the urine, ancl till' skin. Although 
it had long been suspected from the snwll of the breath that 
alcohol was eliminated by the lungs, this has of late years be<'n 
determinecl experimentally by Lallemand, Perrin and Dul'Oy,' 
and by Pm·kcs and 'Vollowicz,' who lun·e pron•d by indi,pnta· 
ble chemical tests that alcohol can he detertrcl in tlw air 
breathed out from the lungs of healthy men who harn taken 

1 Annal. de Physique et Cbimie. 184.7. 
' Sec Clti<lfvrrune, Bullet. gen. de thCrnp. LXVII. , and Pcronne, De J'alcoolisme 

dana scs r:tpports twee le traumatisme. Paris. 1870. 
3 Du rOlc de l'alcool etdefl.anrosth6siq11es, etc. Paris. 1800. 
t Proceed. of the Royal Soc. Vol. XVIII. p. 3G2. 
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alcohol. The same experimenters disro,·N<'cl nlrohol in the 
secretions o[ the skin. It has also IJPen re<·o,·ered from the 
urine by distillation, not only by Lallemand, Perrill an(l Duroy, 
but also hy Baudot' and Schulinus,' "'llhongh only in small 
quantitiPs. 

It is hy no means equally clear how the alcohol that is 
retai1wd in the system is clisposecl o[; in other words, what 
becomes or lhe alcohol not eli 111inatecl as sneh is not so easily 
settled. 'l'he hypothesis propounded by Liebig,' and at one tinw 
generally accepted, that alcohol i11 the blood and in the tissues 
undcrgo<'s cornbu::;tion, and js converted jnto ea.rbonic acicl ancl 
wate1·, :111<1 by its n1el'O presence hinders the combustion or other 
materials o[ far greater importance in the organism (lessens tis· 
sue-chnngPs), hns not been confirmed by experiments nny more 
than the asser tion of Dnchck' t hat nlclehycl and oxalic a.ml ace
tic acids nre formed in the body out of alcohol. Both Masing,' 
who workPd under the supervision or Bttehheim, and Lallemand, 
Perrin and Duroy sought in Yain to discover these bodies in the 
blood aft0r alcohol Imel bPen introclnceJ. into the stomach. 
These authors ronclnde from this, and from the fact that nnde· 
composed alcohol can be detected in the blood aml in most of 
the organs or the body, that alcohol passes through the system 
without uncle1·going any changes or decomposition. The French 
authors even go a step fa,rtlwr, and maintain, on the basis o[ 
quantitative determinations, that alcohol may be retained, and 
even accumulated, in certain organs, such as the liver and the 
brain, by reason o[ a sort o[ aflinity for these organs, and 
retainPd a long time. It would srem, however, from the re
searches o[ Schulinns [as well as from those o[ Dupre and Anstie 
-TRANS.], that this opinion is based upon errors inseparable from 
the mocle of analysis employed by the French experimenters. 

1 L'UnionMCd. 1803. 
'Innug. Dissert. Dorpat. 1865. 
3 Thicrchemic. HI. Aufl. S. 59. JJijcker (Beitriige zur Ilcilkunde. I. S. 2,38) was 

one of the very first to combat this view energetically, and bas Rhown in himself that 
the excretion of carbon dioxide is considerably le~eneU by the ingestion o( alcoholic 
drinks. 

~ Prager Viertcljabrschrift. 1853 
& luaug. -Dissert. Dorpat. 1854. 
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Schulinus differs from Lallemand, P errin and Duroy, in so fa r 
as he feels compelled to admit that there is a partial destm ction 
or decomposition of al cohol in the blood; because, if we kill an 
animal soon after its inges tion of alcohol, only '~ fract ional part 
of that alcohol can be recovered, either from its excretions or 
from the blood itself, or from the organs of the animal. " ' hat 
kind of decomposition goes on, he coul tl not, l1owever, deter
mine ; and this question still remains undecided. As regards 
the behavior of alcohol in relation to the va rious constituents of 
Jiving organisms, our first though ts, almost of necessity , tum to 
its power of coagulating albuminous solutions. Bu t thongh 
strong a lcohol is one of the mos t certain means of precipitating 
the majority of albuminoLlS substances, yet we may p1·etty safely 
assert that its physiological action, and, indeed, i ts ac tion when 
in troduced in moderate quantities in to the blood itself, is not 
that of coagula tion. Alcohol produces p recipitates in gastric 
juice, and in solu tions of pep tone. In a lidng frog one can 
clearly see a dark colorntion of tbe circnlating blood soon a fter 
the introduction or two cubic centimetres (about 3 ss.) of alcohol 
into one or the ly mphatic hearts, or into the c:wity or the peri· 
toneum. But in mammalia and in human bei ngs no change
recognizable by our present methods of observation is bronght 
about by the in trodrtetion of alcohol. Bonwetsch' states that, in 
ox-bloocl diluted with water, the reduction of the oxyhro moglo
bin by s tannous oxide socla solution occ urs more slowly after 
the addition or al cohol than it does when no alcohol is present. 
This fa ct seems to show that the poison has some affinity for 
oxyh romoglob in . The alcohol which circulates with the blood 
modifies the nOJ·mal course of organic fnn rtions in various ways. 
The outward symptoms or phenomena, which are the express ion 
of these distLirbances, arc like those ind uced by other narcotics. 
The nerve-centres, to which the poison has access, have their 
fttnctions stimula ted and increased at first, and then their activ
ity is gradually more or less perfec tly aboli shed for the time. 
These effects are much modified by the different quantities of 
the poison taken, and by the time during which the poison 

1 Jnnug.· DIBsert. Dorpat. l SG{). 
VOL. X VII. -2,i 
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works, so that we gPt a variety of phenomena, in which some· 
times only the stage of excitement, somet imes only the paralytic 
stage, or both successirnly, in si11gular combinations, a.re pre. 
scnted to us. 'l'he extent to which alcohol affects the nervous 
system is by no means restricted. Its domain is a wide one. If 
the results are at first limited to the cortical portion of the brain 
in the first instance, they may gradually extend so as to embrace 
almost all the central organs; the centres for motion and sensa
tion, ancl for consciot1sness, the medulla ohlongata and the spi
llal corcl may all be involved in the action o( this poison. 

Again, alcohol must be ranked with those narcotics which, 
after long-continued use, leave behind thPm permanent and en
during changes in tho bodily oi·gans. Tltese changes may not 
always be recognizable by the minute anatomist, but they may 
be known V<'ry unequivocally by persistent anomalies of func
tion . \\' e know tl1at the system accusto:ns itself to the poison. 
In other words, a certain tolerance is established, so that doses 
originally potent gradually cease to produce the same effect upon 
the nerve-centres. As the poison is the same as it ever was, this 
tolerance must be founded in a permanent change in tlw vital 
activity of the organs concerned. Besides its action on the nerv
ous system, or animal li fe of the individual, alcohol has most 
indisputab ly an infiuence on the vegetative life. It affects the 
circulation and the processes of nutrition. Every-clay experience 
teaches us that the habitual moderate enjoyment of alcohol 
<' ncoumges a tendency to corpt1lence. Lieb ig, who asserts that 
we have here a diminishing of the processes of oxidation, has 
<'xplained this [act by the well-known hypothesis we have quoted 
above. But there are other facts which force u s to conclude that 
alcohol most powerfully affeets the metamorphosis of tissues. 
There is a long series of authors who have noted, though not 
with nil the scientifi c accuracy desirable in such matters, that 
the excretion of carbonic acid is climinishecl after the use of alco
hol. v. Boeck and Bauer 1 have recently establi shed this fact in 
<logs by an experimental method which seems free from objection. 
There is, however, this limit, that only small quantities of alcohol 

1 Zeitschrift filrlliologie. X. 1874. 
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diminish the excretion of carbonic acid. LargPr closes, on the 
contrary, consiclerably increase this excretion. The latter cir
cumstance is explained, according to v. Boeck and Bauer, by the 
gt·eat state or muscular excitement ancl jactitation (Jinskelun
l'Uhe) into which the animals were thrown by larger doses. These 
authors believe that we should see diminished excretion or car
bonic acid, even after large doses of alcohol, if we could do away 
with the increased muscular movements; and if, as happens in 
human beings, large closes of alcohol were followed by deep 
sleep. The experiments or Boecker (Joe. cit.) and Rabuteau' are 
equally in favor of the Yiew that alcohol diminishes tissue
changes; for they found that the excretion of urea was also 
diminished by the use of alcohol. To the same effect are a 
long series of obsprvations on the effects of spi1·its or wine on the 
temperature of the body. Unfortunately, many of the observa
tions are wanting in that nicety of observation which could enti
tle them to rank with those facts which may be considered as 
placed beyond dispute. Still, sufficient is known to indicate the 
direction in which our inqnil'ies may be extended. If a.II these 
obse1.'vations relating to the excretion of urea. a.ncl carbonic acid 
a.nd the lowering of temperature should be confirmed, there could 
scarcely be room for doubting a.ny longer that alcohol diminishes 
the forces concerned in tissue·metamorphosis. Bonwetsch's dis
covery of the retardation of [the changes in] oxyhmmoglobin by 
alcohol would then afford a satisfactory explanation of the whole 
affair. 

It is only when large and poisonous do~cs of alcohol arc tnkcn that the tempera
ture of the body is very sensibly depressed. so ns to amount to several degrees of 
the Centigrade (100°) scale. With moderate doses the reduction of temperature is 
far less, and scarcely nmounts to 1° Centigrade (1.8° Fa hr.). Obernicr, 9 and Parkes, 
and Wollowicz (Joe. cit.) were scarcely able to demonstrate Any effect on tempera
ture from small doses o( alcohol. Whilst Dumeril and Dcmnrquay, 3 Lnllemnnd, 
Perrin, and Duroy (loc. cit.), Ruge,~ Bouvier,5 ?ibinzcr,• Sulzynski,1 Daub,' and 
Ricgcl, 9 all observed slight falls of temperature. 

1 L'Union mi'-d. 1870. 

'Ptli.igcr's Arch. 1869. TI. 
3 Archiv. gCnCml. IV. S.!r. XVI. 1848. 
1 Vircbow's Arehiv. Bd. 49. 1870. 
~ Pbarmnk. Stuclien iibei.- clen Alkobol. 1872. 

6 Inaug.-Diss. Ronn. 1870 

~ Inaug -Diss. Dorpat. 18G5. 
6 1\(ed. Centrnlblntt . 1874 
9 Arcbiv fiir kl in. Med. XII. 1874. 
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Alcohol has also unmistakable effects on some o! the organs 
of vegetative liCe. Its influence on the movements of the heart is 
placed beyond doubt, as reg>Lrds hurm•n beings, by the experi· 
mPnts of Parkes and \Yollowicz (loc. cit.); and as regards ani
mals, by the experiments of Zimmerbcrg (loc. cit. ). This influ
ence is at first a considerable increase in the energy of the heart, 
which soon becomes greatly diminished. How far the ilifforent 
cardiac nerves are severally concerned cannot be settled off-hand. 
I t is quite clear also that the vascular system fa not exempt from 
the action of alcohol. The reddening of the skin, as well as the 
sinking of the blooil-pressure a[ter the injection o[ large quanti
ti es of alcohol, both point to a considerable diminution of the 
tone or tension o[ the arteries (arterial tonus). t There is a pretty 
generally diffused opinion that alcohol, in a retlex manner (by ini· 
tation of the sensitive 1ie1Tes), excites ancl increases the secretions. 
It is in this way that it is cred ited with improving digestion. 
Nearly all our tcxt·books of medicine speak of increased secretion 
of gastric juice as one of the effects of alcohol. But Claude Ber
nard' s experiments' ham shown that strong alcohol has exactly 
the contrary effect. In other words, it brings abont a diminution 
of all secretions, whilst they are but very slightly increased by 
very dilute spirits of wine. This is very strikingly so as regards 
digestion. Claude Bernard fonnd that he could check digestion 
in the stomach of a dog in whom that process had commenced, 
by introducing alcohol into the stomach; and if alcohol and 
food were given together, digestion began a little later than in 
animals who had taken no alcohol. The secretion of gastric 
juice is thernfore almost entirely suspended for a time by spirits 
of wine. Bernard has demonstrated the same as regards the 
activity of the secreting glands of the intestines. The excretory 
functions of the kidneys are decidedly increased and accelerated 
by the ingestion of moderate quantities of alcohol. Even the 
laity are familiar with the diuretic action of al coholi c liquor. 

The local action o[ spirits of wine may be partly explained by 

1 Compare on this point Parke!J and lV0Uowicz
1 

Zimmerberg (loc. cit.) and Tscltesclti
cltin, Archiv rur Ana.t. med. Phys. 1866. 

~ Le<;ons sur lcs efiets des substances toxiqucs, p. 414.. 
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the behavior or this substance with aibuminous bodies, and by 
its affi nity for water, of which we liave spoken already. Its 
local action, however, must clearly be clue in part to the direct 
contact of the alcohol with the terminations of the sensitive 
nerves. For instance, ir the spirit be very strong and applied 
to certain parts, there is more or less of intense burning pain. 
There is then almost immediately (by reJlex action arter the ini· 
tation of the sensory nerves) dilatation or the blood-vessels and 
increased Jlow of blood to the part-symptoms which may, if 
the irritation be continued, go on to exudation and the forma
tion of sores, and may evpn go on to typical inflammation, just 
analogous to the elf~ct or epispastics. 

As regards chronic nlcoholic poisoning, or the effect or long
continued closes of alcohol, a nnrnber of experiments have been 
made on animals. Magnan' fed some dogs for some months 
with alcoholic liquors, and he gradually saw symptoms analo
gous to those of chronic alcoholism in human beings developed 
in these animals. The dogs suffered from gradually increasing 
muscular weaknes~, general tremblings, and, esperial1y during 
the night, from hallucinations (?), which were generally recog
nized by yelling out, howling, and symptoms of extreme fear. 
They grndunlly sank from a sort of chrnnic marasmus. Kremi
ansky' instituted analogous experiments, in which he specially 
d irected his attention to the de,·pJopme:1t of a hemonhagic 
l)achymening iti s. Uagnan's results in this direction were neg
ative. He thus cliITPrs from Kremiansky and Neumann,' who 
were able to demonstrate the pathological changes mentioned 
above in the d11ra matel' in dogs. 

The etiology of alcohol-poisoning is very closely connected 
with the abuse of spil'ituous liquors. The most popnlar of all 
methods of intoxi<'ation is simply arnte alcoholic poisoning-· 
drunkenness in its various degrees. Cases of chronic alcoholism 
mnst al so be referred to the voluntary use of alcohol. It is 
indeed in very rare cases, and they are growing still more rare, 

1 De l'alcoolisme des diverscs formes, etc. Paris, H:li4. 
~ Vircbow's Archiv. 1868. XLII. 
'Inaug. ·Dissert. KOnig.sberg. 18G9. 
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that we see alcoholic poisoning produced either by pure accident, 
or from criminal motives. Mild forms of intoxicatiou may indeed 
result from the common application of alcohol or spirils of cam
phor as a surgical application to wounds, as is commonly done in 
France. Schlesinger,' indeed, noted a !'ase of delirium tremens 
in a lady who used a great deal of eau de Cologne. [It is well 
known that this perfume is often mixed with water, and taken 
as a beverage.-Tl!ANS.] 

In consequence o[ the widespread u se of alcoholic liquors as 
beverages, the ba leful effects of this poison are not confined to 
individuals. They affect, aml are felt by, whole communities. 
They are therefore deserving of noti ce, not merely from medical 
men, but from statesmen and political economists. Accurate 
staListics, which should show on the one hand the amount o[ 
alcoholism in difiorent coun tries, and on the other side the db
eases and crimes which a.re connected with or dependent upon it, 
would enable us clearly to see the enormous material and moral 
injury clone by this poison. Unfortunately, much of the mate
rial is as yet uncollected. Enough has, however, been clone 011 

a small sea.le to give us an idea how such inquiries would be 
answered. In England, where special attention has been given 
to such questions, 75 per cent. of all crimes and 25 per cent. of 
insa nity are closely connectetl with the abuse of alcohol. It is 
stil l worse as regarc18 Ireland. It lrns been ascertained that in 
Glasgow every three-and-twentieth, in Lil·erpool every twentieth, 
and in Dublin 0\'ery tenth person accused was found in a. condi
tion o[ drunkenness. 

'rhe consumption of spirituous liquors is generally larger in 
northt'rn countries (Russia, Sweden, England, the north of Ger
many) than it is in southem countries (the south o[ Germany, 
I taly, and Spain). Hermann ' has g iven us some interesting ac
counts regarding Russia, and St. Petersburg in particular. The 
rnmova.l of the bmndy monopoly in 1863 ca. used an enormous 
increase in the diseases which are clue to alcohol. In the JiYe 
hospitals of St. P etersburg, in the yea.rs 1861- 1865, 3,206 

1 Caspor'>1 Wochenscrift. 1835. 

~Petersburg med. %eitschr. XIII. 2. 1807. 
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patients were treated fo r alcoholism, or 1-3 per cent. of all 
the patients. "\Yhilst in tli e years 1861 a ncl 1862 (before the 
removal of the monopoly) some 26 and 23 cases respectively 
were fatal fro m alcoholi sm, these numbers rose, in the three 
years following the remo,·al of the monopoly, to 33, 102, 
and 89. 

Of late years the consumption of the liquor called absinthe 
has reached enormous proportions, particularl y in the large 
towns. The percentage of alcohol in tl1e beverages consumed is 
naturally a point of spec ial interes t, fo r all those coun tries where 
the use of brandy prernil s, afford, in consequence of this, a 
larger contingent of casPs of alcoholic in tox ication than those 
where beer and other bm·erages poor in alcohol a re the staple 
drinks. 

As regards the various ranks oE soc iety, the rnle is tha t an 
O\"erwhclming majo1·i ty of dntnlrnrds is d rawn from the lower 
classes-the proletariat and arti sans. ThPre are, howe,·er, no 
very accurate sta tistics on these poin ts, and we k now that 
drnnkenness occurs far too commonly among the educated 
classes. Hermann says tha t in St. Petersburg the majority of 
drnnkards are not taken from the rnry lowes t class, bu t rather 
from the ranks of clerks and officials or the lower grades and 
small traders. In the year 1862, for example, among 100 alco
holic patients, 44 were clerks, 40 arti sans, and onl y 20 day
bborers. In the year 1863 (in which the brandy monopoly was 
removed), among 207 patients, 107 were clerks, 00 arlisans, and 
32 day-laborers. 

It is easy to understand why the male sex is more commonly 
given to a lcoholism than the female. (Of the 3,206 cases collected 
by Hermann, onl y 400 were women, or about one-eigh th .) It is 
al so natu ra l that r hilclrr n and very old people less often snffer 
from alcoholism than people in middle life, or, in other words, 
between thirty and fift y years. Noth ing defini te can be laid 
down as regards the q uanti ty oE alcohol requ ired to intoxicate, 
excep t as rega1·ds concentra ted alcohol (over 50 per cent. in 
streng th). As a rnl e, very small quantities or this are enough 
to .bring on sy mptoms of poisoning in a very short time. In 
cliildreu, two tablespoo nfuls of alco'.tol of 60 per cent. strength 
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has proved a fatal close.• In grown-up people not accustomed 
to stimulants, a larger quantity of rum or arrack (from one ancl 
a half to three fluidounces) will be required to rapidly produce 
symptoms of intoxication. Absol ute al cohol (over 90 per cent. 
solutions), under all circumstances, even in small quantities, 
produces symptom s of poisoning by its local action. 

The sy mptoms and course of poisoning by al cohol are pecu
lisr from the variety and complexity of the phenomena. 

In order to facilitate the study of these, we divide the sub
ject as follows : 

I. Acute alcoholic poisoning. (a). Dl'llnkenness (or mild 
form). (b). Poisoning by larger doses of alcohol (severe form). 

II. Chronic alcoholic poisoning. (a) . Delirium lremens. (b). 
Chronic al coholism. 

I. (a) . Dl'llnkenness. Familiar and well known as this con
dition is, we mnst, for the sake of completeness, give a brief 
account or it here. The primary pleasant effect of moderate 
(]_Uantities of alcohol, and i t is to these it owes its great popu
larity and extended use-is a sort of amiable (wohlthatig) altera
tion of comm on sensations-an exa lted cerebration-more facile 
association or ideas-a foPling of increased bodily strength-and 
the banishment or vanishing or all predously present unpleasant 
sensations in the domain or both bodily and physical life. The 
expression to be "ele,·ated " (angeheitert sein) capitally d<•scribcs 
this condition, which can scarcely in itself be considered an 
abnormal state (yet is so for the individnal at the given time). 
Generally speaking, thi s condition l~avPs no unpleasant conse
quences behind it. The quantity and qnality or the alcohol 
required to bring about this simplest form of poisoning varies 
p;reatly acC'ording to the individuality or personal character of 
those who take i t. Only a very littl e more of the poison (alco
hol) requires to be taken, ancl the person already under its intltt
ence is immediatrly lost to propriety. The stale previously 
described is now greatly exaggerated. The man expresses his 
opinions more loudly and more freely, tl1 e tendt>ncy to put all 
his feelings into words becomes more ancl mo1 «> nncontrollabh>, 

1 Dcutsclt'8 ca.ae. Preuss. Vcreiuzeitung i quoted in Schmidt;'s Jahrlmch. Bd. L"\.V. 
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and the cerebral centre, which should control his actions and his 
words-that "prudent, caut ious seH-control " which (according 
to Bums) is" wisdom's root," and gives to the sober the stamp of 
rationality, becomes weaker and weaker. The uncontrolled com
bination of ideas, the unfettered imagination, rauses a flood of 
words, without arrangement, to roll over the to11gne in a cease
less torrent. The hidden "I "-the whole man, willingly or 
unwillingly, comes to light, and the sober spectator and listener 
o[ten gets unexpected glimpses of those depths of the soul's 
inner life whirh the man at another time wonld most anxiously 
screen from the gaze of the world around him. At the same 
time the exc itation of the motor centres-the exaggerated ten
dency to action-often keeps pace with the general excitement. 
and urges on the llrnnken man to purposeless exhibit ioue of 
st rength, often impelling him to seize Jiold of the li ving or lifeless 
objects which SLllTOund him. All the passions press to the front, 
without any concealment and with exaggerated intensity; love, 
hatred, revenge, fear, and anger lend their changing colors to 
the uncontrolled impulses which urge him on. But the over
strained bow is easily broken-often with a sudden snap. The 
hmly-burly is hushed, and the dmnken man falls into a state of 
deep coma or narcotism. All the symptoms of excitement are 
weakened, and arc succeeded by almost complete paralysis, and 
the over- timulated and excited organs reruse to do their duty. 
This description, naturally enongh, is not always accurate, bnt 
it pretty fairly represents the general symptoms of intoxication. 
I t is not possible, in onr limits, to include all the varieties met 
with in pmctice. I t must, however, be noted that in some cases 
the effects of a lcohol are diametrically opposite, lrnl"ing a depress
ing effect upon the indiviclual who takes it, e,·en from the Yery 
first, making him rcsPrvecl, tranquil, uncl evPn secretive, and hP 
goes on to a state of narcotism without any of the ordinary out
\\"ard signs of d runkenness. The amount of consciousness and 
rationality retained by the dmuken man varies greatly, and is by 
no means always proportioned to the quantity of poison imbibed. 
;\fen who are manifestly drnnk, oft.en act and transact business, 
though perhaps only for a brief time, with complete reflective 
faculties ancl with a good deal of consideration. It is just the 
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same as regards the memory of what took place in the drunken 

state. No rule can he laid down, fo l' some remember everything 

perfectly when they awake, others have no i·ecollection of any

thing. 
The bodily conditi on during d!'llnkenness, and the narcosis 

which follows, exhibit the following pc•ctiliarities: the face of 

the drinker becomes flushed and reddened, so do the ocular 

conjunctinD; the pulses beat more forcibly,' the skin is often 

profusely IJathed in sweat, the frequency of the pulse is in

creased, and the pupils are, for the most pal't, contracted. The 

quantity of mine is general ly increased a nd its specifi c gravity 

diminished, especially when much water has been ingested with 

the alcohol. The mol'ements of the vol untal'y muscles, which were 

at first considerably increased in energy, become at a late!' s tage 

decidedly less powerful, and a diminished power of co-ordination 

of movements becomes specially ev idPnt. 

The drunkard speaks stam rn e1'ingly, staggel's, and easily falls 

to the ground. It is vel'y common to have repeated vomiting 

befol'e n:u·cotism sets in, but this symptom may be en tirely 

absent. In tlie comatose condilion, or full narcos is, the faculty 

o[ responding to external impressions-in othel' wol'ds, reflex 

action-is weakened in various degl'ees, and sometimes, in very 

deep intoxication, entil'ely Jost. The dead-drunk man lies with 

relaxed and limp limbs, perfectly motionless, breathing deeply, 

but seldom. The pulse is now genera lly small and quick, the 

skin cool, and covered with clammy sweat. It is with g 1·eat cli!li

culty, if at all, that a11y sign o( consciousness can he elicited by 

loud calls, shaking, sp1·i nkling with water, or other modes u[ 

irritation. As a rul e, he awakes sponta1wously, after sleeping 

for a va rying time. wilh diffel'ent kinds o[ sequelro of hi s ex

cesses. 'l'hen he feels a sevPre, opprnssive headache, finds it 

diffictllt to think, for his ideas are all at sixes and sevens; ancl 

at fast he has sra 1·cely any recollections o( his recent debauch. 

Vel'y commonly symptoms of acute gastric catarrh come on. 

Severe vomiting sets in, which often lasts for some days, anc1 

1 Mendel (Virchow's Archiv. Ild. L.) £ound the temperature of the head, in drunk

enness, higher than that of the rectum. 
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occurs several times in the same day; he has complete loss of 
appetite, g reat thirst, an unpleasant taste it1 the n1 outh, and in 
addition, a great feeling of weariness and niuscuhir prostrntion, 
felt all over the body. \Ve have thought it better thu:; to sketch 
the general features presented hy drunkenne:;s, than to describe 
the spontaneous and often arbitmry varieties of one and the 
same condition under special names, and in grea t detail.' 
DrnnkPnness i::; in its essence nothing else bnt a. t1·ansient insan
ity. It may a5sunw almost any form; and indeed all the for ms 
assum ed by true insanity are imitated with great accurncy in a 
manner well worthy the study of tho:;e who devote themseh'es 
to psychology. 

Since the time of P ercy,' French auth ors have specially noteu 
a. form or drunkenness under the name or u conntlsive intoxica
tion., (ivresse convulsive). It is di:;tinguished from the ordinary 
kind by severe general convulsions anu maniacal delirium. The 
attacks generally come on soma hom :; af ter the per:;on allackeu 
has thunk heavily. They occur during sleep, and often without 
any clea r symptoms of drnnkcnness ha1'ing prev iously mani
festetl themsel 1·es. Two powerful men could scarcely restrnin the 
pat ic•nts, who showed fi ght, and several of these attacks ham 
ended fatally by the patients spring ing out of windows. In foct, 
t·he whole description is that of an acute attack of mania. The 
bodily condition differs very little from that common in thcnsunl 
fol'lll8 or chunkennes::;; sometimes, however, general anrestht:>::;ia 
has been noted. According to P ercy, th is convulsirn intox im
tion may occur in very sensi tive or "i rritable" people, arter 
any g1·eat excess of del'otion to Bacrhus; bnt it is especial ly 
common after the use of new wine fortified with com-spirit, or 
old wines adulterated in the same way. 

I. (b) 'l'he symptoms are, however, considerably mod ifi ed in 
those cases where large quantities of strong alcohol are intro
duced into the system at one time. In these cases there is gene
rally no stage of excitement observed, but from the Yery begin
ning the signs of profound general depression of all the l'ital 

1 Compare /i'alck, Intoxicationen, in Vircbow's Pathologic und Therapie. II. l, 2. 
~Sec Pcl'cy, Diction. des sciences m6d. t. XXVI., and especially Jla9nan (loc. cit.) 

and Lallemand, Perrin, uud Duroy1 Joe. cit. 
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fonctions are present. In this category most o r the criminal 
cases or alcoholic poisoning will be found. l\Iany cases are 
recorded in book s and periodicals where children or a few months 
old, up to eigh t years of age, have been purposely killed in this 
way. 'rl1ere are also many analogous cases in g rown-up people, 
who fol' the purpose of beastly g ratification of appetite, have 
gone on in1bibing strong spirits till t hey sank insensible to the 
g round. [Such cases are common in the docks, ancl are known 
as" sucking the monkey."-Ti:A NS.] It is ns ual to find the p er
sons thus poisoned in a state of deep coma and unconsciousness 
(sopor), with vaifous degrees of geneml anms thcsia, with deep, s ter· 
torous respiration, small , rapid, and easily compressible pulse, 
and, as a rule, dilated pupil s, insensible t o light. The skin of 
the face is generally reddened and bloated-l ooking, but some
tirues cya notic; the skin of the trnnk and extremiti es cool and 
covered with clammy sweat. The mnrons membranes of the 
mouth a nd tl11·oat may show similar changes a s in mild cases of 
p oisoning hy acids, especially a whi tish colo1·ation of the s wollen 
and spongy epithelial lining. Yomi ting, though often noted, 
is by no means a constant symptom. l\Iany of the recorded 
cases mention the passage of thin, slimy stools, mixed with bl ood. 
In very y oung patients (children under three y ears of age), thi s 
sor t o r poisoning may tem1inate in dea th in a very fe w hOtll'S
it is, howc•vpr, 11 snal to find tl1is preceded by general, or some
times pu rely local' convul sions. The olcler the children are, the 
1110l'e likPly is it that remedial measures will avert dea th. The 
sy mpto ms in g rown-up people are stri ctly analogous. IIere, 
too, it is nsual to find the pa tient in a condition of the deepest 
stupor ; a nd in many of the recorded cases it is expressly s ta ted 
tha t thP patient fell clown insensible whil st drinking. Conscious
ness is generall y entirely aboli shed, and it is the same with sen
sation. The skin is cool. and the face and mucous membranes 
are cyanotic. Ir these dead-drnnk people remain long on the 
g round in this cond ition, acute gangrene is sometimes seen on 
those par ts o[ the skin mos t exposed to pressure. The epider
mis is ffrst rai s<>d in bli sters, which are fill ed with blood -s tained 

1 Thus, in the cn.se previously quoted from De!tt.9ch, convulsions were noted only 
in the right side of the body. 
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serum, just as in burns, and the case may go on to the formation 
of a line of demarcation, and actnal dropping off of portions of 
the body. The sunonnding surface is highly roclematous, swol· 
Jen, and reel, just as in phlegmonous erysipelas. 

:Mitscherlich relates a case of thi s kind. 1 The mnn fell down, nod lay thirty 

hours with his left nrm under him. The hnncl hecame gangrenous, and the whole 

of the left arm was highly redcmatous, swollen, and reddened. 

In these cases, too, the brea thing is deep, stertorons, and 
intermittent; the pulse small, and scarcely to be felt. The 
extremities are o( marble coldness, and the temperature of tlw 
whole body i; considerably lowered. In the most severe cases 
of this kind the pupil is clilatecl, and does not respond to light. 
Iu less severe ones, especially when some traces of consciousness 
are still present, the pupil is contracted to a pin's point. 

Burkitt 'J clc:scrihes a case, in which the prev iously contracted pupils dilated for 

a moment whenever the uncousc iom1 patient made attempts to speak. 

It is very common to find both the eyelids and conjunctivro 
wi th livid blood-spots (suggillirt). The eyeballs are sometimes 
»ery prominent and staring-sometimes deeply sunk in the 
orbits. Local symptoms of any di sorder o( the digestive organs 
are not usually much ma1·hc1 at first during the comatose con
c1ition-anc1 begin to appear at a later stage, if the case have not 
ended fatally. In the mouth, except a very strong smell of 
alcohol, and a dry, fi ssured reel tong ue, covered with a thick fur 
or scab, there i:; notn ing n ry remarkable. Vomiting of blood, 
and stools containing bloocl have been noticed in a very few 
cases. Sometimes the stage of compl ete coma alternate• with 
either ful'ious or fri sky delirium ; and convulsive movements of 
single groups of muscles, or extending over the whole of some 
rPgion of the body, and even general clonic spasms, are not 
infrequently met with . 

The duration and course or these condit ions are very varied, 
especially so as the treatment, or attempts at recovery, have heen 

1 Virchow's Arcbiv. Bd. XXXVIJI. 1867. 
' Dublin Medical Press. 1839. Quoted in Schmidt.'s Jabrbilcher. 
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begun ea rly or clelayed till a late period. Loss of consciousness 
and coma may last several days, and may then terminate by the 
supervention of favorable symp toms, or may pass into a condi
tion verv similar to delirium tremens. Ir no efforts be made at 
recovery for a considerable time, death may occur very easily in 
the first stage, in consequence of asphyxia ancl paresis of the 
heart. But death may also occur in the later stages. In the 
cases which begin to improve, the patients become conscious 
after some time, and then complain of violent headache an<l. 
general wcalrnes", and they labor for a considerable time under 
the sy mptoms of a more or less acnte gas triti s, which specially 
shows itself in frequent retchings and vomiting, pain in the epi
gastrium, total loss of appetite, und other sy mp to ms of the same 
class. 

Post-mortem examinations of the boclies of those dying from 
acute alcoholic poisoning exhibit in some instances un exceecl
ingly prolo11gecl ancl remarkable resistance to putrefactive pro
cesses ; ' but the opposite has also been notecl, namely, an 
exceedingly rapicl development of dPcomposition (compare 
~Iitscherlich, loc. cit.). On those parts of the Bkin most subject 
to pressure during life (shoulders, uates, etc.) very large post
mortem s tains or ecchymoses will be fonnd; sometimes the epi
clerm is is raisecl into blisters, or there may even be more or less 
adva ncecl bed -sores (decubitus) . The mucous membrane of the 
digestive tract will sometimes have contents smelling plainly of 
the poison, while at other times there will be no trace o[ alcoholic 
odor. These mucous membranes will sometimes exhibit only 
reclness· and swelling, sometimes there will be ecchymoses, very 
seldom ulcers. 

Penneticr' observed that ulcers were begi nning to form in the 
lower part of the rosophagus and in the stomach in u fatal case 
of poisoning by alcohol. The mucous membrane of the respira
tory tract exhibi ts a wiclely-spreacl uncl intense injection of 
blood-vessels ; the lungs themselves are very often found in a 

1 In the case previously quoted from Deutsrl1, in spite of n. very bot summer, no 
sign of putrefaction wns found ns long o.s thirty-six hours afler death . 

~ TbCses. llaris. 186J. 
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state of cedcma ; still more frequentl y we di scover in thei r poste
rior and inferior portions hy postases and hepatization. The 
smell of alcohol can neal"iy always be detected in the abdominal 
cavi ty. The same is affinned of the cranial cal'ity, in which also 
sc•rous exudations and g reat injection of the meninges arc usuall y 
found. There are no other characteristic appearances in the 
bra in. 

II. The condition known as genernl clironic· alcolwlism exhib
its a variety of difTe1fog symptoms, whir·h sometimes al tematc 
with one another. If we were to comprehend all the pa thological 
changes whi ch occur in notorious sots, we shoulcl have to make 
ntunerous subdi1·isions and di stinctions in 01·der to facili tate the 
study of a subject on which so many mistakes ham been made 
by both ancient and modem writers. 

It appears to us essentia l to declare at the very ons2t that in 
a number of cases chronic alcoholi sm is perfectly identi cal with 
other fonn s of di sease. In other word s, that the poison or alco
hol, either alone or combi1wd with other pathological canses, 
produces bodil y or mental di seases which in themselves afford 
nothing characteri st ic oE th t> effects or alcohol. To this categol'y 
belong many cases of imlwcility, of paralytic dementia, and of 
melancholia , as well as or tabes dor:;ali s, atrophy of the li ve!', 
morbns Brightii , ancl other di seases which we of ten find de
sc ribed as specia l form s oE alcoholism withou t any claim, in our 
opinion, to such a de ignation. IV<> shall gain far more insight 
into the whole q nestion if we start with the proposition, tliat 
besides the special diseases resul ting from thi s poison, the habit
ual misnse or abuse of al cohol is one of those p rima ry canses 
which combine together to generate a great many forms of di s
ease. 

In this place, howc1·er, we are chiefl y concerned with those 
diseases which are more or less characte ri stic oE a lcoholic poison
ing. The chang~s and maladies of the digestive organs, such as 
gas triti s with or wi thou t jaundice, cinhosis of the liver, etc., 
thoug h very commonly the consequence or chronic alcoholi sm, 
must be treated separately in other portions oE thi s work, under 
special sect ions of pathology and therapeutics. In this some-
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what restricted department there are consequently only tlYo 
truly characteri::;t ic groups remaining, namely: 

1. IJeliriurn trernens, which is essentiall y the acute form of 
chronic poisoning by alcohol ; and 

2. Chronic alcoholism, properly so called, consisting of a 
complexity of symptoms of a general diseased tate of the ner
YOUS system, involving both mind aml body. 

lle1·e, too, it must he admitted that even these two groups 
very often resemble and may be confounded with other forms 
of disease, so that their right to a separatu place in our nosolo
gies may sometimes be very fail'ly disputed. In the true sense 
o( the terms, the effects of alcohol are no more specific tha11 
those of any other poison. 

II. a. The term " ddirinm tremens" was first introduced into 
pathological literature hy the Eng li sh doctor Sutton,' in the year 
1813. This author marked as a special character of delirium tre
mens that, unlike other acute forms of delirium, it was not im
proved, but rather made worse, by bleeding; but on the other 
hand it could be cured by opimn. Ile Jays no stress on alcohol 
as the pathogenetic agent or prime facto r in the disease. This 
was first sp<'cially insisted upon by Rayer in 1819, who proposed 
the name "oino-mania" for it.2 However, the original name has 
held its ground, and is now commonly known, not only to the 
medical profession, but even to the general public. 

·with regard to the true etiology of delirium tremens, two 
rather opposite opinions have long been held. According to the 
first view alcohol itself is the immediate cause of the delirium, 
since it acts as a special irritant or stimulant to the brain and 
nervous sy~tem. This, the so-called toxremic theory, is almost 
universally accepted in France and Germany, and is becoming so 
in England also. The question has been discussed with much 
warmth in that country by such men as P eddie, Anstie, Laycock, 
IIughes·Ben nett, Gairdner, and others. Other observers, who 
base their view on the proposition that the delirium breaks out 

1 A. FotiUe, Du delirium tremens, de la dipsomnnie 1 et de l'al coolisme. Notice hia· 
torique et bibliogrnphique. Archivefl gCnfrales de mCdccine. VI. S. Bd. X. t~li7 . 

~ MCmoirc sur le delirium tremens. Paris. 1819. 
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first just as the soaker is deprived of his alcohol, contend that 
the withdrawal of the accustomed stimulus, and thus the with
drawal of the poison, is the true and real cause of the outbreak 
of delirium (Cuming'). They hold that the nervous system, 
weakened by the long-continued operation of the alcohol, cannot 
tolerate the removal of the customary stimulus without suffering 
a tumultuous disturbance of its equilibrium. And this disturb
ance occurs just as the alcohol is suddenly withdrawn from the 
system. According to this view, therefore, delirium tremens is 
a sort of delirium of inanition. Cuming supports this view by 
a long series of carefully observed clinical facts, and he does not 
dispute the possibility of a delirium produced by acute alcoholic 
poisoning. 

Other authors, to reconcile these conflicting views, propose 
to recognize several varied forms of delirium tremens. 'Thus, for 
example, Marston' recognizes a delirium ebrietatis, which devel
ops itself immediatPly after a single great excess or debauch, in 
opposition to a deliri11m potatornm (of habitual sots). In the 
first case the alcohol itself, in the latter its witbdrawal, would be 
tile proximate causa nwrbi. Hermann (loc. cit.) has noticed 
that true delirium tremens more commonly occms after some 
great excess at one tinw, whilst long-con tinned drinking (the so
called "quiet sotting'') more commonly induces a condition of 
chronic alcoholism with paralysis. Sander' also )1as noticed 
cases in which the delirium potat.orum seemed to originate in a 
solitary debauch. It is a matter of old clinical observation that 
tile delil'inm of sots shows a sort of preference for injuries (snch 
as fractures and dislocations), and for the intercnrrent internal 
diseases of soakers (such as pneumonia). Here the extemn.l sur
roundings, for the most part, naturally make a gn•nt chnnge in 
the whole mode of life of the individual who is accustomed to 
take spirits freely. 

It is very difficult to hold the balance e1·enly in such contro
versies. Indeed, it seems probable that both l'iews have some 

1 On delirium treme11s. Dublin Qua.rt. Journal of Med. Science. No. 08. 1870. p. 02. 

'Edinburgh Medical Journnl, Oct. 1800. 
s Arcbiv fiir Physchiatr. und Nervenkrank. 1868. 

VOL. XVII.-2U 



402 llOEil)L-POISONS. 

truth, and that both alcohol itself and its [sudden] withdrawal 
may both be factors in different cases of this disease. But the 
clinical cases and observations which lie before us do not favor 
the theory propounded by l\Iarston of rnried forms of delirium 
tremens, according to the cause-since varying causes, in this in
stance, do not seem to produce any variety, or at all events not 
a conesponding variety, in the symptoms-for delirium tremens 
is essentially the same under all circumstances. 

)fognan (loc. cit.) distinguishes the following various degrees of intensity in 
ddirium trcmens (c1Ciirc nlcoolique) : 

1. Simple delirium trcmcns (delire alcooliquc nfCbrilc). 
a. Slight form, terminating quickly in recovery. 
b. More severe form, with more tedious restoration to health, and great tendency 

to relapses. Particular delusions based 011 persistent hallucinu.tions arc obstinately 
persisted in. Suici<lul tendency. 

c. Oc:lirium trcmcns in people with hcn"clitary predisposition to psychosis. 
G:cat impressionability i long duration of attacksj imperfect recovery. Very slight 

. excesses induce slight relapses. 
2. Febrile delirium tl'cmens. 

The outbreak of this disease is always more or less sudden. 
'Vell-characterized prodromal or premonitory symptoms are not 
known. Occasionally it is preceded by a similar prodromal 
stage of melancholy, though a shorter one, to that which pre· 
cedes trne attacks of insanity. As a rnle, the scene opens with 
the well-known specifk hallucinations of vision common to 
topers. For the most part they see little datk animals (beetles, 
rats. birds, serpents, and the like) wherever they turn their eyes. 
Bnt they are also very often troubled in addition by other hor· 
rid images, which sometimes assume the form of the devil, some
times of a policeman, or of great black beasts, and the like. 

l\Iagnan (loc. cit.) considers that the hallucinations of topers 
are especially characterizPd by their mobility, as well as by their 
horrid nature. Delirium tremens is never filled with stiff, fixed 
visions. 

In the hallucinations of the sense of hearing, dreadful sounds 
predominate, although the patients sometimes hear music, and 
songs, or other pleasa11t things. Besides all this there are a 
variety of abnormal sensations, apparently due to anomalies of 
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the sense of touch nnd of cutaneous sensibility. The patients 
will believe that they are enclosed in a line net of spun glass, or 
of some textile fabric. All sorts of little insects are crawli1w 
under their skin-these sting and torment them-or they ha,·~ 
some other delusions of similar kind. At a little later period 
a peculiar restlessness attacks the voluntnry muscles. The 
patients are continually making little objectless movements with 
their fingers. Lying in bed, they drum continuously with their 
fingers 011 the counterpane, reach out all round them with their 
hands, as if they would move away some small objects. They 
have always a very unsteady look-a sort of wild appearance. 
Sometimes they hnve even nystagmus. But they seldom entirely 
lose consciousness, or only for a very brief interval. The patients 
know where they are nnd who is with them, and for the most 
pnrt they answer questions correctly. Very often the last scene 
in the recent debauch, such as a quarrel, etc., is r~peated, some
times half-aloud, sometimes in a noisy delirium ; and sooner or 
later, nlong with increased restlessness, there is more or less fierce 
mania and fury. Delirium tremens differs from mere intoxica
tion in this, amongst other things, that the general deportment 
and aspe<·t of the patient almost always assumes a chamcter of 
depression. The delirious patient is worried by his hallucina
tions, and most of his violent acts are done with the object of 
freeing himself from his tormentors. It is very rare to find the 
cl1eerful, hilarious deportment which is characteristic of some 
forms of mania, and of the earlier stages of intoxication. Cheer
ful delirium is more commonly met with in patients who suffe1· 
from pneumonia or some other febrile affection, as well as from 
delirium tremens. 

Occasionally we find well-marked delusions as to persecution, 
in which the devil, the police, and similar ohjects of terror to 
common men, play the chief part-they imagine that they are 
being pursued by these objects. It is not uncommon to find the 
patients inclinecl to fight those abo11t them, and they arP often 
very mischievous and destructive. These symptoms are usually 
exacerbated at night, and there is much more dread then thn.11 
at other times. Complete inability to sle•lp is also a symptom 
which is never absent. Another somatic symptom is the tremor, 
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which varies both in extent and intensity, and may even be 
absent altogether. The face is generally !lushed, the conjuHctira 
injected, and the patient usually persp ires very freely. The 
patient looks very feverish. It is easy to understand that 
accumte thermometrical observations are not easy to take under 
such circumstances, and we have, therefore, no very reliable 
information on this point. 

The duration of delirium tremens is limited to a few <lays in 
the great majol'iry of cases-at the most it ex tends to a fortnight, 
whil st the disease is at its height. There is delirinm even in the 
daytime, it grows worse when twilight begins, and is most se,·ere 
at night. On the other hand, when convalescence commences, 
one of the first signs of imprnvement is freedom from delnsions 
dining daylight. During the evening hours and in the night 
the patient is still more or less troubled with a return of the hal
lucinations, until at length, after he has enjoyed tranquil sleep 
for a few nights, he may be rega rd ed as qnite cnred. 

If there a l'e sm gical complicat ions, 0 1· some intemal malady 
complica te the case, the course of the disease is often very unfa
,·orable, and death may occur as early as in the first week, with 
all the symptoms of asthenia. E,·ery practical surgeon knows, 
from hi s own experience, that the prngnosis of cases o r pneumo
nia or fractlll'es, complicated with delirium tremens, is a veI'}' 
unfavorable one. 

Magnan, in hi s recent work on Alcoholism, in addition to the 
ordinary form of delirinm tremens which we have just desc ribed, 
mentions a severe febrile form which very commonly rnns a fatal 
course in a very few days. The fever in such cases, according to 
Magnan, is not so n1n ch dependPnt upon any internal or external 
complications or sy mptoms, but must be regarded as idiopathic. 
Up to the present time he has published seven cases of this 
kind , which were remarkable, not only for the high fe,·er (tem
peratme of 42° C. = 107. G° F. ), bnt also for the very se,·ere 
tremors which extended all O\·er thP hocly, and continued even 
in sleep. These tremors could be plainly felt by the hand in 
almost every region of the body. Besides thi s, the "febrile de
lirium " is characterized by ex treme muscular weakness, and the 
pulse, which is slow at first, becomes much quickened later on, 
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and is extremely weak. Sometimes tllere is albuminnri::t. Fi
nally death occurs, with symptoms of extreme general asthenia. 
The speciltl etiology of this form is as yet unknown. Yet it is 
known to foll ow repeated and recent excesses (unlike the cleliri
um tremens which foll ows acciden ts or intercurrent diseases- the 
so-called traumatic delirium of many authors). 

It is not possible to describe here in detail rtll the modifica
tions of symptoms met with in different cases or deliriun1 tre
mens, which deviate in different ways from the sketch just 
presented to the reader. It should, however, be noted that 
tetanic and eclamptiform convulsions have been obserl'ed in 
some cases. 

It is very rarely tha t we find a man attacked only once by 
this complain t, unless, indeed, the first attack has p roved fatal. 
It is [ar more common to see the same pa tient come again and 
again to the hospital, a t longer or sho1·ter intervals. The dele
terious effects of alcohol on the nutri tion o[ the tissues cause the 
interval s between the attacks to become shorter and shorter in 
most cases, because the patient after each attack has a lessened 
store of bodily and mental power to sustain him. So, unless 
death speedily closes the scene, the patient grad ually se ttles 
cl o\\'n into the !'anks of the demented and paralyzed, and sooner 
or later succumbs to marasmus. In the bodies of such patients 
we find signs of varied and severe chronic diseases of the stomach, 
pigmented and thick ened muco11s memb1·anes, the lirer mos t 
frequently in" s ta te of fatty degeneration, and the kidneys are 
sometimes in a similar state. 

Pachymening itis is also a common condition, especially when 
several attacks of delirium tremens have occurred. The pin 
mater is found more than normally adherent to the superficial 
cortical layers of the brain, and the brain itself is described by 
several observers as more than usually dry and anremic. 

IL b. It is far more difficul t to descri be within a moderate 
compass the varied form s of "chronic alcoholism," properly so
ca ll ed. It is without exception the consequence of long-con
tinued and continuous abuse of spirits, through which the body 
is g1·adnally and sys tematically accustomed to larger and larger 
quan tities of the poison ; and the whole system, clown to its very 
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foundations, is shattered aud shaken. Those who belong to 
this category are very seldom seen in a state of actual drunken
ness in the later periods of their wasted lives-in fact, at those 
periods which concern us at present. They follow their busi
nesses or professions, or exercise their trades with a constantly 
and mpidly diminishing remnant of their physical and moral 
powers, and are compelled to sustain these t"Xtremely tottering 
bodily powers by constn.ntly increasing qnantities of alcohol. 

Some of these habitual sots are attacked by and succumb to 
diseases or a casual kind, which present no symptoms charac
teristic of cl11"0nic alcoholism. \·Ve neeL1 not therefore concern 
ourselves with these. But other habitual soakers suffer from 
symptoms wl1ich cannot be clearly identified with any of the 
known and recognized diseases in our nosologies. 

In the ti1·st place we must mention a nnmber of psychical 
disorders. which are, if we may sny so, specially characterized 
by their want of clmracter or want of individuality-reminding 
us of the "moml insanity" which hn.s lately given rise to so 
much discussion. In such cases we really do not know if the 
rrnving for drink, the alcohol mania, be the original cause of 
the malady, or whether we mnst rpgard the cradng as itself one 
of the symptoms; unless, indeed, we have watched the develop
ment of the disease from its very beginning. Continual strngglPs 
with temptation, and continual yieldings to it, reduce the man 
who was, perhaps, at first a well-meaning person, to a state of 
irreconcilable contlict and dissension with himself, with duty, and 
with the world around him. Although at first their intellectnal 
powers are as strong as ever, snch persons suffer severely from 
great anomalies of the passions and affections, and from a condi
tion of deep melancholy, which is often associated with a ten
dency to kill themselves; and they strim to rid themselves of 
these feelings by a continual rnsort to their one remedy of fresh 
indulgences in alcohol. 

Their power of resistance grows gradually weaker and weaker, 
whilst at the same time, step by step, their intellpctual and 
physical powers grow more and more feeble. The man is now 
capable of committing crimes in order to satisfy the cravin" 
which is now his one ruling passion. In this category one ofte~ 
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finds men or position and eminence-high-class men in every 
sense. And just in proportion to the origi11al dewlopment o[ 
what we may call tl1e higher ethics, is the psychical contlict in
creased, and is the completeness of the moral rnin. Sots of the 
lower orders do not fall so low, because they have never climbed 
so high. In the few moments when the man is free to think, the 
very consciousness that he has ruined not only himself, but his 
family, becomes itself a fresh factor in the generation of fresh 
mental disorders, and assists the action of the original agent of 
mischief, the alcohol. The fw·ther course of cases of this kind 
is by no means uniform ; very many, indeed, put an end to their 
own lives. Comparativ<>ly few are reclaimed in the long rnn. 
The great majority, indeed, perish by intercurrent diseases, or 
are attacked by general paralysis; or some one of the psychical 
anomalies from which they suffer develops into a dementia which 
hi strong1y tinctured with gloom. 

A large numl>er of the cases of so called dipsomania un
questionably belong to the class of cases which has just been 
described. Salvatori and Briihlkramer,' who first accurately 
described this form of insanity, and others of the earlier writers 
on the subject, referred the whole of the symptonis, including 
the craving for drink, to the abuse of alcoholic beverages. In 
later times, however, especially since Esquirol, writers on mental 
diseases admit that there may be other causes which bring about 
this condition and th is craving, without excesses in drink hav
ing necessarily been indulged in previously-such ca11ses, for 
example, as hereditary predisposition, grief and privations, loss 
of property, and the like. 

There are, however, · many points, even in such cases, of 
resemblance to those before described, especially as regards their 
first beginnings. All who have written on this subject agree in 
regarding a sort of nyclical course to be one of the pathognomonic 
signs of the disease. Dipsomania occurs in the form of a repeat
edly recurring rage for drinking, which, according to the de
scriptions of the older writers, is preceded by very pregnant 
prodromal symptoms, particularly unpleasant sensations in the 

1 For the history and bibliogrnphy of this subject, see Foi:ille, loc. cit. 
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lower part of the abdomen, nausea, vomiting, want of appetite, 
aucl general dep!'ession. It is these pl'emonitol'y syrnptorns 
which act as the proximal causes which chive the man to drink, 
which he continues to excess for a ionger 01' shortel' space of 
time, until either an attack of common inscmity (Rasel'ei) or 
general depression, combined with disgnot at all spirituous 
Jiquol's, puts an end to it fol' the time. In all these cases the 
sotting itself is the leading pathological symptom. In their 
fu!'ther destiny these caoes pel'fectly agree with the othel' .fol'ms 
of chronic alcoholism. This is not the place fol' any d iscussion 
of the question, wlietlll'l' dipsomania shoL1ld be considered as a 
characteristic disease in itself. Thel'e is a gl'eat discl'epancy of 
opinion in the literaturn of the subject. In tlie al'ticle by Cum
ing, quoted befol'e, undoubted cases of dipsomania (periodic rage 
.for drinking) are described as prnceding all attacks of the com
mon form of delirium tl'emens. Ernn G!'iesinger' renrn1·ks that 
this condition ve1·y often terminates in an attack of madness. 
As regards the etiology it must be owned that the number of 
cases in which there have been no previous excesses in Baccho 
is vel'y limited.' 

The closii1g scenes in the course of clironic alcoholism are so 
varied, tliat it is difficult to pl'esent a general picture of the 
whole disease. However possible or profitable it may seem to be 
to pick out a number of identical or similar cases for clin ical 
observation, and thus to construct typical forms or groups of 
rases of chronic alcoholism, yet such a systemutic semeiology 
does not seem justified in a scientific point of view, and may 
even prove dangerous, by seeming to suppol't view which may 
after all be erroneous. In truth, there is little order or constanc-y 
in the grouping of the various symptoms. They may be mingled 
together in the strangest combinations, thus prnducing mixed 
f01·ms, which would certainly lead any one who looked upon them 
as pathological entities, or as accnrate typical forms of disease, 
into sad mistakes. Unfortunately, as regards chronic alcohol
ism, we have not yet a sufficiently firm foundation of anatomical 

1 Die psychischcn Krankheiten. Stuttgart. 1861. 

~ See also C. With, Ueber Dipsomanie Dissert. Berlin. 1869. 
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and pathological facts whereon to rear a systematic edifice. In 
ol'der to get some direct ideas from thi s chaotic mass, it is vel'y 
dPsirable, for the pl'esent, to sever as fal' as possible the psychical 
from the somatic or corporeal di sorders. The psychical beal' the 
general stamp of imbecili ty, and of persistent and general psychi
cal decay, which manifests itself in various ways, and more or 
less actively. The general psychical degeneration extends to the 
intellec tual powers as well as to the character of the patient. 
Both intelligence and charactel' a re stamped with feebleness, and 
this exhibits numerous gradations down to the absolute psychi
cal nullity of apatheti c dementia. This gl'eat vari ety in the 
behavior of the pa tients is to a great extent dependent upon the 
number and character of the delusions from which they suffer, 
and the erroneous notions which are founded on these by a lal'ge 
number of those suffering from chronic alcoholism. These, com
bined with the remains of the emotions or affections, the amoun t 
o[ which differs greatly in different put ients, prod uce varied and 
anomalous fo rms Ol' condi tions of insanity : sometimes fo l'mS 
o[ exaltation wi th changing and absurd delusions, sometimes 
melancholic form s wi th relig ions mania, delusions of persecu
tion, and the like, and sometimes mere tranquil dementia. I t 
is not vel'y uncommon for the steady downwal'd course of thi s 
disease to be temporarily interrnpted by maniacal exacel'ba tions, 
which occnl' al so in othet· mental di seases not caused by the 
abuse of alcohol. Snch patients as we have now endeavored 
to describe are, as a rule, free from any very severe bodily or 
somatic ailments, and they form a large contingent in the popula
tion of our asy lums. As might be natw·ally supposPCl , they are 
all perfectly incurable and hopeless cases. Another class, · 
scarcely less numerous, is made up of those who su ffer from 
various symptoms of the so-call ed general neuroses. A large 
number of these are included in the class of general paraly tics . 
Here, in addition to the psychical symptoms characteristic of 
thi s condition (psychosis), we have different degrees or para l
ysis of motion and sensation. P aralytic dementia is one of the 
commoner terminal di seases of chronic alcoholi sm. W e need not 
stop to describe this condition, since the symptoms are but little 
affected by the etiology. And besides these, apoplec tic and epi-
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lept ic attacks may occur (intercurrently) in the conrse of chrnnic 
alcoholi8111. The apoplectic seizures are manifest ly the basis of 
the '· hemianres thetic form" of chronic alcoholism, which Mag
nan (Joe. cit.) describes from obse1Tation of ten parallel cases of 
the kind. The characters of this form are as follows: More or 
less complete loss of sensation (amesthesia) of one-half of the 
body occurs in the course of chronic alcoholism in consequence 
of a more or less typical apoplectic seizure ; sometimes this may 
be preceded by sligh t premonitory symptoms, such as headache, 
tingling sensations (formication), and giddiness. This loss of 
sensation is not confined to the skin merely. The mucous 
membranes (ocular all(l palpebral conjunctivm, that of the nos
trils, mouth, urethra, and anns) are also a!Iected, so are the 
organs of sense (amblyopia and amaurosis); and deep-lying tis
sues, such as the muscles, are also affected. Paralysis (o f motion) 
is at the same time more or less cleady pronounced ; and may 
even improve, whilst the Jost or impaired sensibility remains as 
before. The temperature of the affected side is often diminished 
by 2° to 3° Centigrade (=3.6° to 5.4° F.). 

Magnan believes that these symptoms depend upon central 
disease (lierderkrankung) in the neighborhood of the thalamus 
opticus, of the corona radiata, and of the lenticular nucleus (of 
the corpus striatum); but apart from this we 111ay have in the 
conrse of chrnnic alcoholism, in combin:•tion with any of the 
psychical sy mptoms named above, purtial paralyses, anmsthe
sias, hyperresthesias, cramps, and convulsions in various parts 
of the hotly. Of all the organs of sense, the eye is the most 
frequently attacked. 

Galezowski 1 generally found well-developed dyschromatopsia 
in alcoholic patients. Of yellowish-green and bluish-green they 
could only distinguish the grPen; they confounded violet with 
red, and brown with gray. Magnan (Joe. cit. ) has repeatedly 
observed the same. Besides this, amblyopia and amaurosis 
occur in various degrees. Daguenet' investigated these condi
ti ons still more carefu lly. He found atrophy of the optic nerve 

1 Paris. 1868. Reference in Schmidt's Jabrb. 
'Annal. d'oculist. 1869. LXII . Reference in Schmidt's Jabrb. 1869. 
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in many cases of disordered vision. The snduen commencement 
of weakened sig ht appeared very remarkable to him ; every · 
thing round the pa ti ent seemed in a mist, so tha t even persons 
ten paces ofI could not be recognized, aml so on. The patients 
saw better on dull days than on bright ones. They could not 
be trusted as to colors. The tint of well·known people seemed 
altered to them ; sometimes they confo unded gold coins wi th 
silver ones. There wern very fe w objective sym ptoms with all 
thi s. The rather dila ted pupils a<" ted badly. A t the beginning 
the ophthalmoscope only revealed a slight infil tration round 
the optic papilla, later on actual atrophy of the optic nerves. 

Besides all these va1fo us di stmbances o( the nervous system, 
and all this disorder of the inner life of the man, it is very com
mon to fincl the general nutrition of the body much altered by 
chronic a lcoholism. No doubt, the chief cause of thi s is to be 
referred to the changes in the diges th-e 01·gans-the chronic gas
tric catarrh alone being qui te sufficient to prevent a proper and 
regular quan tity of nourishment being taken, and making diges
tion. in the true sense of the term, almost an im possibil ity. But 
the di ssolu te mode of Ji(e of the patients and the psychica l di s
ordtl rs themselves must also share the blame, and partly explain 
the gradual decay and diminution of the bodily powers and the 
great amount of emaciation nstrnlly present. It has been 
remarked already that many forms of disease, morbus Brightii, 
cirrhosis of the liver, and the like, may develop themsPlves in 
alcoholic pa tients, and thus help to bring about a fa tal termina
tion. Sunnay ' describes several cases of chronic alcoholism in 
which the patients dieu with symptoms of nncmia, but withou t 
albumen in the urine. Bn t there do not seem to have been any 
very extraordina ry symptoms; and as there were no post-mor
tem examina tions, there seem to be no special reasons for mak
ing a new type of chronic a lcoholism, under the name of the 
' · urremic form ." 

A few remarks must be made on the sexual functions in 
lial.Jitual drnnkards, and on the influence of alcohol on ,(lenera
tion. In tlw earli er stages, as a rule, the sexnal function: _ a~e 

' De qnelque!i formes peu cocnueR de la cachexie alcoolique , etc. L'Uniou MCdi · 

ca.le. ID, 21. 1808. 
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Y<'ry little nlterec1, if at all, anc1 it is only in the lat!'r stag<'s that 
sterility attacks both sexes. It seems impossible to doubt nny 
longer that the children of alcoholic parents not only exhibit, for 
the most part, a very great predisposition to psychical di sorders, 
but that they also genc•rally inherit a very badly-constituted ner
vous system. Indeed, it is asse1-tec1 in book; that children begot
ten in a state of drnnkenness are epileptics from their very birth. 
Alcoholism in the father is worse as regards the offspring than 
alcol1olism in the mother (Briihl-Krarner). 

The results of recent researches into the specific effects of the 
liqueur callecl absinthe are very closely related to the nuied 
symptomatology of a lcoholic poisoning. Thi; liqueur is gener
ally admitti>d to be more used in France than anywhere else. 
Bt•siclt•s alcohol, it contains several e thereal oil s (anise, fennel , 
etc.), of which the most important is the oil of wormwood. It 
has bet•n over and over ngain observeJ. in France that the dis
orders from which absinthe drinkers suITer differ from the cus
tomary fo rms of alcoholism by the frequency of well-mn1·ked 
epileptiform connll sions. Then l\Iagnan' made experiments on 
animals with the different constituents of the absinthe liqueur, 
and found that moderate doses of oil of wormwood were suffi
cient to bring about paroxysmally occurri11g tetanic convulsions 
in dogs and oth~r wann-bloodecl animal s. N eithe1· al cohol alone 
nor the other constitL1ents of absinthe would do thi s in simi!ne 
closes. Alcoholic mixtures containing the oil of wormwood pro
duced the characteri stic effects of alcohol in dogs, and a littl e 
later the specittc eITec ts of the wonnwooc1. 

The anatomical changes, in other words, the morbid .anatomy 
of cases of chronic alcoholism is almost as protean and incon· 
stant as the forms under which the disea e occurs. 'Ve may 
find the most varied degenerations and atrophic conditions; 
and it is almost impossible to include all of them in this slight 
sketch. Of all the organs which are most commonly found dis
eased in the bodies of alcoholic patients, the mucous membrane 
of the gastro-intestinal tract takes the first place. There the 

1 Loe. cit. See also l'lt.aUand, Etude ex:pCriment. et chimique eur l'absynthisme et 
l'alcoolisme. Paris. 1871. 
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various stages and sequelm of chronic catarrh may be found, as 
lias already been intimated. 

According to Lancereaux' the thickening of the mucous 

membrane occurs especially in the stomach and cmcum; and is 

doubtless due to an overgrowth of connectirn tissue. On the 

mucous membrane of the stomach wc find patches of hypcrmmic 

vessels, sometimes flat (superficial) erosions, and very commonly 

indeed, a great increase in pigmentation. \Ye do not kuow of 

any accurate microscopical researches ou the changes in the 

glands of these organs. 
No changes a re to be met with in the organs of respiration 

which are specially characteristic of chronic alcoholic poisoning. 

The lal'ge glands of the abdomen are far more frequently the 

seat of very ex tensive tissue-changes. The Jh·er is sometimes 

found only exhibiting fatty degeneration, sometimes in the gran

uhLted condition due to interstitial dc,·elopment of increasecl 

connective tissue, which is, in fact, cil'l'hosis of the liver. 'fhe 

kidneys, though not quite so often, arc affected in the same 

way. 
As regards the nervous system and its envelopes (mem

branes), pachyrneningitis hmmorrhagica plays so important a 

part, that it has been considered by many as pathognomonic of 

chronic alcoholism. According to Kreminansky (Joe. cit.) and 

Neumann (loc. cit. ) tilese changes can be induced experimenta lly 

by giving dogs alcohol fot· a lottg time, rnixecl with their food. 

The brain is somet imes attackl'cl witl1 a peculiar clry and tough 

condition, in which the cortical substance of the convolutions is 

smaller than usual (wastecl), ancl the ga nglion ic cells have uuder

gone fatty degeneration (\\ilks'). Fa tty degc•neration of the 

voluntary muscles and the same di sease of the heart, ancl thick

ening or the coats of the veins (pylt>phlebitis potatorum) till 

their calibre is almost obstrurted, are w ry common conditions 

according to Lancereanx. The treatment of the difierent stages 

of alcoholic poison ing has giren ri se to a great deal of contro

versy and clifl'erence or opinion. In the acute for m of alcoholic 

poisoning the stomach·pump has lately been used with vpry 

1 Gazette hebJom. lSG;. ' Journal of )led. Sciences. 1864. 
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good pfTect in order to remorn the alcohol which remains . in the 
stomach, often in lal'ge amounts. But for the rest, it may 
easily be understood that the chief pal't of the treatment must 
be purely according to the symptoms, since we possess no me?i 
cine which ean :tct as a clil'ect antidote to alcohol, or neutralize 
at once its pernicious effects. The local ancl general abstraction 
of blood, though formerly recommenclecl, has Yery properly been 
generally abandoned. ""hen coma threatens, ancl respiration is 
defective, cutaneous irritants (frictions, cold applications, mus
tard poultices, etc.), ancl under some circumstances al't ificial 
Tespiration, are jndica.tecl. Treatment by pouring in drng'3, we 
believe to be superfluous ancl useless. 

The thempeutics of delirium tremens, of late years, has 
chiefly consisted in the free use of opiwn in some cases, of the 
nse of chloral in others, or the use of moderate quantities of 
alcohol-those authors who attribute the outbreak of delirium 
tremens chiefly to the suclclen withdrawal of the alcohol express 
themseh·es most warmly as to the good effects of the treatment 
by alcohol (see Cuming, Joe. cit.). Digitalis ancl the oxide of 
zinc have also been mnch recommenclecl. It cannot, however, be 
<leniccl that many cases of delirium tremens clo very well with
out any special medication if the patients arc carefully watched 
ancl nnrsecl for a few clays. Such treatment is incleecl to be very 
]1ighly commenclecl in those cases where the general bodily con
dition o[ the patients is not such as to cause anxiety, ancl when 
the case is not complicated by any acute disease. The tolerance 
o[ those afflicted with this delirium for even enormous closes of 
opium is a well-rerognizecl fact; ancl the ophun treatnwnt of the 
disease is one of the most wiclely-cliffusecl methods. In estimat· 
ing its success, it must not, however, be forgotten that in very 
many cases it seems to have no effect whatever on the progress 
ancl course of the disease. In those patients who are much 
reclucecl, ancl whose hearts show bnt little ])Ower, we consider 
the use of large closes of opium to be counterinclica.ted. The 
points of view which appear to necessitate the use of narcotics 
coincide in this, that they aim n.t combating ancl overcoming the 
~xcitement ancl the sleeplessness. It seems, however, not to 
make very great difference whether opium, chloral, or some other 
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hypnotic be used for this purpose, if due regard be paid to the 
special points iu the case and the constitution of the patient. An 
attempt to set up a model is just as objectionable here as any
where else; and we do not thiuk it by any means desirable to 
,Jay down as a ca11on that all cases of delirium tremens should be 
treated by large doses o( opium. The recommendations of digi
talis in delirium tremcns, which lrnve generally come from Eng
land or Sweden, ha,·e been based upon the most diametrically 
opposite views o( the pathology of the disease and of the mode 
in which the drug acts. l~othergill' has very rPcently recom
mended digitali s, more particularly in those cases of delirium 
tremens in which the pul se is small and irregular and the pro
pulsive power o( the heart is weakened. But the ordinary con
dition of the dige~t i ve organs of tippJp1·; is the chief objection to 
the general use of digitalis. \Yaring-Cumn' has recommended 
o.vide of zinc, in pill s, as a tonic :tfter-treatment. This ought 
never to be taken on an empty stomach. Those who have taken 
the zinc for :t long time :tre said not to suffer from delirium tre
rnens again, evl\n if they ret nrn to excessive drinking. Marcet 3 

has :tlso obsPrved good resu lts from this remedy in cases of 
chronic :tlcoholism, and cured ten cases out o[ twenty-seven with 
it. Herm:tnn (loc. cit.) says the acet:tte o[ zinc is the next best 
remedy to opium. Bnt the general experience of the use of this 
remedy is not yet suffi ciently large to enable us to give a decided 
opinion on its merits. 'l'he s:tme m:ty be sai<l of the treatment 
by alcohol. It is rnry likely th~t m:tny cases woulcl do better 
by :t more gradnal withdraw:tl of the alcohol, or by allowing :t 
little to be taken all through. Of the Other remedies which haYe 
been proposed for delirium tremens, we may mention capsicum, 
"·hich Hermann h:ts severa l tinws used successfu lly wlwn other 
means failed ; also campltor and sumbul-rool, which soml'times 
prove very useful to old tapers; lastly, tartar emetic in lni·ge 
closes. Far more important than any, or all, of these rpmedies 
is the dietetic trn:ttment of the patients, who, especia lly wlwn 
the disease lasts long, require the cliet to be carefully studied 

1 Brit. Med. Journal. 1871. ' Lancet. 1868. 
3 Med. Times nnd Gazette. 185!1. 
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and adaptecl to their case, in order that they may recmit their 
strength. The treatment of cases complicated by acute dis
eases belongs to the special departments of Pathology and 
Therapeutics. . 

The treatment of chronic alcoholism generally proves a fail-
ure, since we can seldom perfectly succeed in following the 
causal indica tion. In other words, we can selclom wean the 
patient from alcohol at a sufficiently eady stage. Here, too, the 
proper nourishment of the patients is a subject of the greatest 
impol'tance. \Ve may say the same of the carefu l treatment of 
the stomach diseases from which they sufl'er. Nor is a moral 
n'.•gime suitable to the individual patient of less importance. 

Drugs are of less value here than in cleliri um tremens. \Ye 
therefore refrain from tilling our pages with a long catalogue of 
remedies. 

CHAPTER II. 

POISONING BY CI!LOROFOHM. 

It is scarcely possible to find any other substance except cl1lo· 
roform which combines, within so narrow a compass, properties 
at once so salutary and so deadly, as regards its action on the 
human body-properties, too, which, although exactly contrary, 
pass, by almost imperceptible gradations, one into the other. On 
this account, ever since Simpson introduced it into surgical prac
tice in 1847, its ~ction as a poison has engaged almost as much 
general attention as its therapeutic uses. And although it has 
again and again conquered in the now almost annual contest 
" ·ith new candidates for favor as anresthetics, this vel'y pre-emi 
nence is doubtless clue, in great part, to the clilig~nt tudy which 
has been given to its dark side, and the precautionary measures 
these have suggested. 

Chloroform (6HCI ,) is a very mobile colorl ess fluid, of greater 
density than water, not miscible with that liquid, and very ,·ola · 
tile. \Vhen evaporated it should leave a peculiar but pleasant 
smell behincl it., which some people characterize as "sweet," on 
account of the impression simultaneously made by the vapor 
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on the nerves of tnste in the mou th, the sensa tions of snwll nnd 
taste being cnriously blenued. lts physical properties rendt>r 
chloroform just as adapted to diffuse i tself through the cil'culn 
tion, along with the in•pired air, ns i t is unsui ted for introduc
tion into the stomach (by itself); for its sudden ernpor:.:tion, 
and perhaps immediate action on the nerves of sensa tion, ns a 
strong irritant to nil mucous membranes, do not permi t of )nl'gc• 
closes being introduced into the stomach for medici11ul purposes. 
No doubt, however, some of the rnpol' gets into the blood, eve11 
when swallowed. Chlornform acts in a similar manner upon th e• 
skin, although its initnnt action is less marked. I t may pass 
in to the bloo(l through thi s channel also, pl'ovided tho neccssal'y 
external conditions are complied with (hindering its evaporation 
in to the n.tmospbere, etc .. etc.). This is rendered still more easy 
by the property chl oroform has or easily dissoh·ing the fa tty 
matters which coat the epidermis of nil pn rts or the su1face, 
except pedmps the pnlms of the hands and soles or the feet-n. 
propel' ty not shn.recl by watery solutions. P ari sot 1 !1 as shown 
by experiment tlmt when, fol' example, a solution or atropine in 
chlorofol'm is applied to the skin, it is much more quickly 
n.bsorbecl thn.n nn alcoholic solution applied inn. similar manner, 
its nction being tested by the production of mydri nsis. 

The greater part of the chloroform is eliminated in tl1 e a ir 
bren.thcd out of the lungs-thn.t is. in expirntion. But Perrin , 
Lall emand, n.nd Dnroy (J oe. cit.) ltave found chlorofol'm vapor 
in the cutaneous secretions of persons chloroformed, nlthoug h 
they could not detect it in the urine. 

Yiews nncl hypotheses founded upon d priori reasoning, on 
the well -known phys ical and chcmi cn.l p ropert ies of this ngcnt, 
have Jed to nnmerous mistakes as to its behavior in relation to 
the blood, nnd mnny errors had to be n.bandonecl when they 
were pu t to the test of experiment. 

For example, R Clcmcnz thought that the rapidly fatal act ion o f chloroform 
was due to its not containing any oxygen, because we cnnn0t conce ive of li fe with-

1 Sur le rOlc de l'epidcrmc en presence dE' l'e!lu, du chloroformc, et de l'Cther 
Acad. des scicnccR. SCance du 17. VIII . 1803. Gazette des hOpitaux. 1803. No. 09 . 
p. 896. 

VOL XVII.-27 
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out oxygen. Others thought that chloroform somet imes rapidly abstractrll oxygen 
from the Llood, or dccomposccl it. into prussic acid anc1 sa l ammoniac, etc. A ~norc 
dctailcil account of these erroneous Yiews may be found in the article by Schmic<ll

bcrg.1 

But it was very soon establi shed by the experiments of A. 
Boettcher (and, it would appear, simul ta11eonsly by Sansom ') that 
under cer tain conditions the bloocl of Yctrious animal s is acted 
upon by chloroform in such a way that the blood-corpuscles are 
clissolvecl, and the hmmoglobin crystallizes out. In human blood 
chloroform produces the same solutio11 , but no formation of 
crystals. 

Schmicdeberg (loc. ci t.) shows that it is highly probable that 
chloro fonn enters into chemical combination with the substance 
of the reel blood-d iscs. For when delibrinated blood and chloro
form arc mixed together, outside of the body, there is produced 
a peculiar albuminous precipitate, of the color of reel seal ing-wax 
(chloroform coagulum), the chemical constitution of which 
shows a considerably greater percentage of chlorine than normal 
blood exhibits. On tbe other hand, the serum of the blood, 
mixed with chloroform, contains almost as much ch lorine as 
normal serum. It would therefore appear that in thi s chloro
form coagulum, from which very little chloroform can be recov
ered by simple cli stillat.ion, this s t1bstance has entered into some 
peculiar combination with the blood-corpuscles, the exact nature 
of which we clo no t yet know. In the meanwhile the flnicl por
tions appear not to contain any chloroform. It is a matter of 
great in terest to note that in forming this compound chloroform 
loses its own peculiar and striking physical properties, so that, 
in medico-legal investigations on the presence of chloroform in 
the blood, it can never be recoYered from that finicl except in 
extremely small (minimal ) quantities. 

Bonwetsch (loc. cit.) has also shown h.v his experim ents that 
chloroform, like alcohol and ether, retards tissue-changes in the 

1 Ueber die quantitative Be•timmuug de~ Chloroforms im Blute und sein Verbalten 
gegen dassclbe. Archiv filr physiologische Hcilkundc. VIII. 1807. 

2 Ucbt'r Blutkr:rstallc. Eine physiologisch chcmische Abhandlung. Dorpat. 1862. 
Ueber die Wirkung des Chloroforms nuf das Blut. Virchow's Arcbiv, XX.XII. 1867. 
Chloroform, its Action and Administration. By A. E. &ri.som. London. 1865. 
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blood. Blood mixed with chloroform gives up its oxygen (oxy
hromoglobin) to redncing agents far morn slowly than normal 
Llood. 

Unfortunately, none of these facts are fully applicable to the 
living human body, since they all relate to blood drawn from the 
n ins. No one !Jas yet observed the blood-corpuscles, dissolved 
in blood, still cirClllating.' 

Schmiedeberg (Joe. cit. ) thinks that it. is very probable that 
the combination of cliloroform with the blood-corpuscles which 
he has noted does not occur in the blood which circul ates through 
a living animal, since tho combination which occurs OLltsicle the 
body is again broken up by exposure to the oxygen of the at
mosphere. The constant presence of oxygen in the circulating 
blood, thereforn, renders it unlikely that any such compound 
ran be formed in life. The conclusions drawn by Sansom' from 
the behav ior of chloroform with blootl are at least not to be 
implicitly relied on, since he does not hesitate to attribute the 
whole of the effects of chloroform to this solution of the corpus
cles. '\re are still a long way off from a perfect knowledge of 
the effects of chloroform. Yet the facts just mentioned a1·e rnlu
ahle as ful'lli shing us with hints (finger-posts) as to the di1·Pction 
our inquiries should take if we hope to succeed. That sol ution 
of the blood-corpuscles cunnot well be the primury cause of the 
effects of chloroform would appear, umongst other reasons, from 
the fact furn ished us by Hermunn (Joe. cit.), that even those mem· 
bers of the animal kingdom which kwe colorless blood are af
fected by chloroform. Some time since thi s observer laid espe· 
cial stress on the effects of chloroform upon protagon, effects 
which he himself hacl demonstrated. These are common to all 

1 L. IJermann (Ucber die Wirkungsweise einer Gn1ppe von Giften. Archiv fiir 
Anatomic, Physiologic, etc. 186G) remarks that :1. sure test of the occurrence of dissolu 
tion of blood-corpuscles is afforded by the presence of bile-pigments in the urine, and 
C\'Cntually by jaundice. We do not know of any further observations in this direction. 
Jaundice is sometimes met with as a consequence of chloroform narcosis, in accordance 

with Ilennaun's views. 
Y Loe. cit. p. G2. Narcotism (or, to speak more particularly, chloroform narcotism 

is due not too. special poison ·which "mounts to the brain,11 but to the influence of an 
altered blood. 1 'Narcotism is suspended oxygenation.'' (1) 
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the volatile anresthetics. Protagon is the substance which 0. 
Liebreich is adm itted to Jiave first discovered in the brain-sub
stance. Yolatile amesthetics dissolrn protagon,,ind this solution 
may probably be the basis of their anrosthetic operations, accord
ing to L. Hermann. It is quite out of the question for us to 
discuss Jwre the q nestion of the existence of protagon, or of its 
relations to lecithin. Under any circumstances we may pretty 
safely ad mi t that these agents are solvents for those constituents 
of the nen·e-substance which contain phosphoms. But alas! we 
are ignorant as to the part played by such substances in the 
vital actions of the nervous organs. Ilermann·s hypo thesis is, 
therefore, as he himself admits, by no means one that fully ex
plains the phenomena. But i t is one of the best representath·es 
of that clas:; of theories which seeks to explain the operation of 
chloroform, not by any altered constitution or properties of the 
blood, but by a direct action upon the nervous organs. In the 
absence of fully explanatory facts, it is 01wn to us to choose 
whiche,·er of these theories we like, although we certainly he
lien• that the opinion of a direct action upon the nel'l'eS is the 
most probable one. 

The essential symptoms prodncecl by chloroform are the 
expression of functional disturbances of the centrnl organs of the 
ne1·vo 11 s system. A short-lived exaltation of the activity of these 
organs is succeeded by a more or less perfect snspension of thi s 
activity; a suspension which, in extreme cases, extends to those 
centres or the n•getative functions or the organism (respiration 
and the action o[ the heart) which are usually not attacked. It 
is no doubt clue to its physical properties t11:it chl oroform has the 
peculiar power of producing its narcotic effects, one after the 
othPJ', in a far briefer space of time than is the case with most 
other narcotics. ~\s quickly :is i t is received into the blood, anJ 
is again eliminated from it, so suclclen ly do its effects appear anJ 
disapp<'ar again. It has just been remark ecl that the action of 
chl oroform is by no means limi ted in all cases to the organs 
which regulate the animal functions of life. And since this 
encroachment on the most importa nt vital processes, those of 
respiration ancl the mornments of the heart, are the special and 
almost only dangers of chlorofom1, it has fo r a long while been 
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the earnest en<leavur or medical men to discover accurately the 
real causes which underlie these unwelcome pmperties. To this 
we owe a long se1·ies or careful experiments upon anilllals, which 
have been made with the object of discovering the causes of the 
toxic action of chlomforlll . Scheinesson' has explaiued the 
action Of this poison On the CircLLlatiOil hy JllCans or expef'iments 
on animals. The movements of the heart becu111e weake1-, and 
the lateral pressure in the arterial system is lessenec.l not only on 
this account, but because the vaso-motor centre in Lhe spinal 
cord (or medulla oblongata) loses its initability through the 
poison, and may even be perfectly paralyzed. The " ·eakening of 
the activity of the heart does not depen<l upon any intluence 
from the neLTc-centres, bnt is d ependent mLher on a direct 
alteration of the motorial power of the heart, which lllay be con
siderecl by some as due to a weakening of the automatic centres 
for movement in Lhe heart itself (ganglia of the hear t), or on 
direct weakening of the muscular fibres of the hear t. 'rhese 
changes in the circulation are, it would seem from Scheine::;son1 s 
experiments, also the cause of the decrease in the bodily temper
ature, and of the retardation or tissue changes in chloroformed 
animals. 

The results of the English Clilorofonn Committee's experiments perfectly agree 
with those of Scheinesson.' In these, also, decrease of artcrinl pressure was 
observed as a constant c ffJct of chloroform. Lcnz's 3 experiments with the hremo
dromometer, in which the s wiftness of the L>lood-current in the cat'otid artery sank 
to one-seventh of its normal value, also speak strongly of the diminished propulsive 
power of the heart from chloroform. Vierorrlt, however, establi shed a fnr less 
considerable diminution of the rapidity of the circulation-amounting to about 
four-fifths of the normal rate. Brunner and Gall 4 have also made experiments upon 
the blood-pressure. 

If we are thus able to refer the deaths from ch loroform. in a 
large number of the cases, to the paralyzing effects of this agent 

1 Untcrsuchungcn i.iber clen Einfluss des Chloroforms auf die \Yiinnc,·crhfiltnisse des 
tbieriscben Organismus und den Kreislauf. Dissert. Dorpat. 18Ci8. 

~ Report of the Committee nppointed by the R1ya\ 1\Iedical and Chirnrgical Society, 
etc., etc. Med. Chimrgicnl Trnnsactions. Vol. XLYII. 1804. pp. 323-412. 

3 Disserl.'lt. Dorpat. 1853. 
4 Compnre Scltcina111on, l. c. p. GS. 
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upon the heart, it is no less true that there are yet other observa
tions which make it more than probable that the fatal termma
tion is sometimes brought about by paralysis of the respiratory 
centres. 

Numerous experiments in this direction were instituted by the London Chloro
form Committee. A dificreuce was at once noticeable, according as couccntrntcd 
or dilute vapors were inhaled. The duration of life of the animals (d ogs) was 
almost directly pr~portional to tlw couccntrntion of the vapor. The concentra
tions (or as we should ciill them, dilutiun:s) usi.:d were ( 1) weaker, of air containing 
from l to 15 per cent. o f chloroform; (2) st ronge r, with at least 40 per cent. of 
chloroform in the air. In the weaker compound, the intensity and quality of the 
symptoms producccl were not much affected hy the mode of breathing, whether 
through mouth or nose, or through an openin~ in the tracl1ea. But when the strong 
concentrated vapors were usc<l, through either mouth or nose, almost immediate 
slowing of the pulse (after 80 seconds), and respiration (after 103 seconds) occurred , 
and somewhat later, stoppage o( the h1.:a rt, in about five minutes. But if the con
centrated vapors were inhaled tlirough un oprn ing in tlw trachea, the heart stopped 
before respiration ceased. 'l'he pulse always vanished a little before t11 e move
ments o( the heart ceasc<l. Concentrated rnpors often cnuscd an immecl iatc, though 
somewhat brief, stoppage o( rcspirntion. This was ahscnt when a mixture of 6 per 
cent. of chloroform in ui r was employed. This was ahrn)s followed by increased 
frequency of breathing, at first with greater, afterwards witll less depth of tile 
separate inspirations, which gradually decreased to nothing. 

When diluted vapors were used, the respirations often sank to nothing, and then 
began again afresh after from twenty to forty seconds. The fresh application of 
chloroform stopped them again. 

Section of the vagus nerve in chloroformed dogs had less effect thnn it has on 
dogs not under chloroform. 

Chloroforming after section of the vagus nerve diminishes the consequences of 
this operation (increase of the frequency o( the pulse and dyspncca). 

" re must pass 01·ei· a number of theories and experiments on 
the action or chlol'oform, 1 but we cannot refrain from alluding to 
one vel'y important point as regards the trne nature of chloro
form narcosis. Some au th ors have considered the primary cause 
of the occurrence of certain symptoms affecting respiration and 
circulation to be a reflex irritation of the centres concerned. 

1 Consult on this fl"iildcr, Die neueren Arbcitcn Uber die A.naesthetica. Schmidt's 
Jnhrbiicber. Ild. CXLU. p. 209, CXLY. p. 303, anU CLI. p. 193. 
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Dogiel' and llolmg ren' considered the stoppage of the heart and 
the disturbed respiration, which they both noted as com111011 in 
animals in the first stage of the action of chloroform, as the result 
of a prev ious reflex irritation of the rng us .centre in the medt1lla 
oblongata , through one of the sensory nerves of the nose, or of 
the naso-laryngeal mucous membrane. Holmgren (Joe. cit. ) has 
shown, however, that only those branches of the trigeminus ai·e 
aff~cted which ramify in the naso-la1·yngeal mucous membrane. 
The phenomena in question are weakP1rnd after section of the 
superior laryngeal nerves, and arc altogether absent after cutting 
through the trigeminal nerves, as well as the vag us in the neck. 
These disordl'rs arn not produced in the first stage of the inhala
tion i( the chloroforn1 he inhaled through a tracheal fi :;t u1't (thus 
arniding the above-named portions of the mucous membrane). 

Lastly, we mu t notice a d ew lately ach·ocated by A. \V. 
Smith.' This author considers that a very common cause of the 
stoppage of breathing in ch loroform na rco:;is is to be found in 
the paresis (anmsthes ia) of the termination of lite senso ry nerres 
iu the lungs, induced by chloroforn1 -these net'l'e-endings being 
concerned, in t he nornrnl state, with the regular performance of 
the respiratory movements. \Ye cannot deny that there is some 
foundation for this theory, when we recall to mincl the results of 
Breuer's' experiments on the part playecl by the peripheral ter
minations of the vagus nerves i11 the act of respiration. Accord
ing to Breuer, each inspiration causes an initation of lho 8cnsory 
terminations of the rngus nerve by the very act of expansion of the 
lungs. It is canied by the centripetal vagus fib res to the centre 
for expirn tion, a nd an expiratory mO\·ement is at once set up. By 
a similar mechanism an inspiration is macle to follow an expira
tion, so that in a certai n sense the mo,·ements of respiration are 
automatic anc.l self-regulating. As the coOper:ltion of the vagus 

1 Uebcr die Wirkung des Chloroforms auf Uen Orgauismus der Thicrc. Archiv fiir 

Auntomie und Phy~iologie1 etc. t 8G6. 
'Vircbow und Hirsch, Jabrcsbericht, etc. 1807 .. Refcrat von Tit. ll11smumn. 
s One of the Causes of Death from Chlorofonn. American Journal of Medical 

Sciences. 187 l. 
4 Die Sclbststeuerung der Athmung <lurch den Nervus vngus. Sitzungs-Ilericht der 

Ka.isedichcn Akntlcmie zu Wien. i'lfathem.-pbysik. Cl. Bd. LVlll.. 
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nerve plays a leading pal't in the whole of this mechanism, it is 
quite conceivable that the suduen paralysis of the sensibility of 
the lungs, especially when the central organs of res piratioi1 are 
simultaneom;ly affec,ed, must gl'eatly contribute Lowal'ds the 
stoppage of respiration. Richa1·dson 1 believes that death from 
chloro(ol'm is bl'ought about in many di!foreut ways, by func
tioual disturbances of the various pal'tS Of the nen·es belong
ing to or regu lating the heart. " '" e tliink, 11oweve l', that his 
views are not much supported by fact, auu are somewhat too 
dogma.tic in tone. From the foregoing staLern ents it is quite 
ev iclent that om knowledge of the real natme of Lhe action of 
chloroform is by no means sufficient to form data for precise 
theories and fol'rnal propositions. All the theories mentioned 
only correspond to certain special cases out of a great number of 
others, iu a long series, whose combinations are often far from 
bPing manifest. The mania of many autho1·s for the constrn ction 
of positive and generally applicable propositions or theses as to 
the nature of the action of chloroform, and the original causes of 
death by chloroform, appears to us to originate in a faulty con
ceptio11 of the pbysiol ogy of the subject. 

Ou!' present task is to treat of those circumstan~es in which 
experience teaches us that the unfavorable effec ts of chlorofol'm 
are manifested, as if by preference; whilst we pul'posely neglect, 
fo l' tho reason assigned above, any ful'thel' consideration of the 
prirnal'y physiological causes of death by chloroform. In our 
opinion, these causes have nothi11g to do with the etiology. 

The cases of poisoning by chloroform which occm in medical 
practice are, for the most part, cases in which chloroform is 
made use of for surgical purposes. It is not always in tbe 
power of the surgeon, who seeks to utilize a part of the p oison
ous action of thi; agent, to exactly limit its OJWl'ation, so as to 
shut out the unfavorable and unwished-for part of the same 
action. 

In a smaller number of cases, latterly becoming more numer
ous, poisoning by chloroform occurs either to medical men, or 
to others who take it either for suicidal purposes or with the 

1 Ou Death from Chloroform. i\Ictlic.1.l Times und Gazette. 1870, July 23, p. 85. 
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object of gaining sleep, wbich they have in vain sought to obtain 
by other means. 

Lastly, we ha,·e lately met with cases in which chloroform, 
having been long taken as a sort of intoxicating agent (Genuss
mittel), for the pleasure it affords, has at last given rise to a 
kind of chronic poisoning. There are also a few cases of poi
soning by chloroform which have originated in its being acci· 
dentally mistaken for some other fluid. 

The statistics of death by chlornform in surgical operations 
have been very carefully collected by many observers for some 
Iew years past.' The 1rnmbers already collected relieve us from 
the necessity o( discussing the question whether chlOl'oform itself 
is really a cause of death, in spite of the well-known dictum of 
8edillot, "Le chloroforme pur et bien em plo.r6 ne tue jamais." 
Tlte question, as to which stage of chloroform m1·cosis is most 
exposed to the clanger of death, has been much and freely dis
cussed. Apart from those rare cases in whidt the trne cause 
of death must be sought, not in the chloroform used, but in 
what is called "shock," occurring after severe accidents, and 
sometimes occurl'ing in very sensitive people-cases which ought 
properly to be excl uclecl from. our consideration-we shall be 
very nearly right if we admit, with Billroth, that death may 
occnr in all stages o( narcosis. Bnt the statistical material at 
our disposal does not allow us to draw any absolute conclnsions 
from it, as regards this point. 

The following fi!?urcs arc taken from Sansom 2 and the Report of the Chloro
form Committee.a The fir!:>L author g ives the following tl.\blc: 

StagcofthcOpcrntioninwhichDcathoccurred. 

18 1"'°"~:·"' 1'~ 
22 0 1-1 
6 12 7 

Before the operation began .. . 
During the operation ....... . 
Soou after the operation ... . 

J It appears to us quite unnecessary to coui;;idcr in any detail the now celebrated 
controversy as to the relative merits of ether and chloroform. It is very likely nlrencly 
decided, whilst we write this, in favor of chloroform [-not in America; sec foot-note, 

p.443J. 
i Loe. cit. p. G5. ~ Loe. cit. p. 374. 
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The Chloroform Committee collected 10!) cases, of which there died: 

10 At the Leginning of the inhalation .... 
Jn the stage of excitement. . .. .. ..... . ... . ... . •.. · · 16 
Under imperfect ::mresthcsia... · · 24 
With pecfcct chlocofonn naccosis.. . . , .• , , . .•• . .•••••.. . · 38 

After the operation was over.... . . 14 
Not known at what period ... 

109 

Before they ·were perfectly under cllloroform. . . . . . 50 
During chloro(orm narcosis . . .. 52 
Condition not known. . .. . 7 

109 

The fact, first specially noticed by English authors, that an. 
O\'erwhelming tmtjority of the fatal cases are in males, is very 
remarkable. The proportion between men and women, accord· 
ing to the statistical materials furnished us by Sansom, 1 is as 
follows: 

According to Snow . . . . . . 
Scouttctcn .. 
Kidd. 
Sansom 

Committee. 

... . 3 males to 2 females. 
. ,, 2 1 female. 

. ... 4 .. 1 " 

. 2.8 " 1 " 

..... . 72 " 37 females. 

Sansom justlyrern at·ks tlmt this result is all the more remark
able, inasmuch as the obstetric use ot chloroform in childbirth 
ltas given wonwn almost a monopoly in its use. 

The age of the individual does not SPetn to have any special 
influence. That very young children bear chloroform extremely 
well, as a rnle, is evident from the !tare-lip operations one so 
often see" [and from the experience of ophthalmic hospitals, no· 
tably J\Ioorfields.-TRANS.]. It would, however, be rash to decide 
on these grnunds that children under five yen rs or age possess an 
absolute immunity from the ill effects of chlol'Oform. Indeed, 
there have been cases obsen·ed of late which show the contrary 
res nit, and perfectly justify Bouvier's' caution to neglect none of 
thP nsnal precautions, when administering chloroform to small 
child1·en. 

1 Loe. cit. p. 07. ~Bulletin de ThCrapcutiquc. Aug. 1807. 
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The statistics of the Chlorofol'm Committee (and we have as 
yet no others which we can trust) only show that most chloro
for m deaths occm precisely in those periods of life in which the 
greates t number of men are chloroformed. 

Under 5 years there died . . . . . . . . . . . . . . . . . . . . . . , . o 
From 5-13 

" 15-:JO 
u 30-45 " " 
" 4J-60 " 

O\·er 60 11 
" 

At uukuown ages " 

······· · · · ···• 9 
...... . . . ... 30 

. 32 
. ... 12 

...... 24 

109 

Consti tution and physical streng th seem to stand in this 
peculiar relation to chlorofo1·m, that robust and healthy sys1e111 s 
S<'Clll far more exposed to the dangerous effects of this ma Lerial 
than delicate, weakly men who have been reduced by previous 
ill-health. Sansom' discovers in this a certain " law of loler· 
ance." As a re ult of this law, chloroform is far .less dangerous 
for women and children than for men. \Ve may also explain in 
a similar way the fact that the largest relative nnrnber of fatal 
cases of chloroform administration ha rn occurred in cases of 
Yery tritling sm gical operations, minor cases, such as the extrac
tion of teeth, the operation for removal of ingrowing nail, and 
such like, where for the most part the general health of the 
patients has been tolembly good. 

Sansom collected 107 cases of death from chloroform, in which the reasons for 
which it was g iven arc assigned, n11d from these it appears that 

I. After very slig ht operati ons there died .. . .... ........ 62 
IL " more~cverc ..... ................ 26 

nr. I< "capit:ll 11 (nmputatiuns. lithotomy, etc.) there died .. 
IV. " hcruiotomy, forceps-labors, there died.... G ~ 
V. Delirium tremens and mania, there died .. 

VI. Natural labor, there died.. . ..... . .. . . ............. . . 

107 

1 Loe. cit. p. GS. 
[In my copy this reads " Reduction of di.'ilocatious (.i ); forcible extension, 6." 

Instrumental labors go in class II ., and herniotomy in class III. - THANS.] 
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Our space docs not allow us to enter at g reater length into Sansom·s nrgumo::.ts 
on this poiut. An ol>jcction may fairly be raised that the total number of cases col
l ected is uot sufficient to allow o f safe conclusions. And again, it may Le said that 
minor operations arc far more common than more scvC:.'rc ones, and must therefore, 
in the nature of things, furnish a larger number of fatal Ca!:'CS. F or these reasons it 
is perhaps well not to Jay too much stress on the "catholicity 11 o f the" principle of 

tolerance." 

It is not possible to say exactly how much chloroform can be 
given to any one without danger to life, because it is in most 
cases quite impossible to accmately es timate between the quan
tity of chlornform trned and that actually inhaled, or, in other 
words, absorbed (resorbirt). However, all authorities agree in 
this, that the degree of concentration of the chloroform nipor, 
the more or less perfec t absence of atmospheric air in the respir
atory medium, is of special importance. That concentrated 
,·apors can destroy a11i111a\ \He in an exceedingly short space of 
time has been many times demonstrated by actual experiments; 
surgica l experience leads to the same conclusion. 

On the other hand, the actual quantity of chloroform inhaled, 
if spread over a longer space of time, is of less importance, and 
Sansom' calls attention to the fact tliat dea th very commonly 
occurs after only a few whiffs of the chloroform, and much more 
rarely in the later stages of narcosis. The figures given by the 
Chloroform Comm ittee can scarcely be said to confirm tllis. Our 
011·n view is, that on this point al so we must suspend om judg
ment. This much is, however, thoroughly es tahlbhec1 by cases, 
that very large quantities of chloroform may be inhaled safely 
enough, whil st very frequently quantities which are very moder
ate indeed may bring about fatal accidents.' 

It is almost equally difficult to determine what is a fatal close 
of chloroform, when taken into the mouth , ancl swallowed as a 
liquid. In six cases of this sort which ended fatally, from one
half to eight and a half ftuidrachms of pure chloroform were 
taken. Ever since chloroform has been popularized in surgical 

1 Loe. cit. p. 73. 

~ It is scarcely necessary to dilate upon what is called " idiosyncrasy 11 with regard 
tochlorofonnasa 1lrimarycauseof its injurious effects. 
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practice, the general experience of medical men has confirmed 
their belief that certain morbid states of the system are particu
larly liable to clanger from chloroform na1·cosis. 

Amongst tlwse special prominence must he given to anoma. 
lous conditions of the heart. Here, too, we must admit tliat 
in many cases "post hoc, ergo propter hoe," has led to erroneous 
conclusions. Sansom' insists, and rigl1tly so, we think, that 
simple valn1lar incompeten<'y, in the absence of fatty degenera
tion of the cardiac muscles, does not render chloroform more 
dangProu~, oi· contraindicate its use. This opinion has been 
amply corroborated hy practical experiPnce. Bnt unfortunarely 
tlw one pathological condition of tl11· hea rt which seems to b" 
really a predisposing cnnse of the bnd efTects of the narcosis
fatry dPge1wration or the ca1·cliac muscles-is, as a rule, diagnosed 
tir;t on the post-mortem tahle. 

Indeed, as reg'.lr<ls thi s, we can scarcely talk of clinical experience, as Kochler 
docs (ltJc. cit. 2. Article. p. 25). Indeed. no case is known to 1rnve been chloro· 
formed in spite of a previous diagnosis of 0 fatty heart,,, and then, after death, 
this condit ion to have been found. But thi s is what we should understand, when 
we arc tolLl of clini c:.11 experience being confirmtd. Thnt 21 out o f 55 cases cxhibitC'd 
fatty hea rts when examined post·moitcm is just aca much to the point as Kidd's 
experience, that, in 2,30 cases of sudden dc1\th. he nel'cr foutHl a sing le case of 
degenerati on of the heart. WhcncvC'r it is po::sible to diog-1ws.<' this condition with 
absolute certainty, we shall hold clinical observers in excu.rnhlc, if they exhibit 
chloroform in such cases. But at present the fact that chloroform is injut'ious in 
fatty degeneration of the heal't is a result , not of clinical o.pericuce, but of 
post-mortem patl1ology. 

Sansom (loc. cit. 1 p. 76) Jmq collected :i:) pnc:t.mnrtcm rC'corcls o f fatal cnscs 
of chloroform, with special rcfJrencP- to the condition o f the heart. In 21 cases 
the heart was perfectly normal ; thc:rc was fatty cl<'gcnerntion in 18; in 14 it 
was pale, soft ancl flabby; and in two cases there was valrnl:i.r incompetency. No 
one as yet has actually proved that the ca.rLliac changes in any case have been the 
primary cause of the death from chloroform. 

There is also a general agreement amongst anthors, as to this, 
that alcoholism mny g reatly increase the dangers of ch loroform 
narcosis. This has bePn observed not onl y in the cases where 
chloroform hns been gin'n to calm the excitement of delirinm 

1 Loe. cit. p. 77. 
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tremens, but also in snrgical operations on drinkers, in whom 
chloroform narcosis is generally very difficult to induce, and 
i·nns an irregular and un farnrable course. Kidd (Joe. cit. ) has 
collected nine cases in which chlornform, usetl as a remedy in 
delirium tremens, prornd fatal; and Sansom (loc. cit.) hn brought 
together eight other cases in which chlorofo rm, administered to 
habitual drinkers for su rgical operations, ended fatally. \Vithou t 
disputing that alcoholism may serve as a predisposing cause of 
death from chl oroform, we must add that i t is not safe to assume 
that all these cases really died on this acco unt. F or, whenever 
a cleath occurs from chloroform , we can easily understand that 
every effort will be made to remo\'C a part, nt least, of the blame 
from the chloroform itself, and the mode in which i t was admin
istered, and thus undue sig nificance may be girnn to such con
ditions as the one named. Our experience has furnished us with 
cases enough in which regular sots, who exhibited great resistance 
to the eiiects of chloroform, have inhaled great quantities with
out a trace of injury from it. 

English authors (Snow, Sansom, and the R eport of the Chloro
form Commi ttee) Jay g1·eat st1·ess on the different 111ethods and 
modifi cations of inhalation, as regards the amount of danger. 
But in regard to this the real poi nt of importance is tlte con
centration of the vapor ancl the amount of admixtnre of atmo
spheric ail-. Let the circumstances be what they may, the most 
dangerous of all metl10cls is the administration or chloroform to 
one's self. 

ll'e must now sketch briefly the symptoms of chloroform 
narcosis in its various stages, and the e!Iects of chloroform in 
human beings. 

The first subjective symptoms, which are noticed almost 
immediately whPn chl oro[orm is brnught close to a patient, are 
a burning feeling in the nose and conjunctiva ancl a remarkably 
sweet taste in the month. Tears and saliva are generally secreted 
more abundantly, and the latter most generally causes eJiorts 
to swallow, which frpquently bring considerable quantities of 
chloro[orm, in the gaseous form, into the stomach, which may at 
once inclu ce vomiting. 

Ir the air charged with chloroform be now ·breathed continu-
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ously for some little time, we get in different inclividuals a 
number of symptoms, which are as multitorm, indefi ni te, and 
rnrying as the psychical conditions of the individuals; they 
defy any precise description or analysis. All we can do is to 
,describe some of the chief characteristics, and poin t to some of 
the varieties brought about by individuali ty and ex ternal con
ditions. 

In mos t of those who are chloroformed, there is observed 
during th e so-ca.Heel 1irs t s tri ge, or stage of excitement, a st riking 
alteration in behavior and in the expression of their feelings. 
Most commonly this change of fi>eling is a cheerful one, mani
fested by Jaughing, gay gestrn·es, singing, e tc., but it is n ot rare 
to fin cl th e patient rn elnncholy, weepi ng ancl wailing, ancl some· 
times v1:r.r ang ry, and there may sometimes be tempornry mania. 
It is imposs ible to say on what thb behador depends, or why it 
assumes snch different aspects in different cases. People who 
are usually c!Jcprful become lachrymose, mild p ople get angry, 
modest and retiring people get bold and shameless, and vice 
ursa, in mani[o!d aml compl ex variety . Just in the same way, 
und<•r the inllut•nce of chlornform na rcosis, the patienf s charac
ter alternates from grave to gay, from lively to sm·e re. It is, 
indeed, indisputable that this conditio"n strongly resembles the 
slighter degrees of alcoholic intoxication. 

Those who d ivide chloroform narcosis into several clearly de
fined stages clo, in fact, pn·fer method to truth. Their picture is 
clearly drawn, ancl its colors are bright, but it is not like natme ! 
For example, even the fir .s t stage, which we have bPPn trying to 
sketch , is ve1-y different in different people, if we investigate the 
amount of consciousness, the degree of mental activity and of 
sensibility, etc. As "rule, the senses are not much affected in 
the very beg inning. Bnt their acti,·ity is very soon affected. 
Those who are chlornformed very soon become conscious that 
their senses are rendered more acu te--there is a peculiar sharp
ness about them, a vast inrrease in the force of particular sensa
tions; for exa mple, the ti cking of a watch seems like strokes 
of a sledge-hammer; not infrequently the words that bystanders 
whi spPr gently are heard with amazing distinctness. Other 
senst•s besides hearing are sometimes, but less commonly, inten-
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sified in a similar way. The sense of sigh t, as a rnle, is affect<>d 
in an exac tly contrary manner-a cloud seems to come over the 
eyes, and pn''·en ts the objects around from being seen clearly, 
and at last things seem to be all jnmbled up together. Taste 
Yery soon b<>romes as it were lost, and at last all the senses be
come more or less impaired and defective. As"' rul e, conscious
ness l'l'lllaim; in tact during this first stage, although necessarily 
a fTectetl by the false coloring of the anomalous sensations we 
11:1vc d«scribcd. Tbc rcflectirn faculti es are therefore unimpair
ed, so that questions are answered correctly. Indeed, there are 
many men who gh"c correc t answers during this s tage as regards 
thei r sensati ons. But many others ::Lre so altered as to be quite 
oblil·ious of those ::Lround them, or of the circumstances in which 
they are. In their condition of half-awake and half-asleep, they 
bllsy themseh·es with the past, "wmr their heart upon their 
sleeve," and declaim loudly like those under delusions, or as if 
they were dreaming aloud; they sing and pray as though they 
were in church, and ::Lnswer incorrectly, or not at all, when they 
are q1wstio110d. Lastly, ::Llthough such cases arc mre, we meet 
with those who, after inhaling "' few whiffs of chloroform, fall 
rapidly into a, deep slumber, without a.ny trace of a preliminary 
stage of excitement. The objective symptoms of this first stage 
are, a s a rul e, exceedingly well marked. The face is ffushed, the 
forehead bedewecl with perspiration, the pupils are manifes tly 
contracted, and the hody mrLkes either d efinite, voluntary, and 
\Yell-co-ordinated mornments (tries to rise up, walk, hit out, etc.), 
or is moved spasmodically (generally with extreme tension of 
muscles) hither and thither with no npparent object. Hiccups 
and ,-omiting oft en set in , the pulse seems somewlmt quickened, 
and its resist::Lncc in general diminished. 

During this stage sensation, too, is by no means uniformly 
afTectecl i\Iany patients complain of crawling sensations (formi
cation), like inspcts crawling ornr them, felt in the extremities, 
and unpleasant feelings of pricking and stinging in the skin
symptoms which are generally associated even then with dimin
ished sensibility to external irritants. Partial 01· complete an· 
rosthesi:t of the skin has frequently been observed e\"en in this 
early stage. 
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The duration or this stage of excitement seems to be subject 
to no rule, and the limits of variation are very wide, and do not 
SPe111 at all definite. Ir the inhalation be vigorously pushed, it 
is commonly found that a very few minutes suffice to change the 
scene. The previous excitement is either suclclenly or more 
gradually allayed; the talking, singing, swearing, ancl so forth, 
is hushed, the muscles become relaxed ancl limp, the arms are 
dropped, the flush on the face vanishes, ancl deep sleep is indi
c:itecl by very audible snoring. 

The relaxation of Lhe n1 uscles very soon extends all ovet· the 
body. The massetcr muscles perhaps resist the longest. Breath
ing is deep ancl slow, as in those who sleep; the movements of 
the hPart are sonwwhat weakened, but still regular. The pupils 
now become somP whatdilated, and when narcosis is quite com
plete the ball of thP eye can be touched without exciting any 
retlex movements of the eyelids; there is, in fact, perfect anms
thesia, and we may now use the surgical saw or the knife or the 
actual cautpry without the patient being at all conscious of it, 
and without exciting any rettex movements. rrhe general rule 
SPems to be that sensibility lingers longest in the region of the 
sensory branches of the trigeminal (lifth) nerve, at the tip of the 
nose, and in the two temporal regions. The lower limbs ancl 
other parts of the bocly may be quite insensible to pain, whilst 
the corneal conjunctiva stil l gives rise, when tonched, to active 
movements of a rettex nature. It is therefore quite unnecessary 
in surgical operations to delay the beginning of the operation 
till such time as the eyeball becomes insensible. 

If the chloroform be pushed still further, it is very easy to 
reach a third ancl very unde>'irable stage, in which death occurs, 
for the most part, very suddenly, sometimes under tl1e guise of 
syncope, sometimes taking the form or asphyxia. Herein lies 
the special risk or chloroform, that danger come before it is 
expected, and that what we call unfavorable or dangerous symp
toms are generally the imnwdiate forerunners of death. In fact, 
death treads on the heel of clanger. A sudden stoppage o[ the 
pulse or breathing, a sudden paleness overspreading the face, 
cyanosis or duskiness of the lips and dilatation oi the pupils, 
and sometimes sudden relaxation of the sphincters, the passage 

VOL. XVII.-28 
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o[ urine anrl f;ee<'>', rnmiting. a suduP1t stoppagl' of the llow of 
hlood during an Operation-these are the ularm-::;ignals ; and 
of, lhese ::;ometim~::; one, sometim.es another, most prominently 
attracts the attention of the by-stander,;. \\'e have previously 
discus:wtl t It<' physiological questions concernPd in this condi
tion. \\' e 1wPd only repeat he1·p, that it is by no means easy to 
say, in any !-(in·n case, whether cardiac paralysis (syncope) or the 
res]J irntory epnt re has brought abo ut the unfortunate ending. 
vVu may grant that the firs t meth od is the commoner one, and 
at the sa me time the more quickl y fatal onP, since attempts at 
resuscitation are generally quite useless; whilst anomalies of 
respimtion, conditions of apnma, or mechunical obstruction to 
breuthing, in consequence of paralysis of the to ng ue and of it8 
falling back and obstructing the uperture o[ the glottis, and 
similar conc.lition,;, can generally be remediPd by appropriate 
means. In the first class of cases the face, as a rnle, g rows pale, 
a nd we note a stoppage or itT<'gularity of the pulse, whilst res
piration eont inues a little longer ; in thP latt1•r l'lass of cases, 
the variotts disturbances of respiration and tlw interruption of 
the• br<'athing pt'Ptede the stoppage of the pulse. Death is not 
sekl om quite sudden. Violent cramp-likP muscular movements 
must also be regarded as an unfavorable symptoJJJ , wh ich com
monly Pnt1' with the patient's dying suddenly. Sansom (Joe. cit. 
p. 02) renmrks that this is particularly likely lo occur in those 
paliPnts who have tippled freely, and in whom it is very difficult 
to induce narcosis. 

'Ve have previously insisted that"'" C'an a" )'<'t g ive• no pre
cise rnle as to which stage of chlorn[onn narcosis is the most 
dangernus. Inde<'d, tl1ere are not wanting a uthors who insist 
that t11e nn[ortunate cases are more apt to occur at the very 
beginning o[ the chloroforming (often, indeed, after only a whiff 
or two of it) thun they are in t he later stag<'S. 

'Ve now l'l'tum to the cases in whiC'h the desired narcosis is 
obtained without any untoward complieations. H the inhalation 
be tfo<cont inued, tl1e na rC'otized patient gpnerally awakes sud
dPnly, as from a deep sleep. in from one-half to three-quarters of 
an hour, without tltc faintest knowledge of what has ]Jpfallen 
him in the interval. After some slight delirium and confusion, 
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tlw senses gradually return. Vomiting often occurs in these 
Gases, but there is seldom any other abnormity. Serious 
sequelre are hardly ever known to occur. In rare cases, how
ever, the course of the narcosis is so far abnormal as to be com
plicated by genernl convulsions, of varying severity. These con
vulsions, which are sometimes epileptiform, and sometimes of a 
tetanic nature, may sometimes be sources of considerable dan
ger, in so far as they invo)vP, more or less deeply the muscles of 
respiration. The real nature and cause of these convulsions is at 
present simply conjectural. 

We must briefly consider those cases which are remarkable, 
either tor the unusually long duration of the narcosis, or for the 
persistence. when the narcosis is over, of certain anomalies of the 
nervous system, such as anresthesias, paralyses, and the like, for 
more or less time. All these modifications point to indi\'iclual 
peculiarities in the constitution of the nerve-centres, and have 
been noticed to occur occasionally as after-effects of most nar
cotic poisons. 

Although the published cases have been rPcorded less accu
rately tlmn we could wish, it is no longer possible to deny the 
existence of a peculiar clironicform efpoisoni11g or intoxication 
by chloroform (chloroform drnnkenness). For the most part this 
consists in tlw ordinary use or abuse o[ large quantities of this 
narcotic, which is first employed for thempentic purposes (the 
rel ief of pain, or to procure sleep, etc.), and grndually becomes 
an almost absolute necessity to the morbidly alterecl nervous 
system, as is the case, although in still more marked a manner, 
with alcohol and opium. 

The cases of this kind observed up to the present time present symptoms of 
mental (or psychical) alienation, and arc more particularly of the class denomi
nated periodic psychoses, to which the abuse of chloroform seems to prulisposc. 

This was at all cvcnt::t unmistakably evident in a case wbich fell under our O\\'Il 

ol>servation. Perfectly free and lucid intervals alternated in this case with attacks 
of the moat inteusl' melancholy and delusions as to persecution, lending to several 
attempts at self·destruclion. No chloroform was consumed in the free intervals. 
BUchncr1s case (Huscnumn. lac. cit. p. 682) also took the form of periodic munia. 
Two other cases hy lifcric (toe. cit.) nnd Vigla (Med. Timce, Nov. 21, 1855), in the 
first of which about n pound every five days, in tlH· latter from twelve to fourteen 
clrnchms daily of chloroform were use<l, were, it would seem, of a different kind. 
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llerie's case nppcnrcd to e one of extreme moral depravity, a sort of moral insan
ity. The patient, who had formerly taken morphia, gradually became unnble to 
procure sleep in this way, and !>O betook himself to chloroform. He laid in bed 
nearly all day, an<l chlorofoinled himself whenever he woke. At last he acci
dentally fractured both thighs i these had to be amputated, ancl this was done 
under chloroform, which a.ctcd very nicely for this purpose. 1 le finally sank with 
S)'mptorus of general marrumrns. In Vigla's case there was also a peculiar kind of 

insanity. 

H appears by no means an unusual thing Jor people who 
thus intoxicate themselves with chlorofonn to begin with inhal
ing it only, and to go on to take it intemally. This naturally 
leads us to make some brief remarks on the way in which chlo
roform affects the stomach. As regards this, our present infor
mation is by no means copious. The report of the Chloroform 
Committee (Joe. cit.) contains four fatal cases, Tardieu's work 
on poisons,' three each of death and of recovery. Out of ten 
cases in all, seven ended fatally. The narcotic symptoms in 
these cases are, from obvious reasons, complicated by the local 
gastric affection, consisting in the vomiting of quantities of 
slimy, and sometimes bloody, matters, ancl of violent epigastric 
pains, etc. Simultaneously, it is usual to find the narcotic oper
ation of the poison fully developed, and in several of the cases 
the poisoneil patient has been found in a condition of the deep
est coma, with dilated and immobile pupi ls, deadly coldness of 
the extremities, and almost imperceptible pulse. Death is some
times preceded by convulsions. 

'rhe post-mortem appearances in those who die comatose 
from chloroform do not afford a single characteristic or pathog
nomonic sign. vVhatevt>r may have been set down as charac
teriotic in the past, we now know is to be met with in many other 
kinds of death . "' e shall therefore waste no time in the discus
sion of this question . In cases where this poison is taken by the 
mouth, it is easy to nnderstand that we shall Jind more or Jess 
sevt>re IPsions of the mucous membrane of the gastro-intestinal 
tract-sometimes only simple reddening, sometimes ecchymoses 
and signs of extensive and severe inflammation. 

The prophylaxis, or, in other words, the cautious application 

1 Etude ruCdioo-ltlgale et clinique sur l'empoi.aonnement. Paris. 1867. 
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of this narcotic, is the most practical and important part of the 
whole question. We cannot enter here on a detailed considera
tion of the principles on which the administration of chlorofo1·m 
(with safety) is founded. This is a subjecL which partly belongs 
to surgery, and partly to materia medica. An anxious and 
painstaking observation of both pulse and respirations, as well 
as of the external appearance and behavior of the patient under 
chloroform, with especial reference to those symptoms which we 
have spoken of before as indicating danger, should always, when 
chloroform is administered, be the special duty or an assistant 
skilled in this matter, who should have nothing else to do but to 
superintend the narcosis. In other words, whoever is giving 
chloroform should have nothing else to do but watch its effects 
and administration. 

A sufficient amount of atmospheric air mixed with the chloro
form all the while it is administered is indeed the chief element 
of safety. The moment any threatening symptoms are noticed, 
the chloroform must of course be immediately suspended. The 
proper treatment of poisoning by chloroform will , therefore, 
necessarily depend on either combating the tendency to death 
from cardiac paralysis, or on striving to recall the patient from 
a condition of asphyxia. In practice, however, these two objects 
are not so remote as they may seem to be in theory, since, as 
a rule, the cases in which there is any considerable risk from 
symptoms of cardiac paralysis arc cases in which also the busi
ness of respiration comes to a standstill. 'l'lw pral'li cal signifi
cance of thP di stinction is lost if we reflect that the m~ans of 
deliverance in both cases are very nearly identical. 

Widely as authors differ as to the mode in which death 
occurs in poisoning by chloroform, they all, with very few 
exceptions, agree in earnestly recommending that we should 
immediatPly and energically set about artificial respiration in all 
cases or threaooned death from chloroform. 'l'hose who contend 
for the toxremic theory, which attributes the injurious effects of 
chloroform to the action of this agent in robbing the blood or its 
oxygen, make oxygen play the principal pa.rt in their therapeu
tic efforts, and some have recommended the inhalation or pure 
oxygen gas (Blanclwt, Jackson, Ozanam, etc.). Those who, oa 
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the contrary, regard chloroform as a direct nervine poison (Lalle
mand, Perrin, and Dnroy), admit the advantages of this means 
of treatment, since the poison still present in the blood and 
nervous system may thus be taken into combination, although 
its elimination is hindered by the paresis of respiration. They 
even think that inhalations of nitrogen or hydrogen might be 
useful in this way. Another group of authors, whose views are 
intPrmediate between those named above, and who consider its 
action on the cardiac nerves and the muscular fibres of the heart 
as the real element of danger, still consider that in oxygen we 
have a salutary irritant, which may spur on or rouse up the 
heart, which has in one 01· other of these ways been paralyzed, to 
new activity. All these theoretical views appear to us unsatis
faetory and crude. 

Let us be content, for the present, to establish this proposition, 
that in all cases where the natural respirntion is deficient or 
wanting, we ought at once to set about artificial respiration. 
How far we act upon the heart and its movements in this way 
we cannot as yet determine. Nor need we enter into details as 
to the best way of instituting and carrying on artificial respira
tion. The pl'Oposal of C. 0. W eber, to act upon the phrenic 
nerves in the neck by faradization with a fork-like electrode, 
simultaneously applying one electrode to the diaphragm, seems 
to ns one of the most useful. It is warmly commended by 
W eb"'" 

Simple inflation of air and passive artificial respiration byup
and-down movements of the thorax, drawing the tongue forward 
at the same time with a pair of forceps, have been successful in 
many cases. lf tlw heart has actually stopped beating, direct 
electro-puncture of the heart has been sevpra[ times proposed, and 
carried out. It certainly deserves a trial in any case, a nd should 
be combined with artificial respiration. But we have not much 
reliable experience on this point, and besides, we cannot assume 
that the results obtained by experiments on animals will also 
follow in the case of human beings. When threatening symp
toms in chloroform narcosis have been marked by sudden col
lapse, pallor, apnma, etc., it has generally been customary to 
apply strong irritants to the skin, in order to rouse the par. 
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alyzed nervons system, and to stimulate it to its usual 1·ettex 
action-of course combined with artificial respiration. Poming 
or sprinkling of water, dropping ether on the skin, the appli
cation of strong water of ammonia to the mucous memlmtne of 
the throat, all belong to this category. i:la1rnom (Joe. cit.) has 
lately opposed thb sort of treatment, and especially r•·<'Olll
mencled warmth as a means of 1·esuscitation, <'Ombined with 
arti fi cial respiration. But at the proper time-that is, imme
diately on the first indications o( collapse setting in (small pulse, 
pale face, <>tc.)-the application o( these means, or Lite mere 
sprinkling of cold water, does most undoubtedly have a good 
e[ ect. 

There is no medicinal t reatment for cases or chloro(onn 
poisoning, becausP we know of no direct antidotP to <'hlorofol'llL 
Cases of poisoning by the internal administration of chloroform 
must be treated on general principles.' 

CHAPTER III. 

POISONING BY ETIIEJ{ (~ULPllURIC ETllER-DI-E'I'ITYL E'I'l1ER

£TIIER SULPHURICUS}. 

Ether, which is a colorless a nd extr<>mely mobile fiuid (6,Ff10e) 
has a very much low.-1· boiling point than chloroform. The latLPr 
boils at 62° C. = 143.6° F ., whilst ether boils at onl y 35° C. = 95° 
F . It is also of mnch less specific gmvity than either chloroform 
or water, very volatile, and the vapor diffuses a very intense 
characteristic odor, which can be recognized clearly when very 
much diluted. Ether does not mix with water, bnt it is miscible 
with alcohol in all proportions. 

Like chloroform, ether can gain access in a gas<>ous form to 
the blood, through the surface of the organs of respiration, both 
in human beings and in other animals. 

1 In a case of this kind, where nn old man b'ld swallowed nearly one ounce and a 
ha.If af chloroform. I administered oil, and then solution of sulphate of zinc with the 
stomach-pump, afterwards demulcents and stimulrwts per rectum. Ile recovered.
TitANS. 
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Absorptio11 from tlw mucous and serous mPmbranes takes 
place more slowly. It has bee11 found, when it is intl'oducecl into 
the stomach, rectum, or serous cavities, that very much larger 
quantities of ether are required to produce its characteristic 
effects than whc11 it is inhaled. Anstie' strives lo explain this in 
the following way: 'Vhe11 it is in troduced th rough mucous or 
serous membranes, the ether which is absorbed must necessarily 
pass through the portal system of rnins and the lesser cir
culation, befol'o it can get into the arteries, :ind thus reach the 
seat o[ its opNations. Fmm this we may inf~r that small qnan · 
ti ties of etlter may be discharged from the lungs before any effect 
on the general system is produced. Indeed, the elimination of 
ether by the lungs has been repeatedly dete1·mined by experi
ments (Snow, Anstie, Lallemand, etc.); it has a lso been found in 
urine, though in very small quantities. In this way it has been 
established that a very large quantity of the ether which is taken 
in leaves the body in the same form, quite unchanged. 'Vhether 
the remainder is decomposed in the body is as yet unknown. 
The effects of ether on the blood are essentiall y the same as those 
alt·eady mentio1wd when discussing chlomfol'm, with the excep
tion of the peculiar compound desl"l"ibed by Schmiedeberg (Loe. 
cit.), as occuning between one constiluent of t he blood and 
chlom[orm. No similar compound has bet>n cl1•sc1·ibed as occur
ring with t>tl1er. Like chlornform and akohol, the effect of 
ether on bl ood is lo retard the giving up of its oxygen to reduc
ing agents (Bonwetsch, loc. cit.). The blood of etherized animals 
has a remarkably dark, venous appea1·a nce. The effects of ether 
are partly clue to its remarkable rapidity of evaporat ion, produc
ing a fall of temperature, and partly to a peculiar. and as yet 
unexplained property possessed by ether of acting as an initant 
on the terminations of the sensory nerves in human beings. Since 
ether boils at (or even below) the temperature of the body, there 
is this clanger when introducing large quantities of fluid ether 
into the stomach, that throngh the expansion of its vapor the 
intestines may be so greatly distended that the respiratory 
movements of the diaphragm may b<> thus rendered impossible. 

1 Stimulants and Na.rcotics. London. 1864.. 
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Ula,ude .Bemard ' has shown that the functions of secreting 
organs are rendered more active by ethPr when this substance is 
applied in or near tlll' locality of their excretory ducts. For 
example, the gastric juice, the pancreatic juice, saliva, etc., are 
much increased in quantity when it is g iven internally to a ni
mals. Glycosuria is very commonly, though not constantly, pro
duced by ether; whether we consider, with Claude Bernard, that 
this symptom is also to be regarded as a phenomenon of irrita
tion, and as the expression of an increasPd secretory activity of 
the liwr, or whether, with Anstie, we s l10uld regard it as a sign 
of weakened functions, a sort of paralysb or narcosis of the liver, 
we will not attempt lo decide. In any case, the production of 
diabetes by ether must be classed along with the other forms of 
diabetes clue to the action of poisons, regardi ng which we unfor
tunately as yet know very little. Although the other local elTects 
of ether are of little interest from a toxicological point of view, 
the genPral effects of this substance agree in most points with 
those of chloroform and other anrosthetics. Here, too, we must 
regard them as essentially due to the general operation of a 
changP in the functions of the nerve-centres, of the exact nature 
of which our present knowledge is extremely limited. Here, 
too, an exalted sensibility of individual nerve-centres precedes 
the more or less perfect suspension of consciousness. a nd the 
loss of the knowledge or t hings external to the pa tient. 

The long-discnssrcl, and as yet un ,<'ltlecl question, as to 
whether ether or t'hlorororrn is bPst Jitted for the production 
of surgical amesthesias and for other therapeutic purposes, or 
which is the safer of the two, has instigated numerous experi
ments on the physiological c!Tects of ether . There is a pretty 
general agreement that large quantities of ether are required 
for the production of perfect anrestbesia. The chief difference 
between ether and chloroform seems to be the opinion advanced 
by most of the experimenters as to tlw relation of ether to the 
activity of the hea rt. Whilst chloroform admittedly kills in 
not a few instances by bringing about a stoppage of the heart, 
ether· almost always proves fatal by pa1,alyzing the respiratory 

1 Le(Jonssur lea effeta, etc. loo. cit. 
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<'entres. Anstie (loc. cit.) Jays "Pt•cial stress on the way in wllicll 

•·ther affects the sympatheti c 11 i>1-ves-wh ich is shown by the red

<lening of the face, th<' breaking out of perspiration, increased 

,ecretion or saliva, and increase in the frequency of the pulse. 

Unfortunately, there are as y e t no conclusive experirn!'nts in 

this dir!'ction, so as to set the question at rest whether these 

phenomena do really depend npon the implication of the sym

pathetic nerve. 
As regards the on1er in which the functions of various parts 

of the n!'rvous system are alfoct<•d, or one may say abrogated, by 

.ether, Flourens 1 and i::inow' state that, in the first instance, the 

peripheral sensibilit y and the co-0t·dinatioll of the voluntary 

muscles are affected and abolished, ttnd in snch a manner that 

sensibility ill parts at " di stall<'<' frnm the brain and spinn,l corcl 

lose sensation earl ier than organs which lie nearer to these. 

'£hen follows Rtrnpension of conHeiousness, and last of all, the 

breathing is suspended. The movements of the heart go on 

some time aftPr 1·<>spiration has !'<'ased. \ 'aluable as all this may 

be from "practical point of viPw, it is yet clear that we ;ire still 

in want of more delinite knowlPdgP, to enable U!:i to dra.w any 

very accurate distinctions or concl u sions between these different 

anresthetics anr1 tlwir operation. 
The etiology of Pther poisoning c1iffe1·s 011l y ve~·y slightly from 

that of poisoning by ehl oroform. 
Most of the cases occnr from its medicinal or surgi cal use ill 

those places where it i; prefPrred to chloroform. Besides this, 

the internal use of ether (Hoffmann's anodyne) may lead to 

poisoning. It mrrnt also not be forgotten tlmt in some coun

tries (north of Ireland) ether is takPn as a sor t of luxury, to in

duce narcosis ; and it is very easy to understand that poisoning 

cases may occnr in this way. 
In spite of all this, the publi shPd cases or poisoning hy ether 

are very [Pw, and Lear 110 compari;oll at all with the numbers of 

cases of poisoning by chloroform. H owever. this is not so much 

due to the greater safety of ether, but mther to the fact that 

whilst the u se of etlll'r has stPadily diminished, thn,t of chloro-

1 CowpL. rend. XXTV 'Chloroform, etc. loc. cit. 
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form has as constantly increased. [VI' e doubt i[ this be true of 
the last two or tbree years in the British Islands.-TRANS.]' 

Neither the poisonous nor the fatal dose of ether has yet been 
determined, and we therefore refrain from giving figures which 
can only be founded on isolated cases. At least half an ounce 
of ether is required to fully anresthetize a grown-up person, and, 
as a rule, considerably more. Just as it is with chloroform, so 
is the case with ether: the degree of concentration o[ the vapor 
and the amount of atmospheric air rnixetl with it are the chief 
matters of moment. 

The symptoms of ether narcosis are pretty well known, 
partly from observations on patients, and partly from the exper
iments of those who have taken it themselves (Anstie). All 
agree in giving prominence to the unpleasant odor of ether, 
which is probably one of the chief obstacles to its general use as 
an anresthetic. The first symptoms verified by Anstie in several 
experiments upon himself were a general feeling of exhilaration 
of spirits, with an inclination to laugh, a pleasant feeling of 
warmth, <'Xtending all over the body, and palpitation of the 
heart, with increased frequency of pulse. This is soon succeeded 
by a [eeling of numbness and pricking sensations, commencing 
with the lower extremities, quickly running all over the body, 
with a breaking out of perspiration ou the forehead. Surround
ing objects began to dance before his eyes; he was unable to con
trol or veri[y the movements of his hands, and felt as ir there 
were enormous weights on all his limbs. Then he lost conscious
ness. From the observations made by him it wonld seem that 
he lost the power of writing as early as about forty seconds after 
the beginning of the inhalation, and that the narcosis from inhal-

1 The enormous clinical experience with ether in America (seemingly unknown to 
Germ::i.n authors) overwhelmingly disproves the inference above made. There is no es
cape from the conviction that ether kills so seldom, simply because it is so s~e. As ad
mitted by the author, ether almost never primarily para.Jyzea the heart, nnd its only dan
gerous effect-stoppage of reapimtion-iR one easily foreseen by striking premonitory 
tsymptoms, and readily and surely re1ieved by the simple means of removing the anres
thetic and making a few passes of artificial respiration. New York surgeons, thus con
vinced of the vastly greater safety of ether, very generally prefer it to chloroform, and 
the same ia probably true of the majority of American prnctitionera.-Eow. CURTT~. 
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ing half an ounce of ether had lasted thi1·ty-five minutes before 
he agai n recovered consciousness. \\' hen he first recovered con
sciousness he felt unable to move, and had a feeling of crawling 
(like insects creeping) in the limbs: in a few minutes more, how
ever, he felt perfectly himself again. 

In otlwr cases, a great degree of motorial excitement has been 
observed in the ffrst stage of the operation of ether, along with 
unconnected speech, laughing and crying, just as is often ob
sern•d in narcosis from chloroform. The flushing or the face, 
the occurrence of sweating, the increased frequency of the pulse, 
are matters on which most authors are agreed. 

In cases which have ended fatally, there has usually been 
noticed a sudden stoppage of the bre:ithing, which is, as a rule, 
not much affected in the ordinary cases. Bot stertorous breath
ing has sometimes preceded death. Convulsions have not been 
observed in t hese cases. 

The pupils, which have either been contracted or unaltered 
during the normal narcosis, have suddenly dilated at the moment 
of death. 

Martin' has recorded a case of chronic poisoning by ether in 
a woman who took large quantities of ether (internally) on ac
count of pains in the stomach. Iler symptoms consisted of 
tremor, formication, pains in the chest, and muscular weakness 
-all of which soon vanished entLrcly on the removal of their 
cause. 

'rite post-mortem appearances present nothing peculiar, ex
cept a very perceptible smell of ether, which is scarcely ever 
absent, and is known to persist for some time after death. There 
are no other characteristic symptoms. 

The treatment must be similar to that of poisoning by chloro
form. 

1 Virchow und llirsch, Jahresbericbt (llmemann). l870. 
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CHAPTER IV. 

POISON INO BY cm~ORAL HYDRA TE. 

The more this anrestheti c, in troduced into sm gical practice 
by Liebreich ' in 1869, has grown in to favor wi th medical p rac
titioners, the m01·e indubitably, though slowly, has its na tui-e 
as a poison come into notice; partly from observations on 
patients, and partly by pharmacological experiments. Although 
this new remedy is a very valuable one, we have learned by the 
experience of the last few years that i ts use is not always devoid 
of clanger even in the most skilful hands. The more firmly it 
is establi shed as a remedial means of uncloub tecl usefulness, the 
ni ore incumben t is it on toxicologists to di scover its injurious 
effec ts, and to study the circumstances which cause these to 
replace the benefi cial results which are wished for when it is 
prescribed. The hydrate of chloral (6,C!,6 II, + H,O) is met with 
in the fo1rn of white crystals, which possess more or less of a 
characteri stic penetrating smell, according to the purity of the 
substance. It is easily oluble in water, and the solu tion is 
neu tral to test-paper, and gives rise to a peculiar aromatic and 
rather unpleasant taste, which is associa ted with a feeling of 
scratching or soreness in the thrna t. It is now manufactured in 
very large quantities for medicinal use. 

Chloral is absorbed and 1·eceivecl into the general circula tion 
in the same way as all other bodie:; which are soluble in water 
and diffusible. I t is subject to the ordinary laws of diffusion, 
and its absorption is therefore possible wherever an exchange 
can take place between its solntion a nd the fluids of the body ; 
it can therefo re be absorbed by mucous and serons membranes, 
ancl in the subcutaneous areolar tissue. The absorption thl'O ugh 
serous membranes is the slowest of all. P orta 2 has never seen 
the general effec ts of chloral af ter the injection of a considerable 
quan tity in to the sac of a hydrocele, though he has done thi s 

1 Das Chloralhyd ra.t, et.c. Berlin. 1869. 
~ IImeuiann, Ueber Cblornlhydrat. Schmidt'A Jahrb. Bd. 151. 1871. 
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experiment repeatedly. "\s it is volatile, though only sliglttly 
so, a small portion may pass into the blood in the form of vapor, 
through the membrane of the air-cells of the lungs. The ques
tion, in what way and in what form chloral is eliminated from 
the bodies of animals is not yet settled, in spite of numerous 
experiments. Liebreich found neither chloroform nor chloral in 
the urine of animals poisoned wlth chloral. On the other hand, 
he found an increase of the chlorides. Byasson says that he has 
found salts of formic acid. Uammarsten 1 also found no chloral 
in the urine, and none at all in the expired :tir, but he found it 
in the blood of animals thus poisoned. Hermann' has lately 
succeeded in showing, by means of the isocyanphenyl reaction of 
Holmann, that small quantities of chloral are present in the 
urine of men who are chloralizod. No trace of chloroform was 
discovered by him in the tluid. 

Liebreich's theory that chloral is decomposed in the blood 
into chloroform and formic acid has given rise to a long series of 
researches, the general result of which is best expressed by say
ing that the question must still be regarded as an open one. The 
similarity in the effects of chloroform and of chloral, and the 
fact that this splitting up of chloral does occur in alkaline fluids, 
justify the opinion that some similar process occurs in the blood 
when chloral is taken. Hammarsten, Porta, Gubler, and others 
have, however, mnde1·ed it pretty certain that we must not 
reckon the blood as identical with alkaline solutions merely 
because its reaction is alkaline. Hammarsten could find no 
chloroform in either the blood or the expired air of chloralized 
animals. Radjewsky' and Frln. Tomascewicz' met with similar 
negative results in relation to the elimination of chloroform by 
the lungs in such cases. The latter made use of the very delicate 
reagent of Hofmann in the tests which she carried out in Her
mann's Institute. Richardson, Roussin, Personne, and Byas
son' met with positive results, in consequence of which they 

I Compare nu~ernann, Joe. cit. 
'Experiment. Toxikolog. p. 272. 
3 Centra.lblatt r. d. med. Wi~JH'nschnften. 1870. 
4 He·rmann, Experiment. Tox ikol. 

•Compare /,. Lisson<U, De chloral bydrat.61 etc. P11rif!., 1874 Li f{gonde, CC'rta.inly 



became dPfPndPr:; of Lif'lm•ich·~ tht'ory. Hermann brings very 
gravP objeclionH against their experiments. Tlwn• i~ another 
body of the fatt11 ru·irls series, the trichlorncetie acicl, which is 
Himilal'iy split up hy alkali!'s into d1loroform, Pt<'., aml a('tually 
reckoned by LiebrPich as a narcotic. It mts, l1owe,·er, found to 
be absolutely d,,,·oid of narcotic properties by Hermann. In the 
same way he dispo,es of the narcotic action of iodal. A!'t'Ording 
to LiPhreich's l11eory iodofon11 ought to he foruwd from this 
substance ju tl1e blooc.l. lt 11:1~, howp\·er, uo narcotic action. 
Until ful'tlwr fads :ire known we n1ust, thPn·fore, lean .. any 
possible fo r111alio11 of l'l1 loroform out of sight in our explanation 
of the opc•ration of chloral. Its effects are indeed similar to 
those of l'hloroform, bnt not more so than those of other organic 
chemical arnestliPtics. \Ve must, then:fore, for the present, ac
cept chtornl as a nPw member of a seril's of amesthetics whose 
effects all ha,·e a family likeness, but can, in lhe prPsent state of 
our knowlcdg<', be only very imperfectly explained in either 
their physiotogi<'al or theii· chemical relations. 

The stroma of the l'l'U blood-corpuscles is not dissolved by 
chloral, but swells up under its influence (Ilennann). Rittl'r 
and Fcllz,' who injl'cted diO'l'n'nl quantitiPs of chloral into the 
vein::; of dogs, found, a.ftt-r n·pt'aLcd injPctions a.nd long co11-
tin11ed narcosis, that the blood-corpuscles werP misshapen and 
deprivPd of their e tas! icity. The plasma of the blood was col
ored red (hmmoglobin in solution) aud tucmogloh1n nyRfals very 
readily formed on object-glasse>, and c•ven the urinl' coukLined 
blood-coloring. Besides this, the blood had absorh1•cl little mo1·c' 
than half its normal proportion of oxygru. In a very concen
trated state, chlom.1 has a eonosivP or e-Rdtamtic action; on 
fresh wounds, on musclPs which are hiid bare, on murous mem
branes, and suppurating 8tufaces it produC'<'S a superficial white 
scab, and it causes redness and vesication of the skin when ap 
plied externally. 

without any irlen. o( 1Inmmarste1i' s experiments. mixed blood and bic::i.rbonated salts and 
chloral together, and in both experiments obtained chloroform reaction.a. llirmmarslMt, 
howev~r. shows that this is oo proof that the same thiug happens iu the blood which 

circulates. 
1 Rnllet. gt!nUrnl dC' thr;rapr-ut. 1873. 
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From the remaining physiological investigations we learu 
that chloral, like all analogous remedies, very materially affects 
the functions of the higher nerve-centres, and in some circum
stances causes death by paralyzing the heart, or by stopping 
respiration. In animals of different classes it causes a diminished 
frequency of the heart's action, apparently by exciting the cere
bral origin of the vagus nerves ; in larger doses, it paralyzes the 
action of the heart (Radjewsky).' 

In a similar way, small doses diminish the frequency of the 
respirations, whilst larger ones sometimes cause stertorous breath
ing and stoppage of breathing altogether. If we were to enter 
into details on these matters. we should have to repeat almost 
the very expressions we used when speaking, in relation to these 
effects, on the action of chloroform and ether. But we think 
HeidPn hain' s' experiments, establi shing the paralyzing effects of 
chloral on the centre for vascula r nerves, are of great signifi
cance, because a great many of the injurious results of the 
therapeutic use of chloral can be explained by these. In experi
ments on animals, this paralysis is manifested by an enormous 
diminution of the arterial blood-pressure; in men, on the other 
hand, the feeling of weakness, and the ultimate failure of the 
radial pulses, point to considerable disturbances in the vaso
motor sphere. The practically interesting effects sometimes pro
dticed by chloral on human beings, and more particularly iu 
those mentally afflicted, will be discussed in their appmpriate 
place. As yet, physiology has given uo explanation of them. 

As chloral hydrate is still far too commonly prescribed iu 
excessive doses, it is easy to explain why the rnajority of cases 
of poisoning by this substance occnr in medical practice. Of 
late, however, both in England and Germany, there have been 
several cases in which it has been volunta rily taken by persons 
not in the medical profession. As a rul e, these are persons who 
suffer from want of sleep (insomnia) and are delighted with this 
dmg, bnt too commonly take it in excessive doses. If we con
'ider how short a time has elapsed since the discovery of chloral, 

1 Centralbhltt fiir die Med. Wissensob. 1870. 
~POiiger'sArchiv. Bd. IV. , p. 5.1 1, et seq. 
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the great number of these unfortunate cases must not only strike 
us with surprise, but ought to furnish a strong motive for the 
exercise of caution in prescribing its use. 

All authors agree as to the great difference between the sus
ceptibility of different patients as regards the effects of chloral. 
There have even been known persons who appeared to be abso
lutely unaffected by this drug, and who have b"en able to take 
enormous quantities, not only without the usual eO'ect, but with
out any injury accruing; and there are other cases where very 
small quantities have prnduced very unpleasant effects. The 
temperament or constitution of patients seems, according to om· 
experience, not to have any effect in regard to susceptibility to 
the effects of chloral, although Porta (Joe. cit.) holds that chil
dren and c1elicate patients are more amenable to its effec ts than 
others, which seems probable on a priori grounds. 

The only pathologica l conditions specially noted by writers 
on this subject as modifying the SLlsceptibili ty to the influences 
of chloral are alcoholism and frequent indulgenl'e in the use of 
stimulants. These greatly hinder the effects of chloral. Although 
chloral has been very largely u sed in psychical diseases, yet no 
very definite conclnsions can as yet be drawn from this experi
Pnce. However, paralytic patients appear to be specially obnox
ious to the inj nrious effect> or chloral on the vaso-motor nerves. 
\\' hether the injurious effects of chloral are most prone to occur 
in cases or failing heart and vascular degenerations (snch as 
atheromatons and similar processes), is also not definitely settled, 
though it seems likely that such conditions may predispose to 
dangPr. It is also as yet undecided how far chl oral exhibits 
what may be call ed a C'ttmulative action, or whether it bPl()ngs 
to those substa nces to which the system gradually becomes 
accustomed. Although it is pretty well establ ished that, if we 
dPsire to keep up the hypno tic action in long-continued use of 
chloral, we must go on increasi ng the doses, i t is rit least doubtful 
whether the powPr of the nervous system to resist its injurious 
effects increases in at all the same propo1·tio11. The phenomena 
of the so-called chronic poisoning by chl oral (which we shall 
comment on by and by) do not by any means negative the idea 
of its accumulation in the system. 'fhe poisonous and fatal closes 

VOL. XVII. -29 
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or chloral hydrate can only be approximatively de termined. W e 
have gradually acquired by experience a knowlPdg<' of tl~e fact 
tlrnt do:-.:.ps or HPV('nty-sen•n grains, which used to be considered 
quite a ;;a[p do"" fo r g rown·up people, should by no means be 
pre ·crib1-1 d as a m Pl'(-' mat ter o f ro utine, nor indePd without Yery 

carefrrl euHsiderntion. Indeed, fatal (•ases have oecuned, not 
only from thi s dose, but from en >n Slllall er ones, and that quite 
suddPnly. tio far, therefore, as a geHeral rnl e can be es tabli shed, 
we must consider forty-six g rains as tlie ma.ximum limits for 
safety. !<'or children ancl delicate adults, s till smaller doses 
must clearly be prescribed . 

The sylllptoms produced by chlornl, so Jong as they are sim
ply medicinal and salutary, a re those or simple na rcosis. 'rhis 
occurs, as a rule, without a11y particular stage or ex citement, 
a ncl wi thou t a ny peculiar subjective sy mptoms, in the form of a 
quiet sleep, the d uration or which val'iPs w ry g reatly, aceording 
to the sunoundings a nd the individua l peculiariti t>s of those who 
are clilotalized. Ae a rule, there a re no pa rti r Hl a r sequelre, and 
no recollection of the beginning or the sleep, o r of dreams dur
ing the slumber. Occasionally i t leaves behind it, Ior a shor t 
time, some headache, want of appetit<', and mt1'<(· nla1· weakness. 
The obj l'c tive phenorn ena or thi s rn oderatl' or nonll a l chloral nar
cosis, are abo not very charac teri stic. 'l'he temperature of the 
skin , aHd thl' fn,<p<ency of the pulse an cl o f the l'l'8pirations, have 
been fo und diminished. The pupil s a r<' affected but slightly ; 
sensa ti on is not so keen a::; be fore. bu L h; not so far abolislied as to 
permi t the perfo l'lnance of very pa inful operations. The excre
ti ons are not affected in any manne1· deserving of special notice. 
These symptoms, which are a ll more or less modified in special 
cases, a re sometimes specially so by the occasional occurrence of 
symptoms or excitement, like tho'e which are the r ule in chloro
form narcosis. In such cases, the persons under the effects of 
chloral g ive one the impression of being d runk, because their 
excitement i ::; manifes ted by ta lking, lau ghing, crying , and all 
sorts of movements. This s tage of <'xcitement may either grad
ually tern1ina te in the re turn o[ conscious ness or may pass into 
the customary narcotism. Even in cases where the symptoms of 
chloral narcosis a re more noticeable, there is, as a rule, no •trik 
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ing outward warning of the approach of danger or death. It is 
far more common for these to set in suddenly, so that, for ex
ample, soon after the patient has taken the dose, or a little later, 
he sinks into a helpless condition, from which he never wakes 
again. More rarely death has been observed to be preceded by 
dyspnma and stertorous breathing (thus approximating to the 
type of asphyxia). The symptoms of chronic poisoning by 
chloral, which have hitherto been noticed chiefly in asylums, 
may be divided into three distinct classes. 

In the first class we have the often observed disorders of 
digestion, induced by the Jong-continued use of chloral, and 
these are indisputably due to its local action as an irritant. 
When affections of this kind occur in persons who ar~ already 
in a depressed bodily condition, especially in paralytics, it is easy 
to understand that they may prove somewhat serious, and even 
hasten the fatal termination. Pelmann has published cases of 
this kind. In one case jaundice supervened, and the patient 
died in seven days, having been somnolent nearly all the time. 

In the second group we may class the numerous cases of skin 
diseases observed after Jong use of chloral. 'l'hey may assume 
tile forms of various exanthems (erythema, urtical'ia, papulre, 
purpura, petechire, etc.), and they clearly prove themselves to 
be exant hems drie to poison (Intoxicationsexantheme), since 
they generally vanish agai11 very quickly when the drug is dis
continued.' With these we may class the cases in which the 
use o[ chloral has given rise to more or less extensive bedsores 
(see Reimer'). These have occurred, for the most part. in cases 
where the patient, after large doses of chloral, has lain a long 
time in one position. Reimer has observed the dm,elopment of 
more or Jess deep ulcers and wounds from mere circumscribed 
redness and swelling of the skin, with the formation of blisters 
on the trochanters, knees, knuckles, tips of fingers, and even on 
the face and ears and other parts. Lastly, Schuele' and Jolly' 

1 Consult on this Jfttsemann (loc. cit.) and the Jn.hresbcricht Uber die Fortschritte, 

etc., of Vi'rclww und Jfi1'11cJ1,. 1871 and 1872 (art. Chloral). 
1 Alig. Zcitschrift fi.ir Psycbiatrie. Bd. 28. 2. 1871. 
3 Allg. Zeitachrift filr Psychiatrie. Bd. 28. 1. 1871. 
4 Ba.yer. iirztl. Intcll.-Blatt. HS72. No. 14. 
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have qnite recently observed a number of symptoms in lunatics 

treated with chloral, which must indisputably be referred to 

anomalies in the innervation of blood-vessels. 
Along with symptoms of increased action of the heart, gener

ally in consequence of very moderate use of spirits, there sud

denly occurred an erythematous blush, spreading itself over a 

large surface of skin, sometimes on the face, and then with 

hypenemia of the conjunctivre and of the posterior snrface of 

the eyes (retinre), and sometimes i11 other parts of the body. 

Schuele noticed at the same time a change or behavior in hb 
patients. All these symptoms pPrfectly vanished when the chlo

ral was lett off. Ir we exclude the gastric di sorders, which are 

easily explicable, almost all the other symptoms of chronic chlo
ral poisoning may be reterred to t he anomal ies of the circula

tion, which are brought about by the paralyzing intluence of the 

chloral on the vaso-motor centre - on which we have before 

insisted so strongly. Even the tendency to bedsores may be thus 

explained. Hitherto no characteristic post-mortem appearances 

h ave been described in fatal cases of chloral poisoning. The 

treatment of cases of acute poisoning mu st clearly be analogous 

to that for poisoning by chloroform. For the chronic forms, as 

a rule, it is sufficient, along with appropriate regimen, to insist 
on a timely discontinuance of the drng which is the source of 
the mischief.' 

CHAPTER V. 

POISONING BY SOME OTHER AN..ESTllETICS. 

Besides chloral , chloroform, and ether, several other members 

of the so-called "Fatty Acids Series" have of late years sought 

introduction into medical and surgical practice. Although the 

majority of these have been introduced as substitutes for chloro

form, on the ground that they were free from the dano-ers which 

attend the nse of this agent, yet most of them, as so~n as they 

1 See a paper by the translator in Vol. IV. of the St. Andrew's Medical Graduates' 
Transactions1 p. 222. 
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have been put to the test, have proved at least quite as danger
ous, ii not more so, than chloroform, which they were introduced 
to supersede. 

Repeated cases of death, attributable to their use, have up to 
the present time prevented any of them from obtaining anything 
like general acceptance from the profession. Most of these sub
stances agree in all essential points as regards their operation on 
the system and their properties, with what has been already 
ascribed to chloroform and ether. It will therefore suffice, for 
the present purposes of this work, if we collect together the most 
important toxicological observations which have been published 
as regards the most important of these anmsthetics. 

I. .Amylene. C,U". 
This hydrocarbon, in which the carbon i · not fully saturated, 

is distinguished by its peculiar smell, somewhat resembling the 
odor of garlic. Its boiling point is 35° Centigrade = 95° FahrPn
heit; its specific gravity, 0.65. It was 1011g ago repeatedly tried 
as an anresthetic in sm gical operatiom. at the recommendation 
of Dr. Snow. Very numerous experiments on both men and 
animals have confirmed the powerful unmsthetic effects of thi :; 
snbstunce, without our being able to discover that its effects 
differ in uny very essential manner from those of similar sub
stunces. Nor cun we find that it possessPS any peculiar adva11 -
tagPs, although it has been lauded in ex travagant terms. That 
it is not any safer than <"h lornform was shown by the occurrence 
or two fatal cases ve1·y shortly after Snow had recommended its 
use. These cases werP witnessed by Snow himself. The death 
was by narcosis, and the symptoms were similar to those of 
death by chloroform. 

II. B ichloride ef 11wtltylene. CII,Cl2• 

This substance, which is not only very like, but closely allied, 
to chloroform in its composition, has been particularly recom
mended by Richardson and Junker. Except in England, where 
it was a good deal usPd in several hospita ls, it does not appear 
to have found much frl\'Or with the mediral public. Richardson 
has lately recommended a mixtnre of bichloride of methyle1w 
and sulphuric ether, under the name of rn ethylether, as a very 
use r,11 anresthetic. Three cases of death from the former and. 
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one case of death from the latter sPcure for these substances a 
place amongst poisons. There is, however, no essential differ
Pnce between their effects and the mode of death to which they 
lead and those of chloroform. W e must, therefore, as before, 
refer to that chapter for details. 

III. Bieltloride ef ethylidene. 6,ll,CI,. (Boiling point 60° to 
62° C.=140° to 143.6° .!<'.) 

This substance was recommended by Snow and Liebreich as 
an anwsthetic, and from the favorable accounts of several au
thors it would appear that the results of its u se have generally 
been fortunate. Yet already one death has occurred from its use 
in one of the Berlin clinics. We must refer to special works for 
information as regards the differences between these substances 
and chloroform in their effects. As regards their poisonous 
properties we consider ourselves justified in saying that no 
important difference is yet known. ' 

No cases o f poisoning have been hitherto reported from the use of nitriU of 
amyl or of croto1i chloral. Interesting as these medicines arc, we are therefore 
compelled to pass them over without further notice. 

IV. NUrous oxide (laughing gas). 
Although the na1·cotic effects of this gas were discovered by 

Sir Humphrey Davy at the beginning of this century, and 
although they were observed by numerous authors who suc
ceeded him, it was first introduced into dental practice as an 
anwsthetic some thirty years ago in North America. Of late 
years its u se fol" this purpose by dentists has attained to very 
large proportions in Europe, and g1::.neral experi ence is unanimous 
in the verdict, that for operations which only las t a very short 
time, such as the extraction of teeth, it is a very serviceable, and 
if prnperly employed, a very safe means of benumbing pain. 

The mode or action of this gas was first placed in its proper 
light, and confirmed by experiments, by L. Hermann, viz., that 
when breathed without admixture of atmospheric air or oxygen, 
like l1yclrogen, and other indifferent gaseous bodies, it kills by 
suffocation (or simple deficiency of oxygen). Inhaled in a mix· 

1 Compare, us regards this, the references of IlWJemann in the JoJircsbericht Uber 
die Fortschritte der 1'fodicin of Virchow and Hirsch. 1865-74 . 
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LLue in the proportion of foLu of nitrous oxide to 011e of 
oxygen it produces in human beings a clwerful JUU'<'O::·d ~, like 
inebriation by alcohol, which quickly disappears whPn tlw in
halation of the gas is discon tinned. Consciousnf'ss and sensa
tion ru·e never perfectly abolished during this co11dition. There 
can, therefore, be no doubt that nitrous oxiJe, like otlwr anres
thetics (chloroform, ether, etr.), affects the functions of tlw cere· 
brum. In animals this mixture of gases seems to have no effect. 

The mode of u sing this gas by dentists differs from that in 
which other anrosthetics are used, because tlte access of the oxy
gen of the atmosphere is p1·evented, and only the pme unrnixed 
nitrous oxide is used as the amesthetic. In consequence of this 
the narcotic effects of the gas are combi1wcl with the fi i-st stage 
of suffocation, so that deep narcosis speedily occurs, during 
which operations whlch only last a few seconds can be performed 
quite painlessly. It follows, as a matter of cours<', from what 
has been said, that if the e>-1Jeriment be prolonged to a peL·iod of 
a few minute~, death by suffocation must necessarily result. As 
loss of consciou~ness and an<esthesia also occur in the first stages 
of suffocation, without breathing in any narcotic gas, it is some· 
what doubtful how far the gas participates in the effect, when 
used in dental practice in the manner desnibed. A narcosis 
which greatly resembles this can be proclncecl by the inhalation 
of hydrogen whilst the atmospheric air is simultaneously ex· 
clucled. 

The enormous nnmber of ttleth extracted at the present time 
by the aid of this gas, without any accident, would seem to show 
that thf're is no very great clanger in it. But some few fatal 
cases which have occuned, either during or after the narcosis, 
show that it is not absolutely devoid of danger. These, however, 
appear to be simply and solely due to suffocation, :incl the gas 
itself appears innocent. This is not the place to lay clown rules 
for the safe use of thi s gas; moreover, i t appears very doubtful 
whether the unfortunate rases ought to be reckoned as cases of 
poisoning at all. The indications for treatment in such cases are 
precisely those which are laid down in surgical manuals for t.he 
treatment of asphyxia from other causes. 
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CHAPTER YI. 

J>QI SONING HY C'A HBOXCC OXIDE, AND Jff 'l'HOS:E CTA:o;EOU:' 

TUB.ES lX WHlCH CAJ~BONIC OX[])J<; l~ Tl[]<_; ESSEN'l' l AL INGL<E

DIJ<:NT (A:-; POIRONCNG- ]ff '1'111': Y Al'O ll 01!' CHAlWOAL AND 

POlSON fX(; BY COAL-GAS U::-;ED FOi{ LlOH'l'lNG} 

Carbonic oxide plays a prominent part amongst poisonous 
gases. It is a colorless, and almost oilorless gas, which is very 
s lightly soluble in wate1·, and burns in tl 1e air wit h a pale bluish 
flam e. Jt is easily generated when coals or charcoal a re burnt 
with ins uflkiti nt access of air. and besides thi s, it is an ingredient 
in gas u sed for illu111ination.' In most cases thi s poison is 
receivell into the ::;ystem by the orga11s of respiration; from 
the sur[acc o[ the lungs it diffuses itself into the capillaries. 
" "hether c·arbonic oxiile may gain access to !ht> blood in other 
more indi1vct ways, seems doubtful, and there a re no trnst
worthy expPriments on this ]Wint. 

Priedbcrg' has contradicted llusemann's 3 nsscrtion that Carminati had proved 
the possibi lity of the absorption of the vapor of C'harcoal throug h the surface of 
the body. Carminati's experiments did not relate to carbonic oxide at all, but to 
the vapor o f sulphur (Scliwefcldampf). 

Nor is anything known accurately as to the ways in which 
carbonic oxide is eliminated from the system. On this account 
the mauner in which thi s poison acts upon the system, and 
especially on the blood, deserves espec ia l study. This gas is not 
easily soluble in blood, though more so in this fluid than in 
water, which will only dissolve about -,', or its volume. In 
regard to its solubility in blood it is far iu[el'ior to carbon 
dioxide, a1id to hydrngen sulphide. Claude Bernard• found that 
blood could absorb 0.4 volumes p er cent. of carbonic oxide, and 
confirms Nysten' s' assC'rtion, that larp;P quantities of this gas, 

1 Sec alRo the chapter on Etiology. 
' Die Vergiftung durch Kohlendunst. Berlin. 1866. S. 70. 
3 IJandbuch clcr Toxikologie. S. 65G. 
4 Lc((ons snr les effets des substances toxiques. p. 157. 
5 Recherches de physiologie et de cbimie pathologiques. Pa.ris. 1811. 
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injected suddenly into tile veins of an animal, brought about 
death mechanically by gaseous emboli sm, which does not hap
pen after injectio!l of carbon dioxide or sulphide of hydrogen in 
gaseous form. 

Small as the quantity of this gas absorbed by the blood may 
be, it suffices to bring about very ex tensive and serious changPs 
in its properties. The researches of Claude Bernarcl (Joe. cit.), of 
Lothar Meyer, 1 and Hoppe-Seyler ' have es tablished the fact that 
carbonic oxide di splaces oxygen from the blood, and enters into 
combination with the coloring rnattel' of lhe blood in such a way 
as to render this incapable of absorbing rnol'e oxygen. The ou t
ward sign of this change is manifestPd by a p<'enliar, bright 
cheny-red coloration of the arterial as wp\I as wnous blood; 
whil st in the spectrum of blood eonta ining cai·bonic oxide thP 
two usual bands of oxyhtemoglobin ai·p replaced by two others, 
which appear nea l'er to the \"iolet end of the spectrnm. and thesP 
ca!'bonic oxide bands exh ibi t the special chamcter of 11ot vanish
ing on the addition of reducing agents, as thoS<' of oxy lucn](l
g lobin do. The compound of hrern oglobin with carbonic oxide 
is cryslallizable just like oxyl1rnmoglobi11. It is more >olid than 
this, and is less easily e\·aporated in vaeuo. Uowe,·er, it can be 
decomposed by passing other gases thJ"ouglt tlw blood and also 
by the use of the air-pump, jnst like oxyli:Pmoglobin; so that 
we cannot help consideJ"ing the two eompounds as very analo
gous one to the other.' One especia I l'esult of these investiga
tions is to show that carbonic oxide combines with hmmoglobin 
just in the same volumetric proport ions as oxygen does. It 
seems almo t unnecessary to try to pl'ove that this relation of 
carbonic oxide to the blood, which equally occul's in the living 
body, must to a ,·ery grea t extent explain its poisonous proper
ties. It makes the further reception o( oxygen, a nd therefore 
life itself, impoRSibl t>, and so much the more as, o"·ing to the 
stability of the compound. the whole mass o( tlw blood very 
speed ily lwco nws robbed o( its vital propel'ties, provided only 

t De Sanguine' oxyclo-carbonico infecto. Inaug.-Dissert. Breslau. 1858. 

~ Virchow'~ Archh•. Bd. It. 1857. 
a Consult. on tbi8, Zuntz. POuegcr'& Archiv1 V. ; Donrlers, ibid.; and Po<lolinski, 

ibid. VJ 
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that the poison is prPH•nt in ouffiri1•nt quantities in the medium 
J'PSpirPd. Notwithstanding this, tllere is by no m Pans such mm
nimity on this point amongst those who have written on the sub
ject as we might exp0ct. a priori. " ' hilst one set considers that 
the symptoms o( poisoning by carbonic oxide are p.,rfecL!y 
explaiiwd by the above theory, and regards the whole symptoms 
as essentia lly a form of suffocation produced by want of oxygen 
(Clauil0 Bernard [loc. cit. ], Hoppe-Seyler [Joe. cit..l, Pokrowsky,' 
Friedberg'), others insist most stroHgly on disturbanc1•s in the 
circulation (atony of the muscular coat of the blood-vessels), 
which must be considered as a result of poisoning by carbonic 
oxide, not dependent on its power o( robbing the blood of oxy
gen (Klebs '). They consider tlrnt this poi:;on acts like a narcotic 
on the organs of the central nervous system (Siebenhaar and 
Lehmann'). 

Pokrowsky has endeavored to establish the identity of poisoning by carbonic 
oxide with other forms of suffocation (breathing of nitrogen, hydrogen, carbonic 
acid, and mechanical occlusion of the air-passages) by a careful physiological anal
ysis of the symptoms. The results of this agree essentially with those of an inde
pendent inquiry of the same kincl made by 'J'raul>c,~ and founded on experiments. 
Jndccd, the results of this inquiry are a. most evident agreement in the physiologi
cal effects o·r the vadous modes of suffocation. Although we may not al ways agree 
in every minute point with Pokrowsky's arguments, yet hi s conclusions are undoubt.. 
cdly justified by Traube's experiments. Pokrowsky's experiments show the follow
ing results: That after the first breathing of a medium poisoned with carbonic 
oxide, the blood-pressure, which was first considernbly increased, soon sinks consid
erably with a simultaneous considerable retardation or slowing of the pulse. This 
second phase in the phenomena o( the circulation in poisoning by carbonic oxide 
has all the characters of a blood-pressure and pulse-curve due to peripheral irrita
tion of the vagus. This stage is succeeded by a third, in wliich a still lower grade 
o( blood-pressure, and a shallow, but more frequent, pulse arc met with. Unless 
artificial respiration is resorted to in this stage, death fo1lows with constant increase 
of the symptoms last named up to the momrnt of death. Division of the vagus 
nerves in the second stage completely annuls it, but under certain conditions only 
retard" it, when the operation has been done before the poisoning i as for instance, 

1 Arcbiv f. Anat. und Pbysiol. 1866 
· Die Verginung <lurch Koblendunst. Berlin. 1866. 
, Virchow's Archiv. Bd. XXXJJ. 
~Die Kohlendunstvergiftung. Dresden. 1858. 

~ Oesa.mmelte Beitrtige zur Putholob'1e und Physiologie. 1. Ba.nd. 
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when the attempt at poisoning has been repeated several times in rapid succession, 
or when the animal is already suffering severe dyspnrea as the result of the previous 
'ICCtion of the vagus. In the third stage (of low blood-pressure, with snmU and fre
quent pulse) irritation of the medulla oblongata, or of the cervical cord, iB fol
lowed, as a. rule, by a considerable increase in the blood-pressure. 

In the present state of physiological opinion on the circulation
1 

these views of 
Pokrowsky, which nre established by a long series of experiments, all pointing in 
one direction, nre explained in the simplest manner by considering them as simple 
results of the deficiency of oxygen. This at fin;t causes a transient increase in the 
blood-pressure, by irritation of the vaso-motor centres, which is succeeded by a 
period of central (and perhaps peripheral also) irritation of the vagus, in its turn 
succeeded by paralysis o( the vaso-motor centres. 

All these events arc also seen to occur if we stop the aeration of the blood in 
any other wn.y, provided it be not clone too suddenly. Pokrowsky differs from 
this conclusion, ina.smueh as he believes the first as well as the last-named stages 
to be dependent on excitement or excitability of an cxcito-motor centre for the 
heart, situate in the medulla oblongata.. He does not hold our view of the case to 
be valid, because he secs no increase of pressure follow compression of the aorta in 
the third stage. On this account be admits a weakening of the action of the heart, 
which may be temporarily removed by irritatiou of this centre in the medulla. We 
have felt obliged to differ from him, because the existence of this excito-motor 
centre in the medulla, which, it is well known, von Bczold admitted in his day, is 
at the present moment more than doubtful. 

Pokrowsky also seems to us to be decidedly wrong in believing that contrac-
tion of the (srna.11) arteries coincides with the sinking of the (blood-)prcssure i and 
still more so when he brings this forward as ao argument agninst Klcbs's theory of 
poisoning by carbonic oxide, for this is well known to be based on atony of the 
arteries. The effects previously quoted from his paper on irritation of the cervical 
cord, show clearly that P. has probably deccivOO himself in this matter, and 
observations on the calibre of the vessels of the mescntcry or other parts, with or 
without a microscope, are at present not very re1iab1e modes of physiological inves
tigation. Klcbs, indeed, despairs of any generally acceptable view of the true 
nature of carbonic-oxide poisoning, but he pronounces in no doubtful terms ugainst 
tbe view of the symptoms given above; and he considers the atony of the vessels 
as a sort of middle term between the poisoning and the asphyxia which finally suc
ceeds it. But all controversy apart, there is atony of the vessels, though it may 
not be very great, in all stages of the whole affair. Klebs considers the want of 
suffocative spasm1:1 as a sufficient reason for not assigning the symptoms in this kind 
of poisoning to mere deficiency of oxygen. And he drnws particular attention to the 
general occurrence of sopor in poisoning by carbonic oxide-a symptom not noted 
in simple abstraction of oxygen. Lastly, whilst he will not assert the absolute 
impossibility of the two conditions being alike, he thinks that at least their identity 
is not proved. Wliilst agreeing with him in this last opinion, we cannot accept all 
the rtrgnments and experiments on which be founds it. As regards the nbsence of 
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convulsionR or spasms, Klebs contradicts almost all who have written on the sub· 
jcct. Though this symptom may be wanting or imperfectly dcvclopecl in some 
instances, it is pr~ent in an overwhelming majority o f the cases, and e ven some of 
Klcbs's cases seem not quite free from doubt on thi ~ point. Nor can we agree with 
Klcbs in the importance he attributes to sopor. Against this doubtful symptom, 
we have to set the gf·nernl agreement in the dhmrders of the circulation produced 
both in ca rbonic·ox ide poisoning, and also in l ite various form~ of suffocation. We 
must agree with Klcbs as to the signifi cance of the vascular paresis, but not in attrib
uting the comatose condition met with in poisoning by carbonic ox ide to direct 
bloocl·prcssure on the cortical surface of the brain produced hy the vascular dilata
tion . Simple refl ect ion will show us that, in every pares is of t he vaso·u1otor cen
tres, there must result a relative anremia of the CC'ntral organs of the uervous system; 
because whilst the efllu:c through the yeins is unhindered, the afllu:c through the 
arteries is diminished; noel since the chief mass o f the blood is ci rculating through 
the great vascular domain of the abdominal vessels, it is clear that the mean blood
pressure is diminished. Vascular paresis is th(•reforc more likely to cause anremia 
than hypcrmmia o f the cerebral Yesscls. Tt is onl y one link in the chain of the 
symptoms of poison ing hy carbonic oxide. and nC'ccssar ily re!-iults from the grad
ually decreasing vital excitability of the organs o f the C('ntra l nervous system 
through the failure (Jf oxygen. 

The modern classification of carbonic oxide as a narcotic poison, warmly advo
cated by SicLenhaar and Lehmann, need not dC'tain us, hccnuse no fresh facts or 
explanations arc g i,·cn. The expression, " narcos is,'' is a vague term for a number 
of things which differ wid('}y as regards their physiologica l hnsh~. There arc, how
ever, a few facts not mentioned , which seem to contradict any spccinl action of 
carbonic ox ide on the nervous system. ·Frogs do not die much mOl'C quickly in 
this g as than they do in other indifferent gaseous mixtures deprived of oxygen; 
and invcrtebrn.tc animals, which d o not possess blood contnining oxyhremoglobin. 
arc not all affected by it. 1 The nerves and muscles of the frog, and the heart o[ 
the same animal, are not at all affected by this gas as regards their vital properties. 
'l'hc explanation o f the various symptoms in poisoning by carbonic oxide will b(' 
dealt with, as far as practicable, in t he section relat ing to the Symptomatology. 

I t is not possible, in the present state o( our knowledge, to 
definitely deeide for or against either o( these theories o( poison
ing by carbonic oxide. l [owever numerous the facts which tend 
to make us arcept thP tl1 eory of a pme toxmmic action o( this 
gas. we must not forget that there are others which cannot be 
reco 11r il ed with this vi<>1L It 11as 1· .. 1-r properly been insisted on 
that, even in the corpses o( men kill ecl by carbonic oxide, oxygen
ated h:emoglobin can be detec ted in the bloocl by the spectro· 

1 See Pokrtn1J.9ky, Joe. cit. 
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scope; and we are therefore still uncertain how much oxygen 
must be withdrawn from the system before toxit' symptoms are 
ind need, or whether, in a given case, the actual depri,·ation or 
removal of oxygen has been sufficient to explain the symptoms 
in their entirety. The remarkable immunity of ·omc 1wrsons as 
regards this form of poisoning wonld seem to sttpport the view 
that the abstraction of oxygen is not an essential factor in the 
action of carbonic oxide on the nervous system. But it must be 
remembered that some people can bear to be deprived of oxygen 
much better than others, whilst we have no very satisfactory 
examples of an analogous immunity as regards any specific 
nerve-poison. 

Experiments made by injection of blood saturated with car
bonic oxide into the circulation of animals, such as those of 
Claude Bernard, Klebs, and Traube, have not hitherto furnished 
any certain results. As oxygen is not withdrawn in these experi
ments, and yet symptoms of poisoning occur, we might conclude 
that this was in favor of a direct toxic action of carbonic oxide. 
But the quantity which can thus be introduced is, after all, but 
little, and the symptoms produced have not amounted to much 
more than slight dyspnma. The antagonism which, a Klebs 
asserts, exists between carbonic oxide and ergotin, might be held 
a weighty argument against the toxremic and in favor of the spe
cific poisonous action of carbonic oxide. For ergotin cannot sup
ply the deficient oxygen, and if, notwithstanding, it is really 
antagonistic, Klebs's theory would seem to gain support. But, 
alas! this action of ergo tin seems not sufficiently proved. Klebs's 
report on these ergotin experiments gives no figures for the 
mean blood-pressure before and after the poisoning by carbonic 
oxide, and after the ergotin injection, so that the particular 
action of the ergotin on the diminished blood-pressure cannot be 
estimated. And again, we are left in doubt by this report 
whether the administration of the gas was continued or broken 
off after the injection of the ergotin. A trne antagonism could 
only be admitted if the poisonous symptoms decrPased in spite 
of continued inhalation of the carbonic oxide. In all the cases 
in which the carbonic oxide was 1·emoved, we are led to doubt 
whether the access of oxygen, and not the ergotin, proved the 
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antidote, or at least did the good which is recorded. Lastly, 
the sequelre of carbonic oxide poisoning, so often met w1tl1, 
require tompa1·ison with the facts which are so difficult to reco11-
cile with the simple abstraction of oxygen. Further experi
ments may bt• needed to remove the difficulties which exist in 
the way of either theory. In the meanwhile, therefore, our judg
ment must be suspended. 

Chemically pure carbonic oxide is very seldom the means of 
poisoning. In general, this poison is mixed with other, in part 
indifferent, in part equally injurious gases, so that, however 
strongly inclined, we can scarcely regard the cases as simple 
cases of poisoning by carbonic oxide. Yet multiplied experiences 
have taught us that the danger of these mixtures depends un
doubtedly on the carbonic oxide present, and that, apart from 
this, the gaseous mixtures produce but very trifling symptoms. 
We may, therefore, practically disregard the admixtures. 

The most important compound of this kind is the ?Japor of 
charcoal, whith contains, in addition to carbonic oxide, large 
quantities of carbonic acid, and some traces of tho. carbides of 
hydrogen. Any certain estimate of the relative quantities of 
these gases in the 1lapor of charcoal is not possible. According 
to Eulenberg, most of the analyses have given about 2.5 per 
cent. of carbonic oxide and 24.6 per cent. of carbonic acid. It 
is easy to understand that in general there is also an admixture 
of atmospheric air. Sometimes hydrogen sulphide and combus
tible gases are also mixed with it. 

The secolld mixed gas of whicl1 carbonic oxide forms the 
most important constituent io the coul-gas usedforilluminat-ing 
purposes. We must, therefore, con~ider cases of poisoning by 
tho vapor of charcoal and those due to lighting-gas. 

The special etiology of poisoning by the vapors of charcoal 
almost always depends on the imperf!'ct combustion of materials 
rich in carbon (wood, charcoal, anthracite, coke, etc.), and the 
commonest cases of all are those clue to defective heating appa
ratus (stoves, braziers, etc.). When the stove-pipes, destined to 
carry away the products of combustion, become choked with 
soot, or when the valves are closed, the gases generated by com
bustion can only accumulate in the 'pace which is being warmed, 
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and those persons who rp1uaiu in the place where the stovt- is ari· 
poisoned ; the more ea ily the smaller the room, 0 1· t11 e mon· 
defective the ventila tion. An opinion formerly prevailed tha t 
the poisonous gas is n10st abundan t in the lower portions of the 
room, just above th" tlo01·, bu t it is now known that the poison · 
ous mixtme of gases is mo ·t dense, as mig ht be expected, close 
to the burning materials. But they may be capable of doing a 
great deal of harm a t a very considerable distance from the place 
where they are generated. 

Cases are on reco1·d in which the 1·apor of charcoal has dif
fused itself through several large rooms, or through communi 
cating fines, into stories quite separate from the tloor on which it 
was generated . Even in the open air, in the immediate 1·ieinity 
of charcoal ovens, there may be very dense accumula tions of the 
vapor. There are severnl cases in which the smouldering of 
beams under the floor or in walls, from accidental combustion, 
has caused danger in dwelling -roo111 s from the vapor produced . 
The unskilful use of braziers and warming-pans, and the like 
circumstanc!JS, natumlly belong to tl1 e same ('atrgory and need 
not detain us. Fires in mines and other underground places 
(tunnels, etc. ), and blasting operations, a rc especially dangerous 
on account of the de f Pctive circulation of air, and these gene1·
ally afford numerous vi ctims. 

What bus been called thl' "Siipp<'r's and Miner's disease" (Mincnkrnnkheit) has 
been attributed to carbonic oxide poisoning. According to recent investigations by 
Pollock, 1 who took advantage o f a siege in the fortress of Ncissc to examine the 
constitution o f the gases generated in mines by the explosion o f g unpowder, the 
percentage o f carbonic ox ide is not any considerable quantity except at the begin
ning of the blasting operations, and is gradually climin i~hcd in consequence of a 
variety o f cnu.scs, which ucccl not be dctnilcd here-. [n un ison with this the sappers 
ancl miner~ suffered most scvi:rcly at the beginning of these operations, and their 
sufferings g radually decreased , hath in severity and in number. In the meanwhile, 
it is by no means certain that these cond itions arc identical with poisoning by car

bonic o xide. 

The majority of case,; of poisoning by carbonic ox id<' are due 

1 Die chemische Natur der Minenga.se und ihre Beziebungzur l\finenkrtmkbeit. Ber
lin. l F-67. The Cbczuical Composition of the Gase8 iu Mines, and their Relation t.o the 

Minf"r's Disensc>. 
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"""t certainly to want of due caution, or to acciclent; yet there 
arn many recorded cases in which the poison has bPPll used for 
suicidal pnrposPs, and a fPw in which it ]ia, S<'n 'ed the purposes 
of muJ"dPrers. In Germany suicides by carbonic oxide are very 
sel<lom obsPrved, whilP in France this mode of suicide is exces
sively common. 1 

Poisoning by co,L-gas used for lighting is far more rare. 
'l'he quantity of carbonic oxide requirPd 10 kill is not easy to 

estimate; and the most accu.-ate estimates which a1·e rncorded 
refer exclusively to the lower animals; we thereforn think it 
unnecessa1y to 1·eproduce them .' The question as to individual 
predisposition, or sensitiveness to ca1·bonic oxid<', has been pre
viously mentioned. It has been ob"erved, in some cases, that 
different 1wrsons, exposed to the same mixture or quantity of 
the gas, have been variously affected; some even appearing to 
exhibit a pe1-fect immunity. As regards this fact, which requires 
more precise confirmation, we ean give no t>xplana,tion. Klebs 
attributPs it to different conditions of the hea rt in different peo
ple, but this is not easy to demonstrat1>. It is quite certain that 
children succnmb rapidly to the action of this poison, which may 
perhaps be due to the great activity of the respiratory process in 
young people. 

There is a pretty general agreement amongst authors as to 
the symptoms produced by carbonic oxicle in human beings. 

The first subjective symptom which occurs after breathing 
1 he poison is a burning feeling in the skin of the face (Klebs '), 
quickly followed by giddiness and headache, which gradually 
b<'comes more intense ; the chief site or this headache is in the 
temples. Experimentalists and those poisoned agree in this. 
This headache or pain is generally associated with a subjective 
feeling or strong pulsation in the temporal arteries. Occa ion
ally, even in this prodromal stage, we get feelings of nausea, and 
of oppression in the stomach and in the precor<lial region. Very 
often, though not invariably, these are associatecl with a variety 
of subjective sensations, as motes dancing about (muscm voli-

1 As regn.rds the statistics of this consult Iluaemann's Toxikologie. pp. 60. 654 . 
~ See 1Tusemann'8 Supplement. Joe. cit. p. 101. 
3 Loe. cit. p. 469. 



CARBONIC OXIDE. 465 

tantes), noises in the ears, ancl the like, symptoms whi rh ind i
cate, to a certain ex tent, the se\'erance of the sensorium from tho 
clomain or reali ty , a11c1 the transition to perfect loss of conscious
ness. 

The psy chical condition which precedes the la tter is some
times a cli s tress of mind, full of agonizing tortures, sometimes a 
sort of pl easant ancl ecsta tic feeling ; but the fo rmer appears to 
he the rule. The access or insensibility is either a sudden with
drawal from consciousness, like a stroke ; or it is prececled by 
pronouncecl phenomena of great discomfort- anxiety, nausea, 
and excitement-which often lead the poisoned persons to make 
an effort to leave the poisonous atmosphere in which they fincl 
themselves, or to try to get air by opening the winclows, etr. 
Very often the inse11sibili ty a ttacks them during thi s very effort, 
so tha t the poisonecl person fall s down half way to the window 
or door, and lies there unconscious. A t thi s stage all perception 
and conscionsncss o( anything further a re lost, so that we can
not look to the i-ictims for any further accoun t or themselves. 
The subjecti\'e symptoms which a re noted in cases of recovery 
or res toration to consciousness are more varied and less charac
teri sti c. The most marked is a feeling o( general weakness ancl 
extreme _fa tig ue, which often lasts for several days, and accu
rately corresponcl8 to the objective symptoms of tllis stage. 
Vague headaches, a want o f clear conceptions, and genernr 
obscurity of the mental faculties are associa ted wi th thi s, as they 
are with many other conditions met with in a variety of other 
di seases. Ecccnti-i c pa ins in the extremi ties, and clisorclers of 
cutaneous sensibility are especially marked in those cases where 
the poisoning g h·es rise to profound functional mischief of the 
spinal cord. In cases which end fata lly, the victims either never 
wake from tl1 e deep coma (sopor), or their awakPning is only 
transitory and imperfect, ancl soon g ives placP. to fresh a ttacks 
of insensibili ty, and more or less suclclenl y !earls to clea th. The 
objective phenomena observed in cases o( poisoning by carbonic 
oxide are very numerous ancl varied, and may be conveniently 
gronped , accorcling to the organs affec tecl, somewhat as foll ows : 

The external surface or skin o( those poisoned shows mnch 
congestion and redness a t an early stage, particularly in the 

VOL. XV!I .-30 
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face; the ornlnr conjnncth•ro are injected, but the cliametpi· of the 
pupils is not much nffectPcl. The color o[ the 11wco1ts rncmbrctnes 
accessible to sigh t u sually remains for a long while of a li\"ely 
reel. In the later comatose stages the skin is for the most part 
pair, ancl only becomes livicl ancl cyanotic towards the encl of 
life, in consequence of the clisorclerccl circuhLtion. J\fany observers 
ha ve also noted, during the poisoning itself, nncl in the sequelre 
which are so often met with in these cases, a great vnriety of 
cutaneo11s :iITections, from simple rubcola, or the formation of 
bli sters, lo extensive gangrene ancl bedsores-symptoms which 
probably clt>p<'lld on the vaso-motor paresis. Ilerpetic ern pt ions, 
both simple la'Tpe.~ labialis and the so-called herpes zoster, have 
heen obs01Tecl as consequences of poisoning by carbonic oxicle 
(Lendct '). 

The respiratory functions are not always very prominently 
alfectccl in ra1·bonic oxicle poisoning ; anrl this is no doubt one 
reason why so many authors 11arn been lecl to clonbt the theory 
or a simple snliocative action of the poison. The cases in which 
Parly clyspnma is succeeded by asphyxic convulsions, thus 
plainly indicating suffocation, arc certainly far from common. 
[t is far more general for the initial stages of dyspncra to be 
~ ucceeded by a comatose condition , in which sometinws it would 
appear as if there were no hindrance to respiration, which goes 
on in a regular rhythm, death occurring without any marked 
convulsions. But, on the other hand, there is no d oub t that the 
rule is for convulsions to occur in the final stages of poisoning 
hy carbonic oxide. 

Sicbenhnnr and Lehmann, point out that SJmptoms of clyspncca do not gene
rally occur until after the general paresis nncl wc11kcning o f the card inc activity i 
nncl they beli eve accordingly that this renders the suffocative theory o f the action 
of the poison untcnablr. On the other hand, these authors sketch so typical a pie· 
turc o f death by suffocation, that it only wants to be pointPd out in order to 
convince ns to the possibility o f this mplanation. 8 We must indeed not expect in 

1 Archives g6n6ra}eq. VI. Ser. tom. 5. ~hi 1865. p. 51:1. 
2 Loc. cit. p. 41. 

• 3• \~e quote n small portion urbrtUm: 11 Towards the end of the attack, the brenth· 
m; ism almost :ill cases somewhat quickened, and even seems to be tolernbly ener· 
getic, and as if accomplished with great exertion (sic); but in general this raridity of the 
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these cases such violent (lit. stormy) symptoms as occur after forcible ligature of 
the throat (strangulation), or after similar modes of suffocation. The gradual im
poverishment of the blood as regards oxygen will be likely to bring about a sim
ilar gradual chauge in the functions of the respiratory centres. 

All the obserrations made, both on men and in animals, show 
that the inspirations become mal'ked by pauses which gmdually 
grnw longer, and thereby the respirations gradually acquire a 
forced and truly dyspnmal character, whilst, at least in the early 
stages, respiration is temporarily accelerated, and there is at the 
same time lt feeling of precordial anxiety. 

But besides these abnormities of respiration depenc1Pnt on 
the nerve-centres, we sometimes get, particularly in trne char
coal-vapor poisoning, palpable changes in the 01·gans of respira
tion, which occur under the form of either acute broncllitis, 
luenwptysis, or pneumonia, with or without pleurisy. Klebs 
(loc. cit.) considers these complications, often seen by him, as 
accidental; whilst Friedberg (Joe. cit.) and othe1·s consider them 
to be directly dependent on the poisoning. Tiley attribute them 
in part to the mixture of gases, which act as <lirect irritants to 
the lungs, etc., and partly to the disordered circulation brought 
about by the carbonic oxide. 'Ve must leave this controversy to 
be settled by more precise observations. 

The objective demonstrable disorders of the circulatory sys
tem are confined to not very pregnant and very val'iable changes 
in the arterial pulse, which is full and quickened for a little 
while, bnt, later on, becomes gradually less powerful, and in the 
stage of coma can scarcely be felt. The explanation of these 
phenomena will be found, in part, in what has before been said 
as to the physiological effects. The temperature of the body is 
con iderably deereased in poisoning by carbonic oxide (about 2° 
to 2.ii° C. = 3.6° to 4.5° F., Pokrowski, Joe. cit., Klebs, Joe. cit.). 

in- and expiration soon pn.sses nwny; the excitement gives place ngain to an equally 
tranquil condition, and the bre:itbiug in particular become less mpid and more super
ficial, whilst the general paresis and the condition of torpor illcrense ; at a later stnge 
ngain, there 11.re consl(lntl,11 im;reasing 1muses in tlte breatliing, betwetm which, now and 
then, some strong respiral;ory movements become visible, and finally, there follows, 
after one such inspiration, tlurt l<mg vau.se which is succeeded by death, imperceptibly 
and without nny visible spasms or convulsions." 
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The disorders of the digestive organs are quite subordinate 
to the other symptoms; as a rule, there is more 01· less ?Jomiting 
in the early stage. Extensive intlammation of the mucous mem· 
brane of the digestive tract, with tt tendency to necrotic ulcera
tion, has been noted in isolated cases by Ziemssen and Thom
son. 1 

The occurrence of diabetes 1nellitus is of especial interest. It 
is n symptom now seldom wanting in cases of carbonic oxide 
poisoning, since first pointed out by Friedberg (Joe. cit.), though 
as yet its real import and connection with the poisoning has not 
been cliscoverecl. 

Senff~ has endeavored, in a searching investigation of the pathogenesis of cnr~ 

bonic oxide dial>etes, to establish and demonstrate that the excretion of sugar in 
the urine docs not depend on inhibited oxygenation, since sugar injected directly 
into the blood of animals poisoned with carbonic oxide is burnt up, and does not 
pass into the urine. Ile has further shown that if the access of arterial blood to tl1e 
liver is hindered by the ligature of the arteries concerned, there is no diabetes in 
these C'ases of poisoning by carbonic oxide; so that we may conclude with great 
probability that an excess of sugar is formed in the liver in this mode of poisoning. 
That it is really the glycogen of the liver whlch is concerned in this matter is also 
shown by the fact that the diabetes is generally absent in fasting animals, in whom 
it is admitted that the li vcr is almost entirely free from glycogen. 

For the most part the diabetes in poisoning by carbonic oxide 
is associated with albuniinuria. Both these symptoms last for 
a few clays only at most, and disappear with the other symptoms 
of poisoning. 

Lastly, as regards the palpable disorders of the ner?Jous sys
tem, these are limited to sometimes local, sometimes general 
an(J'sthesia of the cutaneous surface and paralysis of the volun
tary muscles; the latter frequently lasts much longer than the 
other symptoms, anc1 may be complicated with atrophy of the 
muscles concemed.' Paralysis of tlte involuntary mitscles of 
the bladder and ol the bowels is often mentioned in the cases 
recorded. 

The course and duration of poisoning by carbonic oxide natu-

1 See Friedberg, Joe. cit 
2 Ueber den Diabetes bei Koblenoxydvergiftung. Inaug.-Disscrt. Dorpat. 1869. 
3 Consult J!'rie<lbcrg, loc. cit. 1» 123. History of a case by Sckwartz. 
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rally depencl chiefly on the duration ancl intensity of the action 
of the poison. 'fhe g reat frequency of fatal cases depends 
largely on the fact that the poison almost al ways, except per
haps in the case of suicides, attacks persons who arc asleep, ancl 
in the night.time, so that any inte1Tention, which would ha,·e 
the effect of saving their lives, if timely, does not and cannot 
usually occur until some hou1·s at least have elapsed, perhaps 
not till next clay. If carbonic oxide and the gases usually asso
ciated with it are allowed to operate persistently, they bring 
about a fatal termination in a few hours. If the poisoned per
sons are more or less quickly removed from the injurious rnpors, 
either recovery takes place after a little while, wi th gradual van
ishing of the symptoms, or death occurs in a clay or two, various 
symptoms persisting in the meantime. Carbonic oxide cannot 
therefore be reck oned amongst the yery rapiclly killing poisons 
like prussic acid. 

The corpses of those dying from carbonic oxide poisoning sliow 
a remarkable resistance to putrefaction, and exhibi t 011twarclly 
certain characteristic signs of the mode of death. Amongst 
these are broad and extensive frregularly outlined bright.reel 
spots or patches on the anterior surface of the whole body, the 
color depending on the impregnation of the blood wW1 carbonic 
oxide. Sometimes a darker or more violet hue is seen, particu
larly if the carbonic oxide bas been alreacly converted into car
bonic acicl, or iC the gaseous mixture contained an overwhelming 
proportion of the latter gas. A similar rose-reel coloration is 
often met with in the internal organs, in the muscles and serous 
membranes (pe1·itoneal coat of the intestines). 'fhe changes in 
the blood itse]( are just as lit tle constant, the characteristic 
cherry-reel being often replaced by the commoner dark colora
tion of the blood often seen in corpses. 'fhe question whether 
these variations depend on more or less of the carbonic oxide 
being present does not seem settled as yet. 

'fhe demonstration of carbonic oxide in the blood itself is, 
however, always an easy matter, whilst the corpse is still fresh, 
if Hoppe-Seyler's method be adopted. For the detail s or this 
we must refer to manuals of medical jurisprudence, ancl to the 
special literature of the subjec t. 
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Next to these phenomena, authors unanimously insist on the 
great iulness of blood met with in the 1mrenchynrntous organs 
a11d other viscera, and on the extreme injection of all the capil
lary vessels brought about by the general vascular paresis. 
Klebs 1 obsen-ed thb most particularly in the meninges and cor
tical portions of the brain ; and found a varicose condition of the 
small arteries in the J)lembranes, which usually run in a straight 
course in young subjects. The muscles and glandnlar organs 
(li\·er, kidneys, glands of stomach) are often found in a condition 
of advanced fatty dc'generation, in consequence of molecular 
degeneration of tlw cellular elements, as has been noted also in 
various other kinds of poisoning (phosphorns, arsenic, etc.). 
This has been confirmed lately. The glandular organs meutioued 
often show increase of bulk (parenchymatous swelling). 

Ecchymoses are found in the pleurro, peritoneum, pericar
dium, and meninges. These are probably connected closely with 
fatty degeneration of the coats of the vessels. This parenchy
matous degeneration sometimes goes on to necrotic destruction 
of tissues. The corpse then exhibits patches of softening (E1·
weichnngsherde) in the brain, kidneys, and muscles. In the 
lungs, besides emphysema of the margins (no doubt due to the 
dyspnma during life), there am various inflammatory conditions, 
which need not be discussed here in detail, since they are met 
with in other cases (of disease), and are elsewhere described. 
The contents of the stomach are often found in the trachea and 
bronchi; and this depends, as Friedberg' believes, not always 
on a post-mortem overflow from the stomach, but very often on 
vomiting during life, during which the diminislwd reflex sensibil
ity permits these matters to invade the air-passages unhindered. 

Tlte removal of the poisoned persons out of tlte dangerous 
atmosphere must, as a matter qf' common sense, be the first act 
ef our therapeutics. Generally speaking, it is best to actually 
move the patient into another well-ventilated room, or into the 
open air, but it may sometimes be necessary or even best to treat 
them on the spot, changing the air of the room by appropriate 
measures, such as open ing doors ancl windows, etc. The further 

1 Loe. cit. p. 458. 'Loe. cit. p. 86. 
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treatment or each case mus t depend on the degree and stage or 
the poisoning. In mild cases, this change of atmosphere may 
suffice to wal'd oil danger, especially if the patient breathes well , 
and is conscious. But if there be much clyspnma or a comatose 
cond ition, we must resort to energetic measm es. If respira tion 
be rn-eslablishecl, it mus t be carefully watched. Arliflcial;respi
ration must be pe!'fom1ec1 when tho brea thing is badly clone, or 
in abeyance. Even if tbis do not eliminate the cal'bonic oxide 
from the blood-because, as we have seen, the colllpound of 
carbonic oxide, etc., with hromoglobiu is not easil y go t l'id of
yet the induction of ar tifi chtl respiration has a t least thi s indis
pL1table advantage, that it may possibly excite a liYelier inter
change of gases in the remainder or the blood which is still nor
mal , so that a g reater q uanti ty of oxygt>na ted blood may reach 
the netTous centres. \Ye need not enlarge on the diffel'ent 
methods of a1't ificial respiration. Any one of thelll will serve the 
pmpose. Friedberg and Zicmssen have h1tely strnngly l'ecom
mendecl f araclization of the p ltrenic nerM and its Yicini ty ; a 
proc1:ecling which, in any case, will prove a va luable auxili:uy to 
artificial respira tion. Air might al so be blown into the la ry nx 
throug l1 a ca theter or Cl'Sophageal tube. \\'hen there is mnch 
cyanosis or the mucous membranes, and very dusky hue or skin, 
many au thors recommend ·oenesection, a.ml in experiments on 
animals Kuehne found that, if the animal onl y b1·ca thed more 
t han once a minute, recovery took place when bleeding was clone, 
whil st s imilar cases not blred died. 

As in other forms of asphyxia, so here also, in addi tion to 
ordinary measul'es, energetic stimulation of tile peripheral nerves 
is oft en a very m tional mode of treatment. 'l'he object is to 
excite respiration by acti ng in a reflex manner on the now weak
ened, bu t still living central organs or the llP l'VO US system. Such 
mea ures as sprinkling with cold water, rn bbing wi th ice or snow, 
the hot irn n (thel'ma l lm mmer), hot shellac, etc., may be adoptecl, 
or the nrnro ns membrane of the nose, etc., maybe irl'i tated eithel' 
mechauica !ly or chemica lly (ammonia, acetic acid, etc.). \Yhen, 
in spi te or these therape ut ic efforts, the thrmtening sym ptoms 
persist, we are advised by Kuelme, Panum, Priedberg, Trauhe, 
and others, tha t recent experience is strongly in favor of a cleple-
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tory tranifusion of blood. A part of the poisoned blood is ~irs t 
removed, and a corresponcling quantity of the normal dehbn· 
nated blood of a healthy man is subs tituted. Severn! snccessful 
cases of this kind are recorded, and there seems to be no valid 
argument against this p1·oceeUing. In dubiom; cases, Friedberg 
8trongly recommends that thi s exchange of blood. should be 
repeatecl more than once. The methods of transfns1on will be 
deal t with elsewhere. As regards the use of ergotin, suggested 
by Klebs as an antidote, we have no practical experience up to 
date. N or can we recommend it, since ergotin is not an inert 
substance by any means. The treatment of the complications 
and seq uelm of carbonic oxide poi:;oning belongs to the domain 
of gen~ral therapeutics. 

CHAPTER YII. , 

POISONING BY CARBONIC ACID (C ARBON DIOXIDE). 

Although the suffocating action of concentrated carbonic acid 
gas has long been known, yet there has been much hesitation in 
calling it a " poison." Even Clande Bemard, in his "Le9ons sur 
les effets des substances toxiques," etc., advances the opinion that 
this gas, innoxious in itself, can only become dangel'Ous to ani· 
mal life when it becomes accumulated, iu a concentrated form, 
in the a ir-passages, and thus hinders the oxygena tion of the 
blood. These and similar views-as, for example, that carbonic 
acid is in it i;elf an innoceut or indifferent gas, like hychogen or 
nitrogen- have been perfectly contmdicted by the experiments 
and researches of the last ten years; so that nowadays no one 
doubts t he poisonous character of this gas. Yet in practical 
toxicology carbonic acid does not play a very prominent pa.rt. 
'!'he in teresting results of numerous experiments, made by the 
first phy siologists of our times ou the relations of thi s gas to 
the processes of respiration, do not very g reatly increase our 
knowledge of this ma tter, and indeed, as regards the peculiar 
toxic effects of carbonic acid, the experimental science of our 
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day still fail s to answer the question-" In what way does this 
gas kill 1" Since carbonic acid only causes seYere symptoms 
in very considerable quantities, or after a rela tively long d1u-a
tion of exposure, we seldom· have opportunities of observing 
cases of poisoning in buman beings. \Yhen such cases do 
occur, they either kill so quickly that any accura te observat10 11 
is impossible, or the sy111ptoms h1 other cases are so slight anll 
transient as not to admit of carefnl determination. Our pres
ent task will be limited to furnishiug a brief and condensed 
sketch of the present state of our knowledge of the action of 
carbonic acid , refen-ing for more 111inute and extended details to 
purely physiological literat11re. 

Carbonic acid is a gas a t the ordinary pressure of the atmos
phere, and in the presence of ca1·bonated sal ts it is very la1·gely 
dissolved in watery fluids; by the application of higher p res
sures a large quantity ca n be condensed or compressed in to di s
tilled water. It is a weak acid, reddens li tmus pape r, and 
excites a slight, pleasant, cool, prickly or pungent sensa tion in 
111ucous membranes largely supplied wi th nerves (s uch as the 
lips, tong ue, pala te, etc.). 

As carbonic acid is se t free from its combina tions with most 
bases by the strnnger acids of the stomach, the ca rbona ted salts 
must be included with the acid . Ca1·bonic ac id seems to be 
absorbed most rapidly from the surface of the 1 nngs, yet a very 
considerable quantity passes in to the blood from the stomach 
and in testinal canal, from the subcutaneous con11 Pctive tissue, 
and e,·en from the uninjured epidermis. From the blood it is 
ret urned again to the atmosphere th rough the l ungs, wi th a 
rapidi ty proportioned on the onP hand to the smallness of the 
percentage of carbonic acid ii> t he surro unc1 ing air, and on the 
other hand to the in tensity of the breathing process. If the 
q uantity of carbonic acid in the air is so g1·ea t as to eq 11alize the 
p ressure of the gas wi thin the blood, the gas in the blood will be 
rptaiued there, a11d may accumula te so as to produce da ngerous 
effects, since the gas continues to be fo rmed within as before. 
Hence it comes to pass that both men and animals may be poi
soned by the carbonic acid they themselves genera tP, prodded 
they remain long enough in a restricted space without [ade-
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quate] ventilation, although in snch cases the gradually increas
ing deficiency of oxygen plays a vel'y impol'tant pal't. 

In the mode of its operation, caJ'bonic acid undoubtedly 
deserves to be ranked with narcotic poisons. The most impor· 
tant ele111 e11 ts in its operation are the effects it prodL1ce; on the 

central nervous system. 
Carbon ic add, according to physiologists, is one of those ini

tants which bring about the r~spirato1·y moveme11ts by way of 
the medulllt oblongata. Traube' was the first to slt0w this by 
experiments. Tl1iry's view' indeed was that carbonic acid is 
the on ly stimulus which in normal life keeps the respiratory 
centres in rhythmic activity. However, Ptlueger' contradicts 
this view, and considers the want of oxygen to be the nol'mal 
stimulus ot· exeitor to respiration; bnt admits, witho ut resen·e, 
tha t cal'boni c acid may also act as a stimulus. \Yhil st, then, 
small quantities of carbonic acid only excite to a regular and 
orderly act ivity of the mnscles of respirn.tion, the accumula
tion of cal'bonic acid in the blood causes this stimulation to be 
more ancl morn intense. In this wa,y we get a typical attack of 
dyspnrea-a,t the beginning of the atta,ck quickened and forced 
breathing, later on spasmodic inspirations with long intervals 
between them, till at last the respiratory centres, thrnugh the 
excessive stirnulation-the over-excitation-become paralyzed, 
and thus det1th occurs a,s in suffocation. Hermann• remarks 
that thi s kind of respiratol'y paralysis, through over-stimula,tion 
of the respiratory centres, should not be identifi ed with ordinary 
simple asphyxia, in which the loss of excita,bility of the re
spiratory ceutres is originally brought about by the deficiency 
or oxygen. 

It is to be rrgretted that hitherto no experiments of any value 
ha\'e been made which illustrate the action of carbonic acid in 
animals whi<'h are under the influence oE curare, and whose res
pi mtion is kept up by artifi cial means. \Ve do, indeed, know 
that, as a rule, in poisoning by carbonic acid, respiration gene1'
ally ceases before the heart stops beating. But since, from the 

1 Gesammelte Abhundluugen. I. 
'Quotc<l by 1'raulJe. 

' Pftueger's Archiv. I. 
• Experimental. 'l'oxikolog'ie. 
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moment respiration comes to a stand-still, the poisonous action 
of ca!'bouic acid is complicated with deticiency of oxygen, we do 
not know the pl'ecise sham of cal'bonic acid in the production 
of the cardiac paresis. 

Castell' and. SchiJl'er's' expel'iments have shown that the 
activity of the frog's heart is only tempol'arily depl'essed by 
carbonic acid, provided the exposure is not too prot!'acted ; 
indeed the activity is sometimes temporal'ily increased. If 
the circulation is carefully watched in mammals poisoned with 
carbonic acid, the appearances are the same as in poisoning 
brought about by common suffocation (ca!'bon compounds, de
ficiency of oxygen). The symptoms consist in retardation or 
slowing of the pulse, and, at the beginning, in a very considerabh~ 
elevation of the artel'ial blood-pressure. In late!' stages this is 
again suddenly dcpl'essed. Traube consic1ers that the slowing of 
the pulse depends on a central irritation of the vagus-the val'y
ing levels of the blood-pressure are brought about by initation 
and perhaps paralysis of the vascular nerves. But the locality 
of vaso-motor stimultttion is not yet accurately determined. 
Traube's opinion that the stimulation occurs in the vaso-rnotor 
centre of the medulla oblongata seems contradicted by the fact 
that this increase of blood-pressure occurs in animals whose cer
vical cord has been cut across or dividec1 before the poisoning. 

A great many symptoms show that carbonic acid affects the 
functions of other nerve-centres. These have been verilied in 
both men and animals during the narcosis induced by carbonic 
acid. Its action on the cerebrnm is shown sometimes by men 
falling into a condition resembling the drunkenness of "jolly 
topers," with cheerful garrulity and pleasant hallucinations, 
whilst the occasional occurrence of tetanic convulsions in ani
mals indicates that the spinal cord becomes affected. 

Carbonic acid is ranked with those poisons to whose toxic 
action the system becomes gradually accustomed (so-callec1 "law 
of tolerance"), because it has been observed that people who 
remain in air rich in carbonic acid gradually become less sensi
tive to the action of this injurious agent. 

nnd ~ Quoted by Ilermaim, Exper. Toxikol. 
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The local effects of carbonic acid are, it would seem most 
probable, the consequences of direct irritation or stimulation of 
the nerves of the pa1t to which it has been applied. The Ted
dening of the skin, the feeling of warmth, the total local anres
thesia which finally occurs, and the increased activity of the 
secreting organs (sweat-glands, sali»ary glands) can all be ex
plained 011 this hypothesis. 

The circumstances which give rise to poisoning by carbonic 
acid are very n nmerons an cl varied. 

There are many localities in which this poisonous gas escapes 
forcibly from the surface of the soil, and accumulates either in 
caverns and grnttoes, or sometimes fills the whole of a valley in 
such dense quantities as to cause both men and animals who 
come there to succumb at once to its intluence. Amongst such 
]Jlaces are the well-known Grotto del Cane, or Dog's Cavern, of 
Pozzuoli, near Naples, the Lake of Laach, in Switzerland, and its 
vicinity, and otllers near Marienbad and Pyrmont, the poison
valley of Java, and other localities, more particularly in the 
neighborhood of volcanoes.' Large quantities of carbonic acid 
may be found in charcoal works (in dull weather, fogs, etc.), 
mines, deep wells, wine and beer cellars, in which the liquors 
named undergo fermentation, in vats, cellars, and in small, baclly
veutilri,ted rooms and houses where many men live together, or 
remain long in one room. It has also been mentionec1 under car
bonic oxic1e that carbonic acid is one of the products of combus
tion . In all the cases mentioned the poison is breathecl in or 
inhaled by the air-passages. It is far less usual to meet with 
cases of poisoning due to the ingestion of beverages rich in car
bonic add (sparkling wines, soda-water, etc.) or through the 
medicinal application of carbonic acid as a local anmsthetic.' 

'Ve may consider as mild cases of poisoning by carbonic acid 
those attacks wltich often occur to those who have been long in 
rooms which are overcrowded and badly venti!Med. These con
sist of headache, noises in t.he ears, with occasionally giddiness, 
nausea, and syncope. As a rule, these symptoms generally van-

1 Consult. for details of these. Hauelt and lluscmann, toe. cit. 
'See lluscm.ann, Eulenbcru (loc. cit.), for details. 
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ish, without any particular after-consequences, on removal from 
the atmosphere which induced them. If concentrated mixtures 
of carbonic arid be inhaled, violent symptoms of the character of 
clyspnam occru·. Those poisoned fall senseless to the ground, 
and generally succumb rapidly with symptoms of suffocation. 
It seems unnecessary to enter more into detail as to symptoms, 
because these are absolutely identical with those met with in 
asphyxia and suffocation. The treatment or cases or carbonic 
acid poisoning is also identical with that proper in asphyxia. 

CHAPTER VIII. 

POISONING DY lllSULPHIDl~ Ol<' CARBON. 

The bisulphide or carbon (CS,) owes its practical importance 
in toxicology entirely to its technical uses in the manufacture or 
India-rubber and of articles made from this. 011 account of its 
low boiling point (47° to 48° C.=116.6° to 118.4° F.) and consequent 
great volatility, as well as on account or its action upon animals, 
this poison, considered from a theoretical point of view, presents 
many points of analogy with the volatile anrosthetics. It is a 
liquid at ordirnuy temperatures, and its evaporation clevelops a 
good deal or cold, with the formation of characteristic strong
smelling vapor, which is specifically heavier than atmospheric 
ail" and if fired burns with a blue flame (generating sulphurous 
acid). 'l'his oily, highly refractive, and generally pale-yellow 
fluid has a specific gravity of 1.27, and is not miscible with water, 
but mixes readily with ulcohol, ether, chloroform, etc., Ptc. 

Bisulphide or curbon most easily finds its way into the ani
mul economy by the lungs, thl'Ough whose capillaries the vapor 
of this substance, mingling easily with the ait· inspired, is 
absorbed in considerable quantity into the general mass of the 
blood. In what way, or if at all, it is absorbed by other organs 
is not yet known. Like ether and chloroform, the bisulphide or 
curbon, 011 account of its rapid evuporation ancl the loss of tem
perature thus induced, acts locally as a powerful irritant. Its 
prolonged action on the skin is that o! a local anrosthetic. 
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As regards its trne action on the system, ancl the way ancl 
manne1· or its elimination, there are as yet no trustworthy exper
iments or observations. It is, however, known that in those 
who have long breathed an atmosphere of bisulphide of carbon, 
the Ul'ine acquires the smell of this substance. 

Hermann• has founcl that when bisulphicle of carbon is 
mixecl with bloocl, the red corpuscles become dissolved. Onr 
own observation shows the same result when fluid bisulphicle of 
carbon is mixed with frog's bloocl. But the nuclei of the reel 
corpuscles are left undissolved. It has not, however, as yet 
been determined whether this solvent power of the poison is dis
played in the same way in the blood circulating in a living ani
mal. According to Ilermann's' ancl Hirt's' experiments, which 
we OUl'selves have lately repeated with similar results, bisulphide 
of carbon acts upon frogs just like chloroform, ether, and alco
hol, by simply paralyzing them. If the animals thns affected 
with general paralysis are quickly removed from the poisonous 
atmosphere, they perfectly recover after a little while. The 
action of the heart, at first feeble, after a while ceases entirely. 
Hirt found that the heart of a frog, removed from the bocly ancl 
pnt into an atmosphere of bisulphide of carbon, was perfectly 
paralyzed after some twelve to fifteen minutes, though at first its 
pulsations were q uickenec1 considerably. 

The experiments also of Delpcch,4 Cloez.' ancl Hirt on mam
mals clo not exhibit any remarkable difference between the 
action of bisulphicle of carbon ancl that of other volatile anres
thetics. Hirt has stucliecl the chang~s in respiration and circula
tion. The former, aft~r being considerably quickenPd at first, is 
brnught to a stand-still after a few minutes-this pause, however, 
only lasts '1.bout sixteen seconds, and then gives place again to 
rnry rapid breathing, even when no more of the poison is exhib
ited. Section of the vagus nerves only causes a later and more 
gradual development of these phenomena. Hit't draws the con-

1 Archiv fi.ir Anat. und Physiologie. 1866. 
2 Handbuch d. exp. Toxikol. ~Die Krankheit d. Arbeiter. I. 2. 
4 Xouvelles recherches sur Pintoxication spCciale, que determine le sulfure de car

Lone. Paris. 1860. 
~ Gazette des Mpitanx. 1866. 
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clusion that the poison acts on the pulmoHary vagns fibres as a 
stimulaut, but on the centres for respiration first as a stimulaut, 
and then as a paralyzer. As regards the circulation in mam
mals, Hirt found only a rise of blood-pressure, lasting for a few 
seconds, amoun ting to about 50-70 mm. of mercury in dogs and 
cats, which he considered as the effect of vaso-motor excitement. 
The disordered respiratory functions precluded any fur ther trust
worthy observations on blood-pressure. 

So far we are warranted in concluding that the action of 
bisulphidc of carbon does not essentially differ from tha t of other 
anrosthetics. But the p resent state of our knowledge sheds no 
light on the obscuri ty which veils the origin of thosP symptoms 
which are obse rved in practice as the resLdt of chronic poisoning 
by bisnlphide of carbon. Delpech has himself, wi th some prob
abili ty, compared them to alcoholism, and, indeed, the study of 
his cases ancl communications compels us to d raw the conclu
sion, that the long-continued action of this poison brings about in 
the central nervous system degenera tive changes which are simi
lar to those induced by chronic alcoholism. 

Cases of acute poisoning by bisulphide of ca rbon are rare, 
and must be attributed to similar causes wi th the more chronic 
form s. There have been accidents in the factories and work
rooms, of which we shall presently speak, th rnugh the breaking 
of la rge jars of the liquid, etc. Chronic poisoning by bisulphide 
of ca rbon generally attack s peopl e, as has been sa id, employed 
in the manufacture of India-rubber - more pai'ticnla1·ly the rnd 
variety, used for the little toy balloons fill ed with hyd rogen, for 
condoms, etc., etc. To prepare it, the caoutchouc is steeped in a 
mixture of bisulphide of carbon and sulphuric chl oride (mostly 
in the proportion of 99 to 1), so tha t the workpeople, besides 
breathi ng in the poisonous gas, are also freqnently bl'ingi ng their 
hands in contact wi th the fluiJ. " 'e owe the first acc ura te 
accoun t of these circumstances to Delpech, who made careful 
investigations on the subject in P ari s and its vicinity. Consider
ing the g reat extent to which India-rubber is manufactured, we 
cannot help, even a t the outset, expressing surprise that very 
few other coun tri es or places have furni shed us wi th accoun ts 
similar to those of Delpech. Hirt expressly says that in a large 
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factory in IIamburgh which he visited, only about two in a thou
sand of the workpeople suffered from any symptoms of poison
ing. But careful reading and consideration of Ddpech's report 
give us satisfactory reasons for this. All the French cases 
occurrecl in small establishments, in close, badly-ventilated local
ities, whilst in the larger factories great care was taken to get 
good ventilation. In the Paris establishments there was often 
such a quantity of the bisulphide of carbon vapor, that the 
approximation of a light caused blue flames and a slight explo
sion. It is also noteworthy, that, owing to its specific weigh t, 
the poisonous vapor formed a dense layer on the tloors of the 
wol'kroorns. 

The suspicion that the vapors of bisulphide of carbon were 
only partly to blame, and that the nasty smelling chloride of 
sulphur by its fnmes might have a share in the mischief, Delpech, 
on the ground of experiments, sets quite on one side. Chloride 
of sulphur has a very high boiling point (138° C. = 280° F.), and 
the scanty fumes giYen off at ordinary temperatures, though 
intensely nasty smelling, do not injuriously affect either men 
or auimals. 

On the ground of many careful experiments with negative 
results, Delpech combats the notion that it was possible that 
the vapors of both substances might combine into a compound 
with a specific action. "' e must, therefore, cone! ucle that bi sul 
phide of carbon is the sole cause of the symptoms of poisoning 
in question. 

Age, sex, inclivicluality, and constitution, all very consider
ably modify the susceptibility of those exposecl to the poisonous 
action of this substance. In Paris it is thought that the habitu· 
ally intemperat" are particularly exposed to clanger from bisul
phide of carbon. Besides Delpech's twtJnty-fonr cases of chmnic 
poisoning (of which three were also acute), there have lately been 
isolated cases published by Fries and Bernhardt. The symptoms 
of acute poisoning in human beings are not very accurately 
described. In the cases given by Delpech there was temporary, 
but complete loss of consciousness. 

'I'he accounts given of chronic poisoning furnish a very cl1ar
acteristic picture, and so far as Delpech's cases go, the type is 
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a constant one. The workpeople may Jim for weeks or even 
months in the poisonous atmosphere, before the severe symptoms 
occur, but, as a rnle, they experience some inconvenience the first 
time they remain long in the bad air-the attacks repeat them
selves daily, and gradually get worse and worse. The chief thing 
is an intense, oppressive headache, spreading from the root of the 
nose towards both temples, with a feeling of giddiness and of 
intoxication (iv1'esse), or which the workpeople complain, when 
they go home in the evening. In several cases it was noticed 
that a more or less marked stage of excitement now developea 
itself. These people became remarkably lively, chatty, and 
excitable, ancl their sexttal passions became greatly excited ; 
sometimes their appetite for food also became insatiable. Ac
cording to Delpech, however, this stage of excitement is not 
only sometimes absent, but almost always intermingled with 
many symptoms of depression. All the ]Jatients, without ex
ception, complained very quickly of an evident loss of muscular 
strength. In later stages, many were troubled with remark
able loss of memory. They fell into a deep apathy, coukl not 
think, strove in yain for the words they wanted, and poke 
with a stammering and almost paralyzed tongue. Their mental 
condition was strikingly obtuse, the energy of the will greatly 
depressecl. vVith this were associated many anomalons symp
toms in the sensorial ancl motor domains o[ L11e nerrnus system. 
The faculty of vision vanishPd, beginning with a slight obscura
tion of the fiekl or sight, and going on to complete inability to 
recognize small objects. IIearing also was greatly impaired, and 
a great many complai.necl also of a persistent ancl troublesome 
ringing in the ears. Taste and smell were generally intact, but 
it was Yery common, particularly in the early stages, to hear the 
complaint that all they ate appearecl to have the taste or smell 
of the bisulphide of carbon. The loss of muscnlar power was 
generally most noticeable in the lower extl'emities, and in the 
severer cases there was a considerable amount of paresis, so that 
the patients could only walk with the help of a pair of crutches, 
or two sticks. All movements were accompanied with a feeling 
of great fntigue. As regnrds sensation, there were severe Janci
n~ting pains in v:nious groups of muscles, incrnased by pressure, 

VOL. XVII.-31 
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-formication,-anrosthesia of the soles of the feet, and almost 
constant compla ints of a feeling of icy coldness in the whole of 
the lower half of the body; and Delpech considers that the latter 
symptom very probably depends on the direc t action of the poi
sonous gas on the lower parts of the body, which were constantly 
exposed to the thick atmosphere of the bisulphide of carbon 
vapors on the fl oor. 

Cramps and fibrillary contractions of various muscles and 
muscular groups were very seldom absent. Severe cramps in 
the calves very commonly harassed the patients during the 
night, and Dclpech observed general epileptiform convulsions 
in sm•eral cases. The stiffness, numbness, and anresthesia of the 
fingers and hands are clearly to be regarded as the local action 
or the poisonons tluid to which the hands were exposed. 

In the domain of wha t are called the ,·egetative fun ctions the 
anomalies are less uniform. Apart from the rarer cases in which 
the appetite is enormous, digestion is almost always more or less 
impairnd. A good many of the workpeople suffer from vomit
ing, others from severe and very often repeated a t tack s of colic. 
In the early stages of poisoning, diarrhma ancl constipation 
alternate with one another ; in the la ter stages, the lat ter pre
dominates, and is generally associated with t ronblesome flatu
lence. The intestinal gases are very strongly impregna ted with 
the unpleasant smell of the bisulphide of carbon. The urine 
also, which is generally in normal quantity, though passed with 
a painful sensation of scalding, exhibits the same smell, but con
tains neither albumen nor sugar. 

The organs of circulation ancl respiration exhibit no special 
disorders in their action. 

The sexual passion, which is increased at firs t, rapidly de
clines at a later stage, and finally then• is complete moral and 
physical impotence, with decrease of the size of the testicles. 

In women who work long in the India-rubber fac tories, men
struation always tak es place prematurely, and is more profuse 
than it shoulil be. They never have a child, and their sexual 
appetite becomes entirely lost. 

You ths who are exposed during pubescence to the influence 
of the poisonous gas, never develop properly. As i·egards the 
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general condition of those poisoned, it has been noticed that a 
good many suffer from a febrile movement at night. Sleep is 
disturbed with bad dreams, generally associated with nightmare 
(Alpdriicken), and sometimes prevented by pains and cramps in 
the muscles. 

\Vhen the poisoning is protracted, the patients lose a good 
deal of flesh, but no special atrophy of muscles has been met 
with. 

Notwithstanding the severity of many of these symptoms, 
and the great general weakness associated .with them, an imme
diate fatal termination is very seldom a consequence. It is very 
remarkable, that when the patients, after a longer or shorter 
respite from their injurious toil, have gained some benefit in 
hospital, they almost always return to their work, the injurious 
effects of which most certainly destroy both their health and 
their success in life. This return to the work explains the fact 
that many or these cases of well-marked chronic poisoning are 
protracted through several years-and as thti organism does not 
seem to get much accustomed to these noxious fumes, the symp
toms last, with more or less intensity, till the patient finally 
resolves to abjtue forever this deleterious employment. 

Delpech, however, remarks that a complete restoration to 
health and strength, after these symptoms, is qnite a rare thing. 
As a rule, the patients, all their life long. show marked trnces of 
their past sufferings. They exhibit constant depression and a 
melancholy mood, sometimes complete apathy (Indilferentismus), 
and the intellectual faculties, like the power of the will and of 
Yoluntary mo,•ements, continue to be impaired and diminished. 
In some cases the chronic poisoning ends in some definite psy
chosis-and a good many in all probability die without our 
having any very definite idea of the precise mode of death. 

The treatment or these sad cases naturally resol\'es itself in 
great part into the fulfilment of the causal indication. Indeed, 
in the worst cases, one generally sees a considerable improve
ment as soon as ever the patient can be removed from the injuri
ous atmosphere. The use of tonics, and of means to restore the 
strength and to combat the almost universally present disorders 
of digestion, appears to be indicated by the dictates of common 
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sense. In this way, if the cases are not too chronic, the nervous 
disorders, the paresis, pains, and ilisorders of sensation will 
almost verfectly vanish without special treatment, although 
some general weakness and deficiency will probably remain. 

Delpech believes that he attained more than nsual success 
by the administration of small closes of phosphorns (daily from 
one sixty-fifth to one-thirteenth of a grain) in pills-the use of 
which he believes to have remO\·ecl actual impotence and paresis, 
etc. He guards himself, however, from rashness in concluding 
that this was defin itely clue to the phosphorus, bnt thinks the 
results justify a further trial of the remedy. The use of phos
phorus is generally followed at first by severe cliarrhroa, but after 
two or three doses this becomes less severe and does not return. 

Fries has pointed on t that partial or complete paresis of 
rnluntary muscles may be benefited by the use of the constant 
current. 

CHAPTER IX. 

POISONINO BY SULPIIURETTED HYDROGEN (HYDROTIIION.IE)!!A). 

Sulphuretted hydrogen (hydrogenium sulfL1ratum, \Yasser
stoITsnlfid, hydrothion, H,S) is at ordinary temperatures a color
less gas, with an intense smell of rotten eggs, and it is absorbed 
by water with great facility, communicating to the solution the 
characteristic smell of the gas, a well-marked acicl reaction, and 
an unpleasant taste (solution of hydrogen sulphide of chemists; 
natural sulphur waters). 

Both the gas and its solution concern toxicologists, inasmuch 
as the poison can be absorbecl by animal bodies under both forms. 
The gas diffuses itself very readily into the blood through the 
lungs, ancl by the mucous membrane of the digestive tract, both 
in warm- and cold-blooded animals, including human beings, and 
may also pass into the circulation through the skin without any 
wouncl of this covel"ing. This absorption by the skin is proved 
as regards frogs by the experiments of Kaufmann and Rosen-
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thal; ' and as regards mammals, by Amelung and Falck.' The 
subjects of experiwents exhibited manifest symptoms of poi
soning when only the outer integuments were exposed either to 
the gas or to its solution. 

Many experiments of Nysten,' Orfila,' Amelung and Falck 
(loc. cit.), Eulenberg,' Claude Beruard,' Demarquay,' Kaufmann 
and Rosenthal (loc. cit.), and others, have also t:iught us that the 
gas may be injected in pretty considerable quantities immedi
ately into the veins or arteries of warm-blooded ani mals without 
giving rise to gaseous embola or other rneclrnnical disturbances 
of the circulation. It appears to be abso1·bcd by the blood 
immediately, and its deleterious action suddenly ma11ifests itself. 
This takes place also, though less rapidly, when sulphuretted 
11ydrogen gas or its watery solution is injected into the subcuta
neous connective tissue or into the serous cavities of animals. 
Although the poison may be thus absorbed into the blood 
through various channels, its elimination from the blood occurs 
principally through the lungs, for the air expire<l from the lungs 
of men and animals poisoned with this gas blackens paper previ
ously prepared with solution of plumbic acetate and moistened. 
In several cases of hydrothiomemia in human beiugs sulphu
retted hydrogen has also been detected in the urine. 

This was the case in three instances (one detailed by BctzB nncl two by Emming
hausll) of so-called self-infection by su1pilide of hydrogen (spontaneous develop
ment of thc gas in the body (sec farther on, p. 491), whilst Senator in a similar case 
found the urine free from this poison. 10 

1 Archh• f. Anat. u. Physiol. 18G5. p. 659-r.7.'i. 
~Deutsche Klinik. Jahrgang 186-1, Nos. 89-41. 18G5, ~Os. 17-33. 
3 Recherches de Physiologic et de Cbimie pathologiques. Paris. 1811. Article Vil. 

1"114-130. 
4 Toxikologie, ilbersetzt v. Hermbstae<lt. Berlin. 1818. p. 117. 

t. Die Lehre von den schiidlichen und gi!tigen Gnsen1 etc. Braunschweig. 1865. 
11 IunocuiW de l'hydrogCne sulfure, etc.-Gazette des hOpitaux. 1857. No. 139. 
~Note sur 11bydrogCne sulfur6

1 
etc. Comptes rendus. Tom. GO. 1865. pp. 724-727. 

i; Ueber IIydrothion-Ammoniiimie. l\Iemtirabilicn. 186 l. p. 1-1G. 
' Two Cases of Perforations in the Digestive Canal, with Sulphuretted Tiydrogen in 

the Urine. Berlin. klin. Wocbcns. 1872. Nos. 40 and 41. 
10 Ueber einen Fall von Ilydrothioniimie und Uber Selbstinfection <lurch abnonne 

\"erdauungsvorgiinge. 



486 IlOEIIM.-POISONS. 

In order to undetstand the working of this poison, it is natu
rall y of the first importance that we should try to cliscover its 
action on the blood itself. Before any answer to this question 
was sought by way or experiment, all sorts of hypotheses were 
invented. J<'or a long time it was held that the iron in the blood 
was precipitated as su lphide of iron. This opinion, entertained 
formerly by Liebig, was based on the dark color of the blood in 
cases of poisoning by hydrogen sulphide. Hobbed of its iron, 
the blood could no longer be oxygenated, ancl thus cleath 
occuned through suffocation. :Meanwhile, no one ever obtainecl 
the sulphide of iron from bloocl in cases of poisoning by sul
phurettecl hydrogen. \Ve owe more exact investigations into 
the changes proclucecl in the bloocl by sulphurettecl hycll'Ogen to 
Iloppe·Seyler, •Kaufmann ancl R osenthal (Joe. cit. ), Diakonow,' 
and Preyer.' The alteration in the bloocl of frogs when they 
have been long exposecl to the influence of sulphurettecl hycho· 
gen is very remarkable. 'fhe whole mass of bloocl in these ani
mals assumes a smutty, vivicl green color, ancl nearly all the 
blood-corpuscles are clestroyecl. 

In wann-blooclecl animals the clecomposition of the blood can 
never advance so far, because their more delicate nervous centres 
are rousecl into activity by far less considerable alterations in the 
blood. \Ve therefore tincl that the blood of men or animals thus 
poisoned only assumes a darker tint than normal, and already in 
life the difference in color between arterial and venous blood has 
almost disappeared. But the characteristic absorption bands of 
oxyhromoglobin can still invariably be i·ecognized by the spec
troscope. But when blood withdrawn from the body of men or 
animals is mixed with a large quantity of th is gas, the complete 
disintegration occurs just as in frogs, and a similar smntty green 
color is producecl, with simultaneous separation of sulphur and 
of albumino1rn compounds. 

This decomposition is exhibited in a striking manner only by 
oxygenated bloocl or solutions of h remoglobin, so that it is most 

1 Zeitschrift filr prnktiscbe Chemie von llucbner. 18G5. p. 514.-Medicinisch-che
mische Untersucbungen. I. 1800. p. 1.11. 

'llqrpe-Sc.111cr, :Medicinisch-cbemiscbe Untersuchungen. II. 1807. p. 251. 
3 Die Blutkrystnllc. Jena. 1871. p. 158. 
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probable that it is due to an alteration or oxylu:cmoglobln. Both 
Hoppe·Seyler and Preyer admit tha t a new chemical compound 
of blood -pigment and sulphur is found in this decomposition, to 
which Preyer gives the name "hromathion. " Diakonow has al so 
(loc. cit. ) discovered some very interesting rela tions between the 
sulphide of hydrogen a nd the inorganic salts of the blood. The 
carbonated allmlies aml alkaline phosphates may become con
verted into sulphides of the alkalies when sulphuretted hydro
gen is mixed with their watery solutions (and they are in solu
tion in the blood). But it atmospheric air or oxygen also be 
present, they have a great inclination or tendency to be con
verted into compounds of sulphurous or even sulphuric acicl. 
Now, i1 a simila r reaction goes on in the blood, it is clear that 
the oxygen oE the oxyhromoglobin would thus be diverted from 
its proper purposes, and appropria ted by these salts. 

Bu t since, as we shall see, the symptoms of poisoning by sul
phuretted hydrngen are exactly identical wi th tl.tose of suffoca
tion, the facts above mentioned are valuable as fumishing us 
with some aid toward explaining the symptoms met with in such 
cases. 

However, the present state of our scientific knowledge leaves 
us still in doubt whether the <l.efi cieucy of oxygen which results 
in suffocation is brought about by the des truction of oxylucmo
globin, and the forma tion of hrema thion, or by the action of the 
poison on the salts containecl in the serum of the blood; or 
whether, very likely, the sulphuretted hydrogen, in and by 
itself, irrespective of any chemical changes in the blood, has a 
directly deleteriOLlS influence on the mechanism of respiration. 
It has al ready been shown that the blood of men and animals 
thus poisoned always shows a pretty fair proportion or oxygen. 
It is, therefore, not very p robable tha t, in the living body, there 
can be any thing like tha t complete des trnction of the blood
coloring which occurs in oxygenated blood exposed to sulphn· 
retted hydrogen outside the body, or that this can be the true 
cause of the symptoms of poisoning we observe in the living. 
Diakonow' s di scovery of the change of the salts of the blood
plasma in to alkaline sulphides, and their subsequent oxida tion 
into sulphites and sulphates at the expense of the oxygen of the 
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hremoglobin, might with more probability be regarded as _the 
cause of the dyspncca characteri stic of this kind of poisonmg, 
only that at present the question rnmains undecided, whether 
the sulphide of hydrogen be not a speciJic poison aliecting res
pimtion. 

The opinion enterta ined by Claude Bernard (Joe. cit.), and 
adopted by Hoppe-Seyler, that hydrogen sulphide is not injmi
ous when introduced into the veins, but kills mpiclly when intro
clttcecl into the arteries of a living animal, has not been confirmed. 

Nor have any satisfactory proofs been aITorded of the opinion 
formerly held by Hoppe-Seyler (loc. cit.). that the sulphur, which 
was set free or precipitated in the bloocl in cases of poisoning by 
snlphurettecl hydrogen, brought about death by forming capillary 
embolisms in the lungs. 

The experiments of Kaufmann and Rosenthal as to the inju·· 
rious eliects of this poison on the cardiac movements are more 
satisfactory. The symptoms observed consist ill a primary re
tardation of the pulse, and diminished blood-pressure dependent 
on central irritation of the rngus nerve, and the consequent 
gradual but steady decrease of the activity of the heart, ending in 
diastolic stoppage of this organ; and they agree closely enough 
with the disorders of the circulation observed after poisoning 
wiLh carbonic oxide or simple suffocation. All the renmining 
symptoms, too-particularly the convulsions preceding death, 
and tile disordered functions of the brain-fincl their simplest 
explanation when regarded as symptoms of suffocation. 

Authors generally' agree in considering sulphnretted hydro
gen as one of the most powerful and deadly poisons. As a mat
ter of fact fatal poisonings by this gas are not uncommon, ancl 
the frequ ently violent ancl rapid comse of such cases would 
seem to amply justify such a classification. However, it must 
not be forgotten that in ordinary life many men from clay to day 
inhale consiclemble quantities of this gas without s t1il'ering any 
ill effects. 

1 Cllrl!Jti'scn , R., Treatise on Poisons, German trnn~lation, Weimar, 1831, p. SHI, 
calls 1ml11lrnrettcd h~·drogen "the most injurions gn.<t known." Sec also v. llasselt· 
llcnkd1 loc. cit. p. 370, and 11uscnumn, loc. cit. p. 74.D. 
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'Ve refer to laborers in dung-pits, cesspools, privies, clwmical laboratories, etc. 
The Parisian tJidnnaeurs a.re said to genernUy enjoy very good health, nod during 
the cholera epidemic in Paris iu 1832 it appears that they suffered from that disease 
c\•cn less than other pcoplc.1 

Besides this, it is to be considered that in most of the fatal 
cases which have occurred of poisoning by sulphuretted hydro
gen, very enormous quantities of this gas hare been rcqL1ired to 
kill, whilst there has simultaneously beeu an almost total depri
vation of atmospheric air. ' ''e cannot, therefore, mnk snlphu
retted hydrogen in quite the same class with prussic acid and 
similar poisons, which kill in almost minimal doses, and we can
not call it one or the strongest poisons. The fatal cases are far 
from numerous, iE we consider the number o( occasions on which 
workingmen are exposed to the action o( this gas. It is, how
e,·er, a striking fact that when one dies tlrns it is common for 
several to perish together, generally from want of caution, and 
from imprudent attempts to rescue the first victim, fresh victims 
falling a sa<'rifice to the fate of the fast. 

Numerous cases of this kind arc recorded, as that of Caspcr,1 where six healthy 
men perished in n tan-pit, through a mixture of gases strongly impn:.:gnated with 
sulphurcttcd l1ydrogcn. 

Amongst the numerous conditions ancl circumstances giving 
rise to poisoning by snlphurettecl hydrogen, the following de· 
serve especial notice: 

In a few localities only, very close to large volcanoes (Solfa
tara of Puzzuoli, near Naples, and some pa1-ts of Sicily), the sul
phnretted hydrogen formed in the interior of the earth, and 
escaping in dense vapors from its crust, may give rise to cases 
of poisoning. Such cases are more commonly noted through 
the use of mineral waters strongly impregnated with the gas, 
although severe cases of poisoning from tllis cause also are not 
very common. As a rnle, the snlphnrett~d hydrogen found now 
ancl again in the air is clue to the decomposition of animal and 
vegetable snbstances. Jn this way, as Fr. Daniell' has shown, 

1 v. Ilasselt. loc. cit. p. 380. 
1 IInoclbuch clcr gericbtl. l\Iedicin. IT. p. !198. 
J Philosopb. i\Ing. nrn.1 Journal. Ill. Ser. July, 1841. Consult nlso tho nrticlc "AU:a 

m 1'ardit.u's Dictionnnirc d'bygiCnc imblique et de salubritC. 2. Ed. Paris, 1SG2. 
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enormous quantities of this gas are generated on the coasts of 
.\.frica, when the large rh-ers debouch into the sea, by the deco m
position of the sulphates of the sea-waters by the g reat quantity 
of decomposing vegetable substances which the rivers are cany
ing towards tho sea. These cause numerous cases of poisoning 
amongst seafaring people. 

The putrid decomposition of animal substances is the richest 
source for the generation of hyclrothion gas, and thi s is the most 
frequent cause of cases of poisoning, since these sources of 
danger are most naturally to be found in the immediate vicinity 
of human habitations. 

Auel, although the sulphurettecl hydrogen in these cases is 
almost without exception mingled with other gaseous products 
of putrefaction, such as carbonic acid, ammonia, etc., yet experi· 
ence bas taught us that it is almost exclusively the sulphmctted 
hydrogen which constitutes the poisonous and dangerous part of 
the mixed gases. The most important Sttbstance (Muttersub
stanz) for generating sulphuretted hydrogen i11 sewers and cess
pools, is hn1nrin ordure. For, although urine in decomposing 
may give rise to the formation of this gas, by the decomposition 
of its sulphates, yet the mixture of gases found in putrid urine 
owes its chief properties to ammoniacal gas. But when freces 
are present in large quantities, the remains of undigested albumi
nous bodies, such as gelatine, etc., aJl'ord a material richly capa
ble of furnishing enormous quantities of sulphm·etted hydrogen. 

Accordingly, the quantity of tliis gas present in the gases g iven off from privies, 
etc., will greatly depend on the richness or poverty of the albuminous constituents 
o( the food. The closets snd cesspools used entirely by the proletariat, like those 
of convents, will therefore be far less dangerous to the scavengers (vidungcurs) than 
those of the upper classes, who take a superior clict, more rich in albuminous coru
pounds.1 

But many other kinds of animal substances afford materials 
for the generation of sulphuretted hydrogen- pits in which ani
mal excreta are collected, flayers' ancl knackers' yards, badly 
regulated churchyards, sewers, dissecting-rooms, dirty slaughter· 
houses, where small fragments of meat, etc., are allowed to cle-

1 v.Eulenberg, loc . cit. 
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compose, cesspools, and other sin1ilar places belong to thi s 
category. In spec ial cases it will depend en tu·ely on the density 
of the accumulations of the gas as to how far and in what degree 
it gh·es rise to cases of poisoning. In this category we must 
also include those cases where drinking-water impregnated with 
sulphuretted hydrogen has led to cases of poisoning.' 

In the present state of our knowledge, we can onl y say that 
it is supposed that under some circumstances the li ving body 
may be self-infected by the generation within itself of su lphu· 
retted hydrogen, "self-poisoning," as it has been termed. The 
number of recorded cases of this kind is very small, and the 
necessary condi t ions for their occurrence are as yet little known. 

The painstak ing researches of Planer~ tend to i,how thnt in normal digestion the 
gases which arc generated contain very little sulphurcttcd hydrogen, which never 
exceeds one per cent. of the whole quantity. In the intestines of hcrl>ivora, or of 
men fed exclusively on n vcgetnble diet, no trace of sulphurcttcd hydrogen ii\ found. 
This originates chiefly in tl~ll diet, in the lower portions of the hl'gc intestine. 
Abnormal development of gases, and hence generation of sulphurettcd hydrogrn, 
occurs in the stomach when its free acids arc neutralized. That the bile is not the 
original cause of the de\'clopmeut of this gas is certain from lhc fnct thnL it dues 
not occur with a vcgctaLlc clict-a foct which also shows that we arc justified in 
reckoning the al\Jumen compounds as the source o f Lhis gas (112 8), and that animal 
al\Jum1;n is of especial importance for generating sulphuretted hydrogen. 

The occasions which may give rise to self-poisoning by the 
g~neration of this gas in the digestive canal may originate from 
wi thin, especially in certain forms of chronic gastric diso1·dprs, in 
which very probably the free acids of the gastric jnice are sup· 
pressed, in consequence of abnormal processes of fernwntation. 
Very likely this was partially so in the cases detail ed by Betz (Joe. 
cit.), whilst Senator (loc. cit. ) places the generation of gas in the 
crecum. In the cases of "self-poisoning" lately observed by 
Emminghaus (Joe. cit.) there were several perforations of the 
digestive cana l, ancl these had led to putrid decomposition of the 
frecal matters, and to suppuration. 

1 See Tit. C'lemens, on an epidemic of boils, originating in the use of n. sulphuretted 
well.water. Zeitscbrift. f. rat. 1\Iediciu, >On Henle und Pfeufcr. Vtlf. 1849. Jl. 215. 

2 The Gases of the In testinal l'n.nal, and their Relations to the Blood. Wiener Sitzgs. -

Ber. Mnt.-Pbys. Kl. XLIV. 1860. p. 307. 



492 DOEII:l!.-POISONS. 

According to Biermer, l large quantities of sulphuretted hy
clrogen may be present in the fluid exudations of pleurisy with 
pneumo-thorax, and may perhaps leacl to self-poisoning, and 
this gas may also frequently be demonstrated in the sputa of 
tuberculous patients, and of those who suJier from broncho
blennorrh~a. The poisonous gas may thus be absorbed in self- · 
poisoning, either from the mucous membranes of the gastro
intestinal tract, from serons membranes, or from suppurating 
surfaces and cavities. 

J\Iany kinds of factories and works furnish a number of 
opportunities of poisoning by Slllphuretted hydrogen; in t hese 
the workpeople find themselves in a more or less dense atmos
phere of sulphmetted hydrogen, either on ly rnry occasionally 
and by accident, or sometimes almost constantly. 

Eulcnbcrg (loc. cit.), in his monograph on Injurious Gnscs, has very carefully 
examined this question, ancl from his collection we select the fo11owing: 

The chief trades and occupations which arc exposed to sulphurcltcd hydrogen 

a. The cat91tt makers. In the process of steeping the fresh sheep's int~· 

tines, large quantities of offensive gas, containing much sulpburetted 
hydrogen, escape into the air. 

b. The tanner1J1 yru·d.j. In this trade the occasioual use of t1lC so-called 
''gas lime" for the skins, containing, as it docs, calcium sulphide, 
develops large qilantities of sulphurcttcd hydrogen when acid decoc
tion of tan is added. Dangerous cases of poisoning are thus caused. 
The same thing may occur in the preparation of Morocco leather (Saffi. 

angerbcrei), in which the so calkd "rusma," a mixture of sulphide of 
arsenic aud lime, comes into use to free the skin from hair. Here 
again the acid decoction of tan generates great qunntities of gas. 

c. Tn the process of fla.i: steeping, cases of poisoning by l1ydrogcn sul· 
phide occur. In this the flax is steeped under water till the parts of 
the flax which arc not useful have decumpueed, and thus the genera· 
tion of sulphurcttcd hydrogen is unavoidable. 

d. Similar processes are employed in the manufacture of BUgar and 
1Jta1·clu:s. In the sugnr manufacture it is more particularly the so
callcd "rc\'ivification" (Wicdcrlebcn), or purifying of the animal 
charcoal which has been oucc used for filtration, which gives rise to 
so much generation of sulphmcttcd hydrogen, when this is done hy 

___ _ 11i_c •_o-cnllcd "moist fenncntation," which leads to the putrPfartion 

1 Uebcr Pncumothornx. Schweitz. Zeitscbr. 1863. 
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of the albuminous bodies retained by the charcoal; also when much 
blood is used in the sugar-houses. 

e. The so-called "wa3h" (Schlcmpe} or residuum of the molasses which 
has been treated l1y the distillers with sulphuric acid, develops, by 
keeping, very large quantities of sulphurctted hydrogen gas, which 
may easily lead to accidental poisoning, if there be nny want oi 
caution. 

f. In the same way, t11e 8tl'eping water of the brewers, in which barley 
bas been steeped for the purposes of malting, will generate sulphu
rcttcd hydrogen i[ allowed to stand long. 

Still more frequent opportunities of poisoning by the sul
phide of hydrogen arise in chemical works of various kinds. 
First, we lmve the generation of the gas from sulphide of iron 
with sulphuric acid in the laboratory, which is often for too care
lessly undertaken and freqnently gives rise to accidents. or 
chemical works, the most notable are the ammonia works, in 
which ammonia ancl its salts are made from urine and from the 
gas-tar liquor (ammonia water) of the gas· works. But especial 
mention must be made of the manufacture of coal-gas by dry 
distillation of bituminous coals (Bliitterschiefer), and of the sul
phuring or India-rubber in the India-rubber factories. 

It is especially incumbent on meclical men, who are much 
concernecl in factories of various kinds, to acquaint themselves 
with the injurious products of the various manufactures. 

Against the formerly prevalent opinion, that the so-called 
"miners' sickness," which often attacks those employee! in the 
shafts of mines in which blasting goes on - causing sudden 
symptoms of syncope, etc., etc., was cine to the development of 
sulphurettecl hydrogen from the gunpowder usrd, very weighty 
objections have lately been raised. In particular, Polecl<' has 
shown that the quantity of hydrogen sulphide actually present 
in the mine is too small to be quantitati,·ely determined, and is 
a continually diminishing quantity. In the same way it has 
never been clemonstratecl satisfactorily that the gases, which are 
sometimes found in tunnels and other undergmnncl places, and 
which leacl to accidents when there is but little access of air, 
are really injmious from containing sulphmctted hydrogen. 

1 Die obemii:;obo Natur dcr Minengase uud ihre Bez.iebung zur iUiuenkrn.ukhcit. Ber· 

liu. 1~67. 
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!( the system be exposed to a large quantity of this poisonous 
gas all a t once, the symptoms and course of poisoning by sul
phuretted hydrogen will not unnaturally differ very materially 
from the c!Tects of smaller doses of the poison, operating repeat
edly and for a longer time. Accordingly , i t is generally very 
material whether, and in wha t quantities, the access of atmo
spheric air be possible. 

Acute ancl quickly terminating cases of poisoning are almost 
without excep tion the result of direct breathing in of the poison, 
and it would seem, uncler some circumstances, that a very few 
whi!Ts of a thick o,tmosphere of sulphuretted hydrogen are 
sufficient to cause death to human beings. In the chronic cases, 
either of "self-poisoning " or of poisoning by clrinking-wo,ter, 
smo,ller quantities of the poison, during a long period, find access 
to the blood, through mucous or serous membranes. 

The quanti ties necesso,ry to kill, or to produce dangerous 
symptoms, in gaseous mixtures, ho,ve not, as mo,y be supposed, 
been quantito,tively determined, with any degree of o,ccuracy, as 
regards human beings. Hence, we abstain from giving any fig
ures on this subject. 

Breo,thing a mixture containing a medium quantity of this 
gas, even for a very short time, produces a condition closely 
akin to common nausea: a general feeling of weakness with 
headache, inclination to be sick, with characteris tically smelling 
eructations, vomiting, and sometimes colic and diarrhma . vVith 
the exception of the smell of the eructations or vomit- and this 
is not invariably present-the symptoms present nothing cl1arac
teristic or po,thognomonic, ancl in the course of a, few hours 
health is generally perfectly restored. On the other hand, the 
mos t severe symptoms occur when large quan tities of the poison
ous gas o,re breathed in all at once. I t is by no means rare for 
men thus poisoned to fall to the ground with a cry as if struck 
by lightning. This worst form of poisoning has been observed, 
fo r the most part, where persons have been engaged in sewers or 
drains which have not been opened for a long time. In less 
severe cases, the person attacked feels a quickly increasing 
sense of weakness, which goes on to syncope, and after a few 
minutes he becomes unconscious. The breathing, quickened at 
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first, becomes gradually slower and more difficult, and acquires 
the character of true dyspnma. The pttlse becomes weak and 
irregular, the skin cool ancl covered with cold sweat, and the 
countenance livid, the mucons membranes cyo,notic, ancl the 
abdomen distended by ext reme meteori sm. \Vith these are asso
ciated muscular cramps, at first localized, bnt gradually becom
ing general; all rPflex action is lost, and, last of all, death occurs 
with violent convulsions. 

Tho descriptions of different authors differ from one another 
only in very slight and unimportant particulars. Thus some 
describe furious delirium, whil st others mention tri srnus and 
tetanus as complications. And although the clinical picture of 
acute poisoning by sulphnretted hydrogen has not yet been 
drawn very accurately-for instance, we have no precise observa
tions as to puls<', t~mpemtnre, excreta, etc.-yet we are able, 
from the material s before us, to refer all the symptoms observed, 
with great probability, to the disorders of respiration-whether 
the altered properties of the blood, or a direct action on the 
nerves brings about this disorder, seems immaterial. If re
covery takes place, as with timely and appropriate treatment it 
often will, the after consequences ancl sequelro are, as a rule, 
very slight. The encephali tis which some authors !Ja,·e noted 
as a sequela can scarcely be considered to arise in clir0ct con
sequence of the poisoning by sulphnrettecl hydrogen. And the 
terminal convulsions, which Lave been attributecl to direct irrita
tion of the spinal co1·d, we, on the contrary, unhesitatingly con
sider as spasmodic movements clue to su ffocation. 

Unmistakable cases of chronic poison ing by snlphnretted 
hydrogen, apart from those instances of "self-poison ing" previ
ously mentioned, are very rarely recorclec1, and the accounts of 
them are not very accurate. At the beginning the sy mptoms 
usnally consist in subacnte gastritis, with frequent hi ccup and 
Yomiting, constipation, colic, jannclice, etc., and a number of 
general nervous symptoms, such as lassitude, headache, vertigo, 
etc. V. Ilasselt (loc. cit.) thinks that the tout ensemble of the 
symptom s of poisoning in these cases is Yery similar to, and 
may be mistaken for, subacnte forms of typhus or rather 
typhoid fever. 
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Th. Clemens (loc. cit.) saw a number of workpcoplc in a chemical factory fall 
ill, one after the other, in the space of a few days, with general weakness of the 
extremities, want of appetite, oppression nt the stomach, and vomiting-from, as 
it afterwards turned out, the use of well-water impregnated with sulphurctted 
hydrogen (Ilydrothions;'.~ure). The pulse was remarkably slow and ensily com
pressible. All the secretions were sluggish, and the dry, cool skin bad lost its usual 
turgcsccncc or tonicity. In from four to ten clays after the first stomach symptoms, 
the skin of the face, head, and bands, less often of the chest nnd extremities, was 
attacked with painless s-.vcllings, not actively inflrimed, but soon developing into 
pu'ltulcs and boils, with a great tendency to scabbing. Each boil was about the 
size of a hazel-nut. As soon as the skin became affected, the general S.)'mptoms 
ameliorntcd, only a peculiar blunting of the sense of taste remaining for n long 
while. Sulphul'ctted hydrogen was clearly proved to be the C1\use, and the fu lfil
ment of the causal indication (l~aving off the use of the water) led to rapid 
recovery in soma cases where other means had long been tlicd in vain. 

In the cases frequently mentioned before, of" self-poisoning,"" 
the beginning of the poisonous action was either indica.ted by a 
change of the previous symptoms (Emminghaus), by the general 
health suddenly declining, the occurrence of a bluish coloration 
or the face, the finding of the poison in the excreta, and, as the 
malady gained power, by death ensuing, or the symptoms men
tioned above as indicating chronic poisoning were present in a 
more or less m:ukecl degree (Betz, Senator). 

'l'he post-mortem appearances in men dying from poisoning 
by snlphuretted hydrogen agree very closely with those found 
in suJf"ocation. Indeed, except the not invariably present smell 
of hydrogen sulphide, which may also occur as a putrefactive 
plwnomenon in other corpses, there is a total absence o[ any 
characteristic or pathognomonic symptom of hydrotliion gas poi
soning. Some authors, and indeed Casper (Joe. cit.) in particu
lar, have insisted on the inky blackness or the blood, and on the 
simultaneous discovery by the microscope of broken-up red 
blood.discs. But very little importance can be attributed to the 
often mentioned venous hyperromia of the organs of the central 
nervous system, or to the various colors of the mucous membrane 
of the intestinal tract, which have been specially mentioned by 
Fabius and Devergie.' 

It is almost self-evident that the very first point in the treat-

1 See llusemann, loc. cit. 



SULPJIURETTED IIYDHOGEN. 497 

ment of poisoning by sulphuretted hyclrogen must be to get the 
patient out o[ the injurious atmosphere. But, as has been said 
above, the fullilment of this indication very often causes fresh 
victims; and, therefore, very great caution is necessary in tlwir 
delivPrance. A number of pl'Ophylactic regulations to guard 
against the poisonous gas have been proposed by one and 
another. llfost of these belong rather to the domain of h·gal san
itation. But if one be desirous to remove an unfortunate fellow 
out of a very dense atmosphere of sulphuretted l1ydrogen (as, for 
example, from a sewer, or the pit of a closet), since any prnvious 
disinfection of the place is generally impossible, use may be made 
of a sponge dippt>tl in a solut ion of chlorinated lime, and bound 
in front of the mouth-although we cannot guam11t<'e the abso
lute safety of even this plan. In very limited spaces, the hy
drogen sulphide may be set on firn. But the safest ancl most 
serl'iceable method in all cases would be for those who entc•r the 
poisonous atmosphere to be prnl"ided with a mask for the face, 
like that us~d by divers, with a tube attached, commtrnit"<lting 
with the outer ail·. Such masks must of course be considerPd as 
part of the indispensable outlit for scarnngers. 1 l\fost toxico]o. 
gists (Ilasselt, llusemann, ancl others) recommend beginning fur
ther treatment with an emetic, to get rid of anything swallowed. 
Tartar emetic nrnst not be used, as this wonlcl be decomposed by 
the poisonous gas. Ancl Clemens states that he found antimony 
useless in thPse cases. Instead, however, o( using ip<'cacuanha., 
as llasselt rPcommends, it would perhaps, in the present day, be 
better to use apo111orphia, snbcutaneously injected. A rliflcial 
respiration, as soon as ever any fai ln re of natural breathing 
occurs, seems far more desirable than emetics. llfany authors 
recommend the inhalation of chlorinated soda, ch lorine water, 
sol ution of chlorinated lime, and, indeed, of chlorine itself, in 
order to render harmless any hydrogen sulphide presmt in the 
blood. But. as Ilnsemann justly says, such measures are not 
quite free from dnnger, for chlorine itseH must be considered as 

1 fWhere no npparntus is at band, holding the breath and attaching the body to a cord 
held by those in safety may sometimes succeed. And a bit of flexible tubing might 
possibly be obtained at short notice, in large to\vns1 and inserted in the nostrils or mouth, 

so as to keep up connection with pure air.-TRA.NS.} 
VOL. XVII.-32 
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a poisonous gas. BPsides, the gas appears to he eliminated in a 
natural (physiologica l) way with qui te suOicient rap1d1ty, pro
vided only that the respiratory p rocess can be kept effi ciently 

going. 

CHAPTER X. 

POISONIN G RY PRUSSIC ACJD AND ALLIED S UBS'l'A NCF.S Jn;;NENA 

CY ANICA). 

The practi cally important poisons o[ thi s group all art in pro
portion to the prussic (hydrocyauic) ackl they contain or repre
sent; they are partly products o[ the vege table kingdom, all(l 
partly artificial chemical products. Pure cyanogen gas itself 
possesses intensely poisonous proper ties, which seem analogous 
to those of prussic acid. 'Ye need not, howe\rer, devote any 
space to the consideration of this gas, as it is not of any impor
tance or significance in practical toxicolo~y. 

ln the ,·egetable kingdom, prussic acid is genera ted through 
the acti on of an albuminous ferment, emulsine (Synaptase), on 
the nitrogenou s glncoside, amygdalin. The acti on of these two 
snbstanccs on one another generates prussic ncic1, rngar, ancl oil 
o[ bitter almonds. A poisonous action has Yery often, but erro· 
neonsly, been attributed to the latter essential oil , but recent 
investigations have shown that when chemically pure, and per· 
fectly free from the prussic acid which is so fil'mly combined 
with it in general , it possesses no action beside tha t common to 
other ess~nti a l (ethereal) oils. The oil or bitti>r almonds met with 
in comm Pree is, howe,·er, ns n. rul e, strongly impregnated with 
prnssic ar id , and therefore intensely poisonous. The reac ti on of 
emul sine on amygdnlin , so deeply interPsting from a chemical as 
well as from a tox icological point of vi ew, only takes place in the 
presence of water, nncl does not happen if rhe emul sion has been 
11eated to the temperature of boilin,g water (100° C.). The fer
ments round in the bodies or animals, ancl pa rticul arly the gas
tri c juice, ap pear to prevent this action of emul Rine. Emul sine 
and amygdalin themselves do not appear to possess any poison-
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ous properti0s. That other substances originating in the bodies 
of animals can clccompose amygclalin and form prussic acicl 
appears probable, as regards rabbits, from the experim ents of 
Koellikl'r ancl Mueller.' 'rite substances generating prussic acicl 
are fotrncl more especially in bitter almonds, the fruit s of amyg
dalus communis, rnr. amara, and in the cherry-la urel (prunus 
la11 ro-cerasus) ; a lso in the s tones ancl kem cls of peaches 
and plums, ancl sevt·ra l other members of the amygdalacero ancl 
pomacecc. 2 

Amongst the ch emicals containing prnssic acid, the only 
generally imporl a ut ones arc prussic acicl itself (hyclrocyanic 
acicl, IIC.:y), ancl its a lkaline sa lt, the potassium cyanide, (KCy). 
Some few cases are recorded of poisoning by ammonium, zinc, 
aml mercury cyanides. As prussic acicl is to be rcga rdccl as 
the essentially poisonous principle in all these, "·e prnpose to 
di scnss tho action of this ac id, for all tliat is saicl about this may, 
with VN)' s ligh t indiriclual mod ifications, be extended to all the 
otlwr combinations of cyanogen. 

'rhe most important toxicological character common to all the 
cyanog<'n compounds is the characteri stic smell of bitter almonds 
which thPy either exliibi t, from the very first, or develop after 
solution o r dc<'om position in the juices of the animal bocly. As 
regard s prussic a cicl, it is to be notccl that it is rare to mee t with 
cases of poisoning from the anhyd rous or concentrated acid. 
Most of the poisoning cases occur wilh Yarions strengths of 
dilute a<'icl. '!'he strcugth of tbc rn .rious ofncinal p reparations 
of p rnssic acicl varies in d ifferent countl'ies from 1 to 1.) per cent. 
of anhyclrnus acid.' 

Prussic acid is very volatile, and is soluble in water and alco-

1 Vcrhancllung dcr pbysikal.-med. Gesellschaft zu Wiirzburg. 1850. 
' Sec Jlusemann, Pflanzenstoffc. p. 684., etc. 
3 According to Jluscm<tnn (Toxikologie, p. 711 ), the officinal hydrocyanic acids con

tain as follows : in the Prussia.n, Ilavarian. Austrian, American (U. 8.), Lonrlon. Dutch, 
llanoverinn , and most other pharmacopreias. 2 per cent. rcn.1 acid. The Edinburgh 
pharmacopc:cia. directs 3.2 per cent; the Dublin. 1.G to 2.82 per cent; the \\'iirtem
Oerg-, !I per cent., ancl the French, Jj per cent. A strictly accurnte and certain deter
mination of the strength in real acid of any 1:mlution is, however, as lluscnuuvi insists, 
a problem which offers considern,bl e difficulties in ii;.-; solution. 
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hol under almost all conditions. Potassium cyanide is a very 
hygroscopic crystalline compound, easily soluble in water, and 
alkaline in its reaction. For the other physical and chemical 
properties of the venena cyanica we refer the reader to hand
books of chemistry and pharmacy. 

The absorption of hydrocyanic acid into the animal body 
takes place very easily, and in seveml different ways, on account 
of the volatility of this compound and its easy solubility in 
watery fluids. The rapid action of its Yapor, when inhal ed, is well 
known; and its absorption into the blood is not much less rapid 
when applied to the mucous membrane of the diges tive tract, to 
the subcutaneous connective tissue, or to raw st11-faces, such as 
wounds. Its more rapid action, when inges ted by the organs of 
respiration, is easily explicable when we consider that the large 
absorbing surface of the lungs enables a great quantity o( this 
easily diffusible poison to reach the mass o( the blood. Preyer's ' 
opinion, that in this way of application tlwre is an immediate 
st imulation or irritation of the peripheral branches of the vagus 
in the lungs, appears to u s not justified by facts. Apart from the 
fact that the poison acts still more rapidly when injected into a 
vein , Preyer's vi ew is not supported by the circumstance that 
even when the vagus is divided the ingestion of prussic af'id gires 
rise to most violent symptoms of poisoning. To thi s we must 
add that the most recent researches-as will presently be ftuther 
explained-leave it doubtful if the peripheral branches or the 
vagus plrty any particular part in poisoning by prussic aciu.' 

\Ve do not consider that it has been proved that prnssic acid 
can be absorberl by the skin, in the absence of any injnry to that 
tissue, in quantities suffi cient to poison. fo regard to this we are 
at one with Preyer, who doubts Kuehne's assertion that gaseous 
hydrocyanic acid can penetrate the nninjnrecl skin. For, apart 
from the probability or slight abrasions or the epithelial Jayer of 
the skin being overlooked, it is quite possible, in these cases, for 
the vapor of the acid applied to the skin to come in contac t with 
the air-passages. and thus to get absorbed by the lungs. \Ve do 

1 Die Blnusii.ure, etc. Bonn ] 868-1870 

'See Arcbiv f. exp. Po.tho!. und Pbnrmakolo2"ie. Rd . II. 
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not absolutely deny the possibility of absorption by the external 
integuments; for this poison is clearly uot an indifferent agent 
as regards the skin, as is clearly proved by its local eITerts (in 
lotions, etc.), which are testified to by many observers. Por if 
the feelings or insects crawling (Ameisenkriechen) and numbness, 
which follow lhe soaking the finger-tips in solutions of prussic 
acid, are considered only as affections of the local terminations 
of th<' sensory nerves, yet still, in any case, the poison must 
have penetrated the epidermis. And once admit this, there is 
then 110 special obstacle to the further absorption or the poison 
in this way. But the passage oI large quantities of the poison 
into lite blood in this way seems to be hindered by the diffusion 
of the bulk of lhe poison into the surrounding air. But a few 
experiments, made with the necessary precautions, ought to be 
capable of easily settling this point. Preyer, and also Coullon 
and Callies,; at an ea1·1ier date, did not observe any symptoms 
of poisoning follow the application of dilute prussic acid to the 
sha1·ed skin in dogs a11d rabbits. But absorption through every 
possible mucous membmne, through serous membranrs, and 
through the subctttaneous connective tissue, has been established 
beyond doubt by numerous experiments and observations, both 
old and new. 

Bttt can poisoning occur without the blood being implicated 1 
Can this poison act without having passed into the blood 1 The 
results o[ expel'imcnts in which this poison has been appliecl to 
nen·e-trunks laid bare, and to the surface of tho nervous centres, 
would lead us to answer this question in the negative. The elim
ination or pm sic acid from the animal' organism has not yet 
been studied with much accumcy, and the opinion that it takes 
place chiefly by the 1 ungs and skin is based on the rather uncer
tain detection o( the smell oi prussic acid iu the expired air, and 
iu the perspiration of those poisoned. 

As regards the behavior of the absorbed prnssic acid in the 
organism, almost the only certain fact appears to be that, as a 

1 See I're.ver, loo. cit. pp. 41, 43. 
i CJmmlt Preyer for experiments by Emmert, lVtdemeyer, &ltubarth, Gottwald, 

Kuersdmer, and Jfrimtr. 
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rulr, it is always possible to demonstrate a crrla in amount of 
undecomposcd or free hydrocyanic acid in tile blood. The dis
eovery made by Preyer and lloppe-Sey ler,' that the blood-pig
ment forms a crystalline compound with prussic acid, appears to 
us to help our explanation of the symptoms in cases of poison
ing by prussic acid, very much in the same way as the analogous 
discovery of carbonic oxide hmmoglobin does, in 11oiso11ing by 
carbonic oxide. But in this case the combination of the poison 
with the h romoglobin has been demonstratec1 in the blood of liv
ing animals thus poisoned, whilst, a s regarcls vrussic acid poi
son ing, this is not yet the case. Sehoenbein1 s experiments~ kwe 
shown tha t J1ydrncyanic acid changes t he vit:tl properties of tile 
red blood-discs, and robs them of theit· vower oI libemting oxy· 
gen from the perox ide of hydrogen. 

The external phenomena clue to the action or prnssic ncid nre 
especially centred, in all warm-blooded animals, i1t disturbances 
of the rnspiratory movements; these nre either more or less 
quickly abolished, or nm excessil·ely retarded. ~\s a rule, the 
typical poisoning case commences with ten or twelve unusually 
hurried respirations, which are immediately succeeded by an 
attack of tetanic convulsions, during which the diaphragm 
remains contractecl and immovable. Should tho animal not die, 
as it genemlly does in this attack, then all the muscles become 
relaxed, and deep respirations succeecl with Ycry short inspira
tions, strikingly long expirations, ancl unusually long intervals 
between tho individual breaths. If the animal recovers these 
respiratory pauses gradually girn way to more natural breath
ing; but if it does not recover, death encls the scene in less than 
an hour, without any fresh connilsive attack. After the first 
convulsive seizure, all refl ex irritability and sensation are totally 
lost; but both return should the breathing again become normal. 

A number or observations have been made in order to try to 
explain the c1i sorc1erec1 respiration. Thus, Gaehtgcns' has dis-

1 l\ted. chem. Untersucbungcn und Vircbow's Archiv. Bd. 38. 18G7. Sec also 
Preyer, Blut.kryeta.lle and loc. cit 

9 Zeitschrift !iir Iliologie. Bd. III. p. 140. 
a lloppe·&yler, l'IIed. ·cbcm. Untcrsuchungen. p. 34G. 
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covered lhat the chemistry of res piration undergoes a change. 
The quantity of carbonic ac id in the ex pired air is rema rkably 

· lessened during the poisoning, as compared wi th healthy ani 
mals, whils t the quantity of oxygen in i t exceeds that of norm al 
expired air-a result diametrically opposite to the rul e of ord i
nary suffocation, and one not easily explicable by the mere 
admission of a simple disturbance of the mechani sm of 1·espira
tion. Gaehtgens' results led him to suspect tha t animals poi
soned with p russic acid form less carbonic acid than ustu1l, ::-,nd 
take in less oxygl"n than the normal amount, so that, d uring the 
acme of the poisoning, the processes ol oxygenation in the sy s· 
tem a re almost suspended. The physiological experiments of 
Preyer on the disorders of respira tion in poiso11ing by prussic 
acid do not elucida te the question much, since they ham not 
been confirmed by o ther inves tigators. Preyer insists on the 
action of the poison on the peripheral pulmonary hra nchcs of 
the rngus, a nd ascribes the fa tal resul t to the irritation of these 
organs. Ile considers tha t his experiments justify the d ew that 
otherwise cer taiuly fatal doses will not kill a nimal · in whon1 the 
vag us has been d ivided, and indeed tha t such animals no longer 
die suffoca ted , but only from the paralyzing ac tion of the }'Oison 
on the heart. In an analogous way, Preyer holds that a tropine, 
which paralyzes the vagns, preserves an animal from bPing suf
foca ted by prussic acid. The author 11 as la tely repeated P reyer's 
experiments in conjunction with Knie, ' but has not succeeded in 
obtain ing the same results. On the contrary, he finds that sec
tion of the vag ns nerves a nd atropine do not in any way mod
ify the action of prnssic acid. On the other hand, he was able 
to show that, a t the acme of prussic acid poisoning, irrita tion 
of the central vag us fibres had no effect on the breathing, and 
did not s timula te the relaxed diaphragm to any contraction. 
And his resul ts contradict Preyer' s view, that respiration in 
prussic acid poisoning exhibits a spasmodic character as regards 
the inspirations, for, ex cept in the fi rst convulsive seizure, he 
never saw inspiratory tetanns as a resul t of prussic acid poison
ing, but always found, in the pauses between the breathing, 

1 Arcbiv f. exp. P:lth . und Phann. II. 1874. 
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that the diaphragm was in lhe position of expiration, i. e., ::t 
rest. 

Next to the action on respimtion, most attention hus been 
devoted to tlw action of lhe lt0a1·t i11 poisoning by prnssic acid. 
In cold-blooded animals (frogs) thi s poison causes a Yery consid
erable decrease in the number or the apex-beals, ancl sometimes 
even at the commencement a diastolic arrest or stancl-still, which 
subsequently yields lo irregular and weak contnictions. Preyer 
attributes very great importance to the cal'diac vagus in prnssic 
acid poisoning, aml when the closes arc 11ot too large, attributes 
the whole of the symptoms to th" changes in the innc•n •ation of 
the vag us-that is, lo a tcmpornry irritation or paresis or the 
inhibitory yag us. The absolute stoppage of the heart by Yery 
large dOSPS is attributed to a direc t paresis or the autonrntic 
nerve-centres of the hea rt itself (due to defi cient oxygenation of 
the blood). The author' s experiments in lhi s direct ion, however, 
yielded results very different from those or Preyer. Uc could not 
establi sh in the least degree, that the inhibitory yagus is at all 
implicated by the action of prussic acid on the organs of circula
tion. The stoppage or the heart always followed the cessation 
of respiration, and never preceded it, no rnatter whether section 
or the vagi had been performed or not. It was nernr possible in 
cats to observe auy stoppage of the heart by direct irritation of 
the vagus in an car1y stage of the poisoning. Indeed, we were 
led to the conclnsion, that it is by no means easy to kill the 
heart by doses or prussic acid. Por it death by asphyxia were 
hindered by artificial respiration, even when enormous doses of 
the acid were given, the heart beat regularly, though rather 
slowly, until the animals finally recovered from the poisoning. 
The blood-pressure and the pulse-frequency, after being slightly 
increased for a few seconds by pru s~ic acid, became considerably 
lessened: 

Experiments on cold-blooded creatmes (frogs) and other ani
mals, for the most part, agree with one another, aud lead to th<' 
conclusion, that for all classes of animals this is one of the most 
deadly poisons. 'Ve need not here give references to these in 
deta il. It may be propounded as a general rule, that the more 
active the tissue-changes in auy animal are, the more sensitive 
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will i t be to the action of the poison. F or example, birds suc
cumll most quickly and completely , whilst cold- blooded animals, 
like frogs, whose respiratory needs are slight, succumb rather 
slowl y to the action of the poison, which in them seems al most 
limitetl to a gradual annihilation o( the power of volun ta1·y 
movements, whils t fi shes are still more slowly affec ted by prussic 
acid. ' 

It will be seen, h owever, that numerous as are the experi
ments and observations on the poisonous ac tion of pmssic acid , 
and val'i Ptl and many-sided as are the points of vi ew in which 
we may regard them, ye t when we a ttempt to dra w a ny concl u
sions a to the precise manner in which this poison acts, we are 
met by precisely the same kind of d iflicul t ies which p re\'ented 
our coming to a defini te conclusion in the case of poisoning by 
carbonic oxide, sulphuretted hyd rogen, and other poisons. This 
is just tha t in teresting group of poisons which a ppears to us to 
ofTe1· for the firs t time, in the dal'k domain of toxicology, poi nts 
of analogy a nd resemblance between purely physiological and 
physiologico-chemical effects. B tit this only makes it more dan
gel'ou s to draw p remature conclusions, or accept crnde theories. 
Bu t un t il somethi ng morn is known we a re justified, in the pres
ent state of our knowledge, in concluding :-

That prnssic acid has a n extremely prej ud icial action on the 
res piratory functions oI wa rm-blooded anin1als. 

Antl that paresis of the respira tory centres appea rs to be the 
real cause of death in this mode of p oisoning u nder a ll sor ts of 
circumstances. 

The action of prussic acid on the heal' t and circula tory organs 
orig inatPs pa rtly in the respi1·atory di sturbances and par tly in a 
directly pa ralyzing effect of the p oison on the vaso-motol' nerves ; 
in animals free front injury the latter is never a cause of death. 
\ \' e consider tile convul sions of prussic acid po isoning as the 
expl'ession of a transien t b ut energetic irri tation of the central 
appa ratus of the brain a ncl spinal corcl , and do not think they 
can be identified wi th the ordinary convul sions met with in sim
ple suffocation. " ' hat role the above-men tioned changes in the 

• See Preyer (loc. cit. II. p. 45 et seq.) for dctuils ou this point. 
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chemistry or the blood and of the tissues play in the state or 
things brought abo ut by prns;ic acid poisoning is at presenL 
absolu tely dark and obscure, and , until something further is dis· 
covered, the opinion of a direc tly poisonous ac tion of hydrocy· 
anic acid on the functions of the central nervous system seems to 
be the onl y possible explanation. Suicidal attempts and medi
cinal poisonings by misadventure furnish the grea ter number of 
cases of poisoning by prnssic acid; but with these are associated 
al so a few cases of purely accidental poisoning, particularly in 
consequence of the modern technical applications of potassium 
cyanide (in g ilding, silvering, etc.) and the use of vege table 
substances conta ining pruss ic acid as articles of diet. Unfortu
natPly, there is a defi ciency of any very precise determination of 
facts in the reco1·cled literatu re. Tardiet1 and R oussin rnry prop· 
erly remark that it is quite possible that a large number of cases 
of poisoning by prussic acid are never disccH"ered, and tlmt it 
would be ,·cry c1-roneous to a ttemp t to ch -aw any conclusions as 
to the frcq1wney of these cases from the number of those re
cortled. It is therefore almost a matter of astoni shment that 
the number of known suicides by means of venena cyanica is so 
small. \\' ithout, therefore, at taching any undue importance to 
mere numbers, we TecorLl some fig ures taken from a collection or 
the more carefully recorded cases of poisoning by prussic acid 
from the li tera ture of the last twenty years. Of 3li cases 13 were 
medicinal poisonings, 11 were suicidaJ, 6 were economic or acci
dental poisonings in trades, etc., and 5 were desig natecl as mur
ders. Only 2 recovered, whilst 33 ended fatall y ; 30 of these 
were in males, and 5 in females. Of the medicinal poisonings 
some "·ere due to the prescriber' s mistake, ancl some to the fanlt 
of the componncler in mistaking the dose. In the celebra ted case 
at the Bicetre in P a ris, recorded by Orfila,' seven men fell vi ctims 
to the stupid ity o[ an attendant, or male nurse, who gave them 
an overdose of a prussic acid mi x tnre. Accidental poisonings 
som<· times happen in surgeries and chemists' shops ; thns the 
breaking of a fl ask fill ed wi th strong prussic acid prO\·ed fa tal to 
an apothecary's apprentice, who succumbed to the i-apidly diE· 

1 Annal. d'bygiCne publ. 2. sOr . XXX. 1868. 
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fu sing fumes of the poison. Similar cases Ol'c u1· in chem ica l 
laboratories; thus the death or the celebratPd chemist Schede is 
'known to have been cansed in this way. IIow w rr li tt le inju
rious the contact of solutions of potassium cyanide with the 
uninjured skin really is, the duily experience of photographers 
constantly shows. 

Tardieu and Roussin' point ont that the uses of potassium 
cyanide in g ilding and ~il rnring furni sh fresh opportu nities 
for cases of poisoning. Chanet attribu tes these for the most 
part to the vapors of prussic ucid which thus become diJTused 
through the work-rooms. Taylor' also has convinced him self of 
the presence of vapors of prnss ic acid in gilding by the galrnnic 
process. The use of Berlin blue in dye-wol'l<s muy g ive r ise to 
poisoning by prnssic acid. But all the technical cases of poison
ing by prnssic acid a re less productive in the way of poisoning 
than Slticide. 

Amongst the poisons of vegetable origin, bi tter-almond oil 
is the most common. I t is used in the fab rication of liq ueurs 
(;\faraschino) and confectionery, and also, thoug h less often, in 
perfumery. Bi tter almonds, in substance like thP kernels of 
plums and cherries, may give ri se to poisoning . The offirinal 
prepara tions of this group are bitter almond oil and wate1· (U . S. 
Ph. ), and cherry-laurel water (Br. Ph.). Except the oil of bit ter 
almonds, none of these contain any great amount of p russic acid. 
Yet experienc<' shows that they sometimes prove very deadly, 
pal'ticulady to children. 

The determination of the fatal , or even of the poisonous dose, 
is beset with more difficulti es, and is less certain than in the case 
of almost any other poison. "re have to contend not onl y with 
the great variety in the strengths of the offi cinal preparations, 
bu t also wi th the great volatili ty of the poison and other difficul
ties. It has been a ttempted to tletel'mine the fatal dose in vari
ous classes of animals. F or human beings, however, tlwre are 
no very reliable fig ures. According to Husemann,' we may con
sider one grain (0.061 gramme) of anhydrous prussic acid equal 

1 Gazette des ll6pitaux. 1847. ' Loe. cit. Ill . p. 83. 
2 Loc. cit. p. 711 . 
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to two aml one-half grains (0. 152 gramnw) or potassium cyanide, 
as llll' smallest ratal dose for grown-up people-numbers which 
may at kast stand as a sort of general reprt>sentation of the 
rclatirn poisonousness of the different fo rms of prussic acid. 
Tlia.t smallPr qunntit i('S may have causPd <lea.th, or that 1arger 
d OHl'S may SOllH'timc~ hU\"C been tolcrafrtl, ::tpp C::tl'S to U S lo be 
attributable lo itliosyncrasies or indivitlual peculiarities, which 
cannot wt>ll he calculated, and to the difficul tiPS in the way of 
deter111i11i11g acC'urately a general formu1a app1icablc lo all cases. 

As rei:p rtls lite other phenomena of cases o( poisoning by this 
acid , we may say that it is notable for the rapidity with which 
i t kills, and although the accounts given or its almost lightning
like raviclity of act ion must not always be taken quite literally, 
yet after tlw ingestion of a large dose of the poison it commonly 

r equ ires only a very few minutes to terminate Ji(e. The divi
sio;i into stages, adopted by most toxicologists (such as a stage 
of aslhma, one or connil sions, one o( asphyxia, one or coma, 
etc.), appca1·s to us unnecessa ry, and rather likely to leacl to false 
views. The duration of the whole drama is in general so brief 
that, howe1·er allowable in theory, any di vision into stages can
not be practical ly carried out in most cases. But experiments 
on animcils and observations in human beings appear to us to 
show that even in theo1-y any division into stages is untenable. 
The whole of the sy mptoms, from beg inning to end, are the result 
of diso rdered respiratory functions, ancl the shades of difference 
between one rn oment and another are unfortunately so gradual 
and so sligl1tly diverse that they usually glide imperceptibly one 
in to the other witholtt any marked separation between them, and 
the more rapidly the larger the close of the poison ingested. On 
the other hand, it does appear desirable to make a di stinction 
between the very acute cases and the less severe forms or poison
ing, for this is a practical distinction; to the first category belong 
thP cases described as occurring wi th lightning-like rapidity, and 
which terminate fatally in a few minutes without the sufferers 
being abl" to give any account of themselves; whilst those cases 
which terminate more slowly, either in death or recovery, belong 
to the second <'lnss. 

In the first cases scarcely a minute elapses after the firnt tak-
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ing of the poison before the symptoms o[ poisoning c·omnwnce 
with suddt• n loss o[ consciousness-and in some casPs tlw poi
soned person falls to the gl'O uud with a loud cry or shriek. It is 
not at all unusual for a short attack o[ general c·01wulsions to 
supe1Tt•ne at this moment. This is immediately succ<'etkd by a 
condition which is essentially characterized by the pPculiar kind 
of re~p iration. Each breath follows the other just as has been 
described in experiments on animals, tediously aml spasmod i
cally-the inspiration short, the expirntion greatly protracted, 
but immc•diately following the short inspiration; between the 
expiration and the next inspiration succeeds a pause, wllich 
becomes longer e\·ery tinw, in which the patient, as all observers 
agree, lies as if dead; and, in fact, death actually occ u1·s in one 
o[ these pauses, and simply consists in the absence of any fresh 
inspil·ation.' The expi red air in such cases is o[ten said to haYe 
the smell o[ prnssic acid. 

The eyeball s of t hose poisoned are strongly prominent, the 
pupil s, as a rul e, moderately dilated; and, like the other fo1·ms 
o[ asphyxia, prnssic ac id poisoning is for the moot part accom
paniecl with a good deal of salivation, which is probably the rea
son why foam cover:; the 111011th. The jaws are usually some
what firmly pressecl togPther, so that the freely secreted salh·a, 
in the recumbent position or the body, is easily cha ngecl into 
foam by the spasmodic breathing. "~hil st the g<'nernl surface 
or the skin feels cool, a ncl is corered with cold, clammy sweat, 
the vi sibl e mucous membranes generally show a slight cyanot ic 
tingP. The face is here and there recldPncd and swoll en, but 
towards the last it is genera lly pale and collapsecl. In the facial 
muscles, as well as in the extremities, slight muscular spasms 
occur. The senso1'ium is perfectly in abeyance, and l'V<'n reflex 

1 This peculiar respiration is a. furthPr prooC of the incorrcctnci::s of Prfyer's \'iev.· 
that prussic acid poisoning commences with tetanic inspirations. :Many observers of 
cases of poisoning in the human subject expressly call attention to the spasmodic, long· 
drnwn expirations. We must therefore decidedly protest agninst n. correction which 
l'nyer himsc][ hns made in the paper of another author (Joe. cit., II., p. 103, in which 
he accompanies the expressly mentioned " spasmodic rxpiration," wilh the word~ in 
parenthesis, 11 should ha.ve been written inspiration." It would certainly not be difficult 
in this wny to harmonize the observations of others with one's own opinioll8. 
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movements ar0 absent. The pupils do not r0act with light, and 
there is no response to initation of the skin. The muscles are 
rplaxe<l, and no trace of voluntary moveme nt is presPnt. The 
pulse, wl1ich at fil"st is somewhat increased in frequen<'y, heromps 
a t a Jatpr 1wriod weak, rarely interniittent, and at the acme o[ 
the poisoning can gc110rall y no longer be frlt. There are no 
obs01·rntio11s of tempprature in men, yet th(• h0at of the hody 
:cpp<"11·s to be de<' ideclly decreased. Urine and f:-ece;; a1·c some
tirnt's pissed jn"oluntarily at first, and at a. la ter stage they are 
suspended. 

In this form o[ poisoning death occnrn witl1in Jifte<' n minutes 
after Lile S\\'all owing of the poison. 

In less 1·iolent cases there are somptinH•s some snhjec tive 
symptoms or complaints. The poisoned person sonwt im t,s com
plains of tlw bitter, somewhat burning taste of the poison, and of 
a fee ling or constriction in the throat. " 'ith theol', in thl' course 
of one or two minu tes, are associa.led graclnally increas ing vertigo, 
palpitation, confused consciousness, obscnmtion o[ the field of 
vision, pain and pressure in the head, precordial anxiety, and 
extreme weakness of the voluntary musc les. " ' it h these symp
toms, which are usually accompanied with nausea, tile poisone<l 
prrson gP1wrally loses his senses, becomes devoid o[ sensation , 
and is attal'k<'tl witlt se1·ere general convulsions, u sually epilepti
form . Yet Cl'en in Lid s case, the convul sions usually g iv<• place 
to general }lamlysis of muscles, and then we generally get vari
ous moclifiealions of the symp toms of asphyxia which ha\"e been 
described b<'fo1'<', aml these in longer or shorter time (from some 
hours lo two days) end in death, or g radually, ancl without any 
spec ial co 1111 lications or sequelro, terminate in recovery. Dr. 
Taylor justly n•ma rks that in those cases which recover, recovery 
is often prel'etlPd by 1·omiting. Both ructns and flatus may 
sometimes exh ibit the smell of prnssic acid. 

The quest ions, \\'hPther there is such a thing as cl1ronic poi
son ing by prnssie acid? whether thi s poison is cumulative? and 
wlwther th0 system can be at all acc11stomed to it? are questions 
which ca nnot be certainly answered on the basis of our present 
ex}l01·iencc. The slight symptoms which follow the reception of 
small quantities of the poison, particularly in a gaseous form, 
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consist, as a rule, in some headache and stupidity, slight op
})l'ession, threatened rertigo, lassitude, and vomiting. The sus
ceptibility of different persons to the action oI the poison varies 
considerably. 

It is quite certain that the ,·egetable preparations of prussic 
acid, and the chemicals, prussic acid and potassium cyanide, 
pel'fectly resemble each other in their effects. As regards the 
other, vene11a. cyan icni, our toxicological experience is very sl ight. 
Ammonium and zinc cyanides appear to prnduce the same 
eITectR, at least qualitl~tively, as the substances described; 
whilst, as regards mercuric cyan ide, it seems doubtful how 
far its e11'eets are due to mercury, and h ow far to cyanogen. 

The post-mortem appearances in poisoning by prussic acid 
arc, from a pathological point of view, purely negative; only 
the chemical in1·estigation oI the blood and of the visc!'ra may 
sometinws succeec.1 in obtaining traces o[ the poi::;on, and in some 
cases the body has a remarkable odo1· oI prnssic acid all 01·er it. 
Ko alterations of texture can be disco1·ered, eitl1er m:wroscopic 
or microscopic; and neither the color, prope1ties, nor distribu
tion of the blood in tlw body can furnish us with any certain 
signs of denth from prnssic acid or the poisonous cyanides. 

Although Preyer believes that in atropine he has discovered 
a perfect antidote to prnssic acid poisoning, )"<'t newer experi
ments haHl shown us that we cannot recommend it as such. \Ve 
are rather incli1wd, in thPse cases, to rely on the sanw mechanical 
aids as are applieable in other forms of asphyxin; for the other 
so-called nntidotPs, such as ammonin, etc., nre at Jpnst of doubt
ful value. After fulfilment of the cnu•al indication, that is, the 
remornl of or from the poison. so far as practicable, we had 
bettPr proceed at once to artificial respiration, and this should 
be aided by all the means at our command, nntil '""'Jlirntion be 
1·e-established in its integrity. Counter-in·itants to the skin and 
mucous membrnm' · may be applied, as in other ca,rs where lire 
is in danger. The injection of ammonia info a rein has lately 
been recomn1ended warmly as a powerful stimulant in asphyxia, 
and favorable cases hnve been detailed as encomagements to this 
practice. \Ye cannot cord ially recommend this until further 
experiments on animals have been made. But depletory tranifu-
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sion seems likely to be of use, although it is in itseH a measure 
so severe that it seems scarcely right to tq it merely as an experi
ment in cases of real severity. 

SECOND DIVISION. 

Poisoning by other Poisonous Compounds of Carbon. 

CHAPTER I . 

POISO"N"ING BY BF.NZfN (BENZOL, c,n.). 

Benzin is obtained in large quantities by distillation from 
coal tar naphtha, which contains from three to four per cent. o[ 
it. At ordinary temperatures it is a colorless, highly refractire 
liquid, which tloats on water, is very volatile, but does not boil 
below 80°-85° C.=176° to 185° F. 

The observation that benzin is a power[ul insect poison, and 
destroys other low forms of animal life, has led to its being em· 
ployed as a parasiticide in both. men and animals. Indeed, 
Mosler' lias especially recommended it as a powerful remedy for 
intestinal trichinre. 

As the long-continued inhalation of the vapor of benzin 
causes symptoms of stupefaction in human beings, Simpson and 
Snow made experiments to see if it conlcl be used as an anres
thetic, but they came to the conclusion that the narcosis from 
benzin was not only rery difficult to obtain, but was associated 
with unpleasant symptoms-noises in the head, muscular tre
mors, and such like. i\Iosler and otlwrs have establi•hed the 
fact that benzin may be taken internally in pretty large closes 
(two dracl 1m s a day) without any injurious r•ffects. In spite of 

1 Berlin. klin. Wochenschrift. 1864. No, 32, 



tlw g reat usP made of benzin in tl11• a1ts and ma1111faf't11res lhPn' 
has, till quite lately, been only one l'<'Cord<'d c·n"• of poboning by 
benzin-that of P P1Tin '-which re:;ulted from Hwallowinp: a large 
quantity of benzin. The sy mptom; were those of si111pl 1• narco
sis, terminating in c1Pep sleep and fi11al rec°'-"''Y· _\ e!'onli 11g to 
a verba.1 communieat ion of Pro[Pssor F. _\_. Hoff111a.nn 1 tht'l'P was, 
some y<'ars ago, a ease in the Chari te H ospital. at B<>l'lin, of r·on
sidr>rable intere~t, because it com menced with tliP Hympl om:-; or 

corrosive poi::;oning. The l)aiie11t was :::;aicl to han"" lakf:n a large 
quantity (! ) of benzin with suicidal int ent, and clit•cl aftpr Ho rn e 
clays or purulent plern'isy , which originated in a 1wrfornLi o11 of 
the Cl'sophagus. Unfortunately, no further details of llll' case 
could be obtained. li:lir IV. Gull'; case enclecl in recovery.] 

CHAPTER II. 

l'O!SONING BY N ITl<O-BENZTN. 

Nitro-benzin , or nitro-benzol (t',II,~8,), is formed out o[ ben
zin, or benzol, when this is dissolved in roncentratecl nitric acid, 
and the solution decomposed with water. Like anili11-to pro
cure which for commercial purposes it is employed-it is a poi
son, and [rom a toxicological point of view is deserving or even 
mor~ attention than this, because of its extensive use in factories 
and in the arts, which g ives rise to such numerous oppor tunities 
for its injurious action on human being;. At the exhibition of 
1851, in P aris, it was olTered for sale, under the name of "Es
sence qf' Jiirb(ine," as harmless perfumery. It is a bright yel
low, oily sor t of fluid . heavier than water, of 1.209 specific gravity, 
and has a very penetrating odor of bitter almonds. The taste is 
unpleasantly bitter, ancl i t ea.uses a sort of scraping or sore feel
ing in the throat. It cloe" not mix with water, but easil y mixes 
with alcoholic and oily tlnich. To these properties i t owes its 
uses in the adulteration of liquors, pomades, hair-oils, etc. The 
taste is easily recognizable in very small quantities, and is far 

1 L'Unioo med. 1861. No. 6. 
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mon• lasting n.rnl int<·Hi:!itl than thal of bittPr ali11011tl oil \PS~:wntial 
oil of almond<). fo1· whicl1 it has been UHed a-< a surrogate or sub
stil 111t11 aml wa::; orig-inally intendf!d m; sud1. Tl1t-' long pPrsi:st

ene<' of tlh• s111Pll ol' this substance in all h()(li<>s with which it 
COlllPti in ront<u·r may bP explainP<l hy it:; YPI')" ~light volatility 
and ib; high hoili11g point (220 C. =-128 ;) F.). 

LikP anilin, 11itrn-bf!nzin 111ay paHs in lo tltC" rirf'ulation in ani

mab in the form o( rnpOr, ancl proi[U!'P its elfedS. Its absorp
tion by rnnc·outi mPmbranes, and hy tliP ~ ubeutaneous connectivp 
tiss11<>, takt•:-i pl:t<'t' very i:j]cm·ly, ancl atcor<l.i11g lo Ciuttmann 1 not 
more rapidly by the lattt•r than wl1en appl ietl by the mouth. 
110\n'vt>r, tl1t•n-' am no \·ery pret'i:-:e ol>sPl'\•a.tions on the absorp
tion or 11itro-hl'm:in. Bergmann 1 lia:-; dl'lllOllStl'ated the extreme 
slow1wss with whi"h it is absorb<'<l in a liquid form. He found, 
a(t~1· acl1nini,;fration o( tl1rPe drops to a clog, that drops of this 
substance"'""'' pn•spnt in the sto111ad1 three days after, though 
the dog was poi,;onetl by it. Ollivier and Bergeron assert that 
tlwy IHm· founil drnps of this poison in tlw blood, and in tlw 
g1:111dular orµ;au:-; of tlw animals whi<'lt hnn• hl-'fll poisoned by it.' 
But as this has not been confirmed by any other observers we 
must r~ceive it wilh great caution. 'l'lw intPnse- action of the 
vapors of nitm-lwnzin \l'Otdd rather lead ns to conoider that no 
liquid nitro-bPnzin gets into the blood, but that ('l'l'n in the stom
ach the poisonous action occurs from the vapors or fumes of 
tlw poison getting into the blood. Nothing certain is yet known 
as to thP mannet· in which it is el iminatPd. 'l'lw assertion o( Dr. 
Letheby' that nitro-benzin is convertetl into anilin in the blood, 
acts as anilin, anti is excreted in tilt> urine, has not been con
firmed by othPrK, thouµ-h man~' authors have directed especial 
attention to this point. "'e must except, however, Ollivier and 
Bergeron (!or. cit.), who state that tlwy found anilin ancl picric 
acid also in all the viscera. This hypothesis o( conversion into 
anilin must thet·e(orp remain a moot-point for the present. 

ln its action as a poison, however. nitro-benzin behaves ex-

1 Arch. f. Anat. u. Physiologic. 1866. 
'Prager Vierteljahrschrift. 180.). 1V 
3 Bm1on-/,'Cq11ard. Journal de pbysiol. 1863. No. XXIII. 
~Med. Chir. Review. 1863. 
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actlr like anilin, as a nerve-poison, whose sphere o( operations 
is the organs or the central nervous system. Guttmann l1as 
shown that the excitability or the peripheral nerves and of the 
striated muscles is left intact by nitro-benzin. A single drop 
on bibulous paper, placed under a bell-glass and allowed to 
evaporate, will, in three or four hours, produce paralysis and 
death in frogs. The mode of death is always that of simple 
general paralysis without convulsions or action on the heart. 

In mammals, who perish by asphyxia, it is common to ob
serve convuls ions of some of the muscles-as, for example, of the 
massete»s and muscles or the fingers and to<>s- as well as genrml 
tonic and clonic convul sions, just as in human being·. What 
department of the nervous system is thus implicated neither 
experiments nor «linieal observations have yet enabled us accu
rately to determine. It is extremely interesting to note-though 
as yet inexplicable-that, both in poisoning cases in mPn and in 
experiments on animals, the symptoms of poisoning are very 
often delayed, or in abeyance, for a period which varies from 
several hours to a day or more, after the taking of the poison 
[and even longe» in somP of Dr. Letheby's cases.-Tl!ANs.]. 'l'he 
slow absorption or the poison affords the most reasonable expla
nation. 

As n·gards the etiology of nitro-benzin poisoning, the most 
important source has been indicated above. The worlcers in ani
Jin dyes, the manufacturers of these, are of cou rse constantly 
exposecl to danger from the handling of, and constant vicinity 
to, this poison. Severn! accidents have happened by the care
less sucking of syphons, in decanting nitrn-benzin, and by the 
breaking of largP cat'boys, etc., etc. 

The adulteration of articles of diet and hPVerages with the 
poison is a second source of danger which gives rise to cases of 
poisoning. BesidPS its use in liqueurs, es::wnce of mirbane has 
been added to sweetml•ats for the snke of its odor. Streeter' 
gives a case in which a chi ld was poisoned by sago, to which 
nitro-benzin had bet'n added. In another case two male servants 
were poisoned by nibbling at a pomade made with nitro-benzin. 

1Medica1Times. 1854.. 
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Then there is the possibility of the nitro·bPnzin itself lwing mis
taken for a beverage, especially a liqueur, on account of the 
smell. In this way, in the late Franco German wal', according 
to Helbig,' eighteen soldiers were poisoned, who had found in 
a villa a fla sk containing a tluid which they mistook for a 
liqueur, but which the surgeon di scovered to be nitro-benzin. 

It kill ed three of them. 
Up to the preS<'nt elate forty-two <·ases o[ poisoning by nitro

benzin have been placed on record ; five were females and thirty. 
three males ; fonrl<'<'n,or one-third ol all the cases,enclecl fatally. 
Exact details are wanting in four of these. Most of the cases 
(31) were accidental; four took place through handling the poi
son in factories where it was employed; and three were attempts 
at suicide, in one of which nitro-benzin was put into the suicide' s 
hands instead of the essential oil of bitter almonds which he 
intended to u se. The mortality will seem yet more serious if 
we deduct the instance, recorded by H elbig, where several were 
poisoned at the same time, for then eleven out of twenty-one 
cases, or more than half, <' nclecl fatally. 

As regards the quantity o[ the poison taken in the individual 
cases we have very little precise in[orn1ation, and it is thus not 
possible to fix 0 11 a fatal close, notwi thstanding the number of 
cases on record. It is, however, q lli te certain, from a few of the 
cases, that very small quantities of the poison may cause death. 
Lctheby (loo. cit. ) mentions eight or 11ine clrnps as the quantity 
in one case. J\Inel ler (loc. ci t. ) speaks of a teaspoonful, whilst 
Treulich' names a thimbleful. In Balndt's' case about twenty 
drops, in that of Ai\ ' two drachms, caused death. It must espe· 
cially be insisted upon that even in a gaseous form this poison 
may cause death , and always acts very energetically, but in this 
case it is still less easy from the nature of the case to determine 
the fatal dose. 

'l'he symptoms of poisoning by nitro-benzin in human beings 
have a considerable resemblance to those of anilin poisoning, 

1 Deutsche milib. ·iirzU. Zeitung. 1873. II. 

~ Wi ener med. Prcsse. l 870. 
3 Arcbiv f. phys. Heilkunde. 1871. 

'llusem<tmi, im Ja.bresbericht vou Virchow uod Ilirscb. 1871. I. 
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and are, like those, almost exclusively o{ a nervous kind. The 
remarkably long latent pet-iod of the sy mptoms has bee1t often 
insisted on, particularly l>y Letheby and Balndt. Indeed, in thP 
average o[ all cases, the fact was, that in general, though not 
quite universally, the first symptoms o{ poisoning did not de
velop themselves before from half an hour to two hours. But 
although this is not universal, and several cases have ended 
fatally in the course o{ the first eighteen to twenty-four 11 ours 
after the ingestion o{ the poison, yet we cannot deny that the 
latency of the poisonot1s actio n may be a point o{ some practical 
importance in special cases as a means of diagnosis. 

General feelings o{ discomfort, weariness, nausea, and a rap
idly increasi ng peculiar dull benumbing of the head, are gener
ally the first complaints of those poisoned. Several observers, 
even in this stage, have been struck with the dirty, livid colo
ration o{ the skin, particularly in the fare; at a later stag<> 
thi s reaches a high degree of cyanosis. Spontaneous vomiting 
sometimes occurs. With increasing feelings o{ anxiety. want of 
breath, incapacity for clear thinking, and more and more confu
sion o{ the sensori um, the true nn.rcotic symptoms are now more 
or less quickly de\•eloped. These sometimes assume the charac
ter of irritant symptoms, sometimes they are more paralytic. It 
is very frequently mentioned in the accounts given of poisoning 
by nitrn-benzin that there were severe genernl convulsions and 
contractions o[ pa1-ticll lar muscular groups; in some few cases, 
indeed, trismus and tetanus have been noted.' At the height 
of the poisoning conscious1wss is genprally quite lost, as wpll as 
sensation and reflex irritabi li ty. 

The pupils are dilated, but, as a rule, they still act, though 
foebly. Some observers, as B. Kreuser, haYe noted contracted 
pnpils. Bahrdt and Krnnser observed continual rota1'Y spasms 
o( the ocular muscles. The extern al in teguments show charac
terist ic colorations. The face has sometimes been described as 
bluish-gray, sometimes as ashy-colored; the lips as purplish
red, and the fingers as bluish-black. 

1 Compare &llenk (loc. cit.) 1 Jfreusf;1' (Wi.irtbg. Corr.·BL 1867), Ewald. (Berlin klin. 
Wochcnachr. 1875. No. 1). 
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Pulse, rPspirations, and temperature present their usual char
aders in snl'h conditions, and offer no special characteristics. 
Bither a convulsive or a comatose stage precedes death by 
asphyxia. 

As a rule, any loealiz<'d symptoms of irritation are absent, 
P.X('Ppt vomiting, pains in the abdonwn, and a. feeling of irrita
tion, like scraping, in Lhe throat, of whieh Lhose who swallow 
the poison so11H't im<'s complai n. Lt>tlwby and Schenk have 
noti.-Pd that lhe tongue is swolJc 11, and. of a, whitish color. 'rhe 
vomited matters, as well as the breath, always smell stmngly of 
tlw poison, a nd th us render the diagnosis msy to those who can 
di:sti11gni:·d1 tho s1rn'.)ll from that of pnrnsic acid, which is not diffi
cult whpn OJH'f) lParned. 

Ewald statPs that lw lias lately' d iscovered sugar in the urine 
of these cases. 'l'he eases which do not <'nd fatally arc generally 
protracted by COl18idPrable disturbance Of the g<>nera[ health 
::;uC('t>Pding the poisoning. '\Vant of appetitP, muscular weak
ness, headachP, noises h1 the ears, and a ~wnse of oppression 
(EingpnommenhPit) arc the principal inconvPniPnces met with. 
No permanent i1athologiea..1 changes ocenr. 

The results or all tltepost-11wrlcm o.raminations made as yet 
have been so far negative, inasmuch as no changes have ever been 
discovered in the organs of the body which co uld in themselves 
establish the fact of the poisoning. The only reliable fact, there
fore, is the scarcely ever absent smell of the poison, which for a 
long time closely adherPs to the whole body of the poisoned p er
son, and espechLl ly pervades the internal organs. 'l'his durability 
of the smell of nitro-benzin serves as a characteristic, by which 
we may distinguish it from the somewhat sim ilar, but more tran
sient smell of prussic acid. As the residue or a moderate amount 
of irritation during life, we sometimes find catarrhal swelling 
and redness of the digestive tract, and occasionall y, a lso, ecchy
mos0s in the mucous membranes. 

Having r<>gard to the slowness w ith which nitro-benzin is 
abso1·bed, it will always be proper to be,qin the treat1nent of a 
case ef poisoning by nitro-benzin by endeavors to remove any of 

1 Med. ('cnLralbl. 1874, u. Joe. cit. 
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th poison wltfrlt "'"!! rr 111ai1l i11 flu, slo11wcl1. \\'hPther r111f'lics 
or the slum<11·lt-p11111p t>hould b<• used must depend upon the 
particular casP. H this indication be fulfilled, the rest of the 
treatment must depend upon the symptoms. That particular 
attention should b1• paid to pulse and respiration is easily to be 
unde1·stood. If the respiration be much interfered with. the use 
of artificial respiration may be essential. 

The1·e is as yet no known rational antidotal treatment against 
nit1·0-benzin poisoning. 

CHAPTER III. 

POI~ONTNO BY AXJLJ)f A;.l"D ..\NfLIN DYF.S. 

The substance callPd anilin \66H7N), which may be callPd the 
mother-dye of all those beautiful coloring 111atte1·s whieh play 
so important a 11art in modern industry, is an organic- ba:se, which 
unites with acich to J'orm crystalline salts. lt is obtained in 
large quantitiPs from nitrn-benzin, and jn a rlwmiC'ally purP state 
is a colol"ieSR, oily ><Ort of Uuid, of peculiar smell. and of burning, 
bitter taste. Hs r<>action to test-paper is neutral ; air and light 
gradually turn it yellow, and even at ordinary temperaturns it 
gives off copioLlS vapors, which can be 1·ecognized at once by 
thPLI' smell, which is characteristic. No one, nowadays, doubts 
the pobonous nature of anilin, both as regards the frt'e base 
and its salts, sinct>, on the one hand, practical medicine has had 
to do with many indubitable cases of an ii in poisoning; and, on 
thf> other hand, toxicologists have proved its poisonous proper
tie' by numerous experiments on animals. As rP~ards anilin 
dyes, however, tiw case is somewhat differ<.}nt. 'Ve ('::tnnot gene
ralize as to their being poisonous or not, but each must bf> sepa· 
rately dPalt with. lt is not possible here to go into ~reat detail 
on thb point, bnt we may mention that the injuriousness or the 
colors is, as a rule. d1w to admixtures, whieh are sometimes sub
stances used to oxidize the anilin (arsenic acid, for example), 
whilst sometimes it depends upon undecomposed anilin (the 
parent-dye) being present. \,Ye can only consider the latter 
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cause now. It is, to say Lhe least, doubtful iC any of the anilill 
colors are poisonous in and by them"~lves alone. 

The innocuousness 0£ the well-known unilin co lors, known unclcr the namcM 
of fuch~in, azalcin, )lagcnta. re<l, ct:., etc., 1 

lHLS been put beyond question by the in
vestigations of Sonnenkalb 1 and Bergmnnn. 3 The cases o f poisoning which lmvc, 
notwithstanding, been due to the colors aiJO\'C named - as, for example, one 
observed by Bergmann himscli-must be attributed to an admixture of undecom
posed anilin.~ 

The same holds good as regards corallin or preonin, a red color composed of 
rosolic acid, to which Tardicu 5 ascribed very poi :;:;onous properties. Its harmless
ness in a chemically pure condition, l ... andrin 6 and Guyot 1 have demonstrated 
The rosolie acid, which in itself is harmless, is often, as Eulcnbcrg and Vohl and 
Guyot found, u.dultcratc<l or not freed from carbolic acid. 'l'his explains the appa
rent contrat.1.ictiou hetwccn Tardieu's observations, and the local diseases which are 
observed to be caused by the use of articles of clothing colored with cornlliu. 
'fhere arc a good many of these cases, well autht·nticatcd, but we cannot consicltr 
them here at any length. For the most part, they consh.t of eczematous or papulnr 
skin-diseases, in consequence of the wearing of colo red socks, or hosiery dyc<l with 
corallin, or the use of reel flannel shirt1'. In some of the cases, this is due to the 
arsenic contained in the red colors. The poisonous symptoms produced by cc11aiu 
green aniline colors, since they were caused by the presence of arsenic, will also be 
considered in another part of thi:o volume. 

Free anilin may, by means of its volatility, get into the ciscu
lation , not only by wa.y of the stomach, but also through the 
lungs; whether it <'an pa's through the skin also lias not beell 
settled. Lailler' s' two <'ases, in whieh after the external appli
cation of muriate of anilin in psol'iasis, there we1·e symptoms of 
anilin poisoning, ilo not, as we believe, prove that the uninjnrecl 
skin can absorb free analin. AnthorR cliITer from one another as 
to the way in which it is eliminatpcl from the an imal system . 
.Bergmann (Joe. cit.) recovered it from the urine, which Schu<'h-

1 These are salts of a basic substance, called rosanilin, whiC'b is itself colorless, or 
only faintly redclish. This itRelf is not at all poisonous. It is formed by oxidation from 
anilin and toluidin. 

'l Anilin nnd Anilinfarben. Leipzig. 1864.. 
l Prager Vierteljahrschri!t. 186!'i. IV. 
•See Eufenberg and l'Old, Arch. d. Pharmak. 1870. September. 
~ Comptes rend. LXVJH. 1869. 1 Ibid. LXIX. p. 388. 
1 Tbirl. I.XV111. p. 15a6. 8 L'Union mCd 1873. No. 67. 
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hard' (loc. cit.) and Sonnenkalb (Joe. cit.) failed to do; these 
as ·ert that the poison is ('Xcreted by the lung:;. As !'(>gards the 
furth er changes unde1·gone by anilin in the blood, noth ing dt>fi 
nite is known. Be 1·g ma11n allncles to rrurnbull't-; I view, that, 
anilin is oxidized in the body to violet colo1·ing 111atter:;-rou nd1·d 
on the cyanotic colo1·ation of t hl' skin 11ot icl'd in cases o[ poison
ing-without confinning it. Besides it ~ p:1;•11pral anion on the 
blood, anilin in a free s tate has a slig h t loeal action on the parts 
to which it is applied, and this cleady finds i ts expla1mtion in 
the behavior of tl1 e free base when preoent in ,;olntions of albu
nit>n, which are coagulated by this poison. Ir large quantities 
come jnto <·ontaet witli rnuco us me111brnnes, it may prove the 
exciting cause or gastro-intcstina.l symptoms. l3t•rgmann only 
attributes very slight local irrita nt e lfed,; to thi s poison; in ani 
mals who took it sonw t inw he only noti c1'd mtarrh of the gast !'ic 
mucous membram .. , aud he never noLi<:Pd any ah~eP::;:ses after re
peated injections in to thl' subcutaneou s conne"tin• tissne. But 
the changes produced in the mass of the blood in consequence 
of this poison am far morn serious. These Jia ,·e the general 
characte1· or na reoli c poisoning, antl are Jimited to the functions 
of the centi·al ner\•ous sy::; tl .. m. 

The experiment s of Srhuchhard, Bergmann, and Sonnenkalb 
leave no doubt on the point that, both in cold- and warm-blooded 
animals, this poison acts like other narcotics, by altering the 
function s of the brain and spinal corcl. Muscnlar contract ions 
and ge1wral convul sions, anresthesia, and paralysis of motion, 
are the y111pto111s thus caused. The excitab ility or tlw peri
pheral motor ne1Tcs, as well as of the mu~cle::;. rPmai u ~ intact. 
The action o[ thP IH»ll't is only disturbed in a secondary manner, 
that is, in consequence o[ the affection or tJw mu cit'S CO llCem ed 
in respi ration and the defective aeration or the blood. intlnC'ed by 
their parnlysis. Experiments on frogs show that an ilin is not a 
poison to the hpa 1·t. The question, whetlwr anilin exPrts any 
special or speti ti c infhwnce on the nervous centres for breath
ing movements, has not yPt been solYed by an.r experiments 
which ha\' e yet been made. a lthoug h they han• proved tlrn,t, 

1 Vircb. Archi\'. Bd. XX. ~Lancet. 1861 
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anilin c1Path, in warm -bloodNl anirnah;, lutp]l\lll'.i through a:5-

phyxia. 
TllP opinion of $0nlP Fren.-11 <Llllhors. that t lrn symptoms or 

anilin poisoning are causPd hy tlw changPs produced in the 
blood by tlw poison, and not by din'<'L action 011 LiH' nervous cen
tres, has not bef-'n con t-irnu-'d; and th1 .. ob~Prvations on wh ich this 
hypolhPsis was founded, nanwly, lht> want o[ coagulation of the 
blood in auilin poi:5oni11g, ancl petuliar changes in the rPd blood
<·orpusd<-'s, have provPcl to be eno1wous. 

The rnanufacturn of anilin a 11d o( anilin colo1·s affords the 
chief, aml J'ortunatPly the only, l'a1·iliti1'S for eases of poison
ing. 'l'lu· workers in snch factorif>:o; :u·e most t""xposed Lo this 

dangt""I'. Hut tases o[ poisoning abo Ol'Cur, as Bergmann's case 

showR, with the 1wl and violet (mauvP) anil in colors, whicl1 
~ometinws <'Ontain large quantities oC nnd<l<'Olll]JOSPd anilin ;
hut generally only when, tilrough some n11lncky accident, huge 
111utntitiPs o( the poison get into the stomach. The medicinal 
11se of anilin "alts for epilepsy and otlwr clisPase", altho ugh as 
yrt not vPry largP1y Pmployed 1 has, i-:o far a.::; we know, g iven rise 

to no <'asPs o( poisoni11g. But the extemal u:;e o( hydrochlorate 
of anilin in lwO C:lSP:-3 of p::::mria~i::; gave ri::m LO poi:soning, accord
ing to Lailler (Joe. cit.). 

"'" a1·p dccidPdly of opinion that tl1t• aff1•c1 ions <»tnSPd by 
wearing :utielt's dyt'tl with anilin C'Olors 1u•xt the skin are not 

really prop1-rly attributable to anilin poisoning. The number of 
cases of pure aniJin poisoning '" yet ph1cPd 011 record is very 
small. 

No trustworthy figures can bt> given ati r<-'ganls the poit::Jonous 
or fat>tl dose of anili11 in human beings. 

Acute anilin poiso11ing is p1·eceded in hnman !wings by toler
ably characteristic <'XtPrnal symptoms, amt all tllP c·as"' hitherto 
published show a remarkable ngrePnwnt in theil" principal fea
tures. The period at which the symptom:; of poison ing begin 
varies, as it appears, according to the quantity of the poiso11 taken 
and the mode o( its ingestion. \Vhilst in some cases more than 
half an hour elapsed after the breathing in o( the anilin vapors 

1 OUioier aud Bergeron, Brown-SCquard, Jouru. de Physiologie. VI. 
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before any Hymptoms of poisoning occurred, the action of tllP 
poison in one of tile cases described by :\laekenzie was extremely 
sudden. It was the case of a young man who was cleaning out 
an anilin vat, and was affected by the vapors; he was taken out 
of the vat in a half-conscious state.' In the case also of Knagges,' 
in which a workman broke a carboy of a11ilin, the symptoms of 
poisoning set in wJ1il::;t the rnan wa::; wiping H up with cloths. 
How long it takes for the poison to act wlwn swallowed has 
not been detennined with any certainty from the observations 
hitherto made. In Lailler's cases the general symptoms occuned 
in one aml a half and four hours respectively after the applica
tion or the mmiate of anilin to the skin. 

The first symptoms consist in oppression in the head, nausea, 
vertigo, and headache. Lailler often obse1·ved vomiting. Gradu
ally a sense of sulTocation, and dilliculty of breathing, with 
simultaneous somnolPnce, which in Mackenzie's ca:;e went on to 
loss of consciousness, occur-whilst Bergman n's patients rl'tained 
their consciousness all the while. Pains in the extremities, and 
muscular weakness, with fibrillary cramps or convulsions, and 
anresthesi,i or tlw skin, have been noted by almost all observers. 

Amongst the objPctive symptoms, one of the most remal"lrnble 
is the peculiar dark cyanotic coloring o[ the mucous membranes 
of the nose, earn, and nails. The rest of the skin shows a li vid, 
bluish-gray coloration, and a lowcr~d temperature. The pupils 
a1·e not generally 111uch affected. The pulse and respiration are 
quickened at til·8t ; the former at a later period grows slower, and 
is easily compressible. The breathing is Jaboretl and dyspnmal. 
General convulsions have not as yet been noted in human beings. 
All these symptoms generally vanish in the course of one, or at 
the most two days, without leaving behind them any very special 
disorders. Up to the present date, no case has ended fatally. 

In the case of poisoning by anilin dyes, traces of these are 
found in the cavity of the mouth, in vomited matters, in the 
fa)Ces, and in the ul"ine, which in Bergmann's case was colored 

1 Med. Times noel Gaz. 1862. March. p. 239. Fletcher's. case, quoted by Mackenxie 
in the same article, was not, ns fbt.~emann (Toxikologie. Sptb. Jl. 114) wrongly states, 
one of aniliu, but or nitro-benzol poisoning. 

21\Icd Timcfi a.ml Gazette. tSGI. I. 583. 
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brig ht red. Anilin itseH is easily recogni,.ab le by its smell. 
Only Charvet 1 h:i- clP;cribed chronic poisoning by anilin. There 
were gpneral ucr,·ou::; symptoms, vel'tigo, stupidity, muscular 
cramps and muscular weakness in t he extremiti es, hyperresth•·· 
s ia, anrestltesia, and neuralg it· pain:-., whicl1 ocr 1Lrn~d epidemically 
along with gastri c· symptoms, a mongst the working-people of the 
factory at Pienc-Benite; and these symptoms all disappeared 
on removal from the poisonous atmosphere, witlt0L1t any further 
trPatmP11t. 

The wm·kers in n.nilin f<ietori<·s are said frpquently to suf. 
fer from obstinate bronchitis, ancl they thereforp g uard against 
breathing in llw vapors by keeping a damp towt•I in front of the 
mouth. 

As regards the treatment of anilin poison ing, in the absence 
or special clinical experience on the point, and from the fact or 
no trne antidotte being known, we cannot lay down any special 
rult>s. Ou•· ti·eatment must be guided by the same principles 
which regLllate that of other cases of narcotic poisoning. 

CHAPTER IV. 

POISONING BY CARBOLIC ACID (6,I!66; PllENlL!O ACID, HYDRA.TB 

OF' PHENYL). 

Carbolic acid, one of the products of distillation from the 
coal-tar naphtha, so largely obtained in the preparation or gas 
for the purpose of lighting, has duriug the last thirty years 
attained g l'eat importance both as a n article or com1rn·rce, as a 
medicine, and as a poison. The crude carbolic acid (often con
founded with oflicinal creasote) is a brownish-rPd fluid, of the 
consistence of a thin syrup, of a penetrating, cha racteristic odor, 
and of a burning and highly unpleasant taste. But, of late more 
especially, Cl'ystallized carboli c acid is met with which occurs in 
colorl ess shining needles, which in large quantities have a faint 

1 Annll.les d1bygiCne publ. Oct. 1863. 
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Jlillk tinge, and have almost the same kind of strong empyreu
matic unvleasant smt•ll, though verhaps not quite so offensirn 
as the crude acid. Both pi-eparations are officinal. Even coal
tar naphtha itself (the oleum lithantracis of tile vharmacopmias) 
deserves to be mentioned here, inasmuch as its medicinal, hygie
nic, and i•conomic uses may sometimes give rise to ca::;es of poi
soning. 

Carbolic acid as a poison, as a disinfectant, and as a medicine 
and snrgical appliance, has been the subject of several treatises 
and of mur·h study ancl experiment. \Ve must conlinc ourselves 
here to the investigations on its action as a poison. Carbolic 
acid acts locally as well as generally. The local action is vrob
ably due to the strong affinity possessed by this substance for 
the constituents o[ the animal body, which is true, whether 
(in a concentrated condition) it sim}lly abstracts water from the 
tissues, or whether it actually enters into combination with al
buminous bodi<>s. Five per cent. solutions of carbolic acid pre
cipitate albumen, though Bill' states that the two substances 
are not cht>mically combined in this precipitation. \\'here the 
poison comes in contact with the surface of the skin, or of 
mucous membranes, a white scab forms, the thickness of wl1ich 
depends on the concentration of the acid. These effects are very 
similar to those of the weaker acids and other metallic caustics, 
and do not, therefore, neecl prolonged discussion. 

The general effects of carbolic acicl are dependent on its 
absorption into the bloocl. This absorption may occur in all the 
ways in which solutions are capable of being absorbed, and it 
would also seem as if the general action of carbolic acicl may 
follow the breathing of air strongly imp1·egnated with its fumes. 

Opinions cliff<>r as to the removal and elimination or the sub
stance from the ftuids or the tissues (Siirtcmasse). There is no 
doubt that many observers have detected carbolic acid ii1 the 
urine of animals and men poiRoned by it. Hoppe-Seyler' also 
found it in tlw blood ancl internal organs or poisoned dogs. 
Lemaire's' statement, that carbolic acid occurs in the expired 

1 Sec Vircbow and Hirsch, ,fohresbericht. 1872. J. p. 371. 
? POuegcr's Archiv. V. 1872. 3 De l'acide pbenique, etc. Paris. 1865. 
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air (of such cases}, has not been confirmed by later researches, 
nor could Bill (loc. cit.) demonstrate it in the pen;pil'ation ol' in 
the fa'tPs. From all this we may CPrtainly conclude that l1 part 
or the poison introducetl passes out again without su[el'ing 
decomposition. Other observations render it also tolerably cer
tain that some decomposition of this substance oceurs in the 
blood, although we must consider IIofimann's 1 view, that it 
undergoes complete combustion in the blood, as not established. 

The dark-green, and often almost black eolol' of the urine 
after standing oome time, which oftPn oecurs when this poison is 
absorbed from the surface of a wound, is strikingly characteristic. 
It is seldom SPen when the poison is taken internally. This 
symptom clearly depends on Llie presence in the urine of some 
product or decomposition of carbolic acid, the chemical nature 
of which has not been discovered. E. Salkowsky,' in comment
ing on this striking fact, inclines to the opinion that the decom
position occurs before the abso1·ption of the carbolic acid, as it so 
rarely occurs from the intemal use of this substance. This author 
believes mosL of the carbolic acid, appliPd either internally or 
externally, must be decomposed, because the quantities which 
can be demonstrated in the urine are always extremely smal l. 
The antiseptic qualities of carbolic acid only interest the toxicol
ogist inasmuch as they demonstrate the poisonous character of 
carbolic acid as regards lowly Ol'ganisms of both animal and 
vegetabh~ origin. 

IIuscmann and Ummethun,' ant! E. Salkowsky, have care
fully investigatPd the genel'al ~ymptoms of poisoning which 
follow the absorption of thi s poison in both men and animals
the two former experimentally, the latter by the observation of 
a numbPr of poisoning cases in the human subject. It must be 
premised that there is l1 very considerable discrepancy between 
the action of this poison on animals and in human beings. In 
the former there occur unmistakable symptoms of irritation of 
the medulla ohlongata and of the spinal cord, which have as yet 
never he<'n wit1wssr-d in hum an beings. 

1 lleitriige zur KPnntniss der pbysiologischen Wirkungen der Carbolsiiure und des 
C1tmpbers. Innug. -DU!!lcrt. Dorpnt. 1866. 

' Pflueger's Archiv. V. 1872. 3 Deutsche Kliuik. 1870, 1871. 



CA ltBOLIC A(.)[0. 

ThPSP initant phPnon11·na partly concern tlw respiratory ren 
tres, and partly those for rellex action in the spinal <'Ort!. lu 
frogs, E. t:ialkow>ky observed, somP time after thp poboning, 
consecutive to a. stage of more or less paresis, clonie ro 1w1ll:;ions 
in the extrem ities, oecuni11g andgrarlually incn-•asing in se\·erity, 
like those in strychnine poisoning, lasting for hours at a time. 
Ile also veri fi ed analogous affections in rabbit:;, in which what 
at first were only general muscular tremol's, became general con
vul sions. Salkowsky l'efers the origin of these spasms Lo the 
spinal cord-their occunence in various animals is confirmed by 
Husemann a nd Ummethun . These convulsions still lrappened 
when the brain ancl t lie pl'olongations of the spinal cord (rneduJ!a, 
etc.) were severed (by section) from the spina l cord itself, and 
also when tlw al'te l'ies convey ing blood to the limbs were liga
tured. It cou ld not, therefore, be said that the convulsions were 
due to asphyxia. 

'rim dison1P1·s of respil'ation consist in a very considerable 
increase of the frequency of bl'eathing, and in its becoming ,·ery 
superfic ial. Fatal closes bring on dyspncra at the last, and 
manifestly lead to tleath b.r paralysis of respiration. The first 
acceleration of respi1·ation is not entirely prevented by section of 
the vagns, altl1ough thio operation is of unmistakablP efficacy. 
On the otlwr hand, (•a1·bolic arid is able to inrrease thP number 
of respiratio11 H in an animal whose vagi han.::i hrt~n previously 
divided. 8alkowsky there fol'e believes that this poi,on not on ly 
affects tlw rnspiratory nerve-centres, but also excilt'S the pulmo
nary terminations of the vagns. The organs of eircnlation are 
less affrct1•d ln· carbolic acid. The frequency of the beats in the 
frog's heart gi:adually diminishes to about half, whilst the con
vulsions go on inerpasing. \Ve shall return to thP symptoms in 
human beings by and by. 

'rhe gastro- intestinal symptoms produced by the local action 
of tue poison in the stomach and bowels do not npeu any minute 
description. 

Jn the intensity of its action, carbolic acid hl'longs to the 
strong poisons, though not to the very strongest of al l. On an 
average several dPcigrn mrn es (a derigramme=l~ grni n nearly) 
are requin·cl to kill even very small animals, so that thi s poiso11 
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is considerably inferior in strength to the more violent alkaloids, 
to prussic acid, to sulphureLted hydrogen, and to the eol'l'osive 
mineral poisons. 

As regards the susceptibility of various classes of animals, and the poisonom: 
and fatal doses iu e~1ch lhss, we must refer to the often-quoted monographs of 
Lemaire, Husemanu, Ummet.huu, Salkowsky, aud others. 

The very varied uses of carbolic acid, both in medicine and 
surgery, and its economic and hygienic uses of late years, have 
given rise to a large number of poisoning cases in human beings. 
The cases hitherto observed, therefore, belong parL!y to the domain 
of economic or technical poisonings, partly to so-called medici
nal ones, and in some few cases it has been taken with suicidal 
intent. Most of the medicinal cases have ariS('n from the use of 
carbolic acid as an external application, either for skin-diseases 
(as, for example, scabies, etc.)-in which it was rubbed into the 
uninjurnd skin (cases by Koehler and Machin)-or by its appli
rntion when insufliciently diluted to open wounds, suppmating 
su l'faces, an(l abscesses. Sand well also states that water-closets 
in which it !ms been used for disinfection, when they have been 
imperfectly cleansed, have given rise to sy mptoms o( poisoning 
- ehiefiy consisting of pains in the gluteal region. Very severe 
sy mptoms wNe caused in two cases (those of Pinkham and 
Micha,•lis), through clysters of carbolic acid used against intes
tinal worms- and these confirm the statements of IIusemann and 
Ummethun, that in their experiments on animals the poisonous 
action occurred vei·y rapidly when the poison was applied to 
the rectum. Engl>Lnd has furnished by far the largest number 
o( cases : 2G out of 33 such cases recorded were in England, and 
only 7 in Germany, France, and Switzerland; 21 were in males, 
10 in females ; 26 ended fatally, and 7 recovered; 2 only were 
cases of su icide; 11 of medicinal application; in 20 an accident 
was the cause. The poison was taken internally in 22 cases, 
whilst in 9 the symptoms followed its extPrnal application. Chil
dren <'xh ibited a g 1·eat degree of sensitiveness to the poison ; but 
in this, too, individual peculiarities played a part. The poison 
naturally acts with more rapidity and energy on an empty stom
ach t.lmn on a full one. 
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As regards the fatal dose, we cannot fix any definite limits. 
In applications to the skin, very severe symptoms have occasion
ally resulted from relatively very small quantities of the poison. 
As regards internal use, Husemann considers eight grains as a 
dangerous dose. In most of the cases of poisoning it is not 
easy to fix the quantity of the poison very definitely. The doses 
determined as poisonous in animals are, it is easy to understand, 
not applicable to the case of human beings. 

From the cases of poisoning by carbolic acid which have been 
recorded, we select the following as being those in which the 
fatal dose and other circumstances are pretty accurately re
corded: 

Jeffreys & llainworth 
Ogston. 

Zimm. 

Wiltshire. 
Harley. 
Sutton. 

Pinkham. 

Way, J. 
Brabant. 
Husscl. 
George. 

Subject of Poisoning. 

:Man aged 56. 
.. " 47. 

A.soldier. 

3i. 
3 i.-ii. 

30-40 grm.= 
4G5to620grs. 

Typhus patient (ret. 1!>). 3ss. 
~Ian ugcd 47. 3i. 

" " 43. 3 i. 
Child agccl t;. 2 te;~{~~on-

Woman aged 35. 3 viii. 
.. 44. 31. 

Girl aged 10. Sss. 
? F 

Deathaftcr50minutcs. 
" 13 hours. 

60 " 

2 days. 
5t houn1. 
It " 

12 

Died suddenly. 
Dcathaftcr50minutes. 

.. 8;1 " 
30 " 

An ounce of concentrated carbolic acid may, therefore, under 
all circumstances, be regarded as a very dangerous, if not abso
lutely fatal dose, although we cannot dare to say that even, 
smaller quantities (e. g., one tablespoonful or half an ounce) 
may not produce fatal symptoms. The results of this inquiry 
are approximatively accuratP, and enable us rather to say what 
will, than what will not, be likely to prove fatal. 

The symptoms of poisoning by carbolic ncid in human beings 
offer the following characteristic features. In acute poisoning, 
with large quantities of the poison, loss of consciousness and of 
voluntary movements sets in, as a rule, in a very few minutes. 
Those poisoned sink into a comatose condition, in which gene
rally sensibility and reflex movements are completely abolished. 

VOL. XV!l.-31 
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The breath ing is described as ~ tertorous by most observers, or, if 
consciousness is not entirely lost, as very labo rious and dysp
nmaL \Veil marked general conn1l sions, up to the da te of 
this, have never been develqped in human beings, but are 
scarcely ever absent in ex periments on animals. Death succeeds 
and terminates this comatose condition without any other very 
striking sy mp toms. \Ve find a h igh degree of contraction of 
tl1 e pu pil s, which are insensible to ligh t, noti ced as an almost 
constant symptom. The skin is cool, covered wi th sweat, and 
ex hibits a liviu color. Urine and freces are obstina tely sup
pressed. 

Vomi ting is one of the most constant symptoms, ancl occurs 
principally, i t seems, at the beginning o[ the poisoning. In the 
earlier stagPs o[ the poisoning, the pulse is generally strikingly 
slow ; Jate1· on it is generally much quickened. The repeated 
filling of the mouth with foam, observed in J effreys' and Hain
worth"s cases, may be ascribed to sali\"ation, which has been 
observed in most cases of poisons which kill by asphyxia. 

\Ve have already noted the condition o[ the urine sometimes 
met with-and although this dark coloration is due, as a rule, to 
the ex tt•rnal application, yet it does undoubtedl y occur in cases 
of poisoning by the internal use of ca rbolic acid a lso, as is indu
bitably proved by the cases of Ogs ton, Zimm, \Viltshire, and Fer
rier. It migh t therefore be well , in all doubtful cases of carbolic 
acid poisoning, accompanied wi th retention of urine, to use the 
ratheter as a means of diagnosis. Albuminnria has occasionally 
been noted, bu t is not a constan t symptom of poisoning by car
bolic acicl. Jn a few cases it has been accompanied with pains in 
the reg ion of the kidneys. The local ac tion of the poison is 
often very manifest, when it is swallowed ; for, immediately 
after the poisoning, it is common for violent pains to occur in the 
course of the msophagns, below the sternum, and in the region 
o[ the stomach. The vomiting al so which occurs in an early 
stage may be a ttri buted to the local irritation, though it is right 
to mention that it also occurs in cases of poisoning by the ex ter
nal applieati on of comparatively small quantities of the poison. 
The nervous symptoms which succeed render any special exten 
sion of these_ pains in the stomach and ltbdomen impossible. 
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The whitish coloration of the mucous membrane of the mouth 
and throat, and the scabs or crusts due to the caustic action iu 
the neighborhood of the mOL1th, or on other parts of the skin, 
may serve as aids to diagnosis. In less severe cases o( poison
ing by carbolic acid, those aO'ected com plain of headaC'he, ,·er
tigo, nausea, want of appetite, and other similar, but little 
characteristic phenomena. Zimm' s case shows in a very striking 
manner that in this sort of poisoning, particularly in a state of 
coma, and of total reflex paresis, it is very easy for part of the 
poison to get into the air-passages; no doubt in thi s case the 
frequent vomiting led to this unpleasant complication. The 
autopsy in thi s case revealed double pneumonia. 

The peculiar urine and the firm adhesion of the peculiar and 
not easily mistaken smell of carbolic acid to the clothes and 
person of the poisonecl must be rega rded as diagnostic points 
of considerable importance in cases which might be otherwise 
doubt(L1l. 

Carbolic acid poisoning, particularly when large quantities 
are taken, u suall y runs a very rapid course. and is very rarely 
protracted. All the hitherto noticed fatal cases haYe proved so 
in the conrse of the first twel"e honrs-some, indeed, after only 
a few minutes. Even when recovery occurs thi s is usually sud
den, and without leaving behind it any remarkable clisorders or 
noteworthy complications. 

As regards the results of ana tomico·pa tho logical (post-mortem) 
investigation, we must again lay special stress on the smell of 
carbolic acid, which pervades and adheres to the contents of the 
digestive canal, the glandular organs and tlwir secretions (urine), 
and in cases of poisoning by a large dose is hardly ever absent. 
The remaining changes offer nothing very remarkable. \Ye ca n 
scarcely lay mnch stress on that quality of the blood on which 
Hnsemann so insists, viz., that it is very thin and dark.colored, 
and coagulates badly-at least as regards human beings. Apart 
from the very precal'ious and doubtful nature o( the symptom 
itself, it does not appear that, in cases of poisoning by carbolic 
acid in human beings, the quality of the blood has been at all 
uniform. Incl Ped, in several of the recorded accounts of post
mortems, we find express mention of extensive clots in the heart 
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and large vessels (Ogston, Zimm). The appearances on the 
mucous membranes of the digestive organs are of far more im
portance-the whitish color, the hardness of the epithelial coat
ing, and the loss of substance-but tbey are such as occur also in 
cases of poisoning by other dilute acids. A black color of the 
kidney, after long exposure to the air, has only been noted in 
one case (Barlow's) in the human subject, and has been found in 
animals by Httsemann, although not constantly. 

As regards the treatment of carbolic acid poisoning, we have 
very little clinical experience of a useful kind to guide us. 'l'he 
stomach-pump was used with considernble success in one case 
by l\Iosler; and there can be no doubt that it may be useful in 
other cases for the removal of large quantities of the poison from 
the stomach, if its use is not counte1·indicated by a suspicion of 
strong corrosion or erosion of the stomach. Ilusemann and Um
methun have instituted numerous experiments in order to dis
cover antidotes, and after prodng that a number of substances 
(glycerine, oils, alkalies, etc.) are useless, saccharated lime (cal
caria saccharata) proved to be the substance which most nearly 
corresponded to the requirements of a chemical antidote for 
carbolic acid. The compound of lime and carbolic acid is easily 
soluble and not poisonous. The use of lime-water itself is not 
practicablP, on account of the great quantity required in order 
to neutralize the carbolic acid in any gil•en case of poisoning. 
Of course the antidote is only applicable in cases of poisoning 
by the internal use of carbolic acid. The saccharated lime may 
easily be given in watery solution, or, if needs be, by an msopha
geal tube. 'Vhenever possible, this procedure should always 
precede the application of the stomach-pump. 

The nervous symptoms in carbolic acid poisoning may also 
necessitate a symptomatic treatment; thus, in extreme coma, 
cutaneous initants, artificial respiration, electricity, and all the 
other aids and appliances recommend~d in other cases of narcosis. 
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CHAPTER V. 

POISONING BY NITRO-GLYCERINE. 

The substance known as blasting-oil (Sprengiil), nitro-glycer
ine or glonofa (C,H,0,(NO,),), is an oily, very slightly volatile, 
but extremely explosive liquid, which is shown by numerous 
experiments, agreeing with one another, to be a poison, both to 
various classes of animals and also to human beings. But, so 
far as we know from the experimental and other cases of poison
ing which have occuned, its action as a poison is far more in
tense in animals than in the human subject. 

As cases of poisoning by nitro-glycerine are excessively rare, 
we shall not discuss the very copious materials collected with so 
much care by Rusemann,' but the following observations may 
serve as a practical guicle: 

Nitro-glycerine is very slightly soluble in "·ater (only 0.25 per 
cent., according to Nystroem). Its poisonous effects succeed its 
introduction into the mouth, as well as its application to the 
souncl skin. As regards its elimination ancl its behavior in the 
system, nothing very precise is known. It has been suppo ed 
that nitro-glycerine leads to the formation of nitrogen monoxicle 
(Stickoxydul) in the blood (Onsum '), or even prussic acid (Nys
troem '),and that its poisonous action is due to some such decom
position. 

The effects of nitro-glycerine on frogs consist in tetanic con
vulsions, followed by general paralysis. E,·en mammals get 
convulsions, besides dyspnCI'a, quickened pulse, mydria is, and 
general paralysis. In frogs no convnlsions occur if the cerebrum 
be removed previotts to the poisoning. 

In hunmn beings it appears that very small doses of nitro
glycerine cause severe and long-persistent headaches, associated 
with an unpleasant knocking or hammering in the temporal 
regions, considerably increased by any movements of the head. 

1 Schmidt's Jabrbi.i.cher. 1 66. ~ Quoted by Duseman11 1 loc. cit. 
3 Reference as bef".lre. 
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Heaviness in the head, clouds before the eye , vertigo, quicken
ing of the pulse, and palpitation, and a feeling of heat in the 
face lrn,ve been noted as special symptoms o( poisoning. Larger 
doses are said to cause dyspnc:ea, oppression in the chest, lassi
tude, muscular weakness, and stiffness in the muscles of the 
jaw. Onsum 1 lost consciousness after a dose of ten drops of 
nitro-glycerine; on awaking out of this unconsciousness there 
occurred severe headache, and general muscular tremors. There 
were no trne convulsions. Nitro-glycerine also has a local 
action. \Vhen swallowed it causes burning in the throat, pains 
in the epigastrium, hiccough, nausea, vomiting, and sometimes 
colicky pains, with diarrhc:ea. 

The great majority of cases of poisoning by nitro·glycerine 
terminated favorably, although considerable alarm was felt at 
first on account of symptoms such as general paralysis being 
present. Yet it is usual for severe heailache to be left for several 
days. In one of Hnsemann's' cases the geueral paralysis lasted 
till the evening of the next day. According to Nystroem, three 
fatal cases of poisoning by nitro·glycerine have occurred in S1,-e
den. Death without convulsions succeeded severe dyspnc:ea, with 
cyanosis in the condition of coma. Ilyperromia of the cranial 
contents was found at the autopsy. The clinical materials being 
so scanty, it is not easy to lay down rules for the treatment of 
poisoning by nitroglycerine. Morphia is without any action as 
1·egards the relief of the headache caused by this poison. There 
is as yet no known antidote. Accordingly the treatment, at 
present, must be purely expectant or symptomatic. 

1 Loe. cit. 
~Deutsche Kliuik. 18G7. 18, 19. 



THIRD PART. 

Poisoning by '.l'aintcd Articles of Diet. 

CHAPTER I. 

SA USAGE-POISONING. BOTULIS:UUS. ALLA NTIAS!S. 

Amongst the maladies which owe theil' Ol'igin to the use of 
al'ticles oI nourishment from the animal kingdom which al'e 
undergoing decomposition, there are some which are designatrd 
as cases oI poisoning, and studied by toxicologists on account 
of their pecu lial' and sharply defined symptoms, which al'e in 
part those of narcosis, and on account of theil' singu lal' and 
generally fatal coul'se itnd termination. Yet it is no more pos
sible now than it was eighty years ago to disco1·er any specific 
poison in StlCh cases, or to accurately determine the chemical 
nature of the poison supposed to be present. All the numel'ous 
hypotheses and suspicions, both of former times and of more 
recent date, as to the nature of this poison, liave, one after 
another, been proved enoneous. 

It must be clearly understood that the existence of any pre· 
fol'med poison in the foods which cause the illness is itself, as 
yet, only an hypothesis; fol', on the one hand, we cannot quite 
dismiss the hypothesis that lower organisms of a fungoid natnl'e 
may be implicated in the causation of the malady; whilst, on 
the other hand, there is a stl'ong suspicion that the injurious sub
stance which arts as a poison ma.y be developed for tho first time 
within the human body out of the tainted meat. And, unfortn· 
nately, the clal'ktH'SS which thus invests the whole subject ca nnot 
be cle:uec1 up by experiments on animals, for the dool' of research 
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in this direction seems barred by the fact that the substances 
concerned only appear to cause morbid symptoms in human 
beings, and can be partaken of by the animals generally used in 
toxicological researches (uogs, cats, etc.) without their suffering 
any inconveniences. The study of the true nature of sausage· 
poisoning, "and of the opinion s which have been formed upon it, 
is so faro[ in terest as exh ibiting the present standpoint of our 
chemical knowledge and of pathological opinion. The subject 
is exhaustively and elabora tely di scussed in "Huseman n' s Toxi
kologie," and al so by ~fuell er, in a recent resume of all that 
relates to sa usage-poisoning and the like, 1 to which we refer for 
detail s. Only the lead ing features ca n be indica ted here. 

As chemical analysis has, in a large number of the cases, 
mos t positively settl ed the fact that no metallic poisons, such as 
arsenic, copper, or the like, were present, these conlcl not be the 
real cause of the sausage·poisoning. \Ve are therefore driven to 
look for the trne cause of the poisoning in the organic substances 
of which they were composed. As these comprise a great variety 
of different kinds of meat and fats, sometimes smoked or cured, 
and sometimes not so treated-blood, liver, bacon, pork, etc., etc. 
-and as all and each of tl1ese have produced symptoms which 
are practically identical, and only differ in the intensity of the 
symptoms, the opinion that processes o[ decomposition, or the 
products of decay, are the true ca use of the symptoms, has 
become accepted as Yery probable. But since the ordinary pro
ducts of animal decay do not pron.nee the same specific action 
in human beings, there ha s been started a fresh hypothesis of a 
"modified or peculiar putridity" to account for the action of 
the sausage-poison; an hypotheEis which may serve at least a 
temporary purpose. 

The li terature of sausage- poisoning docs not date any further back than the fir!'t 
ten years of the present century; and gcncrn.1 attention was first attracted to it by 
the exhaustive works of Just inus Kerner~ on the remarkable disease caused hy this 
poison. We owe to l1im a good accou nt of the earlier cases. Kerner believed that 
all the symptoms were due to a" fatty acid," which he considered the active poison 

1 DeutscbeKlinik. 186!J, 18'i0. 
~ Neuc llcobacbtungcn, etc. TUbingen, 1820; und Das Fcttgift. Tilbingen, 1822. 
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in the sausages, nnd he made a number of experiments on dogs and other animals, 
in which it would appear that the fatty acid artificia1Jy prepared by him exci ted 
symptoms similar to those caused by the poisonous sausage. Ln fortunatcly, how
ever, the reading of this lecture makes one suspect that Kerner frequently intro
duced his poison :nto the larynx, and thus produced the aphonia which be con
sidered a pathognonwnic symptom of the sausage-poisoning . But authors long 
entertained the opinion, found ed 0 11 the acid react ion of the poisonous foods, tlrn t 
they <'ontaincd n. poisonous acid, combined with some volatile substance. This 
opinion was first shown to be inco rrect by Sc11lossbergcr,1 who suspected rather that 
organ ic bases were present in the sausage-poison. Hoppe-Seyler, however, the last 
chemist who has analyzed n poisonous sausage, failed in demonstrating any organic 
bases in it, ancl according ly, nt the present moment, the results of all chemical 
investigations into the sausage-poison arc purely negative. 

And as nothing positive can be said as to the nature of tho 
poison, except that it is very probably the result of slow pu tre
facti on of animal substances, so also the true nat nro of the poi
sonous process, the pathology of it, is also highly obscure, dif
fers widely from all other kinds of poisoning, and cannot well be 
comparecl with any or them. 

It appears to ns to be characterized by the tediot1s course of 
the poisoning, extending over many clays, and sometimes weeks ; 
and that these point to processes go ing on in the bloocl, which do 
not occur in other kinds of poisoning, in which we simply have 
to do with the absorption and elimination of a foreign body from 
the system. A lthough symptoms of dirnn1ers of the digestive 
tract are scarcely ever absent, yet the whole disease does not at 
all resemble a simple a ttack of gastro-enteriti s. And tl10 results 
of post·mortPm investigation in cases of sausage-poisoning forbid 
onr enterta ining the opinion that the injurious agent has a local 
action analogous to that of other irritant and corrosive sub
s tances. So al so in the domain of the nervous system, the symp
toms are just as little comparable with those of pure narcotic 
poisons, if we take them in their totality, and not separa tely , 
and especially if we regard the long persistence which they 
exhibit in so s triking a manner. There are some or the symp
toms which make us suspect that a lasting change in the nu tri
tion of the nerve-centres occurs, just as in diabetes mellitus, for 
example. Ancl just in the same way the disorders or the gene-

• Archiv lilr phys. Heilkunde. 18J3. 
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!'al health, the persistent anomalies of nntl'ition which have been 
observed in the stage of convale:;cence, indicate an influence on 
the par t or the poison on the general p rocesses of nutri tion in 
the body. A comparison of the sym ptoms as a whole in this 
way leads to a fa t· more uon ect judgment, tlmn iI we take only 
one or two of tlie symptoms, which may easily lead to a com
pa rison with cond itions which are absolu tely dissimilar. F or 
exa 111 ple, the observation of the mydriasis and of the spinal 
sy111 p to ms has led to a parallel being clmwn between belladonna. 
and sau8age·poisoning, uot to mention o Lher compari sons which 
a re fat· more ad venturnu:;. An accurate s tudy of the recorded 
cases and symptoma tology of the sausage-poisoning will not 
allow us to draw any other than these somewhat negative con· 
clusions. The notion entertaiued by so many authors that the 
sympathetic nervous system is specially implicated rests on no 
more solid basis of facts than many other hypotheses about this 
cond ition. A t least we fail to cliscor er a ny sy mptom fa irly 
attributable to the sympa thetic. The im plication of the sympa
thetic system of nerves is a relic of the time when all inexplica· 
bk pa.tho logical phenomena were set clown to the sympathetic 
nerve, which was thus a sort of convenient scapPgoa t, because 
the functions of this nerve were not a t a.II known a t the time. 
\Ve must hewn.re lest we omselves fall into a similn.r mistake 
by making abstractions from the known symptomatology of this 
disease. 

Ilusemann ancl :Mueller rightly insist thn.t sausage-poisoning 
has been fr~quently confo unded with more or Jess widely differ
ent cond itions which were due to other noxious things contn.inecl 
in articles or animal food . The most important of these is trichi· 
nosis, which appears several tim es to have g iven ri se to a mis
tn.ken d iagnosis or botulism us. N or should the illness a.rising 
from the men.to r decomposing or diseased animals be identified 
wi th sausage-poisoning. It may, however, be combined wi th 
this ancl consiclernbly modify its ty pical and usual symptoms. 
The condi tions generated by pu trefyi ng substn.nces are more akin 
to typhoid fevers-a.re perhaps actually n, kincl or typhus. In 
the rpmarks which follow we shall consider typical sausage-poi· 
soning only. 
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The etiology, actual occurrence, and the extension of this form 
of poisoning by sausages ai·e as peculiar as its pathology. An 
overwhelming proportion of the cases of poisoning have occurred 
in the kingdom of \Vur temberg and the adjacent Swabian parts of 
Baden. The \\' w·temberg Black Forest and the neighborhood 
of the so-called \Velzhei merwald are, according to Kerner antl 
Paulus, the clistricts most commonly affected. Only a few cases 
occurred in the adjacent district of Bavaria. In all the rest of 
Europe, in spi te of the general a ttention excited by the writings 
of Kerner, Schlosser, and other wri ters, only solitary cases of 
this poisoning a1·e known. The following statistical account is 
taken from Kerner, Hnsemann, and the careful compilation of 
l\Iueller. In Kem e1's Jirst publication there were 76 cases (of 
which 37 were fatal ), and some of these dated back to the year 
1780. In his second publication (dated 1822), he adduced 155 cases 
(with 84 fa tal ones). In 1827 there were 234 known (with 110 
fatal), and in 1853, about 400 (with 150 fatal ones) had been pub
lishecl. Of late the frequency of cases of sausage-poisoning, even 
in \Vtir temberg, seems to have considerably decreased. \Vhil st 
in the years 1832-1862, according to Faber,' 82 cases occurred in 
that country only, of which 19 ended in dea th, we could discover 
in the li terature of 1866--1874 only rn morn, of which 12 belonged 
to \Yfu'temberg, 3 to Saxony (Dresden), and only one ended 
fatally. It does not seem likely that either less attention would 
be given to those cases, or that they wonlcl be less likely to be 
published of late years. Of the cases of sausage-poisoning occur
ring elsewhere than in \Vurtemberg, the most recent is tha t of 
Niedner (Dresden).' In \Vestphalia (Kreis Soest, Olpe) from 1820 
to 1830 there were 18 cases; in 1853, 1 case. In Lippe-Detmold, 
14 cases in 1835 ; 1 in England in 1860 ; and 2 cases altogp tJ1er 
in France.' In the larger towns, botulisrnus occurs extremely 
seldom ; nearly all the cases have been in coun try people, and in 
the earlier mon ths of the year. 

It is not surpri sing that much care has been given to dili 
gently seek the reason for this peculiar predisposition of the 

' Wilrtemb. Corr. Bl. 1854. 2 Berliner klin. " ·ochenscbrift. l BGG. 
3 Scc il!_uetler, loc. cit. 
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Swabian districts to sausage-poisoning ; and no other explanation 
can be found than faulty methods of preparing the sausages. 
All other explanations have broken down, and need not be 
refnted here. l\Iueller mentions the following points in which 
the Swabian method of preparing sausages is favorable to the 
origination of the poison : 

1. The meat used for the sausages is often insufficiently 
cooked. 

2. A number of substances not suitable for sausages are 
employed in their manufacture, such as milk, flour, meal, brains, 
onions, and herbs like bennet-root (Nelkenwiirzel, Geum urba
num), too large pieces of fat, etc. 

3. 'fhe proportion of liquids to solids in the sausages is a 
wrong one. 

'l'he peculiar method of smoking or curing the sausages prac
tised in Swabia also has disadvantages of its own. The smoking 
places are generally very badly ventilated, ancl instead of the 
sausages being hung high up in the chimney, where the smoke 
is thin and cool, as in other places, they are hung immediately 
o,·er the fire, in the hot smoke. Moreover, in Swabia, they do 
not, as elsewhere, keep up a gentle or small fire all night, so 
that in winter it is quite possible for the sausages to freeze at 
night and be thawed again in the daytime, and this condition 
is just the very thing to favo" the decomposition of the sau
sages. Ancl lastly, it is said thnt ia Swabia it is common enough 
for people to add bullock's blood, or the blood of sheep, or 
even of goats, several days old, to the sausages-and the latter 
are not kept in proper, cool, airy rooms, but in wooden boxes or 
chests. Blood-pudclings and liver-sausages most commonly give 
rise to the poisoning cases, but they have been known to occur 
after the use of beef-sausages, pork-sausages, and other kinds. 
One kind, known in Swabia under the name of" Blunzen," con
sisting o[ pigs' stomachs filled with sausage-meat, seem to favor 
the production of the poison by their great thickness, since it is 
easy to see that the per!ect "smoking" or "curing" of so thick 
a mass can only take place slowly, and it is quite possible for the 
interior portions of the sausage to undergo a poison-generating 
process o[ putrefaction before t.hey can be penetrated with the 
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antiseptic constituents of the wood-smoke. All observers agree 
in considering the interior portions of the sausages as the most 
poisonous ; some say the only poisonous part is the inside, and 
there are even cases on record of poisoning, in which only those 
who ate the tainted inner parts became ill. 

All the authors on the subject agree in giving the following 
as the characteristics or outward signs which indicate that a 
sausage is poisonous: 

The putrefied sausages, or portions of sausage, when recently 
cut across, have a dirty, gmyish-green color, and a soft cheesy
like, smeary consistence. They diffuse a very disagreeable smell 
of putrid cheese; the taste is disgusting, and sometimes causes 
smarting or soreness in the throat. 

Sausage-poisoning occurs rarely in solitary cases; it generally 
attacks whole families which have simultaneously eaten the 
decomposing food. The intensity of the attack seems to depend 
both on the quantity of the poison ingested and on individual 
susceptibility to the poison. This susceptibility varies a good 
deal, and a careful consideration of the recorded cases does not 
permit of doubt on this point, though constitution, age, and sex 
all play their part. The asserted immunity of pregnant women has 
never been satisfactorily disproved by the occt1rrence of cases in 
such. l\Iueller thinks that the poison occurs in different sausages 
in di[ercnt degrees of concentration (rather, perhaps, of potency). 
The course of botulismus is, as a rule, snbacnte, and very com
monly chronic. Cases running a very sudden course are rare. 
"Under all sorts or circumstances poisoning by sausages is more 
tedious than most cases of poisoning by other well-known poi
sons. Even a fatal termination, as a rule, seldom closes the sick
ness in less than five or six days. 

The first symptoms of poisoning occur in the majority of 
cases in from eighteen to twenty-[our hours after taking the 
injurious food. The extreme limits of the stage of latency are 
from one hour to nine days. l\Iueller has carefully collected 140 
cases with i·eliable stntements on tl1is point. Accordingly, we 
fincl that a latent stage of less than twelve hours is just about as 
common as one of more than twenty-four hours. In 83 out or 
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the 124 cases the first symptoms occurred after twelve hours, 
and before the second day after taking the poison. 

\Ye agree with Husemann in considering that the division of 
the symptoms of poisoning into stages is superfluous. Even 
J\Iueller's proposed division into a stage of invasion or excite
ment, and one of paresis or paralysis, cannot be maintained, 
since the gastro-intestinal symptoms do not invariably precede 
the nervous symptoms, but often enough both occur simulta
neously. As a rule, however, the sufferers complain at first of 
general discomfort and nausea, pain and sense of weight in the 
region of the stomach, quickly followed by diarrhcca and vomit
ing. Very often colicky pains, which disappear and then return 
again after a while, are the first symptoms, the severer symptoms 
not setting in till some clays after. Sometimes also the scene 
commences with violent vomiting and retching, vertigo, cloudi
ness of vision, ancl difficulty in swallowing; lastly, the gastro
intestinal symptoms may be entirely absent, and the difficulty in 
swallowing, disordered vision, muscular weakness, and general 
prostration constitute the disease. 

Dyspncra and feelings of suffocation (precorclial anxiety) 
have been especially mentioned as being not infrequently some 
o[ tho eal'ly symptoms. 

Although t.11is condition is often protracted for several days 
with indefinite disorders, partly gastric and partly nervous, dur
ing wllich the patient very commonly goes about his usual 
business or occupations, in the majority of cases there is very 
soon so much weakness that they cannot long keep out of bed. 
The vomiting, often so troublesome at first, and sometimes, 
though rarely, persisting in the form of tormenting feelings of 
choking (\Yiii·gbewegungen) ancl retching, the diarrhcca and the 
colicky pains all recede into the background, and give place to 
the nervous symptoms. These are in part of a general natme, 
and in part limitecl to special regions and nervous tracts. Con
sciousnPss and thought, and all the spc•cial qualities of soul 
which are called the higher faculties, remain, with but few excep
tions, intact all through the whole course of the attack, although 
giddiness, h0ada0hc, and an apathetic comatose condition in 
many cases indicate anomalies in the functions of the brain. 
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Any definite paralysis of the voluutary muscles or of sensation 
has never been noted, any more than clonic or tonic spasms. It 
is rather extreme muscular weakness-which limits to the most 
minimal degree the exel'cise of the vol uutal'y muscles, but never 
till just before death renders it impossible-than an actual paral
ysis. Any marked disorders of sensation are also abseut, al
though the sensibility of the tips of the fingers is said to be 
d iminished, and sometimes the patients complain of crawling 
and pain[u l feelings in the extremities and back. Moreover, it 
is expressly declared that sleep generally occurs in a perfoctly 
normal way. 

The visual apparatus suffers in a vel'y extraol'dinal'y way in 
sausage-poisoning. The first complaints oC the patients point to 
diminished visual power, and are sometimes complained of as a 
cloud or mist before the eyes, sometimes as sparks, and ome
times as mere weakness of sight. Very soon there is double 
Yi sion, with dimin ished acuteness or vision ; the powers or the 
ocular muscles are gl'eatly limited, ancl sometimes quite abol
ished, and one of the most constant sy mptoms is paresis or the 
leYator palpebl'ro superiol'is (ptosis). Very commonly also the 
nel'vus oculo-motorius is implica ted, ancl the external reclns 
also paralyzed. The pupil is dilated, but docs not become qu ite 
insensible to ligh t; finally, the faculty of accommodation seems 
considerably lessened. Indeed, in some cases total blindness 
has been observed. 

" Thil st, then, all the remaining nerves of semation preserve 
their facu lties unimpaired, some or the nerrnus apparatus sub
servient to respira tion appea rs to undergo Yery ex tensive changes. 
This is indicated by the more or less perfect aphonia or those 
poisoned, with the va1·ying degrees or general difficulty of 
breathing, and the frequently noted tormenting, and someti mes 
croupy cough, which, however, may rnry oftPn reall y stand in 
close connect ion, as to their true cause, wi th the difficulty of 
swall owing (dysphag ia), so that when nourish111 cnt is being 
given, whether food or d rink, a portion ma,y easily find its way 
in to tlrn ai r· passages. 

The disorders in the domain of the glosso-pharyngeal nerve 
are expressed in the a lmost pathognomonic symptom oE dys· 
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phagia, which sometimes culminates in perfect aphagia or com
plete inability to swallow. The tongue also appears more or 
less hampered in its movements, and speech becomes stammer
ing and unintelligible. 

The remarkable dryness of the mouth and fauces indicates 
anomalies in the secretion of saliva. The mucous membrane of 
the mouth and pharynx shows either speckled or di!Iused red
ness, sometimes one, sometimes the other; sometimes there are 
also swelling, and aphthous formations; the tongue has a whi
tish coat. Lastly, the constipation which is constantly observed 
in the later stages, and the letis constant retention of urine, must 
be considered as nervous symptoms, although little definite can 
be said as to their mode of origin. The hard scybala, sometimes 
broken down by energetic clysters, or discovered post-mortem in 
the large intestine, render it highly probable that the secretion 
of the various intestinal glands is considerably inhibited in sau
sage-poisoning. 

'l'he signs of need of nourishment are often rather more mani
fest than is usually the case; some patients complain of hunger, 
the above-named difficulty of swallowing making it almost or 
entitely impossible to take nourishment. Thirst is mentioned 
only in a few cases. 

The organs of circulation appear greatly weakened in their 
functions . The pulse, which at first is feeble and slower than 
usual, vanishes sometimes altogether. Indeed, authors maintain 
that it is impossible in the later stages to make out the sounds 
of the heart. Accordingly we find the skin pale, and the mucous 
membranes of a livid color. The failing energy of the circula
tion is shown by the coldness of the skin-but no thermometric 
observations of the temperature are recorded. The rapicl de
crease o! the nutrient powers, the great emaciation, are the 
unavoidable result of the want of power to take food, and the 
diso,.clered functions of the digestirn organs. The organism, thus 
condemned to hunger, may, however, last a remarkably long time, 
unless the introduction of food into the air-passages, by causing 
mdema o! the lungs, bl'ings life to a more rapid end. As a rule, 
notwithstanding the long-continued depression of the circulation, 
there is not generally any mdema, with the exception of a fow 
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cases in which the formation of marasmic thromboses may gh·e 
rise to it. Death generally follows without any specially violent 
symptoms; it is preceded by a comatose or soporific condition, 
sometimes with slight general convulsions, from one day to three 
weeks after the poisoning. 

Those cases which end favorably are often marked by a very 
slow convalescence, in which the disorders of vision, and the difli
culty of swallowing often persist for a long time, and the patients' 
strength returns to them very slowly and gradually. In some 
cases desquamation of the epidermis has been noted. 

" re quote from Mueller the following statistics as to the 
mortality, ancl the time at which death occurs. 

Of 48 fatal cases, of which we ham accurate accounts, 
4 persons died a short time (() after taking the 

poison. 
2 persons in the first 24 hours. 

6 persons accordingly on the 1st day. 
2 " " " 2d " 

4th" 
5th " 
6th " 

s 7th " 
5 8th " 

9th " 
10th " 
13th " 
Hth" 

1 person after three weeks. 
3 " 1 onger illness (?) 

48 persons in all. 

From tlie fi gures given above (page 541), as the resul t of 
various collections, the general mortality appears to fluctuate 
between 23.2 and 54.2 per cent., ancl of late years the mortality 
i ~ decidedly less than it was formerly. 

The tolerably copions materials which are now possessed by 
the pathologist in regard to alantiasis only allow of one safe 

VOL. XVII.-35 
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conclusion being drawn, which is, that this form of poisoning 
furnishes no post-mortem appeamnces tliagnostic of it, and from 
the morbid anatomy alone, therefore, no conclusions can be 
drawn as to the real cause of death. 

Putrefaction occurs very slowly after death from sausage
poisoning. But Mueller's researches show that even this symp
tom is far from being a constant one, for out of 48 post-mortems 
carefully recorded, in 11, or nearly 25 per cent. of all, it is 
expressly mentioned that there was a very strikingly rapid 
development of putrescence. Post-mortem rigidity was jnst as 
oft n absent as present. The most common symptom was hyper
mmia of the cesophagus, pharynx, stomach, and intestinal canal. 
The month was generally noted as very dry, and hard and dried
up fmcal masses were found in the lower portions of the intes
tinal canal. The liver and brain in the majority of cases are 
described as (?abnormally) full of blood. Tbe lungs also are 
generally gorgecl with black blood; cedema and hepatization are 
only mcntioued exceptionally. The bronchial mucous membrane 
often shows a dark and sometimes petechial reddening, and 
croupous membranes have once or twice been founcl in the 
trachea. 'Vhen we consicler how carefully and skeptically the 
records of congestion or fnlness of blood in various 01·gans are 
now scrutinized, and how little importance is attached even to 
the most accurate statements on these points, we must perforce 
consider these results as nf'gative. The depressed state of the 
circulation renders accumulation of blood in the abdominal 
viscera extremely probable. 

As the sausage-poison manifests its power only slowly and 
tediously, the treatment of recent cases by the administrntion of 
e11ergetic eracua11ts seems especially indicated. These mnst be 
chosen according to the particular casf'. Ili therto all other the
rapeutic rules and attempts in the later stages have proved 
utterly useless; and we need not, therefore, uselessly fill space 
with the details. Theoretically there can be no objection to the 
use or counterirritants in the later stages. Bnt it must be re
ma1·kPll l1ere, that in the later stages of alantiasis the most dras
tic purgatives lose their power, and the only way in which the 
bowels have been sometimes relieved has been by the use of 
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clysters. In the convalescent stage, the treatment must be tonic 
ancl watchful. It is to be hoped that the more accurate knowl
edge oI the dangers arising from improper methods of prepa ring 
sausages may gradually arouse the rural popula tion from its 
apathy, and thus the occasion for this frightful form oI poison
ing may cease. This hope is, in fact, justifi ed by the great 
decrease in the number of cases of sausage-poisoning during the 
last decennial peifod. 

CHAPTER II. 

P OISOXING 13¥ POISOXOUS FISIT. 

The question whether any species oI fi sh is in existence, the 
use of which is capable, uuder all sorts of conditions, or setting 
up indubitable symptoms of poisoning in human beings-in 
other words, the question whether any fish is poisonous per se
thongh strongly contested, cannot be absolutely denied. All we 
can certainl y say is, that no such fish is known at the present 
moment. On the other hand, the number of species of fi sh 
which are commonly regarded wi th s11spicion as poisono11s is 
very great. Nor can it be denied that, under special conclitions, 
Ji sh, which in themselves may be perfectly harmlPss, m'1y become 
poisonous. Only those cltses of fish-poi soning which fall under 
this hitter category can properly be included in a toxicological 
h'1nd-book, for no other cases have been properly studied, or ltre 
sufficiently known. As regards fish suspectecl of being poison· 
ous, all that we could do would be to insert a long ca tq.logue of, 
for the most part, ,:ery doubtful notices from travellers' clescrip· 
tions, old books of natural hi story, and the like, of which little 
or no use could be made from either a practical or a scientifi c 
point of view-ancl we therefore forbear. 

Autenrieth, 1 in a monogram on fi sh-poisoning, has ca ta
logued some seventy suspicions kinds of fish, with referPnces and 
notices belonging thereto-and to this we must refer the reader 

1 Ueber do.s Gift dcr Fiscbe. Tiibingen. 1833. 
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curious in such matters. There is also a catalogue in v. Hasselt· 
Henkel's' Toxicology, from which we extract only the genernl 
statement, that they are almost exclusively sea or salt-water 
ti shes, and that of these the osseous fishes Ii ving in the tropical 
seas of the East and \Vest Indies, are the ones which are most 
commonly regarded as poisonous. Amongst the Chinese and 
Japanese, the poisonous nature of some fishes, especially of the 
so-called sting·belly (Tetrodon ocellatus), is so generally and 
certainly belie,·ed, that those weary of life have even used them 
for suicidal purposes.' The poisonous natme or certain fishes is 
indicated by the names which they have popularly received (Be
trayer, Purging- fish, Poison-fish, etc.). 

The more important clinical cases of fi sh-poisoning have all 
been traced to a few kinds of fi sh whose tl esh is extensively 
used, particularly in the department of Volga in Russia. These 
fi sh are the various sturgeons (the great sturgeon or beluga, 
Accipenser lmso, ancl the sterlet or Accipenser ruthenus, and 
Accipenser st urio or British sturgeon). Since these fi sh in tbem
seh·es are not the least poisonous, and serve thousands of people 
for their daily nonrishment, we must accordingly, as in the case 
of sausage-poisoning, with which these cases show some anal· 
ogy, have to do simply with processes o[ decomposition (cata
lysis), which, being favol'ecl by careless methods of prepal'ing the 
food , give occasion to the gene!'ation of poisonous substances. 
Scarcely anything worthy of note has been published regal'ding 
fish-poisoning, with the exception of these Russian cases. But 
then these singnlM cases occm with tol~rable frequency, and the 
geographical domain of the fi sh-poison is fur wider in extent 
than that o[ the sausage-poisoning. Accorclingly, when Seng
busch, in" the two first yea!'s of the Medicinische Zeitung Russ
lands (18-14---4.5), had ilrawn the attention of medical men through 
repeated notices to the then little-known circum stances, it was 
im·estigalecl at the instance of the Russian govemmcnt, in 1857. 
hy A. Owsjannikofl,' ancl thoroughly discussPd in the successh·e 
papel's or Koch,' Bel'kowsky and Kietel'. • The practica l results 

1 Zweite Auflage. llrauDschweig. 1862. 1 Autenrictlt, lac. cit. p. 50. 
3 Medic. Zeitschrift. Russlauds. 18S7. ~ Ibid. 1858. 

~ Ibid. 1$,jS. 
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of all these im·estigations are little more satisfactory than in the 
case of sausage-poisoning, and may be briefly snmmed up as fol
lows: 

The two principal kinds of sturgeon (.A. lwso ancl .A. stnrio) 
are caught in pa1"t in the Volga and its tributaries by Russian 
fishermen, and in part in the sea, opposite the mouths of the 
Emba, by the so-called "free fishermen," and by them are sold 
as Persian or Emba fish in the Russian fish·markets (\Vatogen). 
As these fish arc often of colossal dimensions, they are immedi
ately cut up ancl salted, and are then put into the fbh-cellar 
('Vichocle11 1) . Tire nnsn.lted fishes, whether fresh ot· ptttricl, never 
set up the specific symptoms of tish·poisoning-n.nd thus it is 
quite certain, as in the case of the sausage-poison, that common 
putrefaction is not the en.use of the poison. Only the uncooked 
roe of the saltecl fish acts as a poison, n.nd cooking perfectly 
deprives it of its poisonous properties. 

There is nothing particulal'ly striking about the external 
appearance of this poisonous food. Amongst a large quantity 
of non-poisonous pieces lying in the same brine, there are, as a 
rule, only a few, and of these again only certain portions, which 
are poisonons, and these are only distinguished from the harm· 
less masses around by rather less consistence, lighter color, and 
a nasty taste aml smell. 'l'hese changes, it would appear, n.re 
now attributed to the defective salting, or salting of portions 
already pntl'icl, of the inferior or Persian fish. Of the nature of 
the poison we know just as little as of the sausage·poison. 
Owsjannikoff has clemonstratecl that the salt-brine in which the 
poisonous fish has lain does not set up the specific symptoms. 
'l'he outcome of all the various untenable hypotheses simply 
comes to this, that the fish-poison is probably clue to a modified 
decomposition or putrescence, only clevelopecl in the salted fish, 
and as to whose nature, products, etc., etc., nothing certain is 
really known. 

Any trustworthy statistics as to the frequency of this poison
ing, the relative mortality, accurate geographical distribution, 

1 Wooden boxes. sunk about two fathoms deep in the earth, in which the fish are 
preserved between lnyers of ice . 
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etc., such as those given of the sausage-poisoning, are rendered 
impossible by the vast extent of the Russian territory. Mean. 
while, fish-poisoning seems no way inferior to botulismus, and 
commonly enough ends fatally. The two sorts of poisoning can. 
not, however, be considered identical, when an accurate compari
son is made of the symptoms. However, they are so far similar, 
inasmuch as in fish-poisoning also the nervous phenomena are 
complicated with gastrn-intestinal symptoms. 

'file first symptoms do not occur before an hour, and not 
later than five hours after the use of the poisonous fish-they 
consist in oppression in the epignstrium, vertigo, darkening of 
the face, yellow and red vision (chromatopsy), and violent burn
ing, with a feeling of dryness, in the throat. 

The sick are periodically attacked with violent pains in the 
region or the stomach, which generally compel them to lie on the 
belly and to press the abdominal walls strongly inwards. In this 
way the abdomen appears to be retracted, and assumes the shape 
or a trough. The pains gradually extend to the rectum and the 
loins. As a n1le, vomiting is absent. On the other hancl, those 
poisoned suffer from great precordial anxiety, tedious dyspnmal 
breathing, and very troublesome difficulty in swallowing, which, 
in the more intense cases, amounts to complete aphagia. Every 
attempt of the thirst-tormented patient to drink water excites 
the most severe cramps and a great amount of dyspnroa. The 
voice also becomes hoarse and toneless, and in the severer cases 
there is aphonia. 

The nervous symptoms, which begin with vertigo, disordered 
Yision, etc., gradually increase to a more or less perfect para]. 
ysis of the voluntary muscles, whilst the higher facnlties of the 
brain-consciousness, etc.-are retained to the last. The faculty 
or sight is totally lost towards the end of life; the pupils are 
dilated and immovable. Ptosis is also named as a frequent 
symptom of this stage, at the end of which death occurs by 
etoppage of the breathing, whilst the heart continues to beat for 
some time after death. 

In the slighter cases, which are not fatal, most of the above 
named symptoms have been observed in less intensity, but they 
generally vanish in a few days, without leaving behind the 
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slightest disorder of the general health. One special form of fish
poisoning is ushered in with croupy symptoms, according to 
Berkowsky. 

The morbid anatomy of fish-poisoning presents absolutely 
nothing characteristic. As to the treatment, looking at the ex
treme obscurity which shrouds all the symptoms, it is manifest 
that it must be entirely directed to the relief of symptoms. 

CHAPTER III. 

POISONING BY POISOXOUS CIIEESE. 

Like other articles of food, cheese may become the vehicle of 
poisons of different kinds by their accidental or intentional ad
mixture with it. But we need not dwell on this. 'Ve have here 
only to ueal with that form of cheese-poisoning which may be 
called specific, inasmuch as the poison is developed from the 
cheese i tsel!. 

Although it is the article of animal food which is kept the 
longest, and although the preparation of it gives ample scope to 
putrefactive changes, yet cheese very seldom gives rise to severe 
disorders of health; and, when compared with sausage-poisoning, 
the cases arising from cheese are very trifling, and, in most cases, 
scarcely deserve the name of poisoning. The numemus kinds of 
soft cheese, prepared in small families or on small farms, are 
generally the cause of the symptoms, while it is quite excep
tional to hear of symptoms arising from the use of cheese pre
pared in large quantities. As regards the natm·e of the cheese
poison, there is just as little really known as there is about 
sausage- or fish-poison. All that is known is, that it is usually 
very old and decomposing or decayed cheese the use of which 
by human beings has caused the symptoms of poisoning, whilst 
animals have partaken freely of it, and without any harm. The 
author knows of a case in which a clog ate a whole plateful at 
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once of a poisonous cream cheese which was reserved for analy. 
sis, and not the slightest symptoms of poisoning were shown by 
the clog, though he was watched for many clays. 

11Iany theories have been broached as to the composition and 
chemical nature of the cheese-poison, which need scarcely be 
discussed after what has been suid about sausage and fatty poi
sons; the more so, as most of them huve been refuted, and have 
no practical value. It would appear that, by long keeping, albu
minous animal substances, sttch as sausages, smoked meat, 
salted fish, ancl cheese, undergo a species of putrefactive clecom
posi tion, the products of which are poisonous to human beings; 
whilst ordinary decay or putrefaction does not generate any spe
cific poison, as has been shown by the fact that some people eat, 
without any harm, absolutely putrid ancl rotten-smelling soft 
cheese of various kinds. 

Cheese-poisoning occurs rather more frequently than else
where in the north part of Germany (l\Iecklenbnrg, Pomerania, 
\Vestphalia, etc.), but also in every other country, here and 
there, in solitary cases. In France-a country where there are, 
perhaps, more varieties of soft, fat (cream) cheeses than anywhere 
else-scarcely anything is known of cheese-poisoning. As re
gards the external marks of poisonous cheese, nothing definite 
can be said; the more so as this kincl of food is at best very re
pulsive in taste and smell to many persons; but the taste of 
poisonous cheese has been said, in some cases, to be strikingly 
bitter and pungent. 

The effects consist of well-markecl gastro-intestinal symptoms: 
colicky pains, vomiting, cliarrhma, ancl disgust at all sorts of 
food. Amongst nervous symptoms we have vertigo, anxiety, 
diplopia, headaches, great weariness, ancl muscular weakness. 

Amongst the earlier recorded cases several ended fatally, 
whilst in more recent times the effects have been less severe, and 
the cases have enclecl in recovery after some hours, or, at most, 
some clays. 

Of twenty cases of cheese-poisoning observed in America two 
ended fatally, with severe pains and collapse.' 

1 Ilusemann, Toxikologie. 
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Husemann also relates a case in which a mother ancl an infant 
at the breast both suffered from symptoms of cheese·poisoning, 
so that it would appear that the poison had passed into the 
woman's milk. 

The treatment of cheese·poisoning must be purely symp
tomatic. 
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Detection of the Compounds of Lead in the Animal Fluids and Tissues. 

Sulphuretted hydrogen will not separate lead from its com
pounds with the albuminous substances, with which it appears to 
be united in the body, nor from the secretions in cases of lead
poisoning. The tissue or fluid to be examined must always be 
ignited until all of the organic matter is completely clestroyecl, 
or better, since some of the volatile compounds of lead may be 
present, be treated with hydrochloric acid ancl potassic chlorate. 
From the filtrate, the lead can be obtained in the metallic form 
by observing the same rules as in inorganic ::inalysis. 

Special care must be t::iken in every c::ise to insure the purity 
of the reagents used in the investigation. 

Lead-poisoning is met with in two entirely different forms. 

a. Acute Lead·Poisoning. 

Every compound of lead which is easily soluble in the gastric 
juice can, when ingested in sufficient quantity, g ive ri se to acute 
poisoning. In fact, however, severe or fat::il cases of acute lead
poisoning are only c::iused by the ::icetate of lead, especially the 
normal acetate (sugar of lead). F ormerly this was most fre
quently administered with criminal intent. but in recent times 
the cases are chiefly accidental. It is well ~s tablished that acute 
poisoning of a mild grade may be caused by the u se of badly 
glazed oi· old earthen or crockery ware, or of metallic vessels sol
dered with impure-containing lead-solder for the preparation 
or preservation or acicl or fatty articles of food, on account of the 
formation of the acetate, lactate, or fatty salts of lead. Acute 
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poisoning by lead has also been observed after the ingestion of 
articles of food colored with pigments containing lead, sucll as 
confectionery (white lead), lobsters (minium), and in children 
after sucking aml licking playthings, visiting cards, envelopes, 
etc., which are covered with lead paints. The poisoning of in
fants by rubber nipples colored with white lead is worthy of note. 

The amount o[ sugar of lead which is necessary to produce 
severe or fatal lead-poisoning appears to be quite large :-from 
two to three drachms and upward. This renders iL improbable 
that poisoning of the kind last spoken of can be anything more 
than a mild form of the acute. It has happened that much 
larger closes, an ounce ancl more, have been taken without fatal 
result. F ormerl y closes o[ from tifteen to thirty grains ancl more 
were not infrequently administered by physicians daily, dming a 
considerable period. 

The symptoms in acute lead-poisoning depencl upon the 
power to coagulate albumen, which the above-menticnec1 lead 
compounds either possess in themselves, as sugar of lead, or 
acquire by the action o[ the gastric juice, as the oxide or carbon
ate o[ lead, which become conver ted in the stomach into the 
chloride ; tlrnse symptoms, in the mild, severe, or even fatal cases, 
are al ways those of corrosive gastritis ; the milder and less severe 
cases manifest themselves frequently by obstinate constipation. 
The matters vomited are not often of a dark (bloody) color. The 
presence of the clark line upon the gnms, which will be treatecl 
of full y under chronic poisoning, does not appear to have been 
positively observed in the acute form of poisoning. 

The intensity of the poisoning (corrosion of the mucous mem
brane of the stomach) is, as in all similar cases of gastritis, 
largely dependent npon the fulness of the stomach. 

The progress of the disease is almost always very acute; 
death may take place in less than twenty-four hours; in favor
able cases reco,·ery is complete in from twenty-four hours to a 
fow days. It is stated (Husemann) that symptoms of chronic 
poisoning may come on weeks and even months after recovery 
from the acL1te form. 

The diagnosis can only be made out with certainty by find
ing the acetate of lead (usually sugar of lead) in the food or the 
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excreta. In both of these the detection of the lead is possible 
witlJOut the previous destruction of the organic matter. 

The post-mortem appearances are those of acute gastro-en
teritis: the mucous membrane is covered with tough whitish 
coagula, as if it had been tanned, and the tissue beneath is red 
and softened. 

Treatment.-\Vhen no antidotes are at hand, give milk and 
the white of eggs. If there has been no vomiting, produce it by 
mechanical means and emetics. The best treat1uent is to empty 
the stomach by the use of the stomach-pump. 

The best antidotes are undoubtedly the alkaline sulphates
sulphates or sodium, potassium, and magnesium. \Vhen these 
cannot be at once obtained, phosphates, alum, or dilute sulphu· 
ric acid can be used. Yomiting and purging should always be 
1iroduced, since the conversion of the lead compound into the 
sulphate may be imperfect, or the lead sulphate left behind in 
the body may give rise to chronic lead-poisoning. Otherwise 
the treatment is the same as for acute gastro-enteritis. 

b. Chronic Lead-Poisoning. 

Lead in any form, if introduced continuously for a long time 
into the system, acts as a poison. 'fhis is ev ident from the fact 
that even the least soluble compound, the sulphate, bas this 
eITect (Gusserow). Those preparations of lead which are soluble 
in the gastric j Llice, ns the acetates, carbonate, and oxide, act 
most SUl'ely. All of these substances appear to act in the 
smallest possible doses, if introdnced for ::i sufficiently long time. 
Louis Philippe's household in Claremont was poisoned after the 
lapse of seven months by drinking-water which contained not 
more than 0.0015 or even 0.0002 per cent. of lead. On the other 
hand, doses of from three to six grains have been given for some 
time, cert::iinly for weeks, without any symptoms of poisoning 
hal"ing been produced. 

There are many ways in which these subst::inces may be in· 
troduced into tl 1e body. Chronic lead-poisoning is frequently 
produced \Jy moderate internal use of sugar of lead, and by the 
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too energetic application of lead preparations in the form of 
cataplasms and plasters to the mucous membranes, wounds, or 
ulcers. Especially liable to lead-poisoning are workmen in white-
lead factories (carbonate and oxide of lead), painters (white and 
r~d lead), weaver:; (lead weigl1ts on the loom:;), workers on gas
and water-pipes (lead cements), plumbers, printers (types), pot
ters (glazing or common pottery ware and tiles). lead-, tin·, and 
type-founclers, workruen in iile manufactories (striking fil es on 
lead cushions), workers in colored paper, sewers and maker:; of 
lace (the silk and lace being treated with lead compounds or 
wPightecl with lead), brush-makers (the bristles being colored by 
boiling with lead preparations), and workers in enamel, especially 
in glass enameJ. 

Cases of chronic lead-poisoning have also been observed in 
actors and others who frequently use cosmetics containing lead, 
also as the result of cooking in badly glazed crockery ware 
(8choenbrocl), of drinking beer drawn through lead pipes, or of 
beer and wines from bottles (shot used in cleaning the bottle:; 
having been left); some cases have even been clue to the use of 
snuff, which has been packed in spurions (lead-containing) tin
foil (the discovery of this method of poisoning has been wrongly 
attributed to M. J\leyer '), and from sleeping on hair-mattresses 
U Hitzig), the horse-hair having been dyed black by leacl com· 
pounds, and poorly cleansed. One most remarkable case is that 
of a proof·reacler, who was poisoned by reading p1-intecl proof for 
many years. 

\1 ery rare are cases of poisoning, clue to clrinking·water con
taminated with leacl by being drawn through lead pipe, a!Lhougb 
such cases have been obsen'ecl. This rarity is explainecl by the 
fact, that almo~t all waters contain gypsum, whic!t causes the 
formation or a coating or the insoluble sulphate of lead upon the 
inner surface or the pipe. The so-called so ft waters, which con
tain but littl e minrrn.l matter-such as rain ancl rivrr waters, 
after having been k ept for a long time in lead cistems or wooclrn 
ones painted wit!t lead paint or in badly tinned vessels-have 
frequently procl1lCed cases of severe lead-poisoning. 

• Compare Tanquerel des Plccndtt3, Joe. cit. 

VOL. XVIT.-36 
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'Vith ral'P exceptions, severe cases of chronic lead-poisoning 
occur only in workel's in lead, and the employments which most 
frequently give rise to it arP those of paint<>l'S, workers in white
lead facto1·ies, type-setters, lapidaries, and pl umbel's. 

As all'eady mentioned, the quantity of lead taken in a single 
case has not so much effect in producing the disease as its con
tinued introduction; since it always happens, that even where 
very lal'ge amonnts of lead compounds al'<' ingPsted, only a very 
small c1uantity is absol'bed into the blood, and it is almost imma
terial whetlte1· tlte compound used is one which is easily or but 
slightly soluble. This is shown to be very probable by the fact 
that, in all cases of chronic lead-poisoning, the blood and inter
nal 01·ga11s contain but very small amounts of lead (0.02 per 
cent. in the maximum, Reube!); the elimination of the metal 
with the urine is certainly quite small, at least with urine which 
is free from albumen. In albuminous urine thn·e appears to be 
a lal'gel' amount of lead. Yet Lchwakrs view, that all of the 
bea,·y metuls entPI' the urine in combination with albumen or 
with substances like h•ucin, etc., is incorreet, OI' at all events not 
proven. Lead is found in the bile and freces (Heubel), bnt in too 
small an amount to acconnt fol' the elimination of much of the 
metal from the body. 

ln the blood and all of the organs lead is found only in com
bination with albumen, and there can be but littlC' doubt that it 
is absorbed in this form. 

Iu cases of 11oisoning caused by rPmaining in a room, the air 
of which contains lead in u finely divided state, it is still unde
cided to what extent the absorption takes place from the mucous 
membrane of the air-passages. The possibility that the lead 
dust in the air can be applied to these passages is seH-evident, 
but we still lack conclusive evidence that poisoning is eaused in 
this way. There can only be a question about particles of lead 
suspended in the air as dust, since all of the prPparations of lead 
are non-volatile; in the light of this fuct we must jud"'e of those 
cases of chronic lead-poisoning which have bec:n 1~ported as 
having been caused, for example, by sleeping once in a freshly 
painted room. 

In all cases the conveyance of the lead into the stomach 
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appears to play the most important part, whether the lead prepa
rations adhere to the hands, and are transferred from them to 
the food, or whether articles of food a nd drink are contaminated 
by lead dust whiclt falls upon them. Also when lead dust in the 
air of rooms is the cause, the principal portion of the lead prepa
ration probably find~ its way to the stomach by the swallowing 
of the particles, which adhere to the mucous membrane of the 
month. 

Still, it should be particularly remarked that lead dust in 
the air is of the greatest importance to the laborer. Bad ven
tilation of the work-rooms, the carrying of dust in the working
clothes to the living-rooms, or living and sleeping in the work
ing-rooms, favors the production of poisoning in g1·eat degree. 
Especially bad is the habit of eating food in the work-rooms, or 
of drinking water which has stood in the same; also, according 
to all authorities, simple uncleanliness, unwashed hands before• 
eating, and the habit, which many workmen have, of holding bu· 
tween their teeth or lips the paint-brush, types, or other article. 

All those influences which affect the nutrition of the in
dividual remain to be considered, snch especially as the use of 
alcoholic drinks, which increases largely the disposition to be 
affected by lead. There is no doubt, however, that, apart from 
the variety of manifestations in single cases, one person is more 
easily affected by poison than another. 'fhis is shown by tli e 
fact that in some persons the first symptoms of lead-poisoning 
are very often followed by others, in spite of all care; but there 
are others who have been exposed for ten years at a time to the 
greatest danger of chronic lead-poisoning without showing any 
severe symptoms. 

'fhe greater susceptibility of women, mentioned by Tanqucrel, 
is not proven, but children appear to be more susceptible than 
adults. The 8ummer months show a greater freqtiency of cases 
(Tanquerel), due probably to external influences. The time 
within which symptoms appear after exposure cannot be esti
mated; poisoning has frequently been observed within a few 
weeks after the therapeutic administration of considerable doses 
of lead compounds (see above); in other cases years elapse before 
the symptoms manifest themselves with certainty. 
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In some cases ther<e is no exposure to the poison at the time 
when the symptoms (C'olic, etc.) appear. Thus one case is noticed 
in which thP symptoms of chronic poisoning appeared fourteen 
mon ths aftt>r an attack of acute poisoning caused by sugar 
of lead solution, and another in which they appeared fourteen 
days after the discontinuance of the therapeutic u se of lead com
pounds (Sandras, P ereira, van llassell). 

It is proved beyond doubt that symptoms of lead-poisoning 
can appear in people who have once been affected, years after all 
exposure to its action has ceased. Thus, one case is recorded by 
Tanquerel des Planches (No. 14 Marcchal) of a painter who, 
annually for nine consecutive years after leaving his business, 
and ceasing entirely to handle lead preparations, had attacks of 
well-characterized lead colic and other lead troubles. 

Lead-poisoning has been observed in animals-horses, cats, 
dogs, and others-brought on not only experimentally, but also 
by living in an atrnosphern charged with lead dust, drinking 
water containing lead, etc., colic and encephalopathy being the 
symptoms produced. 

Nothing has been established in reference to the dependence 
of the manner in which the affection manifests itself upon the 
form of preparation used, or upon any special mode of applica
tion. Recently Manottvriez has statecl thaL, in till' case of lead 
paralysis at leas t, a local influence could be shown. Yet his 
cases are not conclusive, and many other observers do not agree 
with him. Jn many cases, doubtl ess, tlw inllupncc of other poi
sons, as copper, arsenic, etc., is brought to bear. 

History. 

Chronic lead-poisoning has been recognized for a very long 
time. \\Tc find it hinted at unqt1es tionably in works of the 
old Greek autho1·s. Arabian physicians (Avicenna) have given 
minute descriptions of lead colic. It also appears that the 
arthrnlgia a nd paralysis were known in the early ages. The 
most important writers of recent times are Stockhausen (1656), 

a nd Tanq uerPl des Planches (1830). The works of the latter still 
rnmain the st:indard and guide in this subject. 
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General Description ef (Jhronic Lead-Poisoning. 

Persons affected with chronic lead-poisoning show, sooner or 
later, almost without exception, signs of impaired nutrition. 
Even when the patient himself experiences no diminution of his 
strength and general health, his aspect becomes changed, and 
the skin assumes a peculiar yellowish hue. This color of the 
skin Tanquerel designates by the name of icterns satu rninus; 
'rauquerel does not, however, use the word icterus iu the sense 
in which it is nsed to-day, but states that this color has nothing 
whatever to do with the biliary pigments. There is rarely want
ing, as a characteristic mark of the action of lead, a dark or 
bluish-black line at the junction of the teeth and gum , always 
most strongly marked upon the upper jaw. This line shows 
most plainly in people who have bad teeth, with deposits of 
tartar upon them; care should be taken not to confound with 
this the livid color of the gums at their junction with the teeth, 
which is frequently seen in such people. The blark edge of this 
line is clue to the deposition of particles of the su lphide of lead 
in the substance of the gum, as 'ranquerel has shown; this is 
probably caused by the action or sulphuretted hydrogen, which 
is easily formed by the decomposition of food remaining upon 
the edge or the gnm, especially if the teeth are not properly 
cared for, upon the particles of lead mechanically adlwring to 
the mouth. In very rare cases this slate color spreads 01·er the 
entire gum, 01· even over the whole mucous membra11P of the 
mouth (TanquNel). 

The patients themselves notice. as further signs of the action 
of lead upon the system, a characteristic, in"ipid, sweetish, 
mildly astringent (lead) taste, at the same time a very fetid 
breath, and occasionally a marked slowing of the pulse (to 40 
per minute, Tanquerel). 

Emaciation rarely fails to appear in cases where the action 
of lead has lasted for Vt'ars or even longer. This emaciation is 
more noticeable in the- muscular tissue than in the pannicul us 
adiposus. Often the progress of the disease stops here, even 
though the person remains subject to the action of the lead to a 
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greater or less degree for years continuously. In other. c_ases 
symptoms o[ specilic lead disease appear. These may be d1v1ded 
into four principal forms, viz.: 

1. The colic. 
2. The arthralgia. 
3. The paralysis. 
4. The encephalopathia saturnina with amaurosis saturnina. 

Colic is the most frpquent o[ these symptoms, and encephalo-
pathy the least; the statistics of Tanquerel give as their relative 
frequency: 

Colic ... 
Arthralgia . 
Paralysis. 
Encephalopathy .. 

.. 1217 
755 
107 
72 

As a rule, colic is the first symptom by which chronic lead
poisoning manifests itself, yet sometimes one of the other symp
toms appears first; in the later progress of the disease these 
symptoms can interchange in the freest manner; or the same 
one continually recurs-colic the most frequently; much more 
mrely, the disease always shows itseH in the same person by one 
of the less common symptoms, paralysis or encephalopathy. 
The duration of the intervals between th<' attacks vary very 
much, from days to weeks or even years. It is often noticed, 
that when an attack of colic or arthralgia comes on, with paraly
sis already existing, this latter symptom becomes aggravated. 
Mixed forms, or the simultaneous appearance of two lead affec
tions, are not rare. As a rule, an attack rarely results fatally ; 
at least death is almost exclusively the result of saturnine ence
phalopathy, but with this symptom it is quite common. 

When there has once been a pronounced attack of lead dis 
ease, the danger of a relapse is very great, unless the ca.use of the 
poisoning can be removed. The lead dyscrasia progresses with 
frequent repetitions of the attacks in many cases, but in some 
without their further appearance; an obstinate dyspepsia is 
developed, and following this a more and more cachectic condi 
tion of the patient; the peculiar yellowish color gradually giveE 
way to au anromic one, and temporary cedema, weakness of 
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locomotion, apathy, and moroSt'ness show themselves, as in all 
similar diseases. In the highest degree of cachexia there is oc· 
casionally a well-marked tremor, never, however, to the same 
extent as in mercurial poisoning. In this cachectic condition 
the patient vegetates for years, or even tens of yl'ars, and dies 
sooner or later; death is usually caused by some complication. 
The most important complications are: phthisi,, p1wurnonia, 
pleurisy, and especially nephritis-the last is relatively very frp
quent ; gout is also not rare in lead disease.' Tendency to con
stipation Px ists almost during the en tire course of the disease; 
usually thi ' is only severe on the appearance of the paroxysms, 
especially at the commencement of an attack of colic. 

Anatomical Characteristics. 

No characteristic anatomical change in chronic lead-poisoning 
is known, except the degeneration and atrophy of the paralyzed 
muscular tissue in cases of ]pad paralysis. Atheromatous de
generation of the a rteries has been frequently observed. Other 
changes which are observed after death are due to complications 
and not to the lead disease proper. Only a negative n'sult has 
been obtained by an examination of the bodies of those who 
have died with lead encephalopathy. At least, the examina
tions of Tanquerel, who found an enlargement of the sympa
thetic ganglia of the nPck , of Brockmann , who found induration 
of the same, antl of Kussmaul and Meyer, who fonnd hypertro
phy and sclerosis of the connective tissue in the cmliac ganglion, 
are of no val ne at prPsen t. 

General Prognosis ef Oltronic L ead-Poisoning. 

The prognosis in reference to the special forms in which the 
di sease manifests itself will be spoken of in connection with 
each. The prognosis is especially affected by the nu trition and 
manner of living of the individual , and acco un t must also be 

1 Vide Lancereaux, Gazette UCdicalc de Paris, 1871 Garrod, Nature and Treat· 
rn cnt of Gout. London. 1865. etc. 
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taken of the peculiar susceptibility in each case. 'Ve may as-
8tune that the sooner positive sy mptoms o[ the disease appear 
after the commencement of exposure to the action of lead, the 
greater is the susceptihility; hence the danger is greater in the 
case of young persons, iI they cannot avoid exposure to lead. 

In all cases in which the symptoms have already appeared, 
the prognosis is bad, unless the patients can be completely re
moved from the influence of the poison. The prognosis depends 
somewhat also upon the form of the attack: encephalopathy 
and paralysis, or even arthralgia, indicate generally a more se
vere seizure. 

In sevt>re cases, the attacks are repeated, but seldom in tlw 

milder cases: and death , or complete invalidism resulting from 
the lead cachexia, is the unavoidable result. The prognosis is 
much better in those cases where the matked symptoms of Jead
poisoning are wanting; in such cases the cachexia generally 
makes mnch slower progress, and it not seldom happens that the 
apparently seven• digestive disturbances due to lead remain sta
tionary for many years, the patient being able to work during 
the whole time. 

In those cases in which the patient can be removed from 
the intluence of the poison, a complete cure may be expected; 
yet attacks of the colic, etc .. are occasion,tlly met with weeks, 
months, and even years afte1· the remorn l of the patient from 
the influence of lt>ail. The degree of tlw cachexia in such cases 
is important in enabling us to judge of them; if it is very marked, 
the prognosis must be a guarded one. 

Treatment of L ead-Poisoning in General. 

Rapid elimination oI the poiscrn and the prevention o[ its 
further absorption only will be dealt with. A discussion of the 
means oI treating individual symptoms, or of counteracting the 
existing amemia, would be out o[ place here. 

'ro facilitate the elimination of the metal, the administration 
of potassinm iodide is to be rPcommended, as well as in the 
case of mercmy (MelsPns et al.). The action of thi s remedy is 
so great that, according to Michel, its habitual inges tion by those 
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exposed to the action of lead is a sure prophylactic against poi
soning. In addition to this, recourse should be had to means 
which hasten tissue metamorphosis. In this way may be ex
plained the peculiarly favorable effects of warm baths in caRPH of 
chronic poisoning by lead and other metals. 

:More important is the prophylactic tl'eatment-the diminu
tion or prevention of the introduction of lead. This is easily 
accomplished in cases of accidental or criminal poisoning, when 
it is only necessar-y to ascertain the nature of the disease and 
source of the poison, in OJ'der to stop its absorption at once. It 
is much more diffi cult where the poisoning is the consequence of 
a certain occupation. 

First, it should be regal'ded as settled, that there is no certain 
antidote. The reputed effi cacy of sulphuric acid lemonade haH 
no foundation; this Tanq nerel knew long since, and there can 
be no longer any doubt of its entire ineffi cacy, since we know 
that the sulphate of lead shares the poisonous properties of tlw 
other lead compounds. Still less to be relied upon are drinks 
containing nitric acid and sulphuretted hydrogen. 

Sponges, respirators, masks, and other complicated arrange 
ments to protect the wol'kmen from inhaling the dust, do not 
succeed, since they prove too great a hindrance to them in their 
work. 

The only effectiv0 means are hygienic. First, care should be 
taken to have the work-rooms suffici ently ventilated ; the most 
dangerous parts of the work should, if possible, be done in the 
open air. Next in importance is absolute cleanliness ou the part 
of the workmen. A point of great importance, and often men
tioned, is to fol'bid them, undel' penalty, eating or drinking in the 
workshop, and not to all ow them to leave the room without care
full y washing their hands. It should furthel' be absolutely 
insisted upon, that they change their clothing, at least their 
outer garments, before leaving their work. Opportunity should 
be given them in or near the factory to frequently take warm 
baLhs. Mehu recommends, for the purpose of thoroughly re
moving from the skin any particles of lead which adhere to it, 
that the water of the bath should contain sodium hypochlor
ite, which he prepare" by mixing in two and a half gallon" 
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of wa ter thirteen ounc!'s of chlorimttPd lime wi th sod ium m r
bonate. 

A not unim portant poi nt, which Ta nq uer1>l has already men
tioned, is that in factories in which lead compounds ani 11 s••d, the 
diff Prent parts o[ the work are dangerous in dilfereut degrees. 
Uen<'e no one person ~hould be employ <'d on the same kind of 
labor, c>specia lly the more dangerous ones, conlitlllously. And 
j mmediat1•ly upon the appeara nce or the slig l1tPst symptom of 
lead·poisoning, the workmen should be, for a tinw, removed 
from the more dangerous work. In an oLherwi ~e bad1y managed 
whi te-lead manufactory in Switzel'iand, in which the Dutch 
method is u sed , the1·e has been no case o[ s<evere lead disease for 
many year;, on account of the ob,;erva uce of the last two pre
cau tions. 

Lead Colic <Collea Saturnina). 

As already mentioned, this is the tir;t, :wcl by far the most 
frequent, form in which chronic lead-poisoniug mani fests itself. 
Not lln fl'e(1uently it comes on very >lldtl enl y, without any pre
vious symptom ; in most cases, however, somt> warning is g iven. 
For weeks preceding the attack of colic, the patient is tormented 
by moderate wandering pains, which are some times more sever~ 
immediately after eating, and sometimes a re entirely indepen· 
dent or meals. At the same time incrnascd di stmba nce of diges
tion is noticed, loss or a ppetite, increase of the peculiar sweetish 
taste, which perhaps already ex ists as a sig n or lead-poisoning, 
increase o[ constipation, and in some cases dia rrha m. \Vi th thesE> 
prodroma the case can be arrested, if the proper treatment is 
resorted to immediately ; in most cases these symptoms are fol
lowed by the outbreak of the disease, 1.Jeginning with colicky 
pains. These vary in intensity ; they may bP inconsiderable, or 
may, on the other hancl , be so evere that the pa tient attempts 
snicicle. According to the severi ty of tlw a ttack , the patient is 
affected mentally in ti greater or less degree, often being excited 
to the utmost violence. Besides the attacks of colic, which rarely 
last more than a few minutes (Tanquei·pl saw t;IJ em last for 
hours), there are sorne sensations of pain which <lo not entirely 
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cease, a continued griping and cramp in the abdomen being pres
ent almost without exception. 

Pressure on the abdomen never increases the pain in severe 
attacks, but, on the contrary, almost always gives relief; at the 
time of the remission it is agreeable to the patient, and very 
rarely increases the pain. The seat of the pain varies; generally 
it is in the region of the umbilicus, sometimes in the upper and 
sometimes in the lower part of the abdomen, and rarely in the 
region of the kidneys; no classification of. lead colic based upon 
this is of any val ne. 

In many cases the pains are accompanied by tormenting and 
fr~quent tenesmus ; in others, together with or in place of tenes
mu", there is strangnry or retention of urine, with severe pain 
extending along the course of the ureters or spermati c cord to 
the kidneys, or to the penis. There are also shooting pains in 
the breasts. These pains are doubtless in part due to powerful 
contraction of the intestinal wall; at all events, Tanquerel euc
ceeded in feeling very energetic contraction of the rectum, during 
an attack of coli c, by digital examination; he also thought that 
he could detect a contraction of the sphiucter vcsicre by the 
introduction of a catheter. 

In addition to the colic, retraction of the abdomen and con
stipation are rarely wanting. The retraction of the abdomen 
is often very grcat-"o great that tho bodies of the vertebrre 
can be seen through the skin of the abdomen. The entire 
abdomen is generally sunken, so as to be boat-shaped, and is 
hard; at times the retraction is irregular. In no t a few cases, 
however, thi s is entirely wanting, and in its place there is swell· 
ing of the abdomen. The same is true of const ipation ; not
withstanding the importance of this symptom in the diagnosis 
of lead colic, yet it is in many, and even severe cases, wanting, 
and dianhma occurs in its place. Nevertheless, in by far the 
majol'ity of caR<'S constipation is coi nr iclent with the pain, not 
only in time b11t also in degree, and they may last for several 
weeks. 

Violent vomiting, or at least nausea, is also a very com
mon occurrencf'. The vomiting is often preceded for a long 
time by ineffectual retching, and occurs generally during the 
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rnmission of the colicky pains. The vomited matters are usually 
tinged with bile. 

In addition to the symptoms which have bPen already men
tioned, others which appear to be constant, or at least frequent, 
are the peculiar pulse and the icterus. The latter, in most cases, 
occnrs only in a mild degree-recognized by the ·yellow color of 
the sclerotic and fePb!e reaction to the tests for bile pigments
and is without importance; it is very rarely intensP. 

The peculiar pulse js certainly one of the characteristic symp
toms of lead coli c. It is always dirninishecl in frequency and 
often to a considerable extent-to 80 beats per minute (Eulen
berg) ; it is usually full ancl very lmrd. I ts condition io con 
siderecl or special value in connection with the theory of lead
poisoning. According lo 'l'anquerel, the pulse is frequently 
irregular, i . e., variable in frequency, but 11ot intermittent. 

Respiration is, especially during lite attacks, somewhat in
creased in frequency without any existing disease of the lungs 
Fever rarely exists, and the increase of temperature is alway' 
inconsiderable. 

The appetite is always much diminished, and the urine is 
usually concentrated; in regard to its quantity we have no cer
tain data; it frequently contains a small amount of albumen. 

The intellect is always intact except during very severe attacks 
of colic. 

Tlie course ef the disease, chiefly limited to the colic, is very 
varying. As a rule, it is more severe in the evening and night, 
when all of the symptoms become worse. Even after long inter· 
vals free from pain, and when the disease seems to be at an end, 
relapses are very frequent; they occur after the expiration of 
clays and weeks. The duration of the disease is, as a rule, not 
more than a week, especially in recent cases, but it can be pro· 
longed very much by repeated relapses, ancl may finally, espe· 
cially in old cases and where there is a fresh exposure to the 
action of the poison, become chronic. 

The termination of the disease following the cessation of the 
colic is often very sudden; then all of the other symptoms cease
rntract.ion of the abdomen, constipation, vomiting, diminution of 
the pulse- and complete recovery is often surprisingly rapid 
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The complications consist of the other forms of lead-poisoning, 
and in addition to these, some observers have noticed violent 
attacks of enteritis. 

Tlie prognosis is on the whole very favorable; death in casPs 
of leacl eolic is caused by the supervention of encephalopathy, 
rarely by lead paralysis ot· any accidental complication. Accorcl
ing to Tanqnerel's extensive statistics, the mortality is two per 
cent. 

Post-mortem exarnination in cases of cleath during load colic 
reveals nothing impo1·tant. vVith the exception of the more or 
less limited or widespread contraction of the intestinal canal, and 
hypertrophy Ot' atrophy o[ the intes tinal wall, the autopsy gin•s 
a negative res rtlt. The appearances reported by Kussmaul and 
Meyer, mentioned abo,·e, were found in one case, in which the 
patient died after a single attack of colic with symptoms of 
se\•ere enteritis. 

The treatment qf lead colic has always been regulated by the 
most varied theoretical vi ews. Attempts have been made to ren
der the poisonous metal innocuons by sulphuretted ltydrogPn 
and ammonium sulphide, and by baths of the alkaline sulphides; 
the supposed inflammation was counteracted by antiphlogislic 
measures, otc. Herc also we must refer to the classical work of 
Tanquerd, wl10 was deeply interested in the history of this sub· 
ject. In this disease, wlwrc there i8 no clear insight into the 
manner of progression, and where empiricism has not been able 
co estab lish a specific remedy, a rational treatment can only be 
directecl to the symptoms, and the main object is to counteract 
the colicky pains by means o[ warm btLths, hot fomentations on 
the abdomen, and narcotics internally and subcutaneously. 0£ 
the narcotics, opium has for a long time been preferred in this 
disease. :Morphia undonl.Jtedly a nswers the same purpose, and 
chloral taken internally has the rn o,;t t>xcell ent effect, as in all 
spasmodic cond itions of the muscles of tl1e alimentary canal. 
Cathartics have bet>n fon nd by experi ence to be of great value, 
and we are not justifi ed in ignoring them by the theoretical con
sideration that the primary spasm o[ the int estine is the cause 
of the snffe ring. As a rult->. mild cathartics, ~;uc h as senna, mag
nesium su lphate, and castor oil , toget l1er with narcotics, are 
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sufficient; in severe cases purgatives should be used-even Cl'O· 

ton oil, as recommcndPd by Tanquerel, one drop daily in thick 
barley-water. Violent vomiting may be treated with ice pills, 
and narcotics given subcutaneously, if necessary; the other 
remedies rcquirnd, especially the cathartics, should be given, 
under these circumstances, as enemata. Any existing icterus, 
albuminuria, etc., require no special treatment. 

Too much mrn;t not be expected from drugs given to haste11 
the elimination of the lead from the system, for reasons which 
will be discussed later when speaking of theoretical points. Most 
can be accomplished in this respect by the use of warm bath• 
and cathartics, and the use of potassium iodide is occasionally 
indicated. 

Arthralgia Saturnina. 

This is, according to Tanquerel, the second in frequency of 
the forms in which chronic lead-poisoning manifests itself. In 
its course there are many points of similarity with lead colic. 
After prodroma· similar or analogous to those of colic, or even 
without prodroma, there appear, more or less suddenly, tear· 
ing and burning pains, located in the region of the joints or of 
the muscles over them. These pains exhibit violent exacerba
tions and remissions until they completely disappear. They are 
not of a true neuralgic nature, since they do not follow the course 
of the nerves. The existence also of the characteristic pressure 
points,' as in the so-called joint neuroses (Esmarch), is not clearly 
established. The exacerbations are accompanied by cramps, i.e., 
tonic contractions of the muscles involved, which are very pain· 
fol to the patient. These cramps are demonstrable by the hard· 
ening of the involved muscles and consequent position of the 
limb. The attacks are brought on by exercise and by cold. The 
pains are diminished by pressure; inflammatory appearances, 
such as swelling, etc., over the joints, ligaments, and tendons, 
are entirely wanting. 

The•e pains occur by far most frequently in the lower ex· 

: See Vol. XL of this Cyclopmdia, p. 291. 
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:rPrnities, especially over the knee, much le8s often in tlw uppt'I' 
extrernities (elbow, shoulder). The muscles most frequently 
attacked in the extremities are the flexors (Tanquerel): in the 
leg, those musdt>s which form the cal{ of the leg; in the thigh, 
the flexors of the leg ; and then the flexors of the thigh in the 
bend of the hip. The sa111e is trne of the upper extremities; in 
the body, often the long dorsal muscles are affected, especially 
those in the region of the loins; in the thorax, all the muscles 
may be affected, ancl the resulting affection may, in severe cases, 
very closely resemble angina pectol'is (Tanquerel). Occasionally 
the muscles of the 1wrk arn involved. 'l'he smaller joints and 
the muscles about tht•m are rarely affected. 

A tremor of the affectecl muscies is often noticed. The sever
ity of the pain is ol'ten very great, and under such circumstances 
its reaction upon the general condition of the patient is felt. 
Otherwise this symptom shows less irregularity than lead colic. 
Constipation and the peculiar character of the pnlse are absent. 
There is also no fp\•er. 

Its course, as already mentioned, is not unlike that of lead 
colic. The pain suddenly cea:;e:; after many variations and re
missions, and with the cessation of the pain the whole affection 
disappears, but then• is the same tendency to rt>lapse. No com
plications need be mentioned, except the freqne11t occurrence of 
this disease after, simultaneously with. or preceding attacks of 
lead colic and other lead nffections. 

Tlie prog1wsis is, on the whole, more favorable than in lend 
colic, especially in 1·pgard tu mortality. 

Treatment.-\•Vnnn baths doubtless have the greatest effect. 
That sulphur baths are alone sufficient (as Tanquerel asserts) 
would be doubted at the present time; the number of cases upon 
which Tanquerel hases this statement is not sufficient. In addi
tion to warm lmlhs. galvanization locally and of the sympathetic 
should be trit>d. 

The use of purgatives is not to be recommended; potassium 
iodide should he tried, since it seems to aet. favorably in all rheu
matic affections (muscular rheumatism, etc.). 
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Lead Paralysis. 

'fhis is the third of the lead affections, both in frequency and 
in order of succession. It is observed generally after the colic or 
the arthralgia, or after both, but may, like all of the forms o[ 
lead disease, occur without having been preceded by any of the 
others. Tanquerel's compilation is in teresting, showing as it 
does that paralysis may occur as early as on the third clay after 
the first exposure to lead ; further, t!tat in 102 cases, 9 occurred 
in the course of the Jirst momh, and 14 in the com·se of the Jirst 
two months; that 34 developed in the course of the first two 
years, though often this symptom dicl not appear until mnch 
later-thus 48 cases occurred after ten years, and some even 
after fourteen and twenty years. Even after fifty·two years 
of ex posure to lead without any serious detriment lead paralysis 
bas been observed. 

In its localizat.ion lead paralysis shows an almost freakish 
opposition to artlualgia, which is seemingly so nearly related to 
it. In the latter a predilection is manifested for the lower <'X· 

tremities ancl for the Jlexors, while in paralysis, in the great 
majol'ity 01 cases, at first at least, the upper extremities and the 
extensors are attacked. Paralysis of the extensors of the hand 
and 1ingers (especially of the extensor communis), with freedom 
of the supinator, is the characteristic and well-known [orm of 
l1>ad paralysis; nex t, the triceps and cldtoid are most frequently 
attacked. The same is true of the lower extremities when they 
are attacked, which rarely takes place until long aftel' tlw paral
ysis of the hand a nd fingers, the extensors (dorsal Jlexors) of the 
foot, on the peroneal side, and those of the toes losing their 
powe1" Only in rare cases are the respiratory (intercostal, Tan
q nerel) or the laryngeal muscles affected. Rare, however, as 
cases of this form or parnlysis, consequent upon lead-intoxica
tion, are, still its relationship to the la1·ge group of lead diseases 
is positively estab li shed by the frequent appearance of paralysis 
of these muscles in animals poisoned with lead. Horses in lead· 
rnilb frequeutly have paralysis of the vocal eonls, rendering 
tracheotomy necessary. Even Tanq uerel has never observed 
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paralysis of the musc les o( the face or eye in lead disease. It is 
to be especially obserrnd that the extent of the paralysis, as in 
the forearm, does not conespond with the distribution o( a peri
pheral nerve.' The muscles affected in ordinary lead paralysis 
of the hancl aud fingers are, as a rul e, those which are supplied 
by the radial nerve, but usually one or more or the muscles 
receiving fibres from this nerve remain unaffected. 

In the majority o( cases the paralysis affects the extremities 
of both sides, and often the same muscles in both extremities. 
Th~re are cases, howe,·e 1·, in which only one extremity i · affected, 
and cases arn not very ra1·e in which the muscles paralyzed in 
tlw two ex tremities are different. In rare cases lead paralysis 
may resemble hemiplegia, on account of both the upper and 
lower extremity on the same side being attacked. 

The characteristic appearance of lead paralysis is oCten ob
scured by the fact that it may be exceedingly limited-confined to 
ihe extensor of a single finger, for example-or by the fact that 
beginning in the usnal manner, it may invoh·e all of the muscles 
o[ a limb, or may even finally spread o\·er tlie whole body. Very 
slight impairment of the function of the tlexors is observable at 
an early stage, even when the paralysis seems to be purely of 
the extensors. 'l'anquerel, and after him others, explain this by 
the defective extensibility of the paralyzed muscles. Better is 
the explanation, that in pure extensor paralysis the position of 
the hands, for example, is unfavorable to the exercise of the 
tlexors, ancl Jin1it" their function. Sensibility is usually unaf
frcted in leacl paralysis ; more frequently there are at the com
nwncement pains in the affected muscles or corresponding bones, 
and often in other muscles; rarely there is slight and very rarely 
complete anresthesia of the skin, corresponding, or nearly coJTe
sponding, to the distribution of the paralysis: in incli\'idual cases 
there is anresthesia of the deeper parts also. On the other hand, 
trophic distmban res arp ne,·er absent. The Px traordinarily rapid 
atrophy of the paralyzed muscles, often reaching a high degree 
in a few WPPks. is, n<>xt to the localization, tlw 111 ost charactel'i s-

1 Vide Ernst Rwmk, Zur Pathogeuese der BleiHihmuug Innug.-Dissert. Berlin. 

187.J. 
YOL. XVII.-37 
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tic sig n of lend paralysis. Th•• shrinkap:e o( I hf' muscles a ttains 
a cl egree seldom St'l-' 11 , ~xeep t jn JJrogressive mutit.ntlar atrophy, 
a nd it is so much the more apparent in thi s disease, since the 
neighboring muscles p rese1Te their normal a1H.l well-developed 
volunw; thus th•• atrophy o( tlw ex tensors produces a deep 
furrow on the 011tside o( tlu, fo rearm. By <'x111nination with 
elec tricity there app1•a1· early t hose signs wl1ich :>re seldom 
wanting in 1wl'iphera.l Jlflll'o-paralysis : speedy diminution even 
to eompl Pte d isappearance of the reaction to the faradic (inter
rupted, induced) current; unchanged, temporarily increased reac
tion to the gal vanic (consta nt) current; occasional appearance of 
greatl y increased excit.ibility to mecha nical irritants ; ])l·edomi
nanee of KaSZ,' a nd increase of the time occupied by the contrac
tion wave. The observation of Erb, who fo und this abnormal 
react ion very well marked in a patient with lead paralysis in 
muscles ii1 whieh the paralysis had not become developed, is 
very interesting and impor tant. In the fur ther course of the 
paralysis many deformi ties may arise, such as dislocation in the 
more movable joints, as the shoulder a nd phctlanges, and the 
tumors thus forn1t•d- upon the back of the ha ntl, for example
can rnry ectsil y be mistaken for gouty swellings; a s mentioned 
above, however, true gouty swellings occur a8 a complication. 
Often there is tremor of the paralyzed muscles ('l'anquerel), 
especially at tho time of the appearance ancl disappearance of 
the paralysis. Tremor is also frequently observed in the facial 
muscles, which are nel' er affected with lead paralysis. 

The onst't of the paralysis usually follows certain prodroma, 
such as S<%mtions of ixiin a nd dulness in the affected limbs ; 
i t comps on qui te gradua lly, though sometimes suddenly, after 
an attack o( colic or encephalopathy, and simultaneously with 
or soon after the cessation of t hese. In rare cases it comes on 
sudden ly tlnd with out any prodroma. Once star ted, it may ex
tend gradually and irresistibly . 

The progress of the paralysis is very vctried. It may disap
pear sponta neously, or under treatment, in a Iew days or weeks; 
or it may become stationary a t any stage and last for years. 

1 See Vol. XL of this Cyclopredia, p. 273. 
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In cases where it remains, it becomes worse with the onset of any 
new form of lead disease. Convalescence, almost without excep
tion, is gradual, yet, considering the extent of the pamlysis and 
atrophy, comparatively rapid, the atrophied muscles being re· 
placed by new tissue. R elapses in the same muscles are not mre. 

'l'lte prognosis depends upon the length of time during whieh 
the paralysis has lasted, and upon the extent of the atrophy; 
the greater these, the more unfavorable is the prognosis; the 
more extensive the paralysis, the worse the prognosis; it is more 
unfavorable in the relapse than in the first attack; it is doubtful, 
where there is only considerable atrophy, and it is not absolutely 
bad where tlw :1trophy is not com plete. Tanq uerel obse1·ved a 
fatal result follow, in two c:1ses of p:1ralysis of the intercostal 
muscles, by :1sphyxia. 

In addition, we would mention progressive muscu1:1r atrophy 
as h'1ving bee11 frequently obsen •ed in patients suffering with 
lead diseas<>. 

The patltological changes are fo und in thP muscles '1nd per· 
ipheral nerrns . Examination of the central nervous system has 
always g iven negative results. The most important change i8 
that observe(l by \Vestphal, who Lo ll!ld in one case of lead p:1ral
ysis, which d<>velope(l gradually during two years, an '1bunda11t 
new formation of nerve-fibres in the iadial nerve, which ]w 

l'ightly considered to be duo to previous d('geuer.ation ; this wa::; 
continued by an elLrlivr obsc rvatio11 of Lancere'1ux. 

Several authors, aml among them Bernhardt, found, in ex
amining muscles lLtrophiecl by lead paralysis, tlmt they were 
shmnken and very granular, a nd between the fib1 ·es he observt>tl 
au lLbundlLnt formation of connectil·e tissue poor in nucl~i-in 
part probably the empty sheaths or fibres, the contents of "·hicl! 
had disappeared. 

Treatinent.-BesidPs the mPans employ<'d in lea(l disP:1se 
generally-tonic:-;, warm bath~, potasl::li um ioclid<·- electric:ity in 
its di!l't>rent Io m1 s. suelt as local Iaradization and gttlvanizlL
tion, .is tlw specia l t reatment for lead pamlysis. and very bern·
Jicial res11lts are clonbtless ohta i1wd by it . Tlw ns« of st1-ychni:c 
in this di seas<~, n:-; in otl1e1·s, l1as bPen nearl y IorgottPn. The 
powerfu l eff,,ct whi«li this substance has he1•11 shown to h:1ve 
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upon the excitability of the ner\'Ous systew, and the wonderful 
results which lu1\'e been obtained by its use in other fi elds, 
should warrant its more extensive employment in this also. 
The statement which Tanquerel makes concerning the action of 
this drug in lead-poisoni ng is of great interest, and his assertion 
that it givl's good results is quite credible. Ta nquerel gave 
this drug in ternall y and by the endermic method in slightly 
toxic doses; in most cases he gave it until slight tetanic spasms 
were produced. 'l'lte enormous doses which he speaks of-up 
to nearly two grains, usually from one-sixth to one-half grain
were probably borne, as he himself th0t1ght, owing to impurity 
of the preparation used. The use of this drug is indicated in 
lead-poisoning where the patient for any reason cannot bear the 
application of electricity, or where the latter does not soon give 
vi sible results . It may be gi ven by the mouth, or, if feasible, 
locally by subcutaneous injection. It should be remembered 
that relatively large doses are required to produce good effects, 
and also that the susceptibility of different individuals to the 
action of the drug varies greatly; that occasion:1lly this drug 
appears to lrnrn a cumulative action; and fur ther, it should be 
remembered, when abou t t.o increase the dose, that therapeutic 
:lllll very toxic doses lie very closely together. 

Brief mention must here be made or tlw a1ucsthesia. not ' 
including amaurosis, which will be treated of later under the 
head of encephalopathy. 

Amesthesia, properly speaking, is rare in lel1d-poisoning; 
'.l'anquerel observed i t in ele1•en cases. Usually there is amesthe
sia of the skin only, rarely of the skin and deeper tissues. It 
has no definite relation to the muscular pamlysis; i t m:ly appear 
with paralysis and also with colic and artbralgia. There may be 
both arthralgia and anm,thesia of the skin ill the same locality. 

On the whole, in localization :111d in its course it is very vary
ing and, as it were, freakish. The attack in onp place disappears 
to-day only to appear in another in a few days ; according to 
'l'anquerel, its distribution is rarely confined to any particular 
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nerve-track. It rarely lasts longer than fourtPen days. The 
prngnosis is therefore favorable, and the treatmPnt unimportant 
- warm baths and, if i t should be a t all permanent, electricity 
and strychnia. 

Encephalopathia Saturnina. 

Under the name of encephalopathia satumina are comprised 
all of those conditions which, depenc1ing doltbtless upon an 
affection of the brain, are developed under the influence of lead. 
By far the mos t important of these, not only in regard to its fre
quency, but al so in regard to its prognostic importance, is the 
eclampsia satumina. .A description of all of its different fo rms as 
separate varieties, as Tanqnerel prnferred to do, is too di scursive; 
this has always conch wed to the forma tion of mistaken ideas
which are inclined to identify encephalopathy, or only the 
ed ampsia satumina, with uncmia-so that too much attention 
has been bestowed upon a single form, the eclamptic, while the 
closely alli ed but symp tomatically very different conditions o[ 
simple coma and other brain symptoms have been scarcely 
noticed. 

Encephalopathia saturnina is in every respect the most severe 
of the forms in which chronic lead-poisoning manifests itself ; 
hence it is found almost exclusively among laborers whose work 
favors a copious absorption of the poison, and in them it occurs 
in a proportionally large number, and often surprisingly early ; 
of 72 cases collected by 'fanquerel, it was developed in 1 in eight 
days ; in 10 in the com se of the first month; and in 44 in tlw 
course of the firs t nine months ; on the other hand. in only 28 
cases was it developPd in from one to fifty -two years after the 
individuals hacl begun to work in lead. 

In animals it is very frequent, and in dogs, after experimental 
poisoning, i t is almost always the symptom which last appears. 

In lead-workers encephalopa thy may come on very suddenly 
after one of the other lead affections, ot· withou t the precedence of 
such, or beginning with the proclrnma usual to the clisease. The 
most important of these are violent headache and amaurosis sat
urnina. Less certain symptoms are stupor and apathy 01· excite-
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ment. 'l'hP trne encPplmlopathy develops with a more or less 
gradual or sudden increase of sensory di"turbances, and the 
nppE>arance of gr-1wra1 or partial convul sions. 

'J1J1 e symptollls, as aJr,-'ady rn entioned, are not the same in all 
cases: sometimt>s there js simpl e maniacal excitement with ten
dency to Yiolen<·e, sometimes melancholia with con esponding 
hallnrinatio11s; in other cases ronYu1 sh·e atta.cks a.ppear quite 
early. So111 et i111es, hnt on tlw whole rarely, ihe convul8ions are 
more partial, whilst at the same time the unconsciousness is more 
01· less completely wanting; in most cases the appearance of 
aente eclamptic attacks gives the ehamcteristic stamp to the pic
ture; eclampsici scitumin ci is the most common aml the principal 
symptom of encephal opathia. 

The eclamptic attack comes on Yery suddenly or after the 
above prodrnmci; the attack does not at once reach its greatest 
intensity in the severity of the convulsion and duration of the 
coma, but the more severe attack comes on soon after the first 
mild one has passed off, and the patient has awakened from a 
short period of unconsciousness. After this one the coma is of 
longer duration, and after a while, in most cases, it does not 
cease at all, and the most violent epileptiform attacks follow one 
another in rapid succession. 

According to Tanquerel eclampsia saturnimt is never preceded 
by an aura. 

Between the attacks there is frequently uneasiness and delir
ium, instead or coma. 

Thus the case may last for several days. \Vhere the attacks 
are very frequent, death usually takes place rapidly; in mild 
cases the attacks are less frequent, and in the interval conscious
ness, at first temporary and incomplete, gradually becomes fully 
established, or the patient may awake from a very severe attack 
like an epileptic from a paroxysm, and thus complete recovery 
ensue, which, however, not unfrequently, soon g ives way to a 
relapse. 

Amaurosis is the most important of the symptoms accom
panying encephalopathy; it may, as Tanquerel says, come on 
before, with, or after the attack of encephalopathy, often sud
denly, but in some cases gradually, sometimes also quite inde· 
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pendP11tly o( the encephalopathy. 'J'hp appearanrPs arp, a<Tor<l
ing to ophthalmologists: normal fundus oeuli, normal bounda
ries of the field o( vision, and central scotoma . 

.A.lbuminuria is not rare in cases of encephalopathy; ils impor
tance is twofold, and not always eas.1· to determine, sinee alburni
nuria. may come on as a result of the convulsions, as in Rf'vere 

epileptic paroxysms, and in a majority of cases it does not 
depencl upon true nephritis. Chronic nephritis is, howPver, 
quite frequently observed in lead-poisoning. 'l'his symptom 
may, therefore, in many cases, add to the difficulty of a diag
nosis. 

Post-rnortem exarninations in cases of lead encepl,,Llopathy 
have been quite numerous, but have, up to the p1·espnt time. 
given entirely negative results. 

The prognosis is always unfavorable; the worst form is the 
eclampsia, anc1 in it the prognosis depends upon the se1·erity, and 
above all, upon the frequency of the attacks. Tanquerel, who, 
it appears, observed a relatively small mortality, hall lG fatal 
cases out of 72 of the disease; other authors give a much higher 
death-rate. 

Treatment is entirely without avail, and the expectant treat
ment has, according to Tanquerel, the best success. 

Theory of the Action of Lead and of Lead-Poisoning, 

'fhe theory o( leac1-poisoning bas, both in former times and 
recently, been the subject of much speculation and experiment. 
but it has as yet been absolutely impossible to givP :i satisfac. 
tol'y explanation of the nature of the disease, based uµon facts, 
and taking into consideration only those symptoms most frp. 
quently observed. And the value of the important work of 
Reube! consists chiefly in showing the insufficient foundation of 
certain attempted explanations, which hac1 unjustly acquired 
general a ppl'oval. 

The view, which has recently gained some notol'iety, is this: 
that the preparations of lead act chiefly upon the muscular fibre, 
f'Specially the unstriped. When, by the gl'adual introduction of 
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tlte preparation, tlw bloocl becomes, as it WPl'<', s:.itnratecl with 
IPacl, then the substance extends its action fro1u the bloocl to the 
unstripecl muscular tissue of the smallPr a rteries in the intestine 
and blaclcler. 'l'he !"Ontraction of th t> smaller vessels leacls, on 
the one hancl, to an increase of the bloocl-pressure. As a proof 
of this is aclclucecl the abnormally harcl pube obsPt-vNl cluring the 
attacks of colic (and, according to Tmulw, at otlu-•r times). On the 
other hancl, it leacls to anremia, and thereby to the many distur
bances of function ancl 1rntrition of the organs. In this way i8 
explaiiwcl the general cachexia, ancl finally , by anm111 ia of the 
brain (l{osenstein), the ecla111psia saturnina. The nmscular paral
ysis can be explainecl by the disturbance of m1trition in the mus
eular tissu<>, which is partly the res11lt of the contractecl concli
lion of the smaller vessels (arterial arnrrnia), ancl partly clue to 
the clirect action of the leacl upon the stripecl muscular fibre. 
'l'he last assumption was basecl upon the misinterpretecl e.>..1Jeri-
1111:1 nts of f(-ussel'Ow, who found n. larg(~ J' amount of lead in the 
rnuscuhi r tissue of animals than in the other organs. An expla
rnLtion of the fa<"t that the leacl aeted upon some muscles ancl 
not upon othPrs was attemptecl by supposing that possibly some 
existing peculiarities in the supply of bloocl-wss<>ls to the aJiectecl 
muscles might farnr this (IIitzig). The assumt>cl action of the 
leacl upon the unsnipecl muscular tissue of the intestines ancl 
hlaclcler served to explain in a quite "atisfactory manner the ap
pearance of the colic. 

'l'he paroxysmal character of the morn violent symptoms of 
leacl clisease, in , pite of the graclual, long-continnetl introcluction 
of lead, is explainecl by consiclering that, in consequence of the 
occasional climim1tion in the elimination of the leacl (especially 
by a diminisbecl secretion of urine), an aceumulntion of the poi
son in the bocly takes place. 

The conclnsions of Heubel, which are basecl upon numerous 
experiments, ancl which contradict the above views in almost 
eYery particular, mnst be acceptecl, and the above theory must 
b•' clroppecl, partly because lacking sufficient fonnclation, ancl 
partly because contraclicting the facts. 

Among the tolerably well-establishecl facts which assist in 
explaining the nature of the action of leacl ancl lead-poisoning, 
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and some of the symptoms of this disease, may be mentioned tlte 
following: 

Lead exists in the blood and all of tlte organs, as has been 
already mentioned, in chemical combina tion with albumen. 'l'his 
is shown by the fact that it cannot be detected by chemical tests 
without the previous destruction of the organic substances. 
Hence it is not allowable to ascribe to the lead circulating or rP
maining in the sys tem that astringent action which lead com
pounds, especially the acetate, possess. 

The amount of lead which accumulates in the organs in 
chronic lead-poisoning is very small, as is also tlw amount 
which is eliminated with the mine. Hence it is li tt le probable 
tliat the sudden manifestations of lead-poisoning-colic, for ex
ample-are clue to the relatively diminished el imination of the 
lead. On the other hand, it mnst be acknowledged that no th
ing definite is yet known concerning tbe separation of lead with 
the urine in chronic leac1-poiso11ing. The same is tm e with 
reference to the amount of lead which is eliminated with the 
bile, and consequently the imporhince of the biliary secretion 
in connection with this question is not yet established. It is 
al so maintained by many that the lead is separated by th,, ' kin. 
'l'ltis is not established, although but little can be said against 
such a view from a theoretical standpoint. In all of those cases 
in which a blackening of tht> skin, caused by sulphur-baths, is 
reported, it is not proved that this may not have been produced 
by minute particles of the lead compound in the fol'm of dust, 
which had been cleposited upon ancl in the epidermis. 

The amount of lead which is accumulated in the different 
organs appears, according to all a uthorities, and especially from 
l [eubel's latest investigations (reckoned of course in per cent.), to 
rary v~ry greatly. Heubel found in four experiments upon clogs, 
poisoned by the administration of the acetate of lead for several 
weeks, by far the largest amount in the bones, about 0.025 per 
cent., the next largest amount in the kidneys, 0.012-0.02 per cent., 
and liver, 0.01-0.016 per rent., next in the spine, 0.006-0.01 per 
cent., and next in the brain, 0.004--0.005 per cent.; still less was 
found in the muscles (0.002-0.003 per rent.): in t11e intestines, 
a tter complete separation of their contents, from mere traces to 
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0.002 per C•'nt. was fo uml, and almost always only t races could 
bP detected in the lungs and blood. Ilermann righ tly remarked 
that this order of the organs, in respect to the amount of lead 
which they conta in , would be very differen t if they were consid
ered in reference to the proportion of lead to the inorganic resi
due (after ignition) instead o[ to the total weigh t of the tresh tis
sue; in th is case the bones a t least would stand much lower in 
the li st. 

It must be acknowledged a t the ou tset that thi s knowledge 
which is gained by experiments upon animals poisoned in a rela
tively short time, and by relatively large dost·s, cannot, without 
some allowances, be applied to the much more chronic condition 
of }JOisoning in man ; the animals have, however, sl1 own the 
characteri stic symptoms of lead-poisoning. So fa r, then, as 
Heuber s res ults have any value in regard to the theory of 
chronic lead-pobouing, they show that the known, so to speak, 
localization of lead -poisoning in the intestines and muscles is not 
caused by the deposition of the lead directly in these organs. 

Nothing fur ther is known which can enligh ten us as to the 
constant changes in the organs caused by lead . Of chemical 
results we have onl y the interesting one of Heubel" s, that in the 
lead cachexia the amount of wa ter in the ol'ga ns is increased- a 
peculiarity which this cachexia possesses in common with others. 
That the results of anatomical investigations are negative has 
been already mentioned. It is worthy o( notice tha t there is no 
hypertrophy of the heart, especially of the left ventri cle, which 
is au argument against the assump tion of those who assert that 
there is, as a. resul t of lead-poisoning, a permanent contraction of 
the smaller vessels, ancl consequently an increase of blood-press
ure in the arteries. Those who consider the full and distended 
pulse as a symptom, not of chronic lead-poisoning generally, but 
only of the lead colic, are, therefore, probably correct (Tanquerel). 

Of the single manifestations of lead di sease, lead colic is 
doubtl ess to be lookecl upon as a neurosis of the in testinal plexus, 
but it is impossible to determine whether i t is due to central or 
peripheral canses ; yet Hermann certainly goes too far, when he 
in[ers that the nature of the affection is peripheral on account of 
the diminution of the pa.in upon pressure, since t.his phenomenon 
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is also frequen tly observed in nemalgias which ha1>e a central ori
gin. \Vhether the pain is clue to violent peristaltic action, which 
b interfered with by the presence of hardened freces, as Traube 
th.inks, it is impossible to say; at all events, this is partly the 
cause, yet it must be remembered that the most violent peristal
tic contractions in cases or obstinate constipation and obstruction 
are not attended with such severe pain as lead colic. Eulen
berg's definiti on or lead colic should rather be adopted, viz., a 
mixed neurosis or the iliac and cmliac plexuses. 

The most impo1-tant general manifestations which accompany 
lead colic are not difficult of explanation ; the peculiar hardness 
of the pulse, with the diminution in frequency, is to be considered 
as a reflex phenomenon caused by irritation of the sensory fibres 
of the splanchnic. 

The arthralgia cannot be explained. There is no doubt that 
not only muscular contractions, but also direct disturbances or 
sensibility contribute to it. The nature of lead paralysis, in spit e 
of the numerous ancl interest ing investigations in regard to it, is 
also not yet expla ined; most probably it is a disease of the ner
vous system, and not primarily one of the muscles; at all event", 
nothing favors the theory of primary disease of the muscular 
tissue, while facts, such as the occasional very sudden appearance 
of the paralysis, oppose it. Moreover, \\Testpltal' s case shows 
that regeneration after previous degeneration of the nerve-tissue 
may take place in thi s disease. Much more difficult of solution 
is the qtiestion, whether the disturbances in the nervous system 
are of central or peripheral origin. Authors generally incline to 
the opinion that their origin is peripheral. Yet it is clear that 
the phenomenon, the observation of which in paralyzed muscles 
has mainly given rise to this opinion, ran contribute nothing to 
the solution of this question-I mean the so-called reaction of de
generation.' Although at one time nenropathologists inclined to 
view it as uudoubtecl proof of the peripheral origin or the paraly
sis, yet we know to-clay, especially from Erb, that this reaction 
is not infrequent in paralysis ha ving a central (spinal) origin. 
The same is true of atrophy of the muscles, which develops so 

1 See Vol. XI. of thia Cyclopoodia, p. 420. 
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rapidly in lead paralysis; in this l'Pspect, also, observations 
multiply daily, which prove that it is a very common thing to 
see a rapid development of atl'Ophy of the paralyzed m nscles in 
diseases which certainly have a central, and especially a spinal 
origin. 

\Ve mean that in view of these facts the degeneration and 
regeneration of the peripheral nerves obsen·ed in leatl paralysis 
(Westphal's case) does not exclude the supposition or a central 
affection. On the other hand, it cannot be denied that many 
tl1ings ia\'Or the snpposition of such central (spinal) affection, 
such as the frequent symmetry of tlie disease aml the localizar 
tion oI the p<tralysis, chiefly noticeable at the bPginning, in 
grnups or 1mrncles more closely related functionally than by 
theil' dependence upon one and the same periphereal nerve
tnrnk. 

There is no doubt that we do have to de;il with functional 
tUsturbances of the nervous system having a central origin in 
encephalopathia saturnina in its different forms. And it is yet 
too soon to form a11y more acceptable theories concerning the 
mechanism or chemist1·y of these disturbances. To say that 
anromia of the brain is the cause of them is no explanation ; 
since there is neither evidence of any special brain anremia, nor 
do we see anromia of the brain, when clue to other causes, act in 
the same manner. 'l'he most important form of encephalopathy, 
the eclampsia saturnina, may, in some cases in which nephritis 
exists, as it not rarely does in leacl-poisoning, be explained as 
clue to mromia; but there is no doubt that in the majority of 
cases of lead eclampsia this explanation will not answer. In 
every respect the aspect of encephalopathia saturnina has mnch 
in common with chronic alcoholic intoxication, to which the 
name of encephalopathia alcoholica might well be given. In this 
disease also we have numerous interchanges of psychoses of dif
ferent kinds, with eclamptic conditions and even genuine epilepsy. 
It should be added, also, that amaurosis o,f preci~ely the same 
nature occurs in both of these forms of chronic poisoning. The 
analogy to which we refer here is not altogether without value 
for the understanding of the natme of encephalopathia satur
nina. Altogether too much stress has been laid upon the snp-
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position that all of these symptoms of chronic lead.poisoning 
depend directly upon the lead which is taken into the system 
and deposited in the organs. In chronic alcoholism it has 
been an accepted view for a long time, that an abnormal nutri
tion of the whole system is developed in consequence of the long
continued cii:culation of the foreign poisonous material in the 
body. The functional disturbances, which finally ensue as a 
result of the poisoning, stand, therefore, only in very indirect 
relation to the poison. But why the nutrition of the central 
nervous system suffers in such a way that these disturbances of 
its function develop, is thus far an enigma. The relation of lead 
encephalopathy to the poison absorbed should be looked at in a 
similar manner; and we do not think that anytl1ing ha• heen 
done toward explaining the disease by detecting the presence of 
lead in the nen·ous centres. 

CHAPTER II. 

OOPPER-POISONINO . 

Oppolur (Schnitzler), Deutsche Klinik. 1859.-Falck, Ibidcm.-Lieberkuehn, Pog
gcudorf's Annalen. Bd. 86.-Bergeret ct Mayenron, Archi"cs de l'Anatomie et 
de Physiologic. 1874. 

In the organs and secretions of the human body copper al
ways exists in combination with albumen, and can only be 
detected after destruction of the organic matter. On acconnt of • 
the relatively frequent necessity of examining for the presence 
of copper compotrnds in articles of food, etc., its easy detection 
in such case is of interest. It is sufficient to acidulate the sub
stance in question, such as food supposed co contain copper, 
with acetic, Jiydl'orhloric, or sulphuric acid, and introduce a 
polished steel needle, \\'hen the copper, e,•en when only a minute 
amount is present, is deposited upon the needle, and may be 
easily recognized, since it ditisolves in a little dilute ammonia 
with a blue ('Olor. Instead of acidulating the suspected sub
stance, the needle may be moistened witl1 acetic or dilute hydJ'O
chloric or sulphuric acid. 
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• \Ietallic copper itself is but slightly poisonous, since it is 
;cttacked with difficulty by the gastric juice. So far as known, 
there exists but one well-authenticated case o{ poisoning by it 
(copper coin). The oxide of copper, the carbonate (Brunswick 
green), the sulphate (blue vitriol), the basic acetate (verdigris), 
the chloride o{ copper, and the salts of copper with the fatty 
acids are poisonous. 

Acute Copper-Poisoning. 

Among the sources of copper-poisoning the principal are the 
formation of t lte fatty salts or acetate, etc., by boiling or pr<>· 
serving food i11 copper vessels which have not been tinned, or 
which have been badly tinned. Numerous cases of poisoning 
have been caused in this manner. In the Yienna General Hos
pital there were 130 cases of poisoning caused in this way, D 
of which were fatal. This is, however, not the only way in 
which a dangerous amount of copper may get into food: many 
fruits, in order to impart to them a beautiful green color, ar" 
boiled after the addition of a small amount of some copper com
pound. Confectionery may be colorntl by covering with som., 
copper pigment. Oysters in beds in or near copper deposit; 
contain occasionally a considerable amount of copper. 

Crabs, pickles, and tea may be colorecl with copper. Eating 
bread to which sulphate of copper has been added, ancl the use 
of spoons made of an alloy containing a large amount of copper 
have caused acute poisoning. 

It should be especially mentioned that all of these poisonings 
may become dangerous to life, even when the amount of copper 
is not large enough to be clearly perceived by the taste. 

The inhalation of the dust, which resultecl from pressing thP 
gilt letters upon the covers and backs of books in bookbinderies, 
has given rise to one case of acute poisoning. 

Cases have been observed where the poisoning was causecl by 
taking Radermacher's oxide of copper and, at the same time, eat
ing acid fruits, but more frequently by the careless use of the 
sulphate. 

The sulphate and acetate are used exclusively for criminal 
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and suicidal pmposes ; but the extremely disagreeable taste of 
these preparations acts as a check to their u se for the fo rn1 er 
purpose. 

There is much di sagreement in regard to the amount which 
is a dangerous or fatal dose. Accorcling to some, doses not equal 
in amount to the maximum dose o( the sulphate of copper of 
the German pharmacopreia (less than fif teen grains) have proved 
dangemns. In other cases much large1· doses. up to nearly an 
ounce, have been taken without injury . The dose of the ace ta te 
appears to be the same as tha t of the sulphate. 

'l'lte symptoms ef ac·ute copper-poisoning are in most cases 
those of a severe gastm-enteritis; the existence of great teues
mus and pains in the large intestine are noted as peculiar symp
toms in many cases. 

In comparatively many cases the nervous centres sympathize 
in a very marked degree, as shown by the violent delirium, etc. 
Convulsions are also not unfrequently observed. ; these symptom s 
are, however, noticed chiefly in those uases or copper-poisoning 
caused by food, etc., in which the diagnosis is often not perfec tly 
clear. 

Many au thors mention the comparative frequency of icterus. 
Lt appears tha t Christison's au thori ty alone shelters th.is staw
ment. One case of acute copper-poisoning wi th icterus is men
tioned by Orfila . 

The result is favorable in by far the majori ty of cases. Fatal 
cases genera lly run a very acute cotm;e. It is not certain that 
chronic poisoning may result from an attack o[ acu te. Yet it is 
though t(? Sclmitzler- Oppolzer, v. Ifasselt) that a scorbutic con
dition may result from 'i pmtracted case of ac ute poisoning. 

Tlle post-mortem appearrtnces consist o[ very intense inflam
m,ition of the mucous membrnne of the stomach ; not rarely thi s 
clrnn:::e extends downwards into the c1nodenum and upper part 
of th~ small in testine. In cases of poison ing by the sulphate of 
copper or verdigris the blue or green color of the coating formed 
upon the mucous membranes is quite cha racteristic; in the la t
ter case, if i t be moistened with ammonia, a deep blue color is 
formed ; the same is true of the conten ts of the stomach and 
intestines. The bodies o[ those who have been poisoned with 
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copper compounds have in a few instances been found in :i mum 
mified condition. 

Treotment.- Th e most useful antidotes are albumen and cal
cined magnesia. Sugar is much recommended. So far as the 
theoretical merits of this remedy are concerned, only those varie. 
ties which easily act as reducing agents (grape-sugar, honey), 
and not cane-sugar, can be of value; but even the success of 
these ml'ieties is not sufficiently established theoretically or 
empiri cally. J<'ormerly there were recommended as antidotes, 
witl1out. so far as known, having ever been tested practically, 
sulphide or iron, iron filings, silver tilings, etc., :mu also the 
fenouyanide oi potassium. 

Chronic Copper-Poisoning. 

The existPnCP of chronic copper-poisoning cannot be doubted, 
although in the description of it given by aL1thors there is much 
that is not well establi shed. In the first place, there is an im
portant obstacle to the observation of pure cases of poisoning, 
namely, that in almost all cases of chronic copper-poisoning 
other metals, such as zinc, tin, lead, and others, play a pa.rt. 

One fact, which testifies against 'iny powerful poisonous 
action or the metal, is that the majority of workers in copper 
and its compounds remain perfectly healthy. 

Cases or chronic copper-poisoning a.re reported among copper
smiths, copper-smelters, brass-workers, workers in bronze, etc.; 
and they have certainly been observed as a result of the continued 
eating or food rendered poisonous by being prepared in copper 
utensil s. The more certain symptoms of chronic copper-poison· 
ing are a more 01· less severe chronic gastric and intestinal catarrh 
and colic, which may be distinguished from lead colic by the fact 
that there is scarcely ever retraction of the abdomen, and rarely 
constipation, but, on the contrary, there is usually dianhooa. 
J\Io1·eo1·er, according to Oppolzer, the patient with copper-poison· 
ing does not perceive the sweetish astringent taste peculiar to 
lead-poiRoning, but the taste is the same as that prodLteed by a.n 
old copper coin upon tile tongue. 
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The presence of a line at the junction or the tee th and g ums, 
similar to that obserrnd in lead-poisoning, is frequently men
tioned . According to some this is exactly the same as the lead
line, according to others it is plll'ple- red in color, while, accord
ing to others, the appearance of such a red line is due to the 
strong contrast between the red color o( the gum, especially 
marked at the edge of the teeth, and the greenish deposit which 
colors the teeth even to the gum. 

Frequently there is a peculiar recldish or greenish coloration 
or the hair and of the skin, which is probably clue to the deposi
tion of small particles of copper, or of the fatty salts of copper. 

There are no very marked disturbances of nutrition in copper
poisoning, except in those cases in which there is a gas tro-intes
tinal catanh. :Mention is frequently made of the ex istence of 
special function al di stUl'bances of the liver, yet I hare never been 
able to satisfy myself of th e conectness of these assertions. 

Only one well-authenticated case of copper paralysis is kno\\'n 
to me (Oppolzer). In this case the pamlysis affected the right 
upper extremity, ancl was very similar to lead paralysis. 

Post-mortem examinations show nothing characteristic; men
tion is macle of a green coloration of the soft tissues and bones, 
but that this is due to the presence of copper is not surely estab 
lished. 

Treatment. 

The treatment of chronic copper-poi soning is the same as that 
of chronic poisoning by Lhe other heavy metals; no antidote is 
known. 

Tlteoretical and E xperimental Considerations. 

The sulphate of copper gives with albumen a precipitate, 
which is, according to Lieberkuelrn , an albuminate of copper, 
and contains 4.0 per cent. of copper. Therefore, the salts of cop
per sho<tld be absorbed in this form. The different organs of the 
human body frequently contain traces of copper, as has been 
shown, especiall y by Orlila, in the liver; this amount of copper 

VOL. XVII.-38 
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is, however, very small. Orfila, for instance, was obliged to take 
several livers together for analysis, in order to be able to demon
strate to the Academy the presence of copper in them. Copper 
has not been detected with certainty in normal urine. Patho· 
logically, copper is found to t.he largest extent in the liver, and 
is eliminated with the bile. It has been found in many cases in 
the kic11wys. According to Bergeret and l\Iayen9on, nfter the 
administration of small closes of copper compounds, it appears in 
the urine even without the latter containing any albumen. 

Solutions of the sulphate injected into the veins act as an 
emetic. 

In n•ganl to its action as a drug little has been determined 
experimentally. Falck and others found that it exerted a pow
erful action upon the heart, producing death by paralysis of this 
organ, and in addition it produced paralysis of the muscles gen
erally. 

CHAPTER III. 

ZINC- AND CAD~lIUiU·POTSONING. 

Meyhuyzcn, Arclliv dcr gcsammten Physiologic. Bel. VJI.-Micl1aclis, Archiv fiir 
physiologischc IIcilkuncl c. Jahrgang X.-Jlonsscll, Klin. 'Vochcnschrift, 18G6. 
-Marme, Itcnlc und Pfeuffcr's Zcitschrift. Bel. 20. 

Zinc i dctectecl in the organs and sPcretions aftpr destruction 
of the organic matter. In using potassic chlomte and hydro
chloric acid the operation shottlcl be conducted over a water-bath, 
since the chloride or zinc is somewhat volatile. In incinerating 
the organ,, sulphuric acid should be added in slight excess in 
order to prevent the formation of the likewise volatile metallic 
zinc (Michaelis). After destroying the organic 111atter, and pre
ripitating with sulphuretted hydrogen, l\Iichaelis n•commends 
fusing tl1e white precipitate with cobalt; a beautiful green color 
indicates the slightest trace of zinc. 

Of the compouncls of zinc, the snlpliate and the cl1loride are 
the principal ones to be considered; at least tlwsc are the only 
om•s which are known to have given rise to acute poisoning. As 
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a source o( chronic poisoning, is to be especially mentioned the 
oxide of zinc, which is easily soluble in the gastric juice (hydro. 
chloric or lactic acid); e1·en metallic zinc is so easily attacked by 
weak acids, such as those in fruit s and the fatty acids, that it 
may read ily become the source of chronic poisoning, as when 
food is cooked or preserrnd in zinc utensils or those which have 
a zinc coating. Rain-watPr collected from zinc roofs always con
tains, according to P eLtenkofer, a considerable quantity of zinc. 
Tho carbonate of zinc was formerly much used in the trcalment 
o( nervous di seasPs, and in this way has frequently caused chro
nic voisoning; which has al so been met with in manufactories of 
zinc whi te. The chloride and sulphate o( zinc have been used 
with criminal intent, but more frequen tly accidentally. In one 
case death was caused by the external application o( chloride of 
zinc paste as an escharotic. 

Acute Zinc-Poisoning. 

The amount of any of the zinc compounds necessary to pro
duce acute poisoning is difficult to delermine. From fifteen 
grains to a drachrn of the sulphate of zinc is occasionally used 
tlwrapeuticalJy as an emetic. Fatal results only followed after 
taking an ounce or more. The chloride of zinc is the most pow
erfol, and is, as is well known, a genuine escharotic, while the 
sulphate is classi fi ed among the non-corrosive bu t irritant poi
sons. P oisoning by this substance is not \'ery rare, especially iu 
England, and is almost always fatal. 

The very strong meta llic taste is S"-id to be p0rnliar to acute 
zinc-poi8oni ng. As would be expected, the sympt<J l11 S of gastro
enteritis are pres0nt to a greater degree in poisoning by the 
chloride of zinc. In these cases the symptoms of corrosion of 
the upper portion o( the alimentary canal are strongly marked : 
blooay vomiting, vi sible corrosion of the lips and mucon; mem
brane of tlw mouth, etc. On the whole, the more in te11se forms 
o{ zinc-poieoning arc very similar to those o( tartar-emetic poi
~oning, and both freqiwnt ly and in an unex1wctNl mann<'J' ter
minate favorably. In most cases recovery takes place quickly in 
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the course or two or three weeks at the longest, while an nnfa· 
vorable termination may take place lat~r, occasionally with ner· 
vous symptoms which are little characteristic; in cases of poison
ing by the chloride of zinc there is frequently observed, three or 
four weeks after the occurrence or the poisoning, a recurrence of 
the gastric symptoms, even after apparently complete recovery. 
This is not rarely noticed after poisoning by the powerful corro· 
sives, and is probably clue to the development of large ulcers 
or cicatrices upon the mucous membrane of the stomach. In one 

. case of severe chloride of zinc poisoning, which terminated in 
recovery, Honssell observed during several days great albumi· 
nuria and hrematuria. . 

Post-mortem Appearances. 

In poisoning by the sulphate of zinc, the appearances pecu· 
liar to a corrosive action are wanting completely, and there is 
only seen here and there moderate intlammation of the mucous 
membrane, which is covered with a tough white mncus. In 
chloride of zinc poisoning the appearances of corrosion are very 
marked, and often ulceration and cicatrization of the mucous 
membrane of the stomach are seen, and in one case there has 
been observed considerable contraction of the pylorus. Exten
sive gangrene of the wall of the stomach and cesophagus has 
been noticed. 

'I'reat111ent. 

Albumen and milk should be given, and the expulsion of 
the albuminate of zinc formed should be hastened; large 
amounts of the carbonates and phosphates are the best anti
dotes. Decoctions containing tannic acid are recommended in 
order to form the slightly soluble tannate. The ordinary treat
ment of simple or ulcerative gastritis must be resorted to if 
necessary.· 
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Chronic Zinc-Poisoning. 

As already mentioned there are numerous cases recorded or 
chronic poisoning in zinc mines and manufactories of zinc prepa
mtions ca.used by the vapor and dL1st. Most of these are not 
certainly cases of pure zinc-poisoning, since other metals which 
are impurities in zinc freqLLently take part. In this manner, cop
per, lead, and even arsenic, may exert their effects. The pOS· 
sibility of chronic zinc-poisoning, however, cannot, according to 
Michaelis' investigations, be doubted, and its existence has been 
proved by the occurrence of cases caused in former times by the 
therapeutic administration of zinc compounds. 

In these cases the long-continued use of relatively large doses 
in epilepsy, etc., has led to symptoms of chronic gastro-intes
tinal catarrh with marasmus which gradually reaches a high 
grade. 

The description of those cases of chronic zinc-poisoning which 
occur in factories shows them to be very similar to those of 
chronic lead-poisoning: dyspepsia, emaciation, colics, with con
stipation, but most generally with diarrhma, muscular pains 
and contractm·es were present; at the same time it is very diffi
cult to exclude the simultaneous influence of lead. 

Certainly the poisonous influence of the dust and vapor is 
very sligl1t, since cases of poisoning are quite rare, although the 
dust is devdoped in enormous quantities. 

Treatment ef Clironic Zinc-Poisoning. 

Cases oC chronic zinc-poisoning are described as easily cura
ble even when far aclvanced. Sulphur baths are recommended 
as tlie most effective means. No use has thus far been made of 
potassium iodide. Melsens' experiments speak very favorably 
o( its beneficial effects. 

Theoretical and Experimental Considerations. 

The sulphate of zinc, and apparently the other zinc salts 
also, forms with solutions o( albumen an albuminate of zinc, 
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which contains, according to Lieberkuehn, only traces or sul 

phuric acid and a tolerably constant proportion o[ the oxide ot 
zinc (4.7 per cent.). In this form the salts of zinc are probably 

absorbed into the blood and exercise their power, since von1iting 

takes place as readily after the ingestion of the albuminate as of 

the other salts. Vomiting and the other symptoms of the action 

of zinc are observed also after the subcutaneous injec tion and 

injection into the veins. In the organs zinc can only be detec ted 

in combination with albumen. Michaelis found it in largest 

amount in the bones and in the liver, also in the brain and in 

the muscular tissue. The bile seems to contain a relatively large 

amount. After taking moderately large amounts the zinc can 

only be detected in the urine after four or live days. 
The elimination with the bile increases, according to Michae

lis, with the duration of the poisoning, but is not sufficient to 

separate the metal quickly from the bocly. Orfila found zinc in 

the liver sixty days and more after the di scontinuance of its use. 

Experiments as to the action of zinc ha ve shown that chronic 

gastritis and even ulceration follows the ingestion of the oxide 

of zinc. After using it for several weeks there occur general 

convulsions, accompanied by pcct1liar twitching of the limbs. 

Jlfeyhuyzen found, as the action of the acetate of zinc given 

subcutaneously in doses of from one-thirteenth to one-sixth of 

a grain, rapid (complete in thirty minutes) destruction of refiex 

excitability. 

The action of sulphate of cadmium and other cadmium salts 

appears to be the same as that of the zinc compounds, only, on 

the whole, more energetic. Severe cases of poisoning are said to 

have been caused merely by the inhalation of the dust. Half 

a grain of the sulphate of cadmium is said to produce vomit
ing easily. 
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CHAPTER IV. 

SILVER-POISONING. 

Bael, Gazette medicale. 1865.-Frommann, Virchow's Archiv. Bd. 17.-Riemer, 
Arch. fiir Ilci lkundc. Bd. 16.-Lion?Jille, G:ncttc mCldicale de Paris. 1868.
Bogoslow&ki, Virchow's Archiv. Ed. 46.-Scatteroood, British Medical Journal, 
187 1.-Duguet, Gazette mCdicnle de Paris. 1874.-Rouuet, Arch. de Physiolo
gic norm. ct pathol. 

The detection of silver in t.Jrn tissues and secretions is accom
plished after the destruction of the. organic matter. 'Vhen pres
ent in the 01g,ins in large amount it can usually be detected 
mici'Oscopically; in such cases it is deposited apparently as a 
metal, in the form of tine dark granules. 

Practically, the ni trate of sil»er only need be considered. 
Cases of poisoning by it may be acute or chronic. 

1. Acute poisoning by nitrate of silver (lunar caustic) is rare; 
in the majority of cases it is caused by the breaking off and 
swallowing of pieces of the caustic during cauterization of the 
throat; very rnre are cases of poisoning caused by tlw ingestion 
of solutions of nitrate of silver taken with suicidal intent. or acci
dentally. The fatal dose is not fixed . Nearly one ounce in solu
tion has been taken without fatal result, and doses of nearly 
fifteen grains daily were formerly given therapeutically. 'l'he 
symptoms are those of conosirn gastritis, with occasionally cere
bral disturbances. In one case (that of a child), death occurred 
at the end of nine hours. 

Post-mortern appearances. -Inflammation in the upper part 
of the alimentary canal, extending downwards to the jejunum, 
the affected parts being blackened. 

2. Cltronic poisoning. -This is observed only as the result of 
the medici nal use of nitrate of silver, usua lly from its intemal 
administration, but also from long-continued application of it to 
the throat as an cscharotic, some of the fluid being swallowed. 
In the first case well-delined symptoms are not producecl until its 
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use has been continued for months, and from two and a half 
drachms to lhree ounces have beeu taken. 

'l'he first sign of chron ic silver poisoning is the appearance of 
a bluish line npon the gums similar to that produced by lead. 
The most important sy mptom is the so·called argyria-that is, 
the di scoloration of the skin and mucous membranes. The skin 
assumes a grayish.blue color of greater or less intensity, which 
color is, as a rul0, deeper on the cheeks, and generally on those 
portions of the body exposed to lhe light. The color increases 
in intensi ty fo1· some time after the discontinuance of the remedy. 

In addition to this peculiar color, sy mptom s of chronic gas· 
tro-in testinal catanh and, in some cases, albuminuria have been 
observed as results o[ chronic silver-poisoning. 

The discoloration is very permanent, and may last for years 
without change. 

Post-mortem examination shows that the discoloration is not 
limited to the skin and superficial mucous membraues, but may 
extencl to the liver, spleen, kidneys, intestinal mucous mem
brane, etc. Microscopic examination shows a deposit, probably 
of metallic silver, in the form of very fine granules, in the most 
superficial layers of the co rium, in the sweat-glands, in the 
smooth muscular fibre, and in the capillaries of the skin. In the 
internal organs the deposit is chiefly in the wall s of the smaller 
arteries, to a less extent in those of the veins, sometimes in the 
capillaries, the Malpighian corpuscles of the kidneys, etc. An 
abundant deposit of silver is also founcl in the interstitial tissue 
o( the lymph·glands (mesenteric). The epithelium of the skin. 
as well as that of the internal organs, remaius free to a marked 
extent. 

Tlteoretical and E xperi?nental Considerations. 

According to Lieberkuehn, the nitrate of silver forms, when 
added to a solution of albumen, an albuminate of silver which 
contains 6.5 per cent. of silver. It is assumed by some that the 
silver is absorbed as such. There is no doubt that the albumi
nate of silver acts as a poison when it is injec ted or when it is 
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taken internally, but the manner in which it acts is not yet 
fnlly establi shed. On the other hand, Riemer shows that by far 
the largest part (as much as nineteen-twentieths) of the nitrato 
of silver introduceu into the stomach, as when taken medicinall y, 
does not act as such, hut is reduced in the stomach into an in
soluble form, probably to metallic silver. R . co11 siders, there
fore, that in argyria the question is chietty conceming the depo
sition of the silver grannies already existing in the intestine. In 
opposition to this it should be observeu that the distribution ot 
the silver granules in that case is not similar to that of other pig
ments introduced into the body. At all events, we cannot, as was 
formerly clone, refer the discoloration of the skin entirely to the 
reduction or the silver under the influence of light, although this 
was, perhaps, in some cases, noticeable, on account of the deeper 
color in those parts of the skin which were exposec1 to the light. 
Silver has been detected chemically in the organs in such cases 
of argy ria. Silver is eliminated with the urine in cases where it 
has been administered for a long time, and even for some time 
after its administration has ceased. 

Treatment. 

In acute poisoning the white of eggs and milk should be 
given. Common salt is an antidote. It should be remembered 
that, when solid pieces of the poison have been swallowed, an 
attempt should be made to dissolve them. 

Nothing is known concerning the treatment of argyria. 

CHAPTER V. 

MERCURIAL POISONINO. 

Ooerbeck, Mcrcur u. Syphilis. Berlin, 1861.-Ku!smaul, Untcrsuchungen Uber den 
constitutionellcn :i\lcrcurialismus. 'Viirzburg, 1861.-Baerensprung, Annalen 
dcr CharitC, VIL 1856.- Voit, Physiologisch·chcmischc Untersuchungen. 
Augsburg, t857.- lV<iller

1 
Prngcr Vicrtcljahrschrift. 1859 und 1S60.-Lori11J1e1·1 
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Wiener mc<licinischc Wochenschrift. 185!) u. 1S60.-0ettin9cr, Ibid. 1859.-". 
Bocd·, Zcitschrift for Biologic. 1869.-Saikowski, Virchow's Arcbiv. 37.-1:J. 
Oetliltyen, De Caloruclanos, etc. Dorpat. Disscrt. 1848. 

In cases of poisoning mercury cannot be detected in the 
organic ttuids and tissues by the ordinary reactions, until after 
the des truction of the organic matter by hydrochloric acid and 
potastiium chlorate; in performing this operation too high a 
temperature must be avoided, since all of the compounds of 
mercmy are very volatile ;-this pmcess should be conducted 
over a water-bath at a moderate temperature. For the same 
reason the organic matter cannot be destroyed by incineration. 

From the fluid thus obtained the mercury can be isolated by 
the methods used in inorganic analysis. The nse of electmlysis 
is very highly recommended by Overbeck and others : the pas
sage of a galvanic current (2-10 Bunsen or Gmve cells) through 
a solution containing only one part of mercury in 40,000, gives a 
very plain coating of mercury upon a small gold plate attached 
to the negative electrode. Schneider was able to detect in this 
way one-sixth of a grain of corrosive sublimate dissolved in 
500,000 times its weight of water. A piece of copper foil in 
the place of the gold foil gives a little less delicate results. In 
either case the nature of the deposit upon the metal should be 
tested by sublimation. For this purpose it should be intro
duced into a glass tnbe closed at one end. Upon the applica
tion of heat the cleposit disappears from the metal, and is con
densed upou the cool part of the tube in the form of a metallic 
mirror. This operation should be performed immediately a[ter 
the deposit has been obtained by electrolysis, since otherwise 
the mercury might volatilize spontaneously. llfayen9on and 
Bergeret have recently recommended for the detection of mer
cury a very simple electmlysis ; moreover, they clo not pre
viously destroy the organic matter. So far as we know, their 
methods have not heen confirmed by other investigators. 

Stannous chloride precipitates the mercury, which always 
exists in the tluids resulting from the decomposition of the or
ganic matter as corrosive sublimate, in the form o( calomel, and, 
if an excess of the reagent has been added, in the form of metal-



MERCURY. 603 

lie mercury; by means or this reagent mercury may be detected 
in solutions containing only one part in 40,000. 

The poisonous action of mercury and its compounds is mani· 
fested in very different ways ; and this difference is not well 
defined by distinguishing between an acute and chronic form. 

1. Tile Corrosive Action qf Mercurial Preparations upon 
the Intestinal Tract. 

Corrosive sublimate is almost the only preparation of mercury 
which is the cause of dangerous corrosion, and this may be taken 
as the type of the other mercurial compounds which have a simi
lar action. It is rarely used with criminal intent, more frequently 
with suicidal, and very rarely is it the cause of cases of acciden
tal poisoning. Excepti ng this compound, mercUl'ic nitrate is the 
most frequent source of accidental poisoning. In its action it 
scarcely differs from conosive sublimate. Corrosive sublimate is 
soluble in water, alcohol, aud ether. It produces a precipitate 
in solutions of albumen even when very dilute. This precipitate 
appears to be a niercuric albuminate (see below under "Theoret
ical Considerations"). The powerful corrosi'"e action of the 
sublimate seems to depend upon this property of uniting chemi
ca!Jy with albumen . 

The smallest fatal dose of corrosive sublimate is given as a 
little less than three grnins for a child, and also for an adult. 
On the other hand, it is said that sometimes, and especially after 
its habitual use, as, for example, in the sublimate eaters of the 
East, enormous doses can be taken without injury; in the same 
way it is said that an opium-eater, in addition to his usual qt1an
tity of opium, has taken daily two scruples of sublimate. The 
ingestion of corrosive sublimate in the same way as that of 
opium appears to be quite common, and its action to be similar 

to that of opium, only more exciting. 

Clinical History. 

On taking corrosive sublimate, its peculiar sharp and metallic 
taste will usually be noticed; it produces powerful corrosion of 
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the mucous membrane of the mouth, cesophagus, stomach, and 
intestines, and leads rapidly to gastro-enteritis of the severest 
form. 

Pain is felt in the month, throat, ccsophagns, and stomach, 
and there is violent vomitin.~ and clianhcea characterized by nu
merous discharges which are attended with painful tenesmus. 
These are more frequently bloody than in arsenic-poisoning. In 
addition there is suppression of urine, often complete anuria, so 
that in two and even. more days not a drop of urine will be 
passed-in arsenic-poisoning this rarely happens to the same 
extent; there is also the greatest prostration, and all of thP. 
symptoms of collapse, etc . In many cases the corrosive action 
of the poison affects the larynx, producing hoarseness and 
dyspnma. 

The progress of the case is usually very rapid. In one case 
(Taylor) death took place in half an hour; more frequently it 
occurs in from two to twelve hours, but in most cases after 
twenty-four hours. Harely life is prolonged for ten or twelve 
clays. In those cases in which the patient lives more than twen
ty-four hours, salivation frequently occurs, but this may be en
tirely wanting. 

A favorable termination can scarcely be hoped for in the 
severer cases, where treatment is not resorted to immediately; in 
this respect, of course, in addition to the size of the close, the 
conditiou of the stomach, whether full or empty, is an important 
feature. · 

The post-mortem appearances are those of corrosive gastro
enteritis; the mucous membrane of the mouth, throat, and roso
phagus is inflamed, wrinkled, and covered with a white coat. 
The m neons membrane of the stomach is in some places, espe
cially near the pylorus, converted into dark, very tough eschars. 
In some cases ulceration takes place; after separation of the 
eschars there may be perforation. Here and there particles of 
the substance used may be found adhering closely to the mucous 
membrane. In the small intestines the appearances are usually 
normal, but in the large intestine, on the contrary, severe inflam
mation, even to ulceration and hemo1Thage, has frequently been 
noticed. This last appearance is to be looked upon as the begin-
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ning of the general action of the mercury. In acu te mercurial 
voisoning, mercury can usually be detec ted in the organs, but 
cases are known where death did not take vlace until the fo urth 
day or later, in which not even a trace of mercury could be 
found in the organs, stomach, or contents of the in testi nes. 

Treatinent.--Freshly vrecipitated hydrated ferrous sulphide 
(Bouchardat and others), vrepared by adding alkaline sulphides 
to a solution of ferrous sulphate, is the only snbstance which is 
universally acknowleclged as a vositive an tidote, bnt it can rarely 
be obtained quickly enough. \Vhen vomiting has not taken 
Jllace immecliateJy, it should he produced by mechanical iJTi
tation , subcutaneous injection of apomorphia, etc.; the corrosive 
action o[ the sublimate shonld be counteracted by giving large 
quantiti es of milk, etc. It must not be forgo tten tl1a t the com· 
pound of the mercmy with the albumen thus fo rmed (see above) 
is soluble, and mus t be removed. 

The use o[ the stomach-pump has been pretty generally, but 
probably erroneously , condemned , for fea r of possible perfora · 
tion on account of the great corrosion of the resophagus and 
stomach. 

2. J.fercurial Poisoning by Absorption ef the Poison into the 
Circulation. - Constitutional ,1fercurial Poisonin.(f. 

·with the exception o[ cinnabar (simple sulphide of mercury), 
which acts only in the form of vapor, all of the preparations of 
mercury, when taken in to the system, have a poisonous action. 
The only doubt about this is in regard to metalli c mercury.' 
The experiments of Overbeck, however, seem to have settl ed 
this ques tion. Th~se were made with mercurial oin tment. Ac
cording to these investigations and those of others, there is 
no clonbt that, when energetically rubbed in to the skin, the 
finest particles of mercury penetrate in to the subcutaneous cel
lular ti ssu~, and thence into the circulation in large amount; 
yet the action of this ointment has been ascri bed to the fatty 
mercurous sal ts which it always contains. This may, doubtless, 

1 See llcrma.nn, Experimeutelle Toxicologie. 
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explain a part of the action of old ointment (which contains a 
large amount of mercnrous salts), but Overbeck found too slight 
a difference in the action of such old ointmeut and that freshly 
lwepared from chemically pure metallic mercury, to be able to 
disr0gard entirely the action of the absorbed metal. The fact 
that metallic mercury can be taken into the stomach in large 
a.mounts, from three to nine ounces and more, without giving 
rise to poisoning, shows only that the metal is harmless in 
those cases in which a small surface is exposed to the oxidizing 
action of the system. 

The ways in which mercury may get into the body are very 
various. First in importance are its therapeutic uses. Mercn· 
rial ointment is a form much used at the present time; also the 
subcutaneous injection of corrosive sublimate solutions, and the 
internal administration of calomel, less frequently o( corrosive 
sublimate (Dzondi), play an important part. Many other mer
curial preparations are still used internally by older physi· 
rians, such as mercnrous iodide (hydrargyri iodidum Yiride, 
U. S., Br.), and much more rarely mercuric iodide (hydrargyri 
iodidnm rubrum, U. S., Br.). In England metallic mercury 
is much used internally in the form of blue-pills. Externally 
many different preparations are used, according as tlwy are more 
or less irritant, in the form of plasters, and corrosirn sublimate 
solutions are frequently added to baths and poultices. Inunc· 
tions of cinnabar are rarely used at the present time. All of 
these methods may give rise to the most severe mercmial poi
soning if employed energetically enough: even 1tpplications to 
the undenudecl ski n may ham this <'fiect, which is produced 
much more readi ly if the application is made to an ulcerated 
surface. 

In the use of mercury in the arts, in addition to the dust 
which contains particles or mercury or a mercnrial compou ncl, 
we must consider the vapor of mercmy as of the most impor
tance, especially when the work is performed at a high tempera
ture, hut also even at a very lm1· temperature. Those who are, by 
virtue of their work, most endangered are workers in quicksilver 
mines and smelting works, manufacturers of mirrol's, gilders, 
manufacturers of thermometers, percussion-caps, etc.; in a less 
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degree hatters, bronzers, and furriers. Some time ago much 
excitement was created by the accidents which happened to sail
ors upon certain vessels in which during the l'O.)'age jars, con
taining metallic mercury, became leaky; the mercury, which was 
spilled in the hold o( the vessel, gave ri se to the most severe 
symptoms of poisoning. Those cases are similar in which, in 
working with mercury, the metal accidentally falls to the fioor 
and gets into the cracks. Cases oC mercurial poisoning, as a 
result of this apparently, are not rare. In the same way persons 
have been poisoned from living in roorns in which mercury was 
spilled many years before; also persons who live in the neighbor
hood of rooms thus infected. It does not appear that the public 
is at all endangered by the illegal use of mercu1fal compounds 
for adulterating articles of food, or in the manufacture of articles 
for general use. 

The action of mercurial compounds, especially the therapeutic 
action, varies very much in intensity and in kind; this variation 
depending la1·gely upon the conditions-on the one side of the 
prnparation and on the other of the organism-affecting its ab
sorption. The more easily soluble compounds, besides being more 
irritant, are also more readily absorbed; but those which are sol
uble with the greatest diffi cu lty, like metallic mercury, can also 
be absorbed, and are by no means absolutely inert as regards 
the irritant action. With reference to this subject the investiga
tions begun by Buchheim (Oettiugen), and continued by Voit 
and Overbeck, are especially important. 

All mercmfal salts, even meta llic mPrcnry itself, are, as 
all·eady mentio1wd, when in '.1 state o( sufficiently minute sub
didsion, converted more or less readily by contact with the allrn
line chlorit1es, especially when aibumi11ons compounds are also 
present. into corrosive sublimate, which is easily soluble and is a 
powPrful escharntic. This change is apparently hastened by the 
prPsence o[ free hydrochloric acid. As the genera l action or the 
insoluble preparations oC mercmy ckpencls entirely upon this 
change, so also do many of the local effects; as, for example, the 
irritating and purgative action of calomel is solely dependent 
upon this conversion into conosi1·e sublimate; in this way very 
unusual effects oC calomel become intelligible. Thus we have 
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reports of cases in which most violent and fatal mercurial stoma
titis has been produced by very small doses of calomel ; as, for 
example, nry severe stomatitis, lasting for week s, with necrosis 
of the jaw, was produced in a boy eigh t years of age, after taking 
once a chty for three days a dose of three- fifth s of a grain of 
calomel; in another case a boy fourteen years old (1) died from 
mercurial poisoning (necrosis of the lower jaw) produced by one 
dose of fi ve ancl a half grains of calomel. Many cases are report
ed in which fatal stomatitis has been caused by from six to fif
teen grains of calomel taken during twenty-four hours, or in a 
single close. The same is trne of metallic mercury. Fatal cases 
have been reported in England caused by taking, for example, 
in the course of a week, about fift een grains of mercury with 
chalk, or the same amount of blue-pill, which contains at the 
most only a few grains of mercury. \Ve must assume that in 
these cases the change of the calomel or the rnetallic mercury 
into corrosive sublimate, which usually takes place only to a 
slight ex tent, is very much greater, perhaps owing to the presence 
of an unusually large amount of free hydrochloric acicl, etc. It 
cannot be denied, however, that in addition to the above-men
tioned points in reference to the poisonous action of mercury and 
its preparations, different individuals shoiv a very varying suscep
tibility to them. The fact that, of the workmen exposed to the 
fumes of mercnry, some remain entirely free from any injurious 
effects, bears testimony to this. Furthermore, it can be easily 
shown that mercurial ointment, applietl to the skin of many per
sons, even in very small amount and superficially, as for the de
strnction of crab-lice, always produces very severe symptoms. An 
instrnctive case is reported by Allinger (Kussmaul) of a girl who 
was affPctecl with mercurial stomatitis caused by simply rooming 
with her sister, who was employed in manufacturing mirrors, and 
who remained entirely unaffected herself. To explain the above
mentioned cases of poisoning by small closes of calomel, etc., 
individual predisposition must be tak en into account in addition 
to the other points mentioned. It has been repeated ly stated 
that young people are more apt to be affected than older ones. 

Usually the symptoms of poisoning by mercury come on 
while the individual is still exposed to its action, but it some· 
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times ha]Jpens that they are entirely absent d uring thi s perioll 
and do not appear until after remornl from its influence. Se\'era l 
cases a re reported in which the symptoms which first appeared 
in the disease were repeated la ter, and al so returned ag:tin after 
the lapse of years without any re-exposure of the individual to 
the action of the poison. This has been the case wi th sali vation 
after one at tack of mercurial stomatitis, caused either by the use 
of mercury in the arts or by its therapeutic administration, ancl 
is espec ially true or mercurial palsy. In one case of Kussmanl" s 
there appeared, after handling mercury (making minors) for nine 
months, severe palsy , which, although the patient was removed 
from the intlnence of the mercury, constan tly recurred IYitli 
varying intensity during a period of twenty-five years. 

Clinical History. 

F ormerly, and even at the present time, the severest cliseases, 
especially ulcerative diseases of the skin and affections of the 
bones, have been ascribed to mercu1ial poisoning. " ' e Jo not 
in recent times see affections of the bone occmTing as symptoms 
of the action of mercury , and their existence in former times has 
ne\'er been folly demonstrated. Also spec ial mercurial skin dis· 
eases, severe ones at least, have not been recorded since Alley' s 
extended reports. The reports and descriptions ot the so.call ed 
hyclrargyria rest in tlte main, doubtless, upon mistakes and 
erroneons diag noses. 

Eczema is, however, frequently observed after mercurial poi
soning, bu t apparently as tlte result chiefly of the local irri tant 
action o( the preparation used upon the skin , or occasionally as 
the result of copious perspira tion , unclea nliness, etc. ; but thi s, 
and still less the abscesses which sometimes fo llow the subcu
taneous injPction of corrosive sublima te, cannot be regarded as 
symptoms of mercuria l poisoning. It should not and cannot be 
denied that form erly these, as well as all other possible conse
quences of mercurial poisoning, were observecl ; yet. in those 
cases the condition was not one of simple poisoning, but, in con
sequence of the rashly ex cessive mercurial treatment, symptom s 
of poisoning were produced, and, at the same time, the system 

VOL. XVII.-3V 
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was reduceil to the greatest degree, partly by this treatment, 
and partly by attacks and influences entirely independent of the 
mercury. The symptoms which were obserrnd in such indivi
duals, rachectic and usually syphilitic to begin with, could not 
truly be unequivocal. 

In the consideration of ordinary consti tutional mercurialism 
we will except entirely those rare cases, in which very acute 
poison ing is caused by a single application of corrosive sublimate 
10 the skin or to an ulcerated surface. Thus, in the cases of two 
men, fatal poisoning followed the application of an ointment 
(one onnce of corrosive sublimate in six ounces of lard) for 
the Heh, and the same number of fatal cases resulted from the 
applicat ion of an oin tment consisting of two clrachms of corrosi'e 
sublimate in an ounce of fat for disease or the scalp. There 
was, it is trne, in these cases a general and not a local act ion of 
the poison, for they ran exactly the same course as a case of 
acute poisoning from the internal ingestion of corrosive subli
mate--that is, with the most violent acute gastro-enteritis and 
death in a few clays; the post-mortem appearances al so w~re 

exactly the same as in acute sublimate poisoning. 
If we leave out or account the doubtful results of mercurial 

poisoning and these forms allied to acute sublimate poisoning, 
then poisoning by mercury assumes the following simple form: 

Of the greatest importance is the intluence of the metal upon 
nutrition; thi s is rarely wanting when the action of the mercury 
is severe. 'Vhere small quantities of mercury are abso1·bed du
ring a long period, as in cases where the daily handling of mer
cury, in one's occupation, leads to poison ing, this action of the 
mercury shows itself usually by a simple anromia; this appears 
more rapidly when relatively large amounts are absorbed in a 
shorter time, as in the so·callecl mercury cures. In these cases 
also we have a simple amemia clmracterizecl by a pale color of 
the skin and mucous membranes, lassitude and malaise combined 
occasionally, as is frequently the case in anromia, with so called 
rhenmatoid pai ns. In other cases this comes on with a more or 
less intense fever, which is, however, rarely of much consequence. 
Besides the symptoms due to this, there are usually obsnvable 
signs or a chronic gastric catanh and of a genuine ente1·itis; 
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diarrhcea, often accompanied by very violent colicky pains, tenes
mus, and evacuation of slimy and even bloody discharges. 

This enteritis is caused as well by the extemal applica tion of 
mercury in the form of gray oin tment (Brandes) as by the inter
nal ingestion of mercurial compounds. 'Vben the general action 
develops more rapidly, saliva tion has u sually been observed 
before the appearance of the above symptoms ; this is a sign of 
the specific mercu1fal affection, stomatitis. This is, however, in 
an especially high degrne, dependent upon whether the proper 
precautions have been taken to prevent its appearance or not. 
ln cases where thi s has been done, salivation frequently fail s to 
appear, even when the other symptoms of poisoning are p resent. 
Otherwise, or sometimes in spi te of all precautions, salivation is 
sometimes the first symptom of poisoning. I t begins almost 
without excep tion with an abundant flow of saliva, fetor of the 
breath, and simultaneous swelling of the gums, upon which, 
when the a ffection is severe, there appears a croupous mem
brane; thi s is a t first lightly a ttached, bn t la ter it ad heres more 
closely and an ulceration of the gum develops benea th it ; thi s 
can also occur without previous exuda tion. These changes take 
place first in those spots where particles of food or the secretions 
collect and remain, as in the folds of the membrane, a t the edge 
of the teeth, especially when carious or unclean, and in the fold 
between the g um and cheek. The ulcerations may, when long 
neglected , or in especially unfavorable cases (more easil y in chil
dren and a[ter or simultaneously with a severe acnte febrile di s
ease), increase in extent and lead to extensive destrnction of 
ti ss tte, even to necrosis of the jaw. 

In such cases the di sturbance of nutri tion may reach to any 
extent, and a high fe ver, accompanied wi th general coll apse, may 
develop, as well as brain symptoms and condi tions of a scorbutic 
nature wi th tendency to hemorrhages, etc. ; in these cases it ~an
not be determined exactly how far the symp toms are dependent 
upon the direct action of the mercury . 

It is very rare that the above disturbances of nu tri tion reach 
to such a dangerous ex tent in acu te mercurial poisoning wi thout 
the addition of severe stomati tis. 

Very different is that form of mercurial poisoning which 
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comes on very g radually, as in workers in mercury mines, mir· 
ror and thermometer manufacturers, etc. In these cases the same 
symptoms usually de,•elop, only more slowly, but unfortunately 
there are present as signs o( mercurial poisoning, often for years, 
a more or less sm·ere gastric and intestinal catarrh, a gradually 
incl'easing anremia, a. moderate increase o[ the salivary secretion, 
a peculiar tendency to stomati tis, and the so-called mercurial 
ere th ism. 

The general character of this last symptom is very peculiar. 
Essentially the condition is characterizecl by great mental excita
bility of the patient to external impressions. Every unexpected 
or perplexing event excites him in the highest degree. The vi sit 
and co nversa tion of the physician put him into a state of com
plete bewilderment, even to syncope ; the adult pa tient grows 
pale, and stammers in answering the simplest qLiestions. To 
perform his allotted task requires the greatest e!Tort, or is even 
impossible if he sees or thinks that he is being watched. There 
is al so great solicitude and a feeling of anxiety without any rea
son fo r i t. There is sleeplessness, or sleep which is restless, fre· 
q uently broken, and disturbed by frightful dreams, headache. 
and palpitation. In the severer forms there are frequently ha!· 
lncinations, usually o( a frightfol nature. 'Vhen perplexed or 
excited, traces of tremor are often perceptible in a slig ht twitch· 
ing of the muscles of the face at the corners of the month. 

Such a condition of slight intensity may last for years or tens 
of years, and may then be characterized as an habitual merCLl· 
rial ism. 

Usuall y a fter this condition has lastecl for week s, or some
times for years, mercurial tremor comes on. 

This is very different, especially in its intensity, from the simi
lar conditions which one sees in chronic poisoning by lead and 
other metals ; when severe, it resembles almost exac tly paralysis 
ag itans. It begins in the upper extremities, tong ue, anti muscles 
of the face, and ex tends to the lower ex tremities. It comes on as 
a sligh t q uivering, perceptible especially on speaking, and in
creases graduall y in violence until complete convulsive twitch
ings are p roduced. These convulsions, although exis ting in all 
parts of the body, cliffer from the so-called general convulsions 
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by appearing in the single limbs independently. They render 
locomotion impossible. 

During sleep the trembling ceases completely ; any attempt 
to move increa8es it or brings it on ; excitement of any kind, 
especially mental emotion, also strengthens it. In the se,·ere 
grades of tremor, paralysis of the affected limbs always occurs. 
This is always more severe in the lower extremities; it reaches 
a high degree first in the later stages. Paralysis without tremor 
scarcely ever occurs; hut cases have been repeatedly observed in 
which, after long duration of the tremor, paralysis occupies the 
prominent position, the trembling being diminished. 

In one case, six weeks before death, there was observed entire 
cessation of the tremor and the simultaneot1s appearance o[ com
plete paralysis of both legs and the right arm; the paralysis of 
the arm beca,me better. Kussmaul describes a case in which, 
a[ter severe mercurial tremor and clonic spasms, permanent p::L
raly•is of the right arm developed itself. 

Anresthesia has not been observed as a result of the action of 
mercury; bnt, on the contra,ry, pain, in pa,rt purely neuralgic, 
or the most varying kinds is a frequent consequence of the poi
soning: very violent, even insupportable headache, partly in 
connection with the stomatitis ; toothache, and maxillary nemal
gia ; drugging and tearing pains in all of the limbs without a11y 
visible ev idence of inflammatory lesion. There is a feel ing o! op
p 1·ession in the chest, increasing even to attacks of asthma, with
out any disease o[ the thoracic organs being demonstrable. 

Much stress has always been laid on the mental anomalies in 
merctufali m, but the cases which have been cited are of very 
doubtful value, syphilis and other conditions of the greatest 
importa,nce in the causation of mental diseases playing their 
part. Yet what has been mentioned above of mercurial erethisin 
shows satisfuctorily the peculiar action of the metal upon the 
mental condition. The mental disease, however, hardly equals 
the description there given; at a,ll events, peculiar aml well
detined conditions of mental alienation develop themseh·es Yery 
rarely, but tolerably severe mental weakness, with diminution of 
memory, etc., is not very infrequent. 

The same is tme with regard to the existence of apoplexy ancl 
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mercurial epilepsy. Authentic cases of the former appear to be 
unknown, and cases of trne epilepsy have not been established 
with certainty, although cases of syncope with an aura (epilep
toid syncope) have been observed. 

Overbeck is of the opinion that it must remain undecided 
whether these conditions are dLrectly caused by the mercnry, or 
whether it be not the cachexia developing more and more under 
the intlnence of the poison that should be considered as their 
canse. 

All of these conditions, and also the severe symptoms of mer
cury-poisoning in general, are, if not of too long duration, capa
ble of improvement; yet they may become permanent at any 
stage; thus the simple, often very severe trembling, clue to the 
action of mercurial poisoning, is most frequently seen remaining 
through life. 

!ti the later stages of the disease it frequently advances in 
spite of all treatment and of total removal from the influence of 
the poison, and death takes place with increasing cachexia or 
supen·ening phthisis. 

It frequently recurs in the less advanced cases. 
Of the complications which occur in persons suffering from 

mercurial poisoning, and which stand in distant relation to it, 
must be mentioned first of all pulmonary phthisis, which, ac
cording to Kussmaul's reports, exists very frequently, and 
causes by far the greatest number of deaths in constitutional 
chronic mercurialism. Pregnant women are said to miscarry 
very easily, and children frequently become feeble, scrofulous, or 
rachitic, or are born otherwise diseased. The existence of saliva
tion or of the tremor in new-born or very young infants, when 
the mothers were severely affected with mercurial poisoning, is of 
interest. So far as known, however, the direct intluence of the 
mercury upon the child cannot be excluded in a single case, since 
the mothers were in all cases, owing to the nature of their occu
pation, exposed to what is termed "professional" poisoning, 
and it is probable that they carried the metal in their clo~hing 
or otherwise, from the shops to their own or their children's 
.room. 

In those who are severely alfectecl, dropsy may develop itself 
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and prove fatal; nephritis appears to cause this very rarely, 
although temporary albuminuria is not rare in severe chronic 
constitutional mercurialism. 

'l.'lteoretical and Experimental Considerations. 

The constitutional action of all of the preparations of mer
cury, with the exception perhaps of mercuric nitrate, presup
poses their change into corrosive sub limate. That this is the case 
wi th metallic mercury and the iodides, as well as with calomel, 
has been, in spite of many contradictions even at the present 
time, proved by Voit's experiments, which were based upon 
the older work of MialM. This change takes place, even at the 
temperature of the body, under the inttuence of the common salt 
and the albuminous compounds. 'Vhether these act as caniers 
of ozone, as Voit thinks, must remain unsettled. Corrosive subli
mate forms with the albuminous substances a mercuric albumi
nate, which is insoluble in water, but soluble in an excess of 
albumen; in this compound the mercury is probably contained in 
the form of mercuric oxide. The mercuric albuminate absorbed 
into the body appears to be distributed through all of the organs, 
and can frequently, if not always, be detected in them in con
stitutional mercurialism. No quantitative estimations or the 
mercury in the organs have been reported. Mercury has certainly 
been found in the liver, when the person had not been exposed 
to its action for a year. It has been proved by the rPpoi·ts of 
good observers, that mercury exists relatively very often in the 
bones in accumulations readily discernible by the naked eye 
even many years after mercurial treatment. The metal has also 
been occasionally found in biliary calculi, as I can certify from 
my own obsen,ation. It must not be considered, however, from 
the tinding of metallic mercury in the bones, that the mercuric 
albLuninate taken into the body has been decomposed by reduc
tion of the mercuric oxide and the cleposition of the metal, since 
it is not proved that this condition ex ists, except when the metal 
itself has been applied (inunction), and it may very well be a 
simple accumulation or the mercury which has been absorbed as 
such, ancl not converted into the albuminate. Yet it is certain 
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tha t the mercuric albuminate in the body is again decomposed, 
this is shown by the fact that the mercury is sometimes elimi
nated in urine which does not contain albumen. Prequently, 
howe1·er, we find the urine albuminous when it contains mercury 
Besides with the urine, mercury is eliminated with the saliva. 
bile, fmces, and perhaps the sweat. Bergeron and Lemaitre 
observed an elimina tion of mercury with the sweat after giving 
mercuric iodide. Voit asserts that he has observed in the case 
of a thermometer-maker, who was suffering from severe mercu-
1-ial cachexia, that arti cles of silver were amalgamated by being 
in contact with his hands ; Kussmaul, on the contrary, could 
detect no mercury in considerable quanti ties of the sweat of a 
mirror m" nu[acturer similarly affected. This elimination of the 
metal in the fo rm of the finest globules has been observed in the 
u1·ine, fmces, and bile, a fter inunction. The elimination may, as 
is probable in the case or the urine, be in termittent, and be going 
on years after the absorption. In other cases, no mercm y was 
found in the organs several weeks, or even only one week, after 
taking a moderate amount; it is possible, therefore, that the 
elimination was already completed at the expiration of that 
time. 

Li ttl e has been determinecl theoretically or experimentally 
concerning the intluence which mercurial poisoning exerts upon 
the metamorphosis of tissue in the organism. The investigations 
of Boeck seem to show that mercury neither increases nor dimin
ishes tissue-metamorphosis in general, bu t, according to Saikow
ski , who experimented wi th animals (rabbits and dogs), corrosive 
sublima te causes an increased secretion and a saccharine condi
tion of the urine of long duration. To mercury, and especially 
to calomel, has been ascribed the power of increasing the biliary 
secretion, but this result has not been noticed by most observers 
experimenting upon clogs with biliary fi stul ro. Little is known 
concerning the canse of the single symptoms of mercurial poison
ing. 'l'ha t the stomatitis is the direct result of the intlammation 
of the mncons membrane by the mercury contained in the salh-a 
is not establi sh<•c1 , since careful inves tiga tors of many cases of 
mercurial salivation deny that mercury is genemlly present in 
the saliva. Bu t the gastric and intes tinal catarrh may be the 
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1·esult of the irritation produced by the mercury eliminated into 
the contents of the intestine, and here, perhaps, changed pa rtly 
into co1Tosi,•e sublimate; at all ernnts, the reports of many 
authors agree in this, that the elimination of mercury in the 
f;eces is abundant and constant. It is not yet determined 
whether all of tl:te mercury eliminated with the fwces (leaving . 
out o[ account, of course, that which is taken by the month) 
comes from the bile or not. Nothing is known of those circum
stances which cause the mercurial tremor, etc. In all probability 
it is dtie to an affection of the central nervous system, but the 
nature of this disease produced by the influence o[ the metal is 
thus far entirely unknown, and it is not proved that this specific 
result of the poison is due to the direct action of the mercury 
upon those portions of the brain whose functions are disturbed 
by it. It must not be forgotten that the presence o[ the poison 
in the diseased organ has by no means been detected in all cases 
of mercurial tremor, etc. 

Concerning those diseases which stand in remote relation to 
mercury-poisoning, such as phthisis pulmonum, which is espe
cially frequent in mirror manufacturers, there is no positive 
proof that they are the result of a specific mercurial action. The 
great activity of workers in mercury, with all or the dangerous 
influences which are associated with such activity, ancl also the 
anromia and cachexia caused by the mercury, are the cause, and 
not the metal itself. This consideration should have an influence 
in deciding as to the advisability of employing mercurial treat
ment in many cases. 

Treatment qf JJfercurial Poisoning. 

The prophylactic treatment, of course, varies to an important 
extent, arcorc1ing to the form in which the poison comes in con
tact with the body. This is not the place to enumerate the means 
which mt1st be used to prevent the appeamnce o[ dangerous 
symptoms in the energetic employment of mrrcurial treatment. 
To prevent professional mercurial poisoning all of those prrcau
tions should be tak<'n which are generally e111ployeu in work
shops where dangerot1s sul.Jstances, and especially those giving 
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ri se to dangerous fumes and dust, are u sed. First of all we 
should insist u pon the most complete ventilation of the work
rooms possible, prohibition from taking food in the shop, cleanli
ness, such as washing the hands and chang ing the clothing on 
leaving work, etc., etc. In certain cases it is easy to form an 
opinion as to whether the conditions of sufficient ventilation are 
follill ed , or whether there is danger from the diffusion of mercu-
1·ial vapor or dust on account of defec tive ventilation in the 
work- or dwelling-rooms; living flowers "erve as the most delicate 
reagent for detec ting such dangerous impurities in the atmo
sphere; tlwy die very quickly in an a tmosphere conta ining mer
cury. A gold leaf becomes quickly amalgamated in such an 
atmosphere, and a stick of wood painted with flowers of sulphur 
becomes brown on the surface, owing to the formation of sul
phide or mercury . 

If not successful in keeping the atmosphere free from mer
cury, we would recommend as an experiment the free use of 
flowers of sulphur in some form, such as strewing it upon the 
floor, pain ting the walls with it, or as a sulphur respirator-that 
is, linen cloths, the meshes of which are tilled wi th sulphur. It 
appears certain that the action of mercurial vapor upon plants 
at least is neutralized by saturating the a tmosphere with sulphur, 
on account or the formation of the sulphide or mercury. 

Hecently it has been recommended to sa turate the air of the 
affected rooms with ammonia vapor by sprinkling the floor with 
a strong ammonic hydrate solution after working hours. Expe
rience is said to have found this procedure successful, although 
chemically it is not y et understood. 

·when the system is being subjected to the action of mercury, 
good food, and a t the same time the nse of warm ba ths, appear 
to be the lJPst means of pre,·enting the symptoms of poisoning. 
The importance of good food is equally great for both forms of 
poisoning-that cansed by the therapeutic and tha t by the pro
fessional use of mercury. The general opinion of those who 
work with mercury in mirror manufactories appears to be, ac
cording to Kussmaul , that loss of appetite, and consequently 
d iminished nutri tion, favors very much the appearance of the 
severer symptoms, and, so far as therapeutic poisoning is con-
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cerned, the most careful physicians consider loss of appetite in 
their patients to be the most positive contraindication against the 
energetic continuance of mercurial treatment. 

'l'he same means are also of service when the symptoms of 
poisoning have already appeared. Since the elimination of the 
poison by the skin is generally established, the cause of the 
favorable action of warm baths is explained by the increase of 
the secretion of the perspiration. 

As a further means of hastening the elimination of mercury, 
the use of potassium iodide in large doses for a long time has 
been recommended as the result of very satisfacto1·y experiments. 
These experiments, to be sure, are not entirely conclusive ; yet 
it must be acknowledged that the numerntts and closely agreeing 
investigations upon the elimination of mercury in general, or its 
increase in the urine in cases of mercurial poisoning, after the 
administration of potassium iodide, render the employment of 
this drug advisable. 

For the treatment of the stomatitis the best means known is 
the most scrupulous cleanliness of the month. 

Electricity has for many years been recommended iu the 
treatment of the mercurial tremor. 

CHAPTER VI. 

ANTL\IONY·POISONING. 

Acke-rmann, Virchow's Archiv. Bd. 35.-Nobilin(J, Zeitschrift f. Biologic. Bd. IV.
S<tiko1cd·i, Virchow's Archiv. Bd. 34.-Buchlteim und E1semnenyer, Eckhar<l's 
Bcitriigc. Bd. V.-Kleima1ui. uad Siuwnowit.sch, Archiv filr Pllysiologic. Bd. V. 

In order to detect antimony in the organs and tluids the or
ganic matter must first be destrnyed, preferably by hydJ'Ochloric 
acid and potassic chlorate. 

Of the compounds of antimony almost the only one to be con
sidered in toxicology is the familiar double tartrate of antimony 
ancl potassium, the so.called tartar emetic; in addition, however, 
u few cases are known of poisoning cansed by the t~rchloride 
and the pentasulphide of antimony(" golden sulphide"). Cases 
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of poisoning by working with and using metallic antimony are 
said by yan llasselt to be frequent; yet in those cases where 
arsenic and other poisons are almost always present at the same 
time, it is very difficult to determine the part played by the anti
mony. 

The majority of the cases of poisoning by tartar emetic are 
caused by its medicinal use, but more frequently by the use of 
patent medicines which contain tartar emetic in large amounts. 
'l'here are also occasionally cases of accidental poisoning by tartar 
emetic. On the whole, it is rarely used for criminal or suicidal 
purposes. 

From nine to fifteen grains is regarded us a fatal, or at least 
highly clangerotts, dose for a healthy adult; rnn Hassett gives 
as the fatal dose from two scrnples to one drachm. Much larger 
doses, however, have been endured, and much smaller closes hn,·e 
been seen to produce very dangerous symptoms, as one-sixteenth 
and one-twenty-fourth of a grain (Taylor). In children, and in 
old or enfeebled persons, tartar emetic appears to act as an 
especially dangerous poison; death has resulted in children 
from taking about three-quarters of a grain, and in adults, under 
favorable circumstances, from taking a little less than two grains. 

On the contrary, it has been taught for a long time and hy 
the most eminent authorities, who, like Laennec, recommend the 
use of tartar emetic in acute intlammatory dist'ases, especially in 
pneumonia. that the system under such conditions '·tolerates" 
tbe drug in otherwise incredibly large doses. As little as snch a 
"tolerance" seems rt priori credible, just so little has it been 
provecl by sufficient experiment. The fact is, however, that not 
rarely enormous closes, an ounce and more, have been taken 
without fatal result; a fact which is not so difficult to under
stand, since the rapid production of vomiting and pinging expels 
the la 1·gest part of the poison. 

LittlP is known with certainty conreming the existence of a 
chronic fo1·m of tartar emetic poisoning, unless we consider as 
chronic poisoning the more 01· less severe. gastro-intestinal 
catarrh produced by repeated attempts at poisoning the same 
person by la1ge closes, or the occasional continued use of the 
drug in small doses. The experiments of llfayerhofer and Nobi-
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ling upon themselves teach us that such is the result of the long
continuecl use of small, so-called nauseating, doses; other than 
this these chronic forms of poisoning show little that is impor
tant. 

Clinical History qf .A.cute Poisoning by Tartar Emetic 

The symptoms are those of the most severe gastro-enteritis. 
From a few minutes to one-half an hour or an hottr after the poi
soning sevpre pain is felt in the mottth, throat, and along the 
msophagns to · the stomach, and there is violent vomiting, and ti 
little later purging. In all cases in which the action or tartar 
emetic is powerful, and consequently in cases o( poisoning, col
lapse soon appears, forming a J)rominent feature, and increasing 
to the greatest extent. In many cases it appears when the 
symptoms of gastro - enteriti s are wanting or only ~ lightly 

marked (such as vomiting once or only a few times), and where 
dianhcea is absent. 

Thus the case may resemble one of arsenic-poisoning, but in 
its far ther progress it differs from the latter very materially. In 
fatal cases the deceptive remissions frequently seen in arsenic
poisoning are wanting, and recornry from tartar emetic v oisoning 
is not rare, even when there is the greatest collapse with pul se · 
lessness, coldness of the extremiti es, etc. Convulsions are seen 
before death in fatal cases, ancl also occasionally in cases ending 
in recovery. One case, reported by Taylor (Mayer, Gleaves), is 
very peculiar; in this genuine tartar emetic pustules were said 
to lia1·e appeared in large numbers upon the skin on the thircl 
clay after the poison was taken. 

Death may take place within twPnty-fonr hours, but usually 
it does not result until after the lapse of weeks. 

It is not to be wondered at that severe chronic di sturbances 
of the stomach are noticed as results of the poison ing. 

The post-mortem appearances seem to be very different in dif
ferent cases. The most important are those of gast riti s, which 
are rarely wanting; in some cases this has reached the highest 
degree, and led to hemorrhag ic exuda tion and infil tration upon 
and into the mucous membrane of the stomach, and even to 
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abundant hemorrhage into the intestinal canal. In several cases 
extension of the inflammation to the serous membrane bas been 
reported. Slight ulceration of the mucous membrane has fre
quently been seen, and in some cases it has been found iu the 
upper part of the small intestine. 

The reports, as to the presence of antimony in the organs o[ 
individuals who have been poisoned, differ very much; it is cer
tain that antimony appears quickly in the urine after the inges
tion of small amounts of tartar emetic, and is eliminated with the 
urine in relatively large amounts. This elimination appears in 
some cases to be intermittent, as was mentionecl above in the case 
of mercury. It frequently happens that none can be detected in 
the stomach even only a few hours after its ingestion, but at that 
time it always appears to be present in the liver, bile, and kid
neys. It bas also been detected in the milk (Lehwald); so that 
poisoning of infants (nmslings) may take 11lace. It has been 
found in the liver of the frotus when the mother had taken tartar 
emetic before delivery. It has also been found several times in 
the bones a long time (four months) after taking the poison. Of 
especial importance is the statement or Taylor, that he has found 
the antimony in the tissues in a form soluble simply in water. 

Theoretical and Experirnental Considerations. 

Reference Jias already been made to the absorption and elimi-
1iation of tartar emetic. It should be added that large amounts 
of antimony have been detected in the vomited matters after the 
injection of the drug under the skin or into the veins. Hermann 
relies upon this fact not to commit himself to the statement that 
the l'omiting produced by tartar emetic is independent o( the 
local action o[ the drug upon the mucous membrane of the ali
mentary canal. :Magenclie observed that retching was produced 
by injection of tartar emetic into the veins of dogs after extirpa
tion of the stomach; the supposition remains possible, however, 
that the drug was eliminated by the mucous membrane of the 
intestine, and exerted its local action; and in favor of this sup
position is the fact that as large doses are necessary to produce 
vomiting when injected into the veins as when taken into the 
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stomach. These facts are not without value also for the inter
pretation of precisely the same conditions in arsenic-poisoning. 

It is not yet established whether all of the antimony elimi
nated into the intestine comes entirely from the bile or not. 
\Vhether and how far the collapse-the feeble action of the heart 
-which is a very prominent symptom, is caused by the gastro
enteritis, cannot be determined with certainty. There is no doubt 
that tartar emetic is a powerful cardiac poison ; the cessation of 
the heart's action, which is observed in experiments, is at all 
events independent of the influence of the poison upon the cen
tral nervous system, since it takes place also after destruction of 
the medulla oblongata. 

Concerning the relation of the different constituents or this 
componnd to its action, it is only known that the paralysis of 
the heart is in no way to be ascribed, as N obiling thought, to the 
potassium which it contains, since tartrate of sodium and anti
mony acts with almost equal power, and the tartrate of antimony 
alone has a similar, though somewhat weaker, action. Anti
mony, therefore, appears to be the principal active ingredient. 

The action of tartar emetic npon the tissues is similar to that 
of arsenic; it produces violent inflammation when applied to the 
external skin as well as to the mucous membranes, bnt it is not 
a trne corrosive, since it does not destroy the tissues by d irectly 
proclt1cing new chemical compounds, or by tlle extraction of 
water, or by simple solution. 

Among other experimental facts, we must notice that Sai
kowski has observed, after poisoning with antimonic acid, and 
to a still more marked degree after poisoning with the terchloride 
of antimony, lhe same changes in the glandular organs and in 
the mnscnlar tissue of the heart, as those which are seen after 
poisoning with phosphorus ancl arsenic. In many localities, it is 
said to be the custom to put gray antimony into the drinking
water of geese which are being fattened, in ordPr to prodnce a 
very fat liver (Grohe and Mosler). A similar treatment of fowls 
is said to have been known centuries ago (Husemann). 
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Treatment. 

As an antidote to tartar emetic drugs containing tannic acid 
should be gi1'en, preferably in the form of decoction; decoction 
of cinchona is frequently administered. The inftammatory ac
tion of the poison should be counteracted by surrounding it with 
albumen, milk, etc. 

In the more chronic form of poisoning, potassium iodide has 
been given, it having been assumed, from its analogy to poison
ing by mercury and other metals, that this drug favors the elim
ination of the poison. 

CHAPTER VII. 

RARER l='QTDfS OF POI:50XING BY TIJE TIF.AVY 'METALS-IRON, 

MANOAN"ESE, CllRQ)llU;.\l, TIN, llIS):lUTII, GOLD, THALLIUM, 

AND OTHERS. 

Quincke, Archiv Hir Anatomic und Physiologic. 1868.-.A:Jkrtnod:i, Virchow's Ar· 

chiv. 22.-P.mlet, Archives gi!n6r. l BGJ. - Lin.~tow, Vicrtcljahrschrift fUr 

gcrichtliche Mcdicin. 1874.-J/iiycn~on un<l Rergeret, Cnnstatt.'s Jnhrcsbl·richt. 
1873.-lcf)l.'de_ff, Canstatt's Jahresbericht. 1869.-St'}an01oitsch, Ibid.-Marme, 
GOttiogcr Nachrichtcn. 1867. 

'" Poisoning by Salts of Iron 

is a Yery rare occurrence ; yet cases of criminal, suicidal, and 
accidental poisoning have occnrred. The only preparations of 
iron which are poisonous are: ferrous sulphate, ferric chloride (in 
the form of the solution [and tincture]), and occasionally the 
tannate of iron in the form of ink. 

There are not a sufficient number of facts to enable us to fix 
the fatal or dangerous dose. Ferric chloride ancl ferrnus sulphate 
appear to act with about the same severity; in fatal cases they 
were taken in doses of more than an ounce; yet, according to 
Orf\la's expel'iments upon dogs, much smaller doses would suf
fice. 
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'Ve must, of course, separate the cases of true poisoning from 
those not rare cases, in which the medici nal use or some or the 
iron preparations has resulted in some disturbance or cligt•stion, 
since otherwise we would be led to formulate a chronic form of 
iron·poisoning, and, in fact, these symptoms have occasionally 
been described as snch. 

As an altogether doubtful curiosity, we find reported a case 
of iron-poiso11ing from the external application or the prepara
tion. This was the case or a boy who l1acl worked with hi s hands 
in a solution of fe1Tous sulphate. After long-continued work of 
this kind, vomiting and pnrging came on as symptoms of the 
poisoning. 

The symptoms of poisoning by the above iron preparations 
are a toxic gastritis of slig ht intensity; the matters vomited and, 
of course, the fmces are colored biack, from the presence of th" 
sulphide or iron. 

The post-mortem appearances are not characteristic ; the 
greenish-black cliscolo1·ation of the mucous membrane mentioned 
in some cases seems to have no co11nection with the poisoning. 

T!teoretical and Experimental Considerations. 

The inflammatory action of the above salts of iron depends 
mainly upon si111ple conosion. The ferric salts, and especially 
the chloride, coagnlate albumen, and the same is true of the fer
rous salts also, but only because they are in part, in the body 
as well as in the air, quickly changed to ferric compounrls. 

The iron preparations are eliminated wi th the u1·ine; they 
exist in this tluicl partly in the form of ferric and pal'tly in the 
form oI fel'rous salts, no matter whether the Iorme1· or the latter 
were ingested. The statement of van Ilasselt, that the elimina
tion or iron, espec ially when it has been taken in small closes, 
does not begin for a long time, is very peculiar. Iron is said 
also to be eliminated with the milk. 

Ferric salts injec ted into the blood act as an intense poison; 
ferrous salts also are quickly oxidized, and produce coagnlation 
of the bl oocl , and consequently death from emboli sm. If injected 
Yery slowly in sma ll amounts, only minu te coagula are p1·oducecl; 

VOL. XYI!.-4~ 
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these are tak~n up by the white blood-corpuscles, ancl distributed 
throughout all o[ the organs; if the orga ns are treated with sul
phidP o[ ammonium, a green color (macro- and microscopic) is 
prodncPd, wh ich permi ts the detection of the presence o[ these 
lron-containing cells. 

Some of these salts of iron, such as the citrate, learn the 
organism in the urine unchanged. P okrowsky found that the 
amount of urea in the urine of patients aftp1· ta king ii-on was 
in creased, and that there was n. slight increase or the average 
temperaturn of the body. Unfortunately his experiments have 
not been repeated. 

b. Poisoning by Preparations of Manganese 

has practically no importan~e. The experiments of Laschke
witsch' show that they differ nry much from the iron salts. 
Accorc1ing to him they are very poisonous, and cause death by 
paralysis of the heart. 

c. Poisoning by Preparations of Chromium. 

Of these only chromic acid and its salts, the neut ral chromate 
and bichromate of potassium, and the chromate oi lead (chrome 
yellow), need be considered in reference to poison ing. 

Cases of acute poisoning by these preparations are chiefly 
accidental 01· su icidal, and are very rare; chronic chromium
poisoning has been noti ced in workers who handie solutions of 
the chromates or chromic acid, or who are exposed to the action 
o[ the dust from these compounds; those who a re exposed to 
the action or the dust suffer from ulceration of the hands, which 
heals wi th difficulty, or of the mucous membrane of the nose, or 
of the scrotum, and other places. The chromate of lead bas 
given rise to two cases of fatal poisoning in children wbo ate 
confectionery colored wi th it. 

The fatal dose of chromic acid and that of potassium bichro
mate appear to be the same, but that of the neutral potassium 

1 Ccntralblatt fiir die medicinischen Wissenschanen. 1800. Vorliiufige Mittheilung 
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c·hromate is larger, while that of the chromate or lead is very 
small. All of them prnduce death in doses of a few grains. 
The symptoms in the majority of cases are those o{ se\"ere corro
sive gastro-enteritis, which is evidently caused by the escharotic 
properties of the preparation. "It is remarkable that in a num
ber o{ the fatal cases the gastric and intestinal symptoms were 
almost completely wanting, and that the 

P ost-rnorlem appearcmces in some cases consisted only of 
un~mportant changes in the gastro·intestinal mucous membrane; 
usually, however, ulceration or softening of the mucous mem
brane of the stomach was found. In some cases this change 
extended to the jejunum. 

d. Poisoning by Compounds of Tin 

is of the greatest rarity. Only two authentic cases are known. 
Frequently, poisoning of a mild g rade is said to be caused by 

eating acid or fatty articles of food which have been kept in tin 
or tinned vessels, owing to the solution of the metal; it is to be 
remembered, however, that tin is very frequently contaminated 
with lead, copper, and arsenic, or that alloys of tin and lead are 
used instead of ostensibly pure tin. Thus the so-call ed rose tin 
(Bohemian tin) is said to contain as much as 10 per cent. of lead. 
'rile presence of arsenic in the tin is said to increase the action of 
the above kinds of food upon the metal. 

Stannous and stannic chlorides, which are used in the arts, 
proclnce very violent symptoms of poisoning. The e symptoms 
are those of a toxic gastro-enteritis. In one case one-half a tea
spoon.fut of the substance proved fatal in three clays, after very 
violent symptoms. At the autopsy the same appearances were 
seen as in corrosive sublimate poisoning. 

This snbstance does not act specially as a corrosive. Accord
ing to experiments upon animals (Orfila), it produces convulsions 
and also paralysis. · 

Tin is eliminated with the urine. 
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e. Poisoning by Subnitrate of Bismuth. 

A few cases or so-called subnitra te of bismuth poisoning may 
be found in toxicological literat)ire; even fatal cases have been 
described. The doses used were from one to two and a half 
drachms. It is probable, however, tl1 at these were cases of 
arsenic-poisoning, since this is a very common inrµurity in the 
oflicinal preparation of bism uth . 

In some of the preparations the normal salt, which is much 
more soluble, and, therefore, much more dangerous, is said to ex
ist; also free nitric acid, even in dangerous amount (Husemann). 

The existence or a chronic fom1 of bismuth-poisoning is not 
established. 

According to Lebedeff, glycogen di sappears from the liver of 
animals after Jong-continued feeding wi th bismuth. The ammo
nio-citrate of bismuth is said by Stefanowitsch to be a very 
powerful poison, and to act in a similar manner to phosphorus. 

£ Poisoning by Compounds of Gold. 

The terchloricle of gold only requires mention; this is a 
powerful irritant ancl escharotic, like the nitrate o( silver. 

In addition to this con1ponnc1, the double chloride of sodium 
and gold, which pmdnces the same effec ts, only in a less degree, 
has come into use again. Gold is eliminated with the urine, and 
is said to possess a constitutional action which is as yet uncleter
minecl. Fo1·merly cases of poisoning have been ascribed to the 
therapeutic use of this and other preparations of gold. 

g. Poisoning by Thallium. 

This substance is, as it appears, a powerful poison both in the 
metallic form and in combination; the Cal'bonate is said to be 
fatal to clogs and rabbits fo doses of fifteen gl'ains when taken by 
the month, and to rabbits in closes of three qual'ters of a grain 
when given subcutaneously. It is, according to l\Ianne and 
Rabukan, a muscular and cardiac poison, ancl in its action re
sembles merct1ry in one respect ancl potassium in another. 
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I shall not treat o( the compounds of platinum, palladium, 
osmium, iridium, rhodium, nickel, and cobalt, since they have 
not yet become important practically, nor has their physiological 
action been determined accurately. The perosmic acid may be 
mentioned as having recently attracted the attention of anato
mists. Its pungent fumes, like those of iodine, bromine, etc., 
are very irritating to the mucous membrane o( the air-passages; 
taken internally it is only dangerous in large doses, such as 
thirty grains and more. Vnlpiau and Raymond' have described 
one case of osmic acid poisoning in a factory employee. 

CHAPTER VIII. 

PJIOSPllORUS·POISONING. 
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tung des sauerstofl'haltigcn TcrpcnthiaOl u. s. w. Halle. 1872.-Personne, 
Comptcs rend. 186\J. und Bull. gCnCr. thCrnpcut. 186\J.-Andant, Bull. gCnCr. 
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Of phosphorus and its compounds as sources of poisoning, 
the former only requires notice. Phosphide of zinc ha, been 
observed to act in a similar manner. In addition to these, phos· 
phuretted hydrogen is the only compound which has an impor
tant poisonous action, which is, however, very different from that 
of phosphorus, aud has never, as it appears, caused poisoning 
in man. Phosphoric acid, with the exception of a slight irritant 
effect, has no poisonous action, and the same is true of phos
phorous acid. The'e are practically unimportant. 

Of the allotropic modifications of phosphorus only the so
called white phosphorus is poisonous; the red (amorphous) 
variety is perfectly harmless, even in very large doses. 

The detection of white phosphorus is best itccon1plished by 
the combined methods of Mitscherlich and Lipowitz. The sus
pected fluids or tissues, finely di,.ided and treated with water, are 
placed in a flask connected with an upright glass condenser, 
and heated over a water-bath in a dark room ; if phosphorus is 
present, luminous vapors will appear in the lower part of the 
condenser. For further demonstration it is best to introduce 
into the fluid a few pieces of sulphur (melted on a thread), and 
first heat out of contact with the air, by closing the condenser; 
after twenty or thirty minutes the pieces of sulphur on the 
thread are removecl and the condenser opened, when the phos
phorescence can be seen upon the entrance of atmosphel"ic air. 

If phosphorus was present, a part of it has been precipitated 
on the pieces of sulphur, and these can be used for other tests. 

Phosphorus-poisoning shows itself in two distinct forms, 
which are sharply defined clinically and in the main anatomic
ally. These are: 

Acute poisoning, which has almost invariably been produced 
by taking phosphorus internally, and chronic, which is caused 
by the inhalation of phosphorns rnpors. 
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1. Acute Phosphorus-Poisoning. 

Phosphorus may be swallowed in five forms: in that of 
matches, phosphorns pastes (rat poison), more rarely as phos· 
phorns oil , phosphoric ether, and as pure phosphorns. In by 
far the majori ty of cases, even with suicidal intent, it is taken in 
the form of matches. The frequency with which this is used for 
sui cidal pmposes has increased enorm ously during the last ten 
years, although recently its use appears to be decreasing some
what. IlundrPds of cases can easily be founil in li temt ure. 
l\Iatches are also the frequent source of criminal poisoning, and 
in children only of accidental poisoning. Phosphorns pastes 
have frequently be~n useil with criminal and su icidal intent, and 
hal'e also been taken accidentally. Pure phosphorns, phospho
rus oil, and phosphoric et11 er arn difficult for the lai ty to obtain; 
thesP arc often the cause of medicinal poisoning. In England a 
patent med icine fo r the treatment Of worms WaS fou nd to COil · 

tain a large amount of phosphorns. This preparation gal'e rise 
to one fatal case of poisoning. 

The local action of the phosphorns upon the stomach is mate. 
rinll y less when it is taken in large pieces than when in a finely 
di1·ided state. The so-callecl fire-eaters are said to swallow who!P. 
sticks of phosphorns, wPig hing fifteen g rains and more, witho ut1 
injury. Van Ifasselt doubts this statement ; in fa rnr o[ it, how. 
ever, is the fact that, in animals, very large pieces pass from th" 
intestine almost unchanged, and have but sligh t action. " ' hen 
el'er phosphorns has proclnced se1·ere poisoning, i t has almosL 
always been used in a finely dh·ided sta te or dissolvPd (in oil or 
ether). In such a condition it is a very actil'e poison; fo r an 
adult, one grain should be designated as a dangerous or fatal 
close; fo 1· children, a small fraction is sufficien t. The amount of 
phosphorus in matches vari es exceedingly (accord ing to Gun
ning, from one- firth to one grain in one humhed match-heads). 
Uoreover, th eir action varies according as the heads a.re swal
lowed whole, or an ex tract or emulsion p repareil with water, al
cohol , Ol' some fatty fluid, like milk, which dissolves phosphorus 
more easily, is taken ; notice should also be taken of the manner 
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in wlticlt the pltosphorns paste is appliecl to the rnatch; whether, 
for example, the head is soaked or coated with a varnish which 
is difficultly soluble in water or not. An important factor in 
determining this is the rapid appearnnce or absence of vomiting. 

Thus it can be easily underntood tbat in one case severe poi
soniug has been observed after taking 35 or 40, ancl even after 
taking 8 matches (i n a child two years old), while in another 
even 400 matches did not prove fatal. 'l'he amount of phos
phorus in pastes used fo r poisoning rats varies greatly, accord
iug as the paste is freshly prepared 01· not. 

The case of Harting, in which the ingestion of a single match 
is said to have produced severe poisoning, is open to considerable 
doubt. 

It may be stated here that no authentic case is known in 
which poisoning has been caused by the burning of matches; the 
experiments performed by van Hasselt ancl Pappenheim to set
tle this question, so often discussed by the laity, gave only nega
tive resu lts. Non-susceptibility to the action of this poison, 
acquired by habitual nse, or so-called idiosyncrasy, does not 
exist; most animals, also, are affected by it to <tbout the same 
extent as man ; parrots only are said to enjoy immunity. 

Syrnptorns. 

The first symptoms of poisoning are usually gastric: pain in 
the cpigastrium and vomiting; the latter is usually not violent, 
occnning but once, or only a few times. Generally it comes on 
in the course of the first twenty-four hours, freq uen tly soon after 
the ingestion of the poison. The vomited matters, except when 
they contain pltospltorus, show nothing special. 'Yhen phos
phorus is present they are luminous in the dark. Discharge of 
luminous masses per anwn has been observed; occasionally, 
when much phosphorus has been taken, a luminosity of the 
breath has been noticed soon after the ingestion, but it is proba
ble that in these cases the lnrninous gas came from the mouth or 
stomach, and not from the lungs. Freqnentlr the peculiar odor 
of phosphorn s is perceptible in the breath. Other symptoms do 
not nccessai-ily follow the vomiting, if the stomach has been com-
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pletely emptied, or if the close has been small. .\!most always, 
however, there comes on a. comparatively healthy condition, 
which may last two or three clays, or ernn longer. 'l'hen the 
severe symptoms begin usually with jaundice, which increases 
more or less mpidly until it reaches the highest degree o( inten
sity; with this comes urticaria, which generally accornpanies 
severe jaundice. Si111ultaneously with the icterus tl1Pre is more 
or less pain in the epigastrium, especially in tlt e n'gion of the 
liver. At this time enlargement of the liver can usnally be cle
teetecl by palpation ancl percussion, ancl this organ continues to 
increase while the patient is under observation; mild febrile cl is
t1ubances a.re frequent, and vomiting, now more 01· less bloody, 
comes on again. \Vith the appearance of these symptoms there 
is very great disturbance of the general condition, and soon 
alarming weakness of the heart's a.ction is noticeable. 'l'he pulse 
varies greatly in freq t1ency (in one case the number o( pulsations 
was diminished to 40), being much accelerated, extremely feeble 
ancl small toward cleath; the hea rt-sounds are feeble, ancl are 
early characterized by the failure of any difference between the 
first ancl second sounds (Cmtal heart-sow1cls- Stokes); finally, 
the lil'st sound disappea rs entirely. 

At the height of the disease there is frequently a, tendency to 
hemo!'l'hage of varion kinds; the vomiting of blood above men
tioned may be very copious, and with it there may be bloody 
stools; also bleeding at the nose, metrorrhagia, and often prema
ture appearance of the mensPs. The hemorrhage into the skin 
and subcuta.neous cellular tissue shows itself in the fo1·m of pete
chim and extensive ecchymoses. The hemorrhage from a simple 
leech bite or from cupping cannot be stopped. 

The intellect sometimes remains entirely intact; profound 
stupo1· is a bacl symptom; it precedes death by not more than 
twenty-four hours. The failure of the intell ect may show itself 
in cliJl'erent ways: as simple coma, as coma with restlessness, ancl 
in some cases as violent, noi sy clelirium. Convulsions are not rare 
as cleath approaches. The temperature of the body remains 
about normal until the approach of death. Then, for the first 
time, there is a lowering of the temperature, or in some cases a 
consiclerable increase. 
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Of especial interest is the clmracter of the urine eliminated. 
At first there is no marked change in amount or density; later 
it is diminished in amount, during the last few days even to the 
minimum (between three and four ounces). It usually contains 
a small , rarely a large, amount of albumen, frequently blood and 
so-cal!Pcl fibrinous casts, and, with the appearnnce of jaundice, 
biliary p igments and acids. Leucin and tyrosin are rarely found 
in it, but paralactic acid is often detected in large amount, especi
ally in fatal cases. Schnltzen and R iess found that the u rea 
almost completely disappeared upon the approach of death; 
and in its stead there appeared, even in cases ending in recovery, 
a peculiar 11i trogenons "extractive" material, which was, accord 
ing to the:;e authors, very similar to peptone. In experiments 
upon animals, this disappearance of urea could not be produced. 

Death may take place unexpec tedly at any time, even befor& 
the appearnnee of the most nnfuvornble symp to ms, and ire 
qllently toward the encl of the tir:;t week, or sometimes in the sec
ond week. Slightly marked gastric symptoms by no means 
authorize the prediction of a mild course of the p oisoning. Iu 
cases oE recovery from severe poisoning, the disease may drag 
along for a long time. In the cases oC this kincl observed by 
Schultzen and others, the swelling of the liver clid not disappeu 
for morn than four weeks; the jaundice clisappearecl, albumen 
could no longer be detected in the mine, and the repeated aml 
copious intestinal hemorrhage ceased. 

A ve1y different form oE poisoning from that above clescribed 
is one in which the progress is Yery rapid; this occ1us in very 
acute poisoning. In one case death took place in less than nine 
hours, and cases which have pro1·ecl fatal in two or three clays 
are not rare. In such cases all of the symptoms develop much 
more q uickly. The vomiting which first appears may be fol
lowed immediately by the most severe symptoms. 

J au ndice is only absent in those cases which run a Yery rapid 
conrse; in one case (Drachmann), however, it did not appear, 
although death did not take place until the fourth day. 

In a very Iew cases an apparent d iminution in the size oE the 
l iver, which was p reviously enlarged, has been observed a fow 
days before death. 
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P ost-1nortem Appearances. 

The great interest which phosphorus-poisoning has won for 
pathology, dining the last decade, depends in g reat measure upon 
the pathological appearances to which it leads. In this connec
tion v. IIaufI has performeil the greatest service , by teaching 
that fatty degenera tion of the liver is a usual result or this form 
of poisoning . After death there is found, almos t wi thout excep
tion, a more or less in te nse yellow colora tion of the skin an<l 
conjunctivm (compare that which relates to ictem s under " Symp
toms"). Eccltymoses 01· petechire are al so frequently seen. The 
muscular ti ssue is usually yellowish-red and fatty . On opening 
the abdomen, the familiar garlicky odor or subs tances contain
ing phosphorns is perceived. The blood is only partly coagu
lated. Eccltymoses are seeu beneath the pericardium and endo
card ium. The muscular tissue of the heart is pale, and evenly 
colored of a ligh t grayish-ye llow, or in some cases (especially 
apparent beneath the endocardi11111) it is striped or contains net
like tracings fo rmed by lig ht wavy lines upon a g rayish-rec1 
ground; tlte cardiac tissue is brittle, and appears ratty both to 
the touch and to the eye; in short, we see a typical fa tty heart. 
The lungs show nothing abnormal , except the ltyposta tic con
gestion, ancl the pleural ancl bronchial ecchy moses. The li ver is, 
as a rul e, enormously enlarged, and p1·esents the appearance of 
one in a high degree of fa tty degeneration ; it is usuall y pale
yellow, but may be deep-yellow ; the acini are plainly perceptible 
and large. 1'he substance is brittle and fat ty; here and there 
ecchymoses beneath the capsule or along the course of the blood
vessels may be seen. The spleen is often recently enlarged . The 
gastric mucous membrane is swollen, grayish, and non-transpa
rent, with small or large ecchy motic spots, and rarely ul cers, 
which are small and in the pyl oric region. The mucous mem
brane of the cluoclem1m often presents the same appearances. 
That of the mall and large intestine is pale, with occasional 
ecchy moses. The contents of the stomach and in testine are ofte11 
bloody ; the in testine contains but li ttle or no bil e, and the gall
bladck1· bu t lit tle o[ a biliary or ra ther mucous fluid. The kid
neys are very much enlarged and fatty. 
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In the central nervous system there are no important changes. 
In a few cases, in which the duration of tlw disease was only a 

few hours, the a utopsy gave almost completely negative 1·esults. 
Sometimes important changes occur only in the liver. In many 
cases this organ is scarcely enlarged, ancl may be even dimin
ished in size. It no longer has so pale a yellow color, but is, on 
the whole, more of a dark-red; its consistency is tougher; the 
lobnlE'S are small and wasted. !11 thi s clark-red tissue may be 
seen orcasionally insulated spots of varying size, which have the 
c.rdinary appearance of phosphorus - poison ing, ancl are of a 
~ trongly-marked yPllow color. Under such cil·cumstances the 
rippearance of the liver gives the impression that the fatty cle
r;eneration, which in the yellow patches is still in its prime, has 
in the reel portions advanced to the stage of atrophy. 

Microscopic examination shows, as the cause of the fatty 
v.ppearance of the organs, that the musct1lar fibres of the heart 
and muscles of the body, the hepatic and renal epithelial cells, 
and the cells of the gastric glands, are fill ed with large or small 
fat drops. Klebs found also fatty degeneration of the smaller 
blood-vessels and capillaries, to which he attributes the hemor
rhages. 

The reports aml opinions of authors differ in regard to the 
appearances in the liver. Some of tl1e allthorities, at the head 
of whom stands Mannkopf, found, es pec ially in those cases with 
commencing atrophy, proliferation of cells in the interstitial tis
sue, an increase of this tissue, ancl aggregations of nuclei; others, 
among whom are Schultzen and Riess, never have seen such an 
active process in the interstitial tissue, but simply a fatty degen
eration of the cells. This difference in the microscopic results 
has importance in connection with the controversy as to whether 
the changE>s taking place in the liver in phosphorus-poisoning 
are essentially different from those in acute yellow atrophy of 
the 1 iver or not. · 

The experiments of W egener are con cl llSi ve so far as the ana
tomical side of the question is concerned. 

Wegener found "an interstitial hepatiti s of the most marked degree. The 
result of this, when produced by the use of relatively large doses of phosphorus 

continued for several months (that is, in comparison with the doses used by Wege-
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ner to produce fL modification of the growth of bone, such as, for exnmple, 0.0015 
gramme (one.fi£ticth of a grain) in rabbits, is always essentially the same, namely, 
an atrophy of three kinds: smooth induration of the organ, or a form of atrophy 
occasionally seen in man as the result of syphilis, & hcpar lobatum with numerous 
deep contructioos which produce a great deformity of the organ, or, finally 1 the 
typical granular atrophy, the clas~ical cirrhosis of the liyer. Jn all of these cases 
chronic ictcrus is present. If the atrophy is of the last-mentioned ''arie::ty, there 
are found those regularly developed secondary affections, which arc familiar in 
11uman pathology, viz., venous hypcrremia of the stomach and intestines, iuduratirn 
enlargement of the spleen, 11 etc. 

'fhis complete description leaves no doubt about the fact that 
in cases of chronic poisoning by phosphorus the most exqnisirn 
proliferation of cells takes place in the interstitial tissue of the 
liver; this gives, therefore, the most important evidence in favor 
of the views of those who, with Mannkopf, consider the changes 
which take place in the liver in acute phosphorus·poisoning and 
acute atrophy of the liver as identical. The chemical side of this 
question must be considered later in the theoretical part. 

In cases of very acute poisoning, in which the post-mortem 
examination has not been postponed too Jong, phosphorus can 
frequently be detected in the contents or the stomach and intes
tines by its luminosity in the dark, or by means of l\Iitschel'lich's 
apparatus; in other cases the detection of phosphorous acid ren
ders it at least probable (Sonnenschein) that white phosphorus 
was present. 

Tnengel, by means of Mitscherlich's process, detected phos
phorns in the liver of a girl who died nine hon1·s after swallow. 
ing matches, the autopsy having been performed forty hours 
after death. 

On the contrary, in one case, in which death took place within 
twenty-four hours after the poisoning, phosphoms could not be 
detected in any organ. 

Tlworetical and Experimental Oonsiderations. 

Of the theoretical questions bearing on acute phosphorus-poi
soning the one most discussed is, whether the disease is due to 
the direct action of the phosphoms on the metamorphosis of tis· 
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sue, or to that of some compound of phosphorns formed within 
the system. 

Phosphorous and phosphoric acids may exist in the body as 
the result or the oxidation of the poison ; the facts which !Pad to 
the assumption that these componnds are products or intermedi
a te steps in its act ion are not eonclusil·e. l\Ioreover, the injuri
ous action or these compounds is far too slight in proportion to 
the powerrnl action of free phosphorus. 

One or the principal reasons gil'en hy somr of the investiga
tors of the present clay for considering tha t phosphorus conlcl 
not act as such in the blood and ti ssues was its supposed iu; olu
bility in water, in the stomach, and in the blood. 

Phosphorus is, however, as Buchheim and Hartmann havP 
demonstrated, soluble in water a t a temperature of from 96.8° to 
104° F alu·., in the proportion of 0. 022 per cent . ; but in the or
ganic fluids, such as the bile, it is somewha t more soluble. It is 
also true that phosphorns, when taken into the body-especially 
into the stomach-either in solution or undissolved, goes into the 
blood . This has been vrovecl both in cases of poisoning in man, 
and experimentally by poisoning animals. Luminosity or the 
breath has been observed in animals when the phosphorus has 
been introduced into the stomach through the msophagus, after 
msophagotomy had been performed and the Cl'sophag us tied 
above the wound. In one case, after exposure to phosphorus 
vapor, Vauquelin observed di stinct 1111ninosity of the urine. 

The objPctions, therefore, against the supposition of a direct 
influence of the phosphorus upon tissue-metamorphosis are un
tenable. 

A second question still uncleciclecl is, In what way is thi s ac
tion of phosphorus to be regarded ? It has been thought that 
the phosphorus, or phosphurettecl hydrogen formed from it, acts 
sim ply as a deoxidizer, but the poisonous closes are much too 
small to accomplish this. 

Schultzen almost always found par:~l actic acid in the urine in 
fatal cases of phosphorus-poisoning. Schultzen and Riess found, 
in the earlier stages of poisoning; a peptone·like substance ; 
'Vyss fonncl lencin and tyrosin; Schultz0n and Riess detected 
tyrosin in the blood of dogs poisoned with phosphorus. These 
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authors saw the urea-the principal product of normal tissue

metamorphosis-almost entirely d isappear from the urine in fatal 

cases. Since it has been well es tabli shed tha t lactic acid is, under 

normal condi tions, oxidizetl, the view of Schnltzen and Riess 

that the presence o( phosphorus in the organism interferes wit!~ 
the process of oxidation, is probably correct. The appearance of 

leucin and tyrnsin ancl all o( the other intermPdiate products of 

metamorphosis (the so-called peptones) in the urine corresponds 

entirely with this view. llow this action is to be ex plained is 

compl etely unknown. 
In this, as in all other cases, the almost constant appearance 

o( jaundice depends upon the reabsorption o( the bile; the simul

taneous presence of a large amount of the biliary acids in the 

urine proves thi s, as in many such cases of icterus an obstruc

tion to the flow or bile cannot be detel'ted . 
The hemorrhages appear to depend upon the fatty degenera

tion of the wall s of the smaller blood-vessels. 
The symptoms of gastro-enteritis depend, in small part only, 

upon the local irritation; perhaps the products of the oxidation 

(I[ the phosphorus (phosphorous and phosphoric acids) may take 

part in thi s action; in genernl, these symptoms, especially so far 

as they belong to the later periods, a re conseq uences or the gen

eral action. The constant changes in the mucous membrane of 

the stomach, the gastro-adenitis of Virchow, al'0 of the sa me na

ture as the changes in the liver, muscles, and kidneys; these are 

found also after the injection of phosphorus oil into the rectum. 

·whether the fatty conditi on of all o( these organs is to be re

garded as a simple fatty infiltration- that is, a deposition of fat 

owing to its non-consumption-is not decided. The considerable 

increase of fat in the bl ood appears to favor thi s riew prchn). 

Mehn found three per cent. o[ fat in the blood of dogs poisoned 

with phosphorus, against two per cent. under normal conditions. 

Bamberge r, on the contrary, found no increase of fat in the 

blood. The fact that in the liver, where thi s fatty condition is 

most marked, genuine inttammatory (interstitial) changes may 

exist somewhat contradicts this view. 
P erl s has, as it seems, g iven the proper definiti on to distin

guish between fatty infiltration and fa tty degeneration. If, in a 
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tissue, fat is stored up, and there is a diminution in the amount 
of water and a co1TPsponding increase of the non-volatil e con
s tituents, this may be considered as a fatty infilt1·ation. Fatty 
degenemtion exists where, with a tolerably constant amount of 
water, the fat takes the place of other non-volatile substances. 

In the lirer:i of two dogs poisoned wi th uhosphorus I found: 

At a tem;1erature of 212 ~ Fabr. 

f 
. J 25.iS of dried "ubstance. 12.5 or fat. 

In 100 grammes o hver. 124.2 " " s.o " 

In dogs, under normal conditions, I found that the amount 
of water never exceeded 75 per cent.; the above figures, there
fore, show that the fatty condition of the li»er, at any rate, in 
phosphorus-poisoning, is due to fatty degeneration. Bauer's 
estimations or fat in the livers of dogs poisoned with phosphorus 
and his conclusions from other considerations, agree with this. 

Practi callj', as well as scientifically, the question as to the 
identity of the changes in acute phosphorus-poisoning and acute 
atrophy of the liver, is interesting. T!Je anatomical side of the 
question has been already treated in speaking of the post-mortem 
appearances; the changes in ti ssue-metamorphosi s, however, in 
no way appear to be the same in the two cases. The most im
portant labors of Schultzen and Riess in regard to the chemistry 
of these changes lead to the conclusion that the very frequent ap
pearance of sarkolactic acid in the urine is characteristic of the 
changes in tissue-metamorphosis in phosphol'Us-poisoning . Since 
this substance has thus far never been found in acute atrophy of 
the liver, we may accept this conclusion. Less characteristic is 
the appearance of leucin and tyrosin in acnte atrophy of the 
liver, s ince these substances have been repeatedly detected in the 
urine in phosphorns-poisoning, although in much smaller amounts 
than in acute atrophy of the liver (" ' yss). 

Finally, although no more essential differences can be estab
li shed in the processes taking place in acute atrophy of the liver 
and acute phosphol'Us-poisoning, yet it cannot be concluded that 
idiopathic ac ute atrnphy of the liver does 11ot exist, and that in 
doubtful cases phosphorns-poisouing must be iufen ed. This 
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unwal'l'anted conclusion would lead to Yery dangerous con"·· 
q ueuces, especially in medico-legal pmctice. 

Treatment of Plwsplwrus-Poisoning. 

This must aim exclnsiYely to render the poison harmless 
before its abso rp tion into the blood. This is best accomp lished, 
if the patient is seen early enough-that is, a t the latest within 
the first twenty-fom· honrs,-by the administration of emetics, or 
better still by the use of the stomach-pump in combination with 
active cathartics. The physician can always do thi s. if he has 
an msophageal sound. Bamberger considers sul phate of copper 
to be the best emetic. By the use of this clrng we succeed in 
prod ucing, in add ition to the act of vomiting, an at least te mpo
rary harmlessness of the poison ingested. The copper salt fo rms 
with the phosphorus a compound wl1ich is very sligh tly soluble, 
so that the p ieces of phosphorus in the stomach (heads of 
ma tches, etc.) a re sunounded with a coating of the slightly 
soluble phosphide of copper. 

Recently oil of turpentine has been recom mended as an ener
getic an tido te in ac ute phosphorus-poisoning. 

The use of oil of turpentine in chronic phosphorus-poisoning 
(by the vapol') is old ; i t is based upon the fa ct that the vapor 
of phosp l10rus is not l uminons in an atmosphere strongly impreg
nated with turpentine. Andan t in trodnccd tlw use ot turpen
tine into the treatment of acute phosphorus-poisoning. Accord
ing to Koehler, no action takes place except with the unrect ifi ell 
oil of turpentine. ThP g reatest scepticism shonlcl be placed 
aga inst the wiclt>-spread en thusiasm of some ad\'OCates oI thi s 
treatment, as Bamberger has already indicated. " 'e must insist 
that, notwithstandi ng the numerous records concern ing thi s so
called antidote, it is not pro\' ed that its action is absolu tely cer· 
tai n. The cases observed are not suffi cien tly conclusive, and thP 
resul ts of experiments are not enti rely in harmony. J\lore0\'1'1', 
the antidote acts wi th certainty only when the amoun t o[ phos
phorus taken does not much exceed the ord inary fa tal close; it 
is wi thout effect wh en the close is very large. Bu t the ac tion o[ 
a dose orc1 in~1·i l .r fa tal is ofte n uncertain when no antidote is 
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given, the effect frequently being much Jess than woukl be ex
pected. 

It is not, therefore, just to assert that the timely administra
tion (within twenty-four hours) of oil of turpentine renders it 
umwcessary to remove the poison by e1«tcnating the stomach. 
TlJe latter is by far the more important. Nevertheless, turpen
tine is doubtless to be recommended, and can be bome in doses 
of thirty minims and more every fifteen minutes until a total of 
two fluid dmchms and a llalf and upwards is reached. 

The antidotes formerly recommended liavo not stood the test. 
The samP is trne of the administration of albumen, etc., to envel
op the poison. All fatty substances, and also the yolk of eggs, 
are to be studiously avoided on account of the ready solubility 
of phosphorns in fat . Tmnsfusion has naturally been recom
mended by Enlenburg and Landois in acute phosphorns-poison
ing, but satisfactory experiments as to its results have not been 
rnported. 

It is out or place here to treat of the rules "·hich ham been or 
shoukl be adopted by boards of health to diminish the occur
rence of phosphorns-poisoning. These could 1-der only to pl1os
phoms pastes so frequently used for poisoning mls, and to 
nmtches. 'l'he pastes seem to possess such advantages for the 
destruction of these pests, tlrnt it is difficult to do without them. 
In the manufacture of matches, the aim appears to have been, 
almost from the beginning, to replace tlw dangerous white phos
phorns by the innocuous red variPty. \Yhen the so-called Swe
dish matches, which contain no phosphorus, shall come into genP
ral use, an absolute prohibition from employing the latter in the 
manufacture o[ theinfiammable part of matche may be seriously 
considered. 'l'his would at the same time do away with the most 
important source of chrnnic pllosphorus-poisoning. 

2. Chronic Pho>phorus-Poisoning. 

Of the forms or chronic poisoning, that caused by the inhal:t
tion of phosphorns 1·apor is the only one which has been estab
li~hed with certainty and is well recognizecl. Such cases seem 
to occur very rarely in the phosphorus factories; but they are, 
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on the contrary, frequently observed in workers in match factories. 
Those workmen who are engaged in clipping the wood into the 
phosphorus mass, and those employed in the drying-rooms are 
tlie principal ones who are liable to be pui:;onetl. Thb furm has 
abo been observed in the so-called pho:;phoru:; bronze factories. 

As :;ymptoms of chronic phosphorus·poi:;oning are mentionetl: 
chronic brn1tcltial catarrh, accompanietl by chronic gastrn
enteritis, loss of appetite, and usually constipation. The rnost 
important aml only specific res11lt of the poisoning i; the familiar 
disease of the lowl'r jaw, call,,tl phosphorns necrosis. 

This tlevelops i11 froru six months to many years aftel' tlrn 
workman has commenced the dangei·ous employment; occasion
ally the first sympto111s are not observed u11til after the patient 
has ceased working with phosphorus. The ditit?ase occurs in 
the lower jaw most frequently antl 111ost severely; in the upper 
jaw rarely ancl in a milder form. Yet the moot extensirn ne
crosis of the upper jaw has been obSt""lTt'd; evpn cases are known 
in which the tlisease has extended to the cmnbl \Jones, and death 
from meningitis has followed. 

'!'he disease almost always begins in carious teeth or gaps 
between the teeth, and aln1ost never exists in pe1·sons wit!t soun(l 
teeth. It tl1'\·elops into and runs the cou1·se of a chronic p<'ri
ostitis, aml kacls to extensive necrosis of the lower jaw. fo tlte 
milder cases the disea:;e is limited to the alveolar llrocess; tlll'n, 
after the spontaneous expulsion or the extraction of the necrosetl 
portions, recovery takes place; in the sernre cases 11('Cro::;is of the 
greater part or the whole of the jaw results, yet recol'ery may 
ensue even in these cases. 

The OCClllTenee or abundant osteophyte formation:; on the 
affected bones has long been recognized as the anatomical pecu
lhnity of the disease. 

The frequency of $ilnilar diseases seems to have diminished 
considt)rably in recent times. 

i:lufficient yentilation is the most important precaution for the 
protection of the workmen; in many factories only workmen 

with perfect ly souncl te<'th are employed. 
The tn•atiRP of "reg<'ner is absolutely necessary for the thor

ough understanding of thb subject. 
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" ' egener showed t11at it is easy to prod uce in animals the 
peculiar pel'io,titis of the lower jaw, which leads to necrosis, by 
exposing them for several weeks to the action of phosphorus 
vapor. This evidently acts as a local irritant upon the perios
teum, ncting mol'e readily in those cases where opportunity is 
given for the attack of the vapor by decayecl or previously 
wounded tPeth. 

\Vcgene1· showed also that phosphorus taken in the form of 
vapor by inhalation or internally, in the smallest closes, acts "as 
a spec ifi c formative excitant to the osteogenic titisue," and under 
otherwise normal conditions leads to a consillerably increased 
de1·elopment of the compact ti ssue in ·the long bones. These 
results are shown most plainly in young animals while still 
grnwing; in them it happens that not l'arely all of the spongy 
tissue is crnwcled out and its place fill ed with compact tissue. 
\\' egene,. has succeeded in producing in hens a complete closure 
of the medullal'y cavity by compact bone tissue. 

CHAPTER IX. 

POISONING BY ARSF.NIC AND AHSENIU RETTED TTYDROGEN. 

Fteck, Archiv fUr Biologic. Btl. VHI.-B)el11n und Jolumn11olrn
1 

Arch. fUr cxpcri· 
mcntcllc Pn.thologic. Bel. IL-Lehmann, Hct·Arscnikzuur. u. s. w. Disse:·tat. 
A1mtcrclam, 1773.-Ciwze, IIcnlc und Pfeufcr's Zcitschrift. III . Bel. 2~.

Srhript"r, D 'itriigc zur Arscni kvergi ftung. Berlin, 1 846.-Di~kus~i on zwi8chcn 
Scluiprr und ~/e1~fu in Henle-P feufer Zcitschrift. I. Bel 6. -Schmidt uud 
Stiterwage, Moleschott Untersuchungen. Bd. VI.-Boehm und &lmefer, Wiirz
burgcr Ycrhan<llungcn. N. F. IIl.-Stiikom1ki, Virchow's .Archiv. Bd. X..XXI\-. 
-Srlrnifer, Sitzungsher. der Wiener Akademic. Math. naturwisscnschaftl. 
Clnssc. Bd. 41.- Virclw10, Dcssen A.rch iv. LVIT.-Sklarek, Reichert u. Dubois 
1\rchiv. 1806.-Grohe u . .iJfosler, Virchow's Archiv. Bd. XXXIV.-Jlfueller, 
Wiener medic. 'Vochcnschrift. 1866. 

Arseniuratted Hydrogen:- l'Ogcl, in Neubauer und Vogel's Anlcilung u. s. w. 
Wiesbaden, 1863.-Nriunyn, Heichcrt und Dubois Archiv. 1868.--Eulenberg, 
Die schilclli chcn u. s. w. Oasc. 

The d~tection o[ arsenic in the animal fluids and ti ssues is 
only }JOssible, us in the case of the other poisonous metal s, after 
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previous destruction or the organic matter by hydrochloric acid 
and potassic chlorat<'; incineration of the substances to be anal
yzed is not permissible, since the terchloride of arsenic, which is 
formed by compounds of arsenic in the presence of the alkaline 
chlorides, is quite volatile. For the same reason abo the de
struction of the organic matter with hyclrochloric acid and 
potassic chlorate must be pe!"formed over a water-bath. l<'rom 
the solution thus obtained tlie arsenic is precipitatecl in the form 
of sulphide, and this compound, after purification and, as a rule, 
conversio11 into arsenic acid, is used for obtaining the clmracter
istic reactions. 

The best process for finally determining whether a sus1wcted 
substance is or contains an arsenical compound is that of Marsh. 
\\'hen articles which may serve as the source or poisoning, such 
as wall-paper, colo1·ed clothing, food, etc., are to be tested for 
arsenic, Marsh's test can be performed directly with the sus
pected material In the examination of articles of food and also 
of Yomited matters in cases of suspected poisoning, it b wPll to 
remember tliat the arsenic is usually employed in tl1P fo1·m of 
arsenio11s oxide. This is mixed with the substance usually only 
in a coarsely powdered state, and is, moreover, soluble with dif. 
ficulty; on this account, and also on account of its high specilic 
gravity, it is frequently possible, after allowin.~ the mixture to 
settle, carefully clecanting and washing the sediment, to find at 
the bottom of the vessel particles. of the arsenious oxidP, with 
which the arsenic minor can be obtained immediatelybyl\Iarsh's 
test or by reduction with charcoal. 

The quantitative estimation is made by obtaining the ammo
nio-magnesian arseniate in a pure form. A Yery complete de
scription or all the methods and ma11ipulations used in the 
detection of arsenic may be found in Otto's "\nleitung zur Aus
mittelung der Gifte, Braunschweig, 1856. 

Acute and chronic arsenic poisoning are totally different in 
nature and importance. 

Acute poisoning by arsenic has been and is at the present 
time by far the most frequent cause of death by poisoning., In 
the different European countries, at the present tirnc', morP tlrnn 
three-fourths of all the cases of poisoning or attcmpte<l poison-



QJG NAUNYN.-POISONI~G BY TilE ITE.\YY METALS, ETC. 

ing which have been investigated lef<ally are dne to the com
]lOt111ds o[ arsenic. The inventor of the famous aqua toJiana 
(which according to (hrPlli was nothing 111ore than a solution of 
arsenions arid in aqua Cymhalari:P) eonf<'""ed that he knew of 
600 cas<'S of fatal poioonin~ eans .. d by this pr<>paration alone. 

Of the com pon nds of arsenic, a rsenious ox iue (so-callec1 white 
arsenic) is almost pxclnsively used. The othPL" compouncb have 
bnt littlP impot'tatH'P. According to the latest inws ligat ions of 
Schl'Off npon thi s subj ec t, metallic arsen ic, " ·hose poisonous prop
PJti t•s were fornt Prly denied by C. Scltmi tll, is ahnost as actirn 
as arsenions acid. At all events, the so-cal1Pc1 lly-powder, which 
is a frpquent souree of accidental and criminal poisoning, and 
which eon,bts chiefly of metallic arsenic, h; by no mea ns harm
less. This may, however, act by virtue of tlw arsenious oxide, 
which is always mixed with it in amounts Yarying from ten to 
thirty per cent. Arsenic oxidP, which is almost a s active as the 
arsl'nions, practically is not employed as a poi,;on. 

The pure su lphides of ar"enic are nol poisonous, although 
lhl' native sqlphid l's found in com merce and al so the artificial 
preparations (orpimcnt, King' s yellow, rmlg'"» etc. ) always con
tain mechanically mixed with them considerable amounts, even 
to thi rty per rent., of arsenic acid . 

The sa lts of ai·senious and arsenic acids act, as a rule, more 
powPrfnlly than the acids themselves, since the latter are much 
less soluble. 

Among the most important compounds of arsenic are the 
arsPnical pip;nwnts, especially the so-call ed Schweinfnrt grl'cn 
(a mixture of tl1 e arsenite and acetate of rappe r) and Srheele's 
ween (a rsenite of copper). The organic compounds of artienic 
(kakoclyl , for example) and arseniurettec1 hyd l'Op;en ha.·e a spe
cial pathological action which will be spoken of later. 

Tlw nwthods by which the poison may get into the body are 
very different. 'rhe ingestion of arsenic in food or drink, with 
whic·h it ha s been intentionally or acciclentally mixl•d, may easily 
take plnce nnnoti ced even in very large amounts, s ince the Yari· 
ous preparations in small quantitiPs are last!'less; by far the 
larges t nnmhf' I' of casPs of severe acute 11o isoning are caused in 
this way. Cases of acute poisoning have also been observed due 
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to the ill egal use of arsenical preparations (pignlPnt>) for color
ing playthings of !'hi!UrPn, who haYe suckPd them. R:ll'dy such 
case; occur due to the dust of arsenical colors, such as from the 
green tarlatan dre>sPs which have been colorPd with 8cliwein fu rt 
green. The external a pplicat ion or arsenioLrn oxide or of orpi
ment even upon the normal skit1 for depilation 11:1> rn ust•d severe 
a.rut(• poisoning . The \"e1·y frequent U 5P, e~ 1wdully in patent 
rnec.l ici1ws. or arsenical ointmP11ts and lot ion ::; !or benign anrl 
malignant nlcers has resulted in several fatal cas<'s o l' poisoning. 

The amount of arsenic which is sufficient to pro<.luce acute 
poisoning has be0n determined by many observat ions. Dose::; of 
)e"S than one-sixth o[ a grain iiave produced injuriou' 0ffl'l' tS in 
adults. El'idenl 'ymptom; of poisoning ha1·e been obs<·n·etl as 
the resul t or laking from one-fourth lo one-half of a grai n. fn 
one case alarming symptoms were produ<·Pd in a frn1ale by thP 
continuPCl USe c.lul'ing four da.ys Of o n e-twenty-!:'t~C'Ollc.l o( :1 g r::iin 
daily. Suf' h s1•rious Ry mptoms were product>d in two nwn liy 
tnkinq a littl1-' IPSS than two grnin::-, di::;::-01'·1.~<l in wine, that Taylor 

does not hesitate to ascl'ib<> an occasional fatal rPsnlL t o such a 

dose. The COl'l'ectneRs of thi s ,·iew is establi slwd by an ohs.• rrn 
tion also macle hy him: a woman took ltalf an ounce of P owlpr\; 
solution, which contains 11ot quite two g rain s of arsenious oxidP 
(as pota:-:~ ic ar::;enitti), in unknown doseti during fire days with n, 

fatal result, and a strong servant-girl w:i.s killed by nbout two 
grain::; oI at·senious oxide in two ounces of tly-water in thirty-s ix 
hOUl'S. 

The fatal dose d oes not seem to be very much smaller for 
childl'en. 

On the other hand, cases are "·ell known (leaYi ng out of 
account enti l'Piy cases of arsenic-eatt•rs, which will be spoken of 
later) which show that ar~enic sometimes does not p1'01·e fatal, 
e'·en in dost}s of morp than from fift een g rain s to two o unces. 

Some of the conditions upon which the \'a ri a ti on in intensity 
with which the poison acts in di fferent cases are well known. lt 
acts more severely when in solution than when undi ssolved ; 
hence, in general, the action of the very soluble allmline arscnites 
is more powerful than that of a conesponding amount of the 
free acid. In this res pect a dbtinction must also be made between 
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the two modifications in "·hich arsenious oxide ex ists. The non
transparent ntriety is Yery slightly soluble in cold water, that is, 
in from 500 to 1,000 parts, and in 400 parts of boiling water; 
after boiling an hour it is, according to Taylor, so!Ltble in fo1ty 
parts ; by longer boil ing with water the opaque variety is changed 
to the vitreous, of which boiling water dissolves about one part in 
ten. 

l\Ioreo1·er, the poison acts mnch more violently when taken 
upon an empty stomach. The so-called cumulative action does 
not exist, on account of its very speedy elimination with tile 
nrine. The experience of habitual arsenic-eaters goes to show 
that, in the case of this poison, habit a!Iol'(l; a tolerably good 
protection against its action. 

Symptoms ef Llcute Arsenic-Poisoning. 

The symptoms appear much more quickly after large closes 
and when taken in solutio.n. They rarely come on later than one 
!tour after the ingestion, but in excep tioual cases they may be 
delayed for six or eight hours. As a rnl e, the statement, fre
quently made, that there is a special taste upon the ingestion of 
the poison or as a beginning of the poisoning, is erro1wous; the 
taste is usually completely absent or is unimportant. The first 
symptoms, whether the arsenic is taken internally or applied 
externally, arc those of a very violent gastro-enteritis, which 
frequently from the beginning runs tt course Tesembling that 
of cholera : violent vomiting and pmging, the discharges often 
resembling rice water, althoug h somet imes they are bloody; the 
Yomitecl matters are sometimes colored greenish from admixture 
with bile. The law in many places orcl<'rs that arsenic before it 
is sol cl shall he mixed with colm-ing matters, such as charcoal or 
indigo, which will impart their color to the vomit. Usually there 
is violent pain in the abdomen. Collapse of dangerous intensity 
appears very quickly, and conscious1wss is usually retained till 
death . In other cases conrn and conntlsions appear in a longer 
or shorter time before death. Trismus has al so bPe n reported . 

The progress of ncnte arsenic-poisoning is, 11owe,·er, liable to 
many variations. In the !irst place, it may be influenced by the 
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mode of application; as, for example, by the cutaneous ernptions 
when applied to the skin. Yet cases occasionally occur which 
run an entirely abnormal course, as, for example, cases in which 
the gastric symptoms are entirely wanting 01· but sligbtly marked, 
while collapsP, which pi·o,·es rapidly fatal, comes on very sud
clenly-in twe1"e Lours or even earlier after the poisoning. Such 
cases appear to occur with relative frequency when the closes are 
very large. In tbese cases there is often a severe alfoction of the 
nervous centres, as shown by the delirium, coma, and convu l
sions, occuning especia lly in the form or an acute eclamptic 
attack. Paralysis is also not rare. Christison mentions this as 
the most frequent of the secondary symptoms in :nsenic-poi
soning. Tbis will be treated in detail under the head of Chronic 
Poisoning. 

The mine is sometimes albuminous or bloody. The perspii·:i
tion is said to sometimes have an odor like that of a1·seni urettecl 
hydrngen. 

The prngress is usually rapid and fatal in more than one-half 
of the cas(•s. Death generally takes place in from twenty-four 
hours to four days, but in many cases after a few homs, aml 
sometimes 11ot until a[ter the lapse of two weeks. Remissions, 
during which the patient is apparnntly better, often occur dnl'ing 
the progress or a casP. In cases terminating in recovery there 
may remain behiml 1nany sequelro, umong which may be men
tioned especi:tlly general emaciation, with ul ceration and gan
grene o( the skin, mclema, anrestltesia, ancl p:tl'alysis (especially 
of the lower extremities), ancl frequently also gastralgia, dys
pepsia, and chronic intest inal catal'rh. 

The :tppeal'ance of the cutaneous eruption in many cases is 
very peculiar; an ernption like that of eczema and nl'ticaria has 
been observed after both the internal and external application 
of the poison. Of coul'se, those eruptions caused by its direct 
application to the skin are not referred to here. 

Post-mortem Appearances. 

After death from arsenic-poisoning the stomaeh presents the 
most characteristic appearances. The mucous membrane shows 



(),)Q NAUNYN.-POI&ON!XG BY TIIE JIE.Wl' METALS, ETC. 

si"ns of the most intense inflammation ; it usually has a dark
re~l color, which is distributed iu spots or stl'ipes. This color 
is not the l'esult o( simple corrosion, although pal'ticles o( the 
pobon a1·e occasionally seen adhering to such portions of the 
mucous membrane, since precisely the same appearances are seen 
upon the mucous membrane of the stomach after death from the 
extPl'nal application or arsenic. This inHammation is S01l1Ptimes 
so $Pn~re as to produce hemonhagic exudation or jnlilLration, 
which is often quickly followed by death of the tissue and ulcer~t
tion or the 11wmbra1ie. Ulceration may take place in a few 
hours; in three cases, according to Taylor, this led to perfora
tion of the stomrich during lifo. In some cases the signs of in 
tem;e exudative infln,mmn,tion are completely absent, as in one 
case in which Yirchow found the appearance or acute parenchy
matous gn,stro adenitis, as he formerly described it, in connection 
with phosphorus-poisoning. Besilles the above appearances in 
the stomach there is nothing charactel'istic in the cada,·er; ecchy-
111oses beneath the endo- and pericardium, and imperfectly roagu
late<l or ftuicl blood have been mentioned. l\[ore recently, since 
the clio<coverr of fatty degeneration of the li\·er, etc., as a. result of 
the action of arsenic, a similar condition of fatty and parencby
matous degeneration of the muscular tissue of the heart, of the 
livel', etc., has bPen found in tlle bodies of those who have been 
poiso1wcl. After arsenic-poisoning boclies do not putrefy, or only 
vel'y slowly, but become mummified, so to s1wak. Usually the 
contents of the stomach and intestine contain the poison in those 
cases in which life has lasted only a few clays at the longest, and 
if the al'senic was taken in the form of arsenions oxide, it is 
apparent as small granules, which are seen under the microscope 
to consist of small octahedral crystals. After a few days, how
ever, or C\'en sooner, especially in cases where violent Yomiting 
and pul'ging harn taken place, all o( the arsenic may disappear 
from tlw contents of the stomach and intestine; then it is founcl 
in the li,·er aml other organs of the body, in which it can be 
detectPcl ve•'Y soon after it has been taken, especially if in very 
large dosc•s. It is said to exist in the bones as calcic arseniate, 
a componml isomeric with calcic phosphate. Arter fourteen or 
fifteen days, 110wever, it disappears from all of the Ol'gans. Tlie 
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elimination takt•s place in appreciable quantity with the urine 
antl bile. 

In fo,.ensic ca•es it is of in terest to know that arsenic can be 
detPctt•tl in bodies which haYe been burit>cl many yeal"S. Bodies 
do not absorb arsenic from the earth, e,·en when that or the gram 
contains it, as it sometime::; does. The ti::;sup::; of the normal 
human body contain no arsenic. It is extremely improbahl<\ to 
say the least, that a!'senic can he fixed in t he tisstws of the bocl}· 
in more than tho merest trace, after its long-continuP<l h1geslion 
in small amounts, as when atlministerecl them1w<tlically. 

The treatment under all circumstances is to be dil'ecletl to 
emptying the stoma.cit ; in most cases, thprpforc, ,·omiting shonlcl 
be prnclucetl immediatPly, or the stomach-pump should be used; 
any emetic is a.llowalJle, but it is b~st, if possible, to amid using 
tliose substances which, like tal'tar emetic, strnngly il'ritate tlw 
mucous nwmbmnu of the stomach. To conntnact that portion 
of the ar:;enic not expelled from the stomach by Yomiting, 
fl'eshly prepa!'ecl ferric hydrate or magnesia should lie gin'n 
in lal'ge amounts, ancl thio treatment should be continued for 
days after tlte poisoning. The magnesia acts, at the same tinw, 
as a catha!' ti c ; otherwise cal'e shonl<l be tak0u to ]H·oduce 
abundant evacuations by the aclmini stmt ion of cathal'tics, sincP 
if the a1·spnical compound formed with the antidote be allowell 
to remain long ]n the s tomach or intestin e, ic acts ns a poison, 
probably owing to its decompositi on, so that the arspnious ac id 
is set free. i\Io1·eover, all of the arsenic is nen•r co1werted in to 
a hal' rnless compound, especially when it has b0cn taken in the 
solid form, in which case small crystals of undecomposed ar
senious oxide are frequently fonncl in the mixture of ferric 
hydrate or magnesia. Milk, albumen, f'tc., shonkl be given at 
first to envelop the poison until the antidote or emetics can be 
obtained. 

In other respects the treatment of gastro-entel'itis is to bA 
employccl. The dangerous collapse wlticlt alway:; occurs indi
cates early ancl strong stimulation. 
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Chronic Arsenic-Poisoning. 

'l'he same compounds which ca.use acute poisoning may also 
give rise to chronic. rrhe ways in which the poison may get, into 
the body arc suffi ciently numerous. 

In the Jirst place, a mild form of chronic poisoning is not 
very rare a.s the result of the therapeutic use of F owler's soltt
tion . It re~ults generally from using the drug continuously Ior 
weeks, but it may also come on quickly after taking the ordi
nary closes. 

More important a.re cases of professional r oisoning, to which 
in its worst form workmen in arsenic mines are especially liable, 
and also those engaged in smelting ores which contain arsenic, 
although they arc not workecl for it; this is the case in smelting 
many or the copper, leacl, and other metalli c ores. \\·e also 
meet with J)l'Ofessional poisoning among tl10se who work in ani
lin colors (fnchsin, etc.) ancl arsenical pigments (Scheele's ancl 
8chweinfurt green, arsenic reel, etc.), among Inrriers, felt-work
ers, shot-makers, and workers in many metal::;, who freqnently 
11andle arsenic in alloys. Arsenic is also used in large amounts 
in g la ss-works Ior enamelling and decolorizing glass, but cases of 
poisoning from this so urce are unknown. 

Those poisonings shoulcl be termed illegal which are ca.usecl 
by "-01·king witlt cloth, artificial !lowers, etc., which are coloreil 
with arsenical pigments. Green tarlatan is 1·ery frequently col
ored with arsenical green, also artiiicitLl flowers, red and green, 
although, accorc1ing to Pappenheim, less frequently. The loose 
manner in which the pigment is attached, especially to cloth, ren
ders it very easy for the poison to become di IT used in the form 
of clust, anc1 thus to give rise to poisoning in seamstresses ancl 
gi rl s engngecl in the manufacture of artilicial flowers, and also in 
persons who wear these articles. :i\fany green and reel enamelled 
papers contain arsenic ancl may clo injury, especially when usecl 
for wrapping confectionery. Toys are also sometimes paintec1 
with arsenical pigments. Reel lacquer very often contains arsenic. 

'l'he coloring of wall-paper with arsenical green or reel is inju
rious, not only to those engaged in its man ufnctnre ; there are 
a suffi cient 111unber of cases known in which clnonic poisoning 
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has been pr:iduced by lidng in rooms furni shed with such paper, 
and s till more easily by living in rooms, the walls or which a re 
pain ted with arsenical wa ter colors. I rnyseH saw, two yea rs 
ago, a case or this kincl, where three persons, cmployecl in the 
Court-House at Konigsberg, sufl'erecl wi th unc1oubtecl symptoms 
of chronic poisoning. All or the chambers of the Court-llouse 
were painted yellow. Finally the following provPcl to be the 
explanation of the source of poisoning : The public documen ts 
heapecl up in the rPpositories on the side of the wall s hacl, by 
being p lacecl in the compai'tments against the wall , gmdually 
rubbed ofI the new y ell ow paint, and exposed to view an olcl 
green pain t beneath ; thi s was al so continually being rubbed off, 
and there was Iouncl npon and in tho papers and in the compart
ments or the repository a thick lnyer of g reen-colored d ust, which, 
upon analysis by Dr. Blochmann (at that t ime assistant in tho 
chemical laboratory a t Konigsberg), was fo nntl to contai n 8.32 
per cent. of arsenious oxide. This d ust-partly containell be
tween and in the fo lds or the papers-was di ffosell throughout 
the whole building by handling and carry ing the clocuments, 
and would be found upon the table whenever a lrnm1le or papers 
was opened upon it. Other entirely similar casPs, in which tho 
detection of arsenic in the urine has verifietl th0 diagnosis, l1 an' 
long been known. In all such cases it is probably the arsenical 
dust which causes the poisoning. Fleck ]1as, howen''" provl'tl 
that argenimetted hydrog0n in small amonn t is devdopetl in a 
mix ture of arsenions acid and starch paRtl', y<'t tl1i s pl'Oves noth
ing in regard to the courlitions here unclt' r consideration. Tim 
dust a lso appears to play the principal pa1't in all other forms or 
chronic poisoning, with the exception or those which are causetl 
by taking the arsenic internally. 

It is impossible to state the amoun t or a rsrn ic necesRa ry to 
proclnce chronic poiRoning. Our knowleclgo of the conditions 
necesRary for the understanding of the process is very incomplete. 
W e frequently see the greatest variation in its effects upon dif
lerent inclividna ls. It is a well-establishecl fact that in Styria 
and other places there are persons (the so-called arsenic-eaters), 
who from ea l'!y youth take arsenic in amoun ts or even six g rains 
daily, or very often a t least, and yet anirn a t an advanced age 
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antl remain in good health. The doses which i11 other cases 
}Jroduce severe chronic poisoning are evidently much smaller; 
yet the above-mentioned amount of the poison is within the 
limit of a single fatal dose. It is everywhere stated that horses 
bear large doses o{ arsenic, and that it is often g i,'en to them 
to impart a well-nourished appearance. 

In all cases arsenic-poisoning is only manifested under the 
immediate influence o{ the poison, a ncl not-as in the case of 
lead, for example-years a[tet· the removal o{ the person from its 
influence. It is true, however, that complete recovery is never 
possible after the disease has reached a high degree. 

No special predisposing conditions to the action o{ the poison 
aro known, except the so-called individual idiosyncrasy, to which 
we must resort in this as in other form~ of poisoning. 

Tlte clinical history of chronic poison ing also tl oes not appear 
to be well established, at leas t in all of its tl etails. 

Tile u sual res tilts o{ the long-continued action of arsenic are 
angina, a.hove all a.lso conjunctivitis, aml chronic gas tric and 
intestinal catarrh, the latte1· characterizetl usually by constipa
tion, but sometimes by dia rrhma. Ir the poison act8 in the form 
of c1tL8t, it produces an eczematous inflammcttion o{ the skin, 
attacking preferably the most Yulnerable parts, snch as the folcls 
of the scrotum antl axilla, and leading to excol'iation and a ten
d.,ncy to dealh of the superficial layel'S of the skin. In severe 
poisoning t!J u dele terious action or the arspaic upon nutrition is 
never wanting: a g rayish cachectic appC'arance, all kind::; of anm
mic troubles, headache, pain in the limbs, falling out o{ the hair 
and even o{ the nail s, both with and without the formation of 
ulcPr::; at the edge of the nails, nwntal clepres~ion ailCl apathy, 
sleeplessness, etc., belong to the sy111ptOm8 of snch a case; weak
ness like that of paralysis, ancl impe1frct sensib ility, are fre
q11ently mentioned. True paralysis, limitccl to certain nen-e
tracts, is a more frequent sequel of acnte than of g~nuine chronic 
poisoning. In such cases it appears during tlw first {ew d ays, or 
sometimes not until later, during the secoml or third wed< or 
evpn not until still later. Christiso n, who has g i"en a goocl ~ol· 
lec lio11 o{ tho cas<'S in question , mentions that of D ehai'n, in 
wliich the first symptoms of commencing paralysi8 did not ap-
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pear until after the patient had completely recovered from the 
symptoms of acute poisoning, and had felt entirnly well for three 
successive days. Com pare also the cases of Schaper. 

The paralyses usually develop gradually, and without notice
able ev idences ot inUammation; these are, however, by no means 
always wanting, especially M the beginning ancl in paraplegic 
forms. Contractures are frequently mentioned, and remain per
m:went iu cases which are not cured. Often a single extremity 
alone is aO'ected. If the paralysis attacks several limbs, it is 
usually paraplegic; paralysis of all fotu· extremities occurs. It 
is generally stated that the extensors are more severely afl'ected 
than the tlexors; atrophy of the aliectcd limbs is frequently 
present, although it may be wanting e,·en in complete paralyois 
whiclt has lasted for years. Little is accurately known concern
ing Lite affection of the sensibility. The bladder ancl intestines 
are not affected. 

In the majority of cases recovery from the paralysis takes 
place, yet a la1·ge number are known (Clnistison, Scha1w1", :111cl 
olhers) in which it remained of constant intensity during lives 
whid1 lasted many years. 

or the complications, pulmonary phtllisis has been mentio1wcl 
as the one most frequently occu1Ting. Genernl dropsy is always 
noticed as the final symptom, but nothing i:::; known COlll'l'l'lliug 

its connection with rnnal disease. 

Theoretical and Experimental Considerations. 

Those facts which are known concel'lling the absorption and 
elimination of arsenic (arsenious acid) have already been 111en
tio1wd; it need only be slated here, that the poison is, acC"ording 
to Bergeron and Lemattrn, probably eliminated with the sweat, 
as well as with the urine and bile; we wish also once more to 
dwell upon the fact that arsenic does not, like the hea,·y metals, 
remain a long time in the living body, but is in the course of a 
lew weeks completely eliminated. 

It has been establishecl experimentally, since the im·.,stiga
tions of C. Schmiclt, that an important part of the aC"tion of 
arsenic is to diminish tlie elimination of carl.>01tic acid aml urett 
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even during starnition, that is, to diminish tissue-metamorphosis. 
On the other ltancl, the not unequirocal fact was referred to, that 
the tempe1·ature of the body is lowered by taking small closes of 
arsenic. The most recent experiments of Boeck have, however, 
thrown some doubt upon this statement as to the action of arse
nic in diminishing tissue-metamorphosis. 

A farther interesting property of arsenic is the fact, cliscm·
erecl by Saikowski, that in animals its use causes the speedy dis
appearance of glycogen from the liver. This clepencls upon the 
fact that the arsenic acid prevents Lhc change of the sngar to gly
cogen. In some experiments perform eel by me with starving rab
bits, which received on the thircl clay or s tarvation or later an in:jec
tion into the stomach every two hours or from one to two ancl a 
half clrnchms of sugar with three-tenths of a grain of arsenions 
oxide, there was always fonnd in the Ji,·er a Ye1y small amount of 
glycogen, the maximum being 0 .15 per cent of the fresh tissue. 
N o sugar appeared in the urine. Compare also Lehmann. 

The obsel'l'ations made by Kunze are familiar-namely, that 
the heart of warm-blooclecl animals, killecl immediately after the 
injection of small amotmts of a rsenic into the veins, continued to 

.pulsate for a long time (twenty-four honrs) after the death of the 
animal. 

The power of arsenic acid to prevent fermentation, etc., is well 
known, so that it is natural that its above-menLionecl action upon 
the li ving 01-ga nism should be consiuered as co n11pcted with its 
propPtty of arresting fermentation . But against this theory it 
sho11l cl above all be remembered that the true processes of fer
rnen tat ion in the organism, such as the gastric digestion, are, 
according to Boelun ancl Schaefer, not atTested by ar-.enic. 

In regard to the action of arsenic upon i;dividual organs, 
Sklarek Connel that, when injected subcu taneously, it produced 
a slowing ancl cessation of. the hear t's action in frogs. It also 
proclt1ces paralysis of the nervons centres. 

Thi s effort of arsenic was first made known by the labors of 
Boehm and Unterberger. The failure of the heart depends upon 
the complete paralysis of the abclominal vessels, and iLs paralyz
ing effect remains limited to the vessels in this reg ion, when it is 
injected into the blood as well as when it is taken inLo the stom-
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a<'h; whPn appli~<l by the latt~r methotl tlw poisoning takt•; 
place moic quickly and more intensely. The elimination or tl ... 
poison takes place from the blood th1ough the mucous men1-
branc or the stomach and intestine, but this is too slight to 
wanant the supposition that the local action o( the arsenic rn 
eliminatetl is o[ importance. On the contrary, Boehm favors th» 
view that in all t':lSl'H the symptoms of arsenic-poisoning here me11-
tion<'d must be re(mTed to the elfoct of the arsenic from the blood. 
Agai1rnt this, however, it must be remarked that, when applied 
to tile skin, it exhibits a local in addition to its general action. 

J.fontion has already been made of the discovt•ry o( 8aikowski, 
who found great fattening or the liver, kidneys, and muscular 
tissue; he found a larger amount of fat in the liver than in his 
experiments upon phosphorns-poisoning. 

Free arsenic oxide does not possess any corrosive action; at 
least it forms no compound of albumen. Its pow'eriul local 
inflammatory action upon the muco11s membranes, as well as 
upon the "ldn, has not been sufficiently explained. 

[t follows from the above that it is at the prest•nt time impo;;
sihle to givP any tlwory whi<'h will satisfactorily explain arsenic
poisoning. The abO\'P~mP11tioned work of Boehm forms, howevL'l', 
a mo"t i111po1tant contribtttion in thb respect. Y ct in human 
poisoning- it is impossible to consider the single symptoms sep:i
rately as to whether Lhey are to be ascribed to the local irritation 
01· to the gPncral action of the poison. There is no question that 
it does act as a local irritant; yet it is dillicult to say in single 
cases how much of the inflammation of the stomach, after it 
is taken internally, for exampi<\ is dependent upon this and 
how much upon th<' gPneral action. There is, mor<>over, no 
doubt that the symptoms of collapse depend directly upon its 
action on tlw heart and blood-vesseh, or upon the m•rvons 
rentres, but, on the other hand, it se~ms >ometirnes to depend 
abo upon the violent gastro-enteritis. etc. 

The treatment of chronic arst•nic-poisoning can only be pro· 
phylactic. If anything shows the importance o( sanitary laws, 
it is this fact that at the present time arsenical clothing, wall
prtper, etc., are daily sold in the shops. 

On account o( the in1portance of this substance in many iu
\"0£,. X\'TT-42 
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dustries, and on account of its very low price at the present 
time, no attempt can be made to materially diminish the danger 
to workmen in the arsenic mines, except by the simplest means; 
in regard to what can be done in this respect, we must refer to 
the copies of the Saxon regulations.' 

No antidotes are known; remedie to hasten its elimination 
are unnecessary. It may be mentioned that 1Iueller asserts 
that he has observed thttt potassium iodide hastens its elimina· 
tion. In addition, therefore, to the prophylactic treatment-that 
i8, sanitary regulations,-nothing remains, except that which is 
usually employed with persons who are feeble, and who suffer 
from those affections which go to make up the group of symp
toms. 

Arseniuretted hydrogen poisoning has thus far only been 
observed experimentally in animals, and as the result of hand
ling it incautiously by the chemist in the laboratory. That 
arseniuretted hydrogen is the active agent in cases of poisoning 
by wall-paper is not proved, and is, moreover, to judge from the 
symptoms seen in such cases, highly improbable. Finttlly, the 
symptoms of simple chronic arsenic-poisoning are totally differ
ent from those of arseniuretted hydrogen poisoning. Of this 
we know only the acute form, which is caused by inhaling very 
small amounts of the gas, produce<l by the development or hy
drogen in solutiont:> containing ar::mnic, or in large quantities by 
treating the arsenide of zinc (an alloy of arsenic and zinc) with 
dilute snlplrnric acid. The symptoms of arseniuretted hydro· 
gen poisoning consist of vomiting with pain in the region of the 
stomach, headache combined with prostration, and abundant 
hromoglobinu1fa. The last symptom must be due to the power 
of the arseniuretted hydrogen to d~rompose the blood-globule. 

The cases which have been observed in human beings have 
usually proved fatal, but recovery frequPntly takes place in ani
mals, if too much of the gas has not been absorbed, ancl if the 
hromoglobinuria has not been too abundant. 

The post-mortem examination leads to negative results. 
Nothing is known concerning treatment. 

1 Pappenheim, I. p. !GS. 
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POISONING WITH ATROPINE. 

Atropine, 6.,R,,NO,, is one of the most powerful vegetable 
poisons. It was discovered in 1831 by Mein, and in 1833 by 
Geiger and Ilesse in the deadly nightshade (Atropa Belladonna). 
It forms colorless, columnar, and acicular crystals, glo sy as 
silk; it has a bitter taste; is sparingly soluble in water, but 
readily so in chloroform, alcohol, and .imylic alcohol. IL is to 
be found in several plants, and for this reason, as well as on 
account of its frequent use in medicine, poisoning by it often 
occurs. Daturine, which was formerly regarded as an inde
pendent alkaloid, has been proved to be identical with atropine 
in its chemical as well as its physiological action.' 

Etiology. 

In Germany atropine is chiefly found in the Atropa Bella
donna, which is ve1-y common in our woods, and the similarity 
of its berries to small black cherries leads to poisoning. A num
ber of poisoning cases arising in this manner, especially among 
children, have been recorded; even the specimens cultivated in 
botanic gardens have sometimes occasioned poisoning. Orfila' de· 
scribes in detail the effects of deadly nightshade berries upon 500 
soldiers, who had plucked and eaten them in a wood near P ima 
(Dresden). But poisoning has also often arisen from the leaves 
having been mistaken for the leaves of various innocuous plants.' 
The family of an Italian herb-collector, nurnbering five persons, 

1 Sec the researches of Pla.nta. Al:.io llu.wnn.nn, Ptlanzienstoffe. p. 434. 

'l General Toxicology, translated by Jlermbstaedt. Berlin. 1818. 3. Thi. p. 271. 

~ Stok?Ji8 in Amsterdu.m, Archiv fi.ir path. Anat. XLIX. 18G9. S. 450 j also Jouru. 

de chimie med. 1869. Mu.i. p. 210. 
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were poisone<l by food having been pr~par~d in a vessel which 
had not b~en cleaned after having been u"ed for boiling deadly 
nightshade lea,·~s.' Cases of poisoning have also been recorded 
from human beings eating the flesh of animals which had fed on 
belladonna leaves without danger to themselves; among the ani
mals to which atropine is innocuous a re rabbits, pigeons, rats, 
and g uinea-pigs. Some years ago this circumstance was the sub
jec t of a trial in an American court of law. ' Bouchardat ' men
tions cases of persons having been poisoned by eating snails in 
vineyards, which had fed upon the leaves of the deadly night
shade. 

There are numerous instances of poisoning by preparations of 
belladonna used medicinally, as, for instance, by taking too large 
doses of the extract, by mistaking a belladonna liniment for a 
draught to be taken internally, and even from its outward appli
cation. Inc1eec1, cases are known in which poisoning has occmTed 
from the application of a belladonna plaster to the skin, or the 
rubbing-in of belladonna liniments.' 

Even the application of a solution of atropine to the eyes has 
frequently produced poisoning, eithei' through simple absorption 
of poison by the conjunctiva, or by a portion of the atropine 
escaping thmugh the small lachry mal ducts into the nostrils or 
the throat, and there becoming absorbed.' 

Thus Richet' lells of an old man who had one drop of solu
tion or atropine (1: 100) dropped into his eye twice a day, and 
after eight clays became dolently delitious; the delirium disap
peared with the di scontinuance of the remedy. A similar case is 
recorded by J os. Laurenzo of Bahia.' 

1 G. Martino. Storia d i sette persone a>ellenate dall' estraLto di Belladonna. e guarite. 

Ann. uuivers. di med. Juglio. 1872. 
'Pharmaceutic:i.J Journ. aud Transact. Ser. IL Part 7. p, 127. 
1 Compare llusemann, Tl andbuch der Toxikologie. Berlin, 1872. p. 281. 
4 Pt>roud, Americ. Joltru. LXXXVIII. p. 403. Oct .. 1862; Lupez, Americ. med. 

chirurg. Rev. ?ifarch, 1860, p. 285; .[e1iner, 'Med. Times and Gaz. No\•.
1 

1857; Mori&e, 

,Journal rle Toxicolog. Avril, 1859; &mig1wf, Lancet. 11 Nov., 1865 i together with a 

number of other records. 
~ C/ia.~.9aignac f,auzer in Revue therap. 1854. p. 266. 
5 Gnz. des rt&pit. 79. p. 285. 1869. 
1 Gaz. des HOp. 123. 1869. 
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Many cases of poisoning are also a ttributable to the thom
apple (Datura Stramonium); tlwy generally ari se out of mistakes 
in cookery; especially the seeds of stramonium a re very poison
ous. Schneider, in Casper's \Yochenschrift,' has contribu ted a 
tolerably full account of the pha rmacological and toxicological 
records on this subjec t handed down to us from fonner times. 
Fresh instances have occurred in modern times; thus Ploegel ' wi t
nessed a case o[ poisoning by the tinctu re or strnmonium ; Ley 
gey, ' one by the seeds ; Turner al so,• Ku horn, ' Roge1·s,' and others. 

Stramonium has al so been employed for committing suicide, 
as in the case reported by Lichtenfels.' It has al so been used as 
a poison with the intent of robbery or murder ; fo r instance, the 
natives of lndiu a re in the habit of poisoning English soldiers 
wi th a sweetmea t containing the seeds of the thornapple fo r the 
purpose of robbing them ; Th. Anderson gh-es a case of this 
kind. ' On another occasion atropine~ wa<::; g iven to an old man 
in his milk, and he diod in fi ve hours. Even by subcutaneous in
jection o[ a t ropine (da turine) very dangerous cases of poisoning 
have arisen. '0 

As to what constitutes a poisonous dose, it must be borne i11 
mind that children can tolera te comparatively very large doses 
of belladonna, }Jarticularly when they are suffering from nervous 
complaints-chorea, fo r example ; thus lI. \V. Puller " observed 
that a girl ten years of age, suffering fron1 chorea, took every 
day for twenty-six days 70 grains of the ex tract ot belladonna = 
1019 in a ll; another girl of four teen took in eigh t days 37 grains 
without the smallest injury, whereas in the case of adults even 
2 g rains may product> unmistak able symptoms of poisoning. 

1 Der Stecbapfel a.I~ Arznei u. Gift. Casper's Wochenschr. No. 37. 184.8. 
, Wien. med. Halle. II. 42. 18G2. 
3 L'Union. 6. 1862. 
4 Amer. Journ. of Med. Sciencea. April 1 1864.. 
~ Bull. de ThCra.p. LXX. p. 285. 
' Phil ad. l\fod. and Surg. Bep. Aug. 31. p. 211. 1872. 
1 Wiener Zeitschr. N. F. I. 37. l tk>S 
8 Edinburgh Med. Joum . V. p. 11 00. June, 1860. 
g T. Crace Calvert, P harrn. J ourn. 1872. pp. 596 , 617, 663. 
10 E. g., Oltarks Cwrrol Lee, Amer. Journ. of Med. Science. Oct. 1 1862. p. 404. 
11 Med. Times and Gaze tte. July 23, l 859. 
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As a general rnle, however, belladonna and atropine act as 
very powerful poisons, even in very small quantities. In a case 
given by J. Seaton,' one single nightshade berry was snfficient 
to produce severe symptoms of poisoning in a young man ; in 
another case given by Bauer,' a child nine months old died in 
tw<>nty-fonr hours from having eaten three berries. A teaspoon
ful of bellaclonrnt lininwnt swallowed by mistake killed a womn.n 
sixty years of agt', in spite of all antidotes.' Yet it is a fact that 
sometimes Vt'l"J large doses can be borne, and that often cases 
which appear to be very serious end in recovery. Thus, a Berlin 
physician took nearly half a grain (0.03 gramme) of pure atropine 
and l'ecovered,' wlwreas another 5 takes five and a haH grains 
(O.:JQ gramme) of atropine and dies; a girl two and a Ital[ years 
oltl takPs a fourth of a grain of atropine and recovers, in spite of 
very alanning symptoms.' A lady in Philadelphia takes instead 
of three grains of aHsafcetida, the same quantity of atropine, and 
dies in fifLeen hours.7 I myself witnes:;ed a case in which a man, 
sixty years of age, who had taken by mistake one-quarter grain 
(= 0.01ii grannne) of atropine, recovered, notwiLhstanding very 
violent symptoms. In general, we may "ay that one-twelfth of 
a grain of atropine may prndnce po boning, but that death ensues 
very rarely even from three-quarters of a g1·ain . Preparations 
of belladonna and stramonium naturally act according to the 
proportion of atropine which they contain . The root of the night
shade contains, aecording to Sclu·off, the most atropine (onP part 
in three hundred), the leaves contain less; the various extracts 
and tinctu1·l's art' again very different in strength ; so that it is 
impossible to give a11y exact figtues for them. Taylor saw a 
young man o[ sixteen, who had tak<'n a drachm of extract of 
belladonna, die in three and three-quarter hours, while a woman 

1 Med. Times and Gaz Dec. 3. 1859. 
~ \Viirtemberg. Corresp.·Bl. 1873. p. 113. 
3 B~l<We, Lancet. 1870. July JG. p. 83. 
4 SUgmund, Vircbow's Archiv. XLVIII. p. 188. 1860. 
~ Pollat;k, Wiener med. Presse. 1870. p. 565. 
1 Kuetlte1 Nederl. Tijdschr. f. Geneeskunde. Afd. 1. p. 497. 1870. 
1 <hou, Americ. Med. Journ. Oct. 1869. p. 401 
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who had taken the same quantity recovered in twelve hours. 
The Uerman Pharmacoprnia fixes as maximum doses: 

or belladonna leaves 
or bellado11na extract 
Of belladonna tincture 
OI atropine sulphate 
Of belladonna root 

0.2 (gr. 3). 
0.1 (gr. 1!). 
1.0 (llJ. 15). 
0.001 (gr. ,o.,.). 
0.1 (gr. l i). 

0.6 (µ;r. 0). 
0.4 (gr. 6). 
4.0 (Tit Go). 
0.003 (gr. •'~). 

0.4 (gr. OJ. 

AtropinP·poi soning takes place when the alkaloid has en
tered in snflieient quantity into the fluids of the body; the 
manner in which it enters the body is no t of much importance; 
in addition to the ways already mPntioned, poisoning may also 
be brought about by cnemata of infusion of belladonna, and by 
suppositories which contain extract of belladonna. 

The symptoms consequent upon the introduction of atropine 
usually set in somewhat rapidly, as absorption by the mucous 
membra1w of the stomach and intestines proceeds with consider
able rapidity. 

Pathology. 

Nat1tre and Course of lke Illness. 

In general. poisoning by atropine produces effects similar to 
those of most otlwr narcotic poisons. The poison first attack' 
the brain, especially the sens9rium, but then iC invariably in
fluences the cardiac pulsations and the condition of the pupils. 

As regards the sequence of symptomH, we way safely follow 
Schneller and Flcchner,' who observed this sequence in experi 
ments on tlwmselves; and their statements, as to the more impo1·· 
tan t data, have been confirmed by Bouchardat and Stuart Cooper' 
an<l. Lusanna, 1 whosP experiments arP more recent. 

1 8. Taylbr, von ,'-,', ydtler. 111. Bel. p. 375. 
7 Beitrii.ge zur Physiologic dcr ArzDf~iwirkn.ngen. Zeit.schrift der Wiener Acn.te . 

1847. Juni . 
' Recherches optiq. 1 ph ysiolog., thCrap. , et pha.rm. sur !'atropine. Gazett. med. de 

Paris. 1848. Nos. 51 und 52. 
'L'Union mCd. ~o. 77. 1851. 
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The first symptom is dryness of the palate, subjectively and 
objectively, furred tongue, tickling in the throat, hoarseness, 
difficulty in swallowing and speaking. nausea, inclination to 
vomit. These symptoms, especially tlw d ry11<>ss of the throat 
and palate, ge1wral ly set in fifteen minutt>s after the poisoning. 
They are usually attended with Yiolent thirst. 1 

Brain symptoms next appear: g iddiness. headache, slight 
stupor, confusion of mind, dejection; to these are added hallu
cinations of the sight and hearing, various i11 character, often of 
a cheerful nature. Then follow disturbances or the organ of 
sight: wrak-sightedness, seeing things in a mist, and objective 
suffu s ion of the vessels of the conjunctiva a nd dilatation of the 
pupils; then follow in most cases difficulty in mictmition, the 
urine often flowing drop by drop a11d with pain; and finally, 
peculiar appearances on the smface of the body are observed: 
di·yness of the skin, scarlet redness, crdematous swellings, etc. 

In severe cases the preceding symptoms arc dernloped with 
considerable violence. Thus the dryness or the palate a11d throat 
amounts to absolute impossibility of swallowing (aphagia), not 
even liquids ca11 be swallowed; many patiPnts in this condi tion 
shrink so much from the act of swallowing, that they forcibly 
resist, if anything is offered to them; chilclren, according to the 
observations of Schaeffer,' are inclined to bite. Objectively we 
find very little secretion on the reddened mucous membrane, i.i 
the region of the salivary glands, or on tlmt of the mouth itself. 
The heart and the vascular system p resent a series of especially 
noteworthy symptoms ; in the first place perhaps a slight retarda
tion, but later on an enormous acceleration of the cardiac pulsa
tions occurs, which in the human subjPct may rise to 150 and IGO 
beats per minute.' If the poisoning is fatal, the heart filially 
becomes paralyzed, and then the heart, before it absolutely ceases 
to b~at . will perform its contractions more slowly but irregularly, 

1 1'i.8sore. Empoisonnement par la belladonne. Gaz. mCd. de Paris. 1856. No. 12. 
'Sobernluim also mentions such a case in his Handbuch dcr prakt. Arzneimittel

lebre. Berlin 1 1847. p. 6, taken from the Ga.z. m6d. de Paris. 1835. No. 17. 
3 C. 1Ioltlun1se, Med. 'l'imes and Gaz., Dec. 1859, observed in a. child four yea.rs of 

age, who bad been poisoned with from 3 to 4 gra.ina ( =0. 18-0.24) of sulphate of atro
pine. a pulse of 170 per minute. 
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and with little energy. The vessels, especially the carotid and 
temporal arteries, throb very violently, the periphera l vessels 
are enlarged; hence we get injection of the conjuntth·al mucous 
membrane, and great p1·otl'Usion of the eyeballs. This enlarge
ment of the vessels shows itself chietly also on the surface; the 
face is generally o( a livid rndness, and is subjectively and objec
tively hot; but frequently the rest of the body also is covered 
with a scarlet exanthem, which either affects tl1e upper part of 
the body only or, in rare cases, extends to the lower part. In 
spite of this hypencmia or the skin, perspiration is suppressed, 
and the skin is dry to the touch. These cutaneous sy mptoms 
often follow upon very small doses of atropine. Thus Sidney 
Ringer ' asserts that -.h grain (= 0.0003) of atropiiw Rnbcutaneous
ly injected arrests perspiration, and J. H. \\'ibon " saw two cases 
Of lying-in women, who had had belladonna ointrneJlt nibbed Oil 
their breasts to produce galactostasia. and upon whom a scarlet 
el'Uption came out, which lasted three 01· fom days, and disap
peared sooner than the dilatation of the pupils. Th. Stadler' 
saw a similar Pl'Uplion appear upon a chilil tlu·ee months ohl, 
within a few minutes after the administration or rn grain (= 

0.0003) of atropine sulphate for whooping-cough. It lastc>d five 
hours; smaller doses brought out a similar ernption each timP, 
but ol' sho1'tet duration . A desqnamation of the epidermis often 
succeeds this ernption. 

Conesponding to the condition of the heart and the vessel,, 
the pul Hc>-\\'hich at first \\'as full and hard-becomes soft, easily 
compressible', tlw blood -pressure is considerably reduced, anrl 
the temperature of the body is invariably diminished. 

The distention of the jugu lar \'ein. which has been observe<l 
in many <'ases,' and the swelling of superfi cial \'Pins gvnerally 
with occa,ional mdema,' are referable to the depression of thl' 
action of the heart and diminished pressure of the blood. 

1 On the Influence of Bellnr1onn::i. in Sweatiing. Practitioner July. p. !);J 1873. 

1 Two case~. etc. Glas~ow Med. Journ. Feb. p. l98. 1872. 

l l\lecl. Times and Gazette. April 11, 186H 
~ Bonlwtit.v, Empoisonnement pa.r la belladonne. Journ. tle Chim. Med. Nov. 1844:. 

~ Trawnrat. L'Union. 18fifl p. 147. 

'.~tnrrr, Brit 'Med. Jouru . I\fay I, 1870 
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With rPganl ro rPHpi1·ation. its freqnency is, in tlrn early 
elage o[ lhP poisoning. diminish,,d; "ub"·qu<·ntly it is stcaclily 
incrPa:-:L'd ti11 towards thf> final stagP, wlwn it again Rinks to the 
normal mlP, or l.Jl'comes slower ancl ,10""'" till it ceases alto
getlwr. 

vVe also Jincl in many cases a severe laryngitis excitPCl , to
gether with pain in the larynx, roughness ancl hoarsc•iwss of the 
voice, a.n<l the separation of a white L1·amqmrt>nt secret.ion from 
the mucous mprnbrarn~ of the larynx a.nd bronchi; this was 
observecl iu two eases by Morel.' 

One of the most distinctivP symptoms of atropine-poisoning 
is dilatation of the pupils, which, even with minimum closes 
(according to JJondProi .,,', 60 g1-. =0.0110011040), htsts for several 
hours. " 'll<'n it is dropped into the PyP, only the one pupil is 
clilated, when•as in cases of general poisoning by atropine, both 
eyes are almost always eqtially afiected. J[ somewhat larger 
quantities are introduced, the pupils are clilated lo the maximum, 
remain motionh':::is, no longer react to light, anc.l thus a number 
o[ other symptoms are clevelopecl; for inslanc•', a n1riety of dis
turbances in the power of seeing, utter incapability of focalizing 
the eye, prismatic vision,' double vision, occasionally micrnpsia, 
and sometimes complete n.inaurosis. rrhis mydriasis with its 
com~equpnces sets in quite constantly, aml rna.y last a Vt.ll'Y long 
time: thus, fol' example, Gttbler' states that in one case it Jastecl 
fourteen days; at any rat•\ it is the symptom of atropine-poi
soning which is the last to disappear; incleecl, it has been ob
SL·rvecl to la Ht as long as three or four weeks. The supposed 
amaurosis of many observers• is only apparent, and is the result 
of the Joss of the power of focalizing. 

The chief effect of atropine, that upon the brain, manifests 
itself in a double form : first, a series of c11sturbances appear in 
the sphet'e of motility, and then considerable disturbances arise 

1 Trois ca.<i d'empoisonuement par la bellndonne_ Annal. de SociCtC med. de Gand 
1~72, 8ept. 11:31 

2 S'tok11i$ mentions, Arch. f. path. An:it.. XLIX. p. 450. 1809, a. case of a man who 
saw the edges of all objects prismatically colored. 

3 Commentaires th6ru.peutiques clu codex medic:uneutatilUI. Pal"is. 1874. p. 746. 
• l!:mn.'I, Urit. Med. Journ. Sept. 21 1 JSGl 
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in that of ,;pnsibility. "'ith regard to the motilP changPs, thi> 
most striking point b that, a-.; a rule, :-<Oon aftpr thL· :setting in o[ 
the first symptom,; of poisoning, a general jaetitation of the body 
takes place, in man,,· c:ases aceompaniP(l with pain'; et·ying awl 
screaming, l'~pecialJy with childn•n, are eonnno11. )Jany patit>nts 
i11 thi~ ja.ctitatory state 111ake fret:' use of their mu~rnlar btl'l'ngth, 
crm;h to pil'<'l'S all that eomes into their htuuh; but shortly after 
there supPtTenes a di~turbance in the eo-onlination ~ o[ thf.~se move
ments : rnany los(' thP powl'r of walking straight, ::c;tagger about, 
cease to lw ablP lo artictthte cleal'ly; even <·ases of aphasia' arnl 
alalia. art-" 1·1 1f.·onl1'<-L Mon· rarely, convulsions oecur, g1•11Prally 
cloni<',' seldom tonic spasms; still tetanus, especially opistho
tonos, lrns been seen. Sometimes \'et·y peculiar disturbances of 
the locomotor system appear; thus a n1ist>t-, who intenued to steal 
turnips in a lielu, but pulleu up hyo,eyalllus roots insteau, paiu 
the penalty of the theft by being seizeu with a dancing-frenzy 
accompanit•il by convulsive laugh ter. 

Dysphagia also is sometimes the n•"'tlt of contraction or the 
musdes of cleglutition, for in thl' Tis::;on.' ca:si\ wlH•n a fi11grr 
was passPd into th<' gnll<'t, it was found to be firmly contt·actcu, 
so that an emetic co11l<l only be auministered by an crsophageal 
tubl'. So also the uysu1-ia, whiclt occm,; in so many cases, is to 
be attribut<•tl to <'1"1 lllp of the detrnsor vesicro ul'inariro. 

'l'he symptoms conne<'ted with the psychical functions of the 
b1·ai11 are lllOl'(' c·onstant anu more important. The first symptom 
is ~PllPrnlly giddinP:ss, swinnning~ in the hf.•ad, n.l.rnorrnnl sensa
tions, e:-;pPeially of sight antl hearing: hallucinations arc abo 
"'''T common, and delirium is superadclecl, so that the gcnPral 

See. for example, the case of Stf!vem; (referred to on p 680). 
'Pr1yet-/Jl11ck1, Report~ of ~t. George':-; Ho~pital. HI 160_ 18GS. An asthmatic 

patient took about one Ura.chm and a half of tincture of stramouium. The usuu.1 i-ymp
toins followed ; lat.er ou actual apba!>ia. set in, so tha.t be called everything by the wrong 

a In a case described by Trapcn(lTl (!'Union_ 147. 1R3!J). of a lunatic, thirty years 
of age, who had eaten some night)lbade berries, trembling of the bands and twitchingl-:i 
in thl• whole upper pn.rt of the hody came ou; the same thing occurred in the c;1sc of a 
girl who bad taken i gr. of atropine (l{ucllu'. Xcdedan(l. Tijdi,;chr. f. Gcnccsk. Afd. I 
J>. 4fl7. 1870). 111 the case, alrcatly cited, of 1Jr111a.~1dt.~, crnmp)I in t.hc fingers came on, 

which gradually extended to the trunk unJ the other parts of the body. 
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condition may be characterized as one of 111P11tal aberration with 

delirium. 
These attacks of delirium may be quiet or they may be vio

lent. and thPy sometimes continue till coma sets in. 
After the jartit:ttion has lasted for some time-the length of 

time depends upon the quantity of the poison- it gives place to 
lassitude and a fee ling of sleepiness, which generally passes into 
complete sleep; the stage of narcosis. This sleep becomes gradu
ally deeper, patients eannot be roused from it by any means, the 
eyelich a m only half closed, and this somnolent and eomatose 
condition, in which, with the exception of the so.called automatic 
action o( the heart and of the respiratory muscles, there is no 
voluntary or rettex movement, again di sappears gradually, or 
ends in death. In many cases, especially those that end fatally, 
the conten ts of the bladder a nd of the bowels are passed in
voluntarily, in consequence of paralysis of the sphincters in this 
stage of nareosis. In a few cases lits of delirium and stupor 
alternate, and these intermitting 0 1· remitting cases are those in 
which the prognosis is more favorable. Among the rarer symp
toms of atropine-poisoning we may mention erotic manifestations 
which take place during the stage of exc itement, priapism,' etc. 
Parsons' gives an instance in which a man's ha ir turned gray 
during atropiiw-poison ing of short durai-ion. .A case communi
cated by Bvan::;i is also worth mentioning, jn which a girl nine 
years of age had eaten four nightsh ade berries, and after six 
hours tympanitcs in an aggravated form set in. 

As regards the duration of the poisoning process, death gener
ally en ues within twenty-four hours, rarely within Jive or six 
hours, and more rarely still not for thirty h ours. Convalescence 
is al ways very slow, never sudden ; the pulse and respirations 
very gradnally return to theLr normal rate; subsequently sensi
bility is restored, ancl the sensorial disturbances cease. There 
are cases in which, after somewhat large quantities of atropine 
have been taken, four days, and even more, are required for re
covery. 

1 &lunUl. J\Ionatsbliitter fiir Augenheilkunde. II. p. 158. May, 1864 
~Brit. Med. Jour. 2;i. Dec., 1869. p. 675. 
3 Jbid, 21. Sept., 1861. 
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As sequelro, mydriasis lasts for some time, sometimes accom
panied by slight focal disturbances. The aphasia which we 
mentioned above lasted for a considerable time, and the patient, 
during his convalescence, called almost everything by the wrong 
name. There are, therefore, no actual seq uelro in cases of atro
pine-poisoning, although occasionally hemorrhage in the brain 
has occurred, followed by prolonged hemiplegia, yet these are 
only indirect results o[ the poisoning. 

Atropine kills by paralyzing the heart in the first place, but 
perhaps also, in some cases, by exhaustion of the respiratory 
centre. 

Analysis of Symptoms. 

(Jlwracter qf' Atropine-Poisoning. 

Recent experimental investigations supply a fairly satisfac
tory pathological basis for a number of the symptoms of atro
pine-poisoning. Another large group of sy mptoms, however, 
must simply be accepted as fact. 

'l'he dryness of the palate is to some extent accounted for by 
the experiments which Heidenhain, Bezold and Bloebaum, Keu
chel al so, have made on the salivary glands o[ animals. We 
know by the researches o[ Ludwig, Czermak, Bernard, that irri
tation of the tympan ico-lingual nerve which a1·ises from the 
chorda tympani, and accompanies the trigeminus, leads to the 
secretion of a quantity of thin saliva in the submaxillary gland, 
at the same time accelerating the flow o[ blood through the 
gland and heightening its color. 

Heidenhain 1 has shown that irritation o[ the fibres of the 
chorda tympani in atropine-poisoning accelerates the flow of 
blood, but does not cause secretion of saliva, whereas excitement 
of the sympa thet ic causes the secretion of a small quantity of 
thick viscid saliva as in the normal condition. Kenchel had 
before observed this fact. 2 

The mydriatic effec t of atropine is a favorite subject for ex
periment. 

1 Arcb. f. d. ges. Physiolog. V. 40. 
2 Das Atropin und die Hemmungsnerven. Dorpat. 1868. 
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Hitherto the view has been univnsally 'ccc!'pted tlmt dilat:1-
tion of the pupil follows directly upo11 the use of atropi11e, but 
Rossbach and Froehlich maintain that in the case of frogs and 
rabbits dilat:ttion i' preceded by contrnction, slight and transie11t 
indeed, lrnt q ni Le perceptible when very small doses of atropine 
(one-om•-l1undrt'dth and less) are administered. 

vVhethPr this proceeds from paralysis of the O('U]o-motor 
nPrV<', or from C'xcitement of the sympathetic, or from both 
factor; simult:cneously, is still a subject of controversy. It is 
pretty clearly proved that the sphincter iridis and its nerve, the 
oculomotorins, are paralyzed by the poison. lndet•d, the cir
cumstanc" that th0 tensor chorioicl<'a', s11ppliPd by the samC" 
nerve, hPcome::> abo paralyzed. strongly supports this view; but 
still more the fact (according to de Ruiter"s experinwnts), that 
an electric shock given to tlw i1·is while the eye was under the 
in!luence of atropine produced no contraction of the pupil, which 
always occurs when tlw ere is in the natural condition. La~tly, 

the absence of all reaction to the impression of light, even when 
the sympathetic has been divided, affords almost certain proo[ 
to the same elTPct. The most direct proo[ of this theory, how
ever, is [urnish('(l hr the <'xperiments o[ BPI"nstein and Dogie] ; ' 
these investigators irritated the oculomotorius within the cra
nium o[ the atropiniz1'il animal, without prndtu:ing contraction 
of the pupil. 1'11'tt tlw muscle of the iris, as such, is not parn
lyzcd, the authors just mentione1l Jll'OVe hy the fact that in the 
same experimPnt direct excitatio11 produeed coatraction of the 
pupil. 

The second question, wlwther atropine does not simultane
ously excite the sympathetic and th i.• dilatator pupill;c supplied 
by it, is more difficult to answer. In favor of this vit'w, the 
testimony of Cramer' may be quot1•d, who says that after sec
tion of the cprvical sympathetic on one side, followed by atro
pine-poisoninQ; on the side operated upon, ,i slighter mydriasis 
followed than upon the uninjured side. AnothPr argumPnt for 
this theory is, that tlw extent of dilatation of the pupil cannot 

1 Brrm1tei.n unrl l>ri.'ffrl, Vcrhnni1Jungen des nnt. med. Vereins zu fleii.lclbcrg. TV 
1 llct accomotlri.tic Vennogcu tlcr oogen. Haarlcm. l8;'):t 127 
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well be accounted for by a mere preponderance of the action 
of the dilatator consequent upon the inaction of the sphincter, 
and also that no further dilatation can be produced by direct 
excitation of the iris, because the dilatator has already been 
contracted to its maximum. But doubt is again thrown on this 
conclusion when we remember that Gruenhagen' and Hirsch
mann' both succeeded in increasing the dilatation caused by 
atropine by exciting the sympathetic, and that H. Braun,' more
over, proved that, Eix months after the section of the sympa· 
thetic, by which time the terminations of the sympathetic in the 
pupil must have been long degenerated, dilatation still followed 
the use of atropine. For the present, therefore, we must regard 
the influence of atropine on the dilatator pupillro as doubtful, 
even though Braun's experiment may seem to point to the op po· 
site conclusion.' 

The fact that, in local application of atropine to one eye, dila
tation o[ the pupil of only that eye followed, combined with the 
observation made by Fleming,' that when he very carefully con
veyed the poison only to one side of the eye, dilatation of the 
pupil first appeared on that side, seems to indicate a local action 
o[ this poison. But then, again, we are almost compellecl to 
admit, with Bezold ancl Bloebaum, supported by L. Hermann,' 
that nervous centres ex ist in the iris itself; that these really 
must reside either in the iris or its immediate neighborhood, is 
proved by Ruiter's statement,' that even in an excised frog's eye 
mydriasis can still be produced, when all other nerves are ex-

• Centrnlbl. f. d. med. Wi!l.senschaft. 1863. 577. 
t Arch. f. Anatomic u. Phy.siol. 1SG3. 309. 

3 Arch. fiir Ophthahnolog. V. 112. 
4 Strong evidence of active contraction of the dilabtor by atropine is afforded by the 

often observed fact that the p:tSSivc dilatation ensuing upon paralysis of the oculo·moto· 

rius is never as great as that induced by atropine, and that in such condition the dilata

tion is greatly incrensed by ntropine, whether locnlly applied or introduced into the gen

eral circulation. The writer of this note bas, with many others, proved such increased 

dilatation by local applications of atropine to human eyes affected by idiopathic abso

lute paralysis of the oculo-motorius .-E. CURTIS. 

s Edinburgh l\t:ed. Jonrn. 1863. 
d Lebrb. d. experiment. Toxikologie. Berlin. 1874. p. 3.'35. 

, Nederlandsch. Lancet. III. 433; also loc. cit. p. 83. 
VOL. XVII.-43 
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eluded. It is very probable, therefore, that atropine exerts its 

chief influence upon these nerve.centres. The loss of power .of 

accommodation, disturbances of vision, etc., which have been 

observed in atropine-poisoning, are the result of the dilatation of 

the iris and paralysis of the tensor chorioidero. 
The action of atropine upon the heart and its movements lrns 

been reduced to a sound pathological basis by experiments on 

animals. Von Bezold and Bloebaum, and Keuchel, are the chief 

authorities for the action of atropine upon the heart. 
The acceleration of the pulse following upon section of the 

vagus in otherwise healthy animals was not increased by atro

pine-poisoning afterwards;' again irritation of the vagus in atro

pinized animals failed to retard the pulsation of the heart. This 

proves that the extremities of the vagus in the heart after a 

slight excitation, which produces the transient and net very 

important retardation of the pulse at first, must have been para

lyzed by the poison. Rossbach and Froehlich were the first to 

call attention to the original initial irritation of the extremities 

of the vagus. The question, whether the extremities of the 

branches of the vagus or the intermediate ganglia are paralyzed 

by atropine, is deciued by Boehm's' experiment in favor or the 

former. He failed to anest the atropinized heart of a frog by 

irritating the sinus. Schmiedeberg' was equally unsuccessful 

with muscarine. 
'Vhile atropine is found to be incapable of acting on the sym

pathetic, its influence on the excito-motor ganglia of the heart 

is considerable. Von Bezold and Bloebaum (Joe. cit.) have shown 

that the_se centres of cardiac innervation are completely para

lyzed by tolerably large doses of the poison: the pulsations of 

the hea1t nnd the pressure of the blood diminish, when atropine 

is administered to an animal after section of the vagus and the 
cervical marrow. 

But the cardiac muscle also loses its excitability and becomes 

1 Exactly the opposite bas been affirmed as the re1mlt of experiments by Lemattre 

(Arcliiroi Ginirrrle.~. Augu«t. 18(i5) and H. C. Wood (Therapeutia, Materia Medica ancl 

T<Y.l:icdou.v. Philadelphia. 1876, p. 234).-E. c. 
1 Studien Uber die Herzgifte. WUrzb. 1871. p. 14. 

' Bericbtc der stichs. Acad. d. Wissenscha.ft. Math. phys. Clasae. 1870. 129. 
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paralyzed under large doses. It appears, then, that atropine is 
eminently a heart-poison, which destroys life by arresting the 
action of the heart. 

Von Bezold and Bloebaum have further proved by direct ob
servation that atropine-poisoning in large doses is followed by 
distention of the small vessels, and that this distention is the 
consequence of paralysis of the vaso·motor nerve-centre, as the 
distention after injection of atropine into the peripheral end of 
the carotid takes place almost instantaneously. Accordingly, 
the pressure of the blood also decreases. Yet the blood-pres
sure does not decrease immediately after atropine poisoning; on 
the contrary, it increases in the first instance, or, when small 
doses are used, corresponding to the frequency of the cardiac 
pulsations, and to the initial contraction of the arteries. 

The contraction of the arteries has been demonstrated by 
Meuriot,' at least in the case of the web of the frog, upon appli
cation of atropine. Fleming' and Hayden' bad already observed 
this contraction ; the latter bolds the contraction of the vessels 
to be a reflex action of the skin. 

This retardation of cardiac and vascular action fully accounts 
for the lowering of temperature observed in human subjects. 

The influence of atropine upon the respiratory organs, which 
in human subjects as in animals shows itself first by retardation, 
afterwards by acceleration, depends upon a paralyzing action on 
the pulmonary branches of the vagus, so that the peripheral 
stimulation fails to reach the central organ; hence the retarda
tion in the first instance. 

'l'he subsequent acceleration, demonstrated by the researches 
of Bezold and Bloebaum, is caused by the irritant action of the 
poison on the respiratory centre. "\Vhen the dose is very large, 
however, this central organ is paralyzed, whether by the poison 
itself or by exhaustion, or by carbonic acid poisoning, attendant 
on the onset of cardiac paralysis. 

The laryngeal fibres of the vagus, ·which in the normal condi-
tion have a retarding influence on respiration, are not paralyzed 

1 Gaz.. hebdomad. 1868. Nos. 12, 15 1 16. 
~Edinburgh Med. Journ. 1863. 777. 
s Dublin Quart, Journ. 1863. Au~. 
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by atropinr, as Keuchel ' has provecl ; therefore they have noth
ing to clo with tho acceleration of breathing. Thus, also, the 
variations in breathing, observable in atropine-poisoning, aTe 

easily ancl naturally explained. 
'l'be intluence o( atropine upon the striped muscles and the 

motor nerves, which, ns we have seen, in atropine-poisoning in 
human subjects takes the form of cramp, but which usually 
passes, after a short periocl of jactitation, into an absolutely 
motionless condition, is not very satisfactorily explained by the 
experimental evidence which we so far possess. Von Bezolcl and 
Bloebaum·s experiments indicate, indeed, a diminution of the 
excitability of the motor nerves, but show that the muscle itself 
is scarcely actecl upon by atropine; as regards the motor nerves, 
these authors show that it is highly probable that the termina
tions of the nerves in the muscle primarily suffer diminution of 
their excitability, and that subsequent changes occur in the 
nerve-trunk. This loss of excitability in tho motor nerves helps 
to explain the motionless state of those poisoned, but it does not 
explain the occurrence of the couvulsions; these are to be traced 
to changes in the nerve-centres. 

Tile inquiry into the action of a poison upon the sensory 
nerves is extremely difficult, and as the methods hitherto 
adopted are not altogether unexceptionable, the statements of 
Botkin' and v. Bezolcl and Bloebaum (Joe. cit.) on t.his subject 
are insufficient, though it appears fairly deducible from them 
that the excitability of the terminations of the sensory nerves 
is diminished by large closes of atropine. Still, pmctical clini
cal experience, especially in neuralgia, is calculatecl to give a 
stronger support to this theory than experiments on animals. 

Lastly, the influence of atropine on the brain and the spinal 
marrow is very considerable, yet it presents even more obstacles 
to experimental research than that on the sensory nerves. In 
the human subject there are unmistakable symptoms of increase 
o( excitability, and especially of actual excitement o( the central 
portions of the nerves of the organs of sense, which is succeeclecl 

1 Das Atropin und die Hemmnngsfasern. Dorpat. Diss. 1806. 
~ Botkin1 Uebcr die pbysiolog. Wirkung des schwcfelsauren Atropins. Vircb. Archiv. 

Bd. XLI!. lbG2. 
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by diminished excitability, sometimes passing into complete loss 
of consciousness and feeling. This effect upon the brain cannot 
be traced to disturbance of the circulation, but to direct action 
of the poison on the nervous elements. The spinal marrow also 
seems to be subjected to a like influence; according to Fraser 1 

the convulsions which have been observed in human subjects 
also appear in the frog after large doses, but not till towards the 
close of the action of the poison; they begin with rigidity of the 
forefeet, then of the llindfeet, and tetanus is easily brought on 
by touch, while spontaneous movements are very labored or 
quite impossible. This convulsive stage, which may last for 
hours and clays, is decidedly to be regarded as of a reflex char
acter, dependent on increased excitability of the spinal rnarrow. 
Tilus delirium, hallucinations, etc., are accounted for. 

A few words must be said as to the influence of atropine on 
the organs composed of nnstriped muscle. v. Bezolcl and Bloe
baum found in atropinizecl animals the intestine in complete 
repose, and even after section of the splanchuic no movements 
set in. From this they conclude that the motor ne1Tes oE the 
intPstine are paralyzed; in the next place the poison paralyzes 
the intramuscular ganglionic cells, and later the muscular fibres 
themselves, this paralysis being transmitted to these muscles 
just as the paralysis of a motor ganglionic cell of the spinal 
marrnw extends to the corresponding muscles. "Then Keuchel 
administered small quantities of atropine, the peristaltic action 
of the intestine did not cease, but the existing movements could 
not be arrested by initating the splanchnic; hence he concludes 
that it exerts a paralyzing influence on the nerve which checks 
the movement of the intestine and its peripheral extrernities. 
The discovery of the paralysis of the dPtrusor vesicre urinariro, 
after previous violent irritation, is the result of cliuical observa
tion, not of experiment. 

Results ef Autopsies. 

Frequent as poisonings by atropine are, very few post-mortem 
examinations are on recorcl. 

1 Trans. of the Royal Society of Edinburgh. XXV. p. 449 i and Jouru of Anat. and 
Physiol. 18GO. !fay. 3J7. 
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:Most of the reports of autopsies which we possess refer to per. 
sous who have died of eating belladonna berries or stramonium 
seeds. In these cases the stomach and intestinal mucous mem
brane are usually stained with the color of the beITies, or else 
seeds of the thornapple or of the deadly nightshade are found 
in the intestinal canal. This is pretty nearly the most important 
i·esult of these examinations. 

Most of the other results that have been published are by no 
means characteristic: thinness and fluidity of the blood, which 
Seaton' mentions, injection of the skin of the face, engorgement 
of the blood-vessels of the brain and its membranes, an excessive 
quantity of fluid in the ventricles, some fluid in the pericardinm, 
more or less hyperremia of the lungs, liver, kidneys, etc. These 
results are too general to furnish satisfactory evidence in a court 
of justice. Koerner' i·eports that he performed a post-mortem 
examination on a boy three years of age, and found that the vagus 
nerve bad a strikingly red appearance in comparison with the 
phrenic nerve. It is self-evident that such a discovery is of no 
importance, as it may be merely accidental. Then he found thin 
fluid blood in the auricles, while the ventricles of the heart were 
empty. Otto' observed marked hyperremia of the cerebral sinus, 
of the pia mater, of the medulla oblongata, as well as ecchymoses 
on the pericardium. Bauer' lays stress upon the strikingly rapid 
occurrence of putrefaction. The greatly dilated pupils observed 
in life generally continue after death. It is clear, then, that we 
cannot establish the existence of poisoning by atropine simply 
from post-mortem examinations. 

Diagnosis and Differential Diagnosis. 

Atropine-poisoning is recognized by a state of intoxication 
accompaniecl with delirium ancl dilatation of both pupil~. ' 

Atropine-poisoning might possibly be confouncled with ordi
nary alcoholic poisoning; but the history of the case, the absence 

1 1\led. Times and Gnr.. Dec. 3, 1869. 

'Vergiftungeu dureh Beeren der Tollkirsche. Wilrtemberg. Corr.-Bl. 1856. No. 3S. 
1 Vierteljahrschrift fiir gericbtliche Medicin. N. F. V. 1. p. 154. 1860. 
"Wilrtemberg. l\lcd. Corr. -Blatt. 1873. p. 11;1. No. 7J. 
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of alcoholic odor, and the dilatation of the pupils, are sufficient 
indications to the contrary. Again, it might be mistaken for 
those affections of the brain which are associated with increase 
of intracranial pressure, therefore with simple congestion or with 
apoplexy. The absence of any affection of the arteries, the state 
of the pupils, the dryness and redness of the mucous membrane 
of the mouth, the quick breathing, may serve to elucidate the 
case. 

Atropine-poisoning has very often been mistaken for cerebral 
disease,' therefore the chief stress is to be laid on the condition 
of the pupils. 

Taking the temperature of the patient will be a sufficient safe
guard against mistaking it for scarlet fever. It is more difficult 
to distinguish atropine intoxication from that produced by other 
narcotics ; the diagnosis also becomes difficult if atropine has been 
applied to the eyes before the poisoning. Sidney Ringer' men· 
tions a case in which it was for a long time impossible to diag· 
nose atropine-poisoning in a woman, who had previously been 
operated upon for cataract. 

The surest test of atropine-poisoning is when the unalterecl 
urine acts mydriatically upon the cat's eye. That takes place 
when the urine contains one part of atropine in 130,000 parts (de 
Ruiter and Donders). 

Of course, in diagnosing atropine-poisoning, we must ascer
tain whether atropine has been previously used medicinally. 

A frequent and most practical method of establishing our 
diagnosis is to inspect the matters vomited or discharged by the 
bowels, amongst which we may often discern the skins of the 
berries, or the seeds that have been eaten. 

Prognosis. 

The prognosis of atropine-poisoning must be determined 
chiefly by the quantity of the alkaloid taken, but still more by 
the quantity of the poison actually absorbed. 

1 Gouet Brown, Lond. Hosp. Rev. II. p. 169. - 1lforgan, Brit. Med. Journ. Dec. 1, 

1866. 
~ The Accidcntnl Poisoning of Dr. Sharpey. Lancet. Sept. 27. p. 469. 1873. 
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If rnmiling comes on in the early stage, it is in favor of the 
patient; dianhcea may also act favorably. 

During the course of the case, we must rely chiefly ou the 
condition or the respiration ancl circulation. 

In general, the prognosis is not very unfavorable, since reco,·
ery lias occurred even after very large doses, and since, notwith
standing the most dangerous symptoms, a happy result is by no 
means uncommon. 

Treatment. 

If the poison has been introduced by way of the stomach, the 
stomach-pump and emetics must be nsed, in order, if possible, to 
remove the poiso 11 before its absorption. Aperients are also 
advisable to remove any berries, seeds, etc., that may possibly 
remain in the intestinal canal. In the second place, the poison 
itself must be, if possible, neutralized. 

According to Sinogowitz,' iodine is the best antidote, because 
iodine gives in solutions of atropine a thick, reddish precipitate; 
but :Morel' recommends tannin, und reports three cases which 
were cured by it. Tannin throws down a white tlaky precipitate 
in utropine solutions, on the addition of a little acid. 

Garrod' speaks of two persons who had been poisoned by 
taking, the one, nine grains, and the other two und u hulf drachms 
of belladonna leaves, und whom he cured with animal charcoal; 
this is supposed to counteract the effect of infusion of bella
donna. Thompson• recommends solution of caustic potash, to 
be given every two hours in milk, and says that this will destroy 
the alkaloid, and speedily remove the symptoms of poisoning. 
It is certain that alkalies decompose atropine outside the body. 

Tannin and animal charcoal are decidedly the best i·emedies, 
as they are innocuous in themselves, and the first at least is read
ily procurable everywhere. 

1 Med. Zcit. des Vcrcins in Preusscn. l S.54. p. 70. 
9 Trois ca.s d'cmpoisocnement par la Belladonue. Anna.I. d. SociCte de mCd. de 

Gand. Sep. 1872. p. H!l. 
a Bull. de 'l'hl:mpie. LlV. :Fev. 18,JS. p. 168. 
'Lancet. 1850. Dec. 
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If the poison has entered into the fluids of the body, the func
tional antidotes have to be considered. C. M. Stevens ' reports 
the case of a woman, twenty-eight years of age, successfully 
treated by opium ancl veratrine. \Vhen these two drugs are 
given together it is impossible to determine the influence of the 
veratrine. \Ve can scarcely believe, a priori, that veratriue ex
erts a special influence upon the action of atropine, even though 
we mnst acknowledge that the effect of veratrine is to lower the 
action of the heart. \\Te ought apparently to attach more value 
to preparations of the calabar bean as antidotes. Frazer,' for 
example, reports that dogs, to which he gave a large quantity of 
calabar, bore it very well when it was administered in combina
tion with atropine; one dog survived the administration of 8 grs. 
(=0.5) of atropine ancl G grs. (=0.36) of extract of physostigma. 
Similar results are reported by Bartholow.' Lorentenz • gil'es 
the case of two women who hacl taken a considerable quantity 
of atropine (in one case three-quarters of a grain), ancl who re
co1•ered very rapidly after he hacl given them two closes of 2:5 
drops each of calabar tincture, and 3 and 5 drops respectively 
of a solution of calabar extract in glycerine (1 : 2). 

In fact, the calabar bean, by virtue of the alkaloid physostig
mine or eserine, which is its active principle, gives rise to a series 
of phenomena which appear to counteract the efiect of atropi ne. 
Calabar promotes the flow of saliva, causes contraction of the 
pupils through spasm of the oculomotorius, sets up spasm and 
contraction of the vessels, and retards the cardiac pulsation and 
the respiratory action (see Calabar-Poisoning). v. Bezolcl ancl 
Goetz,' and subsequently Arnstein ancl Saststschinsky,' founcl 
that the active principle of the calabar bean retarded the pulse 
by irritation of the vagus; they found also that in mammalia 

1 Boston Med. nnd Surg. Journ. Aug. 101 1871. p. 81. 
~The Practitioner . IV. G7. 1870. 
' Ibidem. V. 25. 1870. 
4 Hospit. Tijdschr. XfII. 129. und Nord. med. Ark. III. 5. p. 58. 1870. 
• Ueber einige physiologiscbe Wirk11ugen des Calabrugiftes. CcutralbL f. d. med. 

Wiss.1807. No.lG. 
'Ueber die Wirkung des Cnlabnr n.uf die bemmeuden uud l.iescbleunigendeu llerz· 

nerven. Ceutralblntt f. d. med. Wiss. 1807. No. 40. 
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calabar couuteractecl the cfiect of atropine. On the other hand, 
Boehm ' considers physostigmine, as well as atropine, to be onu 
of the poisons which paralyw the extremities of the vagus; 
others-B. Tachau' and Roeber,' for example-attribute the re
tardation of the cardiac pulsation to paralysis of the motor car
diac ganglia, etc. Thus, at present, the most contradictory views 
as to the action of this poison exist, so that, from theoretical 
grounds, the value of physostigmine in cases of atropine-poison
ing seems to be, as yet, doubtful. This view is strengthened by 
the researches of Rossbach and Froelich,• who maintain that 
physostigmine docs not counteract the influence of atropine upon 
the heart (but has, to some extent, just the contrary effect}, and 
they did not succeed in producing contraction of the pupils by 
applying physostigmine to an atropinized eye. Thus no positive 
results have been arrived at in the human subject, and it remains 
to be seen whether future investigation will Inrnish clearer evi
dence. \Ve must not omit to notice Preyer's' recommendation 
of prussic acid as an antidote to atropine. The chief effect of 
prussic acid, as is well known, is to paralyze the respiratory cen
tre and to stimulate the vagus; therefore it would appear, a pri
ori, to be likely to exert an influence on atropine-poisoning. But 
this antagonism is denied by Keen and Hare'), as it had been 
before by Lecorch6 ancl Meuriot.' Preyer's theory has also been 
disputed from the experimental point of view by Bartholow', 
Schroff, jun.,' Knie, and Boehm." But, on the other hand, Preyer" 

1 Studien Uber Herzgifte. 1871. p. l:!O ff. 
'Versucbe iib. d. Wirkung d. Calabarbobnenextractes. I-Ieilk. 1805. pp. 09-78. 
3 Ueber die Wfrkuogen des Calabarextractes o.uf Herz und Riickenmark. Diss. Ber-

lin. 1868. 
4 Pbarmacolog. Untersuchungen. 1 Heft. Wilrzburg. 1873. p. 77. 
5 Die Blausiiure pbysiologiscb untersucbt. 1868 u. 70. 
'Amer. Jour. of Med. Scieoce. Oct. 1870. p. 442. 
, f:tude physiolog. et tbCrap. sur l'acid cyanhydrique. Archiv. gCnCr. de mOO. Paris. 

1868. Vol. 1. pp. 529 551. 
0 Note on Atropia nud its Physiological Antagonist.<t. The Practitioner. London. 

July, 1870. 
¥Medic. Jahrbiicher. Jahrg. 1872. pp. 420-513. 
10 J(nie, Respirationsgifte I. Atropin, Blamiliure. Dissert. Nov. 1873. Dorpat. and 

-:::;~l~S7~.rchiv fiir experimentelle Pathologie u. Pbarmakologie. II. Bd. pp.' 120_ 

381 ~
1

3~G~b~~7~~n Antagonismus der Blausii.ure und des Atropins. Ebcnda. III. Bd. pp. 
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has quite recently repeated his assertion, and supported it by 
experiments. He has shown that guinea-pigs and rabbits, after 
subcutaneous injection of watery solution of atropine (two and 
two-thirds fluidrachms of a five-grain atropine solution), may 
have deadly prussic acid admirtlstered to them without succumb
ing, and that with still larger doses of prussic acid, the action of 
the poison is protracted if atropine is given. \Ve have not as 
yet made any practical use of this antagonism of prussic acid 
in the medical treatment of atropine-poisoning, nor shall we be 
likely to do so since prussic acid is itself so poisonous an agent. 
On the other hand, atropine may more safely be recommended as 
an antidote to prussic acid, and Preyer's researches tencl mainly 
to this end. 

'fhe treatment of atropine-poisoning by morphine and opiates 
is of much greater practical importance. Attention has recently 
been called to this antagonism, and chiefly by the reports of 
'l'homas Anderson,' who cured a case of opium-poisouing, in a 
man suffering from delirium tremens, by belladonna. His breath
ing gradually became more normal, etc. Since then both poisons 
have been reciprocally examined, both therapeutically and phy
siologically, but the results of the two methods have not harmo
nized. \Vhile, on the one hand, almost all the practitioners who 
have had the opportunity of testing the antagonistic properties 
of both poisons, ag.-ee, with hardly a dissentient voice, as to their 
real antagonism, the theorists, on the other hand, basing their 
opinions upon experiments on animals and upon ratiocination, 
have come to a totally different conclusion. The chief ground of 
this difference lies partly in the varying degrees of susceptibility 
in the animals subjected to experiment-for rabbits, dogs, cats, 
and pigeons are not equally, sometimes not at all, affected by the 
same poisons-and in part it lies in the iliiferent conception of 
'~hat is meant by antagonism. \Vhereas practitioners in general 
regard the preservation of life after fatal doses as the true cri
terion of an antidote, most pharmacologists claim from an anti
dote that it shall affect the same organs in a directly opposite 
sense to that of its antagonist. They require, for example, th~ 

1 On tbe Influence of Belladonna Counteracting the Poisonous Effects of Opium. 
l\Iontbly Journ. April, 1854. p. 377. 
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morphine shall paralyze the very same nervous apparatn s which 
atropi ne excites, nnd vice versa, so that, with accurate dosing, the 
effect of both poisons must be nil. To others it does not matter 
how the antidote works, provided only that the general effect 
upon the organ is contrary to that of the first poison. 'Vith 
1·egard to morphine and atropine' a real antagonism probably 
only exists between them in respect to their influence on respira
tion; with regard to the pupil , the antagonism is only functional. 
because the two poisons appear to affect quite different nerve. 
elements. 

That morphine, cautiously used, does good in atropine-poi
son ing, cannot, I think, be denied in the face of existing ev idence, 
however sceptically disposed we may be on the subject. Thus 
Frommhold' has collected eighteen cases of belladonna-poison
ing, which took a farorable course under the opium treatment. 
And since that time numerous cases in confirmation of this view 
have been recorded in medical journals. Almost all authorities 
agree that the most important condition of rapid recornry is the 
occurrence of quiet sleep, to interrupt the jactitat.ion and deli
rium caused by atropine ; in some few cases the administration 
of morphine has been followed by contraction of the mydriatic 
pupils,' and rapid relief has been afforded to the di stressing 
ischuria.' Retardation of the pulse is also 1iret ty generally 
noted, as in the case mentioned by Kohn anrl Koerner,' in which 
the pulse fell from 140 to 100, five minutes after subcutaneous 
injection of morphine. The frequency of the respiratory move
ments is also considerably diminishecl ; Agnew 6 gives a case in 

1 See the subject of 'Morphine Poisoning. 
'Ueber den Antngonii:mus zwiscbeu Opium u. Belladonna. Leipzig. 18G!), pp. 13-18. 
1 For example. Ca1-roU Lee, Americ. Journ. of Med. Science. Yol. 8:>. 1862. p. 57. 

In the C3Se of a child six years of age, who bad been poisoned with a dracbm of 8uc
cu:i belladonnro, twenty drops of laudanum were given through the mouth, and an 
equal quantity per nnum i after the third dose contraction of the pupil ensued, and 
after 120 drops complete recovery. B'ttlturst lVoodman (Med. Times and Gaz. Oct. 8. 
1864. p. 385) mentions a case, in which the pupils contrncted under opium, but after
ward.Ii dilated agnin. 

4 v. Gml'je, Arch. f, Ophthalmolog. IX. 2. p. 71. 1863. 
~ Ilerlin. klin. Wochenschr. II . 16. 1805, 
6 Peunsylvnnh~ Hosp. Rep. 1. p. 356. 1868. 
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which it sank from 30 to 19 in a minute. The difficulty in swal
lowing is also very mueh relieved. " 'hen the dose o( atropine 
has been large, its effect will survive those of moderate doses of 
opium or morphine, so that when the opiate action ceases, the 
inti uence of the atropine again becomes manifest, and repeated 
doses of morphine, coup sur coup, may be necessary. In snch a 
case, described by Abeille, 1 a boy six and a half years of age, 
wbo had taken three-quarters of a grain of atropine by mistake, 
and was found in profound stupor by the doctor, recovered 
slowly but completely by the gradual injection of morphine. 

But, however high ly we may estimate the value of opiates in 
atropine-poisoning, we must not forget that the most serious 
cases o[ poisoning have been cured even without morphine, ancl 
that excessive closes of the antidote will of course act deleteri
ously; lastly, it must be stated that morphine is not capahle of 
m·erting death when very large closes of atropine have been 
taken. 

'Ve have yet to mention alcohol as a very common remedy 
in atropine.poisoning; Holthouse 1 gives a case in which it curecl 
a child four yPars of age, who had been poisoned with from 
3 to 4 grs. of atropine. That alcohol may be well borne in 
atropine-poisoning is proved by a case given by Castaldi,' in 
·.vhich a child six and a half months old took eleven and a half 
ounces of wine and recovered from poisoning, though opistho 
tonus had set in. It is needless to add that other remedies may 
be used according to the nature of the symptoms, such as the 
application of cold compresses to the head, cold douches, arti
ficial respiration, alone or combined with electricity. Ambula
tory treatment may be indicated by symptoms of sopor; it had a 
very favorable effect in a case rnentionecl by 'V. Legg'-Par
sons5 gives a similar case. 

Bleeding, which has been recommended in various quarters, 
should be very rarely resorted to. 

1 Gaz. m6d. de Pnris No. 43 . Oct. 24, 1868. 
2 Med. Time!'! nnd Gaz. Dec. 1859. 
a Guz. mCd. d'Orient. IV. 5. 1860. 
4 i\!ed. Timea. Nov.1 66. p. 473. 
1 A Ca.se of Belladonna Poisoning. Boston Med. and Surg. Joum. June 13, 1872. 
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Changes which Atropine undergoes in the Bodies of Men and Animals. 

Atropine is very rapidly and completely absorbed by tbe 
mucous membrane of the stomach, so that in a few hours no 
alkaloid is to be found in this organ. Absorption by the small 
intestine is also very complete, yet most of the alkaloid rela
tively is found in it, since it is immediately secreted with the bile 
into the small intestine again, where it is again absorbed, so tba t 
no atropine or at most mere traces of it are found in the freces. 
But absorption also takes place by the skin and conjunctiva. 
The atropine dropped upon the conjunctiva! membrane makes 
its way into the interior of the eye, and may be detected in the 
aqueous humor.' However quickly the poison passes into the 
blood, it is again very quickly and in an unchanged form se
creted from it, especially by the urine. Thus Meuriot,' three 
hours after a small quantity of atropine had been given, found 
that all traces of it ltad disappeared from the urine. Schmidt 3 

found no atropine remaining in the urine after ten hours, thoup;h 
one-tifth of a grain of atropine had been taken. Its entrance into 
the blood is, of course, most rapicl in subcutaneous injection; 
dilatation of the pupil to its maximum was observed by Schmidt 
an hour after its internal administration, and by Taylor• fifteen 
minutes after, while Orfila observed the same effect within twelve 
minutes of its enclermic administration. Atropine has been dis
covered unchanged in various organs of the body,' muscle, liver, 
blood, etc. 

Tests for Atropine. 

Strictly speaking, the only certain evidence we can have of 
the presence of atropine in organic substances (as, e. g .. matter 

1 de R1q1lcr, Onderzoekingen, etc. Utrecht. 1853-54. VI. i and Lemaitre Arch 
gt!nCral. Juill. AoU.t. p. 30 et seq 1865. ' · 

'De la mCthode physiologique et de ses npplicnt. etc. Paris. 1868. 
1 Klin. Monntsschrift f. Augenheilkunde von Zehnder. 1864. p. 168. 
t Trentise on Poisons, Deutsche Uebereetzung von Seydeler. 

~:iif .~:.~:::k::.i: ,:;::~~::,:~~:~:tc~~:~'~!~~,.~~:,:~~~.o~~::;.;1:::~'::~~~: 
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vomited, the blood, the contents of the stomach and intestines) 
is the extraction from them of a substance (not necessarily crys
talline) which can be applied to the eye of the cat, and which 
produces upon it decidedly mydriatic effects. Very small quan
tities are suffi cient for that purpose, whereas clogs, rabbits, etc., 
require much larger closes. This so·callecl physiological proof 
can, however, only establish .beyond all doubt the existence of a 
mydriatic effect, while its more special characters cannot be 
determined. The examination of urine is of the highest impor
tance in the recognition o( atropine-poisoning. Allan,' Coh n, 
and Koerner,' found atropine in human urine, so did Harley 3 

after the administration of if. of a grain. In many cases it is 
sufficient to instil the urine unaltered, in others it must be 
concentrated; but, for perfect security, the short and reliable 
method of Dragendorff • should be adopted. The urine is first 
acidulatecl with sulphuric acid, then immediately shaken twice 
with amylic alcohol, and then twice with ether ; arter the ad
dition of ammonia to the fluid thus purified, the atropine can 
be immediately di ssolved in ether, which, when evapora ted, 
leaves the alkaloid behind in a condition in which it can be 
easily recognized . 

The separation of atropine from organic substances is accom
plished either according to the method o( Stas and Otto, or 
according to that of Dragendorfl'. \Ve digest the snbstances for 
several hours in water acidulated with sulphuric acid, then par
tially neutralize with magnesia, taking care that the fluid still 
remains di stinctly acid; we next evaporate the fluid and digest 
for a long time in alcohol, acidulated with sulphuri c acid, then 
d istil off the ammonia and agitate with amylic al cohol, remore 
the alkaloid by means of acidulated water, again precipitate and 
dissolve it in fresh ether, or, better still, in chloroform. This 
generally leaves the atropine behind in a crystalline form. The 
residual prodnct shows itself to be atropine by a series of reac
tions by no mea ns very characteri stic. The most valuable are 

1 Annal. der Chemie u. Physik. Bd. 84. p. 223. 
'Berlin klin. Wochenschr. 1865. p. 162. 
3 Brit. :Med. Journ. 1868. 28. March und 4. April. 
'Beitriige zur gerichtl. Chemie einzelner orga.i . Gifte. 1872. St. Petersburg. p. 227. 
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the precipitates obtained by potassium-bismuth iodide and po
tassium-mercuric iodide, which, even when gl'eatly diluted, will 
detect 1 : 4000. 1 

APPENDIX. 

Poisoning with Hyoscyamus and Hyoscyamine. 

Hyoscyam ine (6,.II,,Ne ?) is found most abundantly in the 
seeds of IIyoscyamus niger and Ilyoscyam ns albns ; it was first 
obtained in a state of purity in 1833 by Geiger and Hesse; ac
c0t·ding to their accounts it crystallizes slowly in stellate or fas
ciculate masses o( silky and, fol' the most part, transparent aci
cnlar crystals; it is free from odor, but has a very sharp and 
unplea8an~ taste. In the impure state it forms a tough, viscid 
brown substance, having a heavy, tobacco-like odol'. Hyos
cyamine is a trne alkaloid, and forms, in combination with acids, 
salts which crystallize readily. 

Poisoning has been frequently produced by mistaking hyos
cyamus root for edible roots,' by taking medicines internally 
which were intended fol' outward application,' by taking ovel'
doses oC medicinal preparations,' and especially by eating hen
bane seeds. 5 

The symptoms so entil'ely corresponcl in evel'y respect with 
those of atl'opine-poisoning, that we might consider both forms 

1 For further particulars about precautions and methods of separating atropine from 
organized substances nnd other reactions, see: 

Drrtgendorj)~ Ermittelung der GiCt.e. p. 278 ff. 
7'/ie same, Beitrii.ge u. s. w. p. 221 ff. 
ll!l8t:mann, Pflanzenstoffe. p. 436 ff. 

'Courlny, Abeille m&l. 18fi1.-Zitmboni, Empoisonnement d'une famille par Racine 
de jusquiame. Moniteur des HOpit. No. 20. 18iG. 

3 Deutsch, Vergiftung durcb Hyoscyamus und Conium. Preuss. med. Vereinszeitg. 
No.9. 1851. 

4 ()(tb<Jt, Urticnire par l'usage de la jusquinme. Americ. Joum. of Med. Sciences. 
Oct. 1851. 

'Daniell.i1 Bull. de ThCrap. LLX. p. 285. Rezek, Allg. Weiu. med. Zeitg. 30. 1864. 
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or poisoning under the same head. But Schroff's' assertion that 
hyoscyamine differs so Car quantitatively from atropine, that it 
acLs far more violently, especially on the pupils, which it dilates 
more rapidly, more completely, and for a longer period, necessi· 
tates a few words on the subject or poisoning by hyoscyamine. 
:Most modern authors, however, are agreed that there is no such 
dilJerence, and that the supposed difference may depend on the 
unequal purity or the preparations. Hyoscyamns is also said to 
produce sleep sooner than atropine, to act less powerfully on the 
sphincters of the anus and bladder, and to be not so constantly 
followed by the scarlet exanthem; yet we have instances recorded 
o[ this very symptom. 

SchroIT"s Yiew, that atropine and hyoscyamine are essentially 
identical in their action, is confirmed by the researches or Hell· 
mann.' Ile has pro\·ed that even the products or decomposition 
of both alkaloids arc similar in their action, and that hyoscinic 
acid is as inactin• as tropaic acid. Ue al so finds that hyoscine, 
like tropine, paralyzes the ex tremities of the vagus, retards res· 
piration, etc., and that the action of hyosrya mine and atropine is 
identical. So that what ha s been said in reference to atropine, its 
action, symptoms, prognosis, treatment, etc., is directly applica
ble to IIyoscyamus niger and hyoscyamine. 

Poisoning by Sol:mine and Plants containing it. 

Sola.nine (6.,II.,N0,.), di scO\·erecl by Defosses in 1820 in the 
henies of the black or garden nightshade (Sola n11m nigrum), is 
an alkaloid which is also found in the woody nightshade or 
bittersweet (Solanum dulcamarn) , in the fruit and shoots oC the 
eommon potato (Solanum tuberosum), in susumber berries (So
lanum bacciferum), etc. Solanine is mostly fou nd in the young 
buds ancl green fruit of the potato; it also ex ists in unripe and 

I Ucbcr Hyoscya.mns, u . s. w. Wochenbla.tt dcr Zeitschrift Wiener Aerztc. 1855; 
nnd eiulier, Zeitscbr. d. Gesellseh. der Aerzte zu Wien. 1852. pp. 211-242. 

~ Deitriige zur Kenntniss dcr physiolo1ischen Wirkm1g des Hyoscynn:ins und dcr 
SpnHungsprodukte des Hy1 scynmius und des Atropins. Jena. 1873. 

VOL. XVII.-44 
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diseasecl potatoes. It crystallizes in very small white prisms, 
gli tening like mother-of-pearl, but it is generally sold as an 
amorphous white powder; it is soluble in 500 parts or a lco l10l 
and S,000 parts of boiling water. 

Etiology. 

Poisoning by solanine is not uncommon. For instance, there 
is a case on record of a boy fom years of age, ' who, with some 
other children, ate bittersweet berries ; he d ied. but the others 
recovered . A girl or fourteen' di eel from eating green potato
apples. Slighter cases of poisoning by black nightshade are 
described by l\Iagne' and Maury;' Manners' tells of a whole 
family in Jamaica poisoned by eating fi sh together with &usum
ber berries. Barthez, in Paris,' saw a boy poisoned by "Jern
salem cherries" (berries of Solan um pseudo-capsicum). In a 
case reported by Bonrneville' ten bittersweet berries sufficed to 
produce violent symptoms of poisoning in a child eleven years 
of age. 

Symptoms and Course. 

The symptoms which are produced by these different forms 
of solanim• ai·e not alike in all cases, because the action of sola
ni1w is modified by that of other substances combined with it. 
As far as 1 know there are no cases of poisoning by pure sola
nine, therefore we must confine ouroelves to the symptoms ob
served after poisoning by the plants belonging to this tribe. 
After partaking of nmipe, spronting, or diseased potatoes, or 
potato-apples, the first symptoms usually observed are vomiting. 

1 Accidental Poisoning by the Berries of Woody Nightshade. The Lancet. June. 
185G. 

' Tit. flforris, Brit. Med. Journ. Scvt. 3, 1859. 
3 Gazettedcs HOpit. 112. 1859 
~ Gr.zcttc des JIOpit. 35. 1861 
~Edinburgh l\led. Jonrn. Nov. 398. 1867. 
'Compare Ulurtin, Jou 1n. de Chim. med Jan vr. 20. 1809. 
, Gaz. <le lIOpit. 35. 1854. 
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then restlessness, cold damp skin, qui ck and labored breathing, 
freqnent and weak pulse, anxiety of countenance, and usually 
dilatation of the pupil s, not, however, to any great extent; occa
sionally the general restlessness is interrnptecl by a sleep of short 
duration. Very orten cliarrhma sets in, the stools. containing 
undiges ted fragments or potato, etc. , and if the diarrhcca and 
vomiting last long, as in a case described by Munke, ' a typical 
Ionn of cholera may be developed, with cramp of the calf or the 
l<•g, aphonia, facies hippoc1·atica, etc. In many cases of poison
ing by potatoes, gastro-enteritic symptoms, with pain and tender
ll<'SS o[ the epigastric and hypochondriac regions, are present. 
At th e same time, as in scvt>ral cases mentioned by O'Bl'ien,~ 
there has been obser\'ed erysipelatous swelling o[ the face, with 
the rormation o[ bullm or mde ma or the eyelids, or reddening of 
the whole face, together with severe muscular ancl articular pain. 
In one case reportPcl by this author an exanthem appeared and 
again cli sappearecl frequently in the COlll'Se or the clay. \Vith 
regard to the ne rvou s cPntrPs, we may havf' disturbed conscious
ness, fainting-1its, t:>tc.; these symptoms may continue for some 
time; death is p reeecl<'cl by gradual retai·clation of the breathing, 

· violent dyspnma, and irregu lar and freble ca rdiac pulsation. 
M'Cormack • reports the b1·eaking out or Janel- scurvy among a 
poor working popula tion [rom eating a great quantity or di seased 
potatoes, but as in thi s instance all their other resources in the 
way o[ nonri shment were very wretclwcl, it is clottbtrul if we 
ought to rega rd this as a case o[ chronic poisoning by solanine. 
The symptoms of biltPrsw~et-poisoning appeared in a rew cases: 
as, e.g., difficulty in swall owing nnd spl"aking, convulsive move
ments o[ the limbs, a nd al'tnal connil sions. In the rase reported 
by Boumevill e catalepsy was obs~n·ccl. \~om iting, a quiek and 
feebl e pulse, clifliculty of breatl1ing, and dilatation of' the pupils 
are a mong the regular sy mptoms, rh ough the last is reportecl to 
be absent in incliviclual cases. Similar symp toms are obsP1Tecl 

1 Ein Fall von Yergiftung <lurch den G-enuss nnrcifer Kartoffel. Med. Annal 11 

Bd. 2 lleft. 184.1. 
1 Form o( Gastro-Enteritis Caused by Diseased Pot:itoes London Med. Gaz. M:nch. 

184G 
a On Lllnd Scurvy Produced by EaLing Diseased Potatoes. The Lancet. July, 1846. 
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in poisoning by the berries or leaves of the black nightshade and 
by susumber berries: carphology, tympanites, great restlessness, 
delirium and hallucinations, dilatation or the pupils, cramps, etc. 

Analysis of Symptoms. Nature of' Solanine·Poisoning. 

But few investigators had, till quite lately, macle any experi
ments with solanine; and the results of their experiments were 
widely at variance. In the first place, it has been noticed that 
some animals, swine, for instance, as Ji..,raas 1 has sl1own, enjoy a 
kind of immunity from this poison. Then it is important to 
remember that the solanine of commerce is often adulterated 
with a considerable amount of solanidine; we must also, as 
Husemann' suggests, bear in mind the possibility that solanine 
may readily separate in the stomach of animals and human be
ings into sugar and solanicline, so that even when pure solanine 
is given, its effects may be complicated with those of solanidine. 
Husemann's work is specially calcnlated to explain and recon
cile the contradictions which are found in the works of Clarns,' 
Schroff,' Leydor!f,' Fronmueller,' and Leonidas van Praag.' 
Husemann shows that although the effects of solanine and sola
nidine are in some points identical, yet there are essential dif
ferences in their action. In general solanine and solanidine 
when given to animals produce first a stage of apathy, mani
fested by indisposition to voluntary movements and diminished 
sensibility to outward impressions, not so much with regard to 
those or mere contact as to those which are painful. Slight 
muscular trembling, especially in the mu ·cles of mastication, 
accompanies this state; respiration is at first much accelerated, 
afterwards much retarded; the pulse is irregular, and bears no 

1 Ucbcr Solaninvergirtung. Yitch. Arch. VII. Bd. pp. 225-227. 1854. 

n. ;~:::k:::g~:'.r~~1.1~:.e~8~~;.a~:;.s 3~~~3o~~~idins. Arch. f. ex1>eriment. Pathologic. 
3 Reil'15 Journal !Ur Pharmacodynamik. I. 2 Heft. 1857. 
4 Phar;uacologie. I Aull. p. 5.)2. 

: ~~:~~:::~1~1~~1~ ~~~111u;:~ts Solanins auf Thicre und Menschen. Marbnrg. lSGS. 

1 Journal fiir Pbarmacodynamik. I. 2. 1837. p. 27'3. 
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relation to the respirations. After this stage has lasted some 
time, a g reater or less degree of cyanosis sets in, the animal falls 
suddenly forward, and passes into a state of convulsions, which 
soon ends in death. Husemann considers that pa ralysis of the 
motor centres is the cause of the first stage, and that carbonic 
acicl poisoning is the cause of the convulsions and death. Clam s 
attributes the re ta rda tion of respiration to paralysis of the me
dulla oblongata , and the irregularity of cardiac action to the 
inliuence o[ the poison on the vagus. 

So far the effects of both poisons coincide. But a difference 
between them soon appears in their action on the eye. Both , 
when direc tly applied to the conjunctiva, cause redness wi th in
creased secretion, solanidine causing more irri ta tion than sola
nine, bu t the effects which they prod uce upon the pupil are un
like; solanine leaves the pupil unaltered, at most contracting it 
for a shor t time by local irri tati on ; whereas a very perceptibl t> 
mydriasis is one o[ the first effects of the action of solanidine. 
An essential difference is obser\"ed in the manner in which the 
two substa nces a ffect the temperature of the body. 

" ' hereas pure solanine often lowers the temperature by 5.4° 
Fahr. , solanidine rai ses it by 3.6° Fabr., or over. The vomi tinl( 
which accompanies ord inary solanine-poisoning is regarded by 
some as refl ex, and set up by irrita tion of the sensitive nerves of 
the stomach by the poison ; this may perhaps be the case with 
solanidine: but Th. Husemann is probably more correct in look
ing upon the vomi ting as cerebral , and produced by the action 
of solanine on the brain, and especially on the vomi tive centre. 
That the bra in is really sympathetically affected by these poi
sons is snfii ciently proved by Schroff's experiments on ltimself, 
in wh k h gidd iness, heav iness of the head, trouble of the senso
rium, and tt>ndency to sleep were amongst the sy mptoms. Sola
nine and solanidine, however, do not really act as narco tics, for 
those who experimented on themselves, although they fell drow
sy, could not go to sleep, and Fronmneller in his clinical prac
tice faileJ to induce sleep even by large doses (from three to 
nearly fotu grains) of solanine. 

The main ac tion or solanine consists, then, in paralysis or the 
motor centre and of the respiratory centre, and so causes death 
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by aspl1yxia. The foregoing considerations a!Tord an explana
tion of the symptoms which have been observed in poisoning by 
plants conta ining solanine-the vomiting, the collapse, the death. 
Bn t the cliarrhma, so constantly observed in these cases, remains 
unexplained. 'Ve may consider it highly probable that this 
effect is not dne to the action of the solanine itself, but is rather 
the consequence of the venous engorgement (der Cyanose), which 
exists also iu the intestinal mucous membrane; it may al so be 
clue, in part, to the mechanical and chemical irri tation set up by 
the presence in the alimentary canal of the poisonous ingesta or 
the products or their decomposition. It is obvious that the great 
drain of ttuid caused by the vomiting and diarrhma contributes, 
together with the paralysis of the nerve-centre, to bring about a 
fatal result. 

Diagnosis and Differential Diagnosis. 

The recognition of poisoning by plants and portions of plants 
containing solanine, rests mainly on the history or the case, and 
on the presence of porti ons of such plan ts in the matter vomited 
ancl in the froces. In the absence or these ev idences, it will be 
almost impossible to recognize solanine-poisoning as such,for it 
will be very difficult to distingui sh it from a simple attack of 
vomiting and diarrhma, or an attack or cholera, especially as this 
poison has no characteristic symptoms, and even dilatation of the 
pupils is not constant. 

Prognosis. 

Poisoning by solanine does not, in general, encl fatally, the 
vomiting-which is one of the results of the poison-contributing 
to its elimination. 

R esults of Autopsies. 

. In antopsies which have been performed on animals, no par
ttenlar changes h_ave bee~ discovered, except vascular engorge
ment of the bra111 and its membranes ; in most cases death 
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appears to have been due to asphyxia, or to the excessive drain 
of tiuid. 

Treatment. 

The most important part of the treatment is to administer 
emetics and aperients, so as to promote the remornl of the poi
son and the poisonous vegetable matters from the alimenta ry 
canal. It is scarcely necessary to say that we must combine 
appropriate stimulating remedies with these other measures
ether, mustard poultices, etc., when they a,re ca,Jled for by the 
preclominant symptoms. 

Changes which Solanine undergoes in the Bodies of Animals.-Tests. 

No a,ccumte a,ccounts ex ist at present as to the changes which 
solanine undergoes in the body: a chemical test su ffi cient for 
judicial purposes, according to Husemann,' is founded on the fact 
that solanine is not precipitated from an acid or alkaline solu
tion by benzine, chloroform, or petroleum ether, while it is read
ily separated from an allrnline solution by hot amylic a,kohol
a property which is peculiar to it and rnorphine, from which it 
can eas ily be distinguished; further, on this fact, among others, 
that solanine, when treated with hydrochloric acid, is converted 
into solanidine and suga r, both soluble in e ther, while hydro· 
chlorate of morphia is insoluble in ether. 

Poisoning by Physostigmine (Eserine), e,.H,, N,0,.-Cnlabar 
Bean. 

According to Hesse physostigmine forms a colorless vamish, 
which read ily dries into a brittle mass, whereas, accordi ng to 
Vee, ,~hen in a pure condition, i~ forms crystalline crnsts or 
small shiny rhomboidal plates; it is tasteless, strongly alkaline, 

1 Die Pfianzenetoffe. p. 426. 
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sparingly soluble in water, but read ily so in alcohol, ether, 
chloroform, benzol, and sulphide of carbon. ' 

Physostigmine is the alkaloid and active principle of the 
calabar bean. Cases of poisoning by ti.tis bean are very mre, 
bu t some have been observed . 

Etiology. 

The poisonous properties of the bean, as we learn from differ
ent travellers and missionaries, are very frequently utilized in 
its native country, the wes t coast of Africa, for the so·called 
judgment of God, to convict magicians, criminal s, etc. ; those 
that succumb are pronounced guilty, ancl those that recover, by 
vomiting, are acquitted. 

Cameron' observed forty-six cases of poisoning with calabar 
bean, arising from the circumstance that some of these beans, 
which had been brought in a ship from the west coast of Africa 
to Liverpool, were founcl and eaten by children. Such cases 
seem to be not infrequent in seaports, for Linden,' of St. P eters· 
burg, reports that a boy was poisoned in the same way by a 
bean found in the harbor. David Yonng • also mentions the 
poisoning of two boys who had eaten pieces of calabar bean . 
Fraser' gives an account of two maid-servants who were poisoned 
by tasting some of the embryos of the bean from curiosity. As 
to the quan tity which is sufficient to poison, small pieces of the 
bean and small fra ctions of a grain of the alkal oid seem to have 
produced very serious symptoms. In an experiment by Fron
mueller,' one-sixth of a grain caused, in the course of an hour, 
nausea, dimness of vision, and slight myosis. In the African 
ordeals, from one to twenty-five beans in powder are given, equal 
to from one drachm to over three ounces; but it would seem 

1 Comp. Jlu1ema1in, Die POanzenstoffe. p. 68. 
' J. K. Evans, Med Times :md Ga.z. Oct. 15. p. 406. 18G4. 
'Gnz. hebdom. No. 39. p. 641. 1864. 
t F..dinb. M ed. Joum. Aug. p. 1112. 1864. 

'Ou the Therapeutic Action of the Calaba.r Bean. Edinb. Med. Jour. Jul :, Aug. 
nod Sep. 1863. 

1 Deutsche Klinik. No. 35. 1864. 
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that the chance or death is not in direct propor tion to the quan
tity of the dose. F our and a h:tlf grains of the extract of the 
calaba r bean sufficed to kill a rabbi t. The maximum doses pre
scribed in the German Pharmacoprnia are three-tenths of a grain 
per dose, and a little less thu.11 a gra in per day. 

Symptoms and Course. 

'rI10 symptoms of poisoning general ly show themselves soon 
after the introduction of Lite poison ; with large closes they se t 
in almos t suddenly after from ffre to ten minutes, with smaller 
ones usually after from twenty to thirty minutes, bnt sometimes 
not till a fter two anJ a half honrs. These statements are taken 
from Evans's report. .\.!rican travellers are tolerably unanimous 
in their description of the symptoms which this poison p roduces. 
They a re : violen t thirst, inability to swallow, cramps, a nd twitch
ings in val'i ous muscles ; there is no loss of consciousness or of 
speech till shortly before death, which snpen ·enes in about half 
an hour. Somet imes, especially when very large q uanti ties of 
the bean a.re g iven, vomiting comes on pret ty soon: this elimi 
nates the poiso n, and complete recovery ensues rapidly. Slight 
headache may remain for a short time after. 

This general and superficial description of symptoms has 
been supplemented by Fraser's experiments on himself, and 
by his observation of the cases already mentioned. In Fraser' s 
experiments on himself, five minutes after the introduction of 
the poison, he felt pain in the epigast1'ittm under the stemum, 
at first slight, but becoming very violent later on ; thi s was 
followed soon after by eru cta ti on and a sense of shortness of 
breath; subsequently giddiness and weakness of the muscles of 
the extremities supervened. 'Vheu he took larger closes, he was 
seized with cramp of the muscles of the ches t. an increase of the 
giddiness, disturbance of vision, increased fl ow of sali va, and 
perspiration; cardiac action was often reta rded, whereas ilt a 
case of Christison's it was very disturbed and irregular. 

In the forty -six cases communicated by Evans, the chief symp· 
tom observed was a very marked degree of muscul ar weakness, 
almost amounting to paralysis, which lasted thirty- six hours in 
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cases which recovered ultimately. The second prominent symp
tom was decided collapse with pinched countenance, cold clammy 
extremities, cold perspiration, and a weak and slow pulse. All 
the forty- 8 ix patients, witiLonly one exception, were seized with 
yomiting or great nausea; dianhma occurred in fifteen cases; 
pain and uneasiness in the stomach in all. There were no con. 
vulsions or loss of consciousness in any case ; nor was rnyosis 
present in e\"ery case. 

Analysis of Symptoms-Nature qf Galabar P oisoning. 

There is no poison concerning the action of which physiologi
cal resea rches give such diametrically opposite accounts, as of 
calabar bean. \Ve are not, therefore, in a position at present to 
pronounce how physostigmine causes death. Some investigators 
assert that its action resembles that of curare, paralyzing the 
peripheral extremities of the nerves of the voluntary muscles, 
and so produci ng a fatal result, while others declare that it 
primarily paralyzes the spinal manow, and so leads to paralysis 
of respiration. \Ve must admit that changes have been observed 
in the striped muscles similar to those prot1uced by curare. For 
instance, Fraser' observed that the muscles became paralyzed 
after he had noticed some transient convulsive fibl'ilJr,1· move
ments; it lias also been observed in frogs, that while the muscles 
still react to direct irritation, they cannot be excited to contrac
tion through their nerves ; this certainly resembles the effect of 
curare. 

Still it is more thau doubtful whether this is the main cause 
of death in ralabar-poisoning, beca.use some very decisive experi
ments point unmistakably to a primary central paralysis of the 
spinal marrow. The most important of these are Laschkewich' s' 
experiments, which show tha.t in frogs the extremities, which had 
been severed from con nection with the va.scular system before the 
poisoning, were quite as much acted upon by the poison as those 
whose arteries had been left intact; and, further, a series of ex. 

Transactions of the Royal Society of Edinburgh. XXrV. 1867. 
Arch. f. pnthol. Auatom. XXXV. 201. 
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periments undertaken by Fraser,' R oeber, ' L'1schkewich,' Dor,' 
T'1chau,' and others, which establi sh a diminution and ultimately 
a complete cessation of refl ex excitabili ty, corroborate the idea 
of a central paralysis. That this central paralysis precedes the 
paralysis o[ the peripheral extremitie; of the muscular nerves, is 
prored by the fact that, in warm-blooded animals who died of 
the calabar poison, contraction of the muscles coukl he excited 
immediately after death by irritation o[ the ne1Tes. In general, 
this paralysis is not p1·ecedecl by convulsions, and Vintschgau's' 
statement that he has occasionally obsNved tctanic sy mptoms 
in cold-blooded animals, stands alone and unsupported in the 
fare of a considerable series of cont rary obsen •ations. In warm
bloocl ed animals, h ow<wer, convul sions are frequently observed, 
but it is highly probable that they are dependent on tho carbonic 
acid poisoning which accompanies death from asphyxia or from 
cardiac paralysis. 

The respimtory process is tho first to suffer from this action 
of the poison upon t he spinal marrow and the motor nerves: 
accord ing to the reports of v. Bezolcl and Goetz' respiration is 
accelerated in the early stage of the poisoning from peripheral 
initation of the Yagus, but, soon af ter, the number and intensity 
of the respirations climinish till they cease altogether. 

Physost igmine is, howm·er, a not ineffective cardiac poison. 
Later investigators are unanimously agreed that the number and 
intensity of cardiac contractions dimini sh considerably under the 
intluence of the alkaloid; some of them, as, for instance, Tachau 

1 On the Characters, etc., of the Ordeal Bean of Calabar. Edinb. Med. Journ. Vol. 

IX. 1864. 
'Uebcr die Wirkungcn des Calabarextractes auf Herz und Rueckenmark. Dissert. 

Berlin. 1868. 
a Beobacht.ungcn Uber die physiolog. Wirkungen der Calab::irbohne. Virch. Arch. 

xxxv. p. 29 1 ff. 
~ t:tudes pbysiologiques sur Ja. feve de calabar. Arch. des scienc., phys. et natur 

Xouv. Per. T. XVIII. GenCve. 1863. pp. 330-343. 
~ Ver1mche Uber die Wirkung des Calaburbohnenextroctes. Arch. t. litlilkunde. 1865. 

pp. G0-78. 
6 Sitzungberichte der Wiener Academic. ?ifathemat. nnturwissenscb. Classe. Abthl. 

LV. 40. 
' GscluicU6n, Untersucbung, a. d. ph1siol. Laborator. :iu Wilr:iburg. II. 263 ff . 
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(in the case of rabbi ts) and Roeber,' attribute this diminution 
to diminished irritability of the excito- motor cardiac nerve-cen
tres ; others, on the contrary, as, for exam pie, Laschkewich, 
Lenz,' trace the retardation to irritation or the inhibitory appa
ratus of the heart, not, however, throug h the vagus, bu t through 
the sympathetic ganglia within the heat't. Tha t the vagus is not 
excited by ca labar, either a t i ts orig in or a t its termination in the 
heart, had been already proved by Roeber' by experiments on 
frogs, in which he observed, both in the cases of curarized and 
nicotini zed frogs and rabbits, that even after section of the vagt1s 
the number of cardiac 11ulsations g radually decreased. From all 
the obserrntions which have been made it woulcl appeur that 
death from cabbar-pob oning is primarily due to paraly is of 
respi ration, and not to the action of physos tigmine on the heart. 
F or, according to the reports of Bauer,' v. Bezold and Goetz, 
Arnstein and Sustschinsky,' \Vestermann ,' retardation of cardiac 
action was not a prominent symptom, and the effects of the 
acti on of the poison on the heart could easily be arrested by 
artificial respiration ; moreove1·, the heart or dying animals was 
found lo beat strongly up to the moment of death.' 

No explana tion has hitherto been for thcoming of Boehm's 
experiments on the frog's heart, the results of which were con
tradictory to most of the statements pLLt forward as to the action 
of the calabar poison on the vagns, for, acco1·ding to Boehm,' 
physostigmine exercises the same paralyzing effect on the ex
tremities o( the vag us as atropine. Rossbach :tncl Froehlich• 
conclutlc from their experiments on the hearts of frogs tha t (at 

1 Loe. cit. pp. 54 and 36, 37. 
9 \Tersuche Uber die Einwirkung der Calabarbohne auf dem Blutkreislauf. Dissert. 

Zti ricb. 18Gl. p. 30. 
3 Loe. cit. pp. 29, 30, 3 1. 
' Centralbl. f . d. med. Wisseuscha.ften. 1866. 577. 
~ Untersuchungen aus d. phyA. Laborat. zu \Viirzburg. II. 81. 
6 Unt.enmchungen iiber d. Wirkuugen d. Calabarbobne. Diss. Dorpat. 1867. 
1 See Hermnnn, Experiment. Toxikologie. p. 340. 
'Studien Uber Herzgifte. Wiirzburg. 1871. p. 80 ff. 
9 Untersnchungen Uber die physiologischen Wirkungen des Atropin uud Physostigmin 

;~~:~'.li!~;U~~:u:;~r~.87~'.l annacol og. Uuntersuchungen von &ssbaclt. 1 Bd. 1 Heft. 
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least in one series of frogs) the first symptom of the action of 
the poison on the heart is a re tardation of the cardiac pulsati ons, 
with increased intensity of each contraction, and that this reta1·da
ti on of the pulsations is the result o[ excitement of the inhibi tory 
centres within the heart, and, as a proof of this, it was observed 
that a Yery slight initation of the venous sinus and a uricles 
arrested the diastolic movement. 

It is remarkable that irritation of the vagus produced no effect 
whatever ; therefore paralysis of the vagns must have co incidcll 
with irritation of the inhibitory centres in the heart. Another 
symptom notiee(l by the above-mentioned investigators was ex· 
citement of the motor-cardiac centres, which excitement eventu· 
ally gave place to g<'neral cardiac paralysis. Th e excitor (acccle· 
rative) nerr cs of the h eart are not affected by physos tig mine, but 
tlw blood-vessel,; undergo cli s tinc t changes. v. BPzold and Goetz 
observed a markecl contraction of the vessels, ancl this narrowing 
was succeede(l by dilatation. This irritation followed by paraly
sis points to the acti on of the poison on the vaso-motor centre. 
_\.ccording to the experim ents of these authors tho blood-pres
sure is increased in the early stage or the poisoning, whereas 
LenY.'s' experim ents on the blood-pressure in clogs tended to 
show a diminution of pressure as the main result. This change 
in the blood -prnssnre is easily accounted for by the contrac· 
tion of the \'eSse ls, and it is further explained, at least par· 
tially, i. e., as regards the increase, by the contraction of the 
intestinal canal and its vessels: For, according to t.h e researches 
of Bauer (I. c.) a nd 'Vestermann (l. c.), the calabar poison pro
duces an actual tt> lanus of the intes tines, which depends upon a 
direc t inlln~n cc on the intestine itself, since thi s e ffect is not 
observed when the fl ow of blood to the intestine is arres ted. It 
will even sometimes happen that when calabar poison is injected 
into one of the a rteries or the small in testine, only that por tion 
o[ the intest ine connected with the \'essel is throw n i1o to tetanic 
convul sions. A similar localiza ti on of the contrnctions takes 
place when ralabar extract is convey ed into a ligatured portion 

1 Vcrsucbe Uber die Einwirkuug der Cnlabarbohne auf den Blut.kreislnuf Zurich. 

18G4.. p. 27. Disscrt.. 
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of intestine. Other organs, also composed of smooth muscle
fibres-the uterus, ureter, sphincter of the bladder, and spleen 
-exhibi t contractions of their involuntary muscular elements 
(Bauer). " ' hen this tetanic condition of the intest ine l'X tends 
along the "·hole alimentary canal, as is usLtnlly the case when the 
action of pl1ysostigmine becomes general , the extremities of the 
intestinal vessels are compressed, and thi s is a fu1-ther cause of 
the increased blood -pressure. The increased flow of saliva ob· 
served in almost all poisoning cases (the cntaneons and larhry· 
ma! seci-etions are also promoted) is attributed by IIeidenltain 1 

to a central irritation ot the secretory nerves, as it fail ed to occur 
after section of the chorda near the submaxillary gland. Ileiden
Jrnin' s experiments showecl that the flow o[ blood through the 
submaxilla1·y gland was retarded by .moderate doses, and com
pletely a.nested by large ones, m·idently from contraction of the 
vessels. R ossbach' confirms this, though he at the Rame time 
characterizes lleidcnhain' s theory of an antago ni :;m exi sting be
twe~n atropine ancl physostigmine as'· one-sided ." 

The action of calabar bean on the iri s requires special men· 
lion. Local application o[ the poison to the conjunctiva causes 
considPrable contraction o[ the pupil, and this contraction is 
accompa nied with loss ol focalizing power. M:yo,;is comes on 
soon altl'r the chopping-in of the poison, i.e., in twelve to tHtepn 
minutes, and reaches it s climax' rapiclly within from fin, to ten 
minutes, l'ema.ining at thi s point for from ti ix to Pigl1teen hours, 
and cl1 sappt·aring a[ter two or three clays. It is a question 
whether the co11tract ion o[ the pupil is caused by paralysis of 
the clilatator, as Fraser, Hirschmann,' Bernstein a11cl Dogie!• 
assume, or by stronger contraction of thp Rphinclt.lr, as is main· 
taincd by Grnenl'."g"n and Ro~ow," v BPzold and Goetz, ancl 

cini
1

g::~~;::·:u:~~!i~c:~::nd~:rg~:::i:~ s::~~:li~i;;·s. V. 40. Uebcr die Wirkungen 
' Pbarmacolog. Untersuchnngen. I Bel. 4. Heft. p. 230 1874. Der Antagonismus 

in~- ;:·~r~~:1

11.~1 :~:l~;:o;~~:l~~i:.b~~o;~~mins auf die Speichelaccrction, etc. 

'Archiv f. Annt n Physiol. ISG::J. p. 30!l. 
• Verhandlungcn d n 11. med Vcreins zu Heicl('!herg. fV. 2. 18G.j . 

. ' Zeitschnft f rntiont>lle Nedic. 3. Serie. XXIX. 1 ; und Ccntra.lblatt f. die med. 
W1ssenschnfteu. 1${ic1. ,'.;77. 
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Engelhardt.' The latter view is corroboruted by the fact that the 
effect of caln,bn,r is easily neutralizecl by atropine; whereas con
traction of the utropinized pupil is not so easily eITectcd by cala 
bur.' Then, again, the contraction of the pupil by cn,labar is too 
considerable to be produced by simple paralysis of the sympn,
thetic. 

Engelhardt's stutement, that direct local electric irritation of 
an eye which has been treuted with calabar causes dilatation of 
the pupil, may be explained by the considerat ion that the elec
tric excit~rnent acts npon both sphincter and clilatator, but the 
former, being a lready contracted to its utmost capability by ca la
bar, cannot be furth er contracted; whereas the clilatator can be 
acted upon by the shock. Rossbach ' states, and supports his 
statement by experiments on rabbits and frogs, that small closes 
o[ physosligmiiw contract the pupil s, but very large closes dilate 
them as atropine does; there[ore he concludes that only a quan
titative cliITerence ex ists in the uction o[ these two poisons, re
garclecl by somP as antagonistic. Graefe' also attributes the 
action of calabar solely to irritation o[ the sphincter. 

"\Ye conclude, then, that, according lo our present information 
on the subject, the special character ef calabar-poisoning con
sists mainly in a diminution ef the excitability or complete 
paral?Jsis qf" the locomotor centres, situated in the medulla spi
nalis, in 71aralysis of the excito-motor cardiac centres and their 
peripheral e:dremities; also in producing contraction of the 
vessels and ef tlie unstriped muscles, especially those ef the 
intestine and the sphincter iridis, as well as in promoting sali
vary and other secretions. 

Results ef Autopsies. 

W e have but very few reports of autopsies performed on per
sons who ham been poisoned by calabur. In the Cameron-

1 Untersuchungcn aus d. physiol. Ln.borat in Wi.irzburg. TL 207. 
1 lfonwck, Arcbiv Ci..ir experimentellc Pathologic u. Pbarmakologie. l I. Band. p. 

307, maintai;is, however, on the strength of ~ccurar.e experiments, .tlin~ even in an atro
pinized eye the pupil wao. contracted ad mimmum by pure pbysost1gmmc. 

1 Loe. cit. p. 14. I. Bd. 1. Heft. 
~ Deutscbc Klinik. lG. 1861. 
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Ernns case the most important point obsen·ed was that the left 
side o( the heart was vel'y much distended, and the whole heart 
lilied with blood, partly fluid, pal'tly coagulated. _The sam'.' 
result is found in most reports of dissections of poisoned am
rnals; but in these, evidences are sometimes fouud of slight gas· 

tro-entel'itis. 

JJiaonosis and Differential JJiaonosis. 

ThP diagnosis of physostigmine-poisoning may be very diffi
cult if thern is no history to help us. It must rest upon the 
existence o( great gener:il loss of power, together with contracted 
pupils and an undisturbed sensorium. In such n case it is hard 
to decide between calabar-poisoning and poisoning by curare or 
conium; the myotic condition of the pupils affords the greatest 
assistance. 

Prognosis. 

'l'hc prognosis o[ calabar-poisoning is favorable i( vomiting 
comes on at an eai·ly stage, and if there is a rapid elimination of 
the poison. Of the forty-six cases given by Cameron and Evans 
only one, a boy six yeal'S o( age, died; the i·est recoverecl pretty 
1·apidly. Recovery is generally complete; only in a few cases 
some muscular weakness, more or less pronounced, remains. 

Treatment. 

It follows from what has been said that our treatment must, 
in the first place, be directed to emptying the stomach by means 
of emetics or the stomach-pump. Further on in the case threat
ened asphyxia must be arnrted by artificial respiration and 
threatened cardiac paralysis by the use of stimuhnlR, snch as 
subcutaneous injections of ether or camphorated oil. Under 
some circumstances it may be necessary to maintain the heat of 
the body by the application of warm poultices and warm cover
ings, and by irritation of the skin. In poisonings in the human 
subject no therapeutic use has hitherto been made of atropine, 
wluch seems, a priori, calculated to act as a.n antidote, although 
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it may be acceptecl as a fact that atropine is capable of counter
acting most or the effec ts of physostigmine. 

Changes which Physostigmine undergoes in the Bodies of Animals. 

Physos tigmine passes from the mucous membrane or the 
stomach, as well as from the subcutaneous connec tive tissue into 
the underlying tissues of the body, and is carried in the ciI'.cnla
ting fluid to all the organs of the body, so that, as the experi
ments of Laborde and Leven ' prove, the blood of poisoned ani
mals will intoxicate others. According to Pander' s' experiments 
the poison very quickly passes into the saliva, is found in the bile, 
and passes with it into the in testine ; he succeedecl in finding the 
alkaloid in the blood, the liver, the stomach, and the small intes
tine. He could not detect it in the urine ; i t is, therefore, doubt
ful whether the poison is secreted by the kiclneys, or whether it 
may not be destroyed i11 the body ; i t does not resist putrefac
tion. 

Chemical and Physiological Tests of Physostigmine. 

The chief defect in the chemical test is that physostigmine 
g ives no quite characteristic reaction; the mos t valuable means 
for recognizing it, according to Pa.ncler ' ancl Dragenclor.ff, is bro
mine-wa ter, which g ives to a solution of physostigmine in sul
phuric acid, even when diluted 10,000 times, a reddi sh-brown 
color, and so enables us to detec t even one-thirteen-hundredth 
of a grain (one- twentieth of a milligramme) o[ the poison. If, on 
the other hand, the solution of physostigmine be added to the 
bromine-wa ter, a yellowish precipitate is th rown clown wi th a 
li ttle less than one-six-hundred th of a grain of the poison. The 
separation of the alka loid from organic substances is effected 
by means of benzine, according to Dragendorff's method . The 

1 Gaz med ;l e Paris. 3. 1870 
i BeitTi.igc zum gericbtli ch chemiscben Nacbweis deR Brucins, Emetins und Physos· 

tigmins in thieriscben FHissigkeiten u. Geweben. Di~sert. Dorpat. 1871. 
3 Loe. cit. und Dra9endorj/~ Ermittel. d. Gifte. p. 202 ff. u. Beitriige, etc. 215 ff. 

VOL. XVIT.-4:, 
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substance so obtaiucd has the property of causing decided 
contraction of the pupil in rabbits and guinea-pigs, when only 
one-one-hundredtlt of a milligramme (a li ttle over one-seven
thousandth of a grain) of the alkaloid is introduced into the 
conjunctiva. This so-called physiological test is perhaps the 
most important in tes ting for physostigmine. In cases of poi
soning in human subjects Edwards succeeded (i n the Cameron
Evans case already mentioned) in detecting physostigmine in the 
stomach ancl intestine ; he obtained an extract which produced 
contraction of the pttpil ill rabbits and produced death by syn
cope iu frog:::; aucl mice . 

Poisouing witlt Digitalis. 

The purple foxglove, Digitalis pmpurea, contains poisonous 
substances in all its parts, which must be regarded as glucosides, 
and which were formerly considered as one s11bstance under the 
nn.me o[ "digitalin. " llomolle' was the first to exhibit from the 
leaves o[ the digitalis a poisonous substance, which was distin
g ui shed by the name or French digitalin; this was al so exhibited 
by Quevenne; it consists of snmll white flakes, of a bitter taste, 
Rparingly soluble in water, readily so in alcohol and acetic acid. 
\Valz' exhibited a so-called German digitalin - a yellowish, 
uncrystallizable pow.der, readily soluble in cold and warm water. 
Other sorts of digitalin have been exhibited by Kosmann, Lan
celot, Lebourclais, etc. J\Iost of these investigators were aware 
that their tligitalin was not a pure body, bu t consisted of sev
eml substances. Homolle especially tried to separate these from 
one another, but did not succeed, although be obtained four dif
ferent substances from his digitalin, but these he could not ob
tain quite pure. 

~~ellP' was the ~rst ~~lt"ow m ~'::_ li~h t upon the chaos 
1 Physiological and Chemical Action of the Bitter Principle of Digitalis. The Che~; 

Gaz. Feb. 184.J. 

~ Jahrb. Pbnrm. XJI. 83. XIV. 20. u. s. w. 
3 Journ. cbim . mCd. XX T. (H. Monit. scientif. 1867. und N. Jn.hrb. Pharm. XXVTT. 

1G1. Journ. Phnrm. (4) IX . 2.).i. 
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of the various kinds of cligitalin and their derivatives by exhib
iting an active body in a crystalline form, digitalin (called by 
Nativelle, digitale"in) ; seconcUy, an amorphous body, of a bitter 
taste, :ind !Llso having active properties, digitale"in (called by 
;\'ativelle, digitalin); and thirdly, another crystalline bouy, 
tasteless and inactil·e, which he named inert crystalline substance. 
But according to the researches of Scluuiedebel'g, 1 the crystal
lized digitalin is by no means a pure substance, but a compound 
of rnl"ious active ancl inactive bodies, part of which exist in the 
plant, Digitalis purpmea, and part are prodttcts of the decompo
sition o[ digitalis. According to Schmiedebel'g, there are four 
main substances, which are pharmacologically active, and pro
duce the effect o[ digitalis : 

1. JJigitonine, which has a great resemblance to saponin in 
its qualities and action. 

2. Digitalin,' which is insoluble in water, and forms the chief 
ingredient in the digitalin of Homolle and Quevenne. 

3. JJigitaleiu, which is distinguished by its ready solubility 
in water, and has the same action mainly as the German digita 
Jin; and, 

4. 1Jif1ilo:vi11e. which is the most powerful agent of all, and 
which [ol'lllS the chie[ part of Nativelle's cry,talline d igitalin. 

1. Digitoni1w, when heated with greatly dilutetl minernl acids, 
sc•parates into sugar and two insoluble bodies, incapable of crys· 
tallization, of whicli one i8 called digitoresine, the other digito· 
ndnt: thel't•fon-1 it is a tme glncoside. Digitone'ine. again, is a 
gluco"id<>, and when "eparated givPs as a pl'oduct digitogenin''· 

1 Uutersucbuugeu Uber die pharmacologiscb wirks.'lmeu Best.'lmlthe1le der Digi1a1i.s 
pnrpurea L Archiv f. experiment. Patbolog. u. Phannakologic. 1874 III Bd. 1. Heft. 

p. JG ff. 
" /Wbert /(rlfJJ)C has subjected the action of digitoxiue, digitalin. and digitale'in to a. 

~arching ill\·cstigation under the direction of Scbmiedeheiv..t. nud by experiments partly 
ou himself. partly on animals, has come to the conclusion that the qualitative action 
of these three snl>st.ancf's is identical with ea.ch other. ancl with the mother-plant, but 
that t.herc nre quantil:ttive Jifferences For details, we must refer to the original 
Untersuchungen iiber die phannacologiscben Wirkungen de1; Digitoxius, Digitnlins, und 
Digitalein~. Disilert. Dorpnt. 1874. u Arch. (. expcrituent. Patholog. u. Pharmakolo

gie. Tll. Bd 1874. p. 27;1 ff. 
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Digi tonine- ng:-iin, under oth~r circumstances, separates into digi
toneine and pa rad igiton ine. 

2. Digital in is also a glucosicle. and when heated with ve1y 
weak mineral acicls, separate:::; into glucose a.nd a resinous sub
stance, digitalil"rsine. 

3. Digitalein under like circumstances separates into the sa ni ti 
products as digitalis. 

4. Digitoxine, when the alcoholic solution is heated with very 
much diluted mineral acids, passes into toxiresine.' 

The different kinds offered for sale, which lHLve different prop
erties according to the manufactory from which they issue, con
tain the four bodies above-mentioned, ancl the products of their 
decomposition, with other inactive ingredients in different pro-
11ortions, and differ accordingly in their quantitative effect, 
though they are qualitatively like one another and the mother
plant and the various pharmaceutic preparations. 

Etiology. 

P oisoning with digitalis is not very frequent, but it does 
occur son1etimes under very various circumstances, and the series 
of symptoms presented give it not only a pharmacological and 
physiological, but also a toxicological interest. Poisoning may 
occur with the fresh plant, as shown in the case communicated 
by Severin Caussc.' in which a young woman, twenty-se1•en 
years of age, after drinking the freshly expressed ;juice of digi
tali s leaves, became violently ill, and died the thirteenth day 
after the poisoning. 

P oisoning has also frequently occurred from mistaking the 
leaves for those of other plants, as in the case mentioned by 
l\Iazel, ' in which' an apothecary' s maid-servant, twenty-five years 
of age, prepared herself an infusion of not quite two clrachms of 

1 Dr. Peria· has investigal;ed the action of toxiresine aud digitaliresine on the ani
mal organism The details have no important bearing on our subject, and may be con
sulted in the original. Archiv f. experimen. Patholog. u. Pharmakologie. rv. Bd. 
187.> p. HH ff 

'Annal. d'HygiCue. 2. S1:r XL Avril, 18.59. 
JGaz. desHOpit. 7-1. 1864. 
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digitalis leaves (instead of borage leaves), and died in live days. 
Poisoning has also occmred from Ilomolle"s digitalin; thus 
Leroux' relates that a man seventy-two years of age took twice, 
in the course of a few hours, nearly half a grain of digitalin, 
became very violently ill, and recovered very slowly. Digitalis 
has also been used for criminal poisoning ; for example, in 1864, 
a Parisian doctor, De la Pommemis, poisoned a woman named 
de Paw. 

Slighter cases of poisoning with digitalis and its preparations 
occur frequently enough in medical pmctice, as when patients 
with heart disease are trusted with strong preparations or digi· 
talis, 01· when they continue to take weaker preparations for a 
long time . 

• \s to the dose which may lead to poisoning, it is ve1·y diffi
cnlt to fix it precisely, because the preparations differ so much 
in the amount of active ingredients which they contain. The 
German Pharmacopceia fixes fifteen grains (one gramme) per 
diem as the maximum dose or digitalis leaves-twelve grains of 
extract of digitalis; while of the German digitalin commonly 
sold one-fifth of a grain (0.012) is given as the maximum dose; 
decided effects are pmduced by one-thirtieth of a grain (0.002) 
of Homolle's digitalin. Of the tinctnre of digitalis the maxi
mum dose is a drachm and a half per diem. Of Nativelle's d.igi
talin as much as one-tenth of a grain per diem may be given. 

Symptomatology and Coitrse. 

Digitalis ancl its derivatives have an unpleasantly bitter taste, 
and create a sensation of nausea, sickness, tendency to vomit, 
and actual vomiting; the vomited matters are generally green in 
color; as a rule, colic and diarrhcea also occur. These symp
toms follow pretty rapidly upon the introduction of the poison. 
The secondary action does not set in generally for several homs, 
in some cases not for four or six hours, and even longer. The 
secondary symptoms are headache, giclcliness, but especially 

1 Observation d'cmpoisounement par les granules de digitaline. Uuiou mCd. No. !19. 

p. 398. 18"2. 
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diminished frequency or the pulse, followed by dis tress and op
pression, and accompanied by more or less dyspncca, coldness of 
the features and of the extn'mities, and cold 1wrspiration. The 
cardiac pulsations mny sink to -10 in the minute. The conscious
ness is generally undisturbed, but there is, in most cases, a ten
dency to sic'ep, and grpat lassitude; some loss of power of vision 
is often observed. Lersch ' tell s us of a man suffering from 
dropsy who twice took an infusion of dig itali s containing in each 
close a scrnple of the foxglorn leaves. His sight afterwards 
began to fail, nncl he screamed very loudly, while his pulse 
beat 44 in a minute. '!'hough hi s sight retumed after about 
eighteen hours, he could not for some time distinguish colo1·: he 
confonnded g reen with white, etc. In the course of the action 
of the poison convulsions came on; indeed, they are often pres
ent in digitalis-poisoning. Other symptoms are : falling of the 
temperature, and continued diminution in the frequency of the 
pulse; finally, sopor and coma set in, with general cyanosis and 
occasional convulsions, and death ensues from carbonic acid poi
soning. Loud tracheal riles, with foaming at the mouth, mark 
the closing scene. If the case takes a favorable tum, the symp
toms gradually give way, the pulse becomes quick er, the respira
tion more rapid, the features recover their warmth, and th en the 
normal condition is gradually restored ; generally the heart-beat 
remains for some time slower than normal, and sometimes head
ache, want of appetite, etc., last as long as a week. The action 
of digitalis on the heart is so marked that. even in the stage of 
recovery from the effects o[ the poison, very slight causes suffice 
to bring on cardiac paralysis. In the case given by )faze!, and 
quoted above, after the pulse of the poisoned girl had risen (from 
42 to 60), and decided improvement had taken place (on the fifth 
clay), she suddenly died of collapse in getting into bed after an 
action of the bo\\'els. 

The whole course of digitalis-poisoning is rather subacnte, 
lastmg for many clays. As the onset of the symptoms is very 
gradual, so the action of the poison generally lasts a considerable 
time. There have been cases in which death did not occur till 

1 Wirkuugeu der Digitalis purpurea. Rhein. westpbiil Corr.-Blat.t. No. 15. 1845. 
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the thirteenth day, but sometimes the case ends fatally in fi rn 
days. So, again, recovery is a very tedious and gradual process, 
and it is some time before it is actually complete. 

Analysis ef Symptoms-Character ef Digitalis Poisoning. 

Digitalis, its preparations, and its active principles, consider
ably excite the sensory nerves of the mucous membranes with 
which they come into direct contact, so that they produce violent 
sneezing, from excitement of the nasal mucous membrane, a bit
ter and nauseous taste in the mucous membrane of the mouth, 
and sickness, tendency to vomit, and actual vomiting in the mu
cous membrane of the stomach. 

As soon as the principles of digitalis have reached the blood 
they exert a considt'rahle action on different organs and organic 
systems. Its most striking anc1 importan t action is on the heart 
and its movements, so that digitalis is essentia lly a cardiac poi
son, ancl cau ses death by its action on the heart. It is not to be 
wom1ered at, then, that the action of digitalis on the heart has 
been the subject of searching investigation both on the part of 
ancient and modem physicians. Stannius • obse1·ved that when 
he subjected ca ts to the action or digitalis the cardiac pulsation 
became slower, as weJl as irl'egular and intermi ttent, and that 
the diastol ic movements finally ceased, and could not be excited 
again by direct irritation, whence he concluded that thcrn was 
paralysis of the cardiac muscle and its motor nerves. 'rhis paral
ysis of the hear t set in much sooner when the poison was intro
duced directly in to the veins. Thus its chief physiological action 
is also that which makes it a fatal poison; a fact which has been 
confirmed by all succeeding investigators, who have further en-
1·iched our knowledge of the mode of action, and the different 
stages of action, of this poison. 

L. Traube' has done essential service in this dirnction by his 

1 Untersuchungen Uber die Wirkung der Digitalb und des Digitalins. Arch. f. 

pbysiolog. Heilknnde. 1851. X. Bd. 2 Heft. p. 177 ff. 
1 Deutsche Klinik. No. 8. 1851. Annalen d. CharitC-Krnnkcnhauses. II . Jahrg. p. 

J!) ff. 1852, oder gesammelte Beitriige. I . Bd. p. 190 ff. 252-276, und Berl. klinisehe 
Wocbeuscb.rift. 1870. No8. 17 u. 18.; 1871. Nos. 31 u. 33. 
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experiments on dogs,ancl he has drawn a grpat number of kymo
graphic cur\'es. 'l'he follow ing are Traube' s results as to the 
action of digitalis: 

1. Small quantities of digitalis, or largei· ones in the first 
stage of their action, cause retardation of cardiac contractions 
and increase of blood-pressure. 

2. Larger quantities retard the pulse and diminish blood
pressure. 

3. Very large quantities of digitali s accelerate the cardiac 
contractions and diminish blood-prp:;:;u re still more, or thi s re
mains at a low point. 

Ir this th.ird stage ends in death the observation of Stannius 
is confirmed, that there is gradual climinution and irregularity 
of cardiac contractions, with great decrease of blood-pressure, 
and e\·entually cessation of diastolic movement. 

'rraube gave his attention to the consideration of the ques· 
tion, what cause:; the initial retardation and secondary accelera
tion of cardiac movement, and the result of hi s researches led 
him to this concln:;ion: That the vagns is at the outset excited 
by digitalis at its centrnl origin as well as at its terminal extrem
ities in the heart; that therefore small and modera te doses di
minish cardiac pulsatiou, but large doses of the poison produce 
paralysis of the same parts of the vagus, and this paralysis 
accounts for the increased frequency of cardiac pulsation in the 
third stage of the action o[ digitalis. When Traube admiuis
terecl very large (loses of digitalis he could not succ<'ed in retard
ing the accelerated ac tion of the heart hy irritating the vagus-a 
proo[ that in that stage of the action of digitalis the extremities 
of the vagns are insensible. 

The nerves which have the effect o[ accelerating cardiac move
ment are not, it would appear, specially influenced by digitalis. 

On the other hand, the cardiac muscle (and perhaps the motor 
ganglia in i t) is acted upon considerably by digitalis. 

'l'he heart itself becomes certainly excited or more excitable 
by small closes of digitalis, as Eulenberg ' observed; thi s inves
tigator di scovered that direct application of digitalin accelerated 

1 Allgemeine med. Centralzeitung. No. 98. 1859. 
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eardiac pulsation in the heart of frogs, acceleration alternating 
with intern1ission. The same initation of the heart was observed 
by Dybkowsky and Pelikan;· indeed, in their experiments this 
irritation was often so strong that the heart remained for some 
time in systolic contraction. Boehm' also observed the same 
thing; in his experiments sevPral muscular bundles remained 
continuously contracted even during the diastole, so that the 
latter was incomplete and afterwards the whole wnnicle re
mainell contracted, ancl the auricles had not power to force the 
blood into the ventricle. Boehm observed (as clid Dybkowsky 
ancl Pelikan) this arrest of the heart in systole to Sl't in at a time 
when the inhibitory influence of the rngus by digitalis was still 
rising, so that he could succeed in overcoming the persistent sys
tolic contraction by slight electric shocks. The same cardiac 
excitement was also observed in the experiments of Blasius,' who 
noticed in an artificial circulation the increase of the quantity of 
blood forced out of the heart in a given time, accompanied with 
an acceleration of cardiac pnlsation. 

This stimulation of the cardiac muscle has the efl'ect, espe
cially when accompanied with excited action of the vagus, of 
retarding the cardiac pulsation. If once the systolic contraction, 
as Boehm observed, is slackened, certain systolic beats become 
incomplete or fail altogether, and so retardation of the heart
stroke takes place. This excitement, or, as this condition may 
perhaps be considered, this increase oI the excitability of the 
cardiac muscle gradually disappears, and when small doses are 
eoncerned gives place to the normal condition, i. r., the cardiac 
pubation gradnally returns to its original rate; when large 
doses of digitalis have been given the heart acquires a condition 
of diminished excitability or paralysis. According to Traube's 
researches the vagi are paralyzed by large closes of the poison, 
earlier than the cardiac muscle, otherwise there could not be so 
remarkable.an acceleration of the cardiac pulsation before death. 

1 Zeit.schrift fi.ir wisscnchnftlicbe Zoologie. XI. 279. 
'Pflucger's Archiv fi.ir die gesammte Physiologie. V. 153. und Dorpater med. Zeit

echrift. IV. 63. 
1 Verhnndlungen der physical. med. Gesellscbaft. \Viirzburg. N. F. Tl. 49. 
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·when paralysis of the heart itself sets in, the pulsations become 

slower and weaker, and at last cease altogether. 
The variations in the blood-pressure under the influence of 

digitalis, as they are represented in 'l'raube's theses, are the re
sult of several factors. In the first place, it is clear that, while 
the action of the heart under the influence of digitalis is in

creased, since the vis a tergo compared with the quantity of 
blood to be set in motion is considerable, and the quantity of 
blood to be propelled in a given time is large, there must be 
increase of blood-pressure. Further, it is self-evident that in the 
stage of cardiac paralysis precisely the opposite condition must 
be set up. Bnt another important agency comes into play to 
increase these effects, and that is, the influence of digitalis on 
the vessels. Brunton' had already suggested that digitalis 
caused contt-action and afterwards relaxation of the peripheral 
vessels. Meyer' came to the same conclusion, but it was re· 
served for Ackermann' to exhibit such contraction and disten
tion by direct observation in the mesenteric vessels of the rabbit. 

Traube then attempted to prove that this contraction and 
subsequent dilatation of the vessels arose from a primary excite
ment and secondary paralysis of the vaso-motor centre, and he 
supported this theory by an experiment which showed that, after 
section of the spinal marrow, digitalis did not increase the blood
pressnre. Ackermann, on the other hand, observed increase of 
blood-pressure dming this experiment; therefore he, with Brun
ton and Meyer (which last also observed contraction of the ves
sels by digitalis even after the section of the vaso-motor nerves), 
concludes that digitalis acts directly upon the peripheral ex

tremities of the vaso-motor nerves. The main influence of digi· 
talis upon the blood-pressure is, however, clearly the result of its 

inflnence on the heart, as appears from the researches of Boehm.' 
This investigator succeeded in producing increase of blood

pressure by digitalin, when he, by tying the aorta beneath the 

1 On Digitalis, with some Observations on the Urine. London. 1868. 

~ Untersnchungen ans dem pbysiolog. Laboratorium in Zi.i.ricb. Wien. 1869. p. 71 ff. 
3 Deutscbes Archiv fiir klinische 1\Iediciu. XI. p. 125 ff. 
4 Pjhu9er's Archiv. V. S. 153 ff. 
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diaphragm, almost completely excluded the condition of the 
small vessels from any intluence on the blood-pressure. 

Although we believe that this account of the mode in which 
digitalis affects the cardiac contraction and the blood-pressure ex
presses the present state of our knowledge, a few words must be 
devoted to the views which different investigators have ad,·anced 
as to the influence which the action of the poison on the vagns 
has on these alterations in blood-pressure, and the converse. 

Traube had originally regarded the change in the blood-pres
sure as dependent on the action of the poison on the vagus. 
'i\Tinogradoff,' however, showed that the retardation of th~ pulse 
produced by irritation of the vagus was not followed and accom
panied by increase of blood-pressure, as Traube thought, but by 
a decrease. Therefore, increase of blood-pressu1·e cannot depend 
on the irritation of the vagus by digitalis. After Bernstein had 
shown that every increase of blood-pressure produced an excil
ing effect on the root of the vagus, and therefore retarded cardiac 
pulsation, the conclusion was inevitable that in the action of 
digitalis the primary result is increase of blood-pressure; then, 
secondarily, dependent on this increase, follows initation of the 
vagus, and consequently retardation of the pulse. But however 
plausible this view may be, yet the influence of the poison is by 
no means limited to the central origin of the vagus, but extenil s 
also to its cardiac extremities, as Traube's experiment eviclently 
proves, when, after large doses of digitalis, he tried in vain to 
diminish the cardiac pulsations by irritation of the vagus. But 
another experiment of Traube's shows that the vagus is excited 
throughout its whole extent, and, therefore, that digitalis acts on 
its root independently of increased blood-pressure. " ' hen, by 
section of an animal's spinal marrow, he 11ad excluded a not un
important factor in the increase of blood-pressurP, viz., contrac
tion of the vessels, and then administered digitalis, he observed 
a retardation of cardiac pulsation in spite of the abnormally low 
pressure of the blood; nay more, he observed that the retarding 

t Ueber die Einwirkung des Digitalins auf den Stoffwechsel und dem mittleren 
Blutdruck der Arterien. Virch. Arch. XXII. 5. 6. p. 457. 1861 i uud Petersburger 
med. Zeitscbrift. 1. 4. p. 116. 1861. 
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action on the pulse was stronger than in an uninjured animal. 
Therefore we must admit a direct primary action of digitalis on 
the vagus. 

\\·e gather, then, from what has been said, that in frogs poi
soned by digitalis, cessation of cardiac movement is twice ob· 
se1·vec1 clttring the action of the poison : at the outset a systolic, 
and at the close a diastolic cessation. In case of poisoning in 
the human subject, so far as my knowledge extends, the latter 
only is observable. All other conditions, as to retardation and 
accelemtion of cardiac pulsation, ancl increase and diminution of 
blood-pressure, are to be observed equally in the lrnman subject 
and in the clog. The rapidity with which the dilferent stages 
succeed one another depends chiefly on the quantity of poison 
taken into the body, and the rate of its absorption. 

The decrease of temperature is the result of the change in the 
capacity of the peripheral vessels, which arn actPd on by the 
digitalis, and it naturally results from an increase in the outflow 
of heat. The vomiting, which is so frequent a symptom in every 
form of admi11ist1ation of digitalis, is most probably to be attrib
uted to the action or the poison on the nervous centres. Accord
ing to 0. Nasse,' the peristaltic contraction of the intestine is 
quickened by the digitalis, which would account for the clianhcea 
which is often present. The voltu1tary muscles are also affected 
by digitalis. Buchheim and Eisenmenger' show that digitalis, 
whether applied directly or acting systemically, ultimately alto
gether clestroys the excitability of the muscles. This explains 
the lassitude ancl rigidity which attend many cases of poisoning. 
The influence of digitalis on the brain is inconsiderable, even if 
all the cerebral phenomena which appeal' in cases of poisoning 
may not be traced to clistmbances of circulation. Neither has it 
any great action on the spinal marrow; yet \Veil' and Meihui
zen • observed in the frog a diminution of reflex action, resulting 
from excitement of Setschenow's reflex inhibitory centre. The 

1 Beitriige zur Pbysiologie der Darmbewegungeu. Leipzig. t8GG. p. G3. 
~ Eckbard's Beitriige zur Anatomie u. Physiologic. V. p. 37. 
3 Arch. f. Anat. u. Pbysiolog. 1871. p. 2.')2 ff. 
4 Arch. f, d. gesammte Pbysiologie, VII. p. 201. 
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convulsions which come on in the last stage of cases of poisoning 
which end fatally are to be regarded as the result of carbonic acid 
poisoning, following u.pon paralysis of the heart. It was thought 
for a long time that digitalis exerted some influence on tissue
changes; thus G. Siegmund' states that digitalis has the effect of 
increasing the flow of urine, while it diminishes the amount of 
urea secreted by eight grains a day, although more nourish
ment has been absorbed. l\Iegevand' also found that the secre
tion of urea d<'Creased under the influence of digitalis; \Vino
gradoff' also found that not only urea, but the chlorides, phos
phoric acid, and sulphuric acid were diminished. Yet all these 
statements are by no means conclusive as to a diminution of tis
sue-change as regards the secretion of products of the decomposi
tion of albumen, as the experiments on changes of tissue were 
not carried out with the precautions which are so necessary. We 
cannot, however, be surprised at the results arri\'ed at, when we 
take into considero,tion the influence of digitalis on the stomach, 
intestine, and digPstion generally. A series of experiments 
which I myself performed, but without publishing them, leads 
me to conclude that no alteration worth mentioning takes place 
in the decomposition of albumen under the influence of digitalis. 
In doses which a ugment the blood-pressure, ancl thereby increase 
the secretion of fluids, somewhat more urea is found in the excre· 
tions ; where the blood-pressure is decreased. on the other lmnd, 
there is somewha~ Jess in proportio11 to the ingesta. 

The same remarks apply to the decomposition of carbonaceous 
matters contained in the body and in the ingesta. ' 

Digitali s, in doses which increo,se the blood-pressure and the 
cardiac pulsations, promotes the secretion of carbonic acid and 
the assimilation of oxygen; it diminishes these factors when 
large closes are given, which reduce the action of the heart and 
diminish the bloocl-pressm·e. 

1 Einwirkung des Digitalins auf die Durchscbneidung des Nervus Vagus und o.uf die 
Harnstoffuusscheidung. Virch. Arch. Bd. VII. p. 238. 1854. 

~ Guz. hebdomad. de ml-d. 1870. No. 32. 
3 Vircb. Arch. XX.II. G. G. p. 457. 1801. 
" See v. ]Jo~ck und Bauer, Zeitschr. f. Biologie. 1874. p. 367 ff. 
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Res1tlts of Autopsies. 

Autopsies of cases of digitalis-poisouing are very rare, and 
in the few which have been carried out thoroughly, no charac
teristic changes have been found of digitalis exclusively, vVhen 
the poison has been introduced through the mouth, we usually 
find detached patches of inflammation on the serous covering of 
the stomach-some mucus in the mouth and in the alimentary 
canal. In a few cases engorgement of the brain is present, in 
others it is absent. In other respects we Jind just those appear
ances which are the constant result of carcliac paralysis. The 
heal't is flaccid and full of partially coagulated blood ; there is 
venous hypermmia, sometimes mdema of the lungs ; vascular 
engorgement of the liver, spleen, kidneys, etc. In some cases 
we find portions of digitalis powder or leaves, etc., in the con
tents of the stomach. 

Diagnosis and Differential Dia.r;nosis. 

'rhe diagnosis of digitalis-poisoning retit::; on the following 
symptoms : vomiting, rarely absent, generally very persistent, 
progressive retardation with intel'm ission of the pulse, gradual 
loss of cardiac power, and diminution of blood-pl'essme, while 
consciousness remains comparatively undisturbed. Valnable 
aid is alfol'd~d to the diagnosis by the histol'y or the case, e. _q., 
it digitalis had been prescribed, etc. Digitalis-poisoning, as dis
tingnished from other cardiac poisons, may easily be confounded 
with heart-disease; the weak and intermitting pnlse may girn 
rise to this mistake. The remarkable muscular debility which 
attends digitalis-poisoning may assist in the diagnosis. 

Prognosis. 

Although digitalis and its products are among the most pow
erfnl of cardiac poisons, they rarely pl'ove fatal. The pl'ognosis 
is favorable if vomiting comes on at an early stage, so that less 
or the poison b absorbed; it is also a favorable symptom if the 
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reduction o[ the number of pulsations and of cardiac action is 
inconsiderable, and oice versa. It is an evi l omen when the 
pulse sinks below 40; the same may be said of a dolent accelera
tion of the pulse after preceding retardation. A gradual accele
ration o[ the pulse must be regarded as a favorable sign, and as 
the first step towards i·ecovery, although even in this case there 
is still the danger of sudden collapse. The prognosis is therefore 
doubtful till the normal pulsation has returned, as digitalis is 
decidedly cumulative in its action, so that its action may persi t 
for a long time, and even increase in severity. 

Treatment. 

With regard to the treatment of digitalis-poi:;oning, emetics 
and the stomach-pump are the most im1io1·tant remedies ; but as 
emetics are generally effectual in eliminating this poison, the use 
of the stomach-pump may be avoided. Tannin is to be recom
mended as a so-called chemical antidote, as it forms a chemical 
com]JOtmd with the active constituents of digitalis; this com. 
pound, however, 1:; by no means insoluble,' and emetics must be 
given all the same. If the poison bas once begun to act, reme. 
dies must be employed, which are calcnlatecl to promote cardiac 
action and avert cardiac paralysis. Among these arn camphor, 
etheT, alcohol, wine, coffee, initants of the skin, mustard poul
tices, etc. There are no physiological antidotes to digitalis in the 
actua1 sen:se of a real antagonism. The oil of elemi, whiclt was · 
recom111ended by J\fannkopf ' as an antidote in digitalis-poi:;oning, 
because it paralyze:; the vagus, has, however, no claim to be 
l'egarded as such, because digitalis i tself in large c1oses paralyzes 
the vagtts, and also because (as we learn from later works on tile 
action of digitali s) its influence on the vagu · is insignificant in 
comparison with it· effects OH the heart itself, especially when 
the poison has been taken in large closes. JJelpbinine, which, 
according to Boehm's l'esearches, countemcts the effect of digi-

I ou~tave Aimi Becker, Etudes botaniques. chimiq. et. toxicolog. sur la digitalis 

pourprcie. Strassburg 186-1 . 
·1 De olei Elemi mtherci uatura. Berbu. 1858; a.nd nlsu Vircb . Arch. XV. p. 192. 

1859. 
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tali s in arrnsting cardiac action, is itself so violent a poison, that 
its action may be as dangerous as d igitalis itself; np to this time 
no practical trial has been made of it. 

Changes which Digitalis and its Products Undergo in the Organism. 

The active constituents of digitalis arn absorbed by the 
mucous membrane of the stomach and small intes tine, and even 
by that of the large intestine. This process is, h owever, in 
general very slow; e. g., A. Brandt,' who made numerous ex
periments on animals under the superintendence of Dragendorff. 
after four and lL half hours, found the poison still in the stomach; 
none of it had passed into the intestine. I have often convinced 
myself that the constituents of digitalis may be absorbed by the 
rectum, for I have observed the characteristic effects of digitalis 
on the heart, after its administrtction as an enema to patients 
with heart-disease. Taure' calls attention to the possibility of 
enclermi c poisoning by digitalis, as be saw it occur through a 
wound on the skin. Chrzonszewsky also observed violent symp
toms of poisoning in a boy who hacl remained a long time in a 
bath of infusion of digitalis. Here the poison must have been 
absorbed through the unbroken cuticle, as he had excluded tbe 
mucous membrane of the rectum and of the urethra. Browne' 
lllso foun cl that when he applied moistened digitalis leaves to the 
skin of a patient, the pulse became slower and increased diuresis 
was set up. The detection of tlie products of digitalis in the 
blood. in the tissues, and in the urine, is diffi cult and uncertain; 
i t would. the1·efore, appear that the active constituents of digi
talis suffer decomposition in the organism. 

Chemical and Physiological Tests. 

The chief test_~y which the active constituents of digitalis 
can be recognized, is that of Grancleau, •with bromine and sul-

1 Experimentelle Studieu Uber die forensische Chemie der Digitalis u . ihrer wirk · 
&1.men Bestandtbeilc. Dorpater Diss. 1869. 

' Archiv. g6u6ral. 1864 , Oct. p. 113. 
3 :Med. Times. Jan. 25. p. 85. 1868. 4 Ga.z. des ROpit. 1864 69. 
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phuric acid. The substance to be tested is moistened with con
centrateu sulphuric acid, then exposed to the vapor of bromine, 
when it assun1es a violet color. Otto ' di ssolves the substance to 
be tested in concen trated sulphuric acid, and then drops a minim 
of bromine-water into the solution wi th a glass rod, and thus 
obtains the same violet color. Dragendorfl' • moistens the mass 
to be tested with sulphu1-ic acid, then adds one d rop of a mix
ture containing one part of hydrate or potash and three parts of 
water, and aclds to thi s so much bromine as will color the whole 
of a pale y ellow ; then violet streaks appear, which retain their 
color for a very long time. II digitalin predominates in the 
mass, the color approaches to blood-red, if digitalein predomi
nates, the streaks incline rather to purple. 

'Vith hydrochloric acid the active constituents of digitalis 
give a very beautiful emerald g rnen color.' F or the separation or 
the poi son from organic substances, the best mode to follo\\· is 
Dragendorff' s. Pulverize the mass, concentrn te it, if necessary, 
by careful evaporation, and add enough glacial acetic acid that 
the whole may contain at least 50 per cent. of acid. After it has 
stood for some time, add water to it so as to dilute the mass to a 
thin paste, and digest a.t a temperature or from 104° to 11 8° Fa.hr. 
for about twenty-four hours. Now add three times the quantity 
of spiri ts of wilw, digest again for twenty-four hours, after which 
filter the mass. Then carefully separnte the filtrate from the alco
hol by distillation, filter the residual wa tery fluid again , and 
shake it twice with ha.If its volume of benzol a t 122° Palu-.; the 
benzol does not, however, absorb all the consti tuents of digitalis, 
bnt leaves dig ita.lein in the mass. Thernfore the acid wa tery flnid 
mnst be separa ted from the benzol and shaken a t 9:i ° Fahr., wi th 
one-quarter its volume of chloroform, which separates the digi
talein from the rest of the mass. In the evaporation the gluco
sides remain behind and can be used for the chemical and phy
siological tests. 

The physiological test depends upon the action of the poison 

1 Anleitung znr Ausmittelung der Gi£te. p. 3·?. 1e67. 
2 A . Brandt. Experimentclle Studicn, etc. See above 
3 Honwlld et Queten11e, MCmoire sur la. Disitaliu-.:. Bull. de l'AcadCm. de med. 

xv. p. 332. 
VOL. XHI.- 4G 
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on the frog' s heart. The hearts of two frogs hadng heen exposecl , 
the snb:;tance to be tes ted is subcutaneou:;Jy injected into one of 
the frogs. If the cardiac pulsations slacken, if separate groups 
of the cardiac mnscles contract permanently , if the whole ven
tricle contracts, the heart at the same time assuming a bright
recl colo1·, and if, finally, the ventri cle remains in a sta te of 
systolic contraction, while the amicles are distended, we are jus
tified in conclncling that we have atlministerecl a cardiac poison, 
which is probably digitalin. Bttt tho chemical test is safer 
and more reliable than the physiological one, and the latter is 
only to be regarded as a complement to the fo rmer. "\Vhen the 
physiological tes t is applied by introducing direc tly into the frog 
the contents of tho stomach, or the ma tters 1·omited, i t is s till 
more unsa tisfactory, because the substances a re generally too 
diluted ; so al so the administration of an alcoholic ext ract of the 
contents of the stomachs of dead bodies is of lit tle val ne, since 
.such extracts may act upon frogs as cardi ac poisons without 
the presence in them of any poisons in trod uced from without. ' 
In the case of de la P ommerais, the chemica l test fo r cligitalin 
fail ed. Tarclien and R oussin tri ed to isola te the poison by dia
lysis; they thus obtained a substance with which they kill ed 
clogs and other animals, with the symptom of g radual cessation 
of cardiac pulsation. 

Poisoning with Veratrine. 

Veratrinr, 6,,H.,N,0, (G. Merck ), was cliscoverecl in 1818 by 
Meissner in the seeds of sahadill a, and in 1819 by Pelletier and 
Caventou also in the white hellebore; it is to be fo nncl in all 
species of verntrnm (colchiacero and melanthacero) . The most 
important pl ants o( this tribe are, first, Yera trnm album, which 
grows in Sou thern Enrope, and contains the alkaloid chi~fly in 
its roots; secondly, Veratrnm offi cinale, which is indigenous to 
the Antilles, and the poison of which li Ps ch iefly in the seeds 

1 Comp. E. and G. llr:nnol.k1 L'Uuiou m6dic. p. 205. 1872. 
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which are known and used in medicine under the name of cerndilla 
seeds (semina sabadillfe); thirdly, Veratrnm viride,' a native of 
America, whose root has only 1·ecently been introduced into the 
pharmacopceia. In the ce\"adilla seeds, besides veratrine, a sec
ond alkaloid is present, sabadilline, and a third, sabatrine; the 
root of the Veratrnm album also contains, in addition to YPratrine, 
another alkaloid to which the name of jervine has been given. 

Veratrine is a white powder which, when examined under the 
microscope, is found to be crystalline. G. Merck obtained it in 
long, colorless, transparent, rhomboidal prisms, which were de
composed in atmospheric air, and thus rendered porcPlain·like 
and friable. It is free from odor, but irritates the na al mucous 
membrane so as to provoke the most violent sneezing; it has a 
sharp and burning taste and an alkaline reaction. It is very 
sparingly soluble in cold water, and but slightly so in boiling 
water (1:1000), but it is readily soluble in alcohol, less so in ether 
(1:10); it is pretty freely soluble in chloroform, amylic alcohol, 
and benzol. Veratrine is very readily soluble in acids, in com
bination with which it forms salts which generally present a 
gum.like appearance. 

Etiology. 

Poisoning by veratrine occurs when a sufficient quantity of 
poison, whether pure or in the form of tlie above-named plants, 
iil intrnduced into the system. It usually arises from mistaking 
veratrine for other substances, such as grounrl pepper, caraway · 
seeds, etc. Poisoning by medicinal preparations is not infre
quent. Blas' reports a case of two children, one ana one·half and 
three and one·half yPars of age, who were dangernu"ly poisoned 
by drinking a liqnid containing veratrine, which had been pre
pared for destroying lice in cows. Bnckingham' communicates 
a case in which the lives of two men were endangerecl by using 

1 Mauy recent invest;igntions bnve shown that the alkaloid or alkaloids of veratrum 
viride are not identical with vcrnLrine. Consult U. S. Dispensntory, Fourteenth 
&lition.-E. c. 

'Verhnmllnngen der nnturforschenden Ocsellscha.ftin Frciburg. JI. 2. p. 173. 18GO. 
3 Americ. Journ. of Med. Science. p. 563. Oct. 1865. 
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the tincture of American hellebore instead of tincture of vale· 
rian. Nivet aud Gimud' report a murder committed by a woman 
upon her mother and two brothers through the medium of vera
trine and powde1·ed white hellebore. E. Peugnet' mentions the 
case of a nervous woman who was very violently poisoned by a 
homcropatl1ic mother.tincture of white hellebore. The amount of 
veratrine contained in this mother·tincture is stated at seven
cighths of a. grain·. Another case is given by Paget-BJacke, 1 in 
which poisouing occurred from taking a liniment internally, 
which contained two and one-quarter grains of veratrine, in
stead of a draught. It is difficult t.1 say what amount of vera
trine is suflicient to poison. The largest dose permitted by the 
German Pharmacopmia is one-thirteenth of a grain (0.005) of 
veratrine }Jer dose, and a little Jess than half a grain (0.03) per 
day; of white hellebore root four and a halt grains (0.3) per 
close, and eighteen grains (1.2) per clay. Cats are killed in from 
one to two hours by three-quarters of a grain of veratrine. 

Symptoms and Course of Veratrine-Poisoning. 

As far as I know, in all cases of veratrine-poisoning the poi
son is received through the mouth. In general, shortly after it 
has been taken, a burning sensation is felt in the throat and gul
let; the secretion of saliva is increased; sometimes there is ina
bility to swallow; the painful burning sensation extends to the 
stomach and the alimentary canal. Violent retching and vomit
ing then set in, and a considerable quantity of the poison is often 
thus eliminated. Severe diarrhma, with pain in the bowels, and 
tenesm us are the next symptoms. A part from these gastro
enteritic symptoms, others are developed, affecting more distant 
or~ans. Some of the most prominent are violent headache and 
palpitation of the heart, anxiety; the skin beromes covered with 
pe1·spiration; we may also have giddiness, or fainting-fits; the 
pnlse bPcomes slower and more feeble, the respiration slower, 
superficial, and labored. Conscionsness remains intact. The 

1 Gaz. hcbdomad. VHI. p. 31. 1861. 
'l\Ied. Rec. l\Iay 1. p. 421. 1872. 
a St. George's Hospital Rep. V. p. G9. 1871. 
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pupils are generally dilated (more rarely contracted), the eye. 
balls fixed and motionless, or else rolling. Involuntary muscu
lar twitchings appear in tile form of facial contortions and snb
sultns tendinum. Sometimes, but very rarely, convulsions set 
in; in animals, however, they are constant. In many instances a 
feeling of formication and violent inilation of the skin have been 
observed. 

If the case takes a favorable tum, the first step towards 
recovery is the gradual cessation of vomiting and diarrhc:ea; 
then the pulse becomes stronger and fuller, the respiration more 
natural and less labored, and the muscular twitchings cease, but 
the insensibility or the skin may continue for some time. If, 
however, the symptrims which we have enumerated should be
come aggravated, a fatal result may be expected, probably aided 
by the loss of fluid from the vomiting and diarrhc:ea. Death is to 
be regarded as the result of the action of the poison on the heart. 
But paralysis of the respiratory organs must be taken into con
sideration as well as that of the heart. In cases wliich terminate 
fatally respiration always becomes more slow and labored, so 
that cyanosis sets in as a consequence of detective respiration 
and cardiac contraction. The whole cotu-se of the poisoning pro
cess is somewhat acute. One of the children mentioned by Blas 
recovered three-quarte1·s of an hoUl' after the first symptoms of 
]>Oisoning appearncl. 'fhe woman mentioned above recovered on 
1he second clay. 'Vhen death occurs, it is also tolerably rapid, 
i. e., in about twenty-four honrs. In the case of the three mur
dered persons reported above, death clicl not, however, ensue for 
a long time, but it is probable that the close of poison was not 
administered all at once, but in small quantities, frequently 
repeated. 

The poisoning had begnn towards the encl of June; there 
were remissions in the attacks of illness of the two brothers
agecl respectively 21 and 22-with recurrences, and so the thing 
went on till towards the encl of August, when they were found 
by a physician in a state of great debility ~ncl emaciation, with 
anxious countenance and dark circles round the eyes; they were 
delirious and restless, with aberration of intellect; they were 
also suffering from gastric ancl intestinal catarrh and dyoentery. 
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The elder died on the 31st of August, the youngpr on the 14th 
of September; that is to say, nine and eleven weeks respectively 
after the first administration of the poison. The mother of the 
murcleress was taken ill with the same symptoms on the 25th of 
Au~ust and did not rncover till the 20th or 22d of September. 
In her ~ase also the protracted course may have been the result 
of frequently repeated doses of veratrine. 

As sequehc, in the case reported by Paget Blacke, violent cu
taneous initation, and a convulsi1·e closing of the jaws, which 
often came on cluring talking and laughing, continued for a long 
time. 

Analysis of Symptoms-Mode of Action of the Poison. 

The action of veratrine upon the alimentary mucous mem
brane is the point of chief interest. Yeratrine acts as a powerful 
irritant on the sensory nerves of the m neons membrane of the 
nose, mouth, stomach, and intestine. Hence violent sneezing·, 
burning in the throat, with a retlex flow of saliva, pain in th'l 
stomach, with retlex vomiting anu dianltCEa. But this action is 
lrnatteudecl with ulceration or inflammation. Veratrine also 
causes much heat and redness of the cuticle when applied exter
nally or as an ointment. 

The inHnence of veratrine upon the motor apparatus, espe
cially the muscles, is, however, still more import.ant than its 
local action. The muscles are affected in a peculiar manner 
by veratrine. Leonidas van Praag • states that the tension of 
the muscles is destroyed by veratrinP. Koelliker • infers from 
his experiments that the muscles become paralyzed and soon 
i·igid under the influence of veratrine, and this is confirmed 
by Guttmann.' The investigations of v. Bezolcl and Hil't ' show 

1 Toxicologisch-phannncologiscbe Studien Uber Vemtrin. Vircbow's Archiv. Bd. 
VII. 2. pp. 252-298. 

~ Physiologische Uutersucbungen Uber die Wirkung eiuiger Gifte. Virch. Archiv. Bd. 
X. p. 235 ff. 

' Arch. f, Annt. u. Physiolog. p. 495. 1866. 

"Arch. f. pritholog. Ana.tom. X. p. 2;)7. und Untersuchungen ans dem pbys.iolo• 
g i!:cben La.boratorium zu Wiirzburg. 1 Heft. 1961. 
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that veratl'inP at first increases and afterwards diminishes mus
cular excitability. A muscle poisoned by veratrine reacts for 
a long ti111 e to direct or indirect irritation by a twitching, which 
at the first glance might be mistak en for tetanus, bnt which 
is quite differ~nt in its course, and can be excited by Yery 
few poisons except veratrine.' The contraction is pciformed in 
the ordinary time, bnt the relaxation is very much protracted, 
the descending strnke or the myographion curve presenting a 
different appea!'ctnce, as Fick ancl Bol'11m' and others have 
proved, so that the descent, instead of being uniform, is broken; 
as, e. (]., at tfrst rapid relaxation np to a certain point, then 
retardation or the fall, or initial relaxation succeeded by con
traction, so that such a myogram bears some resemblance to the 
cmve of the dicrotic pulse; or the muscle may remain for some 
time at the highest point of contraction anJ then relax with mor" 
or less rapidity. This clearly prnves that the contraction caused 
by nmtrine is no tetanns, and this is further confirmed by the 
fact that no Secondary tetanus extends from the ,·eratrine-con · 
tracted mnsc le to a nerve lying close to it, which must occur if 
the muscle were affected by real tetanus (Fick and Boehm). 
Fick and Boehm are or opi11ion that this tanly relaxation is dne 
to an inflnence exercised by veratrine upon those substances 
which are ge1ll'ratecl when the muscle is excited, which stimulate 
contraction by their prnsenee, and produce relaxation by their 
disappeamnce. The formation of these substances is, acco1·cling 
to these authors, prnmoted by veratrine, so that they req uirc a 
longer time for their disappearance, upon which the relaxation 
of the muscle depends. They are led to this conclu,ion frnm 
the heat-prnducing effect, during contraction, or the muscle in
fluenced by veratri1w, as compared with that or the hea lthy mus· 
cle. The veratrinized muscl e generates much more heat upon 
simple irritation than the healthy mu scle; the former makes 
mu<'h more considernble effoct upon IIeidenhain' s apparatus 
than the healthy muscle nncler simple il'l'itation. Ilence the 

1 Weyland, Vergleichende Untersuchungen Uber Veratrin, etc. Giessen. 18GO. Buch· 
heim u. Eise11me119er, Eckbnrdt"s Bcitrage zur Anali. u. Pbysiolog. V. p. 37. 

'Uebcr die Wirkung des Vera.trios auf die Mu1'1krlfasern. Vcrbandluogen der phys. 
n1cc1 . Gesellscb. in Wlirzburg. N. P. III. p. H>S. 1872. 
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processes or combustion in the veratrinizecl muscle are stimu
lated by the poiso n. 'l'he other possible hypothesis, that rem
trine hinders and limits the di sappeamnce of the substances de
termining the cont rac ti on of the muscles, which are formed only 
in normal quan ti ty, is thus proved to be untenable. 

Authors :neat Ynriance as to the question whether the motor 
nerves a1·e sympatheti ca lly affected by veratrine. "\Vhereas Koel
liker enti1«•ly sets aside the participation of the nerves, va11 
Prang, nnd more lately,._ Bczold and Hirt, have maintained that 
there is an initial increase and subsequent diminution of their 
excitability. Again, Fick and Boehm, in their lately pnblishecl 
work, insist upon excluding the nerves. For they found the 
11egative current-osci llation in the nerve, in the stage of so-called 
wratrine paralysis, just as in the normal nerve; they also found 
that curare exerts no intluence on the veratrine-poisoned mnscle 
and nerve, and on many essential points they question the ex
perinwnts or v. Bezold and Hirt. It is a fact that when a vera
trinized muscle is repeatedly irritated, the peculiar verntrine re
tardation in the relaxation of the muscles soon disappear, and 
we get the same rnyograms as in the normal mnscle. v. Bezo1d 
ancl lli1·t assert thnt they have observed this clisappearance or 
the ve1·atrine condition in the nrnscle even when it has been 
stimulated through its nerve. ''Vhen they, then, applied the elec
trndes to another nerve- tract, the veratrine condition returned, 
ro give way again to the nol'mal condition aftel' a few shocks. 
Fick and Boehm observed this circumstance to occur from one 
and the same nerve-tract, if they interposed n pause between the 
shocks. They therefore conclude that the pause of rest is the 
main point. and not the change in the nerve-tract excited. 

En•n though tlwse investigations of Fick a nd Boehm cannot 
be accepted as completely se tting aside the statements of v. Be
zold ancl Hirt-that the increase and diminution of excitability 
:1ppear sooner in the nerves than in the muscles, and earlier 
nnder indirect than under direct initation -- and, therefore, a 
sympnthy or the nerves is not completely disproved, yet so much 
is clear, that the action or veratrine mainly affects the muscles, 
and that its influence on the motor nerves is comparatively snb
ordinate. This influence of veratrine on the muscles explains, 
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at least partially, the phenomenon of muscular contractions, as 
they accompany veratriue-poisoning. Another cause of these 
convulsions lies in the action of the poison on the motor nerve
centre. That convulsions proceed from the centre is proved first 
by the fact that in animals all the muscles are equally affected, 
and secondly by the experiment which provps that the muscles 
are thrown into convulsions even when the arteries leading to 
them have been ligatured bPfore the administration of the poison, 
so tl>at they cannot themselves have been brought into direct 
contact with the poison. 

As to th H action of veratrine upon respiration, v. Bezolc1 ancl 
Hirt state, as the rnsult of their investigations, that in the ea rly 
stage or the action of the poison there is an irritation of the 
terminations of the vagus in the lung ; thns respiration is accele
rated by injecting veratrine into the cPntral encl of a Yein; 
soon, however, respiration becomes slower, and finally ceases alto
gether; this would appear to indicate an inflttencc on the respir
atory centre, a.mounting to paralysis. 

Toxicology is, however, chiefly concernpc1 in the action of 
veratrine on the heart and circulation, as the most deci>ive 
$ymptoms of the poisoning depeud on their di sturbance. The 
influence of veratrine on the heart is, howm-er, very complicated. 
In the first place, the card iac muscle suffers the same changes as 
the other muscles, and this would suffice in itself to account for 
most of the symptoms. The heart, excised and separated from all 
extrinsic nervous influPnce, when acted upon by Yera t1·ine, at first 
contracts more frequently and powerfully; later on, the contrac
tions diminish in both frequency and force, till they cease alto
gether, and cannot be renewed by direct irritation. I t is l1ighly 
probable that the intrinsic cardiac motor nervP-centres take the 
same share in this procPSS as the muscles. But tlw regulatory 
cardiac nerves are also affected by the poison. The rngns is 
excited at its origin by small doses of the poison; thus in the 
frog and the rabbit a reta rdation of pulsation has been observed, 
which, after section of the vagus, gives place to an acceleration. 
But the cardiac extremities also of the vag ns are at fi rst excited, 
and afterwards paralyzed. The ultimate result or the action of 
veratrine on the heart is, therefore, complete paralysis. In the 
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early stage o( the action of veratrine a.n increase o( blood-pr: s
sure is ofte n obserrnd, together with acceleration of cardiac 
1rnlsa.tion, but later on there is a constant decrease of the bl ood
pressure. This is a ttributable not only to the change in the 
Ilea.r t, bu t to the condition of the yessels, for, a.ccorcling to tht> 
i·esearches o( \". Bezold a.nd Hirt, these am first stimulated ancl 
contracted through their vaso-motor centre by the poison, a.nd 
later on they are paralyzed ancl dil a ted. The bes t way o( con
firming thi s fact is to inject the poison into the peripheral ex
tremity of the carotid. 

These circumstances account for the whole seri e of symptoms 
of collapse which a.re observed in 1·eratrine-poisoning. 

Diagnosis and Differential Diagnosis. 

The recognition of vera trine-poisoning as such depends chiefly 
on the presence of gas tro-intestinal symptoms, together with a 
s teady decrease of cardiac action, as well as on the nrnscula.r 
twitchings when they are present. Bnt as these symptom s also 
a.ttencl other poisons, the nature of the diagnosis will necessarily 
be influenced by the matter vomited, the his tory of the case, 
etc. 'fhe stronges t analogy exists between veratrine- and digi
tali s-poisoning. But here there are important di stinctions as 
regards time, which may prevent our confusing them with one 
another. The gastric symptoms ancl the diminution of cardiac 
power set in mnch earlier in cases of poisoning by veratrine 
than in .those by digitalis. The dilatation of the pupil s which 
sometimes a ttend;; veratrine-poisoning might lead to its being 
mistaken fo 1· atropine- or hyoscyaminP·poisoning ; in thi s case 
the increased How of salh·a present in veratrine-poi oning , bnt 
entirely absen t in atropine-poisoning, will enable us to di stin
g ui sh between them; much dryness and redness of the mncons 
membrane or the mon th being one of the most characteristic 
symptoms or poisoning by atropine. 

R esults of Autopsies. 

The few repo1fa which we possess of autopsies performed on 
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persons who have died from veratrine-poisoning present fewchar
acterbtic signs of this poison. In contrast to the clinical symp
toms we find no traces whatever of intlammatio11 in the stomach 
and intestine. Generally there are the evidences of death from 
asphyxia, hyperremia, and cedema of the lungs, etc., with ec
c!Jymosed and hemorrhagic patches, dark tluid blood in the 
heart, etc. 

Prognosis. 

The prognosis in cases of veratrine-poisoning. depemls mainly 
on the quantity of poison conveyed into the system and absorbed 
by it. But as vomiting comes on at a very early stage in the 
action of this poison, a considerable qLtantity of it is eliminated, 
and thPrdore fails to have any effect. Practically the condition 
of the heart will be the safest guide to a correct prognosis. 

Treatment. 

The treatment of veratriue-poisouing is simple and self-evi
dent. Emetics ought to be administered at the outset, or, should 
they be rendered unnecessary by the action of the poison itself, 
tannin, or remedit·s containing tannin, should be employed to 
neutralize the alkaloid. The violent bypercatharsis, if it threat
ens to become dangerous, must be controlled by opium. To 
maintain the action of the heart must be the chief point in the 
treatment. Ether, camphor, anil other stimulants may perhap; 
be suffif'ient to counteract effectnally the effect or veratrine. lt 
is needless to say that particular symptoms may demand other 
remedies, such as cold compresse~ for the il'ritation of the skin, 
artificial respiration, etc. 

Changes which Veratrine undergoes in the System. 

Veratrine is absorbed by the stomach; this absorption is not 
a rapid process, for Dragendorff and his pupils succeeded in 
finding veratrine in matters vomited by cats, although thP 
vomiting had not begun till some hour; after the poison had 
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been administered. The absorbed veratrine is rapidly secreted 
in an unaltered condition with the urine, in which it may be de
tected soon after its administration. Veratrine, liowever, remains 
long enough in the blood and the organs to allow of its being 
detected in that fluid as well as in the hea1t :end lungs. " 'e 
genernlly fail, however, to discover it in the liver, gall-bladder, 
and kidneys. 

Chemical Tests. 

\Ve are chiefly indebted to DragendodI' and Masing' for the 
chemical tests of veratrine. 

The most important points to be inquired into in a case of 
suspected veratl"ine-poisoning are the nature of the vomited mat
ter, the state of the stomach and its contents, the upper part of 
the small intestine, the urine and the blood. 'rhe lowe1· part of 
the small intestine, according to these im·estigators, contained 
no veratri ne. 

Yeratrine may be separated from organic substances by pre
paring an acid watery extract (sulphuric acid and water) and 
cleansing this by shaking it with petroleum ether, and then, 
after adding ammonia to the watery extract, the alkaloid is re
moved by petroleum ether or benzine. Petroleum ether yields a 
purer product, but benzine extmcts it in larger quantity. So 
we generall y use benzine first, and then treat the residuum of this 
extract first with dilttte sulphuric acid and then with petroleum 
etlwr. The products thus obtained are proved to be veratrine by 
the following principal reactions: 

It is colored red with cold concentrated sulphuric arid; this 
red color is also de>'eloped when nitric acicl is added to sulphuric 
acid. 

According to Masing, the muriatic acicl test for veratrine is 
more sensitive and quite as characteristic. If one-four-hun
dredth of a grain of vemtrine is heated for about two minutes 

1 Beitriige, etc. p. S.'l ff. 

~ Beitrii.ge fiir den gerichtl. chem. Nacbweis des Strychnins u. Vel"atrinA in tLieris
chcn Fliissigkciten u. Gewebcn. Dorpn.t. 1868. u. Phannnz. Zeitschri!t fi.ir Russlaud. 
Jabrg. 7. p. QJ7. 
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in a cubic centimetre of smoking muriatic acid, it assumes a 
beautiful red color (Trapp's muriatic acid reaction). 

We can also employ physiological tests for veratrine. Tlw 
human nasal mucous membrane is irritated by it, so that it sets 
up violent sneezing; then there is the experiment on the frog. 
11 one one-hundred and sixtieth of a grain of veratrine, dissoh•ed 
in a cubic centimetre of water acidulated with acetic acid, be sub
cutaneously injected into a frog, symptoms of vomiting very 
quickly come on, the cardiac contractions are retarded. become 
irrregular, and oease entirely after about one and a half hom. 
If large doses are administered, tetanic convulsions are super
added to the symptoms already mentioned. 

APPENDIX. 

Veratrnm album, as 'Vood' has shown, contains, beside vera
trine, two alkaloids: first, viridine, soluble in ether, producing 
muscular debility, trembling, twitchings, clonic convulsions, antl 
death by paralysis of the respiratory muscles. It also increase~ 
the secretion of saliva and diminishes sensibility, but conscious
ness remains intact; it does not cause vomiting. 

Secondly. 11eratroidine, insoluble in ether, and acting like 
veratrine, but weaker. 

Therefore, these two alkaloids will not interfere with the 
veratrine action in veratrnm, but rather aid it. 

Jervine. which is found in the same plant, has not yet, as far 
as my knowledge goes, been made the subject of toxicological 
research. 

Sabadine, accordin~ lo Weigelin.' produces at first. a slight 
acceleration of cardiac pulsation. but no other disturbance. 

Sabadilline, howev<>r, acts like veratrine. These two alka
loids, present in cevadilla seeds, do not disturb. but rather [a»or 
the action of veratri ne. 

These two alkaloids answer to almost the same chemical 

1 Americ. Med Jouru. Jan. 1870. 
2 Untersucbuugeu Uber die Alkaloide des Sab:tdillen11amen Dorpo.t. 1870. 
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reactions ns Ycratrine. The differences nre given in detail in the 
work .of " 'eigelin which we have mentioned. 

Poisoning with Colcl1icine. 

Colcb icine, €.,H,,Ne,, is a yellowish-white viscid substance, 
with a slight aromatic odor and a very strong and persistently 
bitter taste. It is solnble in water slowly, but, under all circum
stances, readily so in alcohol, but not in ether. The alkaloid is 
found in all parts o( the meadow-saffron (Colchicum autum
nale) , but most abundantly in the seeds and corms. 

Etiology. 

Poisoning by means of meadow-saffron has frequently oc
curred, and a number of such cases have been placed on record. 
Tims McGregor Maclagan' gives the history of fifteen cases. 
And more recently other instances have also been published. 
Ha (ner' slates that a child two and a half years of age ate some 
seed-capsules of the meaclow-saf!ron, and died in consequence. 
But cases ol medicinal poisoning are more frequent in which 
the tincture ancl wine of colchicum seed have been either mis· 
taken for other drugs or taken in over-closes. 'l'hus Jules Roux' 
relates the poisoning of five soldiers under surgical treatment at 
Toulon, to each o( whom two ounces o( wine of colchicum seed 
were given instead of quinine wine, and all of whom died. 

Kennard' reports a casP of a woman, fifty-six years of age, 
who was violently poisoned by an ounce of wine o( colchicum 
seed, bnt recovered Warncke' mentions three cases of poison
ing by the same tincture. A boy fourteen years of age died of 

1 Ou Colcbicum Autumn:'.l.le, etc. Monthly Journ. of Med. Science. January. pp. 
1~13 18.52. 

2 Fall von C'olchicumvergirt:i·1'J'. Wilrtemberg mecl. Corresp. ·Blatt. No. 45. 18.55. 
J EmpoisonnPment et mort de ciuq personnes par la. teinture de Colchique. Union 

med. ~o. 36. 1855. 

'Amer. Journ. Jan . 1857. 
~ Hosp. Tijd. 18G3. 6. 
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taking three ounces; a youth of sixteen poisoned himself with 
between 5 and 6 dmchms (20.0-24.0); a youth of seventePn with 
between 8 and 10 dmchms (=32.0-40.0 gl'ammes) o[ wine of col
chicum seed; both l'ecovel'ed. Forest' tells of a girl eighteen 
years of age, who took 18 pills contai ning neal"ly twenty-six 
grains of extract of colchicum, and an equal quantity of extract 
of colocynth and opium, and died in conseqttPnce. 

There is also a case of poisoning by pure colc l1ici ne, reported 
by Keller,' in whi ch a gil'l twenty years of age dl'ank a solution 
of colchicine containing about three- fifth s of a grain of colchi
cine, bnt afterwards completely recovered. 

It is impossible to state accurately whnt constitutes a fatal 
close, but the above clata may serve as inclications. The new 
German Pharmacopmia fixes thirty minims (2.0) per dose, and a 
drachm and a ha][ (6.0) per diem as the maximum, for the tinc
ture as well as the wine of colchicnm seed. 

Symptoms and Course. 

As a rule, the action of this poison runs a protracted course. 
Two hours, sometimes seven, ancl even more, may }Jass without 
the development of symptom s ; though there are cases known, 
in which the symptoms of poisoning have almost immediately 
followed the introduction of the poison. These symptoms are, 
in the first place, an intensely burning sensation in the month, 
violent pains in the bowels, of the nature of coli c, accompanied 
with vomiting and diarrhCPa. To these symptoms may be added 
intense thirst, and violent burning in the throat, msophagns, and 
stomach. The vomiting frequently returns after interrals of 
remission, and is generally preceded by nausea; the diarrham is 
also per istent, anu is sometimes hemorrhagic. In the next place, 
symptoms of disturbed cardiac action, with eYidence of acute 
drain of fluid , set in. In a few cases, the pulse is accelerated 
or only slightly altered, but far more frequently it is retarded 
and steadily lowerecl, and easily compressible. The heart-stroke 
is usually feeble and retarded, the skin is cool suhjectirely and 

1 Bull. de la Soci6tC med. de l'Aube. Gaz. des IlUp. No. 3G. 1806. 
2 Bericbt cler Kraukeuanstalt Rudolfstiftuug in Wien. 1867. 
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objectively, cyanosis spreads over the whole body, but is spe
cially observable in the features. 'l'hese sy mptoms are followed 
by slow and labored breathing; later on, there supervene sensa
tions of utter exhaustion ancl extreme muscular weakness; and 
in rare cases ringi11g in the cars, giddiness, swimming in the 
head, occasionally slight delirium ancl convulsive movements. 
As a rule, consciousness ancl sensibili ty remain intact, even up 
to the last moment. A few cases are recorclecl of sural cramp ancl 

ischnria, as in cholera. 
The course of colch icine-poisoning is always cornparntively 

slow. Death seldom supervenes within the first twenty-four 
hours, but is generally clelayecl for two ancl three clays, and e\'en 
longer. In Forest's case the girl died after seventy-four hours, 
wi th symptoms of collapse and cardiac pamlysis. If the case 
takes a favorable tum, the pnlse rises ancl the collapse g radually 
disappears; the skin becomes warmer, cyanosis vanishes, the 
pulse becomes quicker, fnll er, ancl stronger, the vomiting ancl 
diarrhcca cease. Yet even the appearance of these favorable 
symptoms does not absolutely g uarantee a speedy recovery, for, 
in the fil'st place, collapse is very apt to return in cases of colchi

cum-poisoning, and secondly, the process of recovery is always 
slow, and remains for a long time incomplete, whilst diarrhO?:i 

and occasional vomiting, accompanied by g reat muscular weak
ness, linger on for da.ys and even weeks, and may at length cause 
death by exhaustion. 

Snch was the fate of one of the soldiers of Lyons, in the case 
mentioned above, after he had sensibly reco,·ered from col lapsP. 
In Kennard's case recovery did not set in for six days. 1n that 
communicated by \Vamcke, of the youth fourteen years of age, 
convulsions, accornpanieU with dPlirium and violent scrPaming, 

did not set in before the seventh day. These last symptoms are, 
however, very rare, and the convul sions appea r to be the result 
of the onset of carbonic acid poisoning. 

Analysis ef Symptoms - Nature ef the Action qf Colcliicine. 

\Ve may classify the symptoms to which colch icine "'ives rise 
as primary and secondary. The pl'ima1·y a ffect the gas~ro-i ntes-
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tinal mucous membrane, and comprehend ordinary gastro-enteri· 
tis, which is ia itself sufficient to account for a number of the 
symptoms above mentioned, by the acute and considerable drain 
of fluid ; to this must be added collapse, cyanosis, low tempera
ture, Yomiting, diarrhma, ischuria. The secondary symptoms 
concern chiefly the heart, muscles, and spinal marrow. Schrofrs' 
experiments on animals tend to prove that colchicine is an ener
getic cardiac poison, which causes death by cardiac paralysis. 
Nothing more accurate is known as to the action of colchicine on 
the heart. · Hubler' traces death exclusively to gastro-enteritis, 
and regards all the other symptoms as secondary, and dependent 
primarily on this. Jolyet' and SchroIT, jun., found an increased 
reflex excitability in frogs after subcutaneous injection of small 
quantities of colchicine, while Sclll'off, jun., upon the introduction 
of larger doses, observed a heaviness of movements, traceable to 
paralysis of the spinal marrow. According to Jolyet, colchicine 
diminishes the power of muscular contraction in frogs, but this 
is a later symptom than the excitability of the spinal marrow. 

It is worth mentioning that vomiting and dianhma follow 
also upon subcutaneous injection. Our information as to the 
action of colchicine is then extremely scanty, so that further 
researches are necessary to enlarge our knowledge in this direc· 
tion. Rossbach hopes shortly to prove that colchicine also exerts 
a considerable influence on the sensory organs of the body-an 
ef1'ect which would accord with clinical observations. 

Diagnosis and Differential Diagnosis. 

The recognition of colchicine-poisoning is difficult, since gas· 
tro-enteritic symptoms, followed hy collapse without loss of con
sciousness, are common to an entire group of poisons-arsenic, 
for example, etc. It may be readily mistaken for acute gastro
intestinal catarrh, or confounded with enclPmic or Asiatic cholera. 
But there are obvious points of diil'erence upon which to found 
a diagnosis. In addition to the matter vomited, which may 

1 Oesterreich. Zeit.<icbr. f. prnct. lleilkunde. JI. 22-24. 1856. 
'Jenniffebe Zeit<Jobr. Bd. I. Hen 3. t8G4. 
a Gn:t. med. de Pn.ris. 1 t. Aug. 186tl. 
VOL. XVIL-47 
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possibly contain portions of the plant, the history of the case, 
easily obtainable, since there is no loss of consciousness, will be 
the best means of leading us in tlie right track. 

Pror;nosis. 

The prognosis of colchicine- aml colchicum·poisoning, when 
large quantities of the poison ham been absorbed, is, on the 
whole, unfavornble, for the obvious reason that vomiting does 
not come on for a long time, and therefore the poison has time 
to make its way into the absorbents. The most discouraging 
point in the prognosis is the fact which we have mentioned 
above, of the probability of rncunence or collapse and cardiac 
paralysis, after considerable improvement in the symptoms has 
been observed. 

Results of Autopsies. 

In autopsies in cases of colchicum-poisoning, we usually find 
the scalp, the membranes of the brain, and the Yenous sinus 
more or less hypermmic. The blood is usually thick, and of a 
dark cheny color, and only a very small portion of it is coagu
lated. The left side of the heart is usually found empty, the 
right full of blood. Dark-red spots have been found in the ceso
phagus and stomach, and even small ecchymoses iu the latter. 
The lungs, liver, spleen, and kidneys may or may not be hyper
mmic, showing that this hypenemia is a secondary and not a 
direct result of the poison. In one case,' softening of the spinal 
marrow was observed, and looked upon as au essential result of 
colchicum-poisoning. It is, however, highly probable that when 
the spinal marrow is found in an altered condition, it is only a 
casual occurrence; at any rate, this single case is not sufficient 
to prove that the poison acts upon the medulla spinalis. 

In another case' erosions were found in the bladder which 
led to the conclusion that the poison was secreted by th~ mine. 
Putrefaction and cadaveric rigidity are not intluenced by the 
poison. 

1 Warnckt:. Hosp. Tijdscb. 1863. 6. 
'Jules R!!UX, loc. cit. Un. mCd. :No. 36. 1$.3;3. 
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Treatment. 

In the treatment of persons poisoned by colchicine, the first 
object to be aimed at is emptying the stomach, if the poison bas 
been introduced through the mouth. If this is accomplished at 
an ea rly stage, the chances are favorable. Tannin is a so·calleil 
chemical antidote, since it unites chemically with colchicine, and 
iorms a somewhat insoluble compound. Tannin ])recipitates as 
lit tle as one-three-hundred and fortieth of a g rain (one-fifth of 
a milligrarnrne) of t"olchicine in solutions of 1: 2500, according 
to Dragendodl"s' staternents. The chief symptoms demanding 
medical treatment are the almost conti nuous vomiting, ancl tho 
diarrhma, which may last several days. For these symptoms 
opium and ice are the best remedies. If opium, administered 
internally, cannot be tolerated, it must he ad ministered in the 
form of an enema, and small portions of ieo must be swallowed. 
It is needless to say that the collapse which the poison proclt1ces 
demands the physican's first care. Cardiac stimulants, such as 
ether and alcohol in its various forms, camphor, or, finally, sub
cutaneous injections of acetic ether or carnphorated oil, must 
then be resorted to. 

:Moreover, the collapse must always be kept in mind when we 
give opium, as it may be promoted by the narcotic. Even when 
improvement appears to have set in , tho sti mulating treatment 
must be maintained , as experience teaches us that collapse often 
returns in a later stage of the poisoning. A number of other 
remedies may be indicated by the symptom· which arise, such as 
cold douches for stimulation of the skin, etc. 

Changes which Colchicine undergoes in the Bodies of Animals. 

Colchicine is only partially absorbed in the intestinal canal; 
ancl this absorption proceeds very slowly, so that in a given 
space of time only a very small quantity or the alkaloicl is re-

1 Beitrlige. p. 79 ff. 
1 Dnirtendorjf's ReitrKge, etc. p. 79 ff. ; and Beitriige zu dem gerichtlich·chemiscbeu 

Nacbwcis des Colchicins. Dorpnt. 1870. 
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ceiv~d into the circu lation. Speyer' made numerous experi
mPnts on cats with colchicine, under Dragendorff s direction, and 
fou nd a large quantity of the alkaloid in the fmces and .in the 
contents of the large intestine, whereas none was found m the 
small intestine, especially its upper part. The poison was almost 
constantly detected in the urine; it could not, however, be dis
covered in the blood or the tissues. 

In spite of the most careful examination, these investigators 
never succeeded in recovering the full quantity of the poison 
introduced, whence they concluded that a part of the colchicine 
absorbed is decomposed in the organism. 

Tests for Colchicine. 

From what has been already said, in testing for colchicine we 
must look for it in the freces, in the contents of the large intes
tine, ancl in the urine. The poison may be separated from these 
organic substances by acidnlating with dilute su lphuric acid, and 
digesting them for a long time with alcohol. After filtration the 
alcohol must be distilled off, and the residuum shaken wi th ben
zine or chloroform, or a mixtn re of both. vVhen these fluids are 
evaporatefl, the colchicine remains behind in snffi cient purity to 
be usecl for reactions. Chloroform ex tracts other substances 
besides colchicine from organic mixtures, and so does benzine, 
but in a much less degree. " re can, therefore, especially when 
testing for it in the urine, first extract the alcohol-residnum with 
chloroform, then withdraw and evaporate tha t, ancl extract the 
remai ning residuum with benzine, and this, when it is evapo
rated, leaves the colchicine purer than the chloroform does (Dra
gendol'ff a ncl Speyer). 

The evidence of the presence of colchicine rests chiefl y on the 
yellow color it gives with hydrated sulphuric at'id and the color 
test with nitric acid. Hydrated sulphuric acid gives a yellow 
color. clearly discemible. according to Dragendol'fI, even in on8 -

twelve-hnnc1redth of a grain (one-twentieth or a milligramme); 
the nitric acid reaction is discernible in one-three-hundred and 
thirtieth of a grain (one-fifth of a milligramnw). This latter tes t 
depends on the fact that nitric acid-specific gravity 1.4-dis-
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solves colchicine with the development of a violet color, passing 
into blue and then into yellow. Dragenclorff recommends the 
application of both tests in the following manner : he clissol ves 
the substance containing the colchicine in eight minims of hy· 
drated sulphuric acid, aucl allows it to stand about twenty-four 
hours under a bell-jar, and then he aclcls to it one drop of nitric 
acid of 1.3 to 1.4 specific gravity. The fluid immediately becomes 
of a green color, then blue, violet, ancl finally pale yellow. This 
test, thus applied, gives a characteristic reaction, e.-en in one
seven-hundreclth o[ a grain (one-tenth of a milligramme). 

Frogs are very little sensitive to the action of colchicine, so 
that the physiological test which these animals afford in most 
cases of poisoning by the organic alkaloids fails us here, for even 
with a fatal close (about ten miligrammes = one-sixth of a grain) 
they present no very characteristic symptoms. 

Poisoning with Helleborin allll Ilelleborein. 

Several species of hellebore contain the glucosicles helleborin 
and helleborein in varying quantity; among these are Flelleborus 
orientalis, ponticus, viriclis, fmticlus, uiger, purpurascens, ancl 
their varieties. 

Schroff,' and more recently Marme' ancl A. Flusemann, have 
been chiefly concemed in investigating the alkaloids contained in 
these plants, and in examining ancl isolating them. 

Schroff first examined thoroughly the action of the clifl'erent 
species of hellebore, and fonncl in them two distinct poisons, one 
an acrid ancl the other a narcotic principle; he obtained a prepa
ration in the form of a waterv extract which contained mol'e of 
the narcotic imgreclient, while ~dth alcohol he extracted the acrid 
principle in considerable quantity, and he proved that Vauqne
lin's helleborin differs from that of Bastik. 

1 Pr5ger Vierteljahrschrift. LXU. p. 4!l. 1850. nnd LXIII. p. 95. 1850. 
9 Zcitscrift Ci.ir rat.ionelle Mediciu von Ileule unJ Pfeuffer. III. Reihe. Bd. :X.XVL 

i8G5. pp. 1-98. 
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A. IIusemann and hlarme succeeded in separating these sub
stances in a pure state from Helleborns viridis and niger . 

According to them, llelleborein is an inert non-nitrogenous 
substance; it is a glucoside, bas a sharp taste, excites sneezing, 
is del iquescent and darkened by exposure to the air, is readily 
soluble in water and proof spirit,"but almost insoluble in ether. 
IV!Jen heated with sulphuric acid, it decomposes into sugar and 
a violet-colored substance in a moist condition, helleboretine. 

Jlelleborin consists of white, glistening, acicular crystals, 
which are tasteless, and in solution produce a burning sensation 
in tile mucous membrane or the mouth. It is sparingly soluble 
in water and ether, readily so in alcohol ancl chloroform. It 
decomposes into sugar and another substance, helleboresin. 

The plants which contain these substances were frequently 
the cause or poisoning in former times, especially from persons 
eating the powdered root or swall owing a decoction prepared 
medicinally from them. \Ve have absolutely no reports of simi
lar cases in modern times. 

The symptoms which these poisons give ri se to in the human 
subject mainly affect the ne1Tous centres: S\\"imming in the head, 
stupor, gicldiness, sing ing in the ears, uneasy sleep, sometimes a 
state of sopor; to these succeed symptoms affecting the circula
tory system, diminution of cardiac pulsation, loss of cardiac 
power, clistres8, anxiety, weariness; then follow certain disturb
ances or the alimentary tract, as increased sPcretion of the saliva, 
violent pains in the stomach ancl intt-'•stine, vomiting, sometimes 
diart·hma. Death is cansed by cardiac paralysis, and is preceded 
by collapse; this last symptom is partly dependent on the vomit
ing ancl the diarrhma; these, especially in the case of small closes 
frequently administered, frequently set in violently, showing a 
decic1ec1ly cumulative action of the poison. The pupils are some
times dilated, sometimes they are unal terecl. 

Hellebore-poisoning, as thus described, resnlts from the joint 
action or the two active princi ples contained i11 the plant. 

Ilelleborein acts chietly upon the heart, in the same way as 
digitali s, but more powerfully; the heart-strok e is retarded, ancl 
only becomes accelerated immediately before the approach of 
death; the blood-pressure is at first increased, as in the case of 
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digitalis, but afterwards diminished; respiration becomes slo11· 
and labored, but continues after the heart has ceased to beat. 
Conrulsions are rare; the pupils remain unaltered. 

lfelle/Jorin, on the other hand, creates great excitement and 
restlessness, succeeded by paralysis of the lower ext remities ; thi s 
paralysis may extend over the whole bo<ly and pass into pro
found stupor and general anmsthesict. The pupils are dilate<l by 
helleboriti. 

Both poisons act simi larly upon the intestinal canal, produc
ing salivation, vomiting, dianhrea , etc. IIeJleborns niger acts in 
the manner described above; Ilelleborus viri<lis pl'Ocluces more 
intestinal symptoms than the Ilelleborus niger; lielleborns ot"ien
talis has the strongest effects; Ilelleborns fmtidus is less power
ful. but more so than Ilelleborns niger (Schroff) . 

It is rem,irkable that in autopsies we find no sip;ns of gastro
enteritis; hyperremia and even hemorrhage are often foun<l in 
the brain; the sp inal marrow also is often injected, its resiotance 
appears to be diminished, and it is often the seat of extravasa
tions (Marm6). 

Both substances are absorbed from the mucous membrane 
of the stomach, and are pl'Obably separated unchanged by the 
urine. \Vhen poisoning is suspected, the matters vomited and 
the contents o( the stomach must be tl1e pt'i11cipal objects of 
chemical inves tigation. This poison, and especially hell eboreiu, 
can be extracted in a tolet'ably pure form from its organic admix
ture by dilute sulphmic acid, ancl by subsequently shaki11g with 
chloroform or amylic alcohol. 

This, when snfficieutly pure, if treated with concentrated sul
phnl'iC acid, g ives almost immediatdy a beautiful l'e<l color, 
which gradually becomes violet; but if it is impure it may easily 
be confounded with digitalein, with which it has many properties 
in common. 

'l'he pltysiological test of helleborein depends on the fact that 
in a frog poisoned with it cardi ac pulsations become grndnall_r 
slower, and, generally without the occurrence o( any irl'egulari
ties in the cardiac cont raction, the heart, after a short time, is 
arres ted in diastole. The ca rdiac muscle, however, remains for, 
some time sensitive to direct irritation. It is evident from what 
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has been said that the physiological test for this poison is by no 
means very characteristic. 

Poisoning with Aconitinc and Plants containing it. 

In the year 1833 Geiger and Ilesse obtained aconitine from 
the herb Aconitum Napellus, and Planta gave the following for
mula for it: 6,.II.,NO,. All other species of aconitum contain 
the same alkaloid, only in varying quanti ties. Aconitum lycoc
tonum, according to lluebschmann,• is the ouly species tha t con
tains no aconitine, but another alka loid, lycoctonine. But plants 
containing aconitine contain also another alkaloid; thus Iluebsch
mann di scovered acolyctine, and T. and H. Smith di scovered 
another base, viz., aconelllne, in Aconitum Napellns; and the lat
ter, according to J ettelet, is iclentical with narcotine.' 

Chemists disting uish Germa n, English, and French aconitine, 
according as they are prepared from different varieties of napel
lus, and these contain other substances besides aconi tine. Ger-
1nan aconitine has not a lways the same properties, but varies 
according to the dillerent manufactories and modes of p repara
tion. It is generally colorless, am01·phous, free from odor, and 
unaltered by exposure to the ail". It has a very bitter taste, and 
leaves a burning sensation in the throat. This burning sensation 
varies in degree, according to the different preparations. It has 
a strong alka line reaction, is sparingly soluble in water, readily 
so in alcohol, ether and chloroform, benzol and amylic alcohol. 

The E nglish aconitine, which is p repared by Morson by a pro
cess which is kep t secret, is al so call ed pure aconitine or napel
line, and difl'ers in several poin ts from the German, which is 
more like the French. Morson's aconitine is generally a white 
granular substance, wi thout deei<led crystalline strnctu rn ; it is 
less readily soluble in alcohol and chloroform than the Germa n, 
ancl has a sharp, but not bit ter, taste. The English aconi tine i:; 

1 8l'e Jfrl.~rmrmn. Die Pflanzeustoffc , etc. p. 2 11. 
' See ll!tsmwnn, Ibid. 
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a much stronger poison than the German; indeed, it is essen
tially different from it in its quantitative action. Duquesne! was 
the first who obtained a crystalline form of aconitiue; he as
signed to it the formula C,,H,,NO,.. This crystalline aconitine 
is most probably also contained in the non-crystalline prepara
tions. 

Etiology . 

.A.conitine-poisoning may arise either from the alkaloid itself, 
or from the leaves, fl owers, or roots of the various species of 
aconite (in Germany the most important is the Aconitum Napel
lus), and the preparations, extracts, etc. , prepared from these 
plants, when introduced in sufficient quantity into the system. 
The maximum dose of aconitine, according to the new German 
Pharrnacopcnia, is 0.004 (one-seventeenth of a grain) per dose, 
and 0.03 (nearly half a grain) per diem. Of the extract o[ aco
nite, the largest close is three-eighths of a grai n, and a grain and 
a half per diem, for medical purposes. Doses of three-quarters 
of a grain of aconitine may, however (Husemann ' gives a case in 
point), be given for several consecutive days without any mis
chievous results. Schroff' has shown that six grains of aconi
tine in alcoholic solution was not fatal to rabbits, but as mnch 
as twelve grains in twenty - four hours was requ ired to kill 
them. Tolerably laige closes of extract of aconite may also 
be taken without fatal consequences, as appears from the re
searches of Schneller and Flechner,' who took as much as 26,\
grains, without destroying life, though symptoms of poisoning 
occurred. Of Duquesnel's aconitine, one-th irteen-hundredth of a 
grain was sufficient to paralyze a frog. and one-seventieth of a 
grain to kill a rabbit. Cases of poisoning by the various species 
of aconite are mostly observed in England; in Germany they 

1 Hn.ndbucb dcr To:x ikologie. p. 571 . 
' Jou.m. f Phnrmacodynamik. I 3. 1857. 
3 J. &lmeller, Phn.rmncolog. Studien. Zcitscbr. der Wiener Acrzte. Mii.rz, 18·16. p, 

39 ff; o.nd Sclmellcr and F'teclmcr, Beitriige zur Pbysiologie der Arweiwirkungen I. 
Zeitscbr der Wiener Acrzte. Mai1 1847. 
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are rare, still they do occasionally occur. Koch' communicates 
a case o( a powerful man, 30 years o( age, who died in three 
hours from partaking o( a porridge of meal and aconite rnots, 
which had been mistaken for horse-radish. 

A child' two years and seven months old ate some aconite 
leal"eS, and died very rapidly with symptoms of intestinal inflam
mation. Dr. Ogier "'ard' describes a case in which a family 
was poisoned, also by mistaking the roots of Aconitum Napellns 
for horse-radish. A woman was preparing mixed pickles, and 
her daughter added one pound of aconite root to them instead of 
horse-radish. All four persons recovered, but not without hav
ing been seriously ill. Tincture of aconite has also led to poi
soning of a mol'C or less Yiolent nature. A case of suicide' by 
tincture of aconite is also on record, which ended fatally in five 
hours. In a case described by Strecker,' a man fifty-seven years 
of age, who was suffering from asthma, took a tea.spoonful of 
tincture of aconite and died in two hours. A series of cases of 
poisoning with Aconitum ferox occurred in Constantinople in 
the following manner: Aconite root had in Calcutta been mis
taken for jalap root, and sent as jalap to Constantinople,' where 
it was used as apcricnt medicine. Johnson' repo1ts the case of a 
man who mistook tincture of aconite for some alcoholic beverage, 
c1rank perhaps the equirnlent of a teaspoonful, and diec1 in con
sequence. A similar case is given in the Phannaceutical Jour
nal,' in which an apothecary's man died in two hours from taking 
an unknown quantity o( tincture o( aconite. 'Ve have also an 
account o( a family of five persons who partook of some salad 
into wl1ich aconite root had been introduced instead of celery;• 
two of them died in three anc1 a half hours. A woman suffering 

1 Wi1rtemberg med Corresp -Blntt. No. 35. 1856. 
'Accidental Poisoning by the Lea.ves of .Mollkshood. Lancet. June, 1856. 
3 Brit. l\ted. Journ. Dec. l, 1860. 
~ The Lancet. l\Iny, 1855 

"Edinburgh Med. Joum. YJI. p. 259. Sept. 1 1861. 
6 &!troff, Zeitscbr. des Oesterr. Apotbeker Vercins. Ill p. 173. 1865. 
~Lancet. Feb. 1867. 
•Sept. 181. 1868. 
9 Journ. de Chim. 1\[cd l\Iai p. 2-18. 1868. 



ACONITINE. 747 

from acute rheumatism' took internally a mixture of chloroform 
and tincture of aconite, which was intended fo r external applica
tion, and was poisoned. Dobie' has reported the case of a veter
inary surgeon, who, in a state of intox ication, took an ounce of 
tincture of aconite (Fleming's tincture), and recovered, whereas the 
same dose killed a man-servant.' In addition to all these cases, 
there is a series of cases of poisoning recorded which took a fa
vorable turn, and ended in Tecovery. One of tlwse, reported by 
Easton,' refers to an attempt to commit suicide by means of three 
drachms of Fleming's tincture of aconite ; in th is case, recovery 
fol lowed the use of emetics. Brown ' also describes the case of a 
woman tllirty-one years of age, who took by mistake twenty-firn 
drnps of tluid extract of aconite; very severe symptoms of poi
soning followed ; still the woman recovered. J . St. Clair Gray' 
reports another case, of a nurse who took by mistake a li tt le o>er 
one drachm of tincture of aconite, and recovered, notwithstand· 
ing very violent symptoms. I t would seem that much largPr c1osPs 
of tincture of aconite than thi s may be taken without danger, 
from rrurchelti's' and Ne1aton's' recommending it, in doses of 
from half a drachm to a c1rachm, • in pyremia. The case of nim
inal poisoning by Dr. Pritchard, in 186.), by means of a mixture 
of tincture of opimn and tincture of aconite, is worth mentioning. 

Symptomatology ancl Course. 

The most accnrate observations upon the snbjcctivc an cl objec
tive sy mptoms proc1nc0c1 by moderate doses of aco ni te l,;ne 
been made by Fleming 10 and Schneller and Flechner (Joe. cit.). 

1 Pharmac. Journ. and Transact. 1870, p. 307. 
' Brit. Med. Journ. Dec. 22. p. GS2. 18i2. 
3 Brit. 1\Ied. Journ. No. 23. p. 579. 1873. 
4 Lancet. II. No. 2. p. 34. l SGG . 
~Boston Med. and Surg Journ. July 21, 18i0. 
'Glasgow Med. Journ. Aug. 492. 1870. 
~ Gazetta Sarda. 23. 1857. 
6Qaz.des H01:rit. 29. 1857. 
1 lt is hardly necesi;i.ary to say that no such dosei; could be allowed of the U. S. 

tincture, and they would be excessive even of the weaker .British tincturo.- 1~. C. 
10 Ueber die physiolog. u. tbera.p. Wirkungen des Eisenhutcs. Ocsterr. med. Wocben· 

schr. p. 3VV. 1840. 
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Fleming observed as the result of small doses- single drops, 
fo r instance-of the tincture, a sensation of heat and nausea, 
gastric oppression, rigidity of the muscles a ncl formic~tion, 
muscular weakness, swelling of the lips ancl tongue, lassitude, 
diminished frequency of pulse ancl respiration. The duration of 
these symptoms is from one to three houl's. " Tith la!'ger closes, 
abot1t ten drops, sensitiveness of the skin was diminished , pulsa
t ion and respiration still more; then foll owed gicl cliness, coldness 
of the ex tremities, nnd this condition lnstecl from three to five 
hours, torpor continuing still longer. Fifteen clmps of tincture 
of aconite destroyed the sensitiveness of the skin, produced great 
anxiety, feebleness of voice ancl of power of motion, a reduction 
of the pulse to 40-36, which at the same time became feeble, 
small , ana irregular ; then fainting-fits set in, while the respira
tion was either rapid ancl superficial, or slow, deep, ancl spasmod
ic. This condition lasted between one and two clays. 

Still larger closes pmclucecl collapse, cold clammy perspira
tion, loss of hearing, sight, and speech, dila tation of the pupils, 
trC> mbling and cramps of the extremities, ancl fainting-fit s, fol
lowed by death. Schneller a ncl Flechner made experiments on 
themselves, taking from ! a g rain to 20! grains of extract of 
aconi te. The symptoms produced were violent ernctntion , dull 
headache, ancl, even with small doses up to 5 grains, diminution 
of the alvine evacuation. With lal'ger closes, up to 10 grains, 
there followed distention of the abdomen, dryness ancl tickling 
in the throat, depression of spirits; di sturbed sleep, acceleration 
of the pulse, ancl palpitation of the heart. ·with 20 g rains and 
upwards, the abdominal symptoms and the headache were aggra
vated, the tonsils became swollen, pains in the back a ncl in the 
region of the heart came on, ancl there was failure of memory, 
etc. 

The symptoms which a ttend cases o( real p oisoning are gene
rally the fo llowing : 

In many cases, especially when tincture of aco ni te has been 
taken, inflammation of the mucous membrane of the mouth ap
pears; this is followed in most cases by p l'i cking, numbness, and 
)"'ralysis of the tongue ; articula tion is often vd'y diffi cult; pain 
rn swallowrng and swelling of the tonsils have also been observed; 
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and frequently there is salivation . Vomi ting and other func
tionn.l disturbances follow. The cardiac pnlsa tions are retarded
thus O' Connor' has recorded a case in which the pulse was re
duced to 40-20 in the minu te-and at the same time it becomes 
feeble, thread-like, and finall y irregular; the heart-stroke becomes 
fainter and fainter, and scarcely audible. The cardiac symp
toms last n. considerable time, for Evans,' even the day after he 
had given three-quarters of a grain of extract of aconite root to 
an emphysematous patient, could only connt 55 pulsations, and 
that after the more violent symptoms had disappeared for three 
hours. 

In slighter cases the respiration does not seem to be much 
afiectecl, at most somewha t accelerated ; but in severe cases the 
respiration becomes less and less frequent, irregnlar, ancl sigh
ing; in the most severe cases it fail s entirely. The temperature 
o( the body is lowered , at least a t the periphery; coldness of the 
featnres and cold clammy perspiration are invariably obsen •ecl . 

The patient constantly complains of great muscular weak
ness; slight muscular rigidity is apparent to the patient as well 
as to the physician. At the same time, certain muscles may be 
convulsed, e. g., the facial muscles or some muscles of the ex 
tremities. Actual tonic convulsions have been very seldom 
observed, and when they occnrred, as in one of the cases men
tioned by Ozier \Varel, they were probably rlepenclent on other 
circumstances ; the convulsions which immediately precede death 
n.re to be regarded n.s consequences of the supervention of car
bonic acid poisoning ; the feebleness of the voice and respimtory 
organs may also be connected, n. t least partially, with the mus
cular weakness. 

As a rule, consciousness is undistnrbed, al though headache, 
more or Jess violent, is never absent ; the marked anxiety does 
not depend on the action of aconi tine on the brain, bu t is due to 
the disturbances of respiration ancl circnla tion. Delirium has 
certainly been observed in a few isolated cases, but so rarely that 
it cannot be attributed di rectly to the aconite. Affections of the 

1 Dublin Qunrt. Journ. Feb. 1857. 
~ Brit. Med. Journ. Sevt. 21 , 1861. 
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sight are very constantly reported: dimness or mistiness of Yision, 
temporary amaurosis, amblyopia, partial blindness, etc., with 
dilated pupils, which are scarcely ever absent. 

In the abdominal region the most constant symptom is violent 
pains in the stomach: severe colicky pain has been very rarely 
observed, and diarrhroa still more rarely, but constipation is fre
quent. l\Iicturition is in almost all cases arrested during the 
action of the poison. 

The symptoms of poisoning follow very soon after the intro
duction of aconitine into the system, or portions of the p lants or 
preparations containing it. "'hen the poison is injected directly 
into the blood of animals, death ensues in a few minutes. It1 
human subjects the effects of the alkaloid introduced through 
the month usually set in in the course o( half an hour, as in 
Evans's and Easton's cases, seldom sooner or later. The dura
tion of the poisoning is usually very short. Cases' are kno"·n 
in which death occurred two, three, or five hours after the intro
duction of the poison. Recovery is also tolerably rapid in most 
cases: in Brown's case in fot1r hours, in O'Connor's in three 
hours. '\Vhen the case takes a favorable turn, the hope[ul symp
toms set in pretty soon; in Evans's case after three hours. The 
recovery is generally complete, for the sensation of muscular 
weakness, the retardation of the pulse, headache, etc., last only 
a few hotll'S after the more violent symptoms; only the tingling 
in the tips of the fingers and in the tongue sometimes lasts rather 
longer. 

Analysis of Flymptoms.-Oltaracter of Aconitine Poisoning. 

The striking efl'ect upon the mucous membrane of the month 
and nose, the salivary glands, and the mncons membranes of the 
stomach, depends upon direct irritation of the sensory nerves and 
the vessels of the parts affectecl by the acrid poison. As this 
acrid principle is present, in varying proportion, in the clifl'erent 
plants, and parts of plants, and also in the various preparations 
of aconite, therefore this effect is not always equally observable 

1 Dr. Strtcker1 Edin. Med. Journ. VIL p. 2.>0. Sept., 1801. 
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in all cases of poisoning. The vomiting is most probably a refl ex 
action, dependent on the irritation or the sensot·y nerves of the 
stomach. 

The main effect of aconitine and the actual cause of death is 
its influence upon the action of the heart. Experiments made 
on animals show that even in their case, as a rule, diminution of 

the frequency o( cardiac pulsation , loss of power, and irregu
larity of cardiac contraction, follow the administration of small 
as well as large doses. According to Achscbarnmow ' the vag us 
is first centrally excited by the German acoui tine, and the car
diac pulsation consPquently retarded ; thi s sta tement is, how
ever, questioned by Boehm and \\' artmann. Subsequently, the 
terminations of the rngns are paral yzed, and an increase in the 
frequency of the heart-stroke woulcl necessaril y follow if the 
intrinsic motor cardiac nerves Imel not themselves meanwhile 
become paralyzed . Later on, however, the cardiac muscle itself 
appears to be paralyzed, since, according to Boehm's experi
ments, there was a stage in which st imulation o( the hear t at 
its apex fail ed to excite contraction. According to Boeh m' s ' 
researches, the ventricle in frogs is much more strongly affected 
and much more rapidly paralyzed than the auricles, which re
main excitabl e for some time longer. Boehm also asserts tha t 
minimum doses from one-seven-hundred th to one-seventieth o( a 

grain given to frogs a t first produce increased frequency o( the 
heart-stroke, about 10-30 beats; b t1t he, like Achscharnmow, 
observed a subsequent retardation, which began wi th a cramp
like arrest of cardiac action, a ncl passetl into complete paralysis. 
According to Boehm, therefore, aconi tine first excites the cardiac 
motor centre, then paralyz<'s the inhibitory centres, bu t at the 
same time also the excito-motor ganglia and the cardiac muscle 
itself. The results of thi s card iac pa1·alysis are naturally clyRp

nma ancl carbonic acicl poisoninp-, wi th com·ulsions. The blood
pressure is increased at the outset oE the poisoning, bu t la ter 
on it is found to be constantly lowered, which is in accordance 
with the action on the heart. Hespiration is constantly retarded 

1 Arch. f. Anat. u. Physiolog. p. 255. 1860. 
2 Ueberllcrzgi fte. p. 2C if. 
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by aconitine. It is not yet decisively proved whether this is the 
efl'ect of paralysis of the extremities of the vagus in the lungs, or 
of paraly is of the respiratory centre in the medulla oblongata, 
or of both combined. It is most probable that the respirator~
centre is paralyzed; for the retardation of respiration is chiefly 
dependent on the state of the muscles of respiration, and they, 
like the rest of the striped muscles, are directly affected by 
aconitiue-that is to my, the extremities of their motor nerrns 
are paralyzed by this poison as by curare, as appears from the 
investigations of Leonidas van Praag,' Schroll',' Liegeois, and 
Hottot.' Boehm and 'Vartmann, • on the contrary, never suc
ceeded in finding paralysis of theextremitiesof the motor nerves, 
whereas they did observe fibrillar twitchings of the muscles, 
which they attributed to excitement of the intermuscular PX· 

tremities of the nerves. The reports on the influence of aconitine 
on the sensory nerves differ from one another in the most essen
tial points, and it is probable that these contradictory results 
with regard to this point, as well as with regard to the action of 
aconitine on the heart and the muscles, were dependent upon 
the difl'erence of the preparations employed in the experiments. 
The most important and most obvious symptoms which are ob
served clinically in cases of poisoning are alterations in cardiac 
action, in respiration, and in the condition o[ the striped muscles, 
and these are accounted for in a tolerably satisfactory manner 
by what has been said above. The lowering of the temperature, 
the subjective symptoms, anxiety, etc., are explained by the 
altered cirClllation. Death caused by aconitine is distinctly due 
to its effect upon the heart, as is proved by the series of symp· 
toms observed in the human subject aud by experiments on 
animals. 

The c1ilatation of the pupils observed in many cases of poi
soning is probably not directly dependent on the action of aconi-

1 Virch. Arch. p 458 ff. 1855. 

' Wocbenbl. d. Zeitsebr. d. Gesellscba.ft. d. Aerzte ru Wien. No. 18. 1855. und Pra· 
ger Yierteljahrschrift. 18.'.i4-. XI. 2. 

1 Journ. do Physio\ogie. IV. p. 520. Oct. 1861 i and Ilottot, Jonrn. de l1Ana.t. et de 
la Pbysiolog. Mars. 118. 1864. 

'Vcrbandlungen der phys. med. Gesellsch. in Wilrzburg. N. R. III. 63. 
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tine, bnt is possibly only a symptom of carbonic acid poisonino- · 
at least, we cannot sncceecl in producing dilatation o( the pu1~il 
by direct application o( aconitine to the conjunctirn. 

Results of .l:wtopsies. 

'Ve possess a number of reports of autopsies in cases o( fatal 
aconite·poisoning, but they are so much at variance with each 
other that it is impossible to find in them characteristic phenom
ena. Thus Koch found the face reel ancl swollen, whereas others 
have cli scoverecl a rPmarkabl e pallor ancl bl oodlessness o,·er the 
whole surface of the body. In many cases the lips and the 
mncons membrane of the throat arc fotrncl to be destitute or epi
thelium; very often the mucous membrane or the mouth ancl 
throat is remarkably red ; this hypermmia abo extends to the 
stomach; o[ course, these appearances are onl y found when the 
poison has been introduced through the month. Some harn 
observed a hypermmia o[ the brain ancl its membranes. which in 
a rew casps may lead ancl has led to ex trarnsat ion. The Jung is 
constantly found in a hyperwmic condi tion ; fluid is somet imes 
found in the serous cavities : the Ji,·er, spleen, and kidneys are 
all engorged. In a large majority of cases tlw blood is reported 
to have been fluid , and uncoagulated ; the color o( tlw blood is 
in sonw cases cherry-red, in others darker. The heart is fla cc id, 
and the rigl1t ,·entricle constantly full of blood . The small intes
tine is hypt'rmmic. with small patches of intlammation here ancl 
there, which in a. l:Pw ruses may have become ga ngrenous. The 
bladder is ge1wrally strongly contmctecl. POl·tions of lhe clrug, 
small pieces of the root, etc., are sometimes fotrnd in tlw contents 
of the stomach ancl the intest ine, and can be identified by their 
histological character. On the "hole, the re$ults of antopsies are 
altogether insufficient for the recognition of acon itine·poisoning. 

Diagnosis and Differential D iagnosis. 

It is very diffi cult to diaguose aconitine-poisoning by clinical 
observation alone, for although we may be convinced that it is a 
case of poisoninµ-, yet there may be many difficulties in the way 

V6L. XVII.-48 
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of disco,·eJ"ing what the poison actnally is. ThP grad ual diminu· 
tion in tlw frequency of the pulse and of the respiration, together 
with d iffi culty of s""a llowing and speaking, rnay afford some 
ground for a diagnosis. and there is less disturbance of the sen. 
sorium than in cases of 1mre narcotic poisoning . 'rhe diagnosis 
is consitlerably facilitated if portions or the plant are found in 
the matters vomited. if the lips are excoriated, if the patient 
complains of fonnication, tingling of the tong tw, etc. Great 
muscu lar debi li ty is al so an important symptom, as is myclria
sis, though this is usually slight. Aconitine-poisoning, as cli s
Lingui slwd from poison ings by other alkaloids, may he mistaken 
for poisoning with vegetable acids, or it may be confounded with 
cerebral disease. 

P rognosis. 

The prognosis is generally unfarnrable if a considerabl e quan
tity of the poison has been abs01·bed; of German aconitine from 
a grn in and a half to a grnin and four-fifths is consicle1·ecl to be 
a fatal dose, while, according to Tay lor, much smaller closes of 
the English aconitine are suffi cient to destroy life. The prog
nosis is most favorable when copious vomiting has set in early. 
As aconit ine is one of the most active poisons, the prognosis is 
Lh e morp hopcfnl the longer the illness has lasted. If from six 
to eigl1t hours have elapsed since the intrndnct ion of the poison, 
there is probability of recovel'y. IC we snccet'd by treatment in 
improv ing the condition of the hea rt, this furni shes another im
portant basis for the prognosis. 

Treatment. 

In the treatment of poisoning by aconite, the first thing to be 
clone is to administer an emetic, Ol' we may need to use thP stom
ach-11nmp, to get rid of the poison not yet absorbl'd. At the same 
tim e, tlw ordinary chemi ca l antidotes, namely, tannin ancl iodine, 
may be aclministerecl. Bnt the most important point, at a later 
stage, is to treat the sym~toms. ancl l!:;:;pecially to g ive stimulants, 
to avert threatened cardiac paralysis; alcohol, e tlwr, a nd cam-
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phor are the hest ; irritants of the skin, electricity, elr., should 
al so be employed. J. St. Clair Gray appears to ha1·e found the 
tincture of nux vomica u sefu l, but as the dose which hail been 
taken consisted only of se1·enty chops of tincture of aconite in 
one case and fifty in another, not absolutely fatal doses, anil 
as wine and ammonitun carbonate were employed at the same 
tinw, no decisive conclusion can be drawn as· to the action or 
thi ti clrng. In D ob ie,s case, in which a veterina1·y su rgeo11 hncl 
taken an OllllCe or Fleming·s tincture or aconi te, two drops of 
whieh killed a sparrow in three and a half hours, recovery was 
brought about, in s pite or vi olen t collapse, by the employment 
of .emetics, elect ricity, and subcutaneous injec tion of thirty drops 
of tincture of digitalis. 

Changes which Aconitine Undergoes in the Organism of Animals. 

Aconitine, which is to a great extent soluble in the gastric 
juice, i ~, when taken into t he stomach, in part absorbed into the 
bloocl and in part excreted with the fmces unchanged. This 
excretion by the intestine is tolerably rapid in tlw first instance, 
but in a later stage it is slow. Thus Drag~nclorff cou ld detect 
considerab le quanti t ies of aconitine in the stomach and in the 
Rrnall and large intestine of a clog which had been shot seven 
liours after the in troduction or four gmins or aconiline. That 
porlion of the aconitine actually absorbed cirnulates through nil 
the organs, and the greater portion or it is finally excreted un
altered in the urine. Dragendorff succeeded in detecting the 
alkaloid in the blood, in the li ver, in the kidneys, in the urine, 
and also in smaller q uai1ti ties in the gall-bladder, in the lungs, 
and in the hea1·t. 

Chemical and Physiological Tests. 

The best reaction by means o[ which aconitine can be detected 
when in a pure condilion consists in dissolving the alkaloid in 
concentrated su lphuric acid, i11 which it at once dissolves with a 
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yellow color; i[ large quantities of it are present the iluid be
comes brown in from one to two minutes, then changes gradually 
to reddish-brown, and finally violet-red, which last color gradually 
di sappears, so that after abont twenty-four h ours the fluid i; 
colorless. The violet-red color is observ<•d, in tl1e case of small 
quantities, within two honr::;-in ]arger orws not till aftPL· four or 
five hours. If we use a small watch-glas; for this reaction, it is 
possibl e to recognize any quantity exceeding one-one-hundredth 

o.C a grain. 
AconiLine is thrown down from its solution hy molybc10-phos

pho1·ic acid, at fast as a gray precipitate, which later on becomes 
bluish, and which is colored blue by ammonia. It is thrown 
clown in solutions containing only one-one-thousandth of a grain 
of aconitine in one and two-thirds ounces of water. Tincture of 
iodine and chloride of gold and tannic acid also throw clown 
aconitine. 1 

The physiological test of the poison clPpencls on its effec t on 
tlie frog. According to Achscharumow and Aclelheim, the symp
toms produced are paralysis of the hinder extremities, loss of 
re!lex action in the lower half of the spin:tl manow, then paraly
sis of the fore-limbs, and, finally, the heart is arrested in diastole. 

The development of this series of sy mptoms, when one-seven 
tieth o.C a grain o[ aconitine has been subcutaneously injected, 
may last several hours, but death frequently d oes not ensue for 
several days. In applying thi s test the aeonitine is combined 
with acetic acid by moistening the dry alkaloid with that acid, 
drying it a t 176° Fahr., and then dissolving it in water. 

The separation of the poison from orga nic snbstancPs is 
efl'ectNl, as in the case oi other alkaloids, by ex traction with 
water charged with sulphuric aciJ. 

Shake the purified acidula ted watery extract with petroleum 
ether, neutrali ze it with excess of ammonia, a nil then shake it as 
qnirkly as possible with benzine. Tlw lwnzilw, wl!Pn eraporated, 
leaves the alkaloid in a sta te suffi ciently pure for the chemical as 
well as the physiological test.' 

Helwig ' states that aconitine in small quantiti es, when rare-

1 DrageMlor.fi~ Beitriigc, ct_c. p. G4.. ~ For ~urtber detu.il~, flCe Drauendorj)~ l. c. 
3 Dae Mikroskop m der Tox1kologie. p. 01 ff. 
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fully heated, yields a s ublimate consisting of granular particles 
mixed with little drops of oil, which is converted by vapor of 
ammonia into delicate acicnlar crystals, and by muriatic acid 
in to beantiful little octahedral crosses and stars. All these crys· 
tals deliquesce very rapidly. 

Poisoning with Delphinine aml Plants containing it. 

Delphinine, 8,.I-I,,N9,, was discovered in 1819 by Brandes, al so 
by Lassaig 11e and Feneulle in the seeds of stavesacre (Delphi
nium Staphisagria), which plant contains also another alkaloid, 
namely, staphisagrine. Delphinine is probably present also in 
Delphinium Consolicla (larkspur) and Delphinium Ajacis. It 
appears a:3 an amol'phons ".,. hite mass, often presenting a resinous 
appearance. I t has an alkaline reaction and a very acrid taste. 
It is spa ringly soluble in water, more readily so in alcohol, ether, 
chloroform, a nd benzol. 

The poisonous qualities of delphinine were established by 
Orfila by expet·iments on dogs. There are very few instances of 
human beings having been poisoned by this allrnloid, and the 
only ease n •ported of poisoning by delphinine is one by van Has
selt, in w}tich powder of Stavesacre was take11 instead or worm
powder. 

The symptoms which this poison produces in a nimals are 
vomiting-coming on at a very earl y stage-retching, and diar
rhcra; after a time disturbance in the organs or locomotion ap
pea r, namely, slig ht convulsions of the muscles of the extremities 
and o( the jaw, later on la teral curvature of the body, d iminished 
freq uency of pulse, restlPssness, and anxiety, a nd finall y death 
from asphyxia, while the brain remains apparently unaffected. 

All that is found in post-mortem examinations are the ev i
dt•nces or death by asphyxia, and sometimes eroded and inflamed 
patches on the mucous mem braue of the stomach. 

As regards the action or delphinine, it very murh resembles 
that of veratrino and aconitine, so that it will be treated here 
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briefly as an appendix to aconitine, for its interest toxicologically 
is rather theoretical than practical. 

The investigations of Falk and Roerig,' Leonidas van Praag,' 
Darbel,' Albers,' Cayrade,' Dom,' and Boehm,' have been of es
sential service in elucidating the action of this poison. Delphi
nine promotes the salivary secretion, causes redness and inflam
mation of the palate, a burning sensation in the pharynx, ancl 
nausea and vomiting from violent irritation of the sensory nerves 
of these parts. Constipation of the bowels and difficulty of mic
turition are generally present (Albers, Schroff'). These last 
symptoms depend on the action of the poison excreted in an un · 
changed form by the urine and the freces on the mucous mem
brane of the bladder and the intestine, and probably in a reflex 
manner on their muscular coat. 

·when applied to the nasal mucous me~1brane, delphinine ex
cites sneezing; applied to the conjunctiva it produces conjuncti
vitis; on the cuticle an itching anU burning, redness, and a kind 
of goose-skin (Turnbull).' 

Its chief action is on the heart. The researches of Falk and 
Roerig, L. van Praag, and Boehm show that it produces cardiac 
paralysis by acting on the cardiac muscle, its excito-motor nerve
centres ancl the inhibitory apparatus, so that (after a temporary 
initial increase of the frequency of pulsation) a steady reduction 
in the number of the cardiac contractions ensues. This is fol
lowed and accompanied by disturbances of the respiration (dysp
nma). At the same time, as Cayrade especially states, a paraly-

1 Da.<i Delphinia und da.s PHa.uzengenus Delphinium. Arch. f. phys. Heilkde. fl28-
548 1852; n.nd Roerig's Dissert, De ellcctu Delphini ~Iarburg. 1852 

' Toxicologiscb pbarmakolog. dynamische Studien Uber Delphinia. Yircb. Arch. 
Bd. VI. 385-408 und 435-457. 

3 Recherches chimiques ct physiologiques sur les alkaloides du delphinium staphis
agria. Montpcllicr. 1804. ThCse. 

~Alig. Zeit3chr. Psych. XV. 348. 1858. 

~Sur l'a.ction pbysiologique de la delphine. Journal de l'anat. et de physiolog. Mai 
etJuni. 317. 1860. 

'De Dclpbinino obscrvat. et experiment. Bonn, 1857. Dissert. 
1 Studien Uber Ucrzr:.rifte. 1871. p. 52 ff. 
8 Pharmakologie. 3 Aull. p. 547. 

'On the Medical Properties of the Natural Order Rauunculacero. London, 1885. 
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sis of reflex action is apparent. In this process the poison most 
probably produces a paralysis of the spinal marrow ; but the 

• mu:;cle:; are also in a hig h degree sensitive to tl1e action of del
phinine, and they abo are paralyzed by it, aucl so contribute to 
the diminution of reflex activity. This observation has !eel some 
to conclude that the excitability of the peripheral sensory nerves 
is al ·o diminished-an inference which is certainly premature. 
'l'bis reflex paralysis extends from behind forwards, a nd the 
paralysis of the spinal marrow precedes that of the voluntary 
muscles (Cayracle). 'l'he diminution of the frequency of respira
tions depends mainly on the paralysis of the respiratory centre 
by clelphinine ; but the general muscular paralysis, in which the 
respiratory muscles sha re, contributes essentially to the diffi
culty of respiration, and to its ultimate cessation. 

"With regard to the close of clelphinine which may prove fatal 
one-sixteenth of a grain is rnflicient to kill a frog in a couple of 
hours; clogs and cats require closes of from ha!.( a grain to a 
grain and a half. 

A supposed case of poisoning should be treated at first with 
emetics; remedies containing tannin might also be serviceable, 
for clelphinine ancl tannin fo rm a compound very insoluble. 
Lastly, treatment ought to be directed to arresting threatened 
cardiac paralysis. 

Poisoning with Nicotine and Plants containing it. 

Nicotiana Tabacum. Tobacco. 

Tobacco-originally found in North America--was introclucecl 
into Europe ancl cultivated here about 200 years ago, ancl, since 
it possesses in a high degree poisonous properties of a narcotic 
order, it has, on that account, become a means of enjoyment to 
many, in the same manner as coffee, tea, alcohol, etc. In the 
various forms in which tobacco is used-snuff, tobacco for smok
ing, ciga.rs, cigarettes, tobacco for chewing-it frequently leads 
to slight forms of poisoning. The active agent in tobacco is 
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nicotine, a very yolatile fluid alkaloid, transparent as water, with 
an unpleasant, penetrating odor, and a strong, burning taste; 
it combines readily with water, alcohol, and ether; it assumes a 
brown color on exposure to the light; when long exposeil to the 
air it becomes resinous. Nicotine is contained in different pro
portions in the various sorts of tobacco; according to Schloes
sing's statements, the best Ilavana tobacco contains only 2 per 
cent. of nicotine, while other sorts contain as much as 7 and 8 
per cent. Other authors maintain that Scbloessing's figures are 
too high. According to Dumas, tobacco contains about 1 part 
in l,UUU of nicotLue. 

Etiology. 

Nicotine is contained in the different parts of the tobacco 
plant, but principally in the leaves, and these, with the produc
tion• manufactured from them, lead to the greatest number of 
pobonings. Nicotine easily makes its way into the tiuids of the 
organism ; if the alkaloid is placed directly on the tongue, in the 
course of a few seconds poisoning sets in; the process is almost 
as rapid when infusions of tobacco are taken internally-or, for 
example, when snuff is introducecl into the stomach accidentally 
ot· intentionally; absorption from the rectum is also rapid, as bas 
been repeatedly proved by poisoning from enPrnata o[ tobacco. 
Poisoning by tobacco may also occur through the unbroken cu
ticle, by the application of infusion of tobacco, or ointment of 
tobacco, or even by dry tobacco leaves. 

Cases of poisoning by the intemal administration of tobacco 
are not infrequent, and occur either through its being mistaken 
for other substances, e. g., cofiee,' or when it is used as an 
emetic,' for which purpose snuff is generally employed. Tobacco
chewing has led to poisoning in m1merotts cases. Although the 
tobacco used for this pmpose, according to the experiments of 
~and Eulenberg,' contains very little nicotine, yet so much 

1 Joum. de Chim. mM. Nov. 1866. p. 598. 
2 Oberstadt. Rhein. Monatsscbrift f. pract. Aerzte. Oct. 1851. 
3 

VierteljahrsC'hrift fli.r gerichtliche l\Icdicin. XIV. IIeft 2 i and BcrlinE'r kliu. 
Wochem•cbr. 14. Aug. 1870. p. 1305. 
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tobacco is consumed in chewing, that nicotine enough is swal
lowed to lead to poisoning. Among tobacco-cht•wprs may be 
reckoned those smokers who half chew, half smoke their cigars, 
and indeed most cases of poisoning occur with smokers of this 
kind. Striking examples are recorded of absorption of nicotine 
through the external application of tobacco. 'Ve ma y not, per
haps, see anything very remarkable in rases of poisoning arising 
Ont Of the USe of the infusion Of tobacco-leaves as COlnpresS<'S for 
wounds,' or from its application in the form of ointment in ecze
ma/ but the case communicated by Narnias, i in which a. smug
gler carried tobacco leaves on his bare skin across the fronti er, 
and was violently poisoned by them, is certainly wry striking. 
'l'en cases from older authors are mentioned by Gallavunlin,' in 
which the outward application of tobacco led to poisoning, and 
Martin • witnessed a case of violent poisoning, arising from the 
use of a woollen cornp1·ess soaked in a weak in f11,; ion of tobacco. 

It is from smoking tobacco, however, that nicotine·poisoning 
chiefly arises. Even though the tobacco loses nlllch of its nico
tine in the prepara.tion-drying, soaking, ctc. - :rnd though a 
great par t or it is decomposed in the burning; moreover, though 
a large portion of the smoke does not come into contact with the 
mucous membrane of the month, nevertheless the qllrrntity of 
tobacco cons umed in this way does in many cases h•ad to poison
ing. llfany different factors arc to be taken into consideration 
in toba cco-smoking. In the first place, the smoke o( the tobacco 
itself contains nicotine, as Ilenkel ' has direc tly demonstrated 
and maintained in opposition to Yohl and Enlenberg, who a t
tribute the action of tobacco to the piccoline aml pyridine bases 
which are formed when it is burnt. According to these two 
authors, the pyridine group is the main factor in poisoning. 

1 J ~ Mel!rl'n, Nacbtheilige Wirkung der iiusserlichen Anwenduog dcr Tabaksbliitter. 
Preuss. Verci1uizeitg. No. 2. 1844. 

' Blrmc!La1·<1, Journ. de Chim. med. Mai. 203. 1869. 
3 Gaz des IlOpit. Vol. 84. p. 336. SCance de l'AcadCmie des Sciences. V. 11 Juin. 

1864. 
'Com.pt. rend. de l'Acad.Cmie des Sciences. T. 59. p. 262. 
• L'Union mCdic. 29. 186:3. 
6 Ceutrnlblatt f. d. med. Wisseuschaften. Oct. 5. 1871. 
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These bases may perhaps hare some influence in tobacco-poison
ing, but the poisoning produced hy tobacco-smoke must after all 
be regarded as nicotine-poi::;oniug. Kicotine i::;, at least in part, 
YO!atilized, unchanged at the temperature at which tobacco 
burns, and is condensed again on cold<>r parts; for instance, a 
g1·cat deal or nicotine accumulates in the lower part or pipes, and 
the remains of cigars al'e decidedly much more impregnated with 
nicotine than thu part~ fresh smoked.; agnin, large quantities of 
nicoti ne, as well ns tho other oleaginous and resinous products, 
arc present on the sides of the mouth-pieces of tobacco-pipes and 
the ends or cigars. This tobacco-juice has repeatedly led to 
poisonin~, generally by accident during the cleaning of tobacco
pipes,' which manipulation should be Yery carefully performed. 
This tobacco-juice from pipes has also been used to procure 
abortion, and has destroyed both mother ancl child; this juice 
(<·ai led Tsefcx) is used by Orientals in skin-diseases, and has 
frequently led to poisoning, as Lanclerer' mentions. Cases of 
poisoning are also on record through the medicinal usc of ene
mata or tobacco, 1"11ich were formerly much in request. Poison
ing in the p1·csent day by the medicinal use or tobacco is almost 
impossible, as scarcely any physician would now think o[ pre
scribing enemat:. or tobacco, etc. But in 1873 a quack caus<>d 
the clcath or a woman by ordering an enema of tobacco.' 

~rhe greatest number of cases of poisoning, however, arise 
from tobacco-smoking. It is scarcely necessary to say that every 
youth who commences to smoke cigars is attacked with more or 
less Yiolent vomiting. Nor is it only the inexperiencecl smoker 
who is in danger o[ poisoning ; el'en practised tobacco-smokers 
are often macle ill when they smoke tobacco or a kincl to which 
they are not accustomed. Tobaeco is least dangerous in the fQJ·m 
of snuff, as the nasal catarrh produced by it leads to the imme
diate elimination of the poison. Pure nicotine has been used 
for crim inal poisoning, as, for exampl~, in the case of Count 
Bocannc, who poisoned his brother-in-law G. Fougnies with nico-

; ~h~~~::::,.~:<;~~~h~~~r;· ;:a~~~.d~:.r~7~1:.s~:r;iS6~~or,. p. 
429. 

3 Lcipzigcr Apothekerzeitung. 1873. p. 4.3, 
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tine in the year 1830. Taylor 1 mentions several cases of criminal 
poisoning by means of snuff and tobacco fo r smoking. Tobacco 
has also been u secl for the purpose of suicide. .\.s to the dose 
which may prove poisonous, much must depend on individua l 
constitution anll habit. There is perhaps no poison to which a 
man can so readily accustom himself as tobacco. \Vhereas a few 
puffs of a cigar or a pipe are enough to p1'odnce somewhat severe 
symptoms in a neophyte, experienced smokers can only be 
affected by very large doses. Still, even the most practised 
smokers may become the victims of acute poisoning, for it has 
often been founcl that au excess beyond the accustomell quan
tity may produce temporary indisposition. 'l\rn or three drops 
of nicotine are s11fficient to produce a severe form of poisoning, 
and eventually to cause dea th. In Bocanno' s case a much larger 
dose was administered. From fifteen to thirty grains of snuff 
are sufficient to procluce violent, it may be fatal, poisoning, if the 
snuff i not adulterated; in a case connnunicated by Schneider,' 
one drachm proved fatal. 

The death of two brothers is recorded from the continuous 
smoking of seventeen or eighteen pipes! Pereira.' gives a case 
in which twelve drops of infusion of tobacco, administered as 
an enema, caused death, and Copland' states that half a drachm 
internally adminis tered in the form of infusion proved fatal. 
Dessault' al so saw a case in which the administ1·ation of tobacco
smoke in the form of an enema led to a fatal result. Daily 
experience proves that in close rooms tobacco-smoke may lead 
to sl ight symptoms o[ poisoning, even in the non-smoking oc
cupants. As to the duration of tobacco-poisoning it is, in most 
of the slighter cases, short, and even in fatal cases death ensues 
somewhat rapidly. Gusta'' Fougnies died thir ty seconds after 
the poison hacl been administered ; in another case,' a man who 
had chewed half an ounce of tobacco survived for [our days. 

1 Seydelcr's Bcnrbeitung. Ill. Bd. p. 252. 
t Jlusenumn, 'foxikologie. p. 483. 
3 Omelin. See Pereira-Bnebbeim's Heilmittellehre. IL Bd. p. 328. 
4 Pcreini-Bucldteim. Bd. II. p. 329; and Brit. and Foreign Med. Rev. Vol. XII. P· 562. 
6 Diet. of pmct. med .. art. Colic. Vol. I. p. 371. 
•See Iluse1ruinn, Toxikologie. p. 482. 
7 Pbarmnzeut. Journ. Feb. 1808. p. 096. 
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Pathology. 

Symptoms and Course. 

'Vhen nicotine in sufficient quantity to procluce poisoning 
has passed into the blood, the sy mptoms set in with some rapid
ity; in slight cases they uwally succeed in regular order, but in 
mme severe ones they succeed one a nother so rapidly that they 
can hardly be di sting ui shed in 01·der of time. The unpraotised 
smoker usually becomes deadly pale, with di storted features, 
per;piration breaks out on the forehead and hands, the pulse 
bPconies feeble and slow, the respiration is slow and labored; 
th ere is great anxiety, with g iddiness. fain tness, and a tottering 
gait, to whiclt must be aclded sali1·ation. These symptoms are 
very often accompanied with retch ing and Yom iting. pains in the 
epigastric region, a nd actual colic, succeeded by clianh~a. As 
a rnle, the collapse does not last very Jong; in slight cases of 
voisoning it i s the closing symptom ; at the worst, headache, 
wa11t of appetite, above a ll , disgust of tobaeco-smoke, remain 
for some time. \\' hen we l1ave to do with 1'11-gPr closes of the 
poison attacks of syncope occur, accompanied with com plete 
unconsciousness, a small , compressible pulse, and very labored 
respimtion. In this condition the contents of the rectum and 
bladder arc often passed involuntarily. In the most severe cases 
tetani c convul sions supervene : there is prolonged collapse, with 
gradual failure of the pulse and respiration, ancl finally death. 

To thi s general clescri ption in some few cases special symp
toms must be added. The difficulty of breathing sometimes 
amounts to actua l asphyxia, or the case may begin in this way, 
as in the one mentioned by v . .i\Ieyer, and already quoted. Hic
cup also occu1Tec1 in that case; sometimes the diarrhcca is accom
panied with loss or blood, especially when tobacco has beeu 
taken internally. Deutsch· communicates a case of this kind, 
in which a man, in order to expel a tape-worn1, had taken about 
an ou nce of tobacco-juice; in this case, as in many others, the 
powc•1· of speech was to some extent impeded. Sometimes the 

1 Eine Vcrgiftuug durcb Tabak. Preuss. med. Vercinzeitg. No. 8. 1851. 
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effects of the poison begin suddenly; the poisonecl person fa ll s 
vrostrate. as in BorarrnC's case, and in another case 1 of a man 
who had chewed ha lf an ounce o( tobacco. The teta nic conn1l
sions may be absent even in very severe ca PS, e. g. , in the case 
reported by de Brieret,' in which a woman had been in the habit 
of smoking and chewing tobacco and taking snuff fo r fou1· years, 
ancl who unexpectedly died rather suddenly from tobacco-poi
soning. 

In the early stage or poisoning it is generally found that the 
pupils are at firs t contracted and 8nbsequently dil a t0d; in some 
cases the power or vi sion is lost for a time; severe strang ury has 
al so been obse1·ved. The effec ts which result from the <" ontinued 
use of tobacco on many persons dese1·rn s pecial mention. There 
are writer;; who vehemently denounce its n;;e, and a ttd bute all 
imag inable e'·il consequences to it. The best ev id<'nce tha t 
tobacco does not generally produce such injurious effects li es 
in the fact that, in all places where tobacco is to be had, ri ch 
and poor make use or it wi th enjoy ment. N o smoker will do ubt, 
wha t no non-smoker can conclusively disprov<', that wh Pn tohar<'o 
is used in moderation, it may act ,·ery benefi cially, a nd be a rnlu
able source of human enjoyment, tha t it is almost indispensable 
to somp people, and that it helps them considerably in the fullil
ment of their du ties in life. " 'e do not mean to deny tha t the 
use of tobacco may have, and very frequently has had . injnrions 
results. It has been questioned whether chronic poisoning is the 
result of a long course of tobacco-smoking, or whPthe1· i t is a 
rapid succession of acute poisonings which p roduce the ch•rnlop
ment of so-call ed cl1ronic tobacco-in tox ication. Our own view 
is that the diag nosis of chronic nicotine-poisoning d<•1wncls on 
the development of a series of symp toms of di sease dPJWndent 
on the continued nse of tobacco. In the fi rst plarP, fu nctional 
dis turbances of ca rdi ac action are frequently ob"'lTPd in con
sta nt smokers, although it is Yery doubtful if, as Kennedy ' 
thinks, fatty degenera tion o{ the card iac muscle can be pro-

1 Pharmaceut. Joum. Feb. 390. 1868. 
9 Gnz. des HOpit. 21. Juillet. 18G4. 
3 Dublin Med. Pres.'i. Apr. Z01 1864. 
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duc"d by long-continued tobacco-smoking. Sti ll, cases are not 
uncommon in which palpitations, witlt slow and intermittent 
aetion o[ the hen rt, g ive rise to much suffering. 'l'hus Decaisne' 
obsen·ed in the cases o[ twenty-one passionate smokers intermis
s ion of the pulse a nd of the cardiac beat, without any detectable 
organic disease of the heart. To this arn added a sensation of 
gidd in ess and fa intness, uncertainty and trembling of the legs, 
di sturbances in the co-ordination o [ movements, great muscular 
exhaustion, sleeplessness, and depression o[ spirits. According 
to 1fr1ier,'' workmen in tobacco-manu[actories suffer from these 
and si milar symptoms, aml gra(lnally acquire a pal e yellow 
cachectic appearance. 

Tobacco also exercises n, disturbing influence on the sense of 
sight. Apa1·t from the fact that aggravated rnyosis sometimes 
sets in, as in Babington's' case, cases o[ actual blindness have 
occurred from chronic tobacco-poisoning. Thus \\Tordsworth' 
observed in three cases of tobacco-poisoning {in one case H lb. 
hacl been smoked every week for n, series of years) amaurosis, 
produeed by white utrophy o[ the optic ne1Te. Hutchinson' has 
proved stat istica lly that out of thirty-se,·en cases o[ amaurosis, 
resulting from white utropliy of the optic nerve, thirty-one oc
currecl in immoderate smokers. 

It is well-known that inveterate smokers very oCten suffer 
from g:istric cata.nh , carclialg ia, constipation, or di:urhroa, and 
it is upon the disturbances of the digestive [unctions arising out 
of nicotine-poisoning that some a uthors found their theories of 
the tissue-changes to which this poi$on leads, but e,·en IIam
rnoncl's' researches on this subject ha,·e not been canied out 
with the precautions necessury. IIypencsthesiu in different 
ner\"es may be mentioned as a peculiar and rare effect o[ tobacco
smoking. Thus, for example, Scholten' observed in immod-

1 Compt. rend. Tome !iS. p 1017. 1864. 
'L'Union. 4G. 1867. 
3 Dublin Jouru. of Med. Science. p. 545. Nov. 1866. 
4 Lancet. t86:J. July 25. 
~Med. Times nod Guz. 28. Sept. 1867. 

Jou
6

r~~h:r~l1:J~S~~~~f.i~n~i~!:~~ ~~tl~~~~l and Tobacco upoc the Tiuman System. Amcric. 

1 Virchow's Al'chiv. Bd. XL lY. 72. 1808. 
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erate smokers affections oi the auditory nerves, of the optic and 
olfactory nen·es, pains in the course of the plexus brachialis, in 
the intercosrnl nerves, in the pnclendal nen·e, with strong aucl 
pain[nl erections. On the otiier hand, a remarkable abatement 
o[ the sexual instinct has been observed. ' 

The use of the cigar aucl the pipe has also been put forward 
as a eause of cancer o{ the lip ; Stugocki' states that the chronic 
irritation acts chemically as well as mechanically, in producing 
local cnrcinosis. A case communicated by Fageret' goes to 
prove that inflammation ancl ulceration o{ the lips can be ex
cilecl by pe1·sistent smoking; a garclP!ler who smoked cigars 
made o{ tobacco of his own growiug was attacked with ulcers 
o[ the lips, gray in the centre, and reel at the edges. 

Other authors assert that there have been many cases in 
which all the intellectual faculties have suffered, ancl even mad 
ness ancl other mental di sturbances been produced, by imrnod· 
erntc ancl long-continued tobacco-smoking. But no1w o[ these 
statements have been established on a strictly scientific basis. 

It is certain, however, that chronic nasal ancl pharyngeal 
catarrh may ancl very o[ten closet in as a consequence of smok
ing and taking snuff; and, moreover, lhat laryngeal catarrh and 
bronchial catarrh may be aggrarntecl by smoking and remaining 
in places used for smoking ; there have been also some cases of 
co-callrcl spinal irritation, or male hysteria, traceable to immod
erate indulgence in tobacco. There are no Ycritahle sequelro 
eiLhPr from acute or chronic nicotine-poisoning; bnt after the 
former, gastric disturbances may be observed for a short time, 
while in chronic poisoning a certain mnscnlar weariness and 
weakness may last for a long period. In Deutsch's case, quoted 
abore, in which a man had taken an ounce o[ tobacco-juice, ancl 
so hecame riolrntly poisoned, years passecl before he became 
completely restored to health. Frequently, hoarseness, pains in 
the hips ancl loins, or feeling of tension o[ the abdominal mus
dPs, etc., remain for somt? time. 

IE. g., JJQeglt, N. Magaz. for Laeg~densk. xxn. p. ~2. 1SG8j aud 1'/i. Clemen.&, 

De~t~:~~~:,i~~:~:i:e~~ ~~\~ santC et Jes facult(•s intellectuellca. 1807. TbCse. 

Par!sDu tabac, son influence sur la respirn.tiou et la circulation. TbCse. Paris. 1867. 
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.Analysis ef Symptoms. 

A seriPs or physiologic:il rese:irches li e before u s, the results 
of which gi,·e us some insight into the action of ni cot ine, and 
enable us to comprehend , at least in part, most of the symptoms 
observed in cases of poisoning by this agent. 

" ' ith regard to the action of ni co tine upon the l1Part, the 
1·egnlar aclmini ~tration of small closes to animals is followed by :i 
marked retardation of the heart-strok<', wlii ch, as Tranbe' showed 
in the clog, and R osenthal' in the frog, proceeds from irritation of 
the ca rdiac extremi ties of the vagus. This effect is observed just 
the same after section of the vagus, but not when the animals 
have been previously cnrarizecl. Later on, the frequency of car
diac pulsations is restored; this depends on initial paralysis of the 
extrem iti i:-s o( the vagus, for if we now initate the vngns, we fail 
to produce diminution of the cardiac beats. According to Claude 
Bernard' nicotine at first produces contraction of the a1teries ; 
later on, the vessels become distended, as Rosenthal has shown 
in experiments on the ears or rabbits. The contraction of the 
,·essPls is followed by an increase, their di stention by :i decrease 
of the bloocl-prPssm e; Uspensky' concludes, from the ci1·cnm
stance that no increase of blood-prcssme is observed :ifter sec tion 
of the spinal cord in the neck , that ni cotine first stimulatPs and 
then paralyzes the vaso.motor centres . The peripheral al'teries, 
however, are infltwnrecl independently by nicotine, :is is shown 
by the expe rinwnts of v. Basch and Oser;• these authors injec t
ed nirotin~ into one of the arteries of the intestine, and tlwn 
observed that the in testine became paler, anc1 the seat of rnscn
lar contraction. This ronclition of tlw arteries accounts for the 
pallor. the cold perspiration, etc., obsen·ecl in nicotine-poisoning. 

The respiration, which is at first, as a rule, accelerated, after-

1 Alig. med. Centralzeitg. 1SG2. No. 103; 1863. Nos. 9 and 30; also Gesammelte 
Beitriigc, etc, T. Bd. p. 302. 

'Centralbl. f. d. med. WissenscbaR 1802. 
3 Annalcs d' JI;ygiCne. 'l'. 43. See also Osf'r and Bm~clt, Untersuch ungen Uber die 

Wirkung des Nicotins. Wiener med. Jahrbiicher. IV. lieft 1872. p. 367 ff. 
'Arcbiv f. Anat. u. Pbysiologie. 1868. 
6 Wiener med. Jahrbiicher. 1872. p. 367 ff. 
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wards becomes retarded, till it ceases al together; and this is the 
case even in a nimals, though the canse of thi s phenomenon is not 
accumtely known. 

Nicotine ex ercises a considerable effect on the central nervous 
system, the brain and the spinal cord. This alkaloid first acts 
on the brain as an excitant, and considerable cerebra l excitation 
is producecl ; subseq nently its excitability is reduced, so tha t we 
may rank it among the narcotic poisons. Its action on tlie spinal 
marrow resembles, on the whole, its action on the bmin ; it lirst 
produces excitement, and afterwards has "pm·alyzing intluence. 

The excitement o( the spinal manow b , however, but of short 
dmation, and is rapidly replaced by diminislied excitability, a nd 
this appears to occur while the brain is still in a highly excited 
condition. Cl onic a nd tonic convulsions occur in cases of nieo
tine-poisoni11g both in wa rm- a nd in cold-blooded a nimals; these 
co1wulsions are evidentl y or central origin, for, according to the 
researches o( R osenthal and Kroeker,' the reflex excitability of 
the spin~! ma rrow is at the same time diminished. 'l'hese con
vul sions gradua ll y cease as paralysis or the central organ en
sues : notwiths ta nding this condition of pa ralysis, the muscles 
still respond to initation of their nerves. Nevertheless the 
peripheral extremi ties of the nerves are to a considerable extent 
sympatheticCLlly a ffected by the poison. These extremities, after 
a brief state of ex citement, on which the fibrill a1-y twitchings, so 
frequentl y obser ved, are dependent, become paralyzed ; this can 
be sati sfac torily shown in the frog, because in this animal there 
is a stag<> in which the muscle still responds to irrita tion, while it 
no longer contracts on stimulation of i ts nerve. 

'l'ha t the initia l convul sions are not the resul t of disturbances 
in the circulation is provPd by their occuning in the frog, and 
al so by the fact esta.blished by Uspensky (lor . cit.) that these 
convulsions cannot be arrested by artificial rPspiration. 

The organs compos<•d of unstriped mu~c l e are also affected 
by ni cotine ; for 0. N a.sse ' has shown that the whole in tes tinal 
canal, but especially the small intes ti1w, and nloo tlw u terus. may 

1 Ueber die Wirkung des Nicotins auf den thieriscben Organismu.s. Diss . Berlin. 

1868. 
1 Beitriige tur Physiologic der Darmbewegung. Leipzig. 1866. 

VOL. XVIl .-49 
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be thl'own in to violent contl'actions by nicotine, and that these 
contracLions may amount to actual tetanus wi th pxtreme nar
rowing of the IL1111en of the intestine. According to 0. Nasse's 
experiments it appears that this tetanus of the intestine is due 
to a periplwrnl il'l'itation of the intesti1u; itself. most prnbably of 
the ganglia i11 its walls, for when Xasse excluded the inflnence of 
the vagus, the convulsions still occurred; but when he arrested 
the cirnulation, the conrulsions ceased; he theu injected a fluid 
cb:uged with nicotine into the periphel'al end of an intestinal 
arLery, and obsel'ved convulsions to occur in the part of the 
intestine thus treated. These observations have been snpported 
by similar ones by Trnhart, ' and v. Basch and Oser (loc. cit.). 
vVhen these tetanic convulsions cease, either a state of repose 
emmt'ti from Pxha.ustion, or normal peristaltic movements set in, 
which v. Ba>cll and Oser trace to ex citement of one of the centres 
of intestinal movements lying in the cerebrn-spinal canal, since 
these movements also occm when (the aorta being compressed) 
nicotine is injected in the direction of the brain through the 
carotids. A few wonl8 as to the condition of the pnpil. At an 
ea,.Jy stage, and with small doses. it is usually contracted; and 
dilatation occurs only under the inflnence of large doses of the 
poison. Gmenlmgen's' view that we have only to do with an 
irritation of the sphincter iridis is combated by Rosenthal and 
Krockel', who maintain that there is simultaneous paralysis of 
the dilatator. Local application of the poison to the conjnnctiva 
also caused dilatation, bnt (according to Gmenhagen) this was 
preceded by a transient contraction. 

It has been a subject of dispute whether nicotine exerts a 
local corrosive action or not;_ this mnch is cel'tain, that nicotine 
is a very powerful alkaline substance, and in a concentrated 
fol'm does, in conjunction with its specific properties, prodn(l(> 
a very painful efTec t on the nerves, and thns prnvokes reflex 
movements, vomiti ng. etc. 

1 Rin Bcitrag zur Nicotinwirkung. Dorpnt. 1869. 
'Ccutra.lbl. f. d. med. WissetlBch. 1863. 577. 
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Results ef Autopsies. 

Autopsies do not furnish us with any very characteristic re
sults iu cases of nicotine-]Joisoning.' Vascular engorgements of 
the brain and its membranes, serous Jluid in the ventricles of the 
brain, are mentioned in almost all published re]Jorts. The heart 
is generally empty, and the blood found in the vessels is of a 
dark-red color. The liver, spleen, and kidneys are generally 
hyperromic. When tobacco has been administered internally, 
some remains of the tobacco may be found in the stomach and 
intestine; the mucous membrane of the stomach is marked with 
patches of ecchymosis and erosion; blood.stained mucus is found 
in the intestine, which is in a state of strong contraction. 

In some cases the smell of tobacco is still ]Jerceptible in the 
contents of the intestine; more frequently an odor of tobacco 
has been observed when the cavities of the body have been laid 
open ; this is scarcely ever, it is said, absent, even in experi· 
ments on animals, when dissection follows immediately after 
deatlt; other authors again, as Taylor, for instance, have failed 
to observe this smell. 

Diagrwsis and Differential Diagnosis. 

The diagnosis of tobacco-poisoning is rendered difficult in 
some cases by the fact that the characteristic odor of tobacco 
too often attends other illnesses. The ex istence of a state of 
collapse in combination with vomiting ancl finally diarrhroa may 
easily lead to its being mistaken for acute intestinal catarrh, 
European cholera, etc. Poisoning with ]llll'e nicotine or with 
tobacco-juice, commencing by the patient's suddenly falling 
clown, may be mistaken for an apoplectic attack, and the giddi
ness which so111 et i111 C's occurs in cases of chronic poisoning may 
be taken for fainting. 

The diagnosis is, naturally, rendered easier when any snnll' or 
tobacco leaves have been vomited. 

- . Rcpo~ts of n.utopsies exist., e.g., by D1•. Sime, VergiCtung durcb Tabak. Alig. med 
Ccntralzcitg. No. 12. 185G; by 1hylor, Guy's liospita.l l?ep. III. Ser. IV. Vol. p. 345. 
l R!'i9 ; and by others. 
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Prognos is. 

The prognosis, of course, depends on the quantity of poison 
in troduced ; but since nico tine-poisoning is almost always at;. 
tended with vomiting, this effort at elimination of the poison is 
always in favor of recovery . As a general rule, however violent 
may be the action of the nicotine, fatal cases of poisoning by 
tobacco are very rare, al though serious cases of acute and chro
nic poisoning are frequently observed. Even very violent cases 
of poisoning may encl in recovery, as is shown by Deutsch' s 
case, which we have already mentioned, in which a man had taken 
an ounce of tobacco-juice out of a pipe, and the most violent 
symptoms foll owed , yet he recovered. The prognosis in chronic 
cases rests mainly on the moral energy of the pa ti ent, which 
may or may not enable him to renounce the use of tobacco en
tirely. 

Treatment . 

In acute tobacco-poisoning the point of primary importance 
is to procnrn the discharge o[ the poison as rnpidly and com
pletely as possible from the stomach and intestine. Vomiting 
must be encouraged as much as possibl e, and the s tomach-pump 
applied, etc. Emetics themselves must be avoided, Jest they 
should contribute to promote the collapse which the nicotine 
may have already determined. Enemata o( vinegar, to clear out 
the in testine, are o[ much value. 

Tannin ' has been much commended as a chemical an tidote · it 
throws clown a yellow precipita te with nicotine. ' 

' Vhen nicot ine has once gained access to the blood-vessels, a 
more systematic course of treatment must be pursued : stimu
lants to promote cardiac action, cold clonches, il'l'i tants to the 
skin, etc. In some cases of muscular rigidi ty and immobility, 
the subcutaneou s injection of morphine has restored the power 
of movement; such a case occurred in Oppolzer's ' clinic, in the 

1 
Lersclt, Rhein. Monat.sschrift. lfai. 1851. na.ch dem Vorga.nge Henry's und Bou

tron's. 
2 Wiener med. Presee. No. 48. 18<l6. 
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person of a tobacco.chewer who had gone to sleep wi th a cigar in 
his mouth; after half an hour he could no t bl• a roused, his lips 
were livid, and his limbs and spine completely rigill and immov
able. In grave cases every possible form of artificial respiration 
ought to be applied. It is sca rcely necessary to say that if the 
poison has gained access to the body by means of open sores or 
excoriations, these must be cleansed by washing. 

The treatment of chronic tobacco-poisoning is very simple ; it 
simply consists in absolute abstinence from the weed. 

Somet imes, but very rarely, reducing the consumption of to
bacco is sufficient, but general experience shows that it is easier 
for the most inveterate smoker to give up smoking altogether 
than s trictly to limit himself as to quanti ty ; besides, 1·elapses 
are much more frequent when any indulgence in the habit is per
mitted. Yet it is often a long time before the symp toms entirely 
disappear; thus, in Siebert' s ' case, four weeks' abstinence from 
smoking was necessary for the complete recovery of a man about 
thirty years of age, who suffered from deafness, a numbed sensa
ti on in his arms a nd hands, cardiac palpita tion, double vision, 
paralytic symptoms, etc. 

In some slighter cases it is sufficient to smoke another kind of 
cigars or tobacco, or to retnrn to a kind used fo1·merly.2 

The amaurosis caused by tobacco-poisoning, if it is u11accom
panied by any visible change in the fundus oculi , may be com
pletely cured by the administration of s~rychn i ne . ' Obvious 
anatomical changes do not disappear completely, even with to tal 
abstinence from tobacco. 

Changes which Nicotine Undergoes in the Organism. 

Pure nicotine is absorbed into the blood wi th great rapidity, 
circulates wi th that tluid, and is also very rapidly excreted , appa
rently in an unaltered condition. Dragendodr and Zalewsky' 

1 Die Intoxication durch Nicotin. Med. Centralzcitg. No. 3 1. l855. 
' D r. Rittcr

1 
\V (i rtemberg. med. Corr -Bl. 1- 4. 1868. 

' P . 'l'ltiltScn, Norsk. mngnz. for la.egevid. XXL p. 139. ;3. IUt . 1867. 
4 Beitrfige zo.r gecicbtlichcn Chemie einzoloer organischer Gifte. St. PetersbMrg. 

1872. p. 18. 
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succeeded in deteding nicotine (only a very small quantity, how
ever) in the urine of a cat which expired eight minutes after thl' 
intrnduction of thP poison into the stomach. Nicotine was found 
by these a uthors, not only in the stomach and the intestine, but 
also in the liver and the spleen, in the brain a nd in the kidneys. 
Taylor ' also fo und nicotine in the blood as well as in the contents 
of thP stomach of a rabbit which had b<'en killed with one drop 
of ni cotine. 

Dragendorff and Johannson ' prnvcd by experiment that nico
tine is also excreted through the saliva, for they distinctly de
tected nicotine in the saliva in the mouth half an hour after a 
cigar had been smoked, although the month had bePn carefully 
washed out with a so lution of potassic permanganate .• 'en obser
vation by Babiugton' shows that nicotine is also found in the 
perspimtion, for he observed that the per;;piration of a man who 
had been poisoned by chronic tobacco-smoking smelled strongly 
of tobacco even after a vapor-bath. 

Chemical Tests. 

Stas• was th e. first who detected nicotine in the d ead body. 
It was in the body of G. Fongnies in the cause CPlebre Bocarme. 
He detected nicotine in the tongue and other parl8 of the body, 
and even in the wood of the floor upon which ni cotine had been 
tipilt. 

It appears from the researches of A. Melsens' that nicotine as 
such , can be extracted from portions of the body even long after 
death; he dPt~cted it in the tongues of two dogs which had been 
poisoned several years before by Stas. These dogs, it must be 
admitted, hacl been buried in a tightly closed barrel placed with
in a chest tilled with earth. 

1 Treatise on Poisom1. p. 662. 

'Beitriige a. o.. 0. p. 18. 
1 Dubl. Journ. or Med. Science. Nov., IBGG. p. 545. 
4 

Recherches mcdico·lCgales sur la. Nicotine. Bullet. de l' Aca<l6mie de MCd. de 
'Belgique. '£. XI. No. 2. pp. 203-213. 1854. 

~ N~t.e sur la recbcrcbe de la NicoLine dans Jes cadavres enfouiB. Bull . de l'AcadCm. 

roy med. Belgique. 'l'. XH . Nos. D, lO. 1857-58 i and Ga.z. hebdoma.d. VI. I. l859. 
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The best method of HPparating nicotine from organiz"d sub
stances, and of testing for it, is that recommended by i:ltas, or 
we may adopt the modifications suggested by Dragendorlf. 1 

First digest with water charged with sulphm·ic acid at 93° to 
104° Faln'.; then concentrate the extract; next precipitate with 
alcohol, S<llJUrnte the alcohol by distillation, filter the watery 
residuum of the distillation; then shake the acid fluid with ben
zine in a warm place, sevarate the watery tluid from the benzi11e, 
make it alkaline, and take up thP alkaloid with p<'lroleum 
etlt(•r; this, al'ter it has been washed with water, contains the 
alkaloid tolerably pure; on evaporatio11 the odor of nicotine 
becomes discernible, and now the alkaloid call bt> tPsted by a 
series ol' reactions. Dragendorff' especially recommends testing 
the etherized solution of nicotine by combining with it an equal 
volume of etherized solution of iodine; by this lllt'ans a brown 
amorphous precipitate is thrown down, which in a l'ew hours 
forms crystals Jialf an inch long. This !'('action of nirntine was 
discovered by Roussin. It is specially valuable for examining 
any remains ol' tlw poison which may be found, and are sus
pected to contain nicotine. 

If only small quantities of nicotine can be obtained, the so
called physiological test rna.y be used; small hi1·ds 01· frogs are 
the best subjects for it. Frogs are seized wit Ii clonic convul
sions after small doses of nicotine, and assume an attituck cha1·
acteristic or nicotine poison, as van Praag ancl liosenthal have 
shown. The thigh is pla<'ed at right angles tu the body, the 
lower hair or the leg is applied directly against tlw thigh. so 
that the feet meet together at the posterior extremity of the ani
mal. The anterior extrt'mities are thrown backwards and lie 
along the sides of the abdomen. 

Poisonin~ with Strychnine and Plants containing it. 

Strychnine (6,,II,,N,9,) was discovered in 1818 by Pelletier 
and Caventon; it crystallizes in small white tetragonal p1·isms, 

-- - --
1 Beitriigo a. a. 0. p. 8. 'Beitriige. pp. 3, 16, 17. 
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terminated bi· tetrarronal orthromboidal pymmids. It hao an 
intensely bitter tast;, aud an alkaline rPac tion in solution. It is 
soluble in cold (1 : 6667) and in hot water (1 : 2500) ; it is insolu
ble in pure al cohol and i:1 ether, but dissolves somewhat '.·eadily 
in chloroform. Strychnine, with acids, forms salts, of wluch the 
nitrate is bP~l known ; it is used alrno8t exclusively for physio
logical expPriments. These salts are readily soluble in water. 
This alkaloid is found especially in the medicinal Nux Vomica 
seeds, in the bean of Saint Ignatius, in the so-called false angus
tura bal'k (bark oE nux vomica), and in other strychnacere-the 
Strychnos Colubrina, snake-wood, and St1·ychnos Tieute, also 
known under the name of Asiatic or Jarnnese arrow-poison, 
Upas radja or Upas Tieut6. 0. Schulze found in this anow
poison 60 per cent. of strycb nine.' 

Etiology. 

Poisoning by strychnine may occur when strychnine, or parts 
of plants eontaining it, enter the systPm in any quantity. Tl1is 
may happen in various ways. The poison may be taken into the 
stomach or absorbed subcntaneously, and more readily still by 
the intestinal canal, as the experiments of Rossbach and Jochel
sohn' have proved. Poisonings by strychnine are of very fre
quent occurrence; in England and America especially numerous 
cases occur e1·ery year. They are usually eaus<'d by mistaking 
strychnine for other substances. These poisonings occur most 
frequently from eating p~i sons intended for rats and mice, which 
are usually made of meal or flour, to which stry chnine, and 
sometimes arsenic, have been added. During the last few yea rs 
a whole seri es of such cases have been reported from England, 
ransecl by Battle's vermin-killer, or Gibson's vermin-killer or 
Hunter's infallible vermin and insect destroyer. A case is

1 

re
ported from Ilastings in which a wl1ole family was poi,oned by 
eating larks which had been snared with nux vomica. More fre
qnent still are mPdicinal poisonings- not in Germany, but in 

I Alannkopf, Wiener med. Wocbenscbrifl;. xrr. 30. 31. 1862 

~ Jodu:lsoltn in Rossbach's Pb:mnakolog. Untersuchungen. Bd. J !left 2 pp 92-t 14 
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other countries. Apart from the circumstance that patients have 
sometimes taken more of medicines containing strychnine tha11 
had been ordered, many physicians have failed to take into con
sideration that strychnine has a decidedly cumulative action. 

Again, frequent mistakes are madt1 in chemists' shops. One 
case is related by B. Danvin' of the poisoning of a child from 
strychnine being given instead of santonin ; another is reported 
by Lonsdale' where it was mistaken for jalapin ; again, two 
children' were killed by taking strychnine instead of santonin; 
a child 19 months old died of' the same poison mistaken for 
tooth -powder; another was given rat-poison containing strych
nine instead of i·hubarb. • It has also been occasionally take11 
instead of seidlitz powder.' A remarkable case of auto-intoxica
tion is reported by A. Reid, ' of a man who prepared some mouSP
poison of strychnilw and meal, and introduced some of it into a 
slight wound in his thumb; the symptoms of poisoning were, 
however, very slight. 

Strychnine has very frequently been used with suicidal inteu
tion, generally by doctors or apothecaries. It has also been re
peatedly employed for actual murder. The most familiar ca'e 
is that of Dr. Palmer, who poisoned his friend John Parsons 
Cook in 1855. Palmer had apparently given him repeated small 
doses or strychnine, till he at last di ed of tetanus.' 'fhis was 
followed by the case of Dove," who poisoned hi s wire with strych
nine in 18156. In 1864 Geo. F. Bal"ker" published the case of a 
murder perpetrated by administering about 6 grains of strych-

1 Annal. d'hygiCne pub!. et de rri.Cd. leg III. 1801 
'Strychnine Poisoning l\lontbly Journ. of Med. Feb p. 1 lG et seq. 185.5. 
3Journ . de cbim. med. Mni p 24!l. 1868 
~ Pharina.z Jouro. et Transact Juillet. 45. 1869 

~ Med Times and Gnz. 1868. 
~ Zeit.l'chrift des allg Osterr. Apotheker- Verei 11& No tG. 1868. Taken from the 

New York Journal 
7 1\Ied. Times and Gaz. 31 1859 
•For further details of this cause ce!Cbre eee Taylor ou Poi.sons, trnuslated by Sey 

dekr, Die Gift.e. Ill . pp. :~tH-329. 

• Ibid. pp. 329-332. 
' Jfoy'a Americ. Journ. Oct. 1864. Othercaaes, especially from America., LO Seydoler's 

tranqJnt.ion of Taylor. IIT. Bd. p. 312 ff. 
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11ine. Death P11s1wd very rapidly. Lastly, WP have the cele

brated ca•e of 'l'n1t•n1py, poisoned by lJemme in 1865. 
As to the quantity of strychni 1h' necessary to destrny life, 

about three ~r::tins se<'ms to bt-> ::;uflicient. 'fhus, a young man ' 

cliPd from taking 3 ~rains of ::;trychni1w. A lady in Ken:sington 

died also of 3 grains.' But this JigLtre cannot be accepted as a 
>.tandard, for rnueh smaller doses hav1• prnved fatal, and poison
ings with much la.1·g-er do:ses have ('nded in recove-ry. The Ger· 

man Pharmacopruici of the year 1872 states as the highest single 
dose of nitmt1· of strychnine 0.01 gramme (one-seventh of a 

grain), and 0.08 (not quite half a grain) per diem. Taylor men
tion• the death of a <'hild from 1

1, of u grnin (=0.004). Huse-
111<.Lllll, give::; a::; the 111ini111um do:::;t· which destroyed life in an 

adult t to,\: of a grain (=0.015-0.0:l); cases in which! tot o[ a 
grain (=U.03-U.0-!3) prodllced fatal conseqllences are reported in 
older and later pllblications. Thus \Vatson •mentions the death 

of a girl 13 years of age poisoned by 'I- of u grnin (=0.045) of 
strychnine, and \Villiam !Inllter' gives the death of a lady 70 
years of age, who had taken in 42 homs, in small doses, t of a 
grnin (= 0.0-!;J), and had finally taken J of a grain(= 0.01) at 
once. Symptoms of poisoning morP vt' less violent set in even 
with very small dos~s; thus Leach' reports a ease in which a 
grain and a third of strychnine was taken internally in 11 days, 
and produced violent tetanus; in a case mentioned by Piddnk' 
only one-thi1cl o[ a grain led to violent symptoms in an instru
ment-maker. Usually, however, the doses have been so large as 
to insure fatal results. Teinhardt' gives a case of a drunken 
upothecary, who took,\: drachm (= 2.0) of strychnine in spirits 

of wine and died; Heward' also mentions the suicide of a female 

1 G. P. Wilken.~. Lancet. I. 22. )fay. 1857. 
~Phann. Journ. p. !)Q_ 1867. 
3 Ilandbuch der Toxikologie. p. 508, regarding a case given by Warner in Brit. Med. 

Journ. Aug., 1847. 

~Case of Poisoning by ~trychnine. Monthly Journ. of Med Science Dec 1845 
~Med. Times and Gnz. July 5, 1867. . ., . 

"Med. TimesandGaz. Nov. 1863. 

• Lanr:et. July and Aug. 1852. 

• Ca.s d'empoisonnement par la strychnine. Joum. de Pbarmac. et de Chimie. X. 36. 
'Brit. Med. Journ. Sept. 18, 18(i9. 
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µnsoner by Sgrains; and the suicide of a Rtudentcommunicated 
by Weyrich in Do1·pat, 1 who took between four and five grnins, 
could not fail to end fatally, from the strength of the dose. 

At the same time, we have numerous cases to prnve that un
der favorable circumstances very large doses may be recovered 
from. Thus Walter Chippendale' recovered after taking four 
grni1rn (= 0.25) of strychnine; a similar case, in which Hinell' 
took nearly four grains, also ended in recovery. Th. O'Reilly• 
communicates a case of recovery after the introduction of five 
grains of strychnine; the largest dose yet known to have been 
taken without fatal consequences is mentioned by Tschepke.' 
An apothecary's apprentice took from eight to ten grains 
(= 0.5-0.6) of strychnine with morphine, bitter almond water, 
and inhalation8 of ch loroform, and recovered. A yet more in
teresting case as to the quantity of strychnine taken is described 
by Atlee,' in which twenty grains of strychnine had been taken . 
But as in this case the poison had been swallowed directly after 
a meal, and as an emetic was at once administered, the recovery 
which ensued must be ascribed to the circumstance that the 
greater part or the poison was vomited. 

The various parts of the plants containing strychnine have 
caused poisoning, nux vomica especially, just in the same man
ner as strychnine and its salts; nux vomica contains, according 
to Pelletier antl Cavcntou, two-fifths per cent. of strychni ne; an 
ounce or an ounc,, and a half therefore acts as a deadly poison, 
yet much smaller doses have caused death, while much larger 
ones have often !'ailed to destroy life. 

According to the new Gei·man Pharmacopmia the maximum 
close is 0.1 gralllme (on<' grain and a half), and 0.3 (four and a 
half grains) per diem. But few of these cases of poisoning by 
nux vomica have been recorded recently. A man' who had 

1 Petcrsbur~. Med. Zcitschr. XVI. 3. p. 125. lbG9. 
' Ca.ses of Poisoning by Strychnia. Med. Timc!i and Gar.. 252. 1800. 
'Poisoning by Slrycbnia.. Med. 'l'imes and Gaz. 252. 1855. 
•Med. Times nod Gaz. 12. 1858. 
'Deutsche Klinik. 10. 18G1. 
'Boston :Med. Journ. Dec. 15, 1870. 
'Acrztlicbc 1\Iitthcilungeu nus Ba.den. 1 1859. 
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taken half an ounce(= 15.0) of powdered nux voruica recovered, 
while another died of five drachms (20.0) after two hours, ac
cording to Pellarin. l 

Pathology. 

Sympwms and Course. 

The 8_rmptoms of strychnine-poisoning are generally more 
characteristic than those of any other poison. They consist es
sentially and mainly of violent muscular contractions, which 
affect the most various groups of muscles. and thus may exhibit 
all the possible varieties and symptoms of tetanus. It is espe· 
cially the extensors which are thrown into tetanic contractions 
by strychnine; accordingly, strychnine convulsions are charac
terized by the special engagement of the extPnsors. as is shown 
most strikingly in the muscles of the limbs and of the spine. 
The interval of time required after the introduction of the poison 
before the development of the symptoms varies greatly : this 
period of incubation depends mainly on the quantity and the 
form in which the alkaloid has been introduced. The most rapid 
case within my knowledge is that above mentioned, gh•en by 
Geo. F. Barker, in which two and a half to three minutes after 
the introduction of about six grains ( = 0.37) of the poison con
vulsions set in; in another case mentioned by Tracy E. \Valier.' 
tetanus set in twenty minutes after four grains ( = 0.25) of 
strychnine had been taken; in the case of a woman' the convul
sions came on in thirty minutes after three grains (= 0.18) of 
strychnine; in_ the case of suicide described by Burow• conni.1-
sions did not come on till one hour after one and a half grains 
(= 0.19) of strychnine had been taken. Cameron• reports a case 
in which three·qual'ters of a grain(= 0.045) of strychnine did not 
produce tetanus till after one and three-quarter hours. It is self-

1 Observation d'empoisonnement par lea noix vomiques. Annal. d'bygiCne publ. et 
de mCd. leg. Oct. 1860. 

'PhHnd. Med. Report. Phann. Journ. April. 533. 1866. 
3 Journ. de Chim. mCdic. Ma.rs. 125. 1868. 
1 Deutsi;he Klinik. 3l. 18C>4.. 

;, Med Times and Gaz. 23. Oct 491. 1869. 
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evident that the state o[ repletion of the stomach is an important 
factor in the case. In othel' cases longer intervals have been 
observed between the introduction of the poison and the fit-st 
convulsion, sometimes as much as from thrne to eight hours. 
'l'he convult:>ions come on in paroxysms, recnning after intervals 
o[ quiet, and so continue intermittingly till cleath or recovery 
supervenes. The duration of the intervals of rest is very un
equal, ancl depends partly on the individual, but still more on 
the amount of the dose ancl on snrrounding circumstances. In 
Burow's case' the pauses lastecl only three minutes ancl yet 
recovel'y ensnecl, whereas in a case communicated by 'vV. H. 
l<'olker' of a person who had been poisoned with the vermin
killer, containing about three grains(= 0.18) of strychnine, the 
intervals extenclecl over half an hour, one hom, ancl even one ancl 
a half hours. 

The duration of the paroxysms is also very unequal; they 
generally last longer in the case of lal'ge closes than oI small, and 
the first attack is usually shorter than the subsequent ones; in 
cases which encl fatally the pal'oxysm may last as Jong as five 
minutes, as in the case reported by Geo. P. Barkel'. But parox
ysms of twenty minutes' duration were observed by Hemenway' 
in the case of a landed pl'Opl'ietor in Oregon. II the case takes a 
favorable turn the paroxysms diminish in frequency, the inter
vals become longe1., ancl the duration of each a ttack is shol'ter. 
Although in general the prevailing convulsions are oI a tonic 
charactel', and therefol'e lead to opisthotonns, trismus, etc., yet 
clonic convulsions are often observed in particnlat" muscles. 

The most freq nent fonn oI te tanus produced by st,.ychnine is 
opisthotonus with forcible extension oI the lower extremities, the 
head bent backwards, so that the whole bocly is arcltecl; at the 
same time, trismus and teta11us oI the pectoral ancl abdominal 
muscles occul', so that the chest ancl the abdomen are as harcl as 
a boarcl to the touch. But empl'osthotonus ancl pleul'otonus 
have been observed, e.g., by 'vV. Hnntel',' though these two forms 

1 Deutsche Klinik. 31. 1864. 
t Lancet. July 13, 18G7. 
:i Pacific Journ . N. S. Vol. I. p. 11 3 Aug. 1867. 
'Med. Times and Gaz. July 5, 1867. 
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of tetanus are extremely rarP. During the paroxysm the eye
balls are prominent and the pupils dilated; respimtion is im
peded in every case; the pulse is generally very feeble, and ex
ceedingly rapicl-llO to 1:10 beats' in a minute have been counted. 
Cyano:;is, more or less prnnouncecl, i8 developed, the lips become 
or a leaden hue, the linger-nail s blue; there is also much anxiety. 
Even before tho first tetanic paroxysm comes on, a more or less 
pronounced sense of anxiety and even actual dyspnc:ea appear ; 
it would al so seem that sometimes tho glottis is early involved 
in the spasms-at least the convulsive screams observed in some 
oases would point to such a conclusion. J. Murray 2 mentions 
these convulsive screams in a woman poisoned by about one-half 
a grain(= 0.08) or strychnine. John White also observed them 
in the case or a maid-servant, thirty years of age, who had 
taken about tl1ree :me! a third grains or strychnine, and who was 
seized with complete emprosthotonus with intervals of forty-live 
seconds. 

The convulsions give way gradually, respiration returns, the 
cyanosis disappears, the eye and the pupils resume their normal 
condition, bnt the frequency or the pulse continues. Conscious
ness remains Pntirely unaffected both during the paroxysms and 
in the intervals, unless, indeed, a high degree of carbonic acid 
poisoning should be set up by the paroxysms. Only one case 
is known to the author, in which complete unconsciousness of 
seventy-two hours' duration was observed, in consequence of a 
grain and a half or strychnine taken internally ; 3 the subject, in 
this case, was a woman thirty-eight years of age, in whom other 
causes may have been at work - at least, it is very doubtful 
whether there was in this case a causal connection between 
strychnine-poisoning and the unconsciousness. While the pa
tient is lying in bed, apparently ve1·y comfortable, with relaxed 
muscles and calm breatl1ing, a fresh attack of tetanus may come 
on suddenly as with a blow, without the possibility or assigning 
any cause for it. Bttt more commonly it comes on in conse
qn_c::ice o[ some outward irritation a!Iecting the peripheral ex-

1 Glasgow Med. Joum. Aug. p. 488. 187l. 
'Brit. l\fod. Journ. Oct. 1807. 
3 

Dun"au, Etud. clin. et mCd. leg. sn r l'empoii;. par Ia strychnine. Puri::i. 1862. 
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tremities of the sensory nerves, or the nerves of the or1<ans of 
sense. A slight shock, a jar given to his bed, a loudly-,poke" 
word, a flash of light suddenly introduced into the room, " 
brisker current o( air in the neighborhood of the patient, a touch 
conveyed to his person. a movement ou his own part, may in
stantly bring on a fresh paroxysm; but even if all these casual. 
ties are guarded against and avoided, the convulsion; usually 
occur witlt inneasing severity. After each interval, a fresh par
oxysm. Much variety is observed as to the number of attacks 
which may occur in a case of strychnine·poisoning; some cases 
are reported which have terminated fatally a(te1· a few par
oxysms; thus Casper' mentions the case o( a man poisoned by 
from fi rn to six grains(= 0.3-0.37) who died in the third parox
ysm. In some cases, however, as many as ten ha,·e been recorded. 
IC the poisoning terrninatl·s fatally, the patient dies either during 
a paroxysm with the secondary symptoms o( carbonic acid poi
soning, or he dies from collapse, as in the case communicated 
by \Vatson,' aft(•r the tetanic convulsions have ceased, while the 
muscles, 'vea.ri{>d by the excessive strain, are qnite exha.u5tt>d 
and paralyzed. The fir;t form of death, however, is by far the 
most frequent; respiration fails, the pulse becomes wenkl·r and 
impcrceptibl1·, ryanosis becomes general, the pupils become di
lated, and death supervenes. 

Besides these ordinary symptoms there are occasionally others 
less constant. Among these are the increased secretion o[ saliva, 
sometimes observed, and vomiting. As regards the latter, it is 
remarkable that in most cases of strychnine·poisoning emetics 
fail to produce any efiect, whereas sometimes, especially when 
strychnine has been introduced in substance, vomiting comes on 
spontaneously, w!Jich appears to arise from a direet action or 
strychnine on the mucous membrane of the stomach, upon which 
also small patches of inflammation are found. IIarley' observed 
in a girl sixteen years of age, who had taken an indefinite quan
tity of strychnine, a scarlet exanthem on the inner surface of 

1 Vierteljabl-schr. fiir gerichtliche und Ofientlicbe Medicin. N. F l. 1 
'lrfonthly Journ. of Med. Sci€noc. Dec. 1845. 
3 The Lanoct. lJ. 10. October. 1861. 
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the arms and legs. In HPmenway's case abovp quoted a remark
able form of color vision (green) was present. 

The duration of the action of the poison is subject to great 
variation. In some cases, especially when Lhe dose has been con
siderable, death rapidly ensues ; thus in Hunter's case, men
tioned above, the lady, seventy years of age, died live minutes 
after the poison had bPgnn to act; in another case' death super
vened in the course of fifteen minutes. In other cases death 
did not occur till after three hours and even morn; the case 
n·portecl by vVeyrich, in which death wa8 delayed for forty-live 
hours, was that of a student accustomed to opiates. Ict~rns 
was developed in the course of this case; it is therefore highly 
probable that this was not a case of pure strydrnine-poisoning, 
but that death had supervened from cardiac paralysis, not di
rPctly traceable to strychnine. The cases which encl in recovery 
also, as a rule, run a rapid course. \Vhen small doses have been 
taken recovery sets in within very few hours; but even where 
large closes are concerned, not many hours pass before a fa\"or
able turn takes place. After that complete recovery follows in 
most cases in the course of a few days. In many cases, howe\•er, 
the restitntio in integrum is delayed by the maintenance of cer
tain muscular conditions. 

Thus, e.g., a certain stiffness of the limbs often continues for 
some time, accompanied with involuntary twitching and rigidity 
or the muscles, sometimes impeding their free play; in some 
cases a feeling of great weariness continues for two or three 
clays; a convulsive shuddering in certain parts of the muscles is 
sometimes observed, even many hours after recovery has other
wise begun. No actual sequelre have been noticed. In a few 
rare cases strongly marked muscular weakness has linger~d for 
weeks and even months, but even in these cases it is a question 
whether the strychnine or the antidotes employed are the cause 
of the symptom; at least the case communicated by Houghton• 
justifies this conclusion. A young man had eaten a duck's egg 
poisoned with strychnine which .had been left to poison mag-

1 Pbarmac. Journ. p. 44. 1869 
9 Brit. Med. Journ. Jnne 22. p. GOO. 1872. 
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pies. Symptoms or strychnine-poison ing \\·ere clevelo•iecl; he \\':lS 

treated with pure nicotine and a qua11tity or toba~co; dol•·nt 
headache and bleeding at the nose came on, with great prostra
tion and muscular twitchings; he clicl not recover till the fourth 
clay, and retained g reat weakness and tremulousness for many 
mou ths. 

Analysis qf Symptoms-Gltaracter of tlte Poisoning.' 

The tetanic convulsions which characterizP poisoning by 
strychnine indi cate, a priori, a change in the nen·e-centre$, es
pecially in the spinal manow, wrought by the poison. The nu
merous researches which have been made upon the action o[ 
strychnine in animals all agree on this point, that it is primarily 
the gray substance of the spinal marrow upon which strychnine 
acts poisonously. 

The questio11, however, which arises is, whether the spinal 
marrow is itself excited by the poison, or whether it is only 
thrown into a condition of dirnctly increased excitability; in 
other words, whether we have to do with reflex convul sions or 
central convnl ions. Experiments on animals - especia ll y on 
frogs-lead to the conclusion that the tetanus caused by strych
nine is oi a refiex cl1aracter. After IV. Arnold' hacl obsr1·1·t'c1 
that this poison producecl tetanuseren in c1ecapitatec1 frog,, wh••n 
administered in quantities so small as n+..,-,- of a grain (=0.0000(j), 
Professo r 11. Mayer' sncceec1ec1 in esta\1 li shing that tetanus foi1Pc1 
to occur in frogs after section of tlw posterior roots of the nP1Tes 
of the spinal marrow, or \\·hen he had paralyzed all the periphe-

1 The principa.1 :wtborities on the subject. of the action of strychnine nrc: Strurnin.t, 
Mueller's Arch iv r. Phy,iolog. p. 222 ff. 1837; Brmrn-&q11nrd, Experimental RC"iC:lrcbes 
appl ied to Phy!"'iology. Xcw York, 18:>3 i KoeUiker, Archiv f. path Anat. v. Yircb. X 
1. 18J6; fhrlf'y, The Lancet. July 12, lSJG; Pelikan, Bcitragc zur gericbtl. i'\Iediciu 

\\"lirzburg. 1s.:;s. 
~Experiment:; on the Action of Several Constituents and Prcpnrntionfl of Nux\omicn.. 

Uygea. \'ol. 10. 18-1 1; nnd. On the Pharmacoclynamic-polar Opp01:1ition of the Constitu

ents of a 1\Iedicinc. llygea. Yol. 19. 1844. p. 300. 
~ lTeber die Natur clcR. clurch Strychniu erzeugtcu Tetanus. Henle u. Pfcufer's Zeit· 

scbrift flir rntionclle 1\lcdicin. Vol. Y. p. 2J7. 
VOL. XVII.-;o 
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ral cutaneous nerves. Again, the fact that a frog which has been 
poisoned with strychnine can be preserved from tetanus by being 
carefull y placed under a glass bell , upon a tuble which s tands 
steadily , as well as the cll-cumstance tha t in the intervals of 
tetanic convulsions we can at pleasure arouse tetanus by touch
ing the anirual, lead to the conclusion that the tetanus is of a 
re tlex character. To the question whether there is an exact cor
respondence between tlie case of the liuman subject and that of 
the frog and other animals submitted to experiment, it can only 
be answered tha t such is probably the case. The circumstance 
that human beings sufiering from strychnine-poisoning often 
have tetanic attack s, without any previous sensory excitement, 
is not decisive as to the central action of the convulsions, since 
in strychnine-poisoning e,·en extremely slight irritations, which 
under other conditions would pass unnoticed, excite tetanus, and 
such very slight irritations may but too easily escape observation. 
Since, then, it appears highly probable that in the human subject 
also strychnine convulsions are simply reflex , still the question 
arises, llow is thi s increased reflex excitabili ty brought about ? 

It is a unirnrsally acknowledged physiological fact that in 
frogs reflex movements occur more readil y when the brain has 
been separated from the spinal marrow, or, as we are in the 
habit of putting it, when the reflex inhibitory centre is in this 
way removed and its action eliminated . 'rJie simple fact that 
tetanus occurs even in decfLpitated frogs, when under the infln
t> nce of strychnine, proves that thi s namlyzing action on the re
fl ex inhibitory centre which has been assumed is unwor thy of 
credi t. 'l'he refl ex inhibitory centre, so far, at fLny rate, as it is 
seated above the medulla oblongata in the brain, is not pa rticu
la rly altered by strychnine. F or it is a fact that persons suffer
ing from the effects of strychnine, when they a re p repa 1·ecl for 
the application of a sensible irritant, suffer no resul t ing parox
ysm, whereas the smallest unf oreseen irri tation leads to violent 
tetanic convul sions. Thus numerous cases a re recorded in which 
poisoned persons have requested their at tendants to rub their 
skin vigorously, and thi s fri ction did not induce tetanus, whereas 
the kick of a foo t against the bedstead produced the most vio
lent convulsions. 
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On the other hand, we can conceive physiol ogically that there 
nre organs in the spinal ma rrow also which exert a refl ex inhibi
tory action, e. g., which limit the reflex action to certa in groups 
of muscles and p revent its extending to others, which, indeed, 
inhibit the communication of sensible irritations along more 
remote motor channels. N ow the question rema ins unanswered 
to thi s h our whether these refl ex inhibitory organs are paralyzed, 
or whether the excitab ility of the motor centres in the spinal 
marrow is enormously increased. 

As l'egards the peripheral motor organs, the motor nerves and 
the muscles, there is no direc t influence exercised on them by the 
poison. \Vhen an a nimal is poisoned wi th strychnine, a fter sec
tion of the nervus ischiadicus, the corresponding hinder extrem
ity remains free from convnlsions, al though the conveyance of 
the poison to the extremi ty is uot in terrupted . The poison 
appears at the first gla nce to exert a direc tl y irritating influence 
on the sensory nerves; but since the means we have of testing 
the ex citabili ty of the senso ry organs is vrecisely the setting. in 
of retlex movements, ancl s ince these are already centrally intlu
enced by the strychnine, i t is clear tha t fo r the vresent direct 
experiments in this di rection cannot lead to a decisive result. 
The condition of the vascular system is, however, decidedly 
influenced by strychnine. R . Richter ' observed that in frogs 
and in clogs the arteries became permanently constricted dnring 
stryclrninc-poisoning, a nd the blood-pressure thereby considera
bly increased. S. :Mayer ' observed that after section of the 
spinal cord high up in the cervical region, by which means the 
rnso-motor centre in the m!'dulla oblongata was isolated and ren
dered iner t, this constricti on was no longer apparent. Ornr and 
above thi s action on the vaso.motor centre strychnine has an 
influence on the heart itself. This organ is afiectecl in opposite 
ways in frogs ancl mammalia. In frogs, during the tetanfo 
paroxysm, the pulse is considerably retarded, especially when 
somewha t large quantities o( the }J )ison have been administered, 
and thi s effect may go on a ugmenting till the heart is arrested 

I Zeitscbrift f iir rntionelle 1\Iedicin. (3). xrvnr. 76. 
~ Wiener ar:adem. Sitzuugsberichtc. Math. physic. Ch~ae. 3. Abtblg. 1871. 9. ~0"· 
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for a time in diastole; in rabbits and dogs, on the contrary, as 
in human subjects, the cardiac pul"ation is usually considerably 
accelerated. \\Te have scarcely any knowledge of the cause of 
this change in warm-blooded animals; a 7Jriori, we should be 
!eel to suppose that the contraction of the vascular system and 
the consequent increased resistance must lead to a retardation ol' 
the heart·beat, which would at the same time become stronger, 
and thereby contribute to an increase of the blood-pressure. It 
would appear from the experiments of Heinemann' that the 
v::tgus jn its origin ancl course in frogs has 11othing to clo wit h 
the retardation of cardiac pulsation; on the contrary, this au
thor concludes from his experiments, which showed that retar
dation of the pulsations did not occur in curarized animals, tlmt 
it is the extremities of the rngus in the heart that are excited 
by strychnine, and so induce the retardation. The increase of 
blood-p1·essure in warm-blooded animals is explained without 
difficulty by the condition of the heart and vessels. \Ve might 
be inclined to look upon the action of strychnine on the \'ascu
lar system, especially the contraction or the vessels, as the pri
mary effect of the poison, and the convulsions as secondary to 
this, and dependent upon it; bnt this view is clearly incom pati
ble with the fact that in a decapitated frog, whose heart has 
been excised, tetanus can be inc1 need by clirPct application ol 
strychnine to the exposed spinal marrow, as I have convinced 
myseU: repeatedly. S. :Mayer (loo. cit.) came to the conclusion 
that the primary effect of strychnine was on the medulla oblon
gata, and that the convulsions which first occur depend on its 
irritation, for he saw that after section or the spinal manow 
high np, when the animals subjected to experiment were gi\'en 
strychnine, they had convulsions at lirst in the anterior part or 
their body; on the other hand, A. Freusberg' maintains that 
this clistinctio11 as to time does not exist if the spinal marrow, 
after section, is left for a while to recorer from the mechanical 

1 Arcbiv f. patbolog. Ann.tom. XXXTII. 304--114. Beitrtige zur Physiologie des 
Hcrzcns. I. Ueber den Einfluss der Strycbninvergiftung auf <lie Bewegung des Froscb
herzens. 

2 Ue~er die Wirkung des Strychnins, etc. Arch. f. experiment. Pntholog. und Phar
makologie. III. Bd. pp. 201-215. lS'iJ. 
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injury, and if the strychnine is not introduced till latE>r on; in 
that ca.se, he says, the spinal marrow reacts to strychnine, not 
otherwise, ancl not later than the medulla oblongata cloes. 

I In what way cloes strychnine kill? Formerly the answer to 
this question was simply-by paralysis o( the spinal marrow. 
Auel even now we 111ust admit that this is the cause of death in 
certain cases, viz., in those, I mean, in which death supervenes, 
not during a tetanic paroxysm, but by so-called collapse. If we 
introduce very large closes of strychnine into the body of a frog, 
he may die without the development of any convulsions. 

\ Ve must include in the same category those cases in the 
human subject where death occurs after a (ew paroxysms. In 
these cases the cause of death is a sudden diminution of the 
excitability of the spinal marrow after a brief preceding augmen 
tation. This diminution of the excitability of the spinal marrow 
may be a direct action o( the poison, or it may be, as is much 
more probable, a lassitude, an exhaustion, wl!ich follows the ini
tial increase of excitability. 

In another series of cases of death from strychnine, arrest of 
respiration, from cramp o( the respiratory muscles, is the cause oC 
death. This death from asphyxia through tetanus oC the respir
atory muscles may supervene e,-en when the closes aclmiuisterecl 
have not been absolutely fatal, and this affords us a clue to the 
cause of death in cases which prove fatal after small doses of 
the poison. The symptoms in strychnine-poisoning seem to incli
cate that the brain remains intact, at least as regards its psy
rhical function ; the experiments of Alexander Ingram Spence,' 
however, show that direct application of the poison to motor 
centres in the brain, especially to the thalami optici, produce con
vulsions very rapidly; and the trismns which generally accom· 
panies the other symptoms of poisoning can only be referrecl to 
the action of the poison on the seconcl branch of the trigeminus 
at its origin. 

It wottlcl be very presnmptuons to hazard even a hypothetical 
opinion as to how the cent!'al motor centres become poisoned by 
strychnine. It seems to me that the wol'king hypothesis suggest-

1 On the Mode of Strychnine Action. Edinb. l'iled. Journ. July. 44 18(i6. 
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ed by E. Gay's' experiments is too weak to serve onr purpose. 
He professes to have found strychnine in the spinal marrow, in 
the medulla oblongata, in the pons, and especially in its gray 
matter ; but he found most in the medulla oblongata ; while 
he could detect none in the cerebrum. These statements need 
further confirmation before we can found a theory upon them. 
Till that time comes we must regard the action of strychnine as 
an example of so·called contact-action. 

The results which oculists have obtained in the treatment of 
amaurosis with strychnine, and which they refer to the produc
tion of an increased excitability of the elements of the retina 
(whether directly, or indirectly through constriction of the ves
sels, remains undecided}, throw some light on the phenomenon 
of colorecl vision, which is occasionally present. 

Finally, it is evident from what we have already said that 
the phenomena of strychnine-poisoning are better known than 
those of most other poisons, and that its symptoms in the human 
subject may readily be 1·ecognized. 

Resi,zts ef .Autopsies.' 

No characteristic appearances are to be found in autopsies 
after poisoning by strychnine, and they furnish no positive basis 
for its recognition. The most striking sign is the existence of 
very strongly marked cadaveric rigidity. In some cases this 
follows so immediately upon the last tetanic paroxysm, that it 
may seem like a prolongation of it. In other cases, however, the 
muscular system is relaxed at the moment of the approach of 
death, and rigidity soon sets in, generally in about half an hour. 
It is very marked, and lasts a considerable time. In several cases 

1 Ueber die Vertheilungsart des Strychnins im Centralnen-ensystem. Centmlblatt 
fiir d, med. Wissenscl\al'ten. 1867. No 4. p. 49. 

2 The following are reports of autopsies: Th. G. D. Dm:ies, Case of Suicidal Poi-

:~:~:7.~~=~l::::~~:::~;:~:I:~m;i:~::::.·~:~~1~~:~!~7::~:::~~~~:~:. 
Jo~rn. Oct. 1864.-Ma.,clikn .. Prager Vierteljabrscbrift. Bd. 96. rn. 1867.-Roberts, 
Bnt. Med. Journ. Dec. No. 34. p. 754. 1871. 
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it "·as found present even five days after death; in the Palmer 
case, for instance, the body of J . Parsons Cook was di ssected on 
the sixth day after death, and the rigidity was still found com
plete; when the body was exhumed some two months after, fo r 
the purpose of renewed examination, the extremities were per
fectly stiff and rigid.' The fingers are found firmly clenched, the 
sole of the foot arched, the ankles quite rigid . 'fhis rigidity 
also ex tends to the heart, which is usually found firm and hard, 
and empty of blood ; yet cases are on record in which the lleart 
was found llacc id and containing blood. 

In almost all the autopsies reported the blood was found in a 
fiuid condition. 

The lungs are hyperromic, usually with small infarctions, but 
these are sometimes absent ; hemorrhag ic erosions are occasion
ally found in the stomach and intestine. In a few cases tluicl 
exuda tion has been found in the pericardia] and pleural sacs ; 
sometimes the urinary bladder is strongly contracted. In the 
abdominal glands we tine! the usual venou8 engorgement con
sequent on death from acute asphyxia. The condition of the 
brain and spinal marrow is by no means characteristic. In 
many of the older cases reported, marked hyperremia of the 
brain was stated to have been found; but in recently reported 
cases, very little stress is laid on this hyperremia. Exudations 
and actual hemorrhages are found in the lateral ventricles ; but 
these are not necessarily connected with the action of strychnine. 
Nothing characteri stic has been found in the spinal marrow. If 
crushed nux vomica has been taken, we find the remains of it in 
the stomach and intestine, notwithstanding the occurrence of 
vomiting. Nux vomica adheres strongly to the mucous mem
brane; this is partly owing to its poin ted fragments, and partl y 
to the fine hairs covering its surface, which are characteristic of 
nux vomica. 

JJia.r;nos is and Differential D iagnosis. 

The symptoms caused by strychnine·poisoning can only be 
confounded with ordinary traumatic or idiopathic tetanus. But 

1 Ta ylor, Poisons, uebersetzt von Seydeler. III. Bd. p. 310. 
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under certain circumstances the differenlhil diagnosis o{ these 
cases may be very difficult; in the presence of very serious 
wounds the decision is not difficult; but if we have only to do 
with slight wounds, such as lhe scratch of a nail, the cut of a 
whip, etc., and if those injuries have happened a long time ago, so 
that there is no history to aid us, a correct diagnosis may be very 
difficult. There are differences, however, between the symptoms of 
spontaneous or traumatic tetanus and those of tetanus caused by 
strychnine, which in some cases may determine the diagnosis. In 
the first place, in ordinary tetamts the paroxysms affect chielly 
the masseters, the cervical muscles, and the muscles of the ex
tl'emities, while the respiratory muscles are not so much involved; 
but in strychnine-poisoning, tetanus of the respiratory muscl~s 
i> especially prominent. Again, the duration of each attack is 
genemlly shorter in strychnine than in ordinary tetan ns ; and 
the intervals between successive attacks are also shorter in 
strychnine tetanus. Lastly, in point of time the whole course 
in the two cases is generally quite different; strychnine tetanus 
usually runs its course in a few hours, whereas ordinary tetanus 
is generally prolonged through several clays ; such cases or teta
nus, therefore, as are reported to last for weeks, cannot possibly 
be the result of strychnine. Again, in ordinary tetanus, trismus 
is usually the first symptom, and it frequently continues for 
hours, whereas in strychnine tetanus, trismus may be absent 
altogether, and, when present, it never lasts longer than cramp 
of the other muscles, nor does it ever remain the only symptom 
or strychnine-poisoning. It is sometimes difficult to differentiate 
strychnine-poisoning from apoplexy, as appears in a case given 
hy Borchard.' A physician had taken sulphate of strychnine 
during five months, as a remedy for paraplegia, without perceiving 
any results from it; suddenly, at a meal, he foll over on his hack, 
his eyes and his featt1res became convulsed, the upper part of 
his a1·m arched, his hands clench eel; there was deep stertorous 
breathing, the pulse was full and slow, the sensorium 1·emained 
unalrected. Bleeding alleviated the symptoms, but a fresh 
attack shortly after terminated fatally. 

1 Empoisonnement par le sulfat de strychnine, etc. Journ. de med. de Bori..1. Juin. 
3.J,j, 18.i,j, 
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Absence of spasm of the gullet di stinguishes the action of 
this poi:;on from rabies; the preservation of consciousness pre
vents its being confoumled with epilepsy; the natu re of the con
vulsions, perhaps al so the sex of the patient, prevents confusion 
with hysterical convulsions. Conn1lsions in hysteria are very 
seldom tctanic; they are mostly clonic, varying with regard to 
the muscles acted upon, etc. 

It is more difficult to escape confounding the action of this 
poison with that of other poisons, e. g., with picrotoxin, with 
certain cases of coniine-poisoning, etc. In snch cases we must 
rely on the history 01· on the chemical detec tion of the poison in 
the matters vomited, or in the mine. There is one symptom 
which , if present, may lead ns readily to a correct diagnosis, and 
will prevent confnsion witlt ordinary tetanus, as well as with 
poisoning by other rnbstances, and that is vomiting, as it occa
sionally attends strychnine-poisoning. P ossibly the temperature 
of the body may also supply a basis for diagnosis; in ordinary 
tetanus this rises to 103.8° Fahr. and higher, whereas in strych
nine-poisoning, especially in animals, the temperature is lowered 
considerably. On the whole, however, the diagnosis is not very 
difficnlt, and, indeed, few mistakes have been made, when there 
was an intention of arniding them. See the Palmer trial. 

Prognosis. 

It has already been mentioned, in referring to the doses of 
this poison which have been taken in di!Ierent cases, that very 
large doses of strychnine ..ire not necessarily fatal , but that tile 
result, whether death or recovery, depends on a series of inci
dental circumstances. If the poison is admiuister<"d or taken in 
a form in which it is not readily absorbed, and if there is a quan
tity of food in the stomach, the prognosis is fa\'Orable; it is, of 
course, a point of fundamental importance whether vomiting 
occurs or not, and whether the case is taken in hand ea rly or 
not. The prognosis will further depend on the length of the 
duration of the successive paroxysms and the length of the inter 
Yals between them. The shorter the duration of the atwcks and 
the longer the intervals between them, the more favorable is the 
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progno is, and vice versa. \Ve must not, however, lea;e out of 
consideration the fact that many deaths from strycbmne occur 
in intervals, from exhaustion of the spinal marrow; careful 
observation of the pulse and respiration will be sufficient to 
guard us against such a. mistake as giving a favorable prognosis 
immediately before droth supervenes. It must be regarded as a 
bad symptom when the pupils remain dilated during the inter
vals. \Ve shall see further on, that the treatment itself is not 
without influence on the prognosis. How bodily conditions may 
promote the action of the poisoning and influence the prognosis 
is proved by J. St. Clair Gray's experiments,' which show that 
in frogs ,,'u--. of tt grain(= 0.00003) is generally sufficient to pro
duce tetanus, but when the animals were insufficiently nour
ished, however, and especially when their fluids were diminished 
by placing them on filtering paper, tetanic symptoms were pro
duced by .,m-., of a grain(= 0.000002) of strychnine. 

Treatment. 

The first indication in the treatment of strychnine-poisoning 
is the elimination, if possible, of the poison which has been con
veyed into the body. For this purpose we must give emetics, 
though they often fail in their action; ipecacuanha and tartar
ized antimony are better emetics and more certain in their action 
than the sulphates of copper or zinc. At the onset, the use of 
the stomach-pump is desirable, but later on it is apt to excite 
tetanic attacks, as Gaillard' rightly maintains. It will be well. 
in cases which do not permit of the use of the stomach-pump, to 
give simultaneously with the emetics the so-called chemical anti
dotes, for crystals of strychnine and pieces of nux vomica are 
apt to adhere so firmly to the wall of the stomach that they can
not he dislodged by the act of vomiting. Tannin ancl substances 
containing it are the best chemical antidotes. Since tannin 
forms with strychnine a chemical compouncl very difficult to 
dissolve, but as it is not absolutely insoluble, but is, on the con-

l Gla~gow Med. Journ. p. 167. 1871 
~Bullet. de l'acad. de ml:dic. XXIX 19. 
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trary. reaclily soluble in acids, it is obvious that emetics should 
be given at the same time. According to Kurzack's' experi
ments a great excess of tannin is necessary (twenty or twenty-live 
parts to one). A man poisoned with a mixture of not quite four 
drachms of nux vomica and one drachm of indigo was seized with 
con\'ulsions and was saved by emetics and a decoction of gall
nuts. ' Alcohol, as well as acids, dissolves the compound formed 
by tannin, and is therefore to be avoided. 'Vhat bas been said of 
tannin is equally applicable to iodine, which should be given in 
the form of tincture of iodine, at lirst from ten to thirty drnps in 
water every ten minutes, later on at longer intervals. Fuller' 
states that iodine throws down with strychnine an insoluble 
precipitate. This, however, is disputed by Darby,' who has . 
proved that this precipit:.te dissolves when warmed as well as in 
the gastric juice, and that one-quarter of a grain ( = 0.015) of 
this precipitate causes fatal convulsions in cats. Iodine may 
also be given in later stages of the case, if it is suspected that 
there is still poison in the stomach; thus B. Bennet' reports the 
case of a woman forty-two years of age, who had taken large 
quantities of strychnine, and on whom the iodine treatment arted 
\'ery favorably. Soon after its administration the convulsions 
abated in violence, and after a few days she began to recover. 

The administration of fat was formerly very much recom
mended in order to hinder the absorption of the poison. 'V c can 
readily understand that when large qnantities of fat are mixed 
with strychnine in the stomach, it retards its absorption, but it 
can obviously have no effect in preventing absorption in the 
small intestine, where fatty substances are emulsionized and 
saponified. It is with reason, then, that Harley' recommends the 
use of very drastic aperients together wi th the fat, e. g., castor oil 
and croton oil. Some au th ors, on the recommendation of Mor
son ancl Garrod, have tried animal charcoal, but it has usually 

1 Wiener Zeitl!chri!t. N. F. III. 11. 1800. 
' Aerztlicbe l\Iittbcilungen nus Baden. I. 1859. 
~The Lancet. April 4. p. 452. 1868. 
4 Phn.rmnc. Journ. M·1y. p. 435. 1808. 
~Lancet. IT. 18. Oct. 1859. 
'Lancet. II. 16. Oct. 186 1. 
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proven of no effect in retarding the absorption of the poison.' 
Chlorine has been credited with the prnperty of counteracting 
the effects of strychnine while it remains in the stomach; this 
theory was first started by Dumas in 1840, and experimentally 
tried by Bot1det,' who succeeded in saving sixteen out of twenty 
dogs whom he had poisoned with nux vomica administered by the 
mouth, by giving them eighty minims of chlorine water in seren 
and a half ounces of water, and then an emetic of tartarized anti
mony and a quantity o[ tepid water, and frequently repeating 
this treatment. As, however, out of the four dogs which died, 
there were three in whom vomiting could not be inc1ucec1, it is at 
least very doubtful whether the action of strychnine is counter
acted by chlorine, and whether ,·omiting is not after all the most 
important factor. 

\\Tith regard to the treatment of particular cases, we find an 
immense nnmber of antidotes recorded, of which, however, we 
possess but ,·ery little certain information. At the head of these 
stands curare, recommended by 'l'hibaucl in 1856. \-nlpian' 
shortly a[terwards threw doubts upron its intluence as an anti
dote to strychnine, while Vella,' on the other hand, maintained 
that simultaneous injection of curare and strychnine prodt1ced 
absolutely no result, and that strychnine conn1bions which have 
already set in cease when curare is introch1cecl. On the other 
hand, Thiercelin used a compound of strychnine ancl curare in 
the [orm of cartridges for killing whales, and succeeded so com
pletely with two cartridges of thirteen clrachms each, that the 
largest whales died i11 from fi[teen to eighteen minutes.• Accord
ing to our present information we cannot, therefore, maintain 

1 Cltippendale's case, already mentioned, in which be considered lbat animal charcoal 

had wrought a. cure, was not a poisoning with strychnine only, but n complete poison

ing with strychuiue and mortlhine. Sec Lombardi:!. Journ. de cbim.. m6d . .Mars. 12J. 
1068. 

2 Sur l'emploi du chlore comme antidote de la strychnine. Re\•ue ann.lytique et 
crit"que. p. 44.:l. lSJ:t. 

3 L'union med. 154, 155. 1856. 
4 L'uniou mCd. 7. 1857. 

~ Compt. rend. T. Lt. Sept. pp. 333-3.36. 1800. 
6 Action of Soluble Salts of Strychnine in Combination with Curare on Cetacere. 

Compt. rend. T. LXIII. 22. 
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that an actual :rn"agonism ex ists between these two poisons. 
\Yliereas stry ·hnine produces convulsions through its action on 
the spinal marrow, curare causes paralysis of the muscular sp;
tem by its action on the extremities of the motor nerves in the 
muscles themselves. It is possible, indeed, to arrest st1-ychniue 
convulsions by curare, especially by its subcutaneous inject ion 
in sufficient quantities, but there is the ri sk of throwing the 
patient into a condition of asphyxia or paralysis quite as dauger
ous as that produced by strychnine, only in n diITPrent way. 
Practicnlly, we have alm os t gil·en up the use or curare in strych
nine-poisoning, because the elTects of both poisons rnn theit· 
coUl'se side by side, and curare action ultimately gains the upper 
hand and cnuses death.' 

Narcotics are more valuable than curare in the trentment of 
strychnine-poisoning. 

Opium ancl morpltine have long been used in the treatment 
of strychnine-poisoning, and generally with satisfactory results. 
Be1tini ' witnessed rapid recovery set in, in the case of n man 
seventy-three years of age, who had tnken in two days twelrn 
pills containing ench one-fifteenth of a grain of st1·ychnine 
(= 0.003), after the gradual introduction of two grains(= 0.12) 
of morphine acetate. A. Smith' confirms this, for he adminis
tered opium ton soldier who had been poisoned with two and a 
half grnins (= 0.15) of s trychnine, and reco,·ery set in rapidly. 

As opintes reduce the excitability o[ the spinnl marrow, theii· 
use, especially in the form of subcutaneous .inject ion, is quite 
rational , although we possess no histories of cases in which 
opiates hnve succeeded in arresting the effects or absolutely fatal 
doses of strychnine. 

Cltlorq/orm is of more vnlue than opiates in the treatment of 
poisoning by strychnine. The first case within my knowled!!'e 
which was treated with chloroform was that reported by 1[a11n-

1 C. 11• Sc!tro.f,jun. , Wiener med. Jahrbiicher. p. 420. 18i2. Bericht Uber die im 
pbannacologiscbcn Institute der Wiener Univer.,.itiit ausgefiihrteu Arheiten. 

t Empoi~onncmeut par la strychnine. Giornale dell' Academia r. med. chir. di Torino. 

Juin. 1840. 
3 Edin. Med. Jonrn. p. 508. Dec. 18.59. 



798 VON BOECK.-YEGETABLE POISONS. 

son.' A man forty years of age had, by mistake, taken between 
one ancl two grains(= 0.06-0.12) of strychnine; after twenty min
u tes complete tetanus set in; chloroform was administered for 
several consecutive hours, ancl he recovered rapidly. In a case 
described by Hamilton' four grains (= 0.25) of strychnine hau 
been taken with suicidal purpose; narcosis, under chloroform, 
kep t up for seven hours, resulted in recovery. Many similar 
cases have been reported. Chloroform narcosis !ms the acl,·an
tage of permitting the use of the stomach-pump without clanger 
of inducing convulsions, as Phelps has proved in a London hos
pital. Still, even chloroform, under certain circumstances, is un
availing in the violent effects which result from very large doses, 
as is shown in the case of "\Veyrich at Dorpat, already men
tioned, in which, after from four to five grains (= 0.25-0.31) of 
the poison hacl been taken, in spite of chloroform narcosis, death 
supervened from cardiac paralysis. On the other hand, Cope
land ' describes a case in which five grains of strychnine bad 
been taken(= 0.3); under chloroform the paroxysms were re
duced in number anc1 in violence, and ceased altogether after thir
teen aud a half hours. One pound of chloroform in all was em
ployed on this occasion. Chloroform has been also administered 
internally in strychnine-poisoning; thus O'Faneu •cured a youth 
fifteen years of age, who had poisoned himself with two grains 
(= 0.12) of strychnine, by giving him, every quarter of an hour. 
one drnchm ( = 4.0) of chloroform. 

The value of chloroform in the treatment of strychnine-poi
soning is quite obvious. An agent which so energetically re
duces the excitability of the centrnl organs must also be capable 
or diminishing the ovn·excitability of the spinal manow pro· 
duced by strychnine, and of overcoming its consequences. Pill
wax,• who, following in the steps of "\Val ton and Sholes, made 
experiments with chloroform on strychninized dogs, found that 

1 Jnhn.lation cle chloroforme dans un ens d'empoisouuement po.r la strychnine. Union 
med. l\fai. p. 56.t. 1852; o.ud Bull. thCrap. Juillet. 43. 1852 . 

2 New York. Med. Record. March 1, 1867. 
3 Boston Med. and Surg. Joum. No. 6. p. 449. 1873. 
4 Philad. 1\Icd. Times. 1873. Feb. rn. p. 31. 
~Wiener med. Wochenschrift. G. 7. 1857. 
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chloroform alleviates the strychnine convulsions, shortens their 
duration, changes them into clonic convulsions, but cloes not 
completely connteract the effec t of the poison. This we should 
naturally expect in the case of dogs, as they do not bear chloro
form narcosis well , particularly when long protracted, and easily 
succumb to it. Besides, it is clear, a priori, that those cases in 
which death occurs from paralysis of the spinal marrow by very 
large doses are less favorable for the action of chloroform than 
those cases in which death is caused by asphyxia from tetanus 
of the respiratory muscles. It must, however, be admitted that 
even in these cases chloroform has a considerable palliative eITec t, 
a,ncl tha,t it relieves pa,tients from positive unpleasant and painful 
symptoms. The rapidi ty with which the desired chloroform nar
cosis can be induced, the possibili ty of prolong ing it at will , and 
of renewing it coup sur coup, secm es to chloroform the first 
place in the trea tment of strychnine-poisoning. 

Recently hydrate of chloral, which, since its introduction 
into medical practice by 0 . Liebreich, has become an impo1·tant 
addition to our narcotics, has been cousiderably used in the 
treatment of s trychnine-poisoning, and with much the same 
result as chloroform. After Liebreich himself had prored ex
perimentally the favorable results of chloral in strychnine teta
nus, Turner, ' to the best of my knowledge, was the Jirst to use 
it clinica ll y, in the case of an Indian who had been poisoned 
with strychnine by h is wife. He had violent opisthotonus ; 
thirty grains (= 2.0) of hydrate of chloral were administered, 
with the effect of arresting the convulsions for half an hour; 
la ter on he was given fi[ teen grains, and then two doses of thir ty 
grains, till at las t all convulsions ceased, and he fell into a deep 
sleep. A milder fo rm of medicinal poisoning, mentioned by 
Angus l\Iacdonald,' took, Yery rapidly, a fayorable turn, a fter 
the administration of thirty(= 2.0), and la ter on twenty grains 
(= 1.2) o[ hydrate of chloral. It also deserves a fo remost place 
in the treatment of strychnine-poisoning. The experiments of 
Schl'OfI, jun .,' proved that s trychnine had no effect upon animals 

1 Philad. Med. and Surg. Rep. Jun e 15. p. 529. 1872 . 
~ Edin . Med. Joorn. April. 882. 1872. 
3 Wiener med. Jahrbi.icher . 11. 4. p. 420 ff. 1872. 
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poisonPd with hydrate of chloral, that e'·en deadly doses of 
stryehnine failed to act upon an animal in thi s condition, but 
that, on the ot her hand, the fatal resul t of deadly doses of hy
drate of ch lora l was not arresteLl by strychnine, so that only a 
one-sillt>d antagonism ex ists between them. 

Bromide of potassinm, the main a.ction of wl1ich is to con
siderably reLlnce the excitability of the spinal marrow, nppears 
a priori qualified to act as an antidote to strychnine-po isoning. 
Aft<•r this drng had been recommended by 'l'b. Unsemann, it was 
considerably employed in cnses of strychnine-poi soning. A rase 
communicated by Charles Gillespie' is very instructive in thi s 
respect : he trented a case of poi8oning by two and a quarter 
grai ns of st rychnine with a tablespoonful of a soluti on of brn
mide of potassium (1: 3) every half hour. The paroxysms grad
ually gave \\'ay, and after the fifth close the patient was able 
to stand and walk again. Cephas J . Barcl' reports a case which 
ran an <'qually favorable course under treatment with brnmide 
of pota$Sium. Yet bromide of potassi um is inferior to chloro
form and chloral in rapidity and surety of actio n. Besides, it 
must be taken into consideration that bromide of potassium in 
such la1·ge qnantities, a.ncl in so concentrated a. form as is iwces
sary for snccess in counteracting strychnine-poisoning, causes 
in rabbi ts, accordi ng to Schrofl"s observations, inllammation and 
ulceration of the mucous membrane o[ the stomach 

Atropine, the inflnencc of which, in st rychnine-poisoning, 
Rodoiro Roclolfi' tested experimentall y, has, like hyoscyamine, 
no spec ial adrnntages. Its Pffects are developed parallel, as it 
were, \\'ith those of strychnine, and it cannot counteract the 
action of strychnine except in closes sufficient to cause death. 
The same thing holds good with rPgard to w·on ile. The fa,·or
able resnlt of Fuller's case, already mentioned, in which three 
grains of strychnine had been taken, is rather to be ascribed to 
the chl oroform which was simultaneously aclministerecl th:rn to 
the aconite. BesiclPs, we must not leave out of consideration 

1 Amer. Med. Journ. Oct. p. 470. 1870. 
'Phila1l. Med. Times. June 1. p. ~16. 1871. 

• Gaz. ~led. Ital. Lombard. No. 7. 18.J.j i n.ud Gaz hebdo:nad. ~o 23. 1855. 
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the violently poisonous action or aconi te itself, which, when 
somewha t large doses are administered, may Yery easily· itself 
prove fatal. 

R ecently, the calabar bean has been brough t into notice as an 
antidote for strychnine-poisoning, haring been recomrnended by 
Bla tin.' Nothing conclu; jve can be inferred from a case in whiclt 
George Ashamed ' used it successfully on a patient poi ·onec1 witlt 
half of a g rain o[ strychnin e. Three tablespoonful s of a solu tion 
of nine grains of calabar extract in six ounces of carnphor-water 
were g iven. So far as I know, there are no other cases on record. 

Cannabis inclica has frequently been u sPc1 as a renwc1y, 
e. g., by S. A. M. \Villiams, in Chicago,' who ac1ministel'ed tho 
tincture, a drachm at a time, at short inter \'als, to a person who 
had been poisoned with fi ve g rains of strychnine, and was fo uml 
in convulsions three and three·quarter hours after. Ile wa; 
cured in for ty-eigh t l1 ours. · 

Hemenway• al so tried cannabis indica, wi th the addition o[ 
camphor. It seems, like opium a nd morphine, to be or muclt 
use, but it d oes not approach chloroform and hydrate of chloral 
in ,·altte. \Ve fincl tobacco very frequently mentioned as an 
antidote to strychnine-poisoning. The effect 0£ ni co tine is to 
produce at first a transient increase of excitability of the spinal 
llla1Tow, and this excitement is succeeded by paralysis, so that, 
uncler some circumstances, i t seems possible tlla t it may amelio
rate the symptoms in cases of strychnine-poisoning. But ulti
mately the pa1·a lyzing efiec t of the nicotine will co-operate with 
ancl aggravate the pa ralysis which strychnine towa rcls the close 
of the case induces, so tl1 a t, a p rior i, the use or tobacco and 
nicot ine cannot be strongly add secl. The action o[ tobacco in 
promoting vomi t ing may have much to do with the success it 
has obta ined. One of the most stdking cases of the favo rable 
effect of tobacco is that of Th. O'Reilly.' who poisoned himself 
with six grains of strychnine ; then took a tablespoon[ul of in-

1 Union med. 153. 1872. 
' Edinb . Med. Journ. Sept. 13:5 . 1872. 
3 Mccl. and Surg. Reporter of Phi lnd.-Pbarmnc. Journ. July. p. 98. 1867. 
4 P:tcific ,Jo11rn . N. S. Vol. I. p. 11 3. Aug ISGi . 
5 1\Jed. Tim eR nrni Gaz 12. 1858. 

vor_, xvrr. -51 
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fusion or cigars every five minntes, and in tweh•e hours had per
fectly recovered. The subsequent protracted exhaustion was 
probably clue to the remedy employed. Norman Chevers' re
ports a case in which a Ilinclu girl who had poisoned herself 
with an uncertain close of strychnine, was cured by infusion of 
tobacco; mention is also made in the Journal de chimie meld.' 
or a woman who, arter taking three grains of strychnine, became 
,-iolently ronntlsecl; tartar emetic, bacon, and animal charcoal 
were trircl without efiect, bnt an inrllSiOn or tobacco brought 
on vomiting, ancl she recovered. John :Meikle' observed a case 
or medicinal poisoning, in which a clclicate woman, forty years 
or age, took a teaspoonful or nux vomica }JOwcler instead of 
compound licorice powclrr; the opistothonus which followed was 
snbduecl by the administration of enemata of tobacco (30 grs. to 
8 oz. or water). lloughton's case,' already mentioned, shows 
l1ow nicotine may influence the course or strychnine-poisoning. 
"\ young man poisoned by an unknown quantity of strychnine 
took two drops or nicotine in whiskey, which alleviated the con
vulsions, nncl after four drops the muscles became relaxed. 
The next clay, the patient "·as orclerecl to smoke incessantly; he 
liacl acute pnins in the head, stiffness in the neck ancl back, 
twitching. of the limbs; on the third day, bleeding at the nose, 
great prostration and twitching o[ the muscles; then for some 
months longer great weakness and tremor. In this case it was 
certainly the nicotine which protracted the convalescence. Con
sidering, then, that we possess in chlorororm and chloral much 
better ancl more effectual agents, we cannot recommend nicotine 
and tobacco as antidotes to strychnine-poisoning. 

Camphor is also amongst the antidotes most frequPntly used 
and recommended. In Piclduk"s case,' already mentioned, a man 
had tnken one-third or a grain or strychnine, and after taking 
fh·e grains or camphor the symptoms disappeared, and clicl not 
return. Twenty grains were given in the course of eight hours. 

1 Indian Auna.ls of Med. Science. Aug. 1. 1865. 
~Mars. 12i. 18GS. 
3 Edinb. 1\led. Jomn. Sept. p. 236. 1872. 
~ Ilrit. Med. Journ. June 22. p. Ci60. 1872. 

a La:.icet. July and Aug. 1852. 
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Although this case does not fornish a suffi cient basis for the 
efficiency of camphor as an antidote to strychnine, yet i t is qui te 
conceivable that under some circumstances stimulants may be 
very effi cacious in cases of strychnine-poisoning. 

Special mention must be made of blood-letting and artificia l 
respiration in the treatment of strychnine· poisoning. 

Physicians, formerly, when they observed, in a case of poi
soning by strychnine, tha t the pa tient became cyanotic, with 
di stended and prominent veins a nd labored brea thing, followed 
by a tetanic convulsion, considered th:tt these symptoms directly 
indicated the necessity of bleeding. But J\fagendie even then 
called attention to the impropriety of this treatment, and it ap
pears from Kaupp's ' experiments, tha t venesection in rabbits 
only delays the fat al resnlt of strychnine, bu t cannot aver t i t. 
'l'he venesec tion, iC there is still poison 1iresent in the digesti1•e 
canal , necessarily induces more rapid abso1·ption, and thus has
tens the effect of the poison; besides, as the organi sm is weak
ened by the loss of blood, it is less capable of resisting the action 
of the strychnine, a nd the circumsta nce tha t, wi th the blood, a 
portion of the poison is a lso removed from the system, is com
paratively unimportant as a set-off against this drawback. At 
present this remedy is very rarely resorted to. 

Artificial respiration is of more value. After the sta tement 
had been made by Richter,' that animals under the influence of 
strychnine can be k ep t alive by means of curare iu combination 
with artificial respiration, and when, subsequently,' he came to 
regard the la tter as the chief factor in producing thi s favorable 
result, Leube ' made experiments on hens, which led him to con
clude that artifi cial respi rati on in these a nimals p romotecl recov
ery from strychnine. poisoning, which, however, they possess a 
consicl erable power of r esis ting . Uspensk y • concluded, from for-

t Versuche iiber die Wirkung des Blutverlu~tes auf den Verla.of der Strychninver
girtung. Arch. f. phys. Jlcilkde. 1 Hert. p. l•i5. 1855. 

t GOtting iscbe gelebrte Anzeigen. 18G2. Bd. IL p. 165. 
3 Zeitscbrift f. rationelle Med1z. von Henle und P!eufcr. 3. Reihe . Bd. XVJI I. 1eG3. 

p. 7G ff . 
~ Du Bois u. Reichert's Archiv f. Anat. u. Pbysiol. 1867. P· G2!) ff. 
~ Du Bois u. Reicbert's Archiv f . Ano.t. u. Pbysiol. 18Gtl. p. 523. 
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ther experiments, that artificial respiration promotes recovery in 
brucine- and nicotine-poisoning; Ebner' confirmed this statement, 
and was o( opi nion that the movement o( the chest in artificial 
J'espiration was the chief resisting influence against strycbnine
p oisoning. It appears from the experiments of R osenthal and 
Leube, anll Uspensky, that the apncea produced by artificial 
respiration s ubdues the tetanic attacks. Hermann suggests that 
possibly the reflex convulsions may be suppressed by the cooling 
effect o( artifi cial respiration on the animal. R ossbach failed to 
observe cessa tion of the com·ulsions during ::utiJicial respimtion. 
J. Ranke states the remarkable fact that strychnine convulsions 
cease when a constant electric current is sent along th~ spinal 
cord, and quite as interesting is the experience o( Kunde' that i11 
frogs temperature in!luences considembly the occmrence of con
n1l sions. \\"lwn the dose of strychnine is small, the withdrawal 
of heat favors conn1lsions ; when the dose is large, on the con
trary, a rise of temperature promotes conn1lsions. R ecently 
R ossbach and J ochelsohn' have examined this question, and 
they, with special reference to Leube's experim ents, came to the 
conclusion that animals (their experiments were made on rabbits), 
according to their s ize and their weight, 1·equire different quanti
ties o[ strychnine to destroy Ji(e, but tha t when absolntely fatal 
doses have been administered, artificial respiration can only re
tard the fatal event so long as it is continued, but cannot prevent 
i t ultimately. Their view, which accords with tha t of Ilnrley, 
refers the fatal result primarily to spinal paralysis, which is the 
final effect o[ la rge doses of strych nine, anll secondly , to changes 
in the blood, which, according to IIal"ley, is either unable to 
absorb oxygen in the lungs, or, after abso rp tion, cannot assimilate 
it, and that it ultimately loses the power of g iving out carbonic 
acid and absorbing oxygen; finally, they assert that death is 
rans<>d hy tl1 e din•ct reduction o( mnscnlar initability. Ross
hach's obserrntions, moreover, go to prom that stry chnine arrests 

1 Ueber die Wirkung dcr Apuoe bic Strychninvergiflung. GieRscu. 1870. 

Arc~~~rl;~:~~~~1g3;~~r phys. med. Gesellsch. zu \\'i.irzburg. VlII. 175; and Vircb. 

Ph:i.~e~~~1:
1;1~:t~r~~;c;:::e~~is~~~;:~l::~~1:·. ~:~· 2~\r~~~. 3~:~. n~S-7131 ·~. and ROB~bach, 
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the conversion of albuminous matter into peptone, and also de
stroys the affinity of the latter for ozone. These efl'ect" of the 
action of strychnine neutralize, they maintain, any beneficial 
inttnence which a1tificial respiratio11 might exert in strychnine
poisoning. Amid these confiicting statements of authors who 
have submitted this question to the test of experiment, it is 
much to be regretted that clinical observations with regard to 
artificial respiration are too scanty and insufficient to enable us 
to arrive at any definite conclusion. On the whole, we are dis
posed to accept as a just co 11clusio11 that which IIusemann has to 
a certain extent adopted, viz., that artiJicial respiration is, aiter 
all, a rational proceeding in strychnine.poisoning, as there are 
cases in which death supervenes from asphyxia during the par
oxysms, before paralysis of the spinal cord sets in, or when it 
need not necessarily set in; but, on the other hand, especially 
when large doses of the poison have been taken, artificial res
piration is powPrless to arrest spinal paralysis-all the more so 
because, as we shall have occasion to S..'LY fur ther on, the elimina
tion of strychnine from the body is not a ,-pry rapid process. 

Traclteotomy has also been recommentled a" nsefnl in the treat
ment o[ strychnine-poisoning; this suggestion a rose out of the 
idea that stenosis of the glottis was the most importan t symp tom. 
As we have already said, spasms of the muscles of the glottis 
sonwtimes occur, as is evidenced by the paroxysms of screaming. 
Poljuta' has made experiments as to the effect of tracheo tomy in 
strychninizecl horses. IIorses, into whose conjunctiva he had in
jec ted three grains(= 0.18) of strychnine in solution, were seized 
with convulsions in about twenty mim1tes and died shortly after; 
others which had been previously tracheotomized were injected 
with four grains(= 0.25), ancl no convulsions occurred .. These 
resu lts seem to show that s trych nine primarily produces spasm 
of the glottis in horses, and that the genera l convulsions which 
follow upon these a re inducec~ by carbonic acid poisoning. But 
thi s is not the case in the human subject, therefore tracheotomy 
may he left out of consideration in general, especially as we pos-

t Ueber cln.s Gegcngift des Strychuins. Med. Zcitg. des Vereins in Preusscu. No. 36. 
p. l78. 18G4. 
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sess in chloroform and chloral l'emedies which rapidly produce 
l'elaxation of the muscles of the glottis. It is needless to adcl 
that the symp toms may sometime:; indicate the application of 
other l'emedies, e. [j., stimulants, etc. 

Changes which Strychnine Undergoes in the Organism. 

Strychn ine is absorbed by all the mucous membranes, even 
by the conjunctiva, and passes thence into the blood; simi larl y 
it is absorbed by the subcutaneous tissue ; and it appears from 
the researches of Leu be, confirmed by J ochelsohn, that it is 
absorbed more ravidly from the intestinal canal than from the 
subcutaneous tissue. It circulates in the blood, and thus reaches 
the different organs upon which it exerts its specific action. The 
next question is, What becomes of strychnine in the orga nism; 
does it learn the body again, unaltered, by the excretions or 
secre tions~ or does it undergo changes in the organism, so that 
it is either wholly or partially destroyed ? F or a long time it 
was supposed tl1at the poison underwent decomposition, chiefly 
because attempts to detect it in the urine often failed, and the 
blood also yielded for the most part 1wgative l'esults. It was 
concluded that oxygen was the agent which caused its decompo
sition, and that the favorable action of artificial respiration might 
be referred to decomposition of the poison by the oxygen thus 
intl'OducPd into the blood: while, on the other hand, if there was 
a lack of oxygen in the blood, induced by tetanus of the respira
tory muscles, i t was believed that the poison escaped decompo
sition, and so worked its evil effects. All these hypotheses are 
now r~ndered groundless, as Yle have absolute proof that strych· 
nine is excreted from the body unchanged in the urine. Dragen· 
clorlf' and his pupil llfasing ' have the merit of establishing this 
fact. They detected the poison in the blood, though it seems to 
be present and detectable only in very small quantities; they also 

Ch:n~:a:i::u~:i:;;~:·i~h~;~:~:~· s:.[~~t:~:~~~- : ~~~: ;:.d1 :o~::z~e zur gericbtl. 
1 Bcitriige fi.ir den gerichtl.-chem. Nachweis des StL·ychnius uud Veratrins. Diss. 

Dorpat. l l:>GS. 
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found it in tbe bile, in tbe liver, in the kidney s, etc., but never in 
the brain. Tbey found most s trychnine in the lil·er, absolutely 
and relatively, whence they concluded tha t the poison lingereu 
in the liver. ' Vhen the poison had been taken by mouth, these 
authors found it long after in the stomach, and even after 
repeated vomiting; they also found it iu tho upper pa rt of the 
small intes tine. They never found it in the Iwces, nor in the 
walls of the great vessels. 

They di tl not find the poison in the urine in cases which ran a 
very rapid course, either because the poison is contained in too 
small quantities in the urine, or perhaps because, through tl1e 
general vascula r contmction caused by strychnine, the secretion 
of mine takes place more slowly than usua l. Generally the 
excretion of strychnine in the urine appears to be a somewha; 
slow process. 'Vhen Dragenclodf ancl Masing in troclucecl closes 
of a fe w milligrammes into a clog fo r ser eral consecutire clays, 
they found no strychnine in the urine till about the third or 
four th clay; but the excretion of the poison continued some 
clays a fter the administra tion hacl ceased . This illustra tes the 
cumula tive action of the poison. The fac t tha t stryehnine was 
found in the bile, but not in the lower part of the in testine, leads 
to the conclusion thn,t it must lmrn been reabsorbed. Gay,' 
under Danilewski at Kasan, has proved experimentally that 
strychnine is also excreted through the saliva. The length of 
time during which the poison can be detec ted in the stomach 
may, partially a t least, clepencl on the sali va swallowecl Dra
genclodI ' has stated emphatically that i11 the munerous experi
ments he has performed " it has certainly not been p roveu that 
conditions exist in the blood which can determine the clecompo· 
sitiou of strychniue." 

Chemical and Physiological Tests. 

In a case of strychnine-poisoning we should especiall y en· 
cleavor to recognize the poison in the matters ,·omitecl, and when 

1 Centrnlblatt f, d. med. Wissenscha(ten. Ko. 4. p. 49. 1867. 

' Beitrilge, etc. p. l!JU. 
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the case has been protracted, in the urine. If an anlopsy is per
formed, the most important 01·gans are the stomach, the live1·, 
with the gall-bladder and bile, the kidw•ys, the blood, the upper 
part of the small intestine. Strychnine has fairly ch:nactPristic 
reactions. 'Ve should use f01· the purpose of testing-according 
to Otto-a solution of strychnine in concentrated cold sulphuric 
acid, which solution is colorless. If we introduce into this soln
tion, conveniently placetl in a small watch-glass, a crystal of 
potassium bichrnma.te as large as a, pin' s head, and agitate the 
lluid by inclining the watch-glass to one side aml the other, violet 
streaks appear, changing to blue, so that finally the whole fluid 
becomes violet or, with large quantities of strychnine, bluf'; but 
this color lasts only a short time; soJn it passes into red, and 
then into a dirty-green. According to Otto, if by evaporntion we 
obtain a residtrnm of strychnine on a watch-glass, we should 
moisten it with a solution of potassium bichromate, then qnickly 
pour ofl' the tluid, or absorb it with Jiltering-paper, and next drop 
some concentrnted sulphuric acicl on the residuum, when the 
blue color immediately appears. If we have enough strychnine, 
we may dissoh·e it in water charged with snlplmric acid, and add 
to it a solution of potassium bichromate, upon which yellow 
crystals of chromate of strychnine are fornied, which dissolve in 
co11centrated sulphuric acid with a blue color. A similar result 
is obtained by adding a small c1·ystal of reel prussiate of potash 
(Davy), espec ially if some nitl"ic acid is added to the strychnine 
solution; it is also obtained by crystals of potassium hyperman· 
ga nate, by potassium chromate 01· iodate, by hyperoxide of lead 
(~farch:ind) ot· manganese (J . E1·drnann), etc. Otto's reaction is 
capable of giving positive i·esults even with one·sixty-thonsandth 
or a grnin (= 0.000001) of st1·ychnine, as de Vrij and von cler 
Burg 1 have shown. Ilusemann's admil'::tble work," Die Pttanzen· 
stofl"e," gives full details of a whole series of other i·eactions 
(p. 387 ff.). 

The separation of strychnine from organic substances is best 
accomplished by Uslar and En1ma11n' s method, modified by Dra
g1·nc1orff; the residuum, ex tracted by water aciuulated with sul-

1 Aunales d'HygiCne. Avril 1 1857. 
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phuric acid ancl then dried, must be treated with benzine or 
chloroform, which tluids extract the alkaloid from the residuum, 
and, ou evapora.tion, depo:;it it on a watcn-glass, where it can then 
be tested according to the method given above. Tile microsubli
mation of Ilelwig 1 may also be used as a test; it does not, how
ever, yield more accurate results than the chemical test. .I.part 
from the chemical test, the physiological test may :tlso be of so111e 
Yalue. This consists in intmducing into the body of a frog some 
o( the residnum obtained by the pmcess given above; if the 
residnum contains st1·ychnine, the frog is seized with tetanus. 

This so-called physiological test must, however, be often re
peated in 01·der to obtain an absolutely certain conclusion; care 
must also be taken to exclude the presence or otlwr substances 
which cause tetanus, e.g., picrotoxin, nitrn-glycerine, brucine, 
and even caffeine, which, according to Schmiedeberg,' produces 
tetanu s in rantL esculenta. 

The fa.ct deserves mention that strychnine resists decomposi
tion for a long time, as appea1·s from the experiments or Dr. 
Majer' and Riekher.' According to the latter, it may be de
tected by t<•sting even after eleven years. Although l\Iajer holds 
the test for strychnine to be one of the most certain, yet it has 
failed in many celebrated trials; thus in Palmer's case strych
nine was songht for in vain; nei ther was it Iouml in the D emme· 
'l'rnempy case. This circumstance has contribute-cl greatly in its 
time to confirm the hypothes is that the poison is clccomposed in 
the body, or that it enters into combination with albuminous 
substances, etc.' The reason why strychnine cannot always be 
detected is dne mainly to t:he fact that testing for it requires 
great and constant practice; for Dragendorff himself states, in 

1 Das Mikroscop in der Toxikologie. l\fainz. 186.J. contains nn atlas of photographed 
microscopic preparations. which show the sublimated poisons per St, nnd trcntecl wilh 
different reagents. in their characteristic pecnliarities. Dr. Erhard follows in the same 
direction, '·Die girtigen PflanzenaJkaloidc uod dcren Ausmittelnug nuf mikroscopischcm 
Wege." Pn.ssau. 18GG. 

9 Ucber die Verschiedcnheit der Caffelnwirkung an Rana temporaria und Rana escu-
lcnta. Arcbiv f. exp. Patholog. u. Phannncolog. IL BJ. pp. G2-70. 

3 Wiirtcmbergi sch. iiutl. Corrci:ip.-Bla.tt. 2fi. 1S.i7. 
"'Neu& J;~hrbiichcr f. Pharmnz. B.l. 29. l. 1868. 
r. Sec ()/OCUa. Vircbow'K Archiv f. path. Anat. Dd. XXXV. p. 300. 
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his "Beitriige, ·' that his pupils at first were not experienced 
enough to detect the poison in the blood, which he hiurnelI suc
ceeded in doing with certainty. 

APPEXDIX. 

Poisoning with Brucine. 

Brucine (8,,II,.N,0,) is constantly founcl accompanying strych
nine in the plants which contain it, and its action, so far as is 
known, is completely analogous to that of strychnine, only some· 
what weakPr. In all cases of poisoning, therefore, by nux 
YOtnictt., false angustura, etc., a. pa.rt o( the action is traceable 
to brncine. There are no instances of primary brucine·poisoning, 
so far as my knowledge goes. 

Poisoning with Picrotoxin. 

Picrotoxin is a strong poison, which is fonnd chiefly in the 
Coccttlus indicus; its formula is 6.,H .. e,; it was first discovered 
by Boullay in the fruit of the Anamirta cocculus; it consists of 
colorless, glossy, aciculnr crystals, generally in stellar, more 
rnrely i11 foliaceous grnu ps. It is free from odor, bt1t has a very 
bitter taste; its reaction is neutral; it is soli1ble in 150 parts of 
cold and in about 25 parts of warn1 water; is readily soluble in 
warm alcohol, sparingly so in ether. It is abo soluble in chloro
form and amylic alcohol. 

Etiology. 

Poisoning by picrotoxin occurs when either picrotoxin itself 
in quantities of about a gramme (fi[teen grains), or a correspond
ing quantity of Coccnlns inclicns is introduced into the system. 
Yossler' killed a cat in two hours by administering two grains 

1 v. 1~clmdi1 Die Kokkelsk5ruer und da.s Pikrotoxiu. St. Gallen. 18 ll. 
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(0.12) internally; while a clog was violently poisoned, bu t not 
fatall y , by the same quantity. 

Picrotoxin has been, of la te years, frequently aclclecl to beer, 
especially in Eng land, to increase its strength; Cocculus incl icus 
is also used in baiting fi sh ; it is sometimes used medicinally, 
and may thus lead to poisoning. 

Pathology. 

Sy mptomatology and Course. 

Poisoning by picrotoxin is of ra re oceurrence in human be
ings. and we have no records of cases ending fatally . 

The symptoms produced in the human subject by three grains 
(0.2 gramme), are nausea, vomiting, muscular debili ty, somnolence, 
and sometimes couvnlsions. The action of the poison on animals 
is better known ; thus Falck 's ' i-esearches show that fi sh become 
very restless, weak, and die from asphyxia; frogs exhi bit extensor 
convulsions and disturbed respiration, wi th d iminu tion of cardiac 
pulrnt ions ; in cloves, in add ition, there is trembling of the limbs 
and circular mo,·ements, wi th convul sions and increased flow o( 
salh·a ; in cats a lso there is increased secretion of saliva, convul
sions, and they ul timately become pa r:ilyzecl ; simil:ir sympto1Us 
occur in dogs, wi th loud whining and scratching wi th the fee t. 

A nalysis qf Symptoms-Mode qf A ction qf P icrotoxin. 

To R oeber ' llelongs the chief credi t o( ascertaining the action 
of this poison. According to him, it gives r ise to convulsions 
which, in contradistinction to those caused lly stryclrnine, are 
not of a refl ex n:itu re. These convulsions a sume the mos t 
various fo rm -, and resemble compulsory movements. The pul
monary portion or the vagus is excited, h~nce the accelerated 
rnsp iration and the strong inspiratory dil alalion or the thorax ; 
the ca use of thi s last symptom is that the ex pulsion or the in-

1 Beitriige zur Kenntniss des Pikrotoxins. Deutsche Klin ik Nos. 47-.52. 1853. 
1 Uebcr die pbysiologiscbe WirkWlg des Pikroto:dus. Arch. f. Physiologic. p. 30. 

1809. 
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spired ail' is impeded by spasm of the glottis. If the rngus is 
divided befol'ehand this symptom is absent. Dul'ing the attacks 
reflex excitability is suspended, but it l'eturns afterwarcls. Car. 
diac contractions al'e gl'eatly retal'ded, the heart is vel'y much 
relaxed ancl dilated. After destruction of the brain the symp
toms are essentially the sam"; after destruction of the lobi optici 
the convulsions set in less Yiolently; after destrnction of the 
medulla oblongata the tetanus ceases, and we get only a coma· 
tose condition. Hence Roeber concludes that picrntoxin irri
tates the ganglia and the medulla oblongata, and that the motor 
centl'es, the vagus centl'es, and Setschenow's reflex inhibitory 
centl'e, are cl1iefly aITected. Its influence on the heart depends 
pal'tly on centml irritation of the vagus, but is pal'tly due also 
to excitement of the cal'diac centres themselves. 

Diagnosis ancl Differential Diagnosis. 

In the case of the hnman subject the diagnosis rests mainly 
on the Jll'esence of convulsions, with accelernted respiration and 
retal'ded tttrdiac contl'action. A supel'ficial observe!' may mis
lake poisoning by picrntoxin with that by stl'ychnine Ol' brn
cine. This errol' may be avoided by knowing that sensible 
impl'essions do not lead to retlex convulsions in picrotoxin, as 
in stl'ychnine-poisoning. 

Prognosis. 

A favorable prognosis depends on the rapidity with which 
vomiting sets in. 

Results ef Autopsies. 

\Ve find no characteristic phenomena in dissecting mammalia 
which have been poisoned by picrntoxin. Engol'gement of the 
cerebral mpmbranes and of the spinal manow, of the plexus 
chorioiclei, hypermmia and mdema of the lungs, rarely pulmo
nary anmmia, emphyscmri of the lltngs, hypermmia of the liver, 
etc., a little clotted blood in the heart, etc., are the few positive 
res nits. 
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Treatment. 

The first and most important step in the treatment of picro
toxin-poisoning is the elimina tion of the poison from the stom 
ach by means of emeti cs or the stomach-pum p. There are no 
chemical antidotes, as tannin even does not throw down any pre
cipi tate. So long as convulsions are present, narcotics-opium, 
morphine, hydrate o( choral, even chloroform- may be adminis
tered, whereas when paralysis begins, stimulants-wine, alcohol, 
ether, camphor, etc.-must be em]Jloyed. 

Chem'ical ancl Physiological Tests. 

Picrotoxino is soluble in cold concentrated sul phuric acid, 
yield ing a golden yellow, almost saffron color, which changes 
into violet on the add ition or a very small quantity of potassinm 
chromate. If more of this is added the color becomes brown. 

Picrotoxin mixed with three times as much ni tre, and moist
ened wi th concen trated sulphuric acid, g ives, on the addition 
or s trong caustic soda to the resid nnm, a brick-red color. The 
usual p rocednre rnnst be adopted fo r separating p icrotoxino 
from organic substances, and it can be extracted from acicl wa tery 
soln tions by means or ether or amylic al cohol. 

Guenkel 1 acidulntes with acetic acid, adds alcohol, and ex
tracts wi th ether, which on evapora tion leaves a resicluum of 
p ricrotoxin in the form o[ feathery crystals. I t reduces hy
drated oxide of copper and po tassium bichro mate. 

The physiological test depends on the act ion o[ thi s poison 
upon fi sh. 'Vhen picrotoxin is added to the water in which 
they l ive, they make wind ing and boring movements o[ the body, 
al ternating with q niet swimming, open their mouths and g ill
covers freq uen tly, iall on their side, and die rapidly of asphyxia. 

Changes which this Poison undergoes in the Organism. 

Picrotoxin pasRPS in to the blood, evidence o[ which , accord
ing to Vo,slel', is a ffo1·dec1 by ~act that fli es and fl pas which 

1 Arch. der Phnrmaz. CXLIV . Apr. 1858. 



814 YdN BOECK.-VEGETABLE POISONS. 

ltave sucked the blood of animals poisoned by picrotoxin, die 
i111mediately. It has not yet been proved that it is excretecl 
unclrnngeu in the mine, though there is a very strong probability 
that such is the case. 

Poisoning witlt Coniine aml Plants containing Coniine, especially 
Couium Maculatum. 

Coniine (6,IT1,N) is an alkaloid, and in a pure condition is a 
clear tlnid transparent as water, which evaporates at ordinary 
temperatme; it was discovered by Giesecke as early as 1827, but 
Geiger was the first to prepare it pure; in late years 'Vertheim 
succeed~d in preparing coniine artificially. If the alkaloid is 
exposed to the air, the fluid becomes at first yellow and then 
brown, and, finally, of a resinous consistence, while ammonia 
escapes. Coniine is contained in all parts of the hemlock plant 
(Conium marnlatum), and, as Schroff' has shown, the alkaloid is 
most abundant in the seeds of plants two years old, while the 
leaves at the blossoming time also contain a great deal of the 
poison. It is sparingly soluble in water, bt1t readily so in alco
ltol and ether; it has a very unpleasant odor, resembling that of 
tobacco-juice. 

Etiology. 

Poisoning by coniine was more frequent in ancient times than 
now. In ancient Gre~ce, hemlock was very much used for the 
purpose of murder and suicide, and even for capital punishment; 
as every one knows, Socrates was condemned to drink the cup 
of hemlock, when accused of corrupting the minds of the Athe
nian youth and denying the gods. Cases of poisoning by hem
lock do, however, occur in modern times, but they usually arise 
from mistaking the plant for parsley, parsnip, or chervil, or from 
confounding the seeds with aniseed; indeed, the two sorts of 
seed have been mixed together and solcl. Medicinal poisonings 

1 Woohenblatt der tirzU. Gcsellschaft zu Wien. 
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are also on record, caused by overdoses of the poison. Bennet ' 
r eports a case in which a man, forty-three years of age, cliecl of 
poisoning, caused by mistaking this plant for some other vege
table. Attilio Bianchi' describes the poisoning of two children, 
seven and eight years of age, by eating hemlock-root. A case of 
murder by this poison also occurred recently. In the year 1861, 
Dr. II. J ahn, of Dessau, poisoned hi s mistress, L.B., with coniine. 
It has been asserted that many animals, e.g., birds, goats, sheep, 
ancl even cows, enjoy immuuity from the action of the conium 
plant, while human beings may be poisoned by eating the flesh 
of these animals. This immunity, however, is nut yet satisfac
torily proved. A case of suicide' by Couium maculatum commit
ted by an American, Dr. \Valker, at New York, in the summer of 
1875. was reported in most of the German ne,>spapers. It is 
impossible to state with accuracy what constitutes a fatal dose of 
this alkaloid or of the parts of the plant containing it. The new 
German PharmacopCI'ia prescribes 0.001 ("5- of a grain) per dose, 
ancl 0.003 (,]- of a grain) per clay, as the maximum dose of 
coniine, of hemlock leaves 0.3 (four and a half grains) per dose, 
ancl 2.0 (thirty grains) per day. So that coniine is among the 
most energetic poisons with which we are acquainted. 

Pathology. 

Symptoms ancl Course. 

When coniine or conium is taken, it creates a bnrning sensa· 
tion in month and throat, ancl pain in the tonsils, as Sch neller ' 
found by trying small closes on him self. Neligan' observed also 
constriction of the gullet and difficulty of swallowing in a pro-

1 Empoiwnnement par la. cigue. Journ. de Phys. et de Chimie. T. X. p. 123. 1846. 
~ Gaz. Lombard. 21. 1857. 
: This case should not be det'.Cribed ~ "suicide. '1 A preparation of hemlock was 

prescribed medicinally, and the patient, a great sufferer, took dose after dose in viola
ti on of the careful instructions of the prescriber, probably in the vain hope of obtaining 
the relief which the doses as orclercd failed to procure.-E. C. 

4 Pharmacologische Studien. Zeitschr. der Wiener Aerzte. Marz. 18-lG. 
r. De l'emploi de la oigu.6 dans Jes effets douloureuses. Jour. de Pbye. et de Chim 

T. IX. p.119. 1840. 
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tractecl case. lncreasea flow of saliva has been observea 1 by 

Schneller ancl Flechner. 
If coniine has enterecl the bloocl in snfficient quantity, the· 

poisonous effect se ts in early ancl with tolerable rapiaity. In 

many cases the poisonea persons fall clown sudclenly ; soon after 

this, a marked degree of muscular a ebility sets in, with clyspnam 

:rncl marked pnccorclial distress. The respiratory movements 

become labored ancl slow; the pulse is also consiclerably re

tarclecl, a ncl paralysis of the voluntary muscles follows. The res

pirations become slower ana slower, till after some time they 

cease altogether, generally in a few minutes or hours, while the 

cardiac acLion continues. Consciousness usuall y remains intact; 

at the utmost a swimming in the head sets in; thus it is explica

ble how Socrates could continue his conversation with hi s friencls 

up to the moment of dea th. The pupi ls are constantly dilatecl, 

and disturbances of vision are common. In many cases vomit

ing ensues, and towards the close of the case clonic convulsions 

set in , which are apparently traceable, partially at least, to the 

accumulation of carbonic acid in the blood in consequence of 

impeded respiration. In the case of the two children whose poi

soning Bianchi describes, the facial muscles were strongly impli

catecl in these convulsions, as well as the extensors of the spine 

ancl the ilexors of the limbs. If these symptoms continue, the tem

perature of the bocly becomes much redttced ; the skin becomes 

pale, ancl death ensues. If the case takes a favorable turn , the 

respirations become more frequent, the highly-marked cyanosis 

climinishes, and the normal condition is graclually restored ; but 

recornry is very slow, ancl an in tense muscular clebili ty remains 

behind, which manifes ts itself chiefly by tremor of the legs. 

Analys is of Symptoms-JJiode of A ction of Coniine-P oisoning. 

The most striking feature in the action of coniine is the mus

cular paralysis it inauces, which ultimately extencls to the re

spi ratory muscles, so that brea thing becomes impossible. This 

muscnlai· paralysis is clue to the infiticnce of coniine on the peri-

1 BeitrUge zur Pbysiologie dcr Arznciwirkuugen. II . Zeitschrift der Wiener Aerzte. 

Ju ni. 1847. 
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pheral extremities of the motor nerves, as well as on the motor 
centres. For when AlbeI"s' injected coniine subcutaneously in to 
a frog's leg, it was 1•ery soon completely paralyzed, and shortly 
af tel' the paralysis sp read over the whole body. Koelliker,' who 
has earned so much distinction by his researches in to the physi
ological action of so many poisons, proved that it is the ex tremi
ties of the motor nerves in the muscles which are paralyzed by 
coniine in the first instance ; the muscles themselves as such 
remain excitable, unless the poison is directly applied to them, 
and then, as it excites a local corrosive action, i t destroys their 
})Owe r of contract ing. It appears from the reseaI"ches of Damou
rette ancl P el vet, ' and of Y erigo' that, besides the peripheral 
action of coniine, i t ab o acts upon the motor centres. Accord
ing to Gn t tmann,' whose statement is entirely confirmed by the 
researches of Koelliker and Ihmsen,' the trunks o( the neI"ves are 
al so paralyzed , bu t at a Yery late period. The sensory nerves are 
affected by coni ine, though only in a subordina te degree ; this 
fact is obse1·ved and established less by physiological researches 
than by actual experience in the case of human beings. Thus 
Gu t tmann asserts that coniine, applied to the cuticle, renders it 
anwsthetic ; thi s is confirmed by the fac t tha t the hands of peo
ple who express hemlock become completely insensitive. E ven 
in ancient times ]Jriests' were recommended to use friction o [ the 
heml ock p lant in the region of the genital s lo enable them the 
more easily to k eep 01eir vows of chastity and continence. The 
sta temen ts of therapenti cians tha t coniine a lleviates the rnfl ex 
spasm in photophobia,' and produces a general anmsthetic effect, 
is consistent with the foregoing. 9 

~~~~~~~·~~~~~~~ 

' Ueber die Wirkuug des Theim; auf dus Ilerz u. die physiol. Wirkungen des Coniins. 
Deutsche Klinik. No. 34. 1853. 

' P bysiologiscbc Unlersuchungen Uber die Wirkung cinigcr Giftc. Yirch. Arch. Bd. 

X. fG!~~ 1~~d~s.;~·Pn.ris. 1870. N'os. !)-!H; and Bull. de ThCrap. 1870. J uin-Decbre 
" Deutsche Zeitschrift fih- Sta.:i.tsnrz.ueikunde. XXY III . 2 13. 
~ Uebcr Coniin. Berlin. klin. Wochenscbr. Nos. 5, G, 7, 8. ISGG. 
' Disquisitiones physiologo-toxicologicoo de Coniino. Dissert. Petersbur<.t". 1857. 
T D ocUinyer, Ileidenthum und Judenthum. p. 171. . 
s Spengler, Ueber die Wirkung des Coniiu. Neue Ze1tsch. fu.r 1ilcd. u. :Med. Ref. 

Bd}Se~~~~l!~a~~l~·c.; &uling and &lzcr, Ueber die Wirkung des Coniius . Deutsche 
Klinik. No. 41. 1853. 

VOL. XVII.-52 
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Death is sometimes preceded by convulsions; in frogs they 
are always absent, in mammalia they are almost constant. These 
convulsions miglit be regarded as simple consequences of car
bonic acid poisoning, and certainly a number of them depend on 
respiratory di:;turbances: but Guttmann's experiments make it 
very probable that these convulsions may be directly caused by 
the central action of the coniine, as he failed to arrest by artifi. 
cial respiration the convulsions prodtrned by coniine. 

Tl1e respiratory disturbances, wliiclt consist in a remarkable 
retardation of the respiration, are only the consequence of the 
action of con ii ne on the nerves of the muscles. The action of the 
hearL is also affected by this poison. though much more slightly, 
anc1 it continues to beat to the last. As a general rule, cardiac 
pulsation is retarded in coniine-poisoning. It would appear from 
Boehm's' investigations that the cardiac extremities of the vagus 
are paralyzed by coniine, but not the actual inhibitory centres, 
the excitability of which remains unaltered. The fall of tem
perature in animals poisoned by coniine depends partly on the 
action of the poison on the vessels which, according to Gutt· 
mann, are dilated. Nega' also speaks of diminished innervation 
of the vessels caused by coniine. According to the views of 
Leonidas van Praag' and Danilewsky' this poison exerts a pri· 
mary action upon the brain and spinal manow. v. Praag 
attributes death by coniine to paralysis or the spinal marrow. 
Danikwsky speaks of an initial excitement followed later on by 
paralysis of the hemispheres and of the reflex apparatus. Thus 
respiratory paralysis is to be regarded as the main effect o[ 
coniine ; thi" pamlysis itself depending on the paralysis of the 
intramuscular extremities of the motor nen·es; death by coniine 
is therefore caused by its action ou the respiratory organs. 

1 S~udien iiber Ilerzgifte. p. 88. 1871. 
~ Das Coniin nls Arzneimittel. Giinsburg's Zeitschr. f. klin. Medic. Bd. I. Hft. 1. 

1850. 
3 Coniin1 Reil's Journal f. Pharmacodyna.mik, Toxikologie und Thera.pie. I Hft. p. 

lff.1856. 
• Arch. f. Anat. u. Pbysiol. Hft. 6. 1866. 
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Diagnosis and Differential Diagnosis. 

Couiine-poisoning may be recogniZl'll by the consequent ady
namia, followed by loss of muscular power, together with dysp
nma, while the cardiac contractions remain comparatively un
affected. The action of this poison has the greatest i·esemblanc.; 
to that of curare, only the paralytic symptoms in curare are 
much more 11ronotmced, while in coniine they are not so folly 
developed, at least in mammalia. If convulsions come on before 
death the diagnosis of coniine-poisoning is much mol'C certain ; 
also it may help us if we remember that Conium maculatum 
grows wild with us, whereas curare is very difficult to procm't'. 
'l'lte acuteness of the attack, and the fact that all the muscles are 
equally im·olved in tlw pamlysis which it occasions, may help us 
to distinguish this form of poisoning from ordinary diseases of 
the spinal marrow. The diagnosis may, of course, be aided by 
the in~pection antl examination of tbe vomitecl matters, since we 
may find there the remains of parts of the plants which have 
been eaten, and recognize them by their appearance and odor. 

Prognosis . 

'fhe prognosis in coniine-poisoniug is necessarily, in the Iii-st 
instance, dependent on the quantity of the poison in operation; 
vomiting at an early stage is favorable; practically the condition 
of the respiration is of the greatest importance ; the less it is 
impeded the more encouraging tbe prognosis, and vice versa. 

Results of Autopsies. 

When we do not find portions of plants in the stomach which 
can be certainly recognized as conium (the best test is to develop 
the unpleasant tobacco-like odor of coniine by reducing the 
leaves to powder with caustic potash), there are no really char
acteristic phenomena in autopsies after death by this poison. 
The blood is generally found in a fluid condition . and appears to 
rP~i st coagulation ; it is reel, and becomes redder when exposed 
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to the air. Hyperromia of the brain, and especially of its me
ninges, is said generally to exist. In the lungs, as well as iu the 
great abdominal glands, we find the signs of death from asphyxia, 
venous hypenemia, and CBdema. 'Vhen pure coniine has been 
administered, some redness, etc., is found in the stomach, but 
when the leaves of the plant have been eaten, green mucus is 
generally the only thing to be fonnd there. 

Treatment. 

The first point in the treatment of coniine·poisoning is to 
eliminate the poison as rapidly as possible by the use of emetics 
or the stomach-pump. The second is the application of stimu
lants to the spine to promote respiratory action. Respiratory 
movements must above all things be kept up, and therefore arti· 
ficial respiration nrnst in some way or other be maintained. The 
best therapeutic result may be expected from this, as the action 
of the heart is comparatively so little affected. Tannin is to be 
recommended as a so-called chemical antidote; it forms a precip
itate with coniine. 

Changes which Coniine undergoes in the System. 

Coniine passes unchanged into the circulation; absorption 
takes place with tolerable rapidity from the mucous membrane 
of the stomach and intestine. It is not decomposed in the organ
ism, for it can easily be detected unaltered in the blood, the 
liver, and the urine, by which it is excretecl. 'l'he elimination of 
the unchangecl poison in the urine occurs with considerable 
rapidity, for coniine was found in the urine shortly after its 
administration by Paul Zalewsky 1 who, under the direction of 
Dragendorff, experimented on the detection of coniine in the 
organism. 

Chemical Test. 

The tests given for coniine are by no means characteristic of 
t~ poison only. The following process is that given by Dra-

1 Uutersucbungeu Uber das Coniin in forenser Beziehung. Dorpat~ 
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gendorfl' and Zalewsky after many experiments in detecting 
coniine in organic substances: 

Reduce the substances to powder, clilute them if necessary, 
and digest with dilute sulphuric acid (one part to five parts of 
water) for twenty.four hours, at a temperatnre of from 95° to 
140° Fahr., filter, concentrate the filtrated substance, mix it with 
three or four times its volume of alcohol, leave it twenty-four 
hours, and filter. The alcohol is separated from the filtrate by 
distillation (in a water-bath). 

After it becomes cold, filter again, shake the filtrate twice with 
half its volume of benzol, mix with ammonia, shake with one
q_uarter its volume of petroleum ether, and finally wash with 
water. The petroleum ether, on evaporation, leaves the alkaloid 
behind. This is recognized as coniine, first, by the odor, which, 
however, may be deceptive or disappear; secondly, and chiefiy, 
by the characteristic crystalline form of coniine hydrnchlorate. 

Pour a few drops of hydrochloric acid on a watch-glass, and 
add a few cubic centimetres of the petroleum ether extract, and 
evaporate the mass at from 68° to 86° Fahr.; the residuum is a 
delicate il"idescent film, which, when magnified 100 times, is seen 
to consist of acicular crystals, hanging together by lateral off
shoots, and mingled with numerous small granular bodies. 'fhe 
crystals produce double refraction of light (Helwig 1 has givm 
drawings of these crystals), and have the odor of coniine, which 
is rendered more intense by breathing upon them. The solution 
of these crystals in dilute sulphmic acicl throws down with 
potassium-bismuthic iodide an orange-colored precipitate, which 
is discernible even when diluted one-six-thousandth times. It 
also throws down a precipitate with molybdo-phosphoric acid. 

Poisoning with Cytisine and Plants containing it. 

Cytisus Laburnum. 

Cytisine (8,.H,,N,8) is the alkaloid which was discovered by 
A. Husemann and Marme, in 1864, in various parts of the Cyti-

--------1 Dn.s :Mikroscop in der 'foxikologie. 
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sus Laburnum ; it is also found in se,·eral other species of Cytisus. 
It appears as n white, glistening, crystalline substance, which is 
devoid of odor, but lias a bitter and slightly caustic taste; ' it 
has an alkaline reaction, is r eadily soluble in water and alcohol, 
but is not soluble in ether or chloroform. 

Etiology. 

A considerable number of cases of poisoning by the Cytisus 
Laburnum have been published. Christison' rnlates the poison
ing of a cook, into whose soup a man-servant had thrown a piece 
of the bark. Sedgwick' saw two children who were poisoned by 
('hewing the root of the shrub instead of licorice l'OOt. Lesage 
Picon• saw six persons of one family made ill by eating labur
num blossoms instead of baked acacia blossoms. The seeds of 
the laburnum are also poisonous, as is proved by the observation 
of John Popham,' who saw ten boys who had been made ill by 
eating them. George Fischer' relat1•s that two children, two and 
a half and four and a half years of age, ate some pods of Cyti
sus Laburnum, and became violently sick. Wilson' mentions 
the death of a child who had gnawed at laburnum bark ; the case 
terminated fatally in eight hours. Dr. Rouge' communicates a 
ease in which a company of fourteen persons were poisoned by 
f'ating calms which had been made with laburnum blossoms in
stead of acacia blossoms. Graham' mentions a case in which 
sixteen gil'ls, from two to nine years of age, had eaten laburnum 
seeds. "r eelhouse " reports a second case of death : a young girl 
five and a half years of age ate unripe pods of laburnum, and 

1 ]Ju3cmann und Murme, Zeitschr. f. Chem. 1865. 161. 

~ Poisoning with the Bo.rk of Cytisus Laburnum. London Med. Gaz. Oct. 18.J-3. 

3 Med. Times and Gaz. Jnn. 3, 1857. 
4 Rev. th6rnp. du !Ucli. XIII. p. 3!J6. 1859. 
5 Dubl. Med. Journ. Feb. p. 248. 1863. 
6 Scbncbardt's Zeitscbr . fiir prakt. Heilkundc. Hft. 5. p, 408. 1867. 

'Lancet. Jan. 18. p. 86. 1869; and Pho.rm. Journ. Feb. 1868. p. 395. 

8 Revue med. Tom. 1. 15. li'eb. 1868. p. 191. 
9 ~led. Press and Circul. July 29, 1868. 

10 Laburnum-poisoning. Brit. Med. Journ. Jan. 22. p. 79. 1870. 
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died in nine days of the poisoning. Henry 'Vilson' gives a case 
to prove that even a small number of seeds may produce cytitiine
poisoning: a boy fonr years of age became violently sick after 
eating ten seeds. 'l'he latest reports of cases ending in death 
were communicated. by Hinkeldeyn: 2 three child.reu at Liibeck 
had eaten pod.sand. seed.s of laburnum; two children, each five 
years of age, fell into convulsions, were seized with violent vom
iting, the matters vomited. being mixed. with blood., and. died. in 
a very short time. A case of medicinal poisoning by a d.ecoction 
of cytisus blossoms is reported. by Pollak,' in which a girl at 
'l'eheran suffering from dropsy, aftc1· taking the (1ecoctiou, was 
seized. with vomiting and. d.iarrham, with violent collapse. 

No cases of poisoning with pure cytisine or its salts have 
been hitherto observed. ; it is therefore impossible to state accu
mtely what quantities prod.t1ce poisonous effects. Accord ing to 
Marme's investigations, about half a grain (0.03-0.04) is sufficient 
to kill cats by subcutaneous injection; when injectec1 into the 
blood, from one-sixth to one-fourth of a gra in (0.01-0.01'3) killed. 
large rabbits and cats; half a grain (0.03) destroyed. life in dogs. 

Symptoms ancl Oourse. 

As a rule, sympto111s of poisoning set in very soon after the 
poisonous constituents of pbnts have been taken; the nausea 
and vomiting which precede the other symptoms set in in some 
cases in a few minutes, whereas in other cases hours may elapse 
before these symptoms appear; this circumstance most proba
bly depends upon the repletion or emptiness of the stomach. 
Among the first symptoms are generally headache, giddiness, 
swimming in the head.. Afterwards we often get dryness of the 
throat, a sensation of heat in the head., and a feeling of great 
general debility. These symptoms may last a longer or shorter 
time ; vomiting has sometimes been observed to continue twenty
fonr hours (Christison). 

1 Lancet. Sept. 16. p. 391. 1871. 
~ Deutsche klinik. 27. p. 252. 1873. 
JWien. metl Presse. 9. 1868. 
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Another symptom in most cases is diarrhcea, sometimes of a 
very persistent character. The vomiting and diarrhcea are gene
rally attended by violent pains in the stomach and intestine. In 
slighter cases of poisoning, in addition to these symptoms, col
lapse may also be induced, due in part to the acute drain of 
fluid . In severe cases motorial disturbances occur, convulsive 
twitchings in the face and limbs, complete incapability of walk
ing, cramps in the muscles of the eyes, etc. The heart-stroke is 
generally accelerated, and is weaker than in the natural condi
tion; the respiration is labored and difficult, the temperature 
reducecl; the patient has an anxious expression ; the pupils are 
genemlly dilated ; there is great thit·st and great restlessness. 
This jactitation is followed in some cases by a condition of sopor 
with loss of consciousness, which, however, may return for a 
while. Death supervenes with the symptoms of asphyxia, either 
with or without convulsions, and is preceded generally by loss of 
consciousness (Hinkelcleyn's case). In '\Veelhouse's case death 
did not supervene till the ni11th day after the poisoning, the 
prostration caused by the vomiting and the persistent dysenteric 
diarrhcca leading finally to a fatal result. In the one case men
tioned by Ilinkeldeyn death occurred through rupture of the 
stomach in consequence of the vomiting. In a few cases actual 
hallucinations and delirium have been observed ; very many 
cases are attended with sleeplessness. The debility and this 
sleeplessness may under some circumstances last a long time; 
for instance, it lasted for a whole week in the case of a girl, 
eighteen years of age, communicated by Tinley'; in Cluistison' s 
case of the cook who was poisoned, the debility and alternate 
vomiting and diarrhma lasted more than six weeks, so that she 
was obliged to give up her place, and recovered very slowly. 
But in general convalescence sets in early, and the health is 
restored to its usual condition in a few hours or clays. 

Analysis ef Symptoms-l!Iode qf Action of the Poison. 

By Christison's suggestion, Dr. Ross, more than thirty years 
ago, made experiments with Cytisus Labumum, which showed 

1 On a Cn.se of Poisoning by Laburnum. Lancet. Aug. G, 1870. 
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that it caused vomiting and diarrhrna in dogs and cats, but in 
rabbits it caused convulsions, often amounting to tetanus. " ' e 
are indebted to IV. l\Ianne' for a thorough examination of the 
effects of cytisine. This investigator made experiments on all 
kinds of animals with ni trate of cytisine, and proved by experi
ment that the poison might be absorbed from all possible points 
of application. As to tile effect of cytisine, he observed chietly 
two stages, distinct from one another, that of jactitat ion and that 
of depression. At the outset of the case he often observeil symp
toms of tetanus ; tile spinal manow and tile motor nerves are at 
lirst excited, later on paralyzed, and the paralysis begins in tile 
peripheral extremities of the motor nerves. The muscles are 
also affected, but much more slightly than their nerves ; in this 
way the disturbances observed in the motor apparatus in human 
beings are accounted for. The respiration is at fast accelerated, 
then retarded and cl yspnrnic; cardiac contraction is accelerated 
by stimulation of the excito-motor ganglia; the peri sta!Lic con
traction of the intestine is increased, hence the diarrhrna. Con
sciousness seems to remain intact in animals. 

R esults ef Autopsies. 

There are very few published reports of autopsies after cyti
sine·poisoning, and the few which are known contain nothing 
characteristic of this poison. We should expect from the symp
toms observed in life to find evidence of gastro·enteritis in the 
intestinal canal. Hinkeldeyn, however, who per[ormed two such 
autopsies, expressly states that he found no tnice of intlamma
tion in the stomach and intestine. In one case this au thor found 
perforation of the stomach, as the result of violent vomiting when 
the stomach was replete. 

Diagnosis and Differential Diagnosis. 

The diagnosis of cytisine-poisoning must rest in the first 
place upon the hi story of the case, and then upon the examma-

1 Ueber Wirkung 11• Vorkommen des Cytisins. Nnchrichten der GOttinge1· Societii.t 

der Wisse.nschafteu. p. 24. 1871. 
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tion of the vomited matters, which may contain portions of the 
parts of plants which have been eaten. If these data are absent, 
it will be very difficult to diagnose the poisoning with certainty, 
as all the symptoms which are prodnced by cytisine belong more 
or less to other poisons, and specially also to emetics. It is pos
sible to mistake its action for that of a so-called drastic emetic, 
or with acute gastro-intestinal catarrh, or even with arsenical 
poisoning or cholera. It is worthy of note that poisonings with 
Cytisus Laburnum occur almost exclusively in summer, when the 
tree is in blossom, and that in general only children and thought
less young persons are poisened by it. 

Pro,r1110sis. 

From what has been said, it follows that death very rarely 
occurs from cytisine-poisoning, so that the prognosis is generally 
favorable. This is due to the spontaneous vomiting, by which 
the greater part of the poisonous matter can be eliminated from 
the body before absorption. The prognosis will be all the more 
favorable if but a small quantity of the poison has been swal
lowed, if vomiting sets in rapidly, and if there is not much gas
tric disturbance or collapse. It is also of consequence that a 
rational treatment should be adopted as soon as possible. 

Treatment. 

In the treatment of cytisine-poisoning we must begin by 
administering an emetic, etc., so as to procure the elimination of 
tlie portions of the plant which have been introduced. So-called 
chemical antidotes are not of any special value here. Tannin, a 
priori, might have been thought of use, but, though it th.rows 
down a precipitate with cytisine, it dissolves it again when added 
in excess (l\farm6). At a later stage of the case stimulants are 
indicatecl to avert threatened collapse. Opiates may also act 
favorably in relieving the jactitation ancl colicky pains ancl h.y
percatarrhsis. In severe cases, artificial respiration should be 
l1ad recourse to, for Marme founcl that animals which had been 
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poisoned with deadly doses of cytisine could be kept alive by 
artificial respiration. 

Changes which Cytisine undergoes in the Organism. 

All that we know about the changes which cytisine undergoes 
is due to the rnsearches of Marme. Cytisine passes unchanged 
into the blood, and is excreted again unchanged through the 
urine, in which it can be detected both chemically and by physio
logil'al experiment. 

The chemical test of cytisine, its -extraction from organic sub
stances, etc., have never yet been asked for in evidence. 

APPENDIX. 

Poisoning with Cicuta Virosa, CEnanthe Crocata, .IEthusa Cynapium. 

Poisoning with the different parts of the water-hemlock 
(Cicuta virosa), is tolerably frequent and very dangerous, espe
cially when the root and seeds are in question. Dr. l\Ieyer' 
speaks of four children from thi:ee to six years of age, who were 
violently poisoned by eating the roots, which they mistook for 
turnips. The youngest child died the very same day with pains 
in the bowels, vomiting, and convulsions in different groups of 
muscles. The three others had violent pains in the bowels, gid
diness, loss of consciousness, and general convulsions, but re
covered by the use of emetics, tannin, and cutaneous irritation. 
Schlesier' also observed a yery severe case in a child eight years 
of age, who was fonnd lying unconscious and insensible, with 
feeble, stertorous respiration, and dilated pupils, the abdomen 
distended, and meteorism strongly marked. The child was re
stored to consciousness by bleeding, cutaneous irritation, and 
stimulants; he recovered the power of voluntary movements, the 
breathing became calm ancl regular, only incapability of swallow-

1 Med. Zeitg. f. Preussen. No. 40. 1842. 
~ Zur Lehre von der narkotischen Vergiftung. Kasper's Wochenscbrift. No. 7. 

1848. 
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ing remained. In spite of this improvement death from collapse 
supervened the fo llowing night. Many similar cases of poison
ing, but generally of a slighter kind, are recorded. 

The active principle, cicutine, has never yet been isolated in 
a state of purity, and no experimental investigations have been 
made in to its mode of action. The treatment likely to be most 
effectual is the use of emetics and laxatives, liquids containing 
tannin, coffee, etc., also stimulants, camphor, ether,' etc. 

CE nan the crocata has also freq nently led to poisoning. Thus 
Dr. Nicol' mentions that a woman who was suffering from a skin 
disease took a decoction of the roots of this plant ; very soon 
loss of power set in, with vomiting and diarrhcea, then convul
sions came on, and death supervened an hour after the decoction 
had been swallowed. Smiley Kane' has related a case of a little 
girl, four years of age, who mistook this root for parsnips; vomit
ing first set in, and then a pecnliar rig idity or the whole body, 
trismus, twitchings of the face and the muscles of the fingers, 
very labored respiration. R ecovery was incluced by the use of 
chloroform inhalations, enemata of tnrpentine, and stimulants. 
Bloc• collected 124 reported cases of poisoning by CE nan the cro
cata, five of which ended fatally. The root or this plant contains 
a yellow juice which has a very powerful irritant action, excites 
conghing, and produces intlammation of the skin like that caused 
by the nettle. 'Vhat we find described under the name of cenan· 
thine and cenanthine resin is not a pure substance, but contains 
the poisonous principle of CEnanthe crocata. 

The treatment of poisoning by CEnanthe crocata must be 
a lmost identical with that of poisoning by Cicnta virosa. 

Symptoms of the same kind are produced by the roots of 
1Ethusa Cynapinm, which, according to Ficinus,' contains an 
'.1Jkaloid, cynapine. Evan Thomas' observed three cases of poi-

1 See Maly, Vergiftung mit Wasserscbierliug. Oesterr. med. Wochenschrift. Sept. 
1844. 

2 Case of Poisoning by CEuanthe Crocata. Assoc. Med. Journ. March 10. pp. 224 
and 233. 1854. 

3 Med. Times and Gaz. Sept. 251 1869. 
'Montpcllicr mCd. 1872. Ocv., Nov., Dec.; and 1873. 1\.fara, Avril. 
~ llusemann, Pflanzenstoffe. p. 280. 

e Cases of Poisoning by .1Lthusa Cynapium. Med. Times. Aug. 18-J5. 
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soning in children, one or whom died, but the others recovered. 
~11 had ve~·~ violent pains in the stomach and intestine, Yery 
v10lent vo1mtmg, and clifliculty of swallowing. In medical litera
~ure, a se1:ies of this aud similar poisonings are on record ; thus, 
m 1869, five members or one family became ill from eatin" a 
>eal-pie which had been flavored with fool's parsley in tead

0 

of 
ordinary parsley (Chevallier) . All recovered under j ttdicious 
treatment, although violent gastric and paralytic symptoms had 
set in. 

Evidences of gastro-entel"itis are generally found in the bodies 
of persons poisoned by 1Ethusa Cynapium. \\'o have no experi
mental evidence as to the action or this poison, ancl treatment 
must be that which has been recommended for the other poison
ings just mentioned. 

Poisoning by Cnrariue. 

Curare. 

Poisoning by curare is from a practical point or view of very 
subordinate importance for us, as far as the probability or its 
occunence within the range of our own experience is concerned. 
But this poison has a very strong theoretical internst from a phy
siological and toxicological stand-point. This, as well as the 
circumstance that curare is employed as a medicine, and has 
sometimes, though rarely, induced poisoning, may justify our 
giving it a place here. 

Curarine is the active principle of a series of poisons which 
are indigenous chiefly in South America, ancl which have been 
prepared by the different tribes of Indians, sometimes from dif
ferent plants, and sometimes mixed up with a number of various 
inoTedients of donbtfol nature. It has received the various 
na~nes of " rurali, Urari, l\facusi Urari, Ticnnas, and others. Tbe 
clifl'erent kinds of curare are obtained from different plants, and 
these are only im1wrfectly known. Thus Strychnos toxifcra, 
Strychnos cogens, Paullinia curnru, etc., yield this poison. Some 
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kinds contain mixtures of snake-poison or toad-poison, or other 
substances which are innocuous, so that the various kinds differ 
in their poisonous properties. IV. Preyer was the first to procure 
curarine in a crystalline form from curare, and he asserts that 
this alkaloid acts twenty times more powerfully than curare; 
according to others, the difference is not so nrnrked; thus, Bei· 
gel ' states that it is only six times stronger than curare ; these 
contlicting opinions arn easily explained by the difference in the 
original preparation of curare by the India11s. 

Etiology. 

The Indians on the Orinoco, on the Amazon, etc., use cnrare 
for poisoning the points of their arrows, with which they hunt 
animals as well as attack their enemies. l\Iany a Enropean may 
have been killed in this way. 'rhus Ferreirn de Lemos' mentions 
an attack made by the Indians upon the members of a bonnd
ary commission. One man received three wounds and died in 
three hourn; others who at once washed their wounds with salt 
water, were not ill at all, while the secreLary of the company, 
wounded by three arrows, at first showed slight symptoms of 
curare-poisoning, but remained ill for months simply in con
sequence of the wound as such. IV. Preyer' induced slight 
curare-poisoning in himself, from some of the powder making its 
way into his body, while he was pulverizing it for his scientific 
investigations. He also reports a slight case of poisoning which 
occurred to a man twenty-three years of age, who by chance had 
admitted a few drops of solution of curare into a cut. Lastly, 
cases might be mentioned, which have arisen out of the inten
tional medicinal clinical u se of curare, but which, so far as my 
knowledge goes, l1ave never ended fatally. 

1 Berlin. klin. Wocbenscbriit. 7. 9. 33. 1868 i and Journ. of Ano.t. and Physiol. II. 
2.329. 

~ Gaz. hebdom. 23. 1807. 
3 Sitzung der med. Section der niederrhein. Gesellacha.ft, in Berliner klin. Wochen

schrift. 40. 1865. 
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Symptoms and Coitrse. 

\Ve possess very incomplete reports of the symptoms which 
have been observed in cases of human poisoning by curare, anrl 
we must, therefor<>, supplement them with the symptoms which 
appear in experiments on animals. 

Preyer, after having swallowPcl cumre powder, felt violent 
determination of bloocl to the hea<l, exceptionally violent head
ache, which, however, was of short clmation, ancl a peculiar 
weariness ancl disinclination to move, which la,tecl for several 
hours. There was also increase of salivary ancl mucous secretion. 
In the case of the young man mentioned by Preyer, the symp
toms of poisoning clicl not set in till Jive hom·s after the contact 
of curarine with the wouncl; they consisted chiefly in very 
abundant Ralirnry, suc1ato1y, and lachrymal secretion,, increased 
secretion or narnl mucus, ancl an increase in the quantity of 
urint> ; later on followecl an unwon tecl sense of freshness and 
relief. Voisin and Liou ville' induced similar liglit effects in a 
series of patients. They observed that curare acts much more 
energetically in subcutaneous injection than in enclermatic appli
cation, but that subcutaneous injection produces very great 
irritation at the spot where it is applied, creating swelling anc1 
violent pain, which may iast several clays; they frequently 
observed phlegmonous inflammations proclucecl. 

The pulse generally becomes rather more frequent ancl 
stronger, often clicrotic, and this clicrotism may last several 
clays. 'l'he temperature rises from two to three a ncl a half de
grees Fahrenheit. The number of respirations increases four to 
eight per minute. The quantity of urine is augmented, ancl it 
contains sugar; sometimes an erythematons rash appears ou the 
skin. \Vhen Voisin ancl Liouville aclmiuisterecl larger closes, 
they obsen'ecl more violent symptoms. These usually set in 
after from twenty minutes to half an hour 01· an hour; the first 
symptom was a severe rigor, which, according to tbe constitution 
of the patient, may last a longer or shorter time, and which is 

1 Annal. de HygiCne. Juill. 155. 18G6.-Gaz. hcbdomad. No. 32-37.-Gnz. des HOp. 
No. 109, 111, 114. !SGG. 
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generally very decided, and accompanied with goose-skin, chat
tering of the teeth, and trembling of the whole body. Then fol
low disturbances in the circulation, cardiac action becomes more 
rapid, the pulse more frequent and weak; it may rise for four 
or five hours to 140. Great anxiety, sighing respiration, increased 
temperature, antl disturbances of vision are also observed. The 
last consists chiefly of double Yision and mydriasis ; the latter is 
by no means constant, hut often alternates with myosis. At the 
same time the lower extremities lose their mobility; the equi
librium can no longer be preserved ; the co-ordination of move
ments is disturbed; the patients can neither stand nor move 
their legs. This paralysis lasts for a quarter of an hour, some
times even for an hour. Consciousness and sensation remain 
intact; great thirst, violent headache, and, in some cases, con
siderable sudatory secretion are present. Recovery sets in even 
after such severe symptoms as these. A certain weariness re
mains, especially in the lower extremities; tlte increase of tem-
1wrature may also last a few clays. 

The most severe forms of poisoning have not been observed 
sufficiPntly in detail in human subjects, but such poisonings have 
been very frequently produced in animals for physiological pur
poses. When curare has been conveyed into any part of the 
body of a warm-bloodecl animal, its heacl, after some time, falls 
down, and soon afterwards the whole animal sinks prostrate, 
without convulsions ; curarizecl animals are no longer capable of 
raising themselves completely, and after a while all voluntary 
movement ceases, nor can any reflex moYements be aroused even 
on the application of strong irritants. Respiration becomes 
steadily slower and weaker, and very soon ceases altogether. 
The heart still continues to beat strongly, but naturally only for 
a very short time. In the case of cold-blooded animals-frogs, 
for instance-the same paralysis sets in, only with them the 
heart continues to beat for days, while the paralytic condition 
remains unchanged. In human subjects also this general patal
ysis occurs, and respiration, in conseqnenc<>, is arrested, and death 
rapidly ensues from carbonic acid poitioning. It is impossible to 
state accurately what amount of curare is sufficient to produce 
the cli[erent degrees of poisoning, as the various sorts of curare 
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which are offered for sale are not equally rich in the actirn prin
ciple curarine. Voisin an cl Liou ville, 1 by doses of 50 milligmnimes 
(three-quurters of u grnin), prodncecl only very slight symptoms, 
but by 150 millig rammes (two ancl u lialf grains), violent ones ; 
but subcn ta neons injection of one a ncl a h t<lf grains (0.1), fo m 
times repeated, failed to produce genera l se,·ere effect . Rab
bits are killed rapidly by less than lmlf a grain (0.025); frogs are 
paralyzed by minimum closes, but afterwards recover. 

Analysis of Symptonis-J.focle qf A ction of Curare-Poisoning. 

ThP most remarkable effect of curare is paralysis of the volun
tary movements, and this action has been cliligently stucliPcl hy 
disting nished investigators, so that a unin:>rsal concmrenrc: or 
ev idPnce has been obtained on thi s important question. Claude 
Bemard, ' Koellikcr,' P elikan,' A. v. Bezolcl ancl Heiclcnhain,' 
and others, have macle va luable observutions on this subject. 
The cardinal experiment which gives us direct insight in to the 
action of curare is the following: a frog, when the ,·essels or one 
leg have been ligatu recl, becomes paralyzed over the whole body 
with the exception of this leg; this leg retains the power or ,·ol
untary movement, ancl can be moved re11ex ly by stimulation of 
any part of the animal' s skin. Hence it is clear thut th e parnly
sis is not central but prl'ipheral, ancl that "ensation remains in
tact. The muscles which ha\•e been cleprh·ecl of movement by 
cmare react to direct s timulation ns in the natural condition; 
they are, therefore, intart; but the muscle cloes not react to irri
tation of the motor nerves. The cause or paralysis must, there-

1 T~oc. cit. and Compt. rend. LXIV. 3. p. 131. 1867. 

~Cl. Bernard and Pcfrmzr, Compt. rend. XXXI. mn 1&30; Cl. Ber11ro·d. Compt. 

rend. XL1 If. 824. 18.}6; Cl. Bernard, Lec;ons sur Jes effets des substances toxiques. 

18.J7. 
:: Note sur ]'action du en rare sur le S)'StCme nervcux. Compt. rend. XLJII. 791. 

Oct. 18.iG i Physiolog. Untersnchungen, etc. Vircb. Arch. X. 3 ff.; Zeitscbr. f . wissen

schaftl. Zoologie. IX. 434-
4 Virohow's Archiv. XI. 5 . 1857; L'Union med. 35. 18!i7. 

r. A. v. Bczold u. llddenltain, Med Centrah:eitung. 49, 58, 59, 64. 185Bi .1. v. Bezold, 

l\Iueller'sArcbiv 21 3. 18/JO. 
VOL. XVIL-53 
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fore, bn sought in the motor ne1Tes ; but the nerve-tmnk is not 
alten·d by curare. l;ior we ca.n moi ste n n. nen re. trunk with solu
tion or curare, and yet by stimulating it pI"oduce muscular 
twi tching. But this twitching ceases at once when the muscle 
is sprinkled with the poison ; therefore it mnst be the ex tremi
ti es or the motor nel'\"CS only which are paralyzed by curare. 
Thus we find that curare interposes an impediment between the 
motor nerves and the muscle by paralyzing the intramuscular 
ex tremiti es of these nerves. Thi s action affects all YOluntary 
muscles equally; therefore it intluences the respiratory rnuscles, 
and their paI"alysis must lead to a sphyxia. Thus death from 
curare is shown to be essentially <1Palh by asphyxia. 

The action of rural'e on the heart, as we ha,· e already men
tioned, is not specially prominent, and consists only in accelera
ting the henrt-stroke. This increase of cardiac contmctions 
depends upon paralysis of the extremities of the vagns in the 
heart, which, indeed, according to v. Bezold, do not yield so 
rnpidly to the action of cma1·e as the extremities of the motor 
neI"ves do, but yet with large doses of cnmre they lose their 
excitability, so much that irritation of the trunk of the Yag ns is 
no longer capable of arresting cardiac contractions. \\'lwn large 
doses are in operation, the vessels become dilated through paral
ysis or the vaso-motor extremities of the 1wrves, so tlrnt, not
withstanding the increased frequency or cardiac cont1·actions, the 
blood-pressure is lowered. Irritation of the sympathetic in 
curarized animals cnnses no dilntation of the pupils (Koelliker 
and Zelenski'); but Bidder' disputPs thi s statement and asserts 
that the sphincter iridis is paralyzed, and that consequently the 
dilatation (sympathicus) predominates, which aecounts for the 
mychiasis u sually observed. No attempt has hitherto been 
made to reconcile these conflicting views. The intestinal move
ments seem to be more lively and en<' I"getic in curarized a nimals 
than in the natural cond ition ; th e irritation of the spla nchnicus 
which inhibits the intestinal movements has no effect in animals 
completely nnder the intluence of curare. This increased peris-

1 Arch. f. patbolog. Anatom. XXlV. 3G2. 
'Arch. f. Ana.tom. und Pbysiolog. 1865. 337. 
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taltic action in the intestine which, accon1ing to Dr. Nasse,' does 
not occur if th e poison ca nnot tlow through the a rteries in the 
wall of the intestine (from ligature or cornpression) is indirectly 
depend ent on the paralysis of the splanchnicus, si nce by this 
parnlysis dilatation of the vessels with increased blood-contents 
and decreased elimination is brought about, and this Yaso-111oto 1· 
influenee over intestinal movements is, according to S. :Meyer's 
researches, of great importance. 

As regards the incn ·ase of sal irnry seercl ion, which accom
panies mo::;t cases of curare-poisoning, we ham noL lightecl upon 
any clear <>xplanat ion or it; Claude Bernard,' indeed , s ucceeded 
in producing a !low of saiirn in anirnal s by the local application 
of curare to the submax illary g lands the111se1n.•s, th e seaet ion 
from the glands becoming eontinuous. It is probable that in 
tlii s C'aS(' al so thP vessels are parnlyzed. The increase or lc111p01·a
tu1·e which is obse rvL•d in the human subjPct aftl' I' the applica
tion of curare appears inconsistent with the fact, obsc•1Tell by 
most authorities, that in animals th e tl'mprratnre i8 lowered. 
'fhe iu c-rl'ase of temperature in human beings can on ly be cx
plai1wd by supposing tlwt the small do,es of eura rn which ha1·e 
been introclu ct:'cl cause a contraction of thP \ pg~p l s, thus t(•nding 
to dimini sh the loss of heat. \\·hen onc·e the vessels b<'come 
pa1·alyzed the temperature must naturally dimini sh. as with ani
mals. But this stage is never rea.checl in human beings, IJL•cnnso 
a sphyxia SPlS in SO i-apidJy. '!'he influence Of Cllnl l'C On the 
sensory nPrves is Pxtl'emely slight, ancl, iC we Jigatm P the artery 
of a leg anc.l so exel ncle it from conta ct with tht> pois.on, we ra n, 
in ani111:tl s otlwrwi sP paral yz1 .. tl , proclnce mo\·rmC>nt in this nnpoi
soncd leg by irritation of the SPnsor.r nc1TPS. Th<·reforc the 
Pxc itability ancl ronc111 ct ibility or the sensory 1wrn's, as w<>ll as 
the rPfl cx exc it ability of the spinal cord, arP 1·ptain1•d in ordina ry 
CaSeS Of poboning. If1 h owever, Y(ll')' }arp:C' quantitit•S Of CU l':ll'C 

are employed , and lif,• is maintained by a rtifi cia l r<'spirat ion, the 
spinal marrow then becomes a[ectecl, its excital,ility being at 
first increased and subsequen tly paralyzed. Test imony to thi s 

1 B eitri.igo zur Physiologie der Darmbewegungen. r.cipzig. H~C;G. Gt. 

~ Journ. clc l'anat. et de la. physiolog. l SG-1. .i07. 
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effect is founcl in the writings of A. v. Bt'zokl, 1 Wundt anc1 
Schelskc,' and in those of ::IIagron and Bouisson ;'the motor 
cardiac centres are also similarlv affectell by largu doses of 
curare (v . Bezold) ; they are first ~xclted and later on paralyzed. 
The qnest.ion whether tlw conductibili ty and excitability of the 
nerve-trunks are affectell by large doses o( curare is answered 
in the affirmative by v. Bezold, who observc>cl that when means 
are taken to bring the motor nerves under the intlnence of 
curare, while their muscles are protected from its influence, 1;hey 
convey the stimulation which they have received more slowly to 
the muscle than when in their normal condition. Thus we find 
that curare is a poison which primarily paralyzes the extrem ities 
of the motor nerves o[ the volnntary muscles, and later on those 
of the involnn tary mnsclcs and o( the vessels, ancl which tends 
to cause death by prodncing parnlysis o( the respiration; at a 
later stage and secondarily, the ne1Te-trn11k, the spinal cord, 
and the motor apparatus of the heart, after initial inc1·pase of 
excitabil ity, also become parnlyzed. Its secondary action can 
only be observed in experiments on animals and by keeping up 
artificial respirntion, because in hnmnn subjects denth super
venes hPforo these symptoms cnn be dt•veloped. It is not yet 
ascertai1wcl how the presence of sngur in the urine is bronght 
about by curare; and interesting as this question is in itselJ, its 
significance in practical toxicology is so suho1·dinate that we are 
quite justified in dismissing it without further consilleration. It 
is mo~t probable that it is a Tesult of disturbances in the circula
tion. 

Results ef A1dopsies. 

No reports of autopsies on human beings liave come within 
my knowledge; in animals we find the usual signs o( death by 
asphyxia. The blood also, when submitted to spectrnm analy
sis, only shows signs o( accumulation of carbonic acid (Preyer'). 

1 l\Iucller's Arch. 2. 3. 1860. 
2 Vcrhandlungcn de!'-! natur-bistor. med. Vereius zu Heidelberg. IL 1. 1860. 
1 Compt. rend. XLVIU. Nov. 4. 1850 i and Journ. de fa Physiol. II. 7. 8. 1859. 
4 Berlin kliu. Wochenschrift. 43. 1807. 
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The s tatement of J. Iloppe,' that curare produces hypcr:rmia in 
va1fous organs, but ne,·er in the spinal rnarrow, is not incon
sistent wi th the condition usually fo und after death by asphyxia. 

D iagnosis and Dijf11rential Diagnosis. 

The recogni tion of curare-poisoning as such depends on the 
existence o( paralysis of the voluntary muscles wi th diminished 
frequency of respiration, while the cardiac action and the senso
rium remain unaffected . The diag nosis will, however, be ren
dered more certain if, in examination, it is fo und that the patient 
liar; been wounded by a poisoned arrow, 01· if the histo ry of the 
case can be obta ined. It is very easy to confound curare-poison
inp; with poisoni11g by coniine. In Europe, when the q uestion is 
in doubt, the prnbability is in favo r o( coniine-poisoning, espe
cially when there is no external wound. 

Prognosis. 

The prognosis o( curare-poisoning will be favo rable if the sys
tem is u11 d<' r th~ influence of only small quantities o( the poison, 
and espP<· ia ll y, there(ore, when the poison has been in troduced 
interna!Jy by the mouth. The early summons of medical aid will 
o(ten have a considerable influence on the issue of the case. The 
p rog nosis is unf,1\'orable if large quant ities of the po ison have 
been rapiclly abso1·bed into the blood. The slower the absorption 
from a wound or from the s tomach, the more favorable is the 

Treatment. 

Al though curare acts so powerfully on the organi sm, yet 
treatmen t is by no means ineffectual in counteracting its influ
ence. Small doses ta k en in ternally are or no con eqtience, as 
they produce no symp toms; large and poisonous doses should, 
if possible, be eliminated by emetics. The remedies recom-

J Wiener Zeitschrift . Oct. Nov. 18J7. 
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mended as antidotes. tannin and iotline, certainly do throw down 
precipitates with sol~tions of curare, but they are themselves not 
innocuous. If there is a surface wountl through which curare 
has been introduced, the limb affected should at once be liga
tured above the wound, e. g., with a caoutchouc band, or with 
an ordinary strong bandage, and the wound should then be 
washed. If, after some time, no symptoms of poisoning appear, 
the bandage may be unfastenetl, and the blood allowed to circn
late again in the affected limb. But the ligatnre mus t be re
newed again quickly, so that as little of the poison as possible 
may be conveyed into the general circulation, and the residue 
retained in the wounded limb. If symptoms of poisoning appear 
after the bandage has been loosened, we must reapply the ban
dage and wait till they subside, after which we may readmit the 
isolated blood into the general circulation, and follow thi s plan 
till all symptoms have disappcarecl. 'Ve may thns succeed in 
]Jreventing paralysis ancl ]Jreserving life in animals, after large 
quantities of curare have been subcutaneously injec ted into the 
lower part of a limb. If threatening symptoms set in, as slow 
respiration, dyspncna, anxiety, etc., attention must be din'Ctt>d 
to the rPspiratory process, and it must be k ept up by stimu
lants, but especially by artificial respiration. Thus animals who 
had been poisoned with large doses of curare have been saved 
by continuous artificial respiration. According to Bert's ' re
searches, animal s may be saved even when twice the quantity 
necessary to destrny life has been subcutaneously injected. But 
if a still larger dose has been introduced, m·en artificial respira
tion will be of no avail, because such doses cause paralysis of 
the central organs, the spina l man·ow, and the motor cardiac 
ganglia. In practice we shall find that stimulants, etc., may be 
advisable, in addition to artificial respiration. 

Changes which Curare undergoes in the Animal Organism. 

The active constituent of curare is readily soluble in water, 
and thereforn readily absorbed into the blood; thi s absorption 

1 Empoisounement avcc le curare. Gaz. mCd. de Paris. 11. p. 148. tSGO. 
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takes place very rapidly from the subcutaneous tissue; absorp· 
t1on also takes place from the mt1cous membrane of the stomach 

· and intestine, from the conjunctiva, etc., but much more slowly 
than from the subcutaneous ti~sue. The curare which has been 
absorbed into the blood is Yery soon eliminated from the organ
ism again, principally through the ud1w, without having been 
decomposed in its passage through the body, or having sufferPcl 
any alteration. Thus the urine of a curarizecl frog will poison 
another, and with its urine we can poison a third, and so on. 
But thi s cannot be done with any other fluid of tl1 e body, the 
bi le, for Pxample.' It is upon the rapid excretion or curare that 
we depend for the favorable result of ligaturing the part or the 
body where the poison has been introduced, ancl of artificial 
respirntion, which maintains life till the poison has left the body. 
It is also by the rapid excretion of the poison that we account 
for the remarkable fact that doses which, injected subcutane
ously, produce very serious symptoms, when taken into the 
stomach have no effect. A wouncl poisonecl by curare may be 
sucked without any clanger. These facts led to the belief that 
the poison was inoperative when taken into the stomach, and 
either was not absorbed or suffered decomposition there. All 
these hypotheses are false ; curare is slowly absorbed, but is so 
rapidly excre ted again that usually the blood is not sufficiently 
charged with curare to induce symptoms of paralysis. It has 
been shown by several investigators, e. g., Cl. Bernard, L. Iler
rnann, and others, that if the renal arteries of a n animal are liga
tured, and if then cm·are is given by the stomach, symptoms or 
poisoning set in , just as in subcu taneous injection, only more 
slowly. In this case the excretion of the poison by the kidneys 
is prevented, and curare is retained in the blood in sufficient 
quantity to produce the characteristic symptoms. Koch ' dis
covered that the liver oE animals poisoned with curare contains a 
relatively large amount of cnrarine, and concluded therefrom 
tln.t the liver absorbs the poison conveyed to it through the 

1 B idder, Reichert's Arcbiv. 1869. p. 598. 
~ Ver"uche Uber die chemische Nacbweisb~rkeit des Curarins in tbieriscben Flilssig

keiten uncl Gcwcbcn. Dorpat. 1871. Di&lert. 
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mesenteric vein and retains it for some time, so that only small 
quantities at a time retu rn into the general circulation; in this 
way he explains the remarkably little e[ect producecl by curare 
when taken by the stomach. Though the greater proportion of 
the poison in troduced is excreted in the urine, a considerable 
portion also passes oil' in the fi.eces, as appears from Koch's 
researches. So long as curare circulates in the bl ood, it appears 
to be distributed pretty equally everywhere, with the exception 
of Lhe lil"er, as mentioned above; tlllls Koch found it in almost 
all Lhe organs and also in the blood itself. 

Chemical and Physiological Tests. 

\Ve must search for evidence of the poison, when it has been 
intemally administered, especially in the matters vomited, the 
mine, and the fmces. If the poison has been endermatically or 
subcutaneously applied, we must examine the urine in the first 
place, and then the froces. In fatal cases, the Ji Yer must also be 
carefully examined. 

For separating the poison from organic substances, the Koch
Dragenc101·11' method is the most desirable to follow. Add alcohol 
to the acidttlatell watery extract to Lhrow down the di ssolved 
albumen, mucous and coloring matters. Shake the filtrate re
pea tedly witlt benwl, or, better still, with amylic alcohol. Ernpo
rate Lhe latter to the consis tence of syrup, and add alcohol at 
05)i. Now filter, add to the filtrate baryta waler in excess, aml 
throw down the excess of baryta with carbonic acid. Now evapo
rate the filtra te in a water-bath to dryness, a11d from the residuum 
dissolve out the curarine with water. In this way a brownish
red or yellow solution is obtained, to which the physiological 
test of the poison may be applied. In order to obtain curarine 
sufficien tly pnre for the chemical react ions, Koch recommends 
that we should mix the watery solution with powdered glass and 
dry it, and then leave it for a long time in contact with chlorn
form . The chlornform then leaves the cnrarine behind in a suffi
ciently pnre condition to be recognized chemically as such. 

The fo llowing are the chief reactions of curarine: concen-
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tratecl sulphmic acicl gives to solu tions which contain p,·rn 01w

sixteentlt of a milligramme (one-thousand th of a grain ) of cura-
1-ine a reel color, which later on becomes darker, and after abon t 
four hours appears rose-colored and is recognizable en•n aftc•r 
twenty-four hours. Concentrated su lphuric acid ancl potas~ium 
bichrnmate bring ont, as in strychnine, :i bea uti ful blue color, 
which passes into violet, :incl l:iter on in to cherry-reel. This 
transition is slower in curarine than in strychnine. If :i solution 
of curarine or of curare be he:itecl with dilute sulplrnri c acid 
(1 : 50) in a w:iter-b:ith, the solution becomPS reclclbh, then pur· 
pie, ancl later on, with longer heating, black. 

ThP physiological test for curarine is more valu:iblo ancl easier 
of applic:ition. Inject some of the substance to be inv<·sligated 
subcutaJH'O usly into :i frog or :i rabbit , ancl obscn·e the symp
toms of paralysis of the muscu lar apparatus which after some 
time set in, aml to which the rabbit succ Ltmbs, whereas the frog 
generally recovers. 

Poisoning with Opium an1l Morpltlnc. 

Opium ancl morph ine :ire used so freqaently as poisons that 
they poss<'SS on that :iccount the g reatest interest fo r the phy
sician. The two substances resemble one an otlwr so entirely in 
their ffocts, t hat in a ma nual of practical toxieology, which 
is to serve as a g uide for the practical p hysician, it will be as 
well to t reat o ( them together, and by so do ing we sh:ill avoid 

repetit ion. 
J.I orpliine (6,,IT,,N0,) is a crystalliw,ble alkaloid, the salts of 

which are readily soluble in water; pnre morphine is sparingly 
soluble in watPJ", ancl insolnble in ether. It is the chief constitu
ent of opium, in which it is contailwcl in various proportions 
from 2.8 per cent. to 20 per cent., according to the kincl of opinm, 
the cOltn try from which it is obtained, the time of gathering, etc. 
East India opium contains the smallest quantity of 1~orphine, 
2 ppr cent.; the greatest amonnt is found _i n that cultn-ate~ JJl 

Europe, 20 per cent., e.g., that from Provrn s, E1:fnrt, etc . The 
ordinary opium sold by chemists, i. e., Egyptian or Smyrn:i 
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opium, contains b~t"·een 10 and 13 per cent. o( morphine. The 
German [and l'. S.] Pharmacopccias require that the opium used 
in medicine shall contain a minimum quantity of 10 per cent. 
o( morphine. As so !nrge an amount of morphine is contained in 
opium. the poisonous effects of opium are the same as those of 
mo1·phine. Still opium·poisoning differs in some subordinate 
points from morphine-poisoning, because opium contains, in ad
diti on to morphine, a number of other substances, partly alka
loids, partly also resinous, gummy, and acidulous bodies, be
sidPs Cat, sugar, extractive substances, and salts, which modify 
the effe('t o( it, and in different degrees, according to the propor
tion in it o( these different substances. 

Narcotine is the ingredient of next importance, as regards 
quantity, in opium (which, as is well known, is obtained by in
spissating the milky sap of the seed-capsules of Papaver som
nifemm), and this is present in opium in the proportion of from 
5 to 10 per C<' nt.; it is worthy of notice that those kinds of 
opium which contain most morphine contain least narco tine, 
absolutely as well as relatively, and vice versa, so that many 
have imagined that narcotine is converted into morphine. Nar
cotine (6,,U,,N6,) is a crystallizable alkaloid which is almost 
insoluble in cold water, sparingly soluble in wann water, readily 
soln ble in bcnzol , amylic alcohol, hot alcohol, and ether, and most 
readily o( all in chloroform. In our present state of knowledge 
as to the action of narcotine, it must be characterized as having, 
on the whole, the same kind of action as morphine or opium, but 
in a less degree. 

Narcezne (6,,H,,N6,), an alkaloid which may be extracted 
from opium in the proportion of one-tenth or one per cent., has 
a similar effect to narcotine, but more powerful. Narceine in a 
pure condition is sparingly soluble, whereas its salts are readily 
soluble. This substanee al so is quite subo1·dinate in its action 
to morphine. The rnme holds good with regard to codeine (6,.H,. 
N8,), which exists in opium in the proportion of from one-quarter 
to three-quarters of one per cent. This is not very readily solu
ble in wa ter, but is readily soluble in alcohol, ether, and ch loro
form . This substance bears a close resemblance to morphine in 
its mode of action. 
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Tlt t:baine (6,,II,.N6,) is found in the proportion of about 01w 
per cent. in opium; it crystallizes like the alkaloids mentioned 
above, is readily soluble in alcohol and ether, sparingly so in 
water ; thebaine acts as an irritant upon the central ne1Tous sys
tem, so that i t prnduces tetanu:; as :;t rychnine does. This sub
stance, with regarcl to its physiological action, di ffers widely 
from that o( opium and morphine, but it is contai1wd in opium 
in too small a proportion to modify in any special nianner the 
symptoms of opium-poisoning. 

The action of papaoerine (6,.H ,,N6,) is to some extent a nta
gonistic to that of thebaine. This alkaloid is in soluble in water, 
but very readily soluble in hot alcohol; it is a powerful agent 
in inducing sleep, and paralyzes the motor centres ( \V. Baxt). 

Of the substances conta inecl in opi um , there still remain to be 
mentioned pseudomorphine, metamorphinc, opianine, porphy
roxin e, cryplopine, rh roacline, papaverosine, meconiue, meconic 
arid, caoutchouc, etc., which may be obtained from it in small 
quantities, and none of which exercise any important share in 
the physiolog ical action o( opi um. 

It has been already said that all the alkaloids o( opinm do 
not act in t he same way ; but sonw, ancl those the majol'ity, 
have a decided intlnence in diminishing the excitabilily of cer
tain special portions of the nervous system, wlwreas others in
crease the excitab ility of the nervous system. Tables have been 
drawn up, classifying the alkaloids o( opium according to their 
action. Thus Claude Bernard,' who has de,·otecl himself snccess
fnlly to the investigation o( the action of the opium a lkaloids, 
has drawn up the following table, at the head of whic-11 are t he 
alkaloids which lmve the most powerfn l paralyzing action, ancl at 
the other encl those which act most strongly in proclncing com·ul
sions: Narce"ine, ~Iorphine, Codeine, Narcotine, Papaverine, The
baine. A second sel'i es has been drawn up by " 'aldemar Baxt,' 
who regards papaverine as the most paralyzing poison, ancl there
fore places it above narceine. 

1 Com pt. rend. LTX. 1864. p. 406. et seq. 
~ Zur physiologisehcn Wirkung der Opiumalkaloide. Arch. f. Ano.t. und Physiol. p. 

112 ff. 18G9. 
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As the proportions of the paralyzing s11bs tances in opium far 
exceed those of the exciting snbsta nces, the characteri stic of 
opium-poisoning is its paralyzing effec t ; and indeed i t is these 
paralyzing q ua li t ies which demand the a ttention of practical 
toxicologists, as we learn from a vast numbPr of cases that opium 
and morphine arc almost the only poisons used in ordinary life, 
so that it appears necessary, for a Yariety of reasons, to consider 

them. 

Etiology. 

Poisoning by opium and morphine occur whenever substances 
containing op ium and morphine in excPssire doses are introduced 
in to the organi sm, and become incorporated wi th the blood. Such 
s ubstances a re, in the first place, opium itself, and the medicinal 
and pharmaceutical preparations prepared from it: extract, tinc
ture, and wine of opium; syrnp of poppies; morphine and its 
salts, espec ially the hydrochlorate, sulphate, and aceta te ; also 
the lea,·es, seeds, and seed-capsules of the poppy, 1 which h~n-e 

been ad n1inistered in infusions or decoctions, especia lly by lazy 
nuroc- ma ich to the in fants under their charge, to pu t them to 
slePp. Children have also been poisoned by ea ting the bl ossoms 
and frui t of the Pa paver Rhma>.2 \Ve have an immense number 
of cases reported in moclem times of poisoning, in England and 
Ameri ca, from the use of nos trums containing opinm and mor
phine: Black d rops, Godfrey ' s elixir, Dalby's carminatir e, Batt
ley's sedative Ro lution, etc. All contain opium, and may cause 
poisoning as eJrectually as the other preparations of opium used 
in meclicine. The poisoning produced by these drugs is mostly 
nwdicinal , caused by ca relessness in prescribing' or di spensing, 
or thPy have ari sen out of other accidents, e. g., mistaking one 
drug for another in chemists' shops; thus a nnmber of cases of 
poison ing by morphine have been published in late years (at 

1 A. Cllerallier, Journ. de chimie mCdic. AOlit. p. 365. 1869 i Sitlzmann, Badische 
iirtzl. Mitth lg. 1868 ' 

~ Pulm, W i.ir temhcrg. m ed . Corresp. -Blatt. 185n. No. :.13. 
3 Tims the Journ. de cbim . mM. p. 130. 18li8, Telntes a case of fatal poisoning, 

caused by tbe doctor's orJering, in his burry1 12 grains of morpbiue instead of i n. grain. 
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Vienna, Berne, Carlsrnhe, etc.), which ha,·e arisen partly from 
dispensing chemists con lounding drngs, and g iving hydrochlorate 
of morphine instead o( hydrochlorate of quinine, partly thl'Ough 
confounding the subs tances in the manufactory which iurnishetl 
them. Opium and morphine have been largely usctl for com
mitting suicide, especially by medical men, chemists, etc. )for
phine has a lso been used with the intent to murde1., as we learn 
from the case o( Dr. Castaing,' although it woultl appear, from 
its bitter taste, ill·adapted for thi s purpose. There are also in· 
stances of persons who ha,·e been stupefied by opium and mor
phine in ortler to rob them rn ore easily; and there are many 
cases of poisoning describetl in which tinctme of opium instead 
of tincture o( rhubarb has been taken in tablespoonful doses. 

The manner in which the poison is conveyed into the system 
is comparatively unimportant; cases of poisoning have been ob
se1Ted not only from the intemal administration, but also from 
morphine and opium being used in the form of enemata or sup
positories, or m·en by emlermic or subcutaneous application; 
e\·cn simple fomentations' with opium on the healthy, uninjul'ed 
skin have produced symptoms of poison ing 

The sy mptoms of poisoning naturally appear early, if the 
poison has been rapidly absorbed in to the blood. This abso rp
tion , especia1ly in cases of internal administration, Ls, however, 
dependent on a SPri es of factors: the Iulness or emptiness of the 
stomach is an important one; the emptier the stornacl1 , the more 
rnpid the absoqition; the form in which the substahcc' has been 
administered i~ a lso an important consideration. Opium powder 
acts more slowly than tinctnre o f opium, pure morphine more 
slowly than hydrochlorate or acetate of morphine, which is the 
most rapidly dissolved; tile effect of subcutaneous injPclion is 
,·ery rapid; when the poison is injected into the wins the symp
toms set in almost instantaneously. 

the 1 
l~~:t;r:~1;s 1:~:::~d ~~~n~:i~~b~:·etb~l~r~~~;~:iz~~ll:~~t::~~~~ ~:~d '~'~:J ~0:11~:,~~1:~

1 :; 
Paris. Also at Lambeth workhouse, in London. according to Pbarmac. ,Journ;'l\, p. 1)!)7, 
1868, a man seems to ha•e been intentionally poisoned with morphine by an attendant. 

1 1'a.1;l4 r relates in his work · 1 On Poisons," translated by Dr. Scydcler, Irr. Vol. p. 
1G, o.casc in which a soldier died in consequence of fomentations wh ich he had to apply 
to an erysipclatous leg, :md which had been moistened with an ouuco of laudanum. 
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It is impossible to state accurately what quantities of opium 
and morpl1ine are sufficient to cause death. . \ strong ly ma rked 
dilference ex ists between the cases of adults and children; the 
latter in the first years of life are very susceptible to the action 
of opium. 

As regards ad ults, J ohn Dougall' relates a case of suicide in 
a woman, who took oned mchm (=about 4.0) of tinctll!'P of opium 
and died notwithstanding medical treatment. 

Accol'ding to Taylor,' the smallest close of opium in substance 
known to lmve caused the death of an adu lt is t wo aml a half 
gl'ains o( cxlmcL o( opium, equal to Jo u1· gi-ains of raw opium. 
Of morphi111', natu1ally, much smailel' cl oses a1·e fatal; a dose of 
even one and a half grains (0. 1) of a salt of mol'phine 111ay prove 
very dangernus. 

But daily experience ancl many clinica l casPs that have been 
published prove that much smaller closes of opium a nd morphine 
may produce violent symptoms of poisoning without actually 
causing death. 

'l'he indiridual constitution plays a vel'y important part in 
narcotic }JOisoning; for example, there are casPs of persons who 
have recoveJ"<>d even after eno,.mous doses of opi um and mor
phine; thns Taylor mentions in his manual (loc. cit.) cases which 
ended in l'ecovery, although four aml five ounces of tincturn of 
opium hntl been tnken. In a later case gi,·en by Bare, 3 a man, 
who had taken ten draclnns o( tinctme of opium (= .J.0.0), re
covert.-'d without vomiting. 

Cases are a 1$0 repol"ted of reco,·ery after large doses of mor
phine. Bonjean' witnessecl a recol"ery afte1· twpnty- ffr e grains 
(= J .5) o( ncetat<' o[ morphine. Bel'gsten 5 saw a n npothecnry 
reco1·cr a ft er six grains (0.4) of mol'phine acetate; Lyons 6 reports 
the reco\"PI'Y of a gi rl , Jim years of age, who had bPen poisoned 
with fom and a half grains (0.3) of morph ine. 

1 Gla..c;gow Med Jonrn. :May. p. 33!). 1872. 
9 "On Poi!'lons, 11 translated into German by Scydcler. 1868. Vol. HI. p. 25. 
3 Philadelph. Med. and Surg. Reporter. Ja.n. G. t8fi9. 
• See llusemann, Ifandbucb der Toxikologie_ I Vol. p. 097. 1863. 
6 Lii.ka.re [Oren 1''0rhnndhmgen. VII. p. G47. 1872. 
'New Ori. Journ. of Med. p, 293. 1869. 
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Certain di$easec1 states seem to blunt tlw e fTect of opium, so 
that colossal doses are often borne. To th1'S•' b<•long all forms of 
mental alienation. In a case related by ~lode! ,' a female maniac 
took eighteen grnins (= 1.1) of acetate o[ morphine, and was 
found pulseless and scarcely breathing, yet she reco,·ered com
pletely a[ter a few homs. Kellok ' garn a woman sufiering from 
pnerpernl ma nia, thirty g 1·ains (= 1.0) o[ morphine mnriate in 
twenty -four hours, without any consequent poisonous effect. 
On the oth01· hand, I mysel f witnessed a case in wltil"h a woman 
snfTering; from maniaca.l attack s, had about three g rains(= 0.18) 
of morphine snbcntmwously injectecl in the com se of two hourn, 
without being quieted: sleep and collapse s0t in after two hours, 
i:1. which the patient sank. Fnrther, it is well know n that in 
tetanus, clelil"ium tremens, hydrophob ia, and poisoning by 
strychnine and atrnpine, very large doses o[ opiates are borne; 
the same is the case with cancer. perito1wal di$ea~CE", Jwnralgia, 
etc. A mig hty inliuence is also exercised by custom. There are 
person•, espec ially those sufiel"ing from chrnni c diseases, who 
from small d oses of opium go on to larger ancl larger closes, in 
ordPI" to obtain slePp or a few honrs' fre<>cl om from pain, and who 
bear closes which would speedily destroy li[e in healthy people. 
Evel'y hospital ancl almost every physician has such cases to 

report. 
lt is need less to say that s uch persons require cnol'mons 

closes of opiates to prodnce poisonous efl'ects, as the system has 

become accustomed to th e po ison. 
On the othl't' hand, thel'e are persons who arc llit:rhly sensitiYe 

to opiates, ancl al'C made severely ill hy CY<'n small closes; this 
we ca ll idios!Jncras!J. Thus Christison' speak s of a man who 
was thrown in to a sta te of sopor by Crom one-thi1·c1 lo one-half of 
a grain(= 0.02 to 0.03), a!1d Ste in'thal • witnc,;st•d a seri ous case 
of poisoning from one grn in (= O.OG) of opium, aclministel'ecl in 

an enPrna. 

' Ba.yr. Jntelligenzblatt. No. 46. p. 572. 1871. 
9 Sec Jlusemann, loc. cit 
3 See Jfusemnnn, Toxikologie I. Vol. p. 59~/. 

t See I1 usemann, loc. cit. 
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In Donya n's' case , 1, of a grain ( = 0.002) of mo1·phine 0mlPrmi
cally applied produced violent narcotism, hemiopia, etc . In the 
L ancet of :March 21, 1808, a case is clesc!"ibecl in which a woman, 
four or five hours after taking two drops of laudanum, was Reizecl 
wi th rigors, loss of sight and hearing, an<l. became coYen•d with 
a rash resembling scarlet fever. 

It is remarkabl e, that poisoning often occnrs from closes 
which have often at other times been given without any p::uticu
lar result. P erhaps this may depend on accidentally rapid ab
sorption. It cannot certainly be a case of cumulative acr ion. 

On the o ther hand, we find on record a long series of recov
eries after large, and e,·en very large, doses of opium, quite apart 
from cases in which perhapc the greater part of the poison has 
been eliminated before it was absorbed, therefore, before its action 
began. 

Children assume a special position with reganl to opiates. 
" re may say in general, that tho younger children are, the 

more sensiti vely they react to opium and morphine. They retain 
this sensith·eness during the first year of their lives, and some
times e'·rn up to tirn years of age. A number of cases 11ave been 
published, in which minimum doses of this poison haYe proYecl 
fatal to ehildren. Taylor' has collected a number or such cases, 
in which :.i\r1 1~. ~ o[ a grain of opium, or one, two, three, nncl four 
drops of ti11eture of opium causccl cleath. In a case given by 
Schmidt,' ,1~ of a grain(= 0.003) of opium causetl the death of a 
child. 

Ancl yet cases are not wanting in which mnC'h larger closes 
ha,·e been borne by children, without killing them. Titus in 
Corbet·"• case, thirty drops (= 1.9) of la udanum were ac1minis
terec1 to a newly-born child: wry alarming symptoms followed, 
and yet recovery set in after tir e hours. In a case mentionecl 
by Blank,' a little boy three week s old, to whom three enema ta 

1 Empoisonnement par une dose extrCmement faible de morphine. Gaz. des HOpit. 
1844. 

~ On Poisons, etc. Vol. HI. p. 29 ff. of Sey<leler's Trnnslntiou. 
a Gaz. des HOpit. No. lG. 1855. 

'Lancet. JI.!). Aug.1857. 
1 Rev. de th6ro.p, mCd. chirurgie. 17. 1857, 
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with thirty-five drops of laudanum each had been administered 
recovered tlie following day, notwithstanding very violent symp'. 
toms. Another child' took a teaspoonful of tincture of opiurn, 
and recovered under simple treatment. It will thus be seen that it 
is scarcely possible to fix the doses of opium or morphine which 
must be regarded as fatal. 

As soon as a sufficient quantity has entered the circulation, 
to disturb the fnnctio1" roncerned, symptoms of poisoning set 
in. 'fhe period of the appearance of the Jirst symptom" varies 
considerably. 

Pathology. 

S.!Jmptoms and Course. 

The group of symptoms produced in human subjects by 
opium or morphine may serve as the prototype of all simple 
narcotic poisonings. 'l'he ordinary sequenc~ of the symptoms 
corresponds with a reduction of the excitability of the nervou" 
centres, preceded by a longer or shorter stage of increased excita
bility. As soon as a sufficient quantity of the poison has entered 
the circulation, a condition of mental excitement of a pleasurable 
character sets in, physical activity, restlessness of the limbs, roll
ing of the eyeballs, acceleration of cardiac action, sometimes 
hallucinations of a cheerful and agreeable nature: at the same 
time there are dryness in the throat, increased thirst, and oc-
1·asionally sexual excitement. 'Vhether the doses have been 
considerable, or only such as are usually ordered medicinally, 
1 his condition never lasts long; it is gradually replaced by head
ache, weariness, a sensation of weight in the limbs, incapacity 
for exertion, sleepiness, disturbed sleep, diminution of sensibility, 
and generally great contraction of the pupils. In this semi-som· 
nnlPnt stage, circulation and respiration remain normal. 

But soon this state, from which the patient may be roused, or 
during which he may pven be kept awake by speaking to him iu 

1 Plum, Hospit. Tidschr. 1868. 

VOL. XVll.-54 . 
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a. loud yoice, shaki11g him, or by l'OmmunicaLion of pain in some 
way, pm;se:; in to complete coma. The patient lie:; motionless on 
his couch, cannot be awakened; shaI"p blows make no impression 
upon him ; retlex action ceases altogether; the eyes are generally 
half shut; the pupils aI"e strongly coutI"acted (very rarely dilated), 
and do not reaet to light; the muscles are relaxed; if one of the 
limbs h; liftl'cl up it falls back us if paralyzed, the lower jaw 
falls, the skin is colcl to the touch, the appeamnce of the patient 
is either pale and livid or daI"k and cyanotic-iu short, he is like 
a de:ul mun, respiration and pulsation being the only signs of 
life; but these functions also have suffeI"ed considerably under 
the influence of the poison; respirat ion bas become slow, la
bored, irregular, and stertorous ; it may oven be accompanied by 
various mucous rflles : the action of the hea I"t has become slower 
and more iI"I"egu laI", the pulse is moI"e feeble, very compressible, 
often difficult to feel; still , under fa,·orable ci.rrnmstances, the 
patient may awake out of this stage of complete narcosis and 
reco\·er. 

But in the most serious cases the symptoms are still more 
aggravatecl. The respiration and the pulse become still slower 
and feeble,., the cyanosis increases, the skin becomes colder and 
covered with cold perspiration, the noby ri\,les inereage, certain 
muscles and grnups o( muscles manifest tremulous, clonic 
twitchings of short duration; the pupils aI"e frequently dilated 
in this s tage, sometimes, though rare1y, actual trismus and teta
nus set in; salirntion is al:So obserrncl in some instances. 

Xnd thus death may slowly supervene witl1 graclual extinc
tion of the pulse and respiration. or pamlysis is rapidly devel
oped, and collapse puts an end to suffering. Cerebral hemorrhage 
sometimes occurs dnI"ing the prog I"ess of the case, and this itself 
may ultimately prn;·e fatal. One constant symptom through the 
whole course of the case is suppression of the urine and freces, 
but sometimes. especially at the beginning and the close of the 
case, we may meet with marked symptoms of strangury. In 
almost all cases of opium- aml morphine-poisoniug we meet also 
with very prnfuse perspiration. 

When the case takes a favorable turn, the first sign of im· 
provement is in the respiration and pulse becoming more regular ; 
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blood-pres~ure increases, while the comatose symptoms grad
ually subside ancl are replaced by a lighter soporific state, out 
of which the patient can be rou:sed, though it may often laot 
tweh-p to twenty-four hours. But cases have oc<:mred wherP 
th<· patient had been completely roused, and there was hard)\ 
any doubt of eventual recovery, which nevertheless ended fatal!) 
from lite relap:se into stupor, sopor, and coma, ancl finally paral
ysis. It is Vl'ry ]ll"Obable that in these ca:ses there is a renewed 
absorption of poison, perhaps under the inlluence of increased 
blood-p1·essu1·p. .I.gain, cases are on record in which, after thP 
symptoms of acnte opium- ancl morphine-poisoning hacl com
pkt<'ly disappeared, death supervened from affections of the 
heart or the lungs. In these cases it is highly probable thaL 
heart-disease existed pre1·iously to the intmduction o[ the poi
son, and that under the influence or the poison the heart became 
paralyz<•d, and death followed from asphyxia. In SL1ch cases, 
therefore, opium-poisoning is only a secondary cause of cleatb, 
ancl it cloes not follow tlmt the patient is narcotized at the 
mornent of death. Taylor rdates ,;ome such instances,' ancl OUP 

especially (~I.. Stafford) is important, because the patient was 
able to nndertakP a journey on the sixth clay after the poison
ing, aud clid not die till the eleventh clay. Ile bacl been bled for 
gall-stone and 11ail losL thirty ounces of blood, and Imel taken in 
fonr hams 200 drops or hLudanum ancl 200 drops of tinctLtre of 
hyoscyamus. At the autopsy serum was founcl eftusecl in tlw 
pleura, iu tl1e pericardium, ancl in the subarachnoicl space; tlw 
heart was found to be enhirged. with very soft, thin walls in a 
state of fatty degeneration. Ilere death was Cl'Jtainly not till' 
result of opium-poisoning, but arnse from heart-disease, for th•• 
heart, especially after so much blood had been withdrawn, could 
no Iong~r, under the influence of opium, contract with energy, 
and thus opium was indirectly responsible fo1· the fatal result. 
More recently a case has been reported by Du!'hek,' in which 
the symptoms of poison intermittecl for live clays; in the morn
ing the sopor 11ad ge1wrnlly clisappearecl, but in the evening it 

1 Loe. cit. pp. 10, 11, 12, 13. Il l. Vol. {Seydeler's translation). 
~Wiener Wochenblatt. XVII ·l!l. 181J1 



852 VON BOECK.-V:EGEl'AULE l'OISONS. 

recurred very strongly, attended with alarming disturbances of 
ciJ"cnlation and respiration. Complete recovery did not set in 
till the thirteenth day . 

Certain cutaneous symptoms appear occasionally in opium- or 
morphine-poisoning, but are not constant. Before the soporific 
stage sets in the patient often complains of violent itching of the 
skin, which is quite unendurable, and which is often followed 
by an exanthem, which consists of wheals, and has a complete 
resemblance to urticaria; but this form is not strictly main
tained, for it sometimes appears as papulous and roseolous 
patches. Steinboemer' mentions the occnnence of a vesiculru· 
eruption after one-sixteenth of a grain(= 0.004) of morphine; 
one-eighth of a grain of opium producecl the same ernption. It 
lastPd about eight days, and in the first case was confined to the 
front of the left arm, which was a t the same time swollen . 

• \n exanthem resembling scarlatina appeared in the face, 
m·ms, hands, neck, legs, etc. , of a lady ' fi\' e hours after she had 
taken two drops of laudanum; she was also seized with rigors 
and loss of sight and hearing for some time. 

Yomiting is not a. constant, but under certain circumstances 
a very impo1tant symptom. In many cases spontaneous vomit
ing sets in soon after the introduction of the poison, and thus 
any opium or 111 orphine remaining in the stomach is eliminated, 
an<l in many cases thi s contributes to eventual recovel'y. Fn>
quently, howe\'et", a condition of nausea with i·e1wated vomiting 
comes on towards the close of the ease. In children who have 
been poisoned with opium, conrulsions of various muscles an• 
very frequently observed. Strabismus and convulsions of thP 
facial muscles have bPen especially obsened ; and e\'ell trismus 
and tetanus, chiefiy in the fol'm of opisthotonus, have been no
ticed . 

. In ad~lt males priapism sometimes appearn during the stage 
of narcosis, but more commonly in that of excitation. 

It is difficult to say what is the precise length of time from 
the introduction of the poison to the beginning of the symptoms 

1 Schuchardt's Zeitscbrift. p. 367. 1866. 
~ L:wcet. l\Iarch 21. ISGa. 
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of poisoning. \Yhereas in the cases reportecl by Nussbaum' and 
\Vooclhouse Brnine,' in which poisoning occtu-red tlnough tlw 
accidental injection of morphine into the venous system, most 
violent symptoms were developed in a few seconds : congestion 
in the head, violent cardiac palpitation, throbbing of Lhe carn
tids, giddiness, sensations of faintness, anxiety, dyspnma, cun
n1lsions of the facial muscles, sudden falling clown as if dead; 
in orclinary injection into the subcutaneous cellular tissue, about 
live minntPs elapse before its action begins to make itself felt. 
\Vhen the poison has been conveyed into tho stomach, the symp
toms set in later, perhaps aftPr teu to fifteen mi1rntes; with tinc
ture of opium it requires a longer time, with opium powder 
longer still. A full or empty state of the stomach has, of cOLLrse, 
a decided influence. It is of more importance, in connection with 
medical evidence in courts of justice, if we coulcl say definitely 
up to what period the poisoned person is still capable of respon
sible acts ; from tbis point of view there is an interesting case 
given by Taylor,' which proves that a man who had been poi
soned with opium had time enough to hang himself; and an
other case, in which a man who had taken half an ounce of 
laudanum was able to converse animatedly with his neighbor 
two hours afterwards. 

An interesting case is given by Nonis,' in which an apothe
cary, who had taken seventy-five(?) grains(= 4.7) of morphine 
muriate, was able to walk for an hour and a half before symp
toms of poisoning set in; he then recovered under a combined 
treatment, during which he took fifty grains of extract of bella
donna. Opium and morphine introclncecl by the rectum also act~ 
with considerable rapidity, and produces symptoms as violent 
as when taken into the stomach.• As to the time during which 
the influence of the p..iison may last, much may be gathered 
from what we have already said. 

As a general rule, we may say that poisoning by morphine 

1 Ba.yr. iirzt1. Intelligenzblatt. 1865. p. 36. 
7 :Med. Times. Jnn. 4. p. 8. 1868. 
'Loe. cit. III. Vol. p. 9. 
"Hays' Americ. Jonrn. 1862. October. 
' Al<lm, Philad. Med. Times. May 15. 1871. 
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lasts the longer, tlte larger the dose, the more complete thP ah
sorption, the Jess the yomiting, and lastly, the less the patie11 t 
had been accustomecl to opiates. 

Sometimes tlw stage o( excitemen t lasts a long time; it is 
geiwrally shorter co111parafo·ely in the case of Northerners than 
in that of Orientals, \\·ith whom these symptoms of excitement 
persist for a long time. Thus Christison in hi s book on poisons 
mentions a case in which excitement laHted eighteen hours after 
two ouncl's (= 00.0) or laudanum had bPen taken, and not till 
then did somnolence se t in. J olm S. Boyd' describes the case 
o( an insane pe1·son, in whom two ounces(= 00.0) of laudanum 
a[tpr twenty minutes produced no effect, and it was not til l four
teen hours a[ter that somnolence appPared ; death supervened 
sixtet>n hours later. The stage o( narcosis generally lasts twelve 
to eighteen lo l wenty-four hours. .According to Christison, death 
occurs between eighteen and twenty-four hours a(ter morphine
poisoning; but cases ham been obserred in which death super
rnned much later : thus\\'. Boyd "Muschet' rplates the case of a 
child, three months old, who clid not die for fi(ty-six hours after 
taking an indefinite close of opium; in the interval a short re
mission of the symptoms Imel taken place. If death is not the 
result, it may be very long before real recovery sets in ; thus we 
find a case in the L ancet, in which a woman, thirty-nine years 
of age, a[tcr taki ng three drachms (= 12.0) or laudanum, did not 
reco,·er till the fourth day, notwithstanding the use of bella
donna. If morphine-poisoning takes a favorable turn , recovery 
is generally complete, Yery seldom incomplete. Iu incomplete 
recovery some symptoms remain behind for a longer or shorter 
time. In the first place nausea is to b~ included among these. 
then loss of appetite, impaired digestion, feeling of weariness, 
headache, giddiness, uncertainty of movements; all these symp
toms disappear a[ter some time (hours); it is needless to say that 
if sanguineous apoplexy shonld occur during the action of the 
poison, the disturbances depending on this will not disappear. 

1 Brit. ~fed. Journ. Oct. 10. 1868. 
~ Medic. 1'imes and Gaz. l\Iarch 20. 1858, 
1 Lancet. Sept. 1868. 
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Besides the exanthemata rnentionec1 above, a number of otht·r 
symptoms deserve notice: as contraction of the pupils,' which 
may last some days; slight albuminuria,' numbness' or tingling 
of the fingers, Hexion of the thumbs; in another case a lady 
poisoned by a very large do:se of tincture of opium, by enema, 
could neither taste nor see for several days after her recovery .• 

'l'bere frequently remains, especially in opin111-poisoning, a 
tendency to obstinate tenesm ns for some time, and tbis is the 
most noticeable sequel of opium-poisoning. 

Chronic Opium- and Morphine-Poisoning. 

The habitual use of opiates, whether mec1icinally or from a 
bad habit, leads to chronic opium-poisoning. By far the greater 
nnmber of cases or chronic poisoning occur in the East and Asia, 
especially China, India, Persia, and Tmkey. In these conntries 
opium-eating, as well as opium-smoking, is very common ; we 
l<•arn how often this custom has been the subject of medical 
treatment from the reports of James Johnston,' who had occasion 
to treat about 300 cases of opium-poisoning, seventeen of which 
were severe and six mol'tal, in the Chinese Hospital at Shanghai. 
' Vhat the consumption of opium in these countries is appears 
from the following figures : ' at Samarang, a town with 1,254,000 
inhabitants, the average quantity of opinm consumed monthly 
is 7,980 pounds. 'l'he town of Japava, with 671,000 inhabitant~. 
consumed, in fifteen days, ii,389 pounds of opium. In the year 
1850 over57u,OOO ponnds of opinm were imported into Java; that 
iti, one-eighty-second of a pound per head;' it is impossible to 
calculate how much was smuggled. But in the "'est also, espe
cially in England.' and chiefly in the so-called manufacturi11g 

1 .1[mlrl. toe. cit. 
~ OFvi'cr, Gaz. des IIOpit. p. 124. l87l. 
:i lVQOdliouseBraine1 loc. cit. 
4 Fi11la.11

1 
Lancet. No. 21. lSGB. 

'l\[ed. Times. 1872 and 1873. 
'Archiv for Ph.'.Lrmazie. p. 559. 187a 
1 l'',in Disscl, l\Ied. Times and Gaz. l\fay 18. 1867. 
If Jlmcld11s. Pharmac. Jonrn. Feb. p. 396. 1868. 
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districts, in Lincolnshire and Norfolk, opi nm-eating is constantly 
on the increase. In these districts an apothecary sold, in om· 
year, 200, another, 140 pouuds of opium. The causes assigned 
for this opittm-eating in England a re the ill-nourished condition 
of the lower orders, and the frequency of painful illnesses, need
ing the prolonged admi nistration of opinm, after the cessation of 
which the custom of taking opium was continued. 

Since the subcutaneo us injection of morphine has become 
general, this also begins to spread as a bad habit. Here also the 
first injections are usually for the relief of pain[ul affections; but 
a[ter a time the patients become dependent on the injections, and 
1·annot do without them, so that a considerable number of mor
]Jhine injectors have sprung up-chiefly young doctors-who 
1·arry on this pernicious practice, as well as patients themselves, 
who have been intrusted with the injection-syringe by their 
doctors. 

Chronic opium-poisoning produces a series of symptoms 
which are tolerably constant, and are described by a nnmber of 
medical men and travellers. The most prominent symptoms are 
general emaciation, a pale, shrivelled complexion, relaxation of 
the muscles, J Jure of the appetite, disturbed digestion; at the 
commencement obstinate tenesnrns, followed later on by dysen
teric diarrhma. To these are snperadded a series of cerebral 
symptoms : fanciful, di scontented temper, giddiness, headache, 
sleeplessness, all possible eccentric neurnlgias, failure of memory, 
understanding, energy, and will ; patients become untrustworthy, 
and are very regardless of truth, especially when they are ques
tioned about their habit ; also paralysis, cliseases of the bladder, 
etc., are apt to set in. I saw, a short time ago, the photograph 
of a Javanese opium-eater, and I can only confirm Hammer's 1 

comparison of the class to "exhumed corpses." Chronic meco
nismus generally terminates in an early death, yet there are 
cases recorded of opium-eaters who have pursued the custom for 
thirty and forty years, and lived to seventy or eighty years of 
age. '£!ms the case of a doctor 2 is related, who, for forty-seven 

1 See HuMmann's Toxikologie. 1862. p. 609. 
'1"lcming1 Brit. 1\Ied. Journ. Feb. 15, 1868. 
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years, though with intermissions, took large quantities or tinc
ture of opium-one ounce(= 30.0)-daily, and at the same time 
attended to the duties of a large and laborious practice as accou
cbem·. To what extent opium-eaters push the habit is proved 
by their own confessions in ancient 1 and modern ' times. A 
woman forty-four years of age took a gallon or tincture of opiuru 
monthly, aml suffered eventually from sleeplessness and head
ache, but could not wean herself from the habit. I can state 
from my own experience how far our morphine injectors go ; l 
know several colleagues who have reached a gramme (15 gr.) of 
morphine muriate, and even more, per day. Opium-eaters are 
not, however, secure against acute opium.poisoning, as, e.g., is 
proved by a case described by Ludlow, 3 in which an opium-eater 
once took a whole ounce of laudanum instead of his usual half 
ounce, and very nearly died of it. 

Even children can be made opium-eaters, as is seen by the 
i·eports from the above-named mairnfacturing districts. Opium 
is gh-en to them from their birth, and the dose soon reaches 20 
to 25 drops per day, but they look very miserable and die within 
the first two years of their life of atrophy or hydrocephalus 
(Grainger). 

Morphine injection also exercises an inflnence on those addict
ed to it, especially as regards the mind; bnt they have usually 
a good appetite, and their digestion on the whole is not dis
turbed; they drink but little beer and wine, ancl hardly smoke 
at all. I have known cases in which persons have had morphine 
snbcutaneously injected every day for ten or fifteen years, with
out their looking particularly ill. 

Opinm-smokers do not appear to succumb so rapidly to the 
~ffect of chronic meconismus as those who ~at or drink opium; 
at least their appetite does not wholly fail, and the disturbances 
in defecation are much slighter. Cases are well known of chro
nic illnesses which require large doses or opium for a long time, 
often for years, yet the patients clo not fall victims to morphis-

----- --- ----
1 Confessions of an Opium-Enter. lluscmann's Torikologie. 596. 
t lV: lV!talley, Confessions of a Lnudanum·Drinker. Lancet. No. 2. 1866. p. 35. 
a Brit. Med. Journ. July 7. 1806. 
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mus or meconismus; therefore Macpherson may be partly right 
in regarding moderate indulgence in opium as innocuous. 

Opium-smokers exhibit the same symptoms as opium-eaters, 
although it is perhaps a question whether the morphine is not 
decomposed at that high temperature. 

Analysis ef S!Jmptoins-JJfode of Action of Opium and lJfor
phine. 

Opium and morphine are substances which act mainly on the 
nervous cen tres and upon the nervous system gpnerally. As 
these differ in different men, and still more so in difierent classes 
of animals, experiments on animals can only throw light on the 
symp toms of poisoning in human beings in so far as the symp
toms produced in them agree with those observed in the human 
subject. 

How carefully we must proceed in our deductions from the 
animal to the human subject with i·egard to these very poisons, 
is shown by the circumstance that some animals-pigeons, for 
instance-can with difficulty be poisoned by morphine; that other 
animals, e.g., frogs, after opium regularly manifest tetanic symp· 
toms, but not so constantly after morphine; further, that dogs, 
cats, etc., can often take enormous doses without their producing 
narcoti sm or death. 

Nevertheless i t is from experiments on animals that we obtain 
the best knowledge of the action of these poisons, and of the 
sequence of the symptoms. 

The influence of morphine upon the heart is seen when poi
sonous doses are given, ancl consists, in animals also, in initial 
acceleration of cardiac contraction, which is succeeded by dimin
ished frequency o[ pulsation, and ultimately by absolute cessa
tion of cardiac action, the contractions becoming irregular shortly 
before cleath. The cause of the initial acceleration of the cardiac 
action has not yet been sufficiently elucidatecl by experiments; 
bu t it seems very probable, from the researches of Gscheidlen. 
that the musculo-motor elements in the heart are first stimulated 
by morphine, for when he had divided the van-us of a do" or 
rabbit before poisoning with morphine, the Jreq~wncy of p;lsa-
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tion increased still more after the poisoning: this experiment 
seems to support the above conclusion, more especially as the 
influence of this poison on the sympatlletic is comparatively 
slight. The subsequent retardation of cardiac contractions, how
ever, depends upon an excitement of the va"US at its ori"in in 
the brain, for, in the first place, the retarda~ion does not 

0

occur 
when the vagi have been divided beforP the poisoning; and 
secondly, the retardation sets in immediately when solution of 
morphine is injected into the peripheral end of the carotid, there
fore in the direct cnncnt towards the brnin.' At the same time, 
the ex tremities of the vagus in the heart are thrown into a state 
of increased excitability ; with large doses of morphine, however, 
the extremities of the vagns become paraly:<Pcl; consequently, 
with very larg~ doses of morphine, the pulse ought ernntually 
to become again more frequent (through paralysi~ of the rngus); 
but it is not so, and for this reason, that, as GscheidlP!l has 
shown, morphine exerts eventuall y a paralyzing action also on 
other portions of the heart, especially on the excito-motor gangli
onic cells in it. J3u t the cardiac muscle also experiences a con
siderable loss of excitability, ancl remains motionless when strong 
currents are brough t to bear directly npon it. Tlwrefore, cardiac 
contraction must always diminish more and more, till it ceases 
altogether. 

Morphine exercises first a constticting, then a dilating influ
ence on the vessels, through the vaso-motor nprves which are 
primarily excited, ancl sub~Pqnently paralyzed at their centres. 
GscheicUen succeeded in directly observing this influence on the 
vessels in the abdominal cavity of animals; the peripheral por
tion of the vaso-motor system is affectecl in the same way even 
when the influence of the central organ is cut off by division of 
the cervical marrow. In se,·ere poisoning complete paralysis of 
the vaso-motor centre. takes place, but no t complete paralysis of 
the peripheral vaso-motor nerves. for these can st ill be stimulated 
by direct frritati on or from the cerr ical marrow, so as to produce 
contraction of the vessels. 

1 Gscheidlen, Untcrsuchuugen n. d. physiolog. Labora.tor. in Wi.irzburg. II. 1. Leip· 

zig. 1860. 
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'fhe blood-pressure is in accordance with thi8 <'Ondition of the 
hea rt and its veosels; according to Gscheidlen it rises at the 
beginning of the action of morphine, and even ';Jrnn the pulse 
becomes slow this increase of blood-pressure still contmues, a 
chcumstance doubtless depending 011 the vaso-motor contraction 
of the vessels; subsequently the blood-pressure becomes sub
normal, a natuml result of the dilatation of tlle vessels and the 
diminution o( cardiac force. As in human beings, so also in 
animals, respiration is retarded ; this retardation proceeds from 
diminished excitability of the respiratory centre in the medulla 
oblongata, as Gscheidlen's experiment proves, in which, upon 
injection of the poison towards the brain throngh the peripheral 
extremity of the carotid, retardation of resp iration at once set 
in. This diminution o( the activity of the respiratory centre may 
lead to complete apnrna, and so to dea th by asphyxia. 

Contraction of the pupils is observed in animals as well as 
in men; this symptom probably depends on excitement of the 
ocnlo-motor nerve. 

According to 0 . N asse' morphine and opium increase intes
tinal movements, and the intestine is more sensitive under their 
intlnence to other excitations. 'fhis may account for the effect 
of opium and morphine in producing tenesmus, and not, as is 
genemlly assumed, inactivity of the intestine. 

In human subjects some dryness in the throat, though not 
very considerable, is observed ; in clogs violent salivation gene
rally occurs, which depends either upon refiex irritation of the 
gustatory nerves, or upon the influence o( morphine on the 
calibre of the vessels, or perhaps upon an action upon the secre
tory filam ents. 

The peripheral motor nerves, by the direct application of the 
poison, are at first thrown into a state of excitement, which lasts 
only a short time (Gscheidlen), and then into the opposite condi
tion of greatly diminished excitability; daily experience teaches 
us tha t the sensory nerves and nerve-extremities in the human 
SLtbject are similarly affected, for when we administer a subcu
taneous injection of morphine the nerves lying nearest to the 

1 Beitrtige zur Pbyaiologie der Da.rmbewegungen. Leipzig. 1860. p. 58. 
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point of .application suffer greater reduction of excitabili ty than 
others ; it is very difficul t to demonstrate this in the case o[ 
animals. 

This influence of the nerves is in itself an obstacle to reflex 
action, and a considerable impediment to the operation of the 
will. The influence of morphine upon the cerebrum is very 
marked, especially on its g ray matter, the excitabili ty of which 
is reduced in a very remarkable manner. Though we Jind no 
'matomical changes in the brain to explain this influence, and 
Lhough most prnbably the hypermmia of the brain commonly 
found is not a primary , but a secondary effect, yet a simple anal
ysis of the symp toms affords evidence that the action of opium 
determines a change in the excitability and the excitement of 
the individual ganglionic cells, so tha t there is a t first au increase 
and la ter on a diminntion of this excitement. If these gan
glionic cells com~ completely under the influence of morphine, no 
impulse, no expression of the will can be canied into effect; the 
influence of the brai11 is to a cer tain extent eliminated. As to its 
possible influence on the spinal man ow we have no experimental 
evidence, but it may bP concluded from analogy that the excita
bility of the spinal marrow is affectecl in the same manner as 
that of the rest or the nervous system; it is ev ident, however, 
that the influence upon the spinal marrow in the human subject 
is less marked than that upon the brain. 

The convulsions which occasionally come on during mor
phine-poisoning, and which correspond to opium-tetanus in [rogs, 
might be supposed to proceed from excitement of the spinal 
marrow a t a tinw when the reflex inhibitory centre, the brain, is 
already in a condi tion of diminished excitability. The compar
atively rare appearance of this symptom, however, proves that 
the changes in the two organs proceed almostparipassu. 

The vomiting, which is so frequent a symptom, must, in most 
cases, be clue to initation of the vomi tory centres by the poison ; 
at any rate, the circum stance that vomi ting sometimes occurs 
a fter the poison ·has run its course and convalescence has set in 
points to a central origin. 

The action of the poison upon the urinary bladder is in har
mony with its other effec ts; it first causes irritation of the detru -
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sor minariro vesicw with consequent dysmia, later on paralysis 
of the same muscle, so that in the dead body the urinary blad
der is found distended, while there may be ilysuria during life. 

The most characteristic symptom oI chronic opium- and mor
phine-poisoning is general disturbance or nutrition; this, how
ever, is not the result of increased tissue-degeneration or of 
accelerated tissue-change, but is clue to tliminished absorption of 
food in consequence of the catarrh of the stomach and intestine 
which exists. This defective nutrition can nevee give rise to a 
sensation of hunger, 011 account of the steady simultaneous re
duction of the impressionability of the senso1·y nerves. '!'he 
excreta of persons in this condition, thougl1 less than in the nor· 
mal state, are 1w1·ertheless in excess of the i ngesta ; hence the 
result is complete emaciation. Much has been written upon tis
sue-change under the intluence of morphine ancl opium, and it 
has been generally maintained that change of tissue is retarded; 
Boecker 1 especially maintained that the soliil constitnents oI tl1e 
urine were diminished under the use of opium. Experiments 
which I have made with morphine on clogs with the necessary 
precautions' showed that by the use of morphine the decompo
sition of the nitrogenous tissues suffers a very slight decrease
a result which depends on the diminution of blooc1-11ressure anil 
of the tlow of tl uicls through the parenchymatous tissue. .A fur 
ther investigation carried ot1t by Dr. J . Bauer and myself,' as to 
the excretion of carbonic acid under the intltrnnce of morphine in 
clogs and cats, showecl that morphine acts only indirectly upon 
the excretion o[ carbonic acid by its intluence on muticular 
activity. \Vhen the muscular movements wPre increased by 
morphine, or when convulsions in animals were produced, the 
formation and excretion of carbonic acicl were greater than in 
tlte normal condition; but if, on the other hand, morphi1w in-

1 Beitr5.gc zur Ileilkunde. 184.9. Bd. I . und Zeitschri(t f. Hygiene von Oesterlen. 
Bel. I. lleft 1. 

'i Untersuchungcu Uber die Zersetzung des Eiweisses in Thierkiirper unter dem Ein
fiusse von Morpbium 1 Chinin und arseniger Sii.urc. Miincheu. 1871. und Zeitschrift fiir 
Biologic. Hm. 

3 Ueber den Einfluss einigcr Arzneimittel auf den Ga.saustausch bei Thieren. 
Zeitschr. f. Biologic. 1874 pp. !33G-372. 
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duced muscular inactivity 01· sleep, the production and excretion 
of carbonic acid were diminished. The loss of appetite which 
chronic op'.um-poisoning creates may depend somewhat upon 
the paralytic concht10n of the vessels and nerves bronght about 
by tho constant influence of the poison. 

As to the origin of the neuralgias, arnesthesi1e, hyperrosthesire, 
and the other symptoms of chmnic nwcouismus, it is explained 
partly by the general disturbance of nutrition, which leads to 
fatty degeneration of most of the structures of the body, partly 
also by the direct inHneuce of the poi,on upon thP ,nbstan"e of 
the nnves. 

Results qf Aittopsie.~. 

Characteristic as is th0 clinical type of opium- and morphine
poisoniug, there is very little which is characteristic in the ana
tomical appearances after poisoniug case; have terminated fatally. 

\\' e generally find little change in the alimentary tract, and 
if we discover, in a few cases, hypermmia of lhe gastro-inte;tinal 
mucous membm11P. it is probably due to the antidotes, emetics. 
etc., employed. On the other hand, we may detect opium in the 
contents of the stomach by it; color and smell. 

In the heart we usually find dark, ilttid blood, but this also is 
not constant, for the blood is somctimeo round coagulated. 
IIypermmia of the brain and its membranes is most constant ; 
sometimes an accumulation of fluid is found in the subarnchnoitl 
spaces and in the ventricles ; sometirnes, also, sanguineou::; effu
sions of greater or less extent in different p:irts of the brain. The 
condition of the lungs is also by no means constant. According 
as death has set in rapidly or slowly, we JllJ(.l more or less pulmo
nary hypencmia and mc1ema; we also 1incl, gt·nerally, congestion 
of the liver. The bladcler is generally found distended, with 
mine in which morphine can be detected clwmically. 

All the other anatomical conditions which have been observed 
are accidental, and not due to opium-poisoning as such. 
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Dia,qnosis and Differential Diagnosis. 

Poisoning by opiates may be mistaken for acute alcoholism. 
The history of the case, the absence of alcoholic odor, the odor of 
whatever is vomited, the absence of alcohol, and presence of mor
phine in the urine, may protect us from an error of this nature. 

Again, we might confound opium.poisoning with sanguineou~ 
apoplexy, or with congestion of the bmin, and indeed with all dis
eases which involve increase of intracranial pressure; the healthy 
condition of the heart and arteries, the absence of partial paraly · 
sis of the facial muscles, the equality of the contracted pupils, 
may enable us to differentiate between them. 

It is often impossible to distinguish opium-poisoning from 
poisoning by other narcotics, yet chloroform, ether, hydrate of 
chloral would betray themselves by their smell, while mydriasis 
would leacl to the diagnosis of poisoning by atropine or hyoscya
mine. The presence of erectio penis would point to opium. 

In children, opium-poisoning may be confounded with acut<' 
hydrocephalus, and in fact such mistakes have occurred; when 
the history of the case is not to be had, we may be guided to 
a conect conclusion by the absence of ti contracted abdomen, 
by the natme of the matters vomited, and by the equally and 
strongly contracted pupils. 

P ror;nosis. 

In gen~r,,,I, the prognosis dPpenus upon the quantity of the 
poison absorbed into the blood. 

An importan t wognostic sign is the condition of the pupils; 
the• greater the contraction of the pupils, the more grave is the 
poisoning ; if they are eontractecl to the size of a pin's head, we 
may 1·egard the case as dangerous. 

The prognosis will also depend upon the question, whether 
Yomiting has occuned spontaneously, or only after the use of 
Pll!Ptics, also upon whether the stomach-pump was applied early; 
it will also be infiuencecl by the condition of the patient's strength. 
and especially by the state of his heart. 

During the progress of acute poisoning, the occurrence ot per-
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spiration is to be regarded as a favorahlt> sign. Jal'dine Murray ' 
ment10ns that he has obsel'Vt'd this in two severe cases of opium
and morphine-poisoning in children. 

Treatment ef Acute Opiwn- and .Jiorphine-Poisoni11g. 

Ir the poison has bet'n taken in by the mouth, our first duty 
is to empty the stomach of its contents, so as to prevent the 
absorption of the poison. The sooner the sto11mch is emptied, 
the more favorab le the result will naturally be. But this is not 
only necessary at the outset of the ca,e, but also later on, as 
morphine and opium often remain in the stomach for many 
honr:5. 

In determining tht' best method of removing the contents or 
tlw stomad1. we mtrnt bi> guided chidly by the length o[ time 
which has elapsed since the poison was taken ; if it has been 
taken qnitP recently, emetics are advisable. The most t'lfectual 
of th""" are sulphate of iinc, tartar emetic, ipecacuanha, and sul
phate of copper. 8till, in many cases, vomiting cannot be it1-
duced by these means, because the excitability of the extremities 
of the sensory nervt'S in tlw mucous membrane o[ the stomach is 
so grentJy reduced by the narcotic poison that no rn tlex move
ments can be excited. Tickling the throat also frequ Pntly fails 
to p roduce vomiting. In such cases we are in the habit of apply
in.a: mustard poultic<'s to the region of tlw stomach, of admiuis
tering infusion o[ mustard, l'lc., in 01·der to restore the excita
bility or the gastric nerves, and thus produce the desired effect. 
\Ve may, al so, as in a case nanated by Moerz, injeet apomor
phine subcutaneously, in order to excite central rnm iting; this 
often succeeds when emetics administered internally ha''" failed_ 
I once had an opportunity of observing a severe casP o[ morphin& 
poisoning, in which apomorphine failed to induce vomiting in 
a patient who was lying in profound sopor, but the collapse, 
shortly after the injt'Ction, became far morn decided than before. 

Therefore, useful as emetics may be in themselves, we must 
not forget that, even nncler the most favorabl e circumslances, 

1 EdinOurgh )fed. Jonrn. Feb. 1858. 
VOL XVIT.-M 
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thPy may decidedly promote and aggravate t.he collapse which is 
imminent in consequence of the action of Lhe poison. For this 
reason it is preferable to empty the stomach by means of the 
stomach-pump, as it can be used repeatedly, and does not pro
mote col lapse. 

When emetics can be got to act, they must be administered 
repeatedly, for it is a matter of frequent experience that even in 
the third and fomth attack of vomiting, and oven later, poison is 
still found in the matters vomitecl. 

Emetics are attended with another disadvantage; in case of 
recovery, tliey may llitimately produce violent gastritis, and cer
tain appearances found upon the mucous membrane of the 
stomach in autopsies are to be attributed to the irritant action 
of tartar emetic, etc. 

Iu the next place, we should attempt, as far as possible, to 
neutralize by the so-called chemical antidotes the poison which 
has been intrnduced before it is absorbed. There are no chemi
cal combinations of morphine which are harmless. yet we can 
protluce some combinations not readily soluble; as, for instance, 
its compound with tannic acid, which is only very slowly soluble 
in the digestive fluids-according to Taylor, about as slowly as 
pure morphine; bnt nevertheless tannate of morphine is by no 
means innocuous. 

TL is therefore desirable in practice to combine the administra
tion of emetics with tannin, or, by means of the stomach-pump, 
to wash out the stomach with fluids containing tannin, e. ,q., de
coction of sage, or an infusion of coffee. A method which is 
sometimes very valuable in order to prevent complete narcosis 
is the ambt1latory ti·eatment; i.e., the patient, supported by two 
persons, is constantly walked about for hours together. Once 
coma has set in, this treatment must. be avoided, as it might 
eventually promote respiratory or cardiac paralysis. 

In the case of little children, it is desirable to prevent their 
falling asleep by moving them about, 01· by keeping the air sur
mnnding them in agitation; the same efl'ect may be produced by 
painful stimulation o[ tl1e skin. Ir sopor has once set in, we 
mnst try, by tho administration of sti mulants, strnng black cof
fee, ether, etc., to keep oJJ' paralysis of tho nervous centres. If 
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r~spira~ion ~nd cardiac action begin to be irregular ana insuffi
cient, tlle sttmulants must be more frequently administered, and 
support<'d by violent cutaneous irritation, cold shower-baths, 
energetic douches with a full stream, flicking Lho bare skin with 
wet towels, etc. If cessation of respiration seems imminenL, arLi
ficial respiration, either hy means or pressurn on the thorax or 
by electric stimulation o( the phrenic nerve, may pre,·ent the 
complete arrest of respiraLion. 

Subcutaneous injections of camphor, ether, etc., may perhaps 
keep up the excitability of the medulla oblongata and of the 
heart, till the danger is diminished by the elimination of tha poi
son. 

Special mention is due to bleeding and transfusion. Some
times the symptoms present, especially the cerebral symptoms, 
may indicate tho advisability of venesection; but iL must not be 
forgotten Lhat very little good is done by slighL venesections, as 
they only remove a very small quanLiLy of the morphine rela
tively with the blood, the poison being equally diffused through 
the whole body; on the other hand, there is the danger, by with
drawing considerable quantities of blood, of reducing the excita
bility of tho respiratory centre and the cardiac muscle, and thus 
decidedly promoting the onset of acute collapse. Taylor re
marks also very perLinently ' that venesecLion must necessarily 
hasten the absorpt.ion of the poison still remaining in the stomach. 

It will therefore be advisable, in general, to abstain from 
venescction, all the more because it possesses only a vt•ry limited 
power of arresting possible cerebral hemorrhage. We find how 
injuriously bleeding may act in opium-poisoning from a case 
given by Gallaher,' in which a lady who had taken two ounces 
(= 60.0) of laudanum wa" seized with <·onvulsions after venesec
tion; as well as from Stafford"s case, quoted above, which Lermi
nated fatally. 

On the other hand, transfusion of blood might have very favor
able results, especially if it could be accomplished directly from 
vessel to vessel, at the same time that a depletory withdrawal of 
blood was going on, as thus more poison would be eliminated 

•Lex:. cit.. p. 87. 'Americ. Journ . .April 1858. 
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from tlw bo<ly, a11d lite fluid remaining in the body would con
tain a more dilut~d, and tltcrefol'e Je:<s injurious, solution of mor
phine. .\.s far as J know, however, no expel'imcntal observations 
have bern mad<' o[ thi s mode of treatment, nor has it been tried 

in practice. 
Lastly, we must notice the antagonism 'aid to exist between 

morphi11e and atropine. 
The antagonism between these two substances, apar t from 

some hints of it in ancient writings, was clearly stated for the 
first time by Prospe1·, Albin and Lebel in 1570,' and since then it 
has been repeated from time to time by different authors. Thus 
Ca1-rignan in 1838, and Graves and Angelo Poma in 1843, re
peated tile assPrlion. 

Camus' was the first to investigate the question experimen
tally, by poisoning rabbits and sparrows with minimum fatal 
doses of morphine, and then giving them atropine. Three-quar
ters of the animals experimentalized upon died; rabbits also died 
in one and one-third hours after the administration of fifteen 
grains (1.0) of mo1·phin1., notwithstanding the subsequent ad
ministration or firtecn (LO) and four grains (0.25) or atropine; 
they even clit>tl considerably sooner than it morphine alone had 
been answ1>rnble for the fatal result; lience he concluded that 
the supposed antagon i:;m c1ic1 not exist. The animals which he 
selectctl for 0xpedment are not th1' most suitable for this pnr
posP, and tlH1 do~es given are certainly too large ; we might also 
ac1c1 that Camus introduced the antidote too early, before the 
morphine had actually begun to work. 

Latterly a oel"ies of controversial reports have been published 
for ancl against the supposed antagonistic effects of atropine in 
morphine-poisoning ;' bnt we cannot di-aw a decided conclusion 
from these cases, because either the close in operation was not 
known, or t11e t1·eatmPnt was not purely antagonistic. 

Dis~. 
11

~:;;~~:$~e~:1:e;,.;~~~:~~~::;is:~~S:~e:x~;~::n~;~~e ~c~:~~:n:u~:~:·; 
vo.~ physiolog. Ant.lgon ismus der Gifte. Pharmv.colog. Untersuchungen von Rossbach. 
Wurzburg. I. Bd . p.190ff. 

' Gaz. hebdoma.Uaire. 11 Aol1t. 1865. 

a See lfusemann's Refern.t in Canstatt's Jahrcsbericbt. ISGJ. Bd. V. p. 122 ft 
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~om~ light is thrown on this subjPct by the researches of S. 
Weir Mitchell, W. v.r. KPen, and G. R. Morehouse,' who, in the 
U. S. A. Hospital for Inju1·ic's and Diseases of the Nen•ous 8ys
tem, tried experiments with both poisons on ,ufferers from neu
ralgia, etc., by means of subcutaneous injection, with all the 
precautions which are possible in human inrestig:.ttions. They 
come decidedly to the conclusion that no antagonism exists be
tween these poisons with regard to cardiac contmction, or in their 
action upon the alimentary cane,!, but that there is an antagonism 
between their action on the pupils and, in a certain sense, on the 
brain; the bladder symptom, dysuria, is aggravated by both 
poisons. 

Erlenmeyer' also made experiments on patients, and found 
that frequency of the pulse is induced by atropine, and not by 
morphine; that an antagonism may perhaps exist with regard to 
respiration, and that a marked antagonism exists with rPgard to 
the pupils, as Graefe' has confirmed. Graefe states that atro
pine produces paralysis of accommodating power; morphine, on 
the other hand, causes cramp of the accommodating power, and 
that the antagonistic action of these two substances a[ects not 
only the iris, but also the tensor chorioidem. Harley' is a pow
erful opponent to the theory of antagonism; he concluded, from 
experiments on horses and dogs, not only tltat no ge1wrnl an
tagonism exists, but that the action of morphine is considerably 
strengthened by atropine, and that morphine is utterly incapable 
of restraining the action o[ atropinP. 

The fact that atropine dilates the pnpils, while morphine con
tracts them, may have led to the view that the two poisons are 
antidotes to one another. But even this remarkable action upon 
the pupils is by no means to be regardecl as decidedly one of 
antagonism. For in animals 5 we can succeed i~ dilating with 
atropine a pupil which has been contracted by morphine, whereas 

' Hnv'ij Americ. Journ. Jnly. 186fi. p. 67 ct seq. 

'Be;liner klin. Wochen.o;;cbri(t. No. 2. 1866. 

3DentschcKlioik. 16. 1861. 
•Brit. Mccl. Journ. 1868 . .March 8 and April 4. U. 

•lt'rodtlicll, toe. cit. p. 231. 
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investigators have generally failed to counteract atropine my
driasis with morphine, as ought to be the case in real antago11ism. 

On the other hand, there arc a number or cases reported 
which seem to intimate that, in the human subject, a real an
tagonism may exist, at least when smal I <loses are in question. 
(See Atropilw.) 

The consideration of the action or both these poisons upon 
the heart and its contraction is very important. 

According to Froelich, minimum fatal doses of morphine mu
riate, administered to the frog, first increase the number of car
diac pulsations, and tlien diminish them till death supervenes 
(from cardiac paralysis); this gradual diminntion is not inhibited 
by s111al I or by fatal doses of atropine; cardiac paralysis appears 
to set in all.the sooner when both poisons are administered simul
taneously; but atropine asserts itself so far that it paralyzes the 
extremities or the vagus; morphine is quite incapable of arrr.st
ing the paralysis of the vagus and or the heart established by 
atropine; on the contrary, it would seem as H the combined 
action of the two poisons aggravated the cardiac paralysis. 

It also appears, from the resParches or Koning,' that the 
simultoneous action or morphine an<l atropine gives rise to a 
combimJd form of poisoning, in which nothing antagonistic is 
observable, except with rngard to respiration; Koning thinks he 
has obsei·vcd that it comes less rapidly to a stop from atropine
poisoning when morphine has been subsequently given; tliis, 
however, Froelich denies. Reese' also failed to detect any an
tagonism between the two poisons in experiments on animals; 
on the contrary, he concludes, from his investigations, that the 
action of at1opine is strengthened by morphine. 

From a purely physiological point of view, we are now, as 
Bezold 8 has defined it in his theses on atropine and morphine, 

lS~'~ Over de n.ntagon.i.Btiscbe Wirkung van het Morphium en de Atropine. Arnhem. 

'American Journ. N. S. 122. p. 373. April 187'J. 

~ t:. Bezold ruid lJ'oeliaum, Ucber die Wirkungen de.'i ~hwcfelsauren Atropina. Unter
lfll~hungen u. d. phys. Labor. in Wiir,.;burg. 1867 i Gsclu;idlsn, Ueber die pbysiolog 

~~;:."~~;e~~e ~~auron M.orphium.s. Untersuohungen tl. d. pbyR. Laborat.. in WU.rz.·-
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i~ this position: morphine induces paralysis o{ all catdiac nerves, 
o[ the ~aso-_motor centre, of the sensory and motor TI!'l"Vl'S, the 
paralysis being preceded by a short period of excitenH•nt; atro
pine p_amlyzes the same parts of the n1•rvous system, ";th out, 
accordrng to v. Bezold, inducing preceding excitement, or, ac· 
cording to Rossbach, after a brief antecedent excitement. We 
infer from this that both poisons act in the sa11w man 11er, and 
t:]jat, though they may appear to be antagonistic in the first 
stage of their action, as the symptoms of their action dil!'t•1· as to 
time a nd intensity, yet ffnally the action of both poisons is cumu
lative and all the more surely fatal. 

It is only on respiration that their action appears to ht• anmg
onistic: at least Gscheidlen asserts that morphine paralyzes the 
roopiratory c<)ntre even to the production of a.pncea, whereas 
Bezold statPs that atropine excites this c1.mtre, but adds, that in 
tlie early stage of its i11tluence this excitement is slightly checked 
by the action of the pulmonary portion of the vagus. Ed1·n
mayer also observed as a result of the administration of atrnpine 
in human subjects, increased frequency of r0spiration; he found 
also that, when both poisons were given, the respiration was not 
materially alM·ed. 

The question, whether there is any antagonism as to their 
effect upon the bmin, is answered in the affirmative by 'Veir 
Mitchell, Keen, and Morehouse, who snceePdecl in neutralizing 
or at least alleviating the sopor induced by opiates in the hnman 
subject, by subcutaneous injection of atropine; in the same way 
morp liine moderated the symptoms of atropine in the human 
subjed. These investigators employed one-thirtieth of a grain 
of atropine to each one-quarter of a grain of morphi1w (l: 7,t). 
According to Docleuil,' four parts of morphine arc rendered 
innocuous by one part of atropine. No one will care to try 
larger doses than these. Murdock' witnessed the rapid recovery 
of a woman who had taken one und a hulf drnchms (= 6.0) of 
luudannm, upon Lhe subcutaneous injection Of Oll<'·quarter Of a 
grain (= 0.015) of atropine, two hours later; dilatation of the 

1 Boll. de Therapeut. p. 275 ff. 1865. 
2 New York Med. Record. Oct. 343. 1871. 
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pupils after Ital r an hour; n'turn of 1·011seiousness after sevenLI 
hours. 

'!'he excitability of the seusor,r nerves is distinctly reduced by 
both these pobous, and, acco1·ding to ErlPnmayer, in a greater 
degree by both .. ombined than by one alone. Neither is there 
any antagonism with regard to their action on the alimentary 
canal; morphine Jails to diminish the dryness of the throat, 
which is a constant symptom of atropine-poisoning, and the 
vomiting which so often follows morphine is not checked by 
atropine, as all i11vestigators unanimously admit; according to 
the statements of the Americans, it is increased: so that, for 
instance, emetics which ba\·e been given in cases or morphine
poiso11i11g, do not begin to act till atropine is administered. Both 
poisous also agree in inducing dysul'ia. 

But although from the physiological point of view we can
not admit an actual antagonism between tlwse substances, and 
although i11 experimPnts on animals no favorable results have 
been obtained, yet we have a larg<' number of cases reported 
which show that atropine can be used with advantage in mor
pliint>·poisoning. 

Although the great majority of clinical reports on this subject 
are not absolutely clear and conclusive, yet it would, I think, he 
too sceptira l to shnt one's eyes entirely to these facts. Still, 
there is a 1 ways a difference between a nsPful remedy and an 
anti<l.ole in a case of poisoning. 

If we believe that morphine causes death by reducing the 
Pxcitability of the respiratory centre to the extent that even 
excess of carbonic acid in the blood cannot stimulate it to 
develop the necP,sary respiratory movpments, ancl that con
RPquently dPath hy morphine is death by carbonic acid, it is 
not incompn,lwnsible that atropine. by virlut• of its influence 
upon respiration, should partially counterart tlw ('ff.,cts of mor
phiiw. Natnrally, if morphine is absorbt>d in sufficient quan
tity to cauHP cardiac paralysis, atropine can be of no an1il ; we 
11ave also to guard against giving at1·opine in doses which 
might themsPh'PS ind111·e cardiac pamlysis, or even in doses 
which, when combined with morphine, would complete the ca.r
d iac paralysis. 
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His possible that atropine might, for a time, be as useful a" 
artificial respiration. 

We may be allowed to quote a case in point, ont of the 
many.' 

H. S. Schell' relates an attempt at suicide by poisoning, in 
which a young lady, having taken one and a half ounces(= 45.0) 
of laudanum, had lain for one and a half hours in deep coma; 
the stomach-pump and emetics had been tried in vain. Thirty 
drops of tincture of belladonna were administered internally, 
then one- forty-eighth of a grain(= 0.00125) of atropine injected 
subcutaneously, upon which tile respiration, which was rapidly 
failing, and the pulse, which was almost ex tinct, became again 
observable. Vomiting followed, and her condition improved; two 
similar injec tions wen• again given; vowiliu~ and improvement 
again followed; finally , the patient recovered. .\ rase of a mun 
who was poisoned with two ounces(= 60.0) of laudanum is com
municated by Thomas Thatcher Gra,·es,' in which no vomiting 
occurred ; th<' doctor, who did not tiee to the case for two hours, 
threw into the patient' s throat one drachm (= 4.0) of tincture of 
belladonna, whereupon he almost immediately (!) was so revived 
that he was able lo speak and to take another spoonful of the 
tincture himself. The pupils became dilated, and after two hours 
recovery set in . 

W e may givt• srnaJJ quantities of atropine, either in the form 
of tinl't nre or extract of belladonna. or atropine itself may be 
µ;iven either internally 01· s ubcutaneonsly. Very large doses or 
atropine have, however, been tolerated in morphine-poisoning, as, 
nmong others, Carter's• case proves, in which twelvP consecutive 
inject ion s of atropine were made, which altogt>ther contained 
:ihout three-eighths of a gra in (0.025) of the alkaloid. The case 
eniled in recovery ; the dose of opium taken was not known. 

1 Frommlwltl, loc. cit., qnotes from medical Jitcratlltc eighken cases of atropine-poi· 
soning with morphine treatment, anc'l fourteen ca.sea of morphin e·pOiFlonin~ \l'"ith atro
pine treatment, which ail terminated fa.vor::i.bly, although in most cases very large dose£ 

had been tnken 
~ Pbibd Med. 'l'imes. p. 131. 1872. 
a Boston Med. nnd Surg. ,Jonrn. 1872. 24. Oct. 

4 Pbilad. Med. Times. May 1. p. ?:77. 1871. 
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All authors an agt'l'Pd that the first effect of at!'opine is dila
tation o[ the pupils, which often sets in after one-quarter or one
haH an hour, bnt sometimes it does not appear for several hours; 
this may be due to slower absorption into the circulation so much 

!'educed by the mo1·phine. 
The value of the• atl'opine t!'eatment of opium- and morphine

poisoning may pel'haps be approximately estimated by the state
ment or Johnston,' that out of seventeen cases of opium-poison
ing which hce witnessed, eleven l'ecovered under atropine treat

ment, while six died. 
That there are cases which end fatally i11 spite of atropine 

treatment, is evident not only by Johnston's cases just quoted, 
I.mt by a number or other cases on recol'cl.' In a case communi
cated by John OglP, 3 a man fifty-fivl' years of age, who had taken 
an ounce (= 30.0) of laudanum, died in twt>nty-sev<>n hours, in 
spite of the administl'ation of twelve and one-half grains(= 0.75) 

of extract of belladonna. 
Instances are not wanting• in which the symptoms of mor

phine-poisoning were so aggravated by atropine that its use had 
to be cli;continued. 'rllese cases, howeve1· they may negative a 
trne antagonism in atropine, do not take from it all valuP as an 
antidote, and thny are quite reconcilable with the physiological 
facts 

Even very severe cases of poisoning may be cored by simple 
treatment without the use of atrovine, as, among ma.ny cases. 
that of Bergsten' proves, in which an apothecary's assistm1t took 
six grains (0.4) of morphine acetate, and notwithstanding the 
most violent symptoms, recovered under treatment with strong 
ooffoe, cognac, and the stomach-pump. Chiita11ion' also gives a 
case in which recovery set in after poisoning by five drachms 
(twenty grammes) of laudanum, without the use of atropine, 
although vomiting did not come on till after seven hours. In 

i Med. Time8. 1872 and 1873. 
2 Robert Brooks, Philad. Med. Times p. 708 i and others. 1873. 
J Med. Times and Gaz. Oct. S. 1863. 
4 b". g., J'odd, Americ. Journ. of Med. Scienooe. p. 131. 187a 
• Upsa1u. LiikarefOren FOrhandlingen. VII p. 647 1872. 
• Gaz. des llOpit. 1873. p. 32 
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such cases, however, we must guard against a false conclusion, 
and not take a post hoc for a JYTopWr !toe. 

Other remedies have been recommended, such as inhalation or 
oxygen, 

1 

subcutaneous injections of whiskey, veratrine, • etc., 
quinine' internally, prussic acid' internally or in enemala, castor 
oil.' 

'l'rea.blnent qf (Jkronic Opiwm-Poisoning. 

Chronic opium-poisoning, opiophagy, etc., morphioenesis, be
longs to the category or diseases which are almost incurable, just 
because the cause or it is generally not far to seek. The weaning 
from tlle use or opium or morphine is a laborious task for the 
patient, as for the pl1ysician, and yet upon it rests the only hope 
or recovery. If such patients are buddenly deprived of the enjoy
ment of the drug which is poisoning them, they sink into a 
miserable condition, the most dangerous symptom or which is 
collapse. They look ill and emaciated, their eyes are heavy, 
their respiration is labored, they suffer from dyspnma, anxiety, 
cardiac palpitation, frequency of pulse up to 120 iu the minute, 
tendency to perspiration, great irritability, dysuria, pains in all 
possible nrrve-regions, especially in the stomach and intestine, 
want of appetite, thirst, diarrhce.a, absolute sleeplessness. This 
condition may termi nate in death, if the use of the drug is not 
resumed. Physicians are not agreed as to whether opium ought 
to be withdrawn suddenly or gradually from such persons. 
According to my experience, the most effectual plan is to arrest 
the habit suc1dl•nly, with one stroke, if we have to do with toler
ably hardy individuals; they are not subject to collapse, espe
cially if a large quantity of wine is given to them. Fleming,' wbo 
defends this vivw, advises that these patients should be given 

1 Farrington, Phihd. Med. Times p. 743 1Sn 
t Todd, loccit. 
1 Kersch, Memorabilien. l. 2. 
4 B!lmk, Rev. de Tb6mp. med cbirnrg. 17. 1857; and 8kea1•m1.m, Med. Times and 

Gaz . .March 7. 1857. 
~Lancet. 1868. Sept. 2 en.see. 
• Brit. Med Jom-o. 1868. Feb. 18. 
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phosphoric acid and tincture of Jupuli1w in a mixture of 10 :.30, a 
teaspoonful to be administered every four hours. As a~ antidote 
to sleeplessness he recommends, in obstinall' cases, tmcture of 
cannabis indica with ether. '!'his so-c:alled stage of reaction may 
last from four to eight days; gradually the patient begins to eat, 
and a sen;,ation of great physical a nd moral comfort is felt. 

With weakly inclidduals, however, the amount of the accus
tomed dose must be gradually reduced. Jn the East they mix 
for this purvose an increasing proportion of wax gradually with 
the opium, till at last there is more wax than opium in the com
bined mass; in treating opium-smokers tlwy mix more and more 
tobacco with it. But it must not be forgotten that with every 
considerable di ininution of the dose the so-called r0actionary 
symptoms set in, although in a modified degree; still, it is the 
frequent recurrence of these symptoms which induces the patient 
to fall back into his old habit; therefore this gradual process of 
weaning must be very slowly canied out. If the object is at 
last attained, iron and quinine may be given with advantage, the 
skin should be frequently washed with alcohol or acids, active 
pedestria 11 exercise should be taken, etc. A few words as to 
the weaning from morphine injections. In this case also the 
suspension of morphine produces very violent r0actionary symp
toms, which, under some circumstances, rnay dt-'mand the out
ward applicfttion of stimulants 01· the intl'rnal administration of 
llal·<·otics; it is easier to cure a lllOl'phine-l'ater o[ his passion than 
a morphine-injector; frequently ou1· only rp"ource is physical 
viol ence; fol' instance, I know a case in which a young doctor 
could only be CUl'ed of giving himself morphine injections b) 
being actually shnt up in a room fo1· more than a we<'l<. He 
resisted like a maniac, scratched at the walls with his nails. 
wept and shrieked from rnisPry, ate nothing, ancl was unable to 
sleep, had diarrhma, etc. At last, after some days o( unmerciful 
trcalmc11t, he began to feel better, to sleep, to eat, etc. ; Crom 
that time his body rapidly increas~<l in weight, his appearanc" 
was fresh and healthy, the misanthropy, which had bpfore been 
predominant, gave way to a longing for social intercourse, he 
was able to resume hi s work, and (a circ11mstance to 'which [ 
attach much importance prognostically) he recovered his taste 
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for tobacco, so that he smoked and drank beer as in the days of 
health; both these habits he had almost entirely abandoned 
during the whole pei'iod of morphine injection. 

I have known men who, once cured, looked upon morphine 
with horror, and shrank from even the occasional injection o[ it ; 
while others easily [aJJ back into their olcl vice, inject morphine 
into themselves again upon the next occunence of physical pain 
or mental excitement, and shortly find themselves in the old 
condition. 

In these cases gradual diminution o[ the quantity injected 
sometim<'o succeed,; (especially when the patient is kept uncon
scious of the diminution), but not always. Some patients feel 
quit<> di stinctly tlw wi thdrawal of a small fraction of a grain (a 
lew milligramrrws); gradual weaning involves the danger of eas) 
relapse. Some patients ar11 more easily weaned from the use of 
morphine by the administration of ammoniated alkalies, bitters, 
01· ethereal snbstances; thus Taylor' relates that Coleridge ex
perienced sensible relief by tile use of a n ammoniated tincture of 
valerian. 2 

Changes which Opium and Morphine undergo in the Human Organism. 

The opium alkaloicls, when absorbed into the blood, natur
ally pass into all the organs, and may be in part decomposed, 
but they are to a great extent excreted in an unaltered coucli
tion , principally through the urine. 

S~vnal of tlw earlie1· investigators' imagined that they had 

'Loe. cit. p. :39. 
'.At the moment when t.bese lines were about to go to pre~~. 1 received a. treatise by Dr. 

Edward Lcvin:itciu, entitled 1• Die Morphinmsucbt," as a reprint from the Berlin. klio. 
Wochenschl'ift. 1875. No. 48. In this paper Lcvioc;tein defends in genera.I the views 
which have been developed !Lbovc, o.nd advocates the i;.urldcn witbdrnwo.1 of morphine, 
and dwells on an aggravation of the difficulty of carryiugont the treatment, i.e., t~a.t 
mo~t sufferers from the passion for morphine, with the very best intentions, dece1ve 
their physician by taking morph ine secretly. 

a Uwmigne, Annal. de Chim. et de Phys. T . 25. p. 102. 1~2t.-Or.filli. Trait.6 de Tax· 
icC1logie. 1843. p. 21.-0'frier ::i.nd Jfooge, Journ. de Chim. T. 1. p. 2 17. 182;;. Stm : 
Tay'01·, On. Poisons. trau~lated into German by Seydeler. :rn Vol. p. 77.-flouc!tardat, 
Bull . du Tb6rap. Dec. 18G1. -L6fort, Journ. de Chimio. '1'. 11. p. 3:1.-JJragmllorff, 
Beitrtigc znr i;erichtJ . Chemie eiuzeluer orgaoischer Gifte. 1872. pp. l29 and ll30. 
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detected morphine in the blood, in the urine, and in the various 
organs, but afterwards it became evillent tlmt the qt'.estio~ was 
not ripe for decision, and that their methods were either inap
propriate, or they had not been stated with sufficient clearness, 
so that Cloiitta' ventured to maintain that morphine, etc., co11ld 
not be detected in the organism, and llence concluded that it 
was decomposed in the system. Vassal' and Flandin' llad for
merly given expression Lo the same opinion. It bas, however, 
been rl'cently proved, especially by Dragendorff and Kanz
mann,' that morphine is conveyed out of the organism through 
the urine in an unaltered condition, even though in all inves
tigations some of the alkaloid is not recovered. This deficit is, 
however, sufficiently explained by the method of isolating the 
alkaloid, and it is not necessary to admit an alteration and de
composition of tlie poison.' 

Morphine appears in the urine soon after it has been taken, 
as was shown in an exJl<'rimcnt by Dragendorff, • who detected 
it quite clearly in the mine of a cat which had been poisoned 
with iwarly half a grain (0.03) of morphine, and killed two hours 
afterwards. In another experiment' the same quantity (0.03) of 
morphine was injected subcutaneously into a cat; nfter fifty·two 
hours the urine contained no more morphine, whereas in a similar 
experiment morphine was still found in the urine after thirty-six 
hours. In the case of a human subject,• who had t'1k0n one-sixth 

1 Arch. f. patbolog. Anatom. 1865. Bel 35. p. 809. 
' ConsidCra.tiona medico-chimiques, etc. p. 97 
• Des Poi.sons. See 1'rtyfbr, by SeJflcler. IIL Bd. p. 76. 
'Dragendorjf, Beitriige, etc. 187~. p. 130 fl ; also f(auzman.n, Beitnlge f. d. ge.. 

ricbtl. chem. Nachweis dC3 Morphine u. Nnrkotin.s in thieriachen Flils.sigkeiten und 
Gewebcn. Ina.ug.-Dissert.. Dorpiit. 18GG. 

. ~ Perhaps un experiment o( Dragcndorff's (loc cit. p. 135) ie in favor of R. decomposi
tion of a po1tion of the morphine in the bodies of animals. (n the case of a man who 
bud been poisoned with morphine, and died in six and a half hours, 1~ substance wa.e 
eepurated from the liver, which, with bismuth potassium iodide, threw down an abun· 
dant precipitate, such na is chnra.cteristic for moet alkaloidd, but this substance failed 
to give the chancterist..ic reactions of morphine i thia substrult.-e might be regarded 88 a 
[lrOduct Of the dccompoeiti!>n Of morphine. 

'Loe. cit. p. 132. 

'Loe. cit. p. 131. 
•Loe. cit p. 136. 
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of a gra in .= 0.01) or morp!Jine, morphine was detected in his 
urine only in the first twelve hours, not later. Other experiments, 
made on dogs with large doses of morphine by DragendorfI and 
Kauzmann, show that excretion in urine may last for eighty-four 
hours. 

A small portion of the morphine introduced i' apparently 
excreted in the freces, especially when it has been takt•n through 
the month; yet Dragendortl" succeeded, even atter subcutaneous 
injections of morphine, in detecting an alkaloid in the freces, 
which with sulphuric acid alone gave a violet color. The large 
intestinP of a cat still contained some alkaloid seventy-two hours 
arter the administration of morphine. ·whether the morphine 
found in the large intestine and in the freces has simply not been 
absorbed, or 'yhether it has been again excreted into the intestine 
with the intestinal and glandular fluids, is not distinclly ascer
tained, though the forme1· hypothesis is highly probable. The 
absorption of the total quantity of the morphine taken by the 
month is certainly 11ot very rapid; thus, sixteen or eighteen 
hours after small doses had bee11 administered to a cat, Drngen
dorff and Kauzmann distinclly detected mol'phinc in the upper 
part of the small intestine. In a human being who had been 
poisoned some mol'phine was found in the small intestine after 
six and a half hours; some of the poison, though only a small 
quantity, was found in the stomach tram sixteen to eighteen 
hours after its administration. 

That morphine makes its way into the tissues is proved by 
the frequent detection of it in the various 01·gans. Althongh its 
detection in the organs is one of the most difficult of problems, 
still it has often been accomplished. DragendodI found mor
phine in the blood of a cat after only twenty-fi"e minutes, and in 
the human blood six and a half hours after death from poison
ing. Morphine can be detected in the li\'er whenever the poison 
has been absorbed from the stomach, and it appears relat1 V<'IY to 

contain more than the other Ol'gans, because much is conveyed 
through the portal vein; but when morphine has been su~cuta
neously injected, the liver contains less. In one experiment 

I Loe. Cit. pp. 137, 138, 
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llra"endorff succpecl<'cl in detecting morphine in the liver alter 
on!; twPnty-five minutes; he also fonnd it in. the. bile of a .cat. 
On the other hand, IH ' failed lo tind morplnne 111 the bra111-
which, however, by no means proves its absence in that organ. 

Chemical Tests for Morphine. 

For the purpose of applying chemical tests, we must examine, 
in the fil·st place, nny portion of the poison that may be left, also 
the matters vomitPd; the urine and, if transfusion has been 
practised, the blood must be examined; in cases which termi
nate fatally, the blood and the liver especially must be sub
mitted to examination. 

lf remains or morphine are found, it may be recognized as 
such by Froehde's or Husemanu's tests, or by the chloride of 
hon test. 

Froehde's' test depends on thP circumstance that when a 
fresh solution or sodium molybdenate in concent1·ated sulphn·ric 
add (1 -5 milligrammes to each l c.cm.) is add<'d lo morphine or 
the ordinary snits of morphine, a beautifol violet color is devel
oped, which subsequently assumes a bluo tinr, then passes into 
dirty-green, and finally disappears almost entirely. But Dra
gendorff' states that this reaction, though it is vpry sensitive, 
and answers to even n~110 of a grain (one-two-hunclredth of a mil
ligram me) of morphine, is not peculiar to it, but oelongs also to 
papaverine, sa licin, populin. and phloriclzin. 

Huseman n's' test is as follows: a solution of morphine in 
concentrntecl sulphuric acid, after it has either stood in the cold 
for twelvP to fifteen hours, or has been heated for a 1011'' time to 
100° C., or fo1· a short time to 150° C., assumes a pale ~iolet-rPd 
color, which, on the addition of somewhat clilutecl nitric acid or 
~r~w grains of nitre,' changes at the point of contact to a 

1 Archiv Phannaz. CXXVT. !'l4 . 
. , ll1111tmann, Die Pflanzenstoffe. 1871. p. 126. 

' Die Pfh.ozen'itoffe. 1871. pp. 124 and 12.i 
•Also potassium chlorate in crystals, or chlorine water or solution of sodium hypo· 

chlorite, yields the samP. If solution of chloride of iron be addetl to the sulphuric acid 
~lutiou of morphimi, altered by standing or heatiug1 this yields u. dt\l'k-red zone, with 
v1oll't or peach-blossom colored edge (llusemunn). 
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beautirul violet-blue, which color remains at the margin for a few 
minutes and then assumes a dark blood-red, which only gradu
ally becomes paler. This test gives a charartel"islic rose-red 
color even with ir.'6;; of a grain (one-one-hundredth of a milli
gramme) or morphine. 

For the chloride of iron test we take a neutral solution of 
ferric chloride, and add it either to solid morphine or to a neu
tral solution of hyclrochlorate or sulphate of morphine, and we 
thus get a very characteristic rich blue color. Thi:; test requires 
that the substance to be tested should be very pure, and should 
contain one-six-hundredth of morphine (Dragendorff). 

For further tests for morphine, see Ilusemann, Joe. cit., pp. 125 
and 126. 

If we have to examine the matters vomited, the contents of 
the stomach and intestine, the blood, the organs, etc., we cannot 
do better than follow so eminent a toxicologist as Dragendorff, 
who has modified in Yarious particulars the method of Stas and 
Erdmann, and von Uslar. Ile girns the following directions: 
digPst the parts to be examined, previously reducecl to sma ll 
fragm ents, with diluted (1: 5) sulphuric acid at 50° C. twice for 
several hours, and use for every 100 c.crn. of the matters to be 
examined 10 c.cm. or the said acid. Concentrate the extracts 
ancl add magnesia till a weak but evidently acid reaction remains. 
Then evaporate the whole to the consistency of syrup, and digest 
the residnum for twenty-four hours at 30° C. with 3-4 times its 
volume of alcohol, to which some snlphmic acid must be adLled. 
Filter, wash the residuum with alcohol, distil off the alcohol from 
the filtrate, and lastly dilute the residnum with a li ttle water. 
Filter again, and now shake the fluid two or three times in a 
warm atmosphere with amylic alcohol. Finally, dissolve ont the 
morphine from the watery solution, which will he found to have 
become ammoniacal, by amylic alcohol. Evapo1·ate the extracts 
of amylic alcohol washed with water, and purify the residuum 
by dissolving in water charged with sulphuric acid, filtering, 
and renewed shaking of the solution, which has again become 

ammoniacal, in amylic alcohol. 
In testing for morphine in the urine, the nrea does not inter

iern with the qnalitaLive, but it does with the quantitative test 
VOL. XVII.--5G 
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for morphinP, as it is -rery difficult to separate m:e~ from mor
}Jhine. " -e must, therefore, in general, remain satisfied with the 

qm~~1~!::·~1::~bove method is used for testing for morphine, the 
alkaloid is obtained in an nmorphous condition. In order to 
crystallize it. which may be important in some cases, Dragendorff 
and Kanzmann recommend dissolving the amorphous substance 
"·hich has been obtained in strong alcohol, which must then be 
c,-aporatecl at ordinary temperature, during which process mor
phine crystals form, generally in colorless, stellar groups of 2-3'" 
iu diameter. It is best to place the alcoholic solution on a 
watch-glass, or on n com·arn lens (Erhardt) . If it is a case of 
opium-poisoning, we mnst test for morphine in the same way. 

Poisoning with Santonin. 

Santonin (610H188,) is the active constituent of santonica (Le
-rant wormseecl: Artemisia Contra); it behaves towards bases as 
an acid, so that it is also named santonic acid. Santonin forms 
colorless glossy foliaceous crystals, which belong to the ortho· 
rhomboidal system. It is sparingly soluble in water, more readily 
so in alcohol, has an alkaline reaction, ancl a very bitter taste; 
the crystals assume a yellow color in the light; at the same time 
the santoniu becomes altered ancl is partially converted into for
mic acid. Santonin dissolves with a reel color in sulphuric acid; 
its compound with potassium is also red. 

Etiology. 

Santonin ancl santonica are drugs very frequently used, and 
are often employed without medical prescription, ancl so com
monly cause poisoning of a more or less violent character. \Ve 
liave hacl a considerable number of such cases reported recently; 
they have generally occurred from taking excessive medicinal 
doses, and in some cases have enued fatally. Several Swiss phy-
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sicians,' for example, have published reports which show that 
santonin readily produces symptoms of poisoning, and Dr. 
Grimm relates the death of a child, four and a half years of age, 
with most characteristic symptoms, from six doses of nine-tenths 
of ti grain (0.06) each, administered every three h0tm. Other 
C"ases, some slight, some se\'ere, with very remarkable symptoms, 
are reported by Dr. Schmidt at Posneck,' Heydlofl'' at the same 
place, Lohrmann' (a very severe case); Snijders' describes t\\"O 
cases of poisoning (not fatal ones) from santonin lozenges; the 
Jirst was that of a child who hacl taken six grains (= 0.36) of 
santonin, the second was that or an adult, who had been poisoned 
by four grains(= 0.23). Linstow' has quite recently reported a 
case deserving of notice: here a girl ten years of age hacl re
ceived about two drachms ancl a half (10.0) of santonica from her 
mother, became ill shortly after with violent Yomiting and con
nilsions, and died in forty-eight hours. :Many other cases might 
be quoted. In answer to the question, what is a poisonous dose?. 
it must be noticed, that often Yery small closes, e. g., two and tt 
quarter grains (O.l:i) are sufficient to proclnce symptoms of poi
soning, but that only \'ery large closes pro,·e fatal; only very 
young children, as Grimm's case, mentioned above, proves, can 
be killed by moderate doses (fh-e ancl a half grains, equal to 0.36). 
The German Pharmacoprnia fixes as maxim nm close0.1 (one grain 
and a half) per llose, ancl 0.5 (seven ancl a half grains) per clay. 

Symptoms and Course. 

The first symptom which appears after taking santonin or 
its socla-salt, or santonica, is generally a change in color sense. 
llnfeland had observed, as early as 1806, that yellow vision waR 

1 Schweizer Zeitschrift. Ileft 4. p. 402. 1852. 
~ Eigentbiimliche Iotoxicationssymptome nacb dem Gebra.uche von Semin. Snnto-

nie. Deutsche Klinik. 18.32. No. 53 
3 i\Cerkwtirdige Wirkung des Wunmmmens. Preuss. Vcrein.szeitg. No 7. P· 34. 18.32. 
4 Wiirtemberg. Corr.-Blatt. 3. 1860. 
'Nederlansch Tijdschrift. I. 68. 18G9. 
6 Eulenherg's Vicrteljahrscbr. f. ger. Med. XXI. 80, 81: and Centra.lblatt f. d. med 

Wiss. No. HJ. 1875. 
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a symptom of santonin-poisoning; since that time these changes 
ha1·e been frequently observed. Yellow vision is the prevailing 
symptom of this kind. Spencer 'Yells 1 observed green vision 
after the administration of nearly fonr grains (0.25) of santonin. 
I-leydlofI (loc. cit.) has published very interesting communica
tions on this subject. At Posneck, in Prnssia, it was the custom 
for young and olcl to take "worm seed" on the 25th of January 
every year. On one occasion a dyer's family took a considerable 
number of worm seed, whereupon the whole family took red for 
orange and blue for green. Schmidt, who also had opportunity 
of making observations at Posneck, saw a man and his son who 
suddenly saw everything green ; crimson appeared to them fawn
color, madder-red they took for bronze-color, white appeared to 
them yellow. Arnet' observed this yellow vision disappear again 
after a few hours. According to the reports of de Martini,' the 
color seen depended, in some cases, upon the quantity of poison 
taken. After Jive grains(= 0.3) a patient is stiid to liave had 
yellow \'ision; after twice that quantity, tit-st orange :tnd then 
yellow. This colo1·ed sight, according to Farqt1harson's• investi
gations, set in twenty-Jim minutes after the introduction of 
nearly five gmins (0.3) ; it lasts, in g~neral, only a short timP, 
never more than twenty-four hours; in some cases it is iutermit
tent (de i\Iartini). 

All authors agree that the mine is affected by santonin. It 
is increased in quantity and colored yellow; there is frequent de
sire to pass water, and the increased amount which is excreted 
is said to contain more solid constituents, especially urea, than 
in the natural condition; but this still needs confirmation. 

As santonin is used mostly in children's cases, who cannot 
give so clear an account of their color-impressions, it follows 
that these symptoms are not observed so often in children :ts in 
adults. Very careful observers have noticed that violet vision 
has preceded the yellow \'ision for :t short time. In many, indeed 

Ju~e~;;:_~~ks on Saut.onine, its Properties as a Verwifuge, etc. London Med. Gaz.. 

' Wlirtemberg. Med. Corr. -Blatt. ·No. 10. 18J3. 
3 Gaz. deslIOp. :34. 1800 

'Experiments on Sautouiue. Brit Med. Jouru. Oct 21. 1871. 
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in most poisoning casPs, this impression of color is the only ob
servabl~ symptom of the poison. But other symptoms in rnh·ing 
the bram are not uncommon. Gidcliness and headache often 
occur, with general uneasiness ; nausea and vomi ting are not 
infrequently observed. In severe cases, however, trembling of 
the whole body, actual convulsions, and trismus set in . The 
face becomes pallid, profuse perspiration covers the skin, the 
pupils may be dilated, cardiac pulsation and respiration are 
accelerated, the sensorium is affected even to complete loss of 
consciousness. The· initial restlessness gives place to complete 
apathy, with sopor, accompanied with inrnluntary evacuation of 
the bowels and bladder, and, if collapse comes on, dea th may 
supervene in a few hours. These symptoms have been obserred 
by Dr. Grimm in a fatal case, and by Lohrmann in a se1·ere casP, 
of poisoning . In J,ohrmann's case, a cl1ilcl three and a hal f 
years of age hacl taken, within an hour, five santonin lozenges 
(in all, equal to about two and a half grains (0.15) of santonin\ 
and, after a quarter of an hour, had violent convulsions ; a fter 
three-quarters of an hour the child was unconscious, saw things 
blue, the pnpil s were wiclely dilated and insensitil·c to light. 
'£here was foaming at the mouth, and convulsive muscular twitch
ings were obserrnd in the arms and legs ; the eyes were distorted, 
the mouth was firmly closed. Consciousness dicl not retnrn till 
after three hours ; then the conn1lsions ceased, and the chikl was 
quite well the foll owing clay. 

Urticaria is an occasional but rare sy mptom ; in the case 
reported by Sieveking ' of a girl lfre years of age, who had taken 
three grains of santonin , it coverecl the whole body ; there was 
al so considerable cedema of the face; both di sappeared after an 
hour. Betz ' observed several times that the evacuations from 
the bowels were red, and apparen tly sang uineous, but they con
tained no blood-corpuscles. Daniel ' asserts that ho has fre
quently founcl blood in the abundan t urine. 

1 On Snntoninc as a. Ca.tt<~e of U rticaria.. Bri t. Med. Journ. 1',eb. 18. P· 106. lSi l. 

' Mcmornbilicn am1 dcr Pro.xis. V. 2. 1800. 
3 On frrit.at.ion of the Urinary Org-a.n<~, produced by Santouica. nnd Snntouin. New 

Orlcn.us Journ. of .:\led. Apri l. 1Sli9. p. 24 1. 
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Analysis ef Symptoms-.ilfode of Action ef the P oison. 

The chief effect of santonin is no doubt upon the nervous 
centres; at first their excitability is increased, later on it is di
mini8hed. The headache, giddiness, convulsions, and sopor are 
to be rnferred to this action; the vomiting which sometimes 
occurs must be regarded as cerebral, dependent on the effect of 
santonin on the brain. The changes in the circulation and res
piration are also most }Jrobably due to the effec t of tbe ]JOison 
on the nervous centres. The convulsions, which in experiments 
on animals affect the respiratory muscles, and which also, as van 
Hasselt and Rienclerhoff' have observed in their experiments on 
dogs and mbbits, affect the muscles of the larynx and epiglottis, 
indicate that death by santonin is in some cases due to asphyxia, 
o( a like kind to that which occurs in poisoning by strychnine. 
I t is clear that the convulsions which in animals invariably pre
cede death are independent of carbonic acid poi ··oning, and arise 
from central initation, because in frogs convul sions after the 
administration of santonin also occur. Ilallucinations are fre
quently present in poisoning by santonin; accorcli11g to Rose's' 
researches, they appear in a third of all cases, and may affect all 
the senses with the exception of hearing. Colored vision, the 
most remarkable symptom in santonin-poisoning, was formerly 
tracecl to clilierent causes. Zimmermann ' thought that yellow 
vision was clue to yellow coloring of the serum in the blood by 
santonin. But he soon convinced himself • that the blood-serum 
of a young man, whom he hacl bled after prodncing yellow vision 
by eight grains ( = 0.5) of santonin, was not iu the least colored 
yellow, although the remarkably bright-red color of the blood 
had !eel him to expect that the serum would be yellow. 

Later on, i t was supposed' that the transparent media of the 
eye were colored yellow by santonin. But Zimmermann (Joe. 

1 Arch. fi.ir holliindische Beitriige 11. 3. 1860. 

'Virch. Arch. 1863. XX.V III. 1. 2. 
1 Uebereine cigenthUmliche Wirkung der Santonins. Deuti~che Klinik. 1853. No. tfi. 

' Ueber das Gelb· und Griiusehen nach dem Sautouiugebrauch. Deutsche Kliruk. 
1855. No.1 1. 

b Jtl. L . Pldpson
1 

Compt. reud. T. 48. No. 12. 1859. 
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cit.) failed to see any yellow fluid in the eye, and Rose' failed 
equally to observe with the ophthalmoscope any yellow color
ing of the posterior part of the eye. Another supposition was 
that jaundice was rapidly developed and as rapiclly disappeared, 
and the bile in the blood was supposed to stain the retina and 
the fluids of the eyes so as to prnduce yellow vision. But Rose 
never succeeded in detecting the coloring matter of bile in 
the blood in such cases. It appears, from the beautiful experi
ments of R ose, that yellow vision o[ten precedes (as, indeed, eve11 
death may) the yellow coloring of the urine, so that santoni11 
causes snch clmnges in the optic ne1·vo and its terminal expan
sion that the peripheral elements of the retina have lost their 
normal capabi li ty of perception. R ose regards yellow vision as 
a symptom of santonin narcosis, eqnally with the headache, 
sleepiness, hallncinations, etc. Rose made experiments on the 
spertrnm with persons poisoned by santonin, and found that 
the spectrnm, so far as it was seen at all, was seen normally, 
but that the spectrum appeared shortened. The violet part 
appeared at first colorless and then black, so that there is a dis
tinct violet·blindness in santonin-poisoning. The organs which 
perceive tho violet rays are therefore <>Xcited in the early action 
of santonin; hence the short, transient violet vision, which is 
clearly developed especially against dark objec ts; then subse
quently those organs are paralyzed-violet-blindness. Ilow this 
violet-blindness is prnduced, whether it is a direct influence of 
santonin on the violet·pereeiving organ, ns Helmholtz 

2 
:rnd 

Hueiner ' snppose, or whether the retina itselC is colored yellow 
by santonin, as M. Sclrnltze • thinks, cannot at present be clearly 
explaitwd. The former view is, however, the most probable one, 
especially as Rose's observation that violet vision precedes yel
low vision is well grounded and has not been disproved.' 

1 Virch. Arch. XVIII. 1. 2. pp. 15~33. 1860. 
•1 Handbuch der pbysio1ogischen Optik. Leipzig. 1807. 8-17 . 

3 Archiv Cilr Ophtbalmologie. XIII. 309. 
4 Ueber den gclben Fleck der Retina, seinen Eintluss nuf normales. Sehcn u. auf 

Farbenblindheit. Vortrag. Bonn. l SGG. 
s See ffwJCmcmn, Experimcntelle Toxikologie. p. 3~3. Berlin. 1874. 
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Results oj' Autopsies. 

Although mild forms of poisoning with santonin are very 
frequent, cases which terminate fatally are ver! rare, am! I l~~ve 
no knowledge of any satisfactory reports of autopsies. Ihe 
reports of van lfasselt and RienderholI (Joe. cit.) show that in 
animals which have been killed by santonin the evidences of 
death by simple asphyxia may be expected, e. g., hyperromia of 
the lungs, the brain, and the spinal marrow, especially the mem
branes of those orga ns, and an engorged heart. No characteris
tic appearances have been observed. 'l'he possible discovery of 
remains of the worm seeds or crystals of santonin in the stom
ach or alimentary canal, may under some circumstances lead to 
a diagnosis. 

Diagnosis and Differential Diagnosis. 

The diagnosis of santonin-poisoning is very easy if we are ac
quainted with the hi story of the case, or if any santonica seeds are 
found in the excreta; if these data are absent it may be diffi cult. 
Santonin-poisoning may be mistaken for congestion of the brain, 
for meningitis, as well as for poisoning by other substances, 
especially narcotics. In the case of adults colored vision may 
supply a basis; bnt with children this basis can sP!dom be se
cured. The "xa mination of the urine is importan t for fi xing the 
diagnosis. It usually appears of a dark saffron yellow, i. e., 
when it has an acicl reaction. If, on the contrary, it has become 
alkaline, it is crimson. The saffron-colored urine becomes crim
son on the addition of caustic potash, while the tests for the 
coloring iuaterial of gall-nuts ancl for gallic acid yield negative 
results. 

P rognosis. 

As we have already said, santonin-poison ing very rarely 
proves fatttl; the prognosis, therefore, is generally very favora
ble, both as regards the preservation of life and the complete res
toration of health. In medical practice the prognosis is chiefl y 
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uependent on the quantity o[ poison which has been introduced 
also upon the degree of violence of the collapse and the convul~ 
sions. 

Treatment. 

The treatment of santonin-poisoning consists first in the ac1· 
ministration of emetics, and afterwards, if santonica has bee11 
taken, we must give aperients. No chemical antidotes are known. 
\Vhen once the symptoms of santonin are developed, we must 
attend especially to the state of the heart and respiration. In 
case of collapse we must give alcoholic and other so-calleu stimu
lants, and if convulsions ultimately come on, we must have re
course to artificial respiration. Ordinary medical considerations 
will indicate, according to circumstances, when stimulation o! 
the skin, warm baths and even opiates, cold compresses to the 
burning head, etc. , may be needed. Bleeding ought to be en· 
tirely avoided. 

Changes which Santonin undergoes in the Organism. 

Santonin is absorbed from any smfnce to whirh it is applied, 
and enters the fluids o[ the body. But the abso1·ption of pure 
santonin from the stomach is not so rapid as that of sodi um san
tonate. A portion of the santonin taken passes away in the 
faeces, as Hose has shown ; he himself found it in a crystall ine 
form in -the froces. The portion whirh passes in to the blood very 
probably unites with alkalies and forms salts, and these are 
apparently excreted unclmnged in the mine. As mentioned 
abo1·e, santonin is decomposed under the influence or light, and 
becomes yellow; there is a lso a yellow pigment found in the 
urine, which must be tracPd to santonin. l\fanns and Falck' 
have called this pigment xanthopsin, and to it they attribute 
the yellow vision; the names photo,antonin or photosantonic 
acid are better. It is probably th.is pigment which gives to the 
urine its yellow, and when al kaline its red color. This colol"ing 

1 Falck, Deutsche Klinik. 27. 28. 1800; and Jlimns, Dissertaliiou1 Das Santouin, 

eine pbarmacologischc 1Uouograpbie. )farburg. 1858. 
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matter may sometimes be found also in the frcces, :ind when they 
are alkaline, it dyes them crimson 01· blood-red, which accounts 
for the observation of Betz quoted above. Krauss,' who occupied 
himself chiefly with the action of sodium santonate, when he had 
introduced santonin, found the urine, after an hour, colorell 
yellow; when he had giren sodium santonate, after half an hour. 
This yellow color of the mine may last as long as sixty hours 
(Falck). The excretion of santonin is not, therefore, in general 
a very rapicl process. 

Chemical Test. 

The chemical test, which, as far as my knowledge goes, !ms 
never yet been den1anded in evidence, would have to re&t chi~lly 
on the above-mentioned changes in the urine, and on the proba
ble discovery of santonicu or santonin crystuls in the alimentary 
canal. It m nst, however, be remarked that Krauss never suc
ceeded in finding santonin crystals in the intestine. 'Ye ham 
as yet no satisfactory method for the separation of santonin from 
organic substances. 

Poisoning with Ergot. 

There is no longer any do11bt that ergot of rye is a fungus, 
the Cluviceps pnrpurea, which, springing from the ovary of dif
ferent gramini>.e, chietly rye, develops spontuneously, es·pecially 
in wet summer;, and appears abundantly upon the ears of rye, 
etc. Bnt this ergot appears not upon rye only; it is found in 
rainy summers in great abundance upon wheat, barley, rice, mil
let, brome-grass, etc. The ergot contains different constituents 
which for the greater part have not yet been obtained in an iso'. 
~ated condition. It contains, above :ill, a fatty oil, which is inert 
m 1ts pure condition, also a resin and trimethylamine ('Valz), and 
two other substance", which may perhaps be called allrnloids, 

1 
Ucbcr d. Wirkungcn U. Santonius u. d. Santoninnatron.s. Ti.ibingen. 1830. 
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ergotine and ecboline. These two substances are amorphous, or 
a brown color, and a slightly bitter taste, are readily solnble i11 
water and alcohol, insoluble in ether and chloroform, and ha,·e 
au alkaline reaction. Their salts are always amorphous.' Under 
the name of ergotine we find two preparations, one prepared by 
'Viggers, the other by Bonjean. \Yiggers1 s ergotine is obtairw<.l 
by freeing the powdered ergot from wax and fat by extractio11 
with ether, then heating with alcohol, and treating the ernpo
rated residuum with water. It consbts of a reddish·brown acrid 
and bitter powiler, which is sparingly soluble in alcolwl, and 
quite insoluble in water and ether. It is an impure substance. 
Bonjcan's ergotine is obtained by treating the watery extract of 
ergot with alcohol, and evaporating ofl' the latter. It is also a 
reddish-brown powder with an acrid ancl bitter taste, very read
ily soluble in water and alcohol. But this ergotine also is by no 
means a pure substance, but a mixtme of several substances. 
Both, however, act as medicines and poisons. as does the resin 
abo1·e-mentioned. 

Ecboline was first obtained by 'Venzell from the watery ex
tract of ergot; it is a base which displays very obvious poison
ous qualities. It is not yet decisi,•ely proved whether these 
substances are the really active constituents of ergot. Quite 
recently it has beea maintained that the active principle or ergot 
is a substance which has not yet been isolated, which is soluble 
in water, but not in absolute alcohol, and has un acid reaction, 
so tha.t it is to be rcg::tnlPd a.s a.n acic.l. i 'rhis view, first ex
pressed by "' ernich,' has been lately supported by Zweifel,' 
who has published a paper on this subject. Therefore a treatise 
on practical toxicology must limit itself to considering ergot as 
a whole. 

Ergot does not always contain the same amount o[ actirn 
ingl'edients. It i,; much less poisonous iii an umipe than in a 

1 Jlu.seinmm, POauzenstoffe. p. 521. 
'Such :i,. body ho.a now been isolated by Drngendorff and Podwissotzky, of Dorpnt. 

and named 11 sclerotic acid." It is said to po~sess in high degree the specific virtues of 

eii::~:~~: {:~::;::~.~::t:i~=~~:~~~~~'.:·:::·~h~;.~~;01:~:· 1~;0~v p. 407. 1s1;. 
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r ipe condition ; i t is most active when it is collec ted from. the 
ears in the corn fi eld ; if it is kept closely shut up for some tune, 
i ts activity increases. But if it is kept in open or .ill-clos.ed 
vessels so that air finds entrance, it gradually loses its activ
i ty ; al~o when worked up into bread it becomes decidedly less 

active. 
P oisonings wi th ergot present different symptoms under dif

fere nt circumstances, so tha t i t is necessary to consider these 
sepa rnte fo rms of poisoning as distinct from one another. Espe
cially the symptoms which are produced by single la rge doses of 
ergot, acute ergot-poisoning, must be di sting uished from those 
which ari se from the long · continued in troduction of it, and 
which fall under the head of chronic ergo t-poisoning. Lastly, 
the symptoms which indicate chronic e1·gotism must be treated 
under two di stinct heads, as the symptoms difl'er in the most 
essential points. 

Acute Ergot-Poisoning. 

E tiology. 

Acute ergo tism is developecl when large quantities of ergo t or 
its preparntions are introduced in to the human organism. This 
po iso11ing is, on the whole, rare, and chietly affects pregnant 
women who take the drng to prodnce abortion ; 01· i t proceeds 
from the administration of overdoses of Lhe poison by medical 
practitioners-medicinal poisoning. The usual close of ergot as a 
medicine is fi fteen grai ns (1.0) repea ted two or three times at short 
in terrnls ; of the watery extract (Ergoti11n111 , Bonj.-an), which is 
the prnparation most commonl y employed in medicine, excep t 
the c1 r11g itself, single closes of from a grn in ancl rL half to eight 
grains (0.1 to 0.5) are the general rule. These doses, even when 
administered repeatedly, are by no means poisonous. It is not yet 
possible to specify the closes which a re sufficient to p roclnce ergot
poisoning. At any rate, very la rge doses are needed to bring 
about a fatal resul t, and when clooth rpall y su pervenes, the q ues
t ion is st ill 01wn, whether, as is frequently the case with preg
nant women, other ca uses, hemorrhage, etc., may not ha.,·e co-
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oJ'.'.era.ted. Thus Richter' relates a case of poisoning with ergot, 
affoctrng a pregnant woman, in whom it produced abortion, ancl 
she died with continued hemonhage. In this case hemorrhage 
seems to have been the actual cause of death ; at least the con
sideration of the symptoms observed scarcely admits of any other 
conclusion. 

Symptoms ef Acute Ergot-Poisoning. 

The symptoms most frequently observed are connected with 
the stomach, the alimenta1-y canal and its appendages. Erncta
tion, retching, na11sen., tendt:>ncy to vomit, and actual vomiting 
with simultaneous increase of salivary secretion, sometimes also 
col ic and clianho:a, are the Jirst symptoms of acute ergotism, and 
may be prodnced sometimes by even moderate closes; I myself 
have witnessed such a case after the acl 111in iotration of twenty-two 
grains (l.5) of ergot.' focliviuual constitutions must also be taken 
in to account; whereas, with the majority of people, the close 
mentioned may fail to produce the sy mptoms above enumerated, 
yet in part icular ca es, especially when there are clistmbances in 
t11e alimentary ca nal , these symptoms may be developed in a 
remarkable manner. Other symptoms are snperadded to these 
which point to an affection of the brnin: gidd iness, mistiness of 
vision, headache, and a ltemtions of the pnpils, which are gene
rally dilat1•d, but someti mes contracted. Great muscular ex
haustion, dt•jection, and weariness are additional symptoms. 
Ca1·diac contraction is also considerably affected by ergot; the 
principal effect is diminution of the frequency of the heart
stroke, which is somet imes very marked. Thus Bailly' found 
the pube si nk to 64 beats in the minute; Arna!' states that 
fo ur and a half g1·ni ns of the watery extract (0.3) reduced the 
pulse from 84 to 60 beats. This retardation of the pulse is the 

1 Casper's Vierteljahrschrift fi.i< gerichtliche 1\!cclicin XX. 2. lSGI 
2 See also Dr. fleim111iti Gro.~.fs experiments, Beitriige zur genanereu Kenntniss der 

Wi~k;::o:e:tll~~~:~:;:c~re;~~~i:l:;.i::z~::;~6tN::~rtal~~~;q~3~~~~6u6ral de ThC· 
rap. Mai::IO. Juin 15. 30. pp. 43::, 481, !l20 1 etc. 1870. 

~Bullet. de ThCrapeutique. Juin. 18·Hl. 
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more remarkable, the more frequent it was before the poison
i·w · thus See 1 observed a. reduction of the pulse by 36 beats, 
,;,~d, yet could not bring it lower th:rn G4 in the minute. Nickel' 
also mentions that he saw the pulse sink by 20 to 24 beats. 
This retardation or the heart-stroke, as Gibbon' asserts, reaches 
its climax abot1t half an hour after the ergot has been intro
duced. In more severe cases stupefaction, sopor, and rPtention 
or urine set in, and with the continuance ancl aggravation of 
these symptoms death may supervene, all the more surely be
cause not only the frequency of pulsation, but the general action 
oC the heart, is reduced. All investigators are agreed that the 
artel"ies are less filled, and become lax and easily compressible. 
Dyspncea, etc., follows upon this diminution of the clecarboniz
ing of the blood, and may easily cause death, though a fatal 
result is among the exceptions. More rarely neuralgic pains are 
observed in different organs, especially in the fingers, and in the 
skin, where the nervous affection takes the form of intolerable 
irritation. lit some cases the muscular weakness may continue 
some clays ,;frer the poisoning; also actual aberration of intellect 
is said to have occurred after ergot-poisoning. 

H the poison has been taken by pregnant women with the 
intention of producing abortion, they sometimes attain their ob
ject, especially iC the pregnancy is far ad,,anced; in the earlier 
months ergot fails to produce this effect. 'l'he character of the 
symptoms of ergot-poisoning may be more or less modified by 
the occurrence of the prematme birth. The course of the symp
toms produced by ergot is generally tolerably rapid. 

Analysis ef Symptoms-Character ef Acute Ergot-Poisoning. 

The most evident symptoms in the early stage of the action 
of ergot-poisoning-retching, vomiting, diarrha!a, and salivary 

Recherches sur lea propri6t~es du aeigle ergotC ct de aes principes constituant& 
Gar.. mCd. de Pnri;l. Nos. 31-~3. 184G. 

" Reitriige zur Phnrmacodynnmik. Bn.yr. Corr.-nlalt. No. 44. 1800. 

~ The Sedative Powers of Ergot. Amer. Journ. of Med. Sciences. Jan. 18-14. 
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secretion-are consequences of the action of the poison on the 
sensory nerves of the mucous membrane of the alimentary canal; 
these are excited by the poison, and the excitement is commu
nicated to motor and secretory regions-reflex action. 

This explanation avails at least for these symptoms when 
they set in soon after the introduction of the poison. 

'fhe vomiting which sometimes occurs in the later cotu'Se or the 
poisoning is, perhaps, traceable to an action of the poison on the 

central nervous system; in the same way the subsequent diar
Thma is dependent on the influence of the poison on tbe vessels 

and the distribution of blood. 'Ve have no accurate knowledge 
as to the origin of the flow of saliva. In all probability it is to 
be regarded as a refl ex salh·ation, as it follows upon eating acrid 
substances, and precedes vomiting. The vomiting, dependent on 
the same cause, is connected with the early stage of muscular 
weakness. 'fhe muscular exhaustion continuing for a longer 
time is on its side produced by the changes effected in the circu
lation by the poison. \Ve can only suggest hypothetical ex
planations of the action o[ this poison on the brain ; we possess 
no certain knowledge on the subject; only this much may be 
said with some confidence, tlmt here also the alteration in the 
cil"Culation may exert a considerable intlnence. The chief e[ect 
of ergot and its preparations is over the organs o[ circulation, the 

heart and the blood-vessels. Tbe diminution of carcliac pulsa
tions, and general lowering of cardiac action, possess the first 
claim to onr consideration. The statements of Felix von \\Tille
brand of Ilelsingfors ' are Yery noteworthy, to the effect that the 

healthy or even the hypertrophied heart contracts under the 
influence of ergot, so that this diminution of volume may be 
clearly diag nosed by percussion when the poison has ceased to 
act; this contraction is naturally followed by a dilatation till 

the sto.tus qno ante is reached. ll'ith regard to experiments on 

animals, all investigators agree that with them, as with the 
human subject, a diminution of the frequency of the heart-

6 Notisblad fOr Liikare och Pbarm. 18.jS. Sos. 10 and 11; Schmidt's Jahrb. Bd. 108 

p. 200 i Ros.,bacli's pbarmac. Untersuchungen. I. Bd. p. 116. 
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stroke is produced by ergot and its different preparations. See 
Ila.udel in, Briesema.nn,' Eberty,' Rossbach,' and others. 

Eberty brought the frog's heart to a. stand-still in diastole 
by inject ion of large doses of ergotine into the gastric vein; he 
traces this eliect to irritation of the ex tremities of the vagns. 
Rossbach observed some Yery remarkable movements in his ex
periments with different preparations of ergot on the hearts of 
frogs. The pulsations of the ventricle diminished in frequency, 
those of the auricles remained steady; the filling of the ventri
cle was incomplete, the contraction of the separate Jibres of the 
cardiac muscles not simultaneous, but alternating, so that fre
q ueutly a sort of peristaltic movement in the heart was observ
able; certain bundles of muscles remained for a. long time in 
a state of contraction, while neighboring groups were relaxed. 
These and similar movements were observed by \Verni ch • also. 
Rossbach traces this action of the preparations of ergot (he used 
W'"iggcrs,s ergotine, and " 'enzell's ecboline) to an influence ex er· 
cised by them upon the cardiac muscular apparatus, w!Jich, as a. 
peculiarly constructed muscle, may e\·en in a. pl1ysiologica.l sense 
be rl'garded as other than a common striped muscle. It is cer
tain that we a.re not greatly assisted in ou1· attempts to explain 
the action of ergot on the heart by supposing it to act on the 
cardiac nerves. \Vernich, on the other hand, traces the changes 
in cardiac contraction not to direc t influence of the poison upon 
the heart, but Tegarcls them as secondary symptoms, dependent 
011 the action of ergot and its derivatives upon the vascnla.r 
system. 

The chief effect of ergot is certainly upon the vascular system. 
It is a. fact that the arteries a.re contracted ; these changes 

may b: somewhat considerabl e, so that ,·essels of rather large 
cl11nens1ons appear as very narrow ones with thick wall s. This 

nuf
1

d%i~~;::~~~i~n~t~~::~~ni::t~:~ d1i;U~~
7irkung des Digitnlin, Vcratrin, uud Ergotin 

~ Ucber die Wirkung des Mutterkorns auf die llcrzthiitigkeit und den Blutdruck. 
Disscrt. Halle. 1873. 

3 Pharmncologische Untersuchungen. Bd. I. p. 214 ff . 
LX:.E~~e Vcrsucbsreibcu Uber das )1uttcrkoru. Berlin . 1874; and Vircb. Arch. Bd. 



ERGOT. 897 

contraction chiefly affects the small arteries, but e>en in the 
larger ones it is clearly recognizable. On the other hand, there 
is a dilatation or the veins. The condition necessarily attending 
these changes is a diminished quantity or blood in the contracted 
arterial system, and a corresponding increase in the contents or 
the veins. This fact may be directly observed in frogs as well as 
in rabbits, and was Obtierved by \\rernich not long ago with the 
microscope in the web of the frog, and was drnwn by Holmes by 
means of the camera lucida, and micrometrically measured by 
BriPsemann.' 

Clinical expel'ience of the action or ergot in lowering the cir
culation or the blood en tirely conesponds with this. This lower
ing artion is an indisputable fact for the practical physician who 
has employed this drng, even though the direct expe1'in1euts 
made on animals have been questioned from various quarters. 
The main question con nected with this circumstance is how this 
vascular contraction o[ the arteries is brought about. It was 
formerly assnmPd that ergot caused contraction o[ the arterial 
vessels by stimulating their muscular coat, so that tlwy were in 
a stale o[ active contract ion. This contraction o[ the arteries was 
then further traced to an influence which ergot was supposed to 
exercise upon the vaso-motor centre. A true cramp of the arte
ries was tlwre[o1·e regctrdPcl as the effect of ergotine, a rramp that 
under some circumstanc<'s might last long. A considerable shock 
lrns bf'en given to this view of ergotine action, uni,·ersally prev
alent till quite lately, from the circumstance that the increase 
o[ blood-Jm'ss1uc to be postulated a priori from so strong a con
traction o[ the arteries has not been found by any o[ the later 
ilwestigators, Pxcept Eberty, in their experiments on blood-pres
sure with the ky111ographion. Tims Holmes,' Haudelin, IIer
rnann, and \Vemich fonnd almost constantly a more or less con
siderable decrmsc o[ blood-pressure. ThP climinntion o[ blood
pressure directly coutraclicts an actirn contraction o[ the arterial 
vascular system; again, as " rernich shows, such a contraction 
is disproved by the benPficial influence on arterial aneurisms, 

1 Dissert.- inaug. Rostock. lSGO. 
2 Effet.'I de \'ergot du seigle. Arch. de Phys. 1870. III. 

VOL. XYU.-;7 
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which Langcnbeck, IIermanides, and others producecl by ergo
tine injec tions ; lastly, i t is opposed by \Villebrand's observa
tions, ment ioned abm·e, with regard to the diminution or YOlume 
of the heart. The ciues tion which must nex t arise is : Ilow, then, 
is a rterial contraction induced 1 Ir it is not active, i t must be 
passive. The heart must in a girnn space of time pump less 
bloocl in to the periphery than in its na tural condition, becau se 
less blood is co:weyed to it by the sy sten1ic ancl pulmonary 
veins ; there must be an unwonted accumulation of blood in the 
Yeins. Such an accumulation of blood in the veins is only pos
sible by a diminution of the tone of the veins, as " rerni ch insists. 
This dil atati on of the veins, thi s increasecl amount of blood in 
them, can be directly prnvecl. Acconling to " -ernich's observa
tions, i t is the veins or the mesentery, or the uterus, of the blad
der, of the abdominal veins generally, which show most clearly 
thi s engorgement after the introduction of ergotine. \Ycrnich 
draws a parall el between the symptoms or ergotine-poisoning in 
frogs anu those which Goltz has observed in his experiments on 
pulsation with regard to the circula tion. In both cases there is 
a strongly marked arterial anremia, ancl an equally striking ve-
11ous hyperremia ; in both cases there is a diminution of cardiac 
contraction leading to entire cessa tion of cardiac action ; in both 
cases 'Verni ch secs in tlrn dil a tation of the veins the primary, in 
the contraction of the arteri es and in the action of the heart the 
secondary sy mptom ; the arteries, therefore, coll apse from want 
of sufficient quantity of blood, the action or the hea rt proceeds 
more slowl y or ceases altogether from diminution or entire cessa
ti on of tlw supply of blood to it ; so tha t the action of ergotine 
appears to lead to an accumulation of blood in the VPins. The 
('!lUSe Of thi s decrease Of the tone in the smooth muscles of the 
Yeins has not been experimentally established with sufficient 
accuracy. It shonlcl be mentioned that Zweifel, in the trea tise 
abo,·e quoted, comes to the conclusion, from care[ul experiments, 
I hat not only ergo t ancl its preparations, but, a wh ole seri es of 
s11bstaurt>s, produced arterial contraction, and that all these sub
st<1nces haYe one property in common , that of producing consid
erabl e pa in when subcntaneonsly injec ted . Ile there[ore regards 
the ac tion of e1·got on the vessels as by no means its chic[ action, 
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but believes that to consist in its influence upon the central ner
vous system. 

A few words will be suffi cient as to the influence so often 
maintained and so often denied of ergot of rye on the action of 
the uterus, as changes ln this organ are not among the most im· 
p01tant symptorns in acnte poisonings. For the accoucheur the 
fact is established that ergot may increase pangs already exist
ing, although many maintain that it cannot originate them. Yet 
it has been proved by various investigators, especially recently 
hy Schlesinger aml by \Vernich, that even in tho nnimpregnated 
uterus or animals, movements take place under the influence of 
preparations containing ergotine. But these movements, accord
ing to our present experience, as they respond to the physio
logical experiments o[ the investigators abo,·e-mentioned, may be 
regarded, not as primary eJiects of the poison, but as secondary 
and dependent on the arterial anremia procluced by ergotine, ete. 
\Vernich's experiments appear to me here again to be valuable; 
according to them, in experiments on animals, as a rule, the 
change of the calibre of the vessels does not influence the dis
coloration ancl blanching of the uterus till first movements o[ the 
uterus have been observed, of short dmation and modemte in
tensity, but still so ev ident, that there is no doubt of their ex ist
ence. It is therefore sufficiently clear that it is not the arterial 
amemia or venous hypet-remia alone which causes these more
ments. On the contrary, it might a.lmost be assumed that the 
influence or ergot upon the movements or the uterus proceeds 
solely from a.n influence of the poison upon the nerve-centrPs 
of these movements in the lumbar region of the cord and in its 
higher- situat<•cl parts, as well as in the brain. Bnt even in this 
case some influence might be attributed to anremia, induced by 
the er"ot · only when we come to further refl ect on the action of 
the p.;lso~ on the spinal cord, the hypothesis or a direct action of 
the poison is much more s imple, although the whole question 
appeai·s as yet to be far from settled in one direction or the other. 
The experiments of Schlesinger and Oser' would go to prove, 
firstly, that the arterial a.nremia is to be regarded as the stunu-

1 Wiener med. Jabrb'..icber. 1872. I . i und &ldesinger, Ibid. 1873. I . and 1874., L 
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lating causr or the mm'ements or the u terus; and, secondly, that 
the nterint.' contractions are caused by exc1tcmPnt from the cen
tral oi·g-an:;. In thi:; experinwn t the excl usion or the flow of 
arteifal blood to the brain, by ligaturing all the blood-vessels 
h·acl ing to the brain, produces in abo ut half a minute general 
contraC'tion of the uterus. The abortions pl'Oduced by ergot
poison ing arc thus accounted for by its increasing uterine con
tractions. 

Th<' 11 ypothrsis that the utPrine contractions are produced by 
alt<>ratio 11 s in the distribution of the blood might be thought to 
be supported by the experiments of S. Mayer and Basch, which 
show that arterial an::cmia of the intes tine stimulates it to violent 
peri stalt ic contraction. This circumstance accounts for the cliar
l'hma which sometimes sets in even in the later part of the course 
of poisoning by ergoti11e ancl ergot of rye. 

The action of ergot on the brain and the spinal marrow is not 
very markerl in the human subject, but may be more accnrately 
ascertainecl by experiments on animals. Ergotine, injected in 
sufficient quantities into frogs, paralyzes voluntary rnornments 
as ll'ell as reflex actions. Zwei[el reg:11'ds the infiuence of ergot 
upon the brain and spinal marrow, which it paralyzPs, as its 
main action. 'l'he paralysis begins at first in the hind legs and 
ad\' anc·rs continuously forward ; the limbs recover their power 
in the same sequence. \Vith moderate closes the whole frog may 
be paralyzed, so tliat only cardiac and respi1·atory contrnctions 
continue. In mamma1ia aJ so ergotine }Jroduc1:s a. remarkable 
unstead iness of gait and general paralysis which lead to death. 
The spina l cord is therefore affected hy the active principle of 
ergot; i t is stimulated for a short time and then paralyzed, and 
thi s paralysis may, when the closes are sufficiently large, extend 
e\' rn to the centres of respiration and cardiac contraction. 

It appears very probable, from some symptoms in chronic 
ergotinr-poisoni11g, that this substance exe1'ts some influence on 
the $l'nsory nerves, but it has not yet been determined satisfac
torily by experiment. The symptom s srem to imply a primary 
stimulation ancl subsequent paralysis of the senso1·y nerves. 

A fpw words must be a'.ldecl as to the influence o[ ergot upon 
the fmtus 111 utero. The 111flucnce of this drng upon the child 
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bas been over-estimated. It has been asserted that the number 
of still· born children is increased by the administration of ergot; 
further, 1t has been stated, as the resul t of observation, that 
the pulsations of the child are diminished in fret1uency by the 
mothers having taken ergot ; finally, the contractions o[ the 
uterus are said to injure the child by compressing its body.' All 
these obset·vations have been questioned in recent times, and no 
accoucheur hesitates to make use of this drug if the sy mptoms 
indicate its aclministration. In the same way the effec t of ergot 
in producing abortion has been considerably exaggeratecl. It 
very seldom succeeds in expelling the fmtns, if the condi tions 
for its expulsion have not arisen in some other way. 

In conclusion, it must be stated that. there is perhaps no poi
son respecting which our knowledge rests on so co111pan1tin·ly 
weak a basi as this ergot, and that we can on ly succeed i11 
obtaining really satisfactory information on the subjPct when it 
has become possible to prepare the active principle of ergot as a 
pure substance. Till that time the preparations ofl'er<'Cl for salP, 
as well as those prepared by particular investigators (snch as 
W ernich and Zweifel) will dilrer from one another in their efl'ects. 

R esults of Autopsies -in A cute Er[Joi-Poisoning. 

Reports of autopsies in the case of persons who have diecl oE 
acu te ergotism are extremely rare. In Ricl1ter's cnse, q uoted 
above, respecting a young woman, tw·enty-three years of ag<', in 
a state of pregnancy, in whom the expulsion of the fcctns, six to 
seven months old, actuall y did take place, the observations at 
the autopsy were considerably modified by the violent hemor· 
rhage, probably fatal, which occurred during that act. Injection 
of the vessels of the mucous membrane of the ccsophagns and 
the stomach and a few corroded spots were found; small portions 
of ergot which hacl be<•n taken were found still in the stomach, 
ancl were provecl to be snch. botlt microscopically and chenn
cally. In dissection of an imals poisonetl with ergotine we gene-

1 Beatty, De l'influence clu seigle ergotc sur le Frotus da.us la m:itrice. Journ. des 

Connniss. roCd. Fob. p. 135. 1845. 
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rally find highly marked venous engorgement, especially in the 
abdomen, and above all in the urinary bladder, which is generally 
distended. But, according to Zweifel's reports, the bladder is 
sometimes found empty and contracted. "'hat has been written 
about hypermmia of the brain and its membranes is to be re
gccrded as at least very uncertain. 

Diagnosis and Differential Diagnosis. 

The diagnosis of acute ergot-poisoning rests chiefly on the 
history of the case and on the probable discovery of small par
ticles of ergot in the vomited matters and in the freces. ·when 
ergotine has been administered, especially in the form of sub
cutaneous injection, the diagnosis of ergotine·poisoning presents 
formidable difficulties. Diminished frequency of cardiac pulsa
tions, contraction of the arteries, reduction of the temperature, 
etc., might afford some clue. But 11one of these symptoms are 
characteristic enough to exclude with certainty the possibility of 
other poisonings. 

Prognosis. 

It has been already stated that acute ergot-poisoning very 
seldom ends fatally. The prognosis will be the more favorable 
the more normal the action of the heart before the introch1ction 
of the poison, the earlier the occurrence of vomiting, or that a 
suitable system of treatment was commenced. 

Treatment. 

The first indication in internal poisoning by ergot and its pre· 
]Jarations is the elimination of the contents of the stomach by 
means of emetics; later on purgatives may be administered to 
:emove the poisonous substances which may be lodged in the 
rntestinal canal. As chemical antidotes for counteracting the 
effect of the poison introduced, tannin, and substances contain
ing tannin, are the most effective. As to the rest, the treatment 
must be limited to combating the symptoms produced by the 
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poison .. The principal of these is cardiac asthenia, which requires 
energettc treatment. Alcohol, ether, camphor, preparations of 
ammonia, wine, coffee, etc., are the best means of arresting threat
ened cardiac paralysis. Perhaps nitrite of amyl is a remedy 
which, by dilating the arteries, may check the supposed accumu
lation of blood in the veins. At present we have but few ob:;er
vations to help us. 

Changes which Ergot undergoes in the Organism.- Tests. 

So long as the chemical properties of the aclive constituent of 
ergot are not accurately known, and so Jong as it cannot be iso
lated in 't state of purity, we cannot say what al'O the changes 
which it undergoes in the animal organism; and it is equally 
impossible to venture a positive statement of the mode in which 
it is excreted. That the active principle of ergot passes into the 
bloocl and becomes active there is evident from observation of tlw 
symptoms which it produces, while the fact that the subcuta
r.eous injection of ergotine rapidly induces its special action may 
be advanced as experimental confirmation. Should iL be neces
sary, for jutlicial purposes, to test for poisoning by ergot, tlrn 
only basis we have to go upon is the discovery of the remains of 
the powcler of ergot in the matters vomited and in the fmces. As 
fat· as our knowledge goes such a test has only once been fur
nished (i n a case ending fatally, which Neubert has reported), by 
heating the organic substances suspected to contain the poison 
with alcohol, and then evaporating the alcohol; a residuum was 
obtairwcl very similar to "'iggers's ergotine, and possessing its 
qualities, viz.: insolubility in alcohol, ether, and acetic ncicl, sol
ubility in water only when in combination with mucus, an un
pleasant odor, and sharp, bitter taste. 

Chronic Poisoning by Ergot. 

The long-continued use of ergot, especiall y in the form of 
flour, ancl bread macle of flour, often led, in former ages, to fear
ful clevastaUon of whole races of people, inhabiting more 01· less 
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extendt•d tracts or country. The first reports which we possess 
011 this subject date from the ni11th century; it is not, howe,•er, 
till later years that we hrnet with gootl cl<»criptions of this 
malady, which fix upon it the undoubted character of cluonic 
ergot ism. In the year 1630 Thuillier discovered the cause of this 
affectio11, which had till then been attributed to all possible and 
impossible factors, among which mystic 1·iews played the chief 
part. 

Diseases produced by the consumption of food containing 
ergot appea red in the rnidclle ages as 1·ery dolent epidem ics ; 
but they did not cease, e1·en after the ca use of the disease was 
known ; from time to time-often after int~rrnl s of ten, twenty, 
thirty years, and longer-epidemics broke out again, which gen
erally lasted only a year, but sometimes continued through 
se1·eral years; thus, for instance, an epidemic was obsen·ed in 
Switzerland which lasted from 1709-1716. Epidemics more or 
less severe continued to prernil in the last century; se1·era l are 
recorded crnn in our own century, and though they may not be 
eqnal in extent of distribution to former ones. s till they warn us 
of the pos:;ibility that what happened as late as thirty year;; ago, 
and even more recently, may occur again under favoring condi
tions. :1.nd therefore we may be permittecl to say a few words 
here on the subjec t of chronic ergot-poisoning. As above men
tioned, ch ronic ergotism appears in two clearly di s tinct forms; 
one form is characterized chiefly by tlw presence or convulsions, 
with considerable disturbance of sensat ion; it is therefore called 
spasmodic ergotism or " Kriebelkmnkheit ;" the second form is 
charartNizc•cl by gangrene of the face antl the extremities, and 
is therefore called gangrenous ergotism. 

Spasmodic Ergotism. 

Etiology. 

In Falck' s 1 treatise on poisoning we fincl accounts or ni1wteen 
epidemics of " Kriebclluankheit," which appeared chiefly in 

1 Handbuclt dcr speciellen Pathologie uud Tberapic von Virchow. D<l. ll. 1. Abtblg. 
PP· :Jrn, :..:20 . 
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Germany, between the years 1556 and 1795. .\ll these epiuemics 
began 111 the autumn of each year, and generally lasteu till the 
next year, often till the following atttumn. They always ap
peared after com-harvest in bad and t·ainy seasons, which wct·e 
di stinguished by failure or crnps. ft was Jong unknown what 
was the poisonous constituent of the !lour, bttt it has now for 
mauy yt>ars been ascertained with absolute certain ty that it is 
the ]Jresence of ergot, wl1ile other plants, such as the .Lol ium 
temulentu m, which some regard1 ·d as t he cause o( Kri ebelkrank
heit, have bef'n shown to have no co11nection with it. The wheat 
which gave rise to this affec tion always contained a large propor
tion or etgot, at Jeas t one-tenth, sometim es eYen 01w-eighth of 
the whole quantity, as J olmnn Taube· aud .\n ton Scrinei ham 
show n. The cirnumstance that only those were attackc•d wl10 
had partaken of bread or other food prepared from wheat con
taining ergot, and the fact that they improved when they ate 
bread containing no ergot, ancl relapsecl when they returned to 
the ergotized wheat again, prO\·etl incontestably tl 1at ergot was 
the sole cause of the di sease. The disease attacked the lowl'r 
orders rather than the highe1-, as they are the largl'st bread-con
sumers; nPither age nor sex was sparl'cl, but babes at the breast 
were never attacked. 

The following reports show that even in our own time WP are 
not qui te free from this malady. Ascho[' c1Pscrilws a house 
epidemic, which in the very damp autumn of 1840 appeared in a 
fami ly consist ing of eight persons ; the illness ln sted in each 
case from three to five weeks, and two children, seven and ele.-en 
years o[ agP, died of convulsions 011 the twenty-first day of thl' ir 
illness. Ditzel' describes twenty-four cases or morbus cereal is 
iii that same yea r, a ll of which ended in reco.-ery . Puchstein • 
repor ts the cases of five persons who were attacked with '· Krie
helkrankheit '' in the village of Stregow in the district of Kamin. 

1 The ohlcr reports of this disease, chronologically arrangcd 1 are included in Falck's 

work, above cited. 
t Zur Lehrc von dcr Kriebelkrankbeit. Casper's Wocbenscbr. Oct. 1814 
a Nacbtbciligc Wirkung des l\Iuttel'korns. Oppenheim. Zcitscbr. 'Mi~rz. lSH_. 
4 Beitrag zur Gcschicbt.c <ler Kricbclkmnkbeit. Med. Zcitg. des Vercins in Prcusscn. 

No. 2. 18.33. 
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The circumstance that the disease was limited to the members of 
a shephercl"s family, while bis neighbor; r.emaincd free, i.s attrib· 
utetl by Puchstein to the fact that the neighbor; bad rmxcd the 
flonr containing ergot with a quantity of potatoes and badey, 
whereas the shepherd's family had eaten it unmixed. IIensin
ger 1 gives a report of an epidemic in tile village of MUllnau in 
Upper llessP, which lasted from the autumn of 18.J5 till the sum
mer of 1836. The ergot of brome~grass was the main cause of 
this ep ickmic. Ungefug' also describes an epidemic in a fam
ily at Darkemen, in tl1e year 1845, to which one person suc
cumbed. A similttr epidemic in the 11Pighborhood of llolzmin· 
den is mentioned by Pockels.' Lastly, we have a report by Dr. 
Flinzer' of an epidemic at Auerbach, near Stolberg, in Saxony, 
in the year 1867, in which there were some deaths. In 400 parts 
of rye there were 40 parts of ergot; therefore ten per cent. The 
epidemic attacked a farm-house with six inhabitants. 

Syrnptorns and Course of Spasmodic Ergotisrn. 

'Vlien flour strongly impregnated with ergot in the fol'ln of 
bread or other farinaceous food has been Paten for several con
secutive days in some considerable quantity, the first symptom of 
ergot-poisoning makes its appearance in the form or a peculiar 
irritation of the cutaneous nerves, much like the sensation of an 
ant creeping over the skin; this feeling is called in German 
"Kriebeln," hence the name of "Kriebelluankheit" gil-en to 
the disease in this conn try. As to the point of time at which 
this sensation sets in, cases are known in which the first symp· 
toms appeared as early as the fourth day of partaking of the 
bread or tl1e tlom containing ergot (Flinzer). Yet in some cases 
it may be borne longer without inconvenience. This depends 011 

the quantity of ergot introduced, and on the relative }Jroportion 
of bread to it, as also on the quality of ergot itself. It is an 

-------- ------- -
1 DeutscheKlinik. No. 20. IS.1G. 

'CtLsper'fl Viertcljnhrschrift filr gerichlliche Medicin. etc. Bd. IX. Hft. 1. 1S5G. 
3 DeutschcKlinik. 1. 2. 18.")7. 
4 Vicrtclj:.i.hn1chr. f. gcrkhtl. Medicin. VIII. 2. p. 360. 1808. 
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ascertained fact that this substance in growin<> old loses its 
activity and poisonous character, and that it is : 1so depii'"ed of 
some of its actidty by the process of grinding the wheat into 
flour, and baking the flour, etc. Thus there is a case reported in 
which several persons consumed in five days twenty-two and a 
ha!( pounds of ergot in bread without snJiering in conseqtwnce; 
whereas, ir the same quantity had been taken in a fresh condition, 
death mnst have been the inevitable result. This formicatio11 con
tinues during the whole course of the illness. ancl is the last 
symptom which disappears. It affects chietly the Jingcrs and 
toes, but may also extend to other organs, e. g., the hands and 
arms. In some cases the formication increases to actual numb
ness, aml even to complete anwsthesia or the parts affected. 
Simultaneously with this Iormication symptoms set in in the 
stomach and in testinal ca nal similar to those described under 
A cute Ergot-P oisoning . Y omiting an<.l di:urbc:ca alternate witli 
violent colicky pains; curiously enough, as a l'Ul e, this is ac
companied with intense hunger. 

The patie11ts suffer from insatiable hunger, to satisfy which 
they devour everything eatable that comes in their way. On 
accoun t of this symptom, the disease has been entitled Raphania, 
which name arose out o[ the mistaken supposition that Lhe wild 
rndish (lfaphanus rapha11istrum) was the cause of the disease; 
now it is used as a sy nonym for ravenous hunger. Another 
symptom usually present is a pecul iar SPnsa tion of discomfort, 
anxiety a.ncl weariness, g iddiness, and general uneasiness; the 
patient also complains of distressing pressure in the pit of the 
stomach, and the formication grows into very acnte pain. Then 
w·e get involuntary twitchings in vari ous grnnps of muscles, e.g., 
in the tongue and in the extremi ties. These twitchings soon 
pass in to continuous contractions, which speciall y affect the 
1lexors, so that the arm, e. g., remains fixed in a bent position. 
This muscular cramp will last a variable time, half an honr or 
even a whole hour, or more ; this cramp is also very pain[ul; 
from this symptom the di sease was formerly called in Germany 
'' clie ziehende Senche," '' der krnmme .Jammer," "die Schwere
nothk.rankh1 .. it," etc. The retching and vomiting are persistent, 
but the action of the bowels is sluggish. " ' hen the contractions 
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pass ofT, a state of utter exhaustion remains. But soon the pain
ful convulsion returns and makes the patient moan ancl groan 
continuously. Tl1e contractions now appear simnltaneously in 
yarious groups of muscles, the epigastrium is tightly di stended, 
the facial muscles are distorted, tlie legs arc flexed. At the same 
time, the lian<ls frequently assume a beak -like form, the fingers 
being conlm<'tecl towards the miclclle finger, and simultaneously 
flexed towards the ball of the thumb; the foot assumes a similar 
form . Tlie pupils arc usual ly contmctecl, sometimes di storted; 
the cyPs are fixed . Th e skin is covered with cold perspiration, 
the urinary excretion is suppressed; but at the same time there 
is violent dysuria, dependent on spasm of the bladder. The 
pulse is weak an<l low. In severe cases the patient loses the 
power or sight ancl speech, of hearing an<l consciousness. Delir
ium set· in , t he face is pale and sall ow, the head, like the body, 
feels cold, and tints, with the continuance of the com· ul sions, 
ancl graduall y acl,·ancing cardiac paralysis, death may super
Yenc. This may occur as early as the third clay after the begin
ning or the symptoms, especially when the contractions, as 
sometimes happens, attack the respiratory and sp ina l rn uscles, 
in<luci ng opisthotonus. The loss o[ sight may be preceded by 
all possible visual disturbances, coloretl vision , d ouble vision, 
etc. In many cases which do not terminate fatally, cataleptic 
ancl 0pileptic attacks occur, either with or without loss of con
sciousnrss. 

or the other organs, the skin is especially under the influence 
of this poison. Besides very abnndant perspiration, pustules 
often break out, or even larger funmculi. The exantbemata 
sometimes resemble scabious eczema; they appear in the later 
stage or the mala<ly, as, e. g., in Aschoff' s case, fourteen clays 
after the appeara nce of the first symptoms or poisoning. Bnt 
other disturbances of nutrition i11 the peripheral organs are also 
repo l'tecl, as, e. g., whitlows on the finger,;;, occurring as late as 
the fourth and fif th week, and d iseases or the finger-nail s, which 
arc encircled by a dark ring. Cardiac contractions are generally 
slow anrl feeble, the arteries are constricted ancl contain little 
blood. The respiration is very labored clnring the spasms, bnt 
tolerably regular in the free interval s. " ' hen death supervenes, 
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it is u snally not till after a fortnight or later; the conn1l~ions 
may have ceased, yet loss of sight and hearing with Yiolent hNt<l
ache, stupor, and delirinm, may set it~. attended with diarrhooa; 
anu thus the fatal stage may assnme the form of typhus :mu 
general collapse. Death is generally ush!'l"e<l in by either con
vnlsions or paralytic symptoms. The whole form o[ the illness, 
there torP, is very variable, and its co urse highly itTPgular. The 
illness may la st 4-8 week s, and e,·en longer. Ir the rase takes a 
f:n·orable turn, the spasms diminish in nnmlwr and intPn, ity, 
the di sturbances in the functions of the 01·gans of llw senses grnuu
ally subside, cligt?s tion rpcovers its tone, and compl ete l'Peovc·ry 
may set in, thoug11 not for several week s. In man y cas.Ps, how
ever, recovery is in completP, various pains nnd infil'mi ties 1·emain 
behind, espPcially, e. g., muscular w1:.aknPss and trPmor, st iIT
ness in the joints, in other cases actual paraly"is and epileptic 
attacks; in some rare cases melancholia and imbeci li ty arc results 
of thi s disease ; permanent disturbances of visual power are also 
reported . 

.1lnalysis of Symptoins-1Tatnre qf tlie " ICriebelkrankheit . ., 

The symptoms which mark the course o[ spasmodic ergotism 
all point to a di sttubance o[ the central nPrvous ~y,tem under 
the infiuencc of ergot: the motor as well as I \H· sen~ory ('p ntrcs 
in the brain anu spinal cord nre first excited, an<l bt<'l· on para
lyzed, by the poison. There can be no qnestion that the co1l\"ul
sions, the di sturbances in the organs of the senses, rn the scn
sorium and in the cutaneous ne1·\·es, nrc o[ central origin. But 
the question arises whether this effect or the poison is a direct 

011e, or indirectly causecl by the changes in th<'. capacity of t.he 
vessels. It is known that convul sions may arise from arterial 
cerebral and spinal amC'mia, n.s well as from exce_ssin~ h.nJer~· 
mia, aJHl more readily so from the forme1·. Tlt t• d1"tur~l:111ces m 
the organ of sight and hearing are easily :wronnt<'<l Jor by the 
anromia, a.ncl, indeed, a series of cases haYe bern recently pub
lished of acute amanrosis after acute hemonhng<'; now the 
accumulat.ion of bl ood in the venous network which we haYe 
mentione<l in acute ergot· poisoning, is cl osely analogous to acute 



910 YO:>f BOECK.-YEGET""BLJ< l'OISO:>rS. 

hemorrhage. But although we are led to assign a considerable 
share in the production of the series of symptoms to constriction 
of the arteries, it is impossible to exclude a direct iuflnence of 
the poison upon the ne1Tons system. In Zweifel's late work, as 
we have already mentioned, stress is laid upon the latter mode 
of action, and the symptoms oI "Kriebelkrankhcit" a.re to be 
trac('d to an initial excitement and subsequent paralysis of the 
cenlra l norvous system. Therefore, we refer the rca.cler to the 
analysis of symptorn s given under acute ergotism. There is no 
doubt lha.t some of the symptoms depend upon the cha.in of 
Jluid, ca.used by the repea.tod vomiting and diarrhma. But the 
general symptoms are chiefly the result of the direct action of 
the poison on the mucous membrane of the stomach and intestine. 
The vomiting in the later stages of the illness may be regarded 
as C('ntral, and the later diarrhma is traceable to the altered con
dition of the bloocl found in the intestine. 

Results ef Autopsies. 

Frcqurnt as deaths from spasmodic 0rgotism were in former 
times, very few good reports of the results of autopsies lie before 
us. The Iew physicians who have reported such autopsies are 
unanimous in stating that pntrefactio11 sets in rery mpidly. The 
l1eart is found blooclloss and flaccid, the lungs in a condition of 
venous hypencm ia; Yenous injection of cerebral membrnnes is 
nry marked. Strnngly injected patchf's are o[tf'n found in the 
stoma.ch :.incl intestine, sometimes hemorrhagic ancl even gangre
nous erosions a.re met with. Evidences oI venous hyperromia are 
fouud in the abdominal glands, in the liver, ancl the spleen, which 
are somewhat swollen and dark colorecl. 

Diagnosis ancl Differential Diagnosis. 

The diagnosis of chronic spasmodic ergot-poison ing is gener
ally not very difficult, especially as it usually partakes of the 
d1aractf'r of an epidPmic, though of limited extent, and the his
tory is msil y obta ined. The disease, as snch , may he confonnded 
with spinal meningitis, or even with cerebra-spinal meningitis. 
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But the existence or convulsion or the flexors supplies an 
essential point or distinction. The absence or fever and the con
dition or the circulation may also assist in the diagnosis. It is 
distinguished from strychnine-poisoning l.>y the essential differ
ence between the convulsions in the two cases; strychnine con
vulsions are constantly reflex convulsions, which is not tlte case 
in "Kriebelkrankheit. " 

Prognosis. 

The prognosis in chronic ergotism is diffPrent at different 
times, since the quantity of ergot contained in the wheat of dir
ferent years varies. Practically, the prognosis de1wnds not only 
upon the quantity or poison introduced, but upon the individual 
constitution. \Yeakly persons, old people, and children suc
cumb more easily to ergotism than young ancl strong indh•icluals. 
The prognosis depends considerably upon the time at which the 
poisoning is recognized, as an early recognition enables us to 
guard against the further introduction or the noxious substance. 
In other respects the prognosis is farnrable if the convulsions 
come on at long intervals, if they remain confirwd to the extremi
tie$, if the nutrition of the patient is comp:uat irnly unimpaired, 
i( the diarrhma and rnrniting are sl ight, and if the changes in the 
cireulation are inconsid<'rable; it is unf:t,·orabl~ if nil these symp
toms ar-c of an aggrnrnted type. Mobility of the pupils, and a 
moist, warm skin are favorable signs. 

Treatment. 

The most important thing is to prevent the dismse, which is 
comp:uatively easy, as its cause is so accnratt•ly known. The 
rare appearance of this disease in recent times is traceable to a 
more thorough purification of wheat from ergot, and to the im
po1tation of corn from other places into districts in which the 
crnp has failecl . Another reason is that, in modem times, people 
are accustomed to much morn variety in their food, and are not 
limited to one kind as formerly; the intrnduction of potntors has 
no doubt effected an impro,·ement in this respect. Still it may 
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bi' well to make the danger of ergot a, subject of school-instrnc
tion, and to spread this knowledge among the general public at 
harvest-time in damp yea1·s. In practice, the first object must be 
to prevent Cu1ther intrnduction of poison, a,nd to replace the 
tainted Jweacl by healthy food; the second will be to eliminate 
any poiAonecl bread still remaining in the gastro- in testi nal region 
by em<'lics and pmgatives. Drastic remedies a re, however, to 
be arnic1ecl, as they ma,y promote the continnance of dianhma,. 
Remed ies containing ca.rbonic acid are aclvisable [or the excessive 
vomiting, and moc1emte closes of opium for the c1i a, rrh ma,. Car
diac contrnction c1ema,nds close attention, and must ultima,tely 
be treat!'cl with the nsua,l st imubnts. The cramps in the extremi
ties are reliered by friction of the skin, ancl patients also request 
that tlw i1· convulsively contracted limbs be Pxtenclecl. \Yarm 
baths are also calcnlatecl to suppress or ~horten the spasms. It 
is unnecessa1-y to acld that particular symptoms may indicate 
other remedies. 

Changes which Ergot undergoes in the Organism. 

There is no doubt tlmt the a,ctive constituent of ergot is ab
sorb<'d into the flnid s of the body. ancl fl ows with the blood 
tllro11gh all the organs. It is probable, hnt by no mea ns proved, 
that the exc1·d ion o[ the poison takes place p:ntly thrnngh the 
urine, partly through the intestinal canal ; it is i'Ul'ther probable 
that the po ison is contained also in some of the S<'crctions, e.g., 
in the sal irn, whicl1 accounts for the sali vation; bnt this much is 
ce1tai11, that it does not enter into the Eecretion of the breast-the 
milk-for all anthors are ag1·cec1 tliat suckl ings are not afl'ectecl, 
ewn when their mothers are su ffering from ergotism; also in 
most cases the se<" retion of milk is not a ltop:Pther rnppressec1 . 
\Ylwtlt ... r a, pa1-t of the poison intrndnrpd is decomposed within 
the body is not known. (See the same heading under Acute 
Ergot-Poisoning.) 



ERGOT. 913 

Tests of Chronic Ergot·Poisoning. 

The properties of the bread adulterated with ergot should be 
the first subject of investigation. Bread containing e1·got has a 
peculiar odor, a dark violet color, a sweetish but not exactly 
unpleasant taste; the flour, which contains large quantities of 
ergot, bas also the same peculiar taste and a darker color. Small 
particles can be microscopically detected as belonging to ergot. 
When flour containing ergot is heated with caustic potash, a very 
characteristic odor, like herrings or old soap, arises ; this odor 
lasts a long time, even when only one-seventy-second o( ergot 
is mixed with the flour (Wittstein). Other tests recommended 
are less constant and not characteristic. 

We find some cases reported of illnesses resulting from ergot 
which, besides the symptoms of spasmodic ergotism, show also 
symptoms of gangrene in peripheral parts, snch as the toes, 
fingers, etc. These cases form the transition from the spasmo
dic form of ergotisrn to the gangrenous, and thus prove that 
these two forms of disease are really dependent on the same 
canse, and that both may be regarded in a certain degree as 
different stages of one and the same disease, stages which, how
ever, have attained a certain substantive form, and by no means 
necessarily pass into one another, or follow as sequelro to each 
other. It is not certainly known why in the one case the ergot
ism assumes the spasmodic, in the other the gangrenous form. 
Bnt it appears remarkable that the spasmodic form formerly 
prevailed chiefly in Germany, while the gangrenous form was 
found p1focipally in France, and there particnlarly in the So. 
logne. Bnt this difference does not hold universally, for epi
demics of the gangrenous form have appeared also in Germany, 
Anstria, Russia, and Sweden. It is not known, whether this 
variety depends upon a difference in the activity or the ergot in 
different seasons, or whether such changes are the result of some 
peculiar property of the ground in which the corn grows. In 

VOL XVI!.-58 
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the Sologne it was generally the ergot of maize which produced 

the poisonous symptoms, whereas in Germany the ergot of rye 

was almost exclusively mentioned as the cause of the disease. 

It is, however, very improbable that the dill'Prnnce between these 

illnesses is dependent on the different parent plants, because, at 

least therapeutically, the same effects can be produced by the 

ergot of maize as by that of rye, when the quantities are equal.' 

It is most probable, then, that there is a simple qnantitative dif

fe rence in the absolute and relative quantity of the poison taken 

into the system. 

Gangrenous Ergotism. 

Gangrenous ergotism often raged formidably in vast epidem

ics in formPr ages. France and Switzerlarnl were the countries 

most visited by this disease. Thus Falck mentions thll·teen epi

demics, from the year 1630 till the year 1820, which were almost 

all confined lo the countries above named, only few cases com

paratively occurring in Germany. This form of ergot-poisoning 

has become much more rare in modern times, and when it does 

occur it attacks only limited districts, generally only a few fami

lies. This diminution is traceable to accurate knowledge of the 

etiology of the disease, to increased freedom of communicalion, 

to the prevalence of mixed diet, etc. Still, that our age is not 

quite free from gangn'nous ergotism is proved by the recurrence 

of different epidemics in the last thirty years. Bonjean' de

scribPs one which, in 1844, attackecl a family of eight persons in 

Savoy, ancl was causecl by their partaking of flour whirh con

taint>d about twenty per cent. of ergot. Barrier' mentions a not 

very severe outbreak of gangrenous ergotism in the departments 

of Jsilre, Loire, IIaute Loire, Ardeche, and Rhone; au unfor

tunate maize harvest was the cause of this epidemic, about thirty 

1 Jobert. Quclques observations sur Jes propriet.ees t.hCrapeutiques de l'Ergot de 016. 

Gaz. des TIVpit. No. 37. 18JJ. 

'Ergotisme gangrnineux dcvelopp6 cbcz deux enfonts mUles par l'usage d'un pain. 

qui contenait du seigle ergote. Compt. rend. de l'Acad. T. XIX. 
3 De 1'6pidemie d'ergotismc gangrCneux obscrvCe a l'HUtel de Dicu do Lyon en 1854 

ct 55. Gaz. m6d de Lyon. No. IO. 185.J. 
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cases of which came under the notice of Barrier. Dr. Ilelm' 
reports a .slight epidemic which broke out among the workmen 
on the railroad at Brunn, in Moravia, during the months of 
November and December. 

Etiowgy. 

The cause of gangrenons ergotism, as we have said, is doubt
less to be found in the ergot which is consumed with fiour and 
bread. All that bas been said about spasmodic ergotism applies 
here, so that we need only refer to that section. As has also 
been said, gangrenous ergotism is most probably only a quantita
tivo aggravation of spasmodic ergotism, i. e., poisoning produced 
by large quantities of the ergot. 

Symptoms and Course ef Gangrenous Ergotism. 

In the beginning of the illness we find the same symptoms as 
in spasmodic ergotism; the first symptom being violent c11ta
neous irritation, formication, and modification of sensibility in 
the peripheral nerves. Identical symptoms also appear in con
nection with the stomach and intestinal canal-retching, nausea, 
vomiting, and diarrhma; the symptoms connected with the cen
tral nervous system are also the same-headache, and giddinPss; 
occasional contractions of the flexor muscles are also observed ; 
the changes in the cardiac contraction and in the fulness of the 
arteries, the disturbances in the activity of the organs of the 
senses are identical with those of spasmodic ergotism. This con
dition may last a longer or a shorter time, so that the epidemics 
may be distinguished as malignant or mild. 'l'he symptoms 
which characterize gangrenous ergotism as snch often appear 
within from two to seven days, but are frequenlly delayed for 
two and three weeks. An erysipelatous redness shows itself on 
some spots in the periphery, most frequently on the toes and 
feet, but also on the fingers and hands, more rarely on the ears 

1 Ueber Ergotismus gn.ngrmnooo.s. Wochenbla.tt dcr k. k. Gosellech~ft der Aerzte zu 

Wien. No. 11. 18.56 
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and the nose; soon after the epidermis is raised like a bladder 
by serous exudation; the ichorous contents of this a re soon dis· 
charged, and a gangrenous spot more or less large is left. Then 
dry gangrene develops very rapidly at the a[ected spot. 

The part affected is very painful while the redness is invading 
it, but later on it becomes quite insensible. On account of the 
erysipelatous redness the disease was called Ignis sacer in former 
ages. The gangrenous spot may exhibit either the dry or moist 
forn1, according to whether the discharge was checked or encour
aged ; upon this also depends the greater or less in tenseness of 
tl1e odor of putrefaction. In some cases the gang1·ene was lim
ited to one or more toes, sometimes only to single phalanges ; in 
other cases, however, the entire foot or hand was affected; not 
infrequently the gangrene extended to the trunk; it was possi
ble for the patient to lose both feet or both arms. Indeed, a few 
cases are reported in which all four extremities were lost. The 
gangrenous parts become separated from the healthy ti ssue by a 
well ·defined line of demarcation, and the affected part may either 
fall ofI of itself, or mnst be removed by an operation. 'l'his pro· 
ce"s of demarcation is often attended with serious disturbances 
of the general condi tion of the patient; sometimes a modified 
form of continued fever is developed, followed by phthisical 
changes ; in a fe w cases, from absorption of ichorons matter, 
pyremia and septhremia set in, and are, of course, fatal. vVhen 
the gangrene was confined to parts of minor importance, the 
patients usually recovered ; greater losses were naturally more 
frequently fatal. In some cases obstinate diarrhcra brought on 
maras mus and death, even when the extent of the gangrene was 
not very considerable. W e must mention, however, that in many 
cases the diseased process did not advance beyond the erysipe
latons redness; marked cyanosis may be observed, and yet a 
separation may take place, and the circulation be restored. The 
duration of the entire illness is very variable, and may be pro
tracted through several months. In favorable cases the course 
is ended in a few weeks. 
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Analysis of Symptom,s-Nature of Gangrenous Ergotism. 

For the elucidation o[ most of the symptoms which have been 
mentioned, it is sufficient to refer to what has been nlready said 
of spasmodic ergotism. The· gangrene is the onl y new sy mptom 
in gangrenous ergotism. This form of gang rene, like a.11 other 
forms, depends on the fact that the part afTt>cted is deprived of 
its blood-supply, and its nutrition thereby arrested; conse
quently it must pass into a state of decomposition. The only 
question which can be advanced here is, whether it is inflamma
tion which leads to gangrene, or whether the process is of a non
inflammatory character, resembling that which occurs when all 
the vessels going to a limb are ligatured. '\Vhen we consider 
that the initial so-called erysipelatous redness i' simply depen
dent on the cyanosis, and that these spots are not, as in a case o[ 
inflammation, hot and swollen, but, on the contrary, they become 
very cold, and warmth cannot be restored in them, and that Lhe 
affected limb is not at all swollen, the hypotlwsis that such a 
gangrene is of an inflammatory character must a priori be re
jected. When we further reflect that there is no fever at the out
set, the second hypothesis becomes still more probable. Such 
simple exclusion of an extremity from its ordinary blood-sup
ply is quite conceivable from our current views of the action of 
ergot on the vessels and the distribution of blood. 

The contraction of the small vessels, especially or the arteries, 
by ergot, particularly when the vis a tergo, i. e., the cardiac con
traction, is in a remarkable degree simultaneously affected by 
this poison, may lead to a complete emptying of blood not only 
in the separate smaller vessels, but also in th(' larger vascular 
trunks; and it is conceivable that by the failure of the blood
snpply the arteries th Pmselves (e. g., in the intima) may become 
diseased, so that thrombi readily form in them, and so th <> whole 
process may be characterized as thrombotic. 

This thrombotic process is likely to occur in those cases of 
slow progress in which gangrene does not set in till very late. 
The throwing off of the gangrenous limbs, the suppnrative fever, 
the pyremia and hecLic are in accordance with general pathologi-
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cal knowledge. If we ascribe the lion's share in the total efl'ect 
of the poison to the action of ergot on the nervous centres, 
and regard the contraction of the vessels as a secondary influ
ence, as ZwPifl'l does, the gangrene is certainly not very easy of 
explanation. :i:weirel lays stress on the fact that gangrene from 
bed-sores arises very readily in parts which from any cause have 
lost their sensibility, and he is disposed to regard the gangrene 
in chronic ergotism as a kind of decubital gangrene, especially 
when it attacks chiefly the lower extremities, as these have to 
support, for the most part, the pressure of the whole body. 
This view, which has much to recommend it, does not, however, 
explain those c:ises in which gangrene attacked the upper ex
tremities, the nose, and the ears. 

Results qf Au;f,opsu;:;. 

Very few autopsies have been performed on persons who have 
died of gangrenous ergotism, although material was not wanting, 
at least in former centuries. The reports that we possess contain 
nothing that is characteristic of this poison; th:it the gangrenous 
parts have been found in different stages of mortification, and 
that inflamma tory action existed around tliem, was to be ex
pected. The most striking fact is that mentioned by Bonjean, 
who states that he found the arteries leading to the gangrenous 
limbs in a healthy condition; Barrier, on the contrary, maintains 
that he found a primary disease of the arteries; he, however, 
stands alone in this statement. 

Diagnosis and Dij/"erential Diagrwsis. 

'fhe 1vcognition or this disease is not difficu lt, if the mode of 
development of the gangrene is observed, and if the history and 
the etiologica l conditions are take11 into consideration. The 
hypothesis of intlammatory gangrene will thus be excluded a 

priori. The only disease for which it might be mi staken is 
senile gangrene, for this may arise, especially if the arteries are 
affected, without inflammatory and feverish symptoms. The 
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condition of the heart, the full or empty state of the arteries and 
~ems~ and the circumstance that gangrenous ergotism attacks 
111~1v1duals of all ages, and generally several simultaneously, 
will enable us to distingubh between them. The season of the 
year will n.lso gren.tly assi;t in the diagnosis. 

Prognosis. 

The prognosis rnsts chiefly upon the quantity of poison taken, 
and upon its activity, which, as has been stated above, differs 
according to the time and manner of consumption, the prepara
tion of the bread , etc. '\Vhen gangrene has once broken out, thn 
prognosis will mainly depend upon its extent. The condition of 
the patiPnt as to nourishment, the possibility or keepiug up his 
strength, the state of cardiac action, will naturally have an im
portant bearing on the prognosis. 

It may be stated in general that gangrenous prgotism is a very 
dangerous disease ; th0rP have been epidemics in which sixty per 
cent. and more died. Of the epidemics which have occurred in 
modern times the mortality never exceeded ten per cent. It is 
nePd less to say that the patients, when they escape with life, 
have lost one or other limb. 

Treatment. 

ln the outset of the case em8tics and purgatives must be ad
minis tered , to eliminate any poison remaining in the intestinal 
canal ; the second measure of importance will be to avoid the 
use of ergot by introducing a suitable diet; no bread ought, 
therefore, to be allowecl, but milk, meat, etc. In the further 
management of the case it will be advisable to increase the 
blood-pressurn by stimulan ts, so as, if possible, to avert artprial 
anwmia in the peripheral parts, before gangrene appears. 'Vheu 
the erysipelatous red1wss is seeu on any spot, the supply or blood 
should be promoted by hot fomentations and warm bathing lo
cally, in 01·der, if possible, to ward off venous hypenemia and 
stas is. After gangrene has set in, a strengtheninp: regime may 
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prevent its spreading, and at the same time llasten the throwing 
oJI of the gangrenous parts. As dry gangrene is generally to b... 
preferred to moist, it may be advisable to remove tile epidermis 
from the gangrenous parts; this leads to drying up, and at any 
rate diminishes tile formation and absorption of ichor. The re· 
moval of the mortified parts after the formation of a line of de
marcation is the business of the surgeon. The anresthesia, neu
ralgia, paralytic symptoms, etc., which sometimes remain behi nd, 
are to be treated as substantive diseases. 

The use of tann in-recommended by Griepcnkerl as a chemical 
antidote-can, naturally, be of use only so long as the poisonous 
bread, etc., remains in the stomach. Certainly no combination 
between tannin and ergotine can take place in the blood. No
body, in these days, will venture to suggest the venesection 
which was so freely adopted formerly. 

Tile use of narcotics deserves the grnutest attention in all 
stages of the disease. The nature of the symptoms must guide 
our decision whether opium, morphine, cllloral, or other nar
cotics should be administered in the special case. 

For the testing of the poison in bread, flour, etc., and the 
changes which ergot undergoes in the organism, we refer the 
reader to what has beeu said in the previous section. 

Poisoning by Poisonous Fungi. 

The study of poisonous fungi is one of the most difficult in 
toxicology; and it is so because not only is our acquaintance 
with the different varieties and species of these fungi very limited, 
but also becat1se we know little or nothing about the active poi
sonous principles contained in them. Some authors prononnce 
almost all fungi to be poisonous, whilst others say that very few 
are so. 

This difference of opinion arises from the fact that some con
sider certain fungi to be poisonous because they may have pro
duced symptoms of poisoning in those who have partaken of 
thPm, and they do not consider whether it is that these fungi 
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contain an integral poisonous constituent, or whether other cir
cumstances have tended to make the eating of them injurious. 
If we.assert that a fungus is poisonous, we must be able to prove 
that it, taken as a plant, contains a substance which, under or
dinary circumstances, acts poisonously on the life and functions 
of the human or animal organism. If a fungus does not produce 
poisonous effects under ordinary circumstances, but leads to 
symptoms of illness when special conditions prevail, the fun
gus, as such, is not to be designated as poisonous. Now there 
certainly are fungi enough which may be eaten with perfect 
safety in an ordinary way, but which occasionally cause fatal 
illnesses. 

It is, therefore, important, in the first place, to become more 
intimately acquainted with these special circumstances. Many 
persons are attacked with sickness more or less violent from eat
ing perfectly unsuspected mushrooms, while olherd can eat an 
equal quantity o{ these same mushrooms, prepared in the same 
way, and not suffer in the least. This difference is traceable to 
individual peculiarities, to a sort of idiosyncrasy. 

A further fact is that mushrooms are very apt to create indi
gestions and gastric and intestinal catarrh, so that the consump
tion of large quantities of absolutely harmless mushrooms may 
lead to these complaints with some severe symptoms, which may 
be taken for symptoms or poisoning. 

Again, mushrooms are very watery substances; they contain 
up to 90 per cent. or water, but they are also comparatively rich 
in vegetable albumen, so that they contain between 3.2 and 7.2 
per cent. of nitrngen (Schlossberger and Doepping). Substances 
so composed become very easily decomposed, and the products 
of this decomposition may, as in the case of meat, cheese, sau
sages, and other kinds or food, act very injuriously on the organ· 
ism, especially the alimentary canal, and may, under certain 
circumstances, even produce fatal effects. But these occurrences 
do not furnish us with data for concluding that the mushrooms 
are in themselves poisonous. 

It would appear, from many cases on record, that the process 
of decomposition may be furthered by the place in which mus~
rooms are found, their age, the conditions of weather, by then 
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being left a long time after gathering, and many similar circum
stances, so tha t musltrooms, in themselves, may come to act inju
riously. It must be left au open quetitiou whether the method o( 
cooking'mushrooms bas any inHuence in this direnion, or whether 
they can, by culinary art, be made more or Jess dig1,stiblc in the 
stomach. 

A Iew examples may be quoted [rom reports o[ cases in eluci-
dation of our theo1·y. 

The Morchelhi. (morel) and Helvell>L esculenta are riglttly re
garded as eatable [ungi and much esteemed by gourmands, and 
yet they hav1' very often produced symptoms of poisoning. Thus 
Dr. Keber' relates the history of the poisoning of six persons. 
who, after partaking of these fungi, were aLLackecl with vomiting 
and diarrhma which lasted for sixty hours. As sequela of the 
acute gasLro-intestinal affection, they all showed symptoms of 
icterus catarrhalis. In their case it was expressly stated that 
the morels had been gathered in very damp weather and not 
thoroughly cleansed. Dr. Schubert' reports the poisoning of two 
children of eight and four years of age respPctively, aftpr mting 
morels. The children were taken ill about six hours after with 
vomiting and pain i11 the bowels, and died in c-onvulsions and 
sopor twenty-o ne and forty-five hon rs respec tively after the intro
duction of the fungi, while none of the other members o( the 
family su[erecl-a proof that children succumb more i·eadily to 
the action o( fungi than adults. 

The Morchella and llelvella contain a good deal of albumen 
and fat. 0. Kohlrausch' found in the dried Morchella esculenta 
35 per cent. of protein and 2.39 per cent. of fat; in Morchella 
conica 2.96 per cent. of protein a ncl 2.4 per cent. of fat; in Helvella 
esculenta 26.6 per cent. of protein and 2.2 per cent. of fat. On 
the other hand, common mushrooms contain only 17.0 of albumen 
and 1.4 per cent. or fat. Accordingly poieoninqs by mushrooms 

1 Vcrgirtungazuf~lle nach dcm Genusse <lcr llelvclln csculent.'l.. Preussische Verein.e:· 
ll()ilung. No. 32. 1840. 

'Aeussem die Morcbeln znweilen giftige Eigenecbaften? Ca.aper' a Wochenschrift. 
Dec. 184.4. 

3 Uebf\r' die ZnsammenseLzung einiger essba.rcn Pilze mit besonderer Berilcksichti· 
gong ihres Nahru.ngswertbes_ GQtl;ingen. 1867 Diesertnt.ion. 
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(Agaricus campestris) are much more rare, a!Lhough they do oc
cur after decayed mushrooms have been eaten. 

Slighter poisonings, characterized by vomiting, diarrhma, and 
slight collapse are reported as the l'esult of almost all edible 
fungi. 

The warming-up a second time of dishes containing mush
rooms very frequently leads to illnesses, as is proved by many 
cases on record. 

As I'egards fungi which are constantly poisonous under ordi
nary conditions, and which must therefore be regarded as actu
ally poisonous fungi, we may with confidence accept the classifi
cation of Th. Husemann, • who specifies as actually poisonous 
fungi only Amanita mnscaria, Amanita pl1alloides, Russula inte
gra, Boletus luridns, and their varieties. To these belong Agari
cus integer, fmtens, bulbosus, rimosus, fastibilis, crnstuliniformis, 
and a few others. These fungi are poisonous: i.e., they contain 
as integral constituent a substance which acts destructively upon 
animal life-a poisonous substance. 

Disease through Decayed Fungi 

Symptoms and Course. 

It is characterbtic of all diseases caused by the fungi usually 
eaten that they produce violent gastro-intestinal symptoms. As 
a rule, the symptoms appear after six or eight hours, seldom 
earlier, frequently later, so that, in some cases, the first symp
toms of illness do not set in till after eighteen to twenty-four 
hours. They u-ually begin with pains in the stomach and intes
tine; violent colic is the earliest symptom, soon followed by 
great nausea, with increase of salivary secretion, and then vomit
ing. This vomiting is seldom over at once ; it is generally re
peated at longer or shorter intervals, and may last three days 
and even longer. Soon after the vomiting begins diarrhma set' 

1 Ucber die medicinische Bedeut11ng der Pilze mit vorzu~weiser Beriicbsicbtigung 
ihrer toxiachen und Jiiitetischcn Eigcn.schafl.en. Schuchardt'e Zcitscbrift f. pro.ct. Medi· 
cin. 1SCi5. I II. Ilcft. p. 221 ff; and Jluscmarm's Toxikologie. 1862. P· 881. 
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in, and it may also last a long time. At first the vomited matters 
as well as the fa:~ces contain the remains of the fnngi consumed. 
'l'hese are only recognizable for a short time in the vomited mat 
ters, as the stomach soon gets wholly rid of its contents. But 
the rndera of the fnngi are generally Ionnd in the freces even on 
the second and third day; therefore they remain a comparatively 
long time in the intestinal canal. But even when the last traces 
of the mushrooms have been eliminated by the evacuations, this 
simple removal of the noxious substance by no means puts an 
end to tile vomiting and purging, but purely serous evacuations, 
more or less profuse, follow, very like the rice-water stools which 
are characteristic of European and Asiatic cholera. The gastro
intestinal symptoms are directly followed by those of acute drain 
of fluid. The plumpness of the skin disappears, the eyes sink 
back in their orbits, the features become pinclwd a nd cold, slight 
cyanosis spreads over the whole body, cardiac contraction be
comes in•uflicient, respiration is labored, and convulsions appear 
in different groups of muscles, while the patient suffers from 
insatiable thirst. In some cases these symptoms are succeeded 
by a condition of sopor, and sometimes, with children, by gen
eral convulsions. These latter symptoms have g iven rise to the 
belief tha t an actual poison is developed in decayed mushrooms, 
which acts toxically on the cerebro-spinal nervous system. We 
incline, however, to the view that the acute drain of fluid and 
the disturbance of circulation inseparabl e from it, together with 
the imperfect decarbonization of the blood, produce this state 
of sopor, and may also cause the convulsions, especially in chil
dren, whose reflex inhibitory apparatus is decidedly less ener
getic in its action than that of adults, so that it is quite unneces
sary to assume the existence of a poisonous substance which has 
not been detected. 

It is self-evident that this choleraic condition may kill chil
dren and weak and elderly people. In such fatal cases collapse 
advances gradually, carbonic acid poisoning gains ground more 
and more, and so the scene may close in an algid stage, even 
after the illness has lasted five or six days. As a rule, however, 
these cases end in recovery, either because the acute drain· of 
H uid do0s not reach so alarming a height, or because the physical 
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consti~ntion overcomes that and its consequences. Convales
cence IS generally tolerably rapid, and recovery complete. Only 
m some rare cases it is a long time before recove1'Y sets in. 

R esults of' Autopsies. 

Such reports of autopsies as we possess yield no characteris
tic results. The signs of acute gastric and intestinal catarrh, 
and the evidences of inspissation of the blood and of death 
brought on by cardiac paralysis are the only more or Jess con
stant phenomena. In some cases, especially when death super-' 
venes soon, remains of the fungi may be found in the intestinal 
canal, which may determine the diagnosis. 

Diagnosis and Differential Diagnosis. 

The recognition of the illness described as arising from mush
rooms depends chiefly on the history and then on the inspection 
of the evacuations. If these criteria fail , it is often impossible 
to differentiate from other diseases- cholera, acute gastric and 
intestinal catarrh-and only a chemical examination can prevent 
its being mistaken for arsenic-poisoning. The question whether 
it is caused by poisonous fungi can only be answered by exam
ination of the mushrooms which have been eaten. As to the 
rest, the more purely the disturbances are gastro-intes tinal, and 
the (ewer the other symptoms, the safer the diagnosis that only 
simple, and not poisonous, mushrooms are the cause of the 
illness. 

Treatment. 

'fhe treatment of this illness brought on by decayed mush
rooms consists naturally in procuring the discharge from the 
stomach and intestines of the injuriou s substances which have 
been introduced, as quickly and completely as possible. All 
kinds of emetics and purgatives may be used for thi s purpose; 
yet oleag inous aperients are preferable to saline in case any 
really poisonous fungi should perchance have been eaten. The 
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attention or the physician will naturally be directed to the con
sequences of acute drain of fluid, disturbances in circulation 
and respiration. He will try to avert collapse by administering 
stimulants in all possible forms-alcohol, ether, camphor, etc.; 
he will strive to overcome the subjective and objective dyspnma 
by stimulating the skin, to resist the tendency to over-chilling 
of the body by the application of heat, to relieve the intolerable 
thirst by internal administration of ice, and by the use of opiates 
to moderate the subjective sufferings of the patient, and to di
minish the hypercatharsis. 

With regard to poisoning by actually toxic fungi, intoxica
tion with the tly-fungus (Amanita muscaria) is of most interest 
to us. 

Poisoning with Amanlta Mnscaria. 

Fly-Fungus-lluscarine. 

It is not only the frequent recurrence of this kind of poison
ing which claims the attention of the practical physician, but 
the fact that we have learned to recognize the poisonous prin
ciple of the fly-fungus in muscarine, and we can follow experi
mentally its mode of action. 

Various investigators in former times had endeavored with 
imperfect success to isolate the poisonous agent in the tly-Jungus 
and prepare it in a purer condition, but 0. Schmiedeberg and R. 
Koppo' were the first to procure from Amanita muscaria an alka
loid which possesses distinctly poi"rmous properties and folly 
accounts for the action of tly-fungns-poisoning. 0. Schmiede
berg and his pupils have so thoroughly studied this alkaloid, as 
well in its chemical as in its physiological properties, that mus
carine may be counted among our best-known poisons. 

Muscarine is a colorless syrupy mass without odor or taste, 

'Dns Muacarin 1 das giftige Alkaloid des Fliegenpilzcs, seineD::i.rstellung, chemischen 
EigeMchnften, physiologischen Wirkungen, toxikologische Bedeutung und sein Ver
hiiltnis8 zur Pilz,·ergiftung im Allgemeincn. Leipzig. 1869. l!"'. C. W. Vogel. 
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readily soluble in watPr and absolute alcohol, insoluble in ether 
a.nd chloroform ; it forms salts with acids, as, e. g., with sulphu
l"IC acid a crystalline salt, which deliquesces when exposed to the 
air. In a free condition muscarine has a very strong alkaline 
reaction. The quantity of this alkaloid present in the fly-fun
gus is not exactly determined; the preparation of it is very com
plicated, and th<> portion extracted forms about one-fifth per 
cent. or tht> clry fungus. 

Etiowgy. 

As poisoning by pure muscarine has never yet taken place in 
the human subject, but the fly-fungus is always the agent by 
which it is induced, a few words must be said about this fungus. 
An infusion or simple watery extract, as well as the juice or 
small particles of the fresh fungus, acts poisonously on flies, but 
when dried it loses this property. In addition to muscarine, 
which is innocuous to flies, this fungus contains another sub
stance, which is poisonous, at least to flies, and which is either 
destroyed or disappears when the fungus is dried.' Another 
bocly is also found in this fungus, as Schmiedeberg and also 
Harnack' have shown, a body chemically related to muscarine, 
amanitine, which exerci;::;es no influence on animals. 'l,his amani
tine (Harnack) most probably passes directly into musral'ine 
when combined with oxygen. In comparing the chemical compo
sition of these two bodies, we find simply one equivalent more of 
e in muscarine than in amanitine. The double chloride of gold 
and muscarine is, according to Harnack,= B,II,.N0,Cl+AuCI,; 
the same salt of arnanitine = B,H,.N0Cl+AuCl,. Harnack con
siders it probable that amanitine is identical with chlorine. The 
fly-fungus acts poisonously upon hnman beings in proportion to 
the amount of muscarine it contains. 

1 Perhaps the aubstnnce which i~ poisonous to flies is that fugitive body which Born
traerrcr and Kmismao.l obtainP.d by disWling the fly-fungus, and which was like a fatty 
acid 

0 

and when 000 drop wns given to a rabbit killed it, although rabbits steadily resist 
lhe ~ction of muscarine. Verhnnd. d. natur. med. Vereins zu Heidelberg. I. p. 18. 1$>7. 

2 UnterRuchungen Uber Fliegenpilz-Alkaloide. Arch. for experimentelle Pntbologie 

und Pb:umncologic. TV lld 3. Hft. p. 168 ff. 1875. 
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The common cause oC muscarine-poisoning is eating the tly
fungu s, either from its being mistaken for edible fung i, especi
ally for Amanita crosarea (the so-called golden agaric), or from 

ignorance of its poisonous quali ties. The ily-f1L11gus appears in 
our woods between Aug11st and October; its cap (pileus) is reel, 
reddish yellow, or yellowish, and bea rs white scaly warts; its 
edge is furrowed with white; the fl esh is white, and under the 
ontpr ski n is sunounded by a reddish-yellow rim ; the stem is 
knotty or hollow wit.It a loose white ring; below it is smooth, and 
close to the ground knobby with an excrescent scaly rind. The 
Jamellro are white or yellow (llusemann). 

Poisoning by means of this fungus was more common for
merly than now, an advance which depends on the general spread 
of the knowledge of its pofoonous properties ; yet there are very 
recent reports of this kind of poisoning. Thus, Wutscher' re

ports the poisoning of a man of sixty, and a woman forty years 
of age; the latter, half an hour a(ter partaking of cooked fiy
fungus was attacked with symptoms of gastro-enteritis, twitch

ings, ex tensor cramps, and disturbances of vision; in the case of 
the man, the symptoms were less rapidly developed, and con
sisted chiefly of excitement and disturbance o[ the sensorium. 
Both recovered. Two cases reported by Cosserat,' also termi
nated in recovery. In the year 1859 five French officers at Corte, 
in Corsica, died from eating a dish of this fungus. 

Pathology. 

S!!mptoms and Course. 

The symptoms or poisoning appear very soon after the fungi 
nave been eaten; u sually not later than half an hour to an hour. 
Ent sometimes a longer period of twelve hours and even more 
elapses before actual sy mptoms of poisoning appear. These dif

ferences as to time depend less on individual peculiarities than 
on the greater or less quantity of the fungi consumed, and the 

1 Wiener med. Presse. 17. 1872. 
'Union med. 131. p _ 714. 1873. 
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rapidity or otherwise of absorption, which, as is well known, 
may be promoted or hindered by a number of factors . Violent 
gastric sy mptoms are scarcely ever quite absent in a case of poi
soning with Amanita muscaria, although the colicky pains, and 
especially the vomiting and diarrhCPa, seldom reach such a height 
as in cases of the introduction of decayed ed ible mushrooms. 
There are even numerous cases on record, in which the gastric 
and intestinal symptoms have been on ly secondary, while dis
turbances of the central nervous system formed the more promi
nent main features. 

The action of thi s poison generally sets in with more or less 
violent co li c, accompanied with vomiting and subsequent diar-
1·ham. The excreta contain remains of the fungi which han· been 
eaten. To these symptoms are added cerebral disturbances; the 
patients think they are chunk, become violently excitcu; thus, 
e. g., a girl who had eaten some of these fungi ran about the 
house in her shift, knocked her heacl against the wall, and 
screamed like a person possessed (Cosserat); others suffer from 
distmbed vision; they see everything dimly, as if wrapt in a 
mist; things float before their eyes; attacks ot an ep ileptic 
natu re and actual trismns have been observed. Then a state of 
sopor gradually sets in, in which the excitability of the sensory 
and rellex nerves is more or less lowered or quite destroyed. 
Tho pulse is, as a rule, retarded, the arteries are constricted, the 
pulse becomes thread-like, the resp iration is generally short and 
ste1torous, the pupils are dilated, the ex tremities and the fea
tu1·t>s are cold, and death may supen ·ene from progressil•e loss of 
cardiac power. If the case takes a favorable turn the patient 
awakes again out of the state of sopor, hi s pulse becomes quicker 
and stronger, his respiration freer, and in a longer or shorter time 
complete recovery sets in. 'rhe moro rapid the awakening out 
of sopor, the more rapid the restora ti on to health. In sligh ter 
cases anti with judicious treatment sopo1· may be recovered from, 
even after it has lasted from six to eight hours. The period of 
dura tio n o( the whole course of muscarine-poisoning is very d if
ferent; it is especiall y dependent on the quantity of po i•on 
introduced , on absorption, the occurrence of rnmiting, etc. 

Death may supervene in a few hours (six to twelve) after the 
VOL. XVU.-59 
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eating of the poisonous fungi, but usually the course is more 
}Jrotracted, so that the fatal result occur; towards the end or the 
second or third day. The cases which terminate in recm·ery are 
almost always of longer duration. It is impossible to state pre
cisely the quantity of fly-fungus which is sufficient to produce 
poisoning, but it is certain that even small portions may give 1·ise 
to violent symptoms. Of pure muscarine,according to Schmiede
berg and Koppe, from an eighth to a fifth of a grain (eight to 
twelve milligrammes) are sufficient to destroy life in a cat in 
eighteen to fifteen minutes, and from one-twenty-second to one
sixteenth of a grain (three to four milligrammes) to kill it in two 
to twelve hours. One-thirteenth of a grain (five milligrammes) 
of muscarine produces in the human subject myosis, loss of 
focalizing power, abundant secretion of saliva, determination 
of bloocl to the head, flushed face, perspiration over the whole 
body, giddiness, anxiety, griping and rumbling in the bowels, 
and weight in the head (Schmiedeberg). 

Analysis qf Symptoms- Nature qf .Jfuscarine-Poisoning. 

The symptoms produced by muscarine in animals entirely 
correspond to those which poisonous fungi produce in the lm
man subject. In cats we observe increased salivary secretion, 
vomiting, diarrhroa, rumbling in the bowels, wabbling, staggering 
gait, contraction of the pupils, frequency of respiration, dysp
nma. The vomiting and diarrhma subside, respir::ttion becomes 
less frequent, convulsions set in, respiration ceases, death super
Yenes. It appears, then, that the gastro-enteri tic symptoms also 
are dependent on muscarine alone, and not on other substances 
mixed with it. The intestine, und~r the influence of muscarine, 
becomes subject to tetanic contractions, to which the dianh~a, 
constipation, abdominal pains, etc., are traceable. 

'Ve are unable to account for this effect on the intest.inal 
muscles, or for the symptoms produced upon the brain. 

It is the influence o[ mnscarine upon the brain which induces 
the inhabitants of Eastern Asia, e. r;., the Samoiec1es, Ostiaks, 
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K~raks,' and Kamtschadales, to buy these fungi, even at a high 
price, and consume them. They become at lirst very cheedul 
and merry, and subsequently fall into a kind of sopor, from 
which they nwake in a state of exhaustion. The passion of 
these races for this species of intoxication is so great that the 
poorer people drink the urine of the rich who have eaten these 
fungi in order to procure this intoxication. '£bis custom leads 
us to conclude that muscarine passes unchanged through the 
blood and the organism, and is excreted unchanged in the urine. 
It appenrs, from what has b'len said, that muscal"ine must first 
throw the brain into n stnte of incrensecl excitability and after
wnrds into n condition of reduced excitability; it is even highly 
probnble tlmt muscnrine first excites nnd subsequently parnlyzes 
the brain-cell s. In this respect mnscarine is closely allied to 
opium, lmshish, alcohol, etc. 

The inffoence of mnscarine on the heart nnd its contractions 
is very remnrlmble. '£he motor gnnglin in the heart ure nt first 
excited, so tlmt nt the onset of the case in the human sub
ject we often find incrensed frequency of pulse. The principal 
nction of muscarine, however, is exercised upon the inhibitory 
orgnns. When we inject rhr of a grain (half n milligramme) 
subcutaneously into a frog, or bring a solution of muscarine 
into direct contact with the heart, the heart is almost imme
diately nrrested in diastole. But if, during this suspension 
of cardiac action induced by muscnrine, we irritate the heart 
in nny way, it contracts-a proof that the cause of the cPssa
tion does not lie in the cardiac muscle. Section of the vagi 
has no effect upon this inaction of the heart caused by musra-
1·ine ; therefore those inhibitory orgnns resicling in the heart 
itself are placed in a condition of great excitement by musca
rine, and this excitement is powerful enough to paralyze all 
the contractile power of the heart. It is these same inhibitory 
organs which are paralyzed by atropine. 

This influence of muscarine upon the inhibitory organs in the 
henrt must produce nn initial retarda tion of the heart-stroke, 

1 Kl'.n.an, Au..~zug im Jahrcsberichte iiber Phnrmacognosie, etc. ' 'OD Wiggers u 

Ilusemann. 1872. pp. 5~4-535. 
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succeeded by absolute cessa tion, especially when large quantities 
of muscal'ine have been conveyed into the blood. 

In the early stage of the action o( muscarine respiration is 
more frequent and labored than in the natural condition; later 
011 there is a stPady diminution of the frec1uency of respiratory 
movements, tiil at last they cease altogether. These symptoms 
in the respiratory apparatus proceed from an initial excitement 
and subsequent paralysis of the central organ in the medulla 
oblongata which governs respimtion. 

The blood-vessels are constl'ictecl for a short time in the on t· 
set of mnscarine action, and afterwards dilated, as Bogoss
lowsky' has observed. This vascular dilatation, combined with 
the diminution of frequency of cardiac pulsations, causes a de
crease of blood-pressure, amounting sometimes to one-third of 
tl1 e total amount. 

'l'he flow of saliva which attends muscarine-poisoning is the 
consequence of an exciting influence exercised by muscarine 
upon the peripheral extremities of the secretory nerves; at leas t 
we are led to this conclusion by the circumstance that section of 
these secretory nerves does not affoct the secretion of saliva. 
Prc"ost ' states that he has directly obsel'l·ed in the dog an in
crease in the secretion of the pancreatic juice under the inttnence 
of mnscarine. Ile also asserts that the secretion of urine and 
bile is promoted by muscarine. It woulcl appear that these 
effects are only dependent on the change in the circulation, and 
it is certainly probable that these effec ts are only observable in 
the first stage of muscarine action, be[ore blood-pressure has 
been rednced; once it is reduced, an increase of the secretion of 
urine is scarcely conceivable. 

\Ve mnst now rct nrn to the changes in power of vision. 
KrPnchel' has pu blishPd a ve1·y goocl report of the changes of 
th is kind procluct•d by musca1-ine. Even small closes of 111usca-
1·ine lead to distnrbances in the accommodating power, which are 

1 Centr~lbla.tt filr die med. Wissenschaftcn. 07. 1870. 
9 G:i.z. m6d. de Paris. 4. S.!r. 'l'. 3. p. 2 l3; ancl Compt. rend. T. 49. p. 381. 

a Ueber die \\'irkung des l\luscarins auf Accommodation und Pupillc. Arch. fi.ir 

Ophtha.lmologie. Bll. 20. Abthl. 1. p. 135 ff. 
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characterized as accommodation-conn1lsions. "'ith somewhat 
l~rger cl?ses a '.10t very marked contraction of the pupils, myo· 
~1~, .se:s 111. This myosis depends ou excitement of the sphincter 
md1s itself, or on that of the oculo-motor nerve which governs it. 
The hypothesis of pamlysis of the dilatator pupillm or of the 
sympathetic nerve connected with it is iuaclmissible. Most of 
the experimental facts quoted in this section are taken from the 
work of Schmiedeberg and Koppe, already mentioned; the re
port of Bogosslowsky also, who experimented with a very power
fu l extract of tty-fungus, coincides with theirs in most points. 

Results of Autopsies. 

The resnlts of autopsies performed npon persons who have 
died of poisoning Crom fungi are by no means characteristic. The 
signs of acute catanh are more or less pronounced in the stomach 
and the intestinal canal ; and in most cases remains of the fun
gus are to be found in the contents of the intestine. As for the 
rest, the evidences or death caused by cessation of cardiac action 
or by asphyxia are founcl. Maschka,' who has perforn1ed a con
siderable number o( autopsies of this kind, stated that in cases 
of poisoning by mushrooms especially, the absence of cadaveric 
rigicli ty is characteristic. This, however, is an error, for we lcn.rn 
from the experiments of Borntmeger and Kussmau l ' that cada
veric rigidity was developed very rapid ly antl with tole1·able com
pleteness, but that (and this is ,·ery noteworthy) it also disappears 
rapidly; in the case of rabbits, aftN four hon J'S. It "-oulcl appear, 
howc•ver, from the experiments of j\faschka and Hnsemnnn' that 
fatty degeneration of various organs takes place under the iu-

1 Einiges Uber die Vergiftung mit Schw5mmen. Prnger Vierteljnhrscbri[t. No. 29. 

JG. July. 18JG. 
t Verhandlungen des naturhistorisch-medicinischen Vereins. zu lleidelberg. I. 

p.18. 1857. 
3 Die Pilze in Oconomischcr, techniscber und toxicologischer Hinsicht. A work 

crowned by the Imperial Acndemy with the Orfila prize, by E. lloudier. Translnted 
:m<l annotated by Tb. Jiusemann, with two lithogrnpbic tablP.s. 18G7. p. 181. The 
title of E. Bourlier's work is: Dea cbampignous au point de vue de leurs caractCrcs 
nsuels, cbimiques, et. toxicologiques. PariJJ. i8G8. 
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f\uence of poisonous fungi in general, and of the fly-fungus in 
particular. F or Maschka found, in dissecting several persons 
who had died in September, 1854, at Prague and iu its suburbs 
from mushroom-poisoning (apparently Amanitu phalloides sen 
wnenosa.), numerons ecchymoses on the pleura. pulmonalis anu 
costalis, varying from the size of a millet-seed to that of a thaler. 
He found similar ecchymoses in the liver, in the lungs, in the 
cardiac muscle, in the walls of the stomach, in the spleen, and in 
the kic1neys. Husemann insists specially upon fatty degeneru
tion or the liver in mushroom-poisoning. :Maschku also found the 
urinary bladder distended with urine ; someti mes it was fonnd 
to reach to the navel. The blood is generally tlnid and cherry
colored; it is chiefly found collected in the !urger veins. 

Diagnosis and Differential Diagnosis. 

Th~ recognition of mnscarine.poisouing, as snch, depends 
chietly on the inspection of the matters vomited and the fa~ces . 

As a rule, remains of fungi will be founu in these. But should 
vomiting and dianhrna be absent, as is quite possible, the history 
or the case will provide important data. The sea on of the year 
will also aic1 the diagnosis, for by far the grnate1· number of cases 
or tly-fungns·poisoning occur in the mushrnom season, i.e., in 
August, Septembe1·, und October. As to the rest, one of the 
prominent symptoms of fly-fungus-poisoning is the marked re
tardation of respimtion and of the pulse; but as these symptoms 
attend the action or many other poisons, they cannot be regarded 
as characteri stic. It will be quite possible to confound thi s poi· 
soning with that caused by otlw r poisonous fungi, and this can 
on ly be prevented by finding characteristic botanic signs in the 
portions of fungi fo und in the YO mited matters. It is also pos
sible to mistake the action of this poison for that of narcotics. 
But alcohol would be readily detected by its odor, opinm and 
morphine by the contraction o[ the pupils a<l muximum (in mus
carine-poisoning the contraction is less marked), atropine and 
hyoscyamine by the great dilation of the pupil s. In most cases 
it will also be easy to exclncle the possibility of cerebral di sease, 
and, at any rate, even should paralytic symptoms, contractions, 
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etc., be absent, the course of the illness and the examination of 
the freces will facilitate diagnosis. 

Prognosis. 

Cases of poisoning by means of the fly-fungus are the most 
severe of all, and therefore the prognosis is always very dubious. 
Still a number of factors powerfully influence the final result. fo 
the first }Jlace, the quantity of the fungus which has been taken 
is of great importance, fOI' although small portions of this poison
ous fungus have produced fatal consequences, still it is self-evi
dent that the greater the quantity which has been introduced, 
the greater the danger. The period at which vomiting and diar
rhc:ea (if present) occur is very important for the prognosis; for 
the same rnason, the speedy interference of medical treatment 
has great influence on the course and the result of the poisoning 
process. Practically, the greatest stress must be laid upon the 
state of cardiac contraction and of respiration. In general, final 
recovery is probable, if death has not supervened on the third 
day. H this danger be surmounted, we ma.y look for a complete 
recovery, for, though the period of convalescence may be pro
tracted for weeks, no permanent ill effect of the poisouing re
mains behind. 

Treatment. 

'Vhen the physician finds that poisoning by fly.fungus is in 
qnestion, he will naturally seek to further the elimination of the 
fungi from the system as rapidly as possible, and for this pur
pose emetics are of the first importance. Still, it must be remem
bered that in many cases their action is slow, if, indeed, they do 
not remain absolutely inert. Therpfore, very energetic emetics 
must be employed: tartarizecl antimony with ipecacuanha in suffi
cient closes, ot· vomiting must be induced by tickling the throat 
and uvula. It is needless to say that the stomach.pump will be 
inefl'ectual in this form of poisoning. As we know by experience 
that these fungi may remain for several clays in the intestinal 
canal, we must endeavor to eliminate them by purgatives. Castor 
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oil, with perhups the addition of u drop of croton oil , will prove 
rn ost effectual ; oleaginous uperients are preferable to saline or 
watery ones, or to those charged with vegetuble ucids, because 
muscurine is very i·ead ily soluble in water, especially in acidu
lated wuter. 

'l'unnin may just be mentioned as at leust partiully u chemical 
antidote; but we must not calcuhte too decidedly upon its suc
cess, as it does not thrnw down nlllscarine completely. 

Schmiedeberg pronounces utropine to be un untidote in the 
real sense of the word, und states tlmt in muny respects and in 
many o[ its effects it has u directly opposite influence to that of 
rn uscari neon particular organs, ernn though it cannot be proved 
that an uctually double-sided antagonism exists bet\\'een the two 
poisons. In order to place this question in the right light, it is 
necessary to confront the individual symptoms and effects of the 
two poisons with each other. 

Muscarine contracts the pupils, utropine dilates them. .A 
pnpil contracted by rnuscarine becomes dilated by atropine, but 
an tttropinized eye is not contracted by mnscarine. l\Iuscarine 
prnmotes sttli vary secretion, which atropine has the power of 
checking; whereas large doses of mnscurine fail to remove the 
dryness which atropine creates in the palate and throat. l\Ius
carine, in the early stage of its action, produces dyspnam by 
stimulating the respirato1·y centre ; this disappea rs under the 
influence of atropine. Again, the intestinal tetanus which mns
carine proclnces givps way upon the administration of atropine, 
or it fails to appear in animals which have been prPviously atro
pinized. 'Vith regard to the heart, the antagonism between the 
two poisons is very striking. Very small , e"en minimum doses 
o[ muscarine arrest the frog's heart in diastole; u very minute 
quantity of utropine restores the contraction ; ancl when the ani
mal is first atropinizPcl and then treated with muscarine, the con
traction is not arrested at all. It appears, from the investigations 
o( Schmiedeberg ::incl Koppe, and from those of R. Boehm, that 
both poisons act, though in opposite senses, on the inhibitory 
apparatns in the hea rt, but that the paralyzing action of atropine 
is more powerful than the stimula ting efiect o[ rn11scnrine. 'Ve 
conclude, then, that atropine may be very effectual as an anti-
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c1ote to mnscarine-poisoning, whereas muscarine exercises no 
important influence against atropine-poisoning. 

It is proved by some experiments of Schmiec1eberg anc1 Kappe, 
that animals are but slightly afiected by el'en fatal doses of 
muscarine, when they have been prev ipusly injected subcuta
neously with small quantities of atropine. 

In clinical treatment, therefore, we would earnestly recom
mend the ac1ministmtion of small closes of atropine; larger doses 
mnst be avoided, lest they should produce atropine-poisoning. 
No experiments on the human subject have been as yet reported. 

F or the rest, the treatment must be guided by the symptoms, 
and especially by the condition of the respiration and circula
tion. Cutaneous irritation and in temal stimulants may be in
dicated. 

Changes which Muscarine undergoes in the Bodies of Animals.-Tests for 
Muscarine. 

Muscarine is very readily soluble in water; indePc1, we have 
only to cut up the fungi, lay them in water aeic1ulatec1 with 
acetic acic1, and press out the juice; this process frequently 
repPated will render the fungi completely innocuons, so that 
they may be eaten without clanger. The liquid in which they 
hal'e been expressecl becomes of cour e poisonous through this 
process. ' This ready solubility of the poison sufficiently accounts 
for its mpid absorption; that the poison is not readily altered 
is proved by the ci rcumstance that it is not decomposed by the 
boiling and drying of the fungi, and that it passes out of the sys
tem unchanged in the urine, as is proved by the report gh·en 
above of the intoxicating effect of the urine of those who con

sume these fungi. 
Should it be nPcessary to test for muscarine-poisoning in 

1 Poru:ltet fed dogs for months on these fungi, thus rendered innocuous, and they 

ftomiRhecl upon them ; but dog!i which bad drunk the water in which the fungi bad 

been cxpres~ed, all died in twenty-four to thirty six hours. Indeed, Girw·d himself 

and bis family partook of fungi thus treated, without the slightest ill consequence. 

Taylor's work ou Poisons, published by Seydeler. COin. 186J. III. Vol. p. 2G3. 
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criminal cases, in addition to the botanical tes t furni shed by the 
remains of the fungi which may be found in the stomach and the 
intestinal canal, the so-called physiological tes t must be used as 
the most decisive. 

In many cases the cpmmon unchanged urine applied directly 
to the frng's heart " ·ill be sufficient to arres t it immediately in 
diastole; bu t the effect will be more surnly produced by concen
trated urine. 

Sometimes it may be desirable to make an ex tract of the re
mains of the fung i found in the stomach and intestinal canal, or 
in the vomi ted ma tters and the freces, and with this extract to 
make the experiment on the frog' s heart. It is easily shown 
that the cessation of cardiac contraction thus produced does not 
depend on paralysis, because the heart responds to mechanical 
0 1· electrical irritation by ser eral rhythmic contractions, and pul
sation may be restored by small closes of atropine. 

Poisoning by Amanita Phalloides s. Yenenosa. 

Agaricus Bulbosus s. Viridis. 

The cap (pileus) of this fungus is either quite white, or the 
white has a mixture of yellow or green ; the rim is white, nnfur
rowcd; the lamell re are white ; the s tem is knobby low clown; 
the flesh always white; it is found during the whole summer in 
lig htl y wooded places. To its varieti~s belong Agaricus citrinus, 
vi.rescens, and Hypophyllum albocitrinum (llusemann) . 

.Etiology. 

Cases of poisoning by these fung i are rather frequent, and 
genera ll y proceed from ignorance of their I)oisonous character 
or from mi8tnking them for edible mushrooms. R eports of sucl: 
cas~s are numerous both in ancient and in modern times. .Amanita 
bul bosa and its varieties produce some of the tu ost clangerous o( 
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fungus poisoning . \Ye have not yet succeeded in arnertaining 
accurately the active pl'inciple of this fungus, though great 
efl'orts have been made to discover it. Sica!'d and Schoras • lil'st 
expressed the opinion that the active constitnents of poisonous 
fungi were bases; then Letellier and Speneux' obtained an ac!'id, 
fixed pobon, which acted violently on the stomach and the in
testinal canal, and abo a second poison which they called amani
tin, and which affected the nerves. 'l'his amanitin was a b!'own
ish, non-crystalline, readily soluble substance, devoid of taste 
and oclor; when treated with acids, it became partially converted 
into sugal', like the glucosides. These two poisonous bodies 
coulcl not be obtained pLue, but consisted of a mixture of severnl 
substances. E . Bondier' obtained an alkaline body out or .~ma
nita bulbosa, which he called bulbosine; it is di tinguished from 
muscal"ine by a shMp, bitter taste, yet it strikingly J'esembles 
muscarine in its behavior as to solubility, so that Schmiedeberg 
considers bulbosine to be identical with muscal'ine. F or Bon
dier' s bnlbosine is readily soluble in water and absolute alcohol, 
insoluble or vel'y sparingly soluble in ether and chloroform, like 
muscarine. Still, notwithstanding the probability of Schmiede
berg's view, no absolute confirmation of it as yet exists. 

Pathology. 

Symptoms and Course. 

It is clearly ascertained from numerous reports founded on 
experience, that poisoning by Amanita phalloicles and its varie
ties produces two groups of symptoms: one afl'ecting the intesti
nal region, the other the nervous system. It may happen, from 
rarious accidental causes, that sometimes one grnup of symp
toms is more prominent, sometimes the other, but in general 
they are fairly balanced. The following cases may illustrate all 

1 Journ. de Pharmnz. et de Chim. Juin. 1865. 
~Annal. d'!I)•g. publique. Janvi er. p. 71. 1867. 
3 Des Cham1)ignona, etc. Pa1·is. 1860 . 
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that we know at present respec ting this poison. In one case 1 

the poisoning was of the ga"tro-intestinal type. A woman and 
her daughter were simultaneously poisoned; they were attacked 
with violent gastric pains and choleraic symptoms, to which the 
mother succum bed after fifty-two, the daughter after ~ixty hours. 
Goudot' relates a case in which seven persons we:e poisoned by 
IIypophillum albocitrinicnm. Tl1e symptoms appeared at the 
earliest twelve hottrs, at the latest twenty-nine hours after the 
introtl uction or the fungi. In the slighter cases the sy mptoms 
were cliarrhroa ancl vomiting, with excessive thirst and s tiral 
cramps; the consciousness remained undisturbed. In the severe 
cases vomiting, colic, cliarrhroa, and convulsions appeared, with 
dejection, anxiety, slow and feeble pulse, which sank to fifty-six 
bea~s. Towards the approach of death, which did not supervene 
till after forty-eight or seventy-two hours, in one case seven days, 
after the poison had been introduced, general convulsions, tris
mns, loss of consciousness, and tetanus set in. In some cases, 
described by llfaschka,' in addition to violent gastro-intestinal 
symptoms, general and partial convul sions, fainting, giddiness, 
deli ti nm, somnolence, coma, etc., were observed. rray]or 4 de
scribes a case o[ poisoning by Amanita citrina; a child died in 
convulsions on the second clay, the mother cliecl on the fif th clay, 
with vomiting, diarrhCPa, general insensibility and stupor. Olli
vier' relates of a physician at Batna (Algiers), that he ancl his 
family partook of mushrooms which had grown on a dunghill, 
which. however, were really Amanita bulbosa. The symptoms 
:tppeared about six hours after the meal, ancl fourteen hours 
afte r· the first Yomi ti ng death supervened with marked cyanosis 
and tetanus. Carrngon' reports the fatal poisoning of five French 
soldiers a t Laon, who had partaken of a dish of mushrooms, 

1 Empoisonnement par !cs Champignons. Journ. de Chim. mCd. p. 713. 1846. 

' Empoisonnement par !es Champiguous de sept personnes; dont qnatre guCrisons et 

trois morts a. Cubzy-les-soing (Haute SaOne). Union m<fd. No. l lG. p. 466. 18:)2. 
1 Einiges iiber Vcrgiftuog mit Schwiimmen. Prager Vierteljahrscbr. 1855. 2. Bd. 

p. 137. 

•Guy's Hosp. Report. Vol. XL 16. 1866. 

~ .To11mal de Chim. ml><lic. 1868. 

G Gaz. des IlUpit. 14.0. p. 1116. 1873. 
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really Am~nita bnlbosa. The symptoms of poisoning, which diil 
not_ set m till eleven honrs after the meal, were chielly of a chol
era1c nature. 'l'wo died on the second day, two ou the third, and 
one not till the 1ifth day. 

As regards the results of autopsies, prognosis, diagnosis, 
treatment and test of the poisoning, what has been said of rnns
carine-poiso11ing holds gooil generally for poisoning by ~'I.manila 
phalloides and its varieties. \Ve have only a Iew reports by 
Letellier anil Speneux' of their experiments on animals; these 
were performecl with the mixture which they obtuineil uni! called 
amanitine. 

Doses of a grain and a l1alf (O.l) of Letellier's amanitin act 
poisonously upon l"rogs in ten to thirty minutes ; with rabbits 
doses of fifteen grains (LO) are necessa ry to proclure torpor, stu
por, reduction of frequency of respiration, paralytic symptoms, 
coma, and finally death preceded by slight convulsions. 

\Vhen smaller closes are administered, recovery may set in 
after five to six honrs. Cats are more sensitive than rabbits to 
this poison; this cirnumstance is in favor or the supposeil iden
tity between muscarinc ancl the poisonous factor present in 
Amanita phalloicle-

Poisoning with Russula Integra and lloletus Luridus. 

Russu]a integr::t (Ag::tricns integer, Agaricns emeticns) has 
stiff Jamelhc; iti sapless, brittle, and or cli!Ierent colors-red, 
brnwn, violPt, white, yellow, etc. Poisoning by means of thi 
fong irn was very frequent in former times ; recently it has become 
extremely rare. The eJiect of it is a complication of strongly 
markecl choleraic symptoms, which very soon terminate fatally. 
The result or autopsi0s corresponds to the clinical symptoms, 
which of themsp]vps indicate the treatment. \Vo have no accu
rate knowledge or the active constituent of the Rnssula integra; 
but we may conclncle, from the fact that long cooking renders 
thi s fungns innocuous, whereas a rapid culinary process, such as 

1 Allnal. d' IlygiCne publ. Jauvier. 1867. 
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rnasting, etc., fails to deprive it of its poisonous properties, that 
the poisonous factor is volatilized by the higher temperature. 

Boletus luridus (Boletus perniciosns, B. bovinns) has an 
olive green or brown cap (pileus}, a fil'm, knobby, red stem; it 
grows in summer and autumn in pine and other woods; the flesh 
of the cap is white or yellowish; when broken up it changes into 
dark blue (Hnsemann). 

This fungus also produces violent gastric and intestinal symp
toms-vomiting, diarrhcea, severe colicky pains, collapse, and 
convulsions-and the result is often fatal. Almen' has obtained 
from Boletns luridns a sabstance which is apparently an alka
loid, and forms a precipitate with tannin. If this supposed 
alkaloid is really the poisonous principle of the boletns, its 
behavior toward tannin would be valuable in the treatment of this 
poisoning. In treating it, we must tirst endeavor to procure the 
elimination of the fungus from the intestinal canal, then attend 
to the collapse, respiratory and cardiac action, and also seek to 
relieve the subjective sufferings of the patient by administering 
opiates, etc. 

The symptoms produced by these fungi are very much the 
same as those which follow poisonings by the other varieties, so 
that what has been said above may be easily applied to the pos
sible action of other fungi. 

Poisoning with the Lower Forms of Fungi . 

. Partly for the sake of completeness, partly because poisoning 
with the lower forms of fungi may be regarded as a sort of tran
sition from intoxications, properly so called, to infections dis
eases, which are nowadays generally attributed to small fungi, 
we may be allowed to devote a few wonls to cases of poisoning 
by the lower fungi. 

A frequent phenomenon in our ordinary victuals is the for
mation of monlcly fungi. Although it is a fact that human 

1 U1>sa\a L5.knreforeuings FOrhmdl. Bd. II. ll. 4. p. 274. 1868. 
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beings may consu_m~ great quantities of such mouldy fungi with
out the sh~htest lllJUry, yet examples are not wanting to pro•-e 
that very v10lent attacks of illness, even death, may be the result 
of eating decayed food of this kind. Thus we have a recent 
acconnt 1 of the poisoning of a family of three persons by eating 
mouldy bread; they all suffered from colic, vomiting, and ,·ery 
violent convulsions. The adults recovered, but a little girl, Ji m 
years of age, died of this poisoning. 

Boudie1-' relates a similar case of a woman who, with her two 
children, bad eaten cherries tainted by Vert-de-gris (Cladospo
rinm herbarnm). They became seriously ill, liad violent gastric 
and intestinal pains, attacks of colic, vomiting, copious watery 
evacuations, coldness of the extremities, but recoverecl through 
the administmtion of opium and stimulants. 

These cases of poisoning closely resemble those produced by 
decayed mushrooms, and it is possible that, in the lattl•r case, 
more weight ought to be attached to the decomposition of the 
food than to the actual fungi. 

Kennedy' communicates a remarkable case . .A. boy threw 
mouldy linseed in his schoolfellow's face with such violence 
that some of the seeds made their way into hi s eyes, his month, 
and even his larynx. He was attacked with severe pain, water
ing of the eyes, sneezing, coughing, dyspnma, cndema of th e face 
ancl eyelids. The next clay fever set in, and an exanthem 1·esem
bling measles, which soon disappeared, but the bronchitis and 
dyspncca ln sted for some time. It is very probable that it was 
the fungi which k ept up the last symptoms so long. 

Till quite recently so-call ed hay fever or hay asthma, also 
called snmmer catarrh, was regarded as a pendant to the aborn
mentioned symptoms produced by the action of lower fungi, as 
a fung us was supposed to be the cause of this distressing catarrh, 
which often attacks people at the period of the ripening of mea
dow-grass and of the hay han-est. In support of the theory that 
fungi were the real cause of this malady, the case of Helmholtz 

1 Pha.rmazeut. Zeitschrift fiir Ruo;sland. 1800. p. 572. 
7 Des Champignon!l1 etc. Paris. 1806. 
J Dttbl. Quart. Journal. 1863. Feb. 
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was triumphantly cited. This distinguished scholar suffered long 
and repeatedly from hay fever, which usually attacks the same 
people eve ry summer. Professor Binz, of Bonn, treated Helm
holtz with local application of solution of quinine, and the sy mp
toms of catarrh were ameliorated in a very short time, although a 

considerable time elapsed before complete recovery set in. 
Recently, however, we have been enlightened as to the true 

cause of hay !ever, especially by the admirable treatise of Charles 
II. Blackley,' who proved experimentally that the causa noxia 
was not a fungus, but certain pollen proceeding from various 

grasses, and which, when breathed in by persons unaccustomed 
to the open air, produces the symptoms of hay fever. 'Vhen this 
pollen reaches the mucous membrnne of the respiratory organs, 
it swells up, di scharges its granular contents through the burst 
membrane, whereupon the liberated granula, by their lively 
mol'ement, may prodt1ce catarrh. It is not yet decided whether 
some chemical initation as yet unknown is at work or not, but it 
is vei·y probable, as we know no analogous instance of the main
tenance of such persistent intlarnrnato1·y symptoms, by a simple 
fine powdery orga11ic substance. Hitherto we have no data what
ever for fi xing upon this supposed chemi cal substance. Hay 
fel'er affords an example of the close connec tion between poison
ing and infectious di seases. For further details conceruing hay 
fever, see Zuelzer's treatise upon it in this manual (Vol. IL ). 

Dr. Miquel' reports a similar form of disease prodncecl by 
fungi (stilbosporei ?), a clnst-like fungus, with poisonous action, 
which is c1evelopec1 on the old strm o[ Arnnclo donax. Peasants 

defend tl1e111selves against this dnst by veiling their faces. II the 
fung us settles upon human beings, after twenty-four hou rs fever 
is set np, with gastric pains, weight and giddiness in the head, 
heat and burning in the face, upon which an exa nthem appears 
in the form of 1·esicles and pustu les . If the dust penetrates into 
the nfr-passages, violent coughing and <lyspnma ensue; if it ll ll

ters the intestinal canal it produces col ic, vomiting, ancl diar-

1 Experimental Resc:ucbcs on the Causes and "Nature of Catarrbus 1Estirns (Ilay 
Fever, Ila.y Asthma). Loudon. 1873. 

Pro~v~:~~ 8~~11~~~~ ;:~::~~ ;0°~h~~:;~~ ~~~.i1t:~ c:~71:::iq;!~u~ l~J~~;~me par la Caune de 
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rhrea. The genitals also swell and become pain[ul, so that saty
riasis and symptoms of nymphomania may be developed, :Miquel 
relates four of these cases : one was that o[ a man sixty-one 
years of age, in whom the inflammation o[ the skin turned to 
gangrene, wbich put an end to his life. In general, the symp
toms soon disappear, and, with peeling of the skin, recove1')' sets 
in. \Var111 baths, oleaginous friction, laudanum, and cooling 
beverages proved to be beneficial and efl'ectnal in the other cases. 

Whether the symptoms in this disease are produced by an 
actual poison attaching to the fungus, or whether its form may 
not be the cause of the inllammatory processes, as in the case of 
the hair of certai11 caterpillars, e. g., the bear-worm, etc., is not 
yet ascertained; we incline to the latter view. 

VOL. XVII.-60 
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Bccr1 11 scnrvy,223; 1Jarmo£,inscurvy,231 . 
Bchicr, 3G8. 

Arsenic, Pol"Oning by, 641. Beige!, 830. 
Arllenh1rcttedhydrogc11, Poisoningby,CSS. Bcll, l {i.'l. 
Artcrica, changes in, in hremoph1lia, 5"1; in poison- Dcncdictue,Alcxn.ndcr,7, 11,20. 

ingbylead,007;in 1>0isoningbysulphuricacid, Dcnedikt,M.,29i.200. 
83S. Bennet., D.,'iU.j, l:H5. 

Arthrnlgiasatnrnina, 574. Dcnuctt, llughCG, 400. 
Aecho!T,!MX>,003. Iltnzin, f'oillOningby,512. 
A~hn.med,Ccorgc, 801. Denio], Poiaoningb),512. 
AAAmrmn, <11,41,45,53,73,98. l3crgcrcl,5!J l, ti02. 
Al!tringcntsinhremo1)hilin.,97; inscurvy,238. Bcrgcron,51·1,522.616, 655. 
Atlce,7i!J. l3Cfl!"mnnn,51 1,5·?U,521,52;!,5'?.'3 . 
.Atm09phcricinflucnccsinctiologyof11Curv1-, rn8. lkrgatcn,S.HJ,S74 
Alropinc In poi~ni11g by cutallar bean, TO I ; in poi- Dcrkow .. ky, MS. 

soningbymu'!Carine,!mi;in poi;.oningbyopium, Dcm11rtl,Clnudc,2<Jl ,292,8S8,441, •156. •l57, 45S,4!il. 
SGS; inpoisoniugbystrychninc,SOO. 4i.2,455,4S8,ti71,7US,833,835,S:J!!,t!43. 

At.l"Opinc, Poi'!<Jningby,tiGI. Dcmard, raul,30.'l. 
Aurchanu'I, Caclins, 108. 13c.rnharclt, 480,579. 

.A1·iccnna, IOS,W I. 

BA81SGTON,7fi6,7'i4. 

D~h~trocm,l:Jl, 140. 
Bahrdt. 516, 517. 
lln.illy,800. 

ll.-\lar'll,30i. 

Bamberger,G.19,641. 
lJ.n.n)'cr,7,20. 
Dnrbct., 288. 

lhreln.y,$8. 

Burd. CcphnsJ., 800. 
B.u·c, 8-IG. 

&rinm,Poisoningby,375. 

Dcrn&tc[n,6i2,702,715 • 
Dcrolinl,i!). 

Bert, 838. 

Berzc\iu.s,307. 
Dc@screr,55,64. 

Bcth,Tammc,97. 

Dctz.4:::i.'.i,4!Jl,400,885,890. 
Dcyer,56. 

,·on Br1.o\d, 459,6':'l,673,67·1,675,67G.ft77.6'l1.6'."l!l. 

::701,702,726,72S,72'J,730,~83·1,:::;;:(i,!:r.0. 

Bianchi, Attillo,815, 81G. 

Bichlor1doofcthylidcnc, Poi«011ingby, 454. 
Dichloridcofmcthylcnc, Poi.sonlngby,4S.':3. 
Diddcr,834,S39. 
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Dill,31.2,313,319,t.25,5.2G. 
Blllroth, 258, 425. 

Din~ 2'J3,.2'J I, 30-1,313., 9"4. 
Uirkctt,3-l9,300. 

Uonu.~i1!$, fitiT, 66!1 

Doncs,
0

affcctio1111of,lnpoboningbymcreury,6ll; in 

poli;ouingbyphosphorua,G-IJ;lnr.:i.irvr,162,11)9, 
lS.1; ofmedul\aof.ino10rbusmacul01UR,~9. 

Ui~mt1th, subnitmtoof, Poisoning by,G2$. 
m~nlphillcorcnrbon, l'ul~oniug by, 417. 

Uitteralruondoil,l'oisoningby,Mi7. 
Uittcr11,thcnromatica11dpure,in8C:urvy,23-I. 
UJOrkmnnn,50. 

mnck,112. 
t:lnck('

1
ti(i!l,721,7.26, 

Blncklcy,Chnrles H.,{lH. 
Dlagdcn,lU, 5:J,M. 

Blake, 80!', 340,350,870,376. 
BL'lnc,H2,:.>Q5, 

Dh111chanl, 7111 . 

Bl:\nchct.•l!J7. 

Blns,7ZJ,72S. 

u1~iu ... na. 
Blasting.oil. Poi!IOningby,533. 
lllatin,801. 

Bll'Cdcr-<li!:'Ca!IC. SceunJ('rliremophilia. 

Bloc,8~ 

Blocbmann,G5.1. 
Bloebaum,G7l,G73,67-l,G7S, GiG,677,870. 

Bonjc1m,&l6,8!Jl,OI4,9Ia 

Bontckoe,llti. 

Ilonwct.fleh,385,387,418,440. 
Borchanl,79':!. 
.Borntroegcr,9'27,!l3.1. 
Dotkin,676. 

Dotulisrnu~, 535 

Bouchardat,383,®,fij·~.GG.">,877. 

Bouchet,235. 
Doudet,:l68,700. 

Doudier,E.,OOfl,!.J.U. 
Douisson, 836. 
Bonllay,&IO. 

Bouvler,3..-ri,4,_l(i. 

Bowditch, IO,;:iJ2,:.Jl3 316 
Boyd, JohnS., ffi-1. 
Drnio, alfocUons or, in morb1111 mac11loi;n•, 25-t; In 

1>0isoo:ngb)'aconltine,'i63;1npoi•oningbyal. 
whol,·113; i11pou;oningbyco?llu11ieoxldc,4~0: in. 

poi!iOningbyniwtlne,771. 

Braine,Woodhousc,f5:J,f65. 
Bramb11!1i,l:?3. 

Blood, ehangP~ in, in h~mophllia, 44 ; in 1norhus ma· Brande!<, Gil. 757. 
culOJ:tn&, 2.)8; in 1>0i11011ing by 11.octic n.cid, 3-lfl; Bnmdt,A., 720, 721. 
inroison ingbynn1111011in1 35!1;inpoiMlninjlby Brauo,Jl.,Gi3. 

JI~~~~~~~I~~~;~-- ...... 
byammonia,~!.i; l11poi"K>nlngbycarbonicoxidc, Drodie,370. 
471 ; in poisoning by opium, 867; in poisoning Bromine, Poi!>Oningby,::06. 
with strychnine, 803. Bronchitis £ollol\·ing poisoning by e11rbonic o~lde, 

Blood·ve&l(;IS, comlitionot, ln scurvy, 173. 4G7;chronic, lnpoi!!Oniugbychlorlnc,289. 
Boardley, 8. Brook!<., Robcrt,Si4. 
Ilobrik.317,~. Brouardel,2.13. 
Boecker, :JS I, 387, 862. Brown,747, 150. 
von Boeck, ~I, 295. :~. 8.S7, 616, fi66, 717. Brown, Crichton, 3li5 
,·on Bocek on Vei!ctnble Pol-on~. fi61. Drown, Goll..~t, 679. 
Boehm, G.ill, G.':!7, Gil, 61)2, 71:!, 714, 719, 727, 728, 151, Drowne,~. 

752, ~5'1, blS, !l36. Drown S6qunrd, 514,5~, 785. 

llo!<hmonPoi!>Onl!.,286. Dntcaeul'I, 113. 

Boettcher, A., 1118. Drncine, Pol~oningby. 810. 
llogo!<!!lowsky, 93~ 933. Bn1chlkrnrncr,4117, 41-.!. 

llohn,264. Brunner. 421. 
Boinet..2!11. Brunton,11'1. 

Boletualnrlclus, Poisoning by, 0.11 , Br.1k1 2SG. 
Bol\cy,~00. D-"y!I011, 206. 
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Buchheim, 291, 323, 32~, 35~, 354, 856, 355., 38-1, OO'i, 
W$.71G,727,':"@. 

BUchncr,435. 

Buckingh;1m.72.1. 

Ducq11oy.132.~. 

Dtidd, i:!-1,;i:~. 

Duel,8,!J7,4!,41,4G. 

Bum\)ftcld,20J. 

Bung:l',ai2. 

vondcrBmg,SOS. 

Dnrkllt,:m. 

Burow,7ti0,7bl. 

Du&i.~· 

Duttlcr,375. 

Dntr.k<-', :JUS. 

D)•a'\llOn,416. 

l!l:mingbylead,573; inpol~ningbyph0t<phnrn"., 
r,11; in poi.11onlng by gn,ntonln. Sb~; In poi..on. 

In~ by iw.ul!llgei<, Mli; 111 po111oning by solaninc, 

G9:i;i11polso11ingbygtrychni11c,795. 

CnuAA61 Scvenn,708. 

Cnubticalkahcs, Poisoningby,300. 

C1111&lic9i1111Curvy,23S. 

Ca\·cnlou, ~:?-.;!, 775, 7i'l. 

Cnyru<lc, ~5:!!, ~5tl. 

Ca:wuh·icilh, 3-11. 
Ccjka,l18,131,14·t,14S,172,178,186,205,206,21S. 
Ccb111s,108. 

Chalhuid,412. 
Chnh·ct, 135, 174,175, 176, 177,19i,2":n. 

Chanct.,007, 
ChnrCOlt.J,anim:i.l,in 1xii11011ing by atropine, &!Cl; in 

poi!IOnins;bystrychnlne,7!>:'>. 

CAUOT,668, Chnr<:oial, Poi&aningbyvaporof,4G2. 

Cii.tlmium, PolllOningby,5!14 Chan-ct.,ri~.I. 

Cn.lnl>nrben.n In 1>0i"\Onl11g by n.troplnc, &SJ.; in poi· Chat. .. nion,Si·I. 

110nlngby .. trychnine,SOI. Chatin.liOO 

Calabar bron, Pul·onin~ by, li95. Chi:dC\'Cfbne. 383. 
Calliet1,r..<l1. Chtt"<.', l'Oi'!Oningby. 551. 
Calvert, T, Cmce, 00.'l. Chevallier, 2$, !hl!I, S·l9, SH. 
Caincau,121 Chc\·cr111 :s'ormnn,8U2. 

Carneron.~1 2811 288,289,696,703,70.1.750. Chip1K'ndalc.700, 
Cnmman,58. Chlornlhtpoiooningbynloohol,414; in poillOning by 

Ca1nphorin1xil110ningbyn\col1ol,415;inpoisoning Jead,57"J;ill1>0hioningby1iicroto:itin,Sl3;in 
by ~tryclminc, bO'.l, poi'IOning by i<trychnine, 'l"!lf), 

C11m1111,SG8. Chloral hydrate, l'oi&oningby,415, 
Cannnb\11indicn in poi110ning by opium, 876; in poi· Chlorine in 1xih1011i11g by t>lry1:h11ine, 5!)(i; in poison· 

11<mingby11lrychninc,S01. ingby1m\phurcttcdhsdrogcn, '1'J7. 
C11.11~t.n.tt. 12.'.i, 1·\0, 2·17. 

Carbonic oxide, Poilioningby, .J5G. 
C11rlcr,Si3 

Cnrr:igon,&IO. 
C11rrig1111n. f.f.S 

C.irtilage..., 11ffcction~or, in 11C11rvy, 162, 16'l. 

Cnrti,., l:ID. 

Caqpc:r.~,32·1,326,33.1,3G7,368,4S9,496,783. 

Castnld1. G&i. 
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i~§:?~:~·=::~--l§f"""-•B 
CleanHnC11Rinac11rvy,2'.U, 228. Cramcr,Gi2. 

Clemens, Th., 4!U, 400. 497. Cuming, 401, 408. 414. 

Clemenz., D., 417. Cupping, danger~ attending, in bzmophilia, {16. 

Climateinctlologyofscurvy,138, Curan,Waring,415. 

Clo«itt&, FO!l, 8'i'8. Curareinpoiiloning bystrycbni.nc,700. 

Cloei:,478. Curarlnc, Poieoningby,830. 
Clothing. proper, in scurvy, 221. C11rran, 2-t!l, 278. 

Coalc.127. Cyon.3M!,i,'7ti. 

Coalgnl', lnborinmnnufa.cturc ot,lnetiologyof pol- Cystisinc. Poleonlngby,8'22. 

110ningbys11!11hurcttedhydrogcn,4!l3. Cz.crmak,6il, 

Cl.la\:~ ul!Cd for illuminating pur1>0aes, Polaoniog by, DACUEN&T, <llO. 

Coat.cs, Reyncll, 10,34,4.1. 

Cochnne,10. 
Cod·llvcroilinhremophilia.,!Ki. 

Coffcelnpoi110ningbyop:um,8GG. 

Cohn, 6.'ti. 

Cohnhcim.129. 
Colndet,::153. 

Damourelu.'.314,817. 

Danicl,865 
Daniell, Fr.,459. 
Daniclli,688. 
DanilewEky,!307,818. 
Danvin, U.,777. 
DarOCl,708. 

Colchicine, Poi!!Oningby,73-1. Darby,796. 

Coniine, Pol>!Oningby,815. Daub.,387. 

Connective ti~o.uc, allections ot, in morbus macnlosua, Do.vice., Th. Q. D., 790. 

2')S; in9l"urvy,155, 168,183. Davie,10,87. 

Consbruch,8,06,97. Davy.Sll3. 

Convut•ion!llnpoisoning bynnilin,52!1; in pol80ning Da.vy, llumphrey,454. 

byantlmony,621; in poisoning by l'lrf!<mic,&18; OeAhu4.,35'J. 

inpolr.oningl>yatropine,669; inJ>Oi80nlngbybi- Decaisnc,766. 

sulphide of ca.rbon,482; in poisoning bycn.rbolic Dcchl\mbrc, !IS. 

iu:id, i>.'lO; in1>0i~ningby<mrlxrnicoxlde,466; in Defo<;S(l..<i, 6~fl. 

poi110ningby oontine.SHI; in poia<ming byoop- DchaCn,G.54. 

pcr,5!11; in poi;;oning bycy .. ti11inc, 82-1; in poi· Delfort,205. 

eoning by digitalia,710; in polMnlng by ergot, Dellrinmtremen,4f\O. 
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008; inpoi!!<.mingby tunq-i,!UO; In pol"<mingby Oelpcch, 113, 1~2,47S,479.4"0,4S1, 182.<i~,4SI. 

lead, 500, 570, 5l:i2~ in poisoning by mercury, G12; Oelphinine, Po\aoning by, 75i. 

in J>Oisoning by nicotine, 76~; in1)()i110nlng byni- Deml\rquay, 887, 455. 

tro-ben7.in,517;in poiaoningby ph0f;phom11,6'l3; Oeni11, 177. 

inpoiso1t[ng bypicrot.oldn,811; hi pol80ninf{ by l Ocquevanviller,10,35,46. 

~,~:;,::~;:~:~,'.w3:i~~~~~ ~:~:~~:~; ~:~: ~~.~~ 3m\ 8'8, MS. '61 707, 772. 

hydrogen, 495; in pni80nim; by sulphuric acid, Dewar,008. 

3':.?!l; lnpoi&oningbyveratrinc.7.W. Diabetes mellit11s follo\Ving poisoning lly carbonic 

Coopcr,2.'35. 

Cooper, Stuart, 665. 
Copeland,7!)8, 

Copland, 'if,.1. 
Cop11Cr, PoiBonlngby,589. 

Corpcr, 1mlphatoor, in poisoning bJphosphoru~, 641. 

Oorbct,&IB. 

Cosscrat,928,m. 

Di~O!il~. Sec Different Di~ase& 

Diakonow,4~ l87. 
Diet in hromophilla,!16; in rnorbusmacu1 011u11,2i9 , 

inpoiaoningbyl\loohoI,415;inpoilionln;;bY 

mcrcury,fl!S;lnacurvy,218,2'28;artlciesof,and 

badpreparationof,lnetio\ogyofoo1111Cr·poi..oo 

ing,500;inctlologyofscurvy,121i. 
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Diet, PolaoningbylAintedarticle!lof,5.'lS. co.rbon,481; inpol<K1nlnq'bycarbnnlcodde,46S; 
Di·ethclcther, Pol.;;omn.;IJy,+19. inpoboningbycrgol, !JOtl. 
Dicudonn6,2Sd. Earthy salt.ti, Poii;uninglJy,37U, 
Diex,31.rJ. Ea.'>ton,747,750. 
Digel'tion,efl'ectaof11\ooholup<>n,33S. Eberty,$00,897. 
Dlgitalislnhromo11hill!\.97, Ebner, SO-I 
D1g1t.u.H~ in poiMning by aconitine, ~56; in poL'IOning Echtius, 113, 117, 123, 

bynloohol,414. E<lwarde,706. 
Dlgitall~, l'o!-;onh1g by, 700. Egedc, 219. 

~nn Di~<.el, &5. Ei&'nmcngcr, 711l, 727. 
D 1tzcl,!IOJ. Electricity in poisoni ngbyaconitinc,755; in poieon 
Dobie, 7•17, 755. ing by bi~ulphldcorcarbon, 4::W; in poi-oningby 
Dodcui!, 871 carbollcacid,5'l2;in11oill()ni ngbycarb<mlcox::de, 
Dildonacu~. irn. 471 ; in poisoning IJy chloroform, 438; in po1s1.m· 
Doe!linger,817. ingby lead,V75,57\I; lnpoli!oningbymercury, 

Docpp, 12't 619. 
Docp111ng,!J'21. Elsnet1SCr,0,37,4f\G<I, IOO. 
Docring,114,1.~ Emaciation in poboningbyacctic aeld,351; in poi-

Do<:'"lel,·123, fi72,702. 111:mingbyleMl, 5fl5. 
Domic"4:i7,00d,679. Emcticuinpoi!IOning by11.conitlne,751; In poi!<Oning 
Dony:rn,l;l.ld. by arsenic, Wt; in110ll\Onlngbyntropine,6SO;in 
Dor,ti!l9. poisoning byc:i.la.00.r boan,70 1; in poi!IOninttbJ 
Dorn, 7~>8. cieutaviroi;;i., 827; in 110i'IOningbycy11l111ine. 8:."'!i; 
D1,1ugall,John,8't6. in110iso11ing by delphinlne,7S\J; inpoi111mingby 
Dro.chmn11n,G,'H. digit.ilis,719; inpoliOninRbyergvt..902; In poi· 
Dra:;emlorff, f,8f;, GS'i, r._~, 70S, 7'?0, 721. 'r.it, 73'2, 719, soni11g by fnn<;I, !>'21, 915; In 110i..oning by leo•l, 

7·10,741,755.7:i(i,77:J.77-l,775,806,8U7,80S,809, 51.iO; lnpol'IOnlngbynitro·boniin,Gl9;in 1K>i~n · 

820,~0,877,1378,879,880,S&l,88'2. ingbyo11ium,8G5; In poilioning by ph08phoru\ 
Gil; mpoi'IOninr; by pierotoxin,813; in pvi~n-

Drop~y inPo:aonlngbynracnic,655; in poisoning by ing by santonin, 88'.l; In pol<i0ning by llQ\anine, 
mf'rcury,Gl•I. 6'.13: in J>Oii;onini; by stryeh nin!!,7()1; i11poison· 

Dubois, ltJ,41,&S. ini-:byvera.trine, 731. 
Duchek, 112, llS, 122, 121, 1~. 123, 129, 134, 136, 140, Emmert, 501. 

U!, 116, I IS, JG;), 16'1, 165, 16 ;, 172, 175, 187, 190, Emmin)'.!"ho.ns. 45.5, 4'.11. 400. 
]91, 2)0. 20S, 20~~. 2:?(), 221, 2J.i, 331, & l Eneephnlopnth!a Snturnint1, 581. 

Duffiehl, 30~. Eng~lh:i.rdt, 70:1 
Dum(l.ll,760,700. Epilep!<yfollowingpoiaonlngbyl\loohol, 410, 
Dumcri l,367. Erb,5W.r'81 
Dupr6,:JS.1. Erdmann,J.,809, 881. 

Ergot in hremophilio.,!17; inmorbue.macu\()SU&,278; 
Durian, J.,7$2. ini;curvy,235. 
Duroy,383,::ISl,3$5,$,3!15.·117.438. Ergot,Pvisoningby,SOO. 
Du1<t.lilfoFun~, l'oiaoning by,91-t Erhardt, 882. 
Dwcllin~·plac<:11, unhealthy, in etiology or ecurvy, Erlenm<'y('r, 669, 871, 872. 

13;'. E-.chcrich,ts3. 
Dybkow.;ky,713. E,;crin!!, Pvi!<Oning by,695. 
Dy11i•nt.:ryinetiologyof11eurvy, 12'2. 
Dysph:q:Jn m Jl()i!IOning hy alum, 381; in poisoning by E~pagnc, ;JGS, 

ntropin(',CGfi,GG\J:inpoi"<lningbycaustica.nd E11quiro\,407. 

enrbonatcdalkaliC'l,!IDS. Ether,1<ulphurie, Poisonlno;:by, 4-W. 
Dyspnre1in poisoningbychlorine,289. Eth}'lidcnc, b:chlorldt::of, Poi80ningby, '154. 
Dzondi, GOG. EUo\o~y. S('C Difkrcnt. Di'ICR!!CS 

Eugalenu.<i, Scvcrln1111, 11;), 116 

Eu!cnberg. 286, 281, :u1. !38, ,1-l'!,344, 34>. SGO, 402, 

~;~· 4$, 400, '.192, 020, Gi2, 087, 642, 712, 7r.O, 
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~::~g~~~~s~~~~:;.~;~;·~;~;.~~~ ~::~ I ::~t~ .. ·;:~·::~:~. :~····by mlph•relW 

phy11lcal,inctlologyofscurvy,Hl. Fleck,653. 

Eye ~ymptoms In poisoning by aoonitinc, 750, 73:?: In Fleminjl, 673, 675, 747, 749, ~. 8i5 
J>0i1.0ningbyalcoho1,3!>·1,·10:?,410;inpoi'!Oning Fletchcr,5:t3. 
by nri!E"nic, W I ; In polw11i11gbyntro1)!11e, GOO, Flinicr,906. 
66'. li72; in 110\wnlng by barium compound.., Flouren~, 4·12. 
379: ln J)Oiwning by bi~ulphido of carbon, 41'-l; I<'ly-f1111guq, Poisoninf:: by. 9'Y.. 
in pol<i0ning by bromlnr. 81!1; in poisoning by Fretusinut.cro, actionofCrGQ~Upon, 000. 
ca!a.bar bean, GITT; In poi--0ning by cnrbolicacid, l~olkcr, W. ll. , 781. 
r>30;lnpoil;()11i11gbycarboni<'o:<idc,46·1;inpoi- Poltz,129. 
eonlng by chccsc, 552; in poisoning by coniinc, Fons.et1grive.,,3G4. 
816; In 11olsonin.1t by cnrnrlnc, S.32; In poisoning l~ontana, N., ll2 
by cy11l\ginc, 8:?·1; in poi!IOnlng by (\Ji;it:tH~, 710; in Fordyce, ti, 8, lJ.I, 100. 
J>Ol'IOning by ergot, 8!)3, !1()8: in 1>ui,onim; by fi1;h, Forc~t. 735, 7~6. 
5',(); in poi.oning by hcllcb,Jrin,71:!: m J>Oi!!On- Folhcrgill,415. 
lni;byioline,30J; in11oh1oningbylcad,5S2;in Foumct.,:>Oil. 
po\son!11g by m1111ear\ne, U.'l!: 111 poisoning by Foville,A.,400,407. 

nilroben:dn,517;in1>0Cli0ningbynitr0<.;lycerine, Fr:ws,li!>"l. 
5.11; lnpolsoningbyopium,R".O; in poisoning by Fraser,677,691i,G!n',6!JS,699,702. 
pniAAIC acid, 501): ln po!!lanin~ by ~antonin, 883; Prnzer, (i.i) l . 
In poiMning by solaninc, 6!)1, li'J3; i n poieon- Preu~bcrg. A., 788. 
lnq- hy~u~i.gc,511; inJ>0f...oning bylitrychninc, FrieJbcrg,451.i.458,4G7,,16~470, 411, 472. 
'IM!,790;in1>0i11011ingbyvcnitrinc,7$;inscur· Frifficl,ll:!,205,206 
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)lannkopf,32-l,3'!5,331,33'.l.636,6'J7,719,776. 
Manns,$8!) 

Manouvriez.,664. 

1llaredl11"-, 108. 

Maycn~n.!';!11,002. 

Mnycr,r.'0,621. 
:MayC'r, Hcinrich,358,786. 

Mayt'r,S.,787,7~1 900. 

)iaycrhofcor,li20. 

llazcl,70i'l,710. 

M'Cormack,Gtll. 

Mcl'herson,7'J0,858. 
Meacl,llG. 

:0.I!!<:k<'l,GI. 

lieikl(',John,802. 

Mein,661. 

Meincl,9,44,50,61,100. 
Mclicr,7W. 

M hon.349. 

h)drochloricncid,339; poi,;oningby 
303;inpo1110ningbyniootinc,77l;inpoiooning 
bymtrnteofsil\cr,(i:>0;1nPOi1-0nh1gby 1lhopho
ru~,1m; in 1X>isoningby potn$1inm nitmtc. :.\75; 
in poi.'IOmng by enusage, 5-11 ; in 1JOl&0ni11g by ~ul

phuric ncid,~4; inpoisonin~ by,·crnuinl',7':!6; 
in 1JOi60ning by zinc, 500: in scuny,HT,l'iO, 
18(); scrum•, 11ff('('tions of, in morbus mu.culo~u~, 

25-l:inRCurvy,Hil. 

Mcndcl,3!)4. 
llcnstmatiou,dii;(ordl'ntOf. in IJOi..011i11gbybisnl11hide 

ofc11rbon,452;inpolsoningbyiCM1inf',:;()5. 
Mcnt.aldf'prc,;:,ioninctiologyof&cuny,Hl. 

l l f'rcicr,30.J. 
llc1·ck, G., 722, 723. 

:\lick11itz.370,372,377. 

Micturitlon,dimcult,inpolsoningbyn.tropine,600. 
Mi;;:-not,218. 
l!i]1111Cl>i,295. 

Miling,35. 

Milkinpoi...onh1gbyn.ntlmony,62-.I ; in poisoning by 

nr ;;cnic,G5l:inpolfl0nl11gbyk11.d,MIJ:inpoil!On· 
lni:; bymcrcury,6{);); l111>0!&0ningbysilvcr,(il) l ; 
inpoi110ningbyzinc,GOO. 

Milmnn,125, 
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Mining.111.borat,inctiologyo( poi.sooingbyaulphur- MUUcnbecher,83. 
cttcdhyJrogcn,•100. 

Miqucl,!JH.WJ. 

llitchcll,S.Wcir,SG!l,871. 

llit!iChcrlich,34$.,&:.o,3'J7,!¥.k!,G;;0,637. 
Modcl,S.17,b.'">5, 

Mocllcnbrot.'Ck,llG. 

N:unia", "i61. 

Na&se,:J,10, 12,16,20,30,6-t. 
Naso.e,O.,'ilG,'ili!J. ii0,035,800. 
Nationalitymc:t1ologyufha:mi.philio.,S1. 
NatiYell<·,7UG,'ioi. 

M11!.as.;es,1n:m11fact11rcof,inctiologyof poisoning by Nau;;ca.nt<1111ham1ophilia,tr. 
Bnlplmrcttcdhydrogo.:n,4!13. NaunynonPOib()Uingbyllcavy.Mtt.als,56'1'. 

Molitor, l~l7. Ncga,818. 
Moogc,Sn. 

Morchou--c,O. R.,86!1,51'1. 
!f.>rel.IM~, U.....;(). 

M•>rg:m, J:31,GW. 

)[vris...e,li'i2. 

)[::irphinc, Pol;;oningby,S.11. 

)[orri;<,Th.,1100. 
J.[Or"SQll1 7·11'i!Af. 
Mortatityi11h1hnlnllono£chlorororm,425. 

11.lu~ler, 208, 512, 5:1'2, G2a. 

MQ"-iOp,314. 

Mouldy fungi, Polaoningby.9-lO. 
.Monton,3':'5. 

Ncligrm,:ml,815,817. 

NcrvOU8B)SU!111,affcct10118 of, In hccmo1Jhilia,5!1; in 

µoi&Jning by acetic l\Cl\1, :HU; In 1>0lsoninl{ Uy 

alcohol,3!>-l,'IO:l,40!l; i11puii;o11lng byarnmonia, 
111poisouingbyanilin,52a;inpoi'>()nlngby 

G-l::!,·6;;.J;ln1>0L-onlngbyalropi11c.liti6. 

GGS, in poi-.onlng by bnrium cum1)()ur1ds, 

37S;inpol110ni11gbybiisulphi(]cofcarbon,.J7\)1 

481; inµli..onim; b)'brom!nc,lll8; In poi.wnmg 

bycarbolh.: acid, 530; In poi>-Onmg by carbonic 

acid,,li5;invoL;oningbyca.rbonicoxidc,·165, 

468; in1>0i!'Uni11~bychce-e,W2; lu1'.IOi,u11i11gby 

chlorn\hyJrale,.J•b: i11jl0i11Unlngb)·chloroform, 

431:i111>0isoni11gbycic11tAviroM,b:.'l7;inpoL;on· 

iugbycolchicmc,iJG,id7; lnpouwningbyconi
ine, 816; in 1><>ill0111n~ bycop1)Cr, 5\ll; in voi,i,o11-

ing l.>y curnnnc, 8:J1; in ))()il!Onlng by cy,,ti~lne, 

S.23;inpoil!011i11gbydlglU.li.s,1'10; l111)()L;o11ing 

by ergot., 800., OO!i, 915; in 1><>h10ni11g by ether, 

442; in J>Oi..onlng by fi~h, 5&I; In poll!Oning by 

Mucllecr,4!!!.l,5Hi.MG,53S,539,511J,511,542,5~5,5.J6 fmq-i,9-21.1, !JIO; lnpoif,(:mlng byhcllcborin,7·12; 
G58. in1>oisoningbylC1•d,r>i0,581;inpoi><-0ningby 

mercury, 611; In JlO\'l(Jnh!g hynicotlnc,76:1; in 

poisoning by nitro-bcm:in. 517:\n ]'KliBOninghy 

opimn,~1:1.S."i<i: inpoiwmim::rbyoxntlcncid,351; 

in poio0nin~byph0>ophoru"', &tl; in poi!!Oningby 
MurJ()Ck, ~ii. potnf'~hun nitn1lC, :;7::;; in poi110ning by pni">'ic 
Murray, JO aci11,50<;?,SO!); inpo!E<OningbyAAntonin,f,."i.l:in 

Murrnr. J., 78':?. 865. poi'IOning by sau'l.'lg~", !il2: in !Yll~onlnl'.! hy ~ih-cr, 
Mu.scurinc, l'ol~oni11!;:'by,9':?6. f,9!l; in poisoning by ~lnnln~, G!ll, lifl.1: in poi· 
Mu.:schet,W.Boyd,MI. ~ningbyRnlphurctt.edhydrogen,.J!•t1; mpoison-
?.luo;culiir apparntu~, affections of, in hremophilin, 59: ing by ~ulphuric acid, ~O; in pol&o11iug by ,·em-

in morh11s maculobu11, 2JS; iu 1'10isoningbyaoo11i- trine.728. 
tine, 'r·l~l; in 1>0i&0nlng by alcohol, 39.J; in poison- Neubert, !1C3. 
lngbyatropinc,fiW: in ))()ill'lning bybisulphide ~('Umann.23.J,320,321,35!1,413. 

of<:arbon,.JSl; in1>0iwnim;bycalabnrbcan.G!IT: 
inpoisoningbycarbonicoxidc,4GS;inpoi!l()nini; 
by ooniinc, 816; in poi11011ing bycurnrinc,S::t!:IN;oot;no.l'o;~nln<by. 

h~ poi110nlng by lend. 567, 57:>, 576; in poh1oning 
bymC'reury,612: ln1>0l110ninA"hYJlhOf'Jlhon1!1.G36: IN;'"' Pn;,.,; .. ,.,. 

inpoililmlng bJ picrotoxln,bll; in J)()boning 1.>ylN;t,o-b<n>;n. r•o;~n;ngbJ""3. 
Jl0t.:l."'i11mnitrutc,:J7J: In 1>01ROning bys,1usngc, 
5.J3;in1>01son!ngbyvcratrinc,1'2G;ini«:urvy, 

1"'5,tU!l,180. Nivet,7:.!-J. 
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Nobiling,G21).623. 

Norrig,&53. 

Nothnugd,::!69. 

No>'elliR, 137. 
Nu,;t.baum,b53. 
N.itr1lio11ofbody,dhJ.urbancesof,lnBCurvy, 146. 
NuxvomicninpoiBOningbyaoonitinc,755. 
Ny..tl'n,&1;?,300,456,<kiS. 
NyoiLrocm,sa:i,534. 

Omms1En,3S7. 
O'Dricn,l;!li. 

\npoil'OningbyhyclrochloricflCM,:J:ID: inpo\<on

ing by hy<l rollnoric nciJ. 3-1-1.; in pohonmg by 

lodinc,!..()O;lnpoii10nlngbylcn<l,OOU,5'i0,:17-I.; 
in poirouing l>y mercury, ii04. G11,iil3; in 11oi
s,>11ing by nitro-glyecrine, O:H; in poh;oningby 
phO'i'boruo;, ti32; in1X1i&o11in'! by potassium ni· 

tratc.,:J74;ir1poii;oningbysolnninc,G!ll;in1Kli
soni11g by ~ulJJhuric acid, 329; in poi~ning by 
\·cni.trine,72 1: inpou1oni11gbytinc,697 ;m 
scurvy,144. 

Pallas.:;QS. 

Palm, SH. 
P.rncren~, n!Iectionsof, in scurvy, 172. 
Pander, ':"05. 

""'"'''h"""'•"''''""'"'·''""win•gJ~ironin:•bY<•U.· Panum,471. 
l)a1mcnhcim.G:l2,G52,G5S. 

Octtini,,'<!n, ti(i7. Paralysis in poi'<Onlng by nr!\Cnic, G·H>. 654; in poi~on· 
O'Pam:ll, 7!18. l11gbycoppcr,Ci9J: in poisoning by lend, 576; in 
Ogle,John,874. poisoning b)' mercury,G13: in polsoniugby sul-
Oi,,"llton,M0,5 .. :N, phuricncid,:133. 
01i>'ier,b55,8T7. Pnrisot, •117. 
Ollh-lcr,:.lQ:->.514.522,940. Parker,as:J,387.~ 

Ommm,352,871.i,513.,53-1. Pa1"30ns,Gi0,G::)J. 

Opitz, 118, 137, 145, 163, 165, 167, 172, 113, 174, 175, I I'athol.ogy. fke Ditrercnt Dir.easca, 
I';"G,t'i'7,179,2UG,236. rauJ,;:1:.tS.~"9. 

Opium in poisoning byalcohol,411; In poiwning by Pa11lu11,53!). 

atropine, GSI, GS3; in polsonmg by colchicine, Peche)',2:~. 

739; in poisoning bycysti!Jne, b'26; in poisoning Pt..-ddic, 400. 
by \cn,I, 613; In poisoning by nicotine, 772; in Peliknn,713,785, 8\1. 
poisoning b)' J>icrotoxiu, 813; in poL~niug by Pcllarin,7t-O. 
strychninc,7!n. 

01ilum. Pouoningby,8-11 
0J)IXll:oor,591,5!>':?,593,':f2. 
O'Reilly, Th., 77!1, 801. 

Orfila, ~WT, 32·1, :i.:~s. :j,m. 3fiS., 3...(1(1, 485. 506, 5!31 , 593, 
50 I, 5!ll~, G:?-1, G·?7, GGJ, GSG, 757, 877. 

Osborne, 10 

0,;er,76.<J,770,S!Y.1. 
Otto,8, 19,20,;;0,35,45,4G,73,SG,100,G45,G78,G87, 

721,EOS, Perier,708. 
Pcriostcum,nftcctionsof,h1scurvy,1G2. 170, 154. 
Peritoneum,nfrcctionsof,in morbu11 maculv1>us.2:H; 

OvC"rbcek.60'2. 00::0, GOO. 6-07, 614. 
Owi<jnnn!koff,A.,548,5'19. 

Ot.'\uam,121,417. inscur>'y,m 

Perls,G39. 
l'&GF.T,!;61,GG9,72-l, 726. PC"ronne,3-3. 
l'sininmorbmmaculoens,252; inpni110ningbya.cet- Peroud, G62. 

le nc1d, !:60; in J)()isonlng by alkalies, caustic Perrin,3SJ,3Si,355,3S7,3!'15, 417,4.'38,513. 
l\ndmrbonmlctl,;;G1; in JXlil'Oning byRlum,3$1 ; Pcrsonne, 4-IG. 
In polFOnlng by ammonia. :'G2; in poibOningby Pcttcnkofcr,5!15 
antimony. 621: in JJoOisoning by barium com- Peugnct, E.,72-1. 
poundR,378; in JXliF.Oning by m labnrbcan. fi97; Pnueger, !}S!J, 474, 714 
in poisoning by earl.IOlic acid, 510; in J)Oi;;oning Phnryngenl muscle", want of reflex action in, in poi· 
bych('('<.e, 652; in poi!<onlngby chlorine, 289; in soningby bromine', 31!1 
)Xlisoningby clcuta \•iroAA,827 ; in poi110ningby Phelp!>.,'iHS. 
colch!cinC',735; in pol110ni11g hy co11ih1C',h15;i11 Phenyl, hydmtcof, Poisonlng\/y,524. 
JXliaonlng by ergot, 007; in 1X1!:10ning by fi~h, 550; l'll ip110n, l~. L., 800, 
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Pl\O'lphnk-11lnroir.onlnp;bylcad,G60. 

Ph0!0fhon1'lin pol..,nin>:"bybU.ul11nidcofcarbon,4St 
PhOJ1;phoru'\ Pol>;<1nlngby,ti2'J. 

Phthl~is, a oomplkntion or poi-ionlng by ar-<'nic, w.s; 
ofpoisoningbylcad,567;ofpoiaoning-l.lymcrcu
rr.GI.O 

l'hy»0~ti{:"mi11e, Poi!!Oningby. 69:;. 

Picon. Lcil:l.~l', b:?"i!. 
Picroto:i:in, Poi..;onlngby,010. 
l'i1h\nk,'i7d,h02. 

l'ictrow~ki, 3.52. 

l ' illwa.-t,'i91:l. 

Pll'nru. affections of, 1n morbus macnlosu~. 25-1: in 

:i.~~ning by \ead,567; in 11Curvy, 161, 171, 150, 

Pliny, 108. 

l'neumonin.acompllcntlon of poisoning by carbonic 

oxitle,467; ofpoisoningbylcad,56i; ofscun·y, 

2ll3. 
PockeJi;.,'.)1)6. 

Podcopncw,372. 

Podolin~ki, 437. 
P()bons, 2t>S; 

PorsosrsoeYMETALLOlDS,285; Pofi/01li11abvVlllo

'·1wi, 2:i5; Pu~o11(11!J b11 lodllu, 200; PolJJ011i11g 

byBroml1u,3\.6 

MtSERAL ACID$, 

Pol1'<ml1t(J by Oviflc Acid, 351. 
Po1sos1:w JlY ALKALIES, LARTllS, ASD TllElR 

S,u:rs, 355; PflWJn(ll(J by Ammmua a11d Sal 
Ammo11fac, 355; Potaoll{1t!J 011 Caiatlc a11d Car

bonaud AIJ.auu, :JG6; PoiMmln(J bv Salta ()f ti~ 

AIJ.:afi« aiW Eartha, 370; Polavning by Darwm 

ComPQUlltU,375; l'ol.4011fngb11Al11m,379. 

POISOl'l'ISG llY AN£>t7RE'I'IC8 ASD OTHER Po1sos
ot:s C.1.RBO)( COXPOUND8. 382: PViaVllill(l by Al

cvhvt, 3$2: l'ul-1011l11{1bvClllorofvrm, 416; Pof

ao11i1tgbyE1htr,·l-39; Po18<ml1•ubyCll/vral llv

dratt, ·14S: PoiMJ1tl11g bv Amylt11e, 45-'1: PQf1011-
fn(J b!I JJlchlorfdt. of .lful1vlt11t,4S'l; Polao11l11g 

llTJEtlly/idt.nt,·151; Pol11011lngbyNftrouJJOXldt, 

454; p.,fsv1lln{JbV Carbo11lc O:cldt., 45!i:.Pvlami

flt(lbV Carbo11lc Add, 472; Po1arm{nql>y.Blaul

]}hide of Cariv11, 477 ; Pv1~011ll1(} by Su/p!mrtttta 

11vdi·u3tll,4SI; 1•.,111rml11{/ bvl'r11aatcJlct<1 aud 

VOL. XYII.-61 

Allltd S11bskl1vo. 4!B; Pol~vnlnq b11 Btn:ri11, 

512; Polt.11lngby;.\-.tro-l>tn~i11.513; Poi11onl>1!J 

bv A11ll411 aiit.1 .11111111 Dvt,, 619; Pvhlmd11Q £11 

Carbo11ic .lciJ, 6~; Pulacmlng bv l'fltrV·G/l/f't
rine, 53-l, 

POLSON ISO BY TAISTE.t> AnTJC'LEK OF DIET, !).~; 

Sau$09t-POl4Q11111g, 5.33; Po/¥J/UJUB F'-'11, 5H; 

Po1sos1NOBYTUEll1tAvvMETALS,5S7;/~ffd-Pol· 

ao11iny, 537; biblioi;rn11hy,W7; dHc<:tionof lhe 

oom1>0tmd.soflc!ldintheanlr11nlfluld .. llndtis.;11c~ 

5.'!8;a.cutell'ad·Pol110n\ng,55S;chronlclen.t-poi
soning. 5tiO; genera.I de,:icrivtion or chronic lc~d

J>0i:so11i11!l', 555; trl'nlmcnt or ll'ad-poi!!Onlr.g in 

gcnernl,OO!l;leadoollc.,r1'iO;orthrnlp-ias:1.tur

ninn, 57-1; lend 1mrn!y~i!'I, 676: cnct·phalo\lnthia 

sat11rnina..5Sl;thcoryofthcnctionoflcndnnd 

of lead-poisoning, 5b3; Cvp1>tr·l'uhv11111u, 55~; 

bibliography, 5b~; llCUll' co1,per-pai,...m:nJ:", l)()J; 

chTonic coppcr-poi..;oniog. G~2; Zinc- and Cad
mi1rni,.P()bW1Jl11(J. 09~; bibl!ogrnphy, G~ll; ncutc 

:i.inc-poisvnin!!",5!•5:clnunlc:tlne-poilillning,i;!Yi; 
Silcer-rotaoni11g, J!f.I; bib:iogra11hy, 5~ifJ; acuw 

nndchronic1>0Lioning,J~:treatmcnt,OOl:.Jftr

curfal P1Jhv1d11g, 601; bibliogra11hy. GUI; the 

corrosivcnctivn of mercurinl pre11nrntions 11110n 

theint.e<:tinal trnct,00:3; mercuru1l 110i'IOningby 

po11111l8 Pvtao11111u bv TlmW11m, 

G2S: I'ofi/V11lnf}byOamlcAcl1t,G21; Ph1N1pl1onu

Po/Mmf11a. G29; blblio~nphy,li'.?'J: ac11teph011-
phorwrpoiaoning, r~·u: treatment, fHI: chronic 

phO'lphorus-poi~ning.612; Pvl•oni11gb11Ar.re11lc 

antlArat11f11rtlltdllvdrogt11,(i.ll;bibli01?raphy, 

64.J: ncmenrscuic-poi'<Onin~,(i.lS;chronicnrsenic

po;svnini:;:. W2. 
VEGETABLEPOISOSS, liGI; Pv111vning 1c{th Atrn

plnt,IJGJ; etio\O(l'y,f.GI; nRturen.nrlrour'ICofthe 

illncss,OOJ;analrsi11of11ym11tvml'.,r.'il;1linp;nOl!ill, 
GiS: treatment,Gl-0: chnngl'l!whichntroplneun 

dcrgocs in the bodies or men am\ nnlmn\11.and 

te"'8 for atropine, GSC.; llvorvt1m11~ J'f1{11(}11i11(J, 

""' 
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ment.,70-1; chn.nqr-swhich11hp:ostigmine 11n1ler
g.- in lhC bodi"" of nuima! •. :11111le~t;.,705; Put 

6<111t11!JbVIJi{lll"li~.7UH; cuo!~y,708; t-ymptoms 

andoo11r!!t:,'iU'J;di1&;;noi;.i.sa11dprognosil;..7lb: 
tre.1tmcnt, 7HI; changC'I which di;,<ita.lis under· 
goes in the ori;nni.•m,nnd Wts,7:fil; Pol11<ml11g 

b!J i ·trw:riiu, 'iZ.l; etiology, 72.'l; 11ymplo1ns n11d 
cour;c,721;dingnoi-111,7:,0;prognosisa11dtrca.t 

mcnt.'T.Jl; chnnge11whichvcrntrineundcrgoesin 
the i;y~a.cm, 731 ; chcmkal tc~ts, 1:ti; Po'8o11i11!J 

'£"Wt Colcl1iclllr, 7:;.1; etiolo.;y, 73'1; i;ymptoms 
andoonri:IC,7·15;dlngn%is,737;prognosis,7JS; 

trcntmcnt,730; clmnge>1which ookhici11eunder

g()('Sinthebodle11of1111imals,TJ!I; chemicaltCiits, 

7-10;1-'oiao1i/11!Jvllti.IIel/eborl11rmdllelleboret11, 

711; 1:1ym1Jtom~, 7·1:.!; POl1Ju11it1(1 toUA 

s:mtonin und<?r1l'Ol!8inthoorgllni<1m,SS'l; chemi

cal tc~te. o!Kl; Pot1JQ11l11!1 &v Eryr>t, 890; acute 

er.;ot-poi•oning, S~l; etiology, b!rl; l!ymptom~, 

800; dia~no~i ... 11ro<.,'11tll'ill, and treatment, 902; 

changCilwhich ergOt undergoe11 in the org1mi~m., 

a.ndchcmicalw~!)()-l;s1>1N11odicergotism,904; 

etiology, 9.11: .sym11tum», UJl.i; dia;nosis, 910; 
Jll"Of.;T\O.i~ nn<I treatment, !!JI; change& which 

ergotun!lcrgoesintheorganil'm,912;chemlcal 

tests,U13;1;angrc11ouiergotism,!J1'l;etiology 
and symptoms, !lJG; dia~"!l()t;is, !)JS; prognosis 
nnd treatment, !119; PU111011i11y by Pohmwm1 

or anirnnls, and chemical test'!, 75J; Poiso11i11u 

wW1 Dtlplt/1dne, i1.i7; gencml det1Cription, i57; f1myf, rll:?: clll,t-'Ue/1mul. !l-M. 
P;,t,on/11!J utlh .YtcoUw•, 'i5'J; etiology, 7UO; Pokrowsky, 4:;.._'\ 459, -100, -lti7, G.26. 
i;ym11tom;nmlcourse.'i6I: diagnosl;t,771; prog- Poljma,805. 
11ooi.., 772: treatm('nt,772; changes which nioo- Pollnck,liGI. 

tine 11mlerg~ in the org1111lsm, 773; chemical Poll:ik, 8Zl 
tC!;L•,ii-1: Potao11111vbvSirvchnf11e, 775: ctiolo- Polleck,<163,493. 
fn', 716: sym1iton111 and cour,;e, iSO; diagno~i\ Poma, A11gclo, 868. 
791; 11rogno~il•, 7!1.1; treatment., 7'JI; changC!S delaPommernis,7011,72'2. 
Nhich F-tryclminc nndergoe.~intheorgn11iqm,806; Ponflck, :'?S!l. 
chemical te.~ts.807; Pot11011f1111 u:ith Br1tN11e, 810; PoJJham, Joh11, 822. 

Poi.8o11(11g wttl1 PirrQfQ~iu, 810; etiology, SlO; l'orta,4.J5.4,lli, 4.19, 
dlagnosi~ and J}l'Qgno.-i~ 812; treatment, 813; Potain, 365. 

chemic:il te~t... nnd chnnges which the 1>0i110n un-1 P°'""h. ""'""• in ~>ioonlng by ""OJ>ino, !l80. 

dcrgocs in the orgnnlllm, 818; Pot11011111u wlllt I YW•-, '""'°'• >n '"''"''• "'"· 
CQ111t11e, Sl l : et!ology, 814; symptoms and 

coul'SC',815;dingu011isnnd11ro.;nosis,SJ!);treat-

111ent,820; change-1whlch ooniine undergoes in Potaseiu111bromlde,Polsoningby,306 

the sy~tcm. and chemlml tci<t.R, S:ZO: Poiao111110 Potllll8ium cyanide, Poi8011ing by, 507. 

!rla; 

bu Cuail~il1e, 821; etiology, 82'.?; MYlll\ltoms nncl Potassium, iodide of, In IXlisonlng by antimony, 621; 

conrRC, S21: flingt10,1~, 8'.15; prognosis nnd treat- in JX1io;0ning bynnienlc, G58; in JXlisoning by lead, 

ment,&.!6: chnnge~whlchcystiqine undergoes in 568,57'J; inpoi!'Oning bymereury,6Hl;i1ulph11te 
theorgani11m,!:!27; Po/Sfl11l11gtJvCtc11ta VlrOM1, of,inpolsoningbylca1l,rxi0. 

etc., 8'l7; sym1>t.om~ 627; treatment, 828; Pol- Potnsi:;ium iodide, PQiti0ni11g by. 290. 

•0111110 tJy Curarl11e, S2'J: ctiol~, 830; symp- Potassium, Poisoning by 1111.lts of, 366. 
Wml and counie, ~l : rli.1~o~is. prognoei.s, and Pouchct, 937. 

trl!."ltmeont,S.'17; chnngeswhic:h curare nndergoe!> Poui:iart, 123. 

i11 tne orga11t~m, S;JS; chemical tewi, 840; Poi- van Prang, U>onidas, G!}'l, 726, 728, 752, 758, 775, 818 
1oni11(} bfJ Opium atul Jlorpld11e, SU; etiology, Pr0vO'!t, !132. 
S.04 ; symptomsnndoottreeinthell.C".iteform.S.m; Preyer,4b6,487,500.50t,502, G03, 504,505,509,511, 
chronic JlOL~ning, MS; dlagnosi11 Bild )Jrognosi~. 6.~. GS:I, sao, 831, S.'36. 
861; trentmrntofacutcpoisoning,865; of chronic Pringle, lG.'t 

l>Olsoning, k75; chan~• whtch 011ium and mor- Pritchnrd, 747, 
11hlnc 1mtlc>rgo in the orgnnl&m, 877; chemical Proctol',a::m. 

tc'l-1.8,880; P11/.to11t11f1/JvSc111tont11,882; etiology, Prognosis. SeeDUtereutDlaeaaea. 

=~n:~i:Jl:i; ;;~~t:~::·~~; c~~=~si:I~:: I ~~:~·, : .. 
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Pnch<:tcln,005.006. pois<>ningbymercur1·,004; lnpoisonini::bynico-
Pucznit!w11ky, Gt)t}. tine, 7fi8: In pol'IOning bynitro-benz;in,518; In 
Puleeinpoi.rJOningbynloohol,3'll;inpoisoningby pokloningbynitro-glycerino,:'>.'M;inpoisnningby 

nlum, 381; In poli;onin1: by ummonia,3511,36-1; opiu1u,S50,8i5; hl1>06oning!Jypkrotnxin,81l; 
lnpoh1onlngbynnllin,5l:l; In pol110ningbyatro- inpoi>10ningbypo lumnitrate,371; inpois.on-
pine, (i(j(j; in poil!oning by bromine, 3'~'0; in poi- ingbyprnAAlcacid,502; inpoil'Oningby11antonin, 
&mingbycalabnrbel\n,698; inpoiaoningbycar- 885; inpoisonln,;by!l!l11sagc,5-l2; hlpoi..onini; 
bn11icar.id,475; in J)(.oitoning bycarbonlco:.:i<lc

1 
by110lanin~G!ll; inpoieoningbylrtrychnine,11-2; 

<158,407; in pol!lllnlng bychlom\ hydrnte,450; in poisoningby1ul11hurctted h)·drogen,-1!1-l;in 
ln1>D11K>uii1g by chloroform, ·121; in poiflDning by polsonlngbysu1phurica.eid, 330; In pui~oningb_v 
curarine,!):H: hl polllllning by dlgit.al!11,7tO; in sulphurlcether,·H2; In polflOn\ng by,·erntrin,.., 
l>Di&Oning by ergot, 8!).1: in polsoningbycthcr, 72-1,72!.l;inecurvy,HG; alfectiomororgnns1.1f, 
442;inpol'IOnlngbylodlnc,::OO;lnpoisnnlng inpoisnningbychlorine,t87;1n1>0i'!Onir.gby 
by lead, Gf'5, 572: [n 1>0i110ning by nltro-bentin, nitric acid, 31:J; in poisoning by !!lllJ1hurousac1d, 
51S:inpol'l-Oningbynitrn-glyccrine,534;inpol- 345;nrtillcial,in1iolsnn!ngbyc..-u.lnbnrbcfln,'iU·I; 
sonlngbyopinm,~,875;illpoleoningbyphos- inpolsoni11gbycarbol!cacld,5:l2; in poisoning 
phorus, U.13; in pol~oning by 1iotaf!<>iu1n nitrate, by carbonic oxide, •171; in pn;&•ming bychloro-
371; 111 poi11Dnlng by prU1•Rlc acid, 5f4, 5IO; in for:n.4-18; tnpo\<1Dnlngbycnnllne,821./;lnpoi-
pnil!Oningby11.'lul!o'lge,544;1n poi11Dningbysnln- snningby cystisinc,t:lW; in poisoning bynitro-
11in1', 601; in \IOianning by strychnine, 782; in bent.in, 51\.1: in poil!Onin~ byo11lum, 867: lnpoi-
poh1oni11gbysulphuretted hyclrogen, 48Et, 495; in soning by pot.a&;ium nltratc,375; in poisoning 
poisoning by ~ulphuric acid, 3-'iO; h; poisoning by by pn1ssic acid, 511; In poi11Dning by 611.nLmin, 
verntrlne,72-l;inscurvy,14(i. 88!.l;lnpoieonlngbyt<lrychnlne,SQ.1;1npo\60n-

Purpura Hemorrhngica. See under Morbus Macu!o- lng by sulphurcLtcd hydrogen, <197. 

QUEVEJl'SE,706,707,7"ll. 
Qul11inelnmorbusmnculOl'U!l,!!SO; inscurvy,234. 

RADUTEAU, 2%, 312, 31~, 387,628 
Raceinetiolngyofhremo11hHia,31, 

RndJCW~ky, 440, 418. 
Rank,.., J.,80·1. 

Unnvlcr,208. 

Ruve,8. 

Rayer, 258,400, 

Raymond,62'J. 

Roosc,870. 
Heid, A., 777, 

Rcirncr,451. 

llcmert,26,50,'i"J,91,98. 
Heitz;,358. 

Reullng,817. 

Reumont,269. 
Rheumatic nllections as complication& of hrmophilia., 

57; ofmorbu11macnlo!!us,202,2fi.i. 
Richa.Wson,4-U,·146,453. 
Hichet,r.62. 

Hichtcr,R.,787,ll00,893,901. 

Ricord,303,305. 
Ricquct.,380,381. 
Riegel,387. 

Rickcn.!l,35,36,37,00, 100. 

Riekhcr,SlD. 
ltiemer,601. 
Ilic11de1·hol?,886,888. 

Ric~ 6.14,G::G,638,640. 
Rilliet, 2-'9. 
Ringcr,Sidncy,fr67,G79. 
Ritter,45,447,773. 

Roberts.700. 

Rc1nak,Em&t,577. Rnchonx,136. 
Rc~pirn.tion In J>nl!'Onlng by n.conitine, 7-1!.l, 75'.!; in Rodet., 300. 

poij011ingbynmmonla,3.':i7,362; inPoi110ning by Rodicr, 174,175, 17G,177. 

~~1::~~~~ ~; ~:~:i:i:;~ :: ;::~~:•78~ 61:!~ ::~ (:~~: :: 811, 812. 

::~:go:~d::~:1~nnc;~~~~~g1~::~::~!;:::: ==~~n:k, 113. 

:~:; b~n =~~::::. ;:~ ~hl~~:~:~~I: ;b; ;:ii::: =~ ~=: 
Slli,818; In JlOl!lllnlnr; hy c11rl\rlne,8.'Jt; inpoi-1 RohUs.273. 

:~:~:~;·::.,'::~r:~=~~~=r:;:~F.~ ::l:.'~~ ~ ~ m,s01, ~005,886,887, 
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=::~~::·::· 484, 485, 4-~, <IS.C:, 765. i6!l, iiO, 775, [ ::=.r~7~· 
SQ.I Schmidt,3:1,56,646,65.5,686,S.lR,881,884,595. 

ROl>.~,s.21. Schm1etlcberg, 418, 419, 410, bl.t,707, SO'J, 9'lti, 9'27, 

noe..~1x1ch,G'l2.674,GS2,700,702,703,73i,776,~. 9:J0,933..936,937,93'J. 

871,ti!.IJ,SX. Schncidcr,55, 175,176,177, 179,602,663,763. 

Rossignol,002 Schncllcr,66.';,745,7-17,'i4!:1, 8H>,81G. 

Rottwil, 123, 124. Schuitzlcr,5fll. 

R-Ouge,:1.12. Schoe11bein,502. 

H.ou~in, ;.1!)1,29'.l,·M6,506,507,7'2·?,77j. Schocnbrod,5Gl. 
10. Schocnlcin,9,12,30,47,63,54,247. 

nush,S. 
nu;;i;ulaintcgrn.,Polsoningby,!J.il. 

dcltu)'lCr,Gbti. 

SABADILLlSZ, Poisoning by, 733. 

Sal>adinl!,l'oisoningby,733 
Saccharntcdlimcinpoiwningbycarbolicacid,532. 

Saiblfchmcd,314. 

Saikow,,.ki,616,62.1,656. 

Sni&On,31•1. 

S.'\IAmmonlac,l'oil!Oningby,255. 
t>alivationinpoi!IOningbymcrcury,611. 

Snlkow"k)', l!)l, 100,::000,526, 527,5:!8. 

S:t.ltcr,Gl. 

S1lv1\tori,407. 
Salzcr,817. 

Samson, 11 8,Hi5, 172,18G,187,Z:4. 

S:mdcr,401. 

Sandra-<i,&s.1,Mi-1. 

Sandwcil,G28. 

81ut.'!Om,'118,•1W,427,42S,429,430,4'M,439, 

S:i.ntonin,Pu!sonln!lby,8$2. 

&rtiShOn.2!l3,2!Yi,304. 

SMt!M!liinF.ky,~1,700. 

Soucrkrantlnscnrvy,21!1. 

S.msai:;-c, Poisoningby.S.15. 

dcSa.vlgnnc, Dcho11~. 361. 

Scha.cfc-r,4!l,100,C5(i. 

Schaper,f..55. 

Schcby·Buch,247,2-i8,25G,2G5,269. 

Sch<'elc.507. 

SchcinCi'l'!On,421. 

Schcll,ll.S .. b13. 

Schel~kc, &.1ti. 

Schcnk,517,518. 

Schiffcr,356,475. 
Sch!e11icr, 827. 

Schlc1;!111;cr,390,899. 

Schlicnmnn,63.S.1,56,Gl . 

Schl()('AAinJ!,761.l. 

Sch!oi;sbcrgcr1 5:J7,921. 

Schorns,939. 

Schottcn.700. 

Schoutcn,31l,3H. 

Schoutetwn,Hl7. 

''011Schrnud,F.,121. 

Schmnt,123. 

Schn'y,19. 
Schrotf,G46,G&l,GB!l.fi92,6!13,787,741,74.'J, 745,'i46, 

752,7:;.e;,SOO,f\14. 

Schrol1',Jnn.,6:::t2,i37,797,799. 

Schubnrth,501. 
Schubcrt,9'.:?-;?. 

Schuchiml,520,521. 

Schuclc,451,452. 

Schuencmann,:?G.58. 

Schulinu11,:>S4,3S5. 

Schultzc,M.,887. 

Scbnltzcn,3Z.t,634,&16,Ga8,640. 

Schulzc,46. 

Schulze. o .. 776 
Schwnrti:,468. 

Schwarz,1::1u.20s,200. 

Scrinci, Anton. 005. 

Scu1·vy, 105: bil>liogro.phy, 105; hlf.tory, 107; 

gencrnldeflnitionoflhcdi"CllSC,Jl9;ctiology, 

1:.l();pathology,143:gencraldcseri11tionofthc 

discn~, 14~; ))()!<lmortcm A.JJpcamnccs, 166: 

analysis of 111ymptom, 177; nature and patho

genesis ol the disca~, l!Fl; oom1>lications and 

Fequclre,201: dltu;noel!<,207; duration, tcrmlna. 

tion<1.1>rognosis,21i;tre.t111ent,:?lti. 

Scasonsofycarlnctlologyo[scurvy,138. 

Seaton,J.,664,678. 
Sedgwick,82'2. 

Sedillot,425. 

SCc.lro-1. 
Scidlltz,136,137. 

Sclln<;ky,349. 

Senn.tor,l!ll,248,485,491,496. 
Scntf,'168. 

Sennert,116. 

Sctbehenow,716,812. 

Scwrnch,278. 

Sc.1:inetiologyofhremopbilla,l9jofmorbusm1.culo-
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~~=;:r;.~~~;1~~~~:~:: 
Siegmuncl,004. nicotine. 771; inpolto0ning by phO!<Jlhom~,G.35; 

::~::~~=,' ~-717. ~~~X1i<>011ing by silw:r, GOO; in 11Curvy, lti5, 112, 

Slmon;;on,288. 

Simp.;on,410,512. 

Sinogowitz,600 

8kae.771. 

Sproegcl,~ 

Sprucebceri1111eurvy,2'23. 

Stadlcr,'l'h.,Hi7 

Stafford, A, !Xi l ,867. 
Skin,affectionsof,in polqoningbyaloohoi,3!ll:in Stannius,711,785 

I~:~:~t f ~:,,~~~0il~~H I ~~;~,~[~~?:~:::;;~,.,~,~······ 
chloml,451 ; lnpoiROningbycoppo:?r,5!}.'J; in poi- Stcfanowit.i;ch,Gt8. 

aonlnghyergot,00fi,lll5; in1>0h1oningbyiodme, St.eina11cr,~ll,3H. 

~::::::~~::::::::::!~~~~~:~:!:I E::::·~,~
2 

ingb}•santonin, 1:1.-..J: in 1>0i~oninp:by silver,600; Stc\'Cn~, C. ll., fiSt. 
in 1>0i>1onlnti: by 11ulphurk 11eid, :J,3.1; in poisoning Stimulants in morbua maeulo1111~ 280; in poieoning by 
by,·crntrinc,7~; inscur1·y,lt:'.i,152,1G7,I83. aconitine,i5·1:in1)()ieoni11gbycalabo.rbean,70.f; 

Skl:uck, Gali. &."lti; in poboninri 
Sle<!p,ir111bilityto,inpolsoningbynlcoho1,403. 
Srnclt,tliminutlon of scnseof,in µoL'!Oning bychlo-

r m('.2b!J. 

Smith,A.,7!.17. 

Smith,A.W.,423. 
Smltb,H.,744. 
Smith, T., 7oi4. 
Smith,Th.,280. 

Smithhllr~t, 43. 
Smo!C"r, ~:i.'ll. 

Sn<'ll,30'J. 

SnijdcN",883. 
Snow.!kil, 43fl,4·I0,4.J.2,453,451,512. 
Sobemhcim.(i(;G 
Sodium, chloride of,m polsoningbysilvcr,601; sul

phnte of, in pol!IOnlng by barimn compowids, 

87<J;i111)()iaonlngbyl('a(!,5fiO. 

Sodium,Poi,oni11gbyealt..<1or,aoo. 

Sola.nine, Poleoningbr,600. 
Sonncnk(l,Jb,520,521-
Sonncmichein,6.'l7, 

Souchard,260. 

Stochr,4·1 
Stokl'S.241,6.'33. 
Stokvis,fi'il.r.G.i. 
Stom11.Ch,11.lfcctions of.in poisoning bynrsenk,650; 

inpoi.!!oningbycarbonicoxidl',470;l11poi110ning 
bychloroform,4':16; lnJ>Curvy, 172, 18.'i. 

Stomnchpuml', use of, in poiMlning byaloohol.413; 

in J10l--0nin)t by nn.C"nk, Ltll; in poi>!Oning by 
at;-opinc. 6SO; in J10i11<.>nmg by ca lobar benn, iO~ ; 
in poiooning by carbolic acid.&~: ln110:soning 
byconiine,820;1npuiaoningbytlif.litali">719;in 
poi!t0ningbylcnd,Of.-O;ln110i!IOningby111ercury, 
(i()5;inpoisoningbynlcotinci72;1npoisoning 
bynitro-bentin,619; ln110i"(}ningbyopium,S66, 
inpoisoningbyph0t0phoru"- &11: in )10b1oningby 

11icrotC1xin,8l8; lnpo\w11ingby1tryclml11e,7!l-i. 

Spahn,55. Storer,007. 
Spce<:h,l\fl'ectionsof,lnpoi.eonini;byo.lcohol,S\H; iu Strnbo,lOS, 
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Strl\uch,291. Tcmpcn.mcntlnctlolOFYOfh!!!mOphllln,81. 
Stre<:k.cr,74ti,750. Tcmpcrntureofbodylnpol>;0ningbyn.lcohoi,:187; in 
Streeter,Gl5. poh1oningbyatro11lne,ti75;i11poiso11\ngbycnr-
Stricker,S.,J2'J. bonlcoxitlc,467; in poi"(lning bycuu.rinc.S31: 
Suomcytr,:;f;,97. In poi<;0ning by <ligit.n.Jif:I, 710; in poisoning by 

Strychninclnpoi!OC:mingbylend,579. mtro-bcn:dn, UIS; ln poitit,ming by Jlh~1ihorn", 
Strychnine,Poillonlngby,775. ~; inscun·y,HiG,1!.12. 
Stugucki, +ti7. Tcn-a1)0ndcro~asalita, l'olsonlngby, 875. 

Sngari11poii<0nlngbycoppcr,S!l2;mn.nufach1rcof,in Thal,35,43,4G. 
c1io\ogy of poil!Oning by&11lphurcttcd hydrogen, Tha1\ium, Poisoning by, 6'l8. 
4~. Thibnud,700 

Su1J)hurbnthslnpoisoningbyzinc,5!l7. 

Sulphurcttcdhydrogcn, Poliioningby, 484. Thi<'rce!in, 7!16 
Sulphuric acid, dilute, it1poiMJuingbylcad,5GO. Thilcscn, P., i73. 
Sulph1wlcncid,climinatlonor, in formofsui1ibatcsin Thir~tinpo\sonlngbyatropinc,666. 

uriuc,321. Thomas. E•·nn, S2!:1. 
Snlphurlcclhcr,l,ol110nin11by,439. Thomp'!On,GSO. 
Snlzmann,S.1-1. Thomson,4G8. 

Sulzyn~k~ 88i. Thore, 85. 
Sumbul·rootlnpoiaoningbyalcohol,415. Thormann,97. 
Surmay,411. Thront,affections of, in poisoning by n.tropinl',C66, 
Sutwn, 400. 671: lnpoli-0nin~ by calabar IJ('nu, ti97; in poi-
vanSwict.en, 12.5. soningbyoolchicinc,7:3.'i;inpoiF.oningbycoui-
S~·dtnhiun, llli. inc, 815; in poisoning by \'en\trine, 7:U. 
Sympt'lllULt.ol<>fl'Y· SeeDiffercntDiseases, Tbuclichum,353. 
Syphiliainetlologyofscurvy, 122. Thulllier,00,&. 

Tidy.318. 

Timncu1<.:no. 

TAt;BAtl, B.,682,ti!Y.I. Tinley, f:l:'14. 
Tannin,lnpoi9(:ming bynconltinc,754; in poboning Ti11SOre,ti6ti,009. 

by ntroplnc,ti8J; in poil'o011ingbycolchicine, 739; Tobnccoin poiliOningby 1>trychninl', 801. 
inpotsoningbycon!inc,8~0; lnpoisoningbydel- Tobacco-1>mokinginctiol~yofcanocrof lip, 167; or 
ph!ninc, 759; In poiMning by digiui.li~. 71\); in poil!Oning by niootme, 7til. 
poleonlngby<'rgot,00'2; in poieoningbynicotiue, Todd,S'i·l,&75. 
772; In !10isonlng by opium. 600; in 1>0i110ning Tomn.<;cewicz,44ti. 
by i;trycbnlnc, 79·1; in poisoning by veratrioe, Trnchcotornyinpo\80nlngby11trychninc,805. 
731. Tron6u~, 41. 

Tann!ngtrrulolnetiologyofpolsonlngbyeulphurett.ed Trnnsfusionofblooll In hremophllln, 101; in morbus 
hydrogcn.492. maculosus.280: lnpoisonlngbyopium,867. 

Tnnqncrcl (\('IJ PlancheB. 561, 563, 564, 565, 5fi6, 567, Trnpcnnrt, li67, liG!l. 

•~mm•~-~~~m~-~-~~~~--~m 
5SO,ss1.6S2,r;..:3_r;,'l6. 713,715,rns. 

Tardicu, 35,2M.289,300.::til,3G7,368,SS0,381,436, Treatment. SceDi!CercntDi&CaSCa; 
<J<;.9,500,507,520,72:!. Treulich, 51ti. 

Tnrtarcmeticlnpoiwnlngbyaloobol,415. Trier.3.'r.?. 
Tnrtarcmetle, Po!eoningby,G19 Tri!mueinpoisoningbyarsenlc;MB. 
Tnubc,Johnnn,905, Tmhnrt.iiU. 
Tanre,i20. T>chcpke,i'm. 
Taylor, 2!18,3'29,~.:J.11.342,361,381,607,510,604, Tochc1<eh1chin,38S. 

ti20,621,62:'1,fi·l70 64S.ti50,t)(H,686,754,7G.3,771, v.Tf!Chudi,810. 
774,n~,7!lt,~84G,848,861,853,86G,8()7,877, T11cngcl,G.37. 

678.!MO. Turchetti,747. 
Tealn11CUrvy, 223 Turn\JUll, 320, 521, 758. 

:::~:::.:~·:~·~:·,~".::;:;,;;~ ~'""'"''"""'"•I ~;:;:~:::z:~:~;~::::·~ ,~""'°'"' m' '" "°' 
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lIHDE,!37,•l l,·16,r.,1,5-i,5!), 

Ulttr.., foltowin1<poio1011ingbyJulohuricactd,331; in 
scun·y,153 

Umniclhttn,5W,527,52S,53'2 

l!ngcfnR".!)()G. 

U11tcrl>crgcr, li.'i6. 

lJ,,\ar,bOS,l:it!I. 

u~pen,kf, 768, 769, 503, 804. 

Uteru1t,actionofcrgotupon,8'Y.I. 

Y.1.cc1:U.TIO?',dangcrs11.ttcnding,inhremophi1ia,9,;. 

V8"'•Al,b'78. 
Yimquelin,6:38, 741 

Yclla.796. 

a\nm,$1; in poh1onlng bf nnilin, 5Zl; in poi-

111:mingbrantlmony, t.i~t; in 1x>t•n11lnl{b)'Al'SCllic, 

fi.IS; in poisoningbybari11111com1ll'.lumt.,,3iU; in 
poi~ning bybi,ulphldcofcarllon. ·l:::i2;i11poi

soningb)'C8l11\lftrbean,6\l'i;\npol<()n111gbycar

bolicacid,5.10;in11o0i.eoningbycru-bonicoltid<', 

468;1n1>0i"°ningbychec..c.562;1npoieonlnJl:bY 
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