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SHORT ACCOUNT

OF THE

LIFE OF THE AUTHOR.

= —_— ———

]OHN HuNTER was the fon of John Agnes Hun-
ter of Kilbride, in, the county of Lanerk; he was
the youngeft of ten children, and was born
on the fourteenth of July, 1728, at Long-Chal-
derwood, a fmall eftate belonging to the family.
His father was defcended from Hunter of Hunterf-
ton, anold family in Ayrfhire, and his mother was
the daughter of Mr. Paul, a very refpetable man,
and treafurer of the city of Glafgew.

He had four brothers, John, Andrew, James,
and William ; and five fifters, Elizabeth, Janet,
Agnes, Dorothea, and Ifabella; of thefe, John,
Andrew, Elizabeth, Agnes,and Ifabella died, while
children. James was born in 1715; was brought
up to the law, as a writer to the fignet in Edin-
burgh, but in the year 1742 went to London on a
vifit to his brother William, who was at that time
a teacher of anatomy, and fo much was he capti-
vated by the purfuits in which he found his brother
engaged, that he purpofed to follow them himfelf,
and become a pra&itioner in phyfic. His health
however was fo much impared by his application to
anatomy, that he was obliged to return to Long.
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i1 Life ¢ the author.

Calderwood, where he died gf a fpi;ting of blood,
in the twenty-eighth year ot his age®.

William \Xas ?born )c’m the twenry-third of May,
1718, who became unrivalled as a teacher of ana-
tomy, and it was' under his foftering care that his
younger brother John was initiated in thefe purfuits,
in which he afterwards became fo diftinguithed.
His hiftory is already in the hands of the public .

Janet married Mr, Buchanan of Glafgow, and
died in 1749. Dorothea, who is [till alive, mar-
ried the Rev. Dofter James Baillie, profeflor of
divinity in the univerfity of Glafgow, by whom fhe
has one fon, Matthew, doctor of phyfic, fucceflor
to Dr. Hunter, as a teacher of anatomy and one of
the phyficians to St. George’s Holpital, and two
daughters, Agnes and Joanna.

John Hunter was about ten years old at his fa-
ther’s death, and was left under the dire@ion of
his mother, who was particularly indulgent to this
her youngeft fon. ' o

He was fent to the grammar-fchool, but not hay-
ing a turn for languages, nor being fufficiently un-
der controul, he neglected his ftudies, and fpent
the greateft part of his time in country amufements,
About this time Mr. Buchanan, who had lately
come from London to fettle at Glafgow a3 a cabi-
net-maker, paid his addrefles to Mr. Hunter’s fifter

* Mr. James Hunter was a young man of an uncoms
monly pleafing addrefs, and of very quick parts. The late
Dr. Hunter has been heard to remark, that if he had lived
to practice phyfic in London, nothing could have prevented
him from rifing to the top of his profeffion. It would
have been a remarkable circumftance that three brothers
ihould have acquired the firft reputation in three different
branches of the fame profeffion.

i 1;7?;“@ by Dr. S. Foart. Simtonds, and publithed
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Janet, and having many agreeable qualities, the
was induced to marry him, although contrary to
the advice of her relations. This marriage gave
the family great concern ; for the qualities which
had rendered Mr. Buchanan agreeable, led him in-
to diffipation, and made him negle& his bufinefs.
Mr. John Hunter, who was now feventeen, went
to Glafgow upon a vifit to his fifter, for whom he
had the greateft affe@ion, to comfort her in her
diftrefs, and endeavour to affift her hufband in ex-
tricating himfelf from his difficulties; but finding,
after fome time, all his efforts ineffeGtual, he re-
turned to Long-Calderwood,

Tired of living idle in the country he began to
turn his mind to fome more ative employment ;
and hearing much of the reputation which his bro-
ther William had acquired as a teacher of anatomy,
he wrote to requeft that he would allow him to
come to London upon a vifit, making at the fame
time an offer to be his affiftant in his anatomical
refearches ; or, if that propofal fhould not beac-
cepted, exprefling a with to go into the army. In
anfwer to this letter, he received a very kind invi-
tation from his brother, and immediately fet off for
London, accompanied by Mr. Hamilton, a friend
of the family who was going upon bufinefs; they
rode up together on horfeback.

Mr. Hunter arrived in London in September,
1748, about a fort-night before his brother began
his courfes of le&tures ; and Dr. Hunter, who was
very anxious to form fome opinion of his talents
for anatomy; gave him an arm to difle& for the
mufctes with the neceffary direGtions how it was to
be done; and he found the performance fuch as
greatly exceeded his expectation.

His firft eflay in anatomy having thus gainhed him
fome credit, Mr. Hunter was now employed in a
diffe@ion of a more diflicult nature; this was an

B2



iv Life of the author.

arm in which all the arteries were injected, and
thefe, as well as the mufcles were to be expofed
and preferved ; the manner in which this ‘was per-
formed, gave Dr. Hunter fo much fatisfa&ion, that
he did not fcruple to fay, that his brother would
become a good anatomift, and that he fhould not
want for employment. .

From this period we may confider Mr. Hunter as
having [erioufly engaged in anatomy and under the
inftructions of Dr. Hunter and his affiftant Mr. Sy-
monds, he had every opportunity of Iniprovement,
as all the diffe@tions at this time carried on in Lon-
don were confined to that fchool. '

In the fummer 1749, Mr. Chefelden, at the re-
quelt of Dr. Hunter, permitted him to attend at
Chelfea Hofpital, and he there learnt the firft rudi-
ments of furgery.

The following winter he was fo far advanced in
the knowledge of human anatomy, as to inftruét
the pupils in diffetion, to whom Dr. Hunter had
-very little time to pay attention. This office, there-
fore, fell almoft entirely upon him, and was his
conltant employment during the winter feafon.

In the fommer months of 1750, Mr. Hunter at-
tended the hofpital at Chelfea ; in 1751, he became
a pupil at St. Bartholomew’s, and ‘in the winter
was prefent at operations occafionally, whenever
any thing extraordinary occurred. The following
fummer he went to Scotland, and brought up his
fifter Dorothea, and in 17353 entered as a gentle-
man commoner at St. Mary Hall, Oxford. In
1754, he became a furgeon’s pupil, at St. George’s
Holpital, where he continued during the fummer
months, and in 1756, was appointed houfe-fur-
geon.

In the winter, 17 55, Dr. Hunter admitted him
to a partnerfhip in his letures, and a certain por-
tion of the courfe was allotted to him, befides
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which, he gave leGures when the do&or was cal-
led away to attend his patients. :
Making anatomical preparations was at this time
a new art, and very little known ; every preparas
tion, therefore, thatwas fkilfully made, became an
objet of admiration ; many were wanting for the
ule of the leGtures, and the dottor having himfelf
an enthufiafm for the art, left no means untried to
infufe into his brother a love for his favourite pur-
fuits. How well he fucceeded, the colle@idén after-
wards made by Mr. Hunter will fufficiently evince,
Anatomy feems to have been a purfluit for which
‘Mr.Hunter’s mind was peculiarly fitted, and he ap-
plied to it with an ardor and perfeverance of'which
there is hardly any example. His labours were o
ufcful to his brothet’s co]le&ion,‘and {o gratifying
to his difpofition, that although in many cther re-
fpects they did not agree, this fimple’tie kept them
together for many years. -
Mr. Hunter worked for ten years on human ana-
tomy, during which period he made himfelf mafter
of what was already known, as well as made fome ad-
dition to that knowledge *. He traced the ramifica-
tions of the olfactory nerves upon the membranes
of the nofe, and difcovered the courfe of fome of
the branches of the fifth pair of nerves.’ In the
gravid uterus, he traced the arteries of the uterus
to their termination in the placenta. He was allo the
firlt who difcovered the exiftence of the lymphatic
veffels in birds.
Many parts of the human body being fo com-
plex, that their ftructure could not be underftood,

* An account of his injecting the teftis, his defeription
of the defcent of that body, with obfervation on the hernia
congenita, and his experiments in proof of the veins not
being abforbents, are publifthed in Dr. Hunter’s Medical
Commentarizs. '
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nor .their ufe afcertained, Mr. Hunter was led to
examine fimilar parts in other animals, in which
the ftru@ure was more fimple, and more within the
reach of inveftigation ; this carried him into a wide
field, and laid the foundation of his collection in
comparative anatomy.

In this new line of purfuit this a&ive inquirer
began with the more common animals, and pre-
ferved fuch parts as appeared by their analogy,
or in fome other way. to elucidate the human ceco-
nomy. It was not his intention to make diflections
of particular animals, but to inftitute an inquiry
into the various organizations by which the funéi-
ons of life are performed, that he might thereby
acquire fome knowlecge of general principles. This,
I believe, had never been before attempted, or
certainly had never been carried far into executiom.

So eagerly -did Mr. Hunter attach himelf to com-
parative anatomy, that he fought by every means
in his power the opportunities of profecuting it
with advantage. He applied to the keeper of
wild beafts in the Tower for the bodies of thofe
which died tliere, and he made fimilar applications
to the men who fhewed wild beafts. He purchaf-
ed all rare animals which came in his way; and
thefe, with fuch others as were prefented to him
by his friends, he entruited to the fhowmen to keep
till they died, the better to encourage them to af-
fift him in his labours.

His health was fo much impaired by exceflive
attention to his purfuits, that in the year 1760 he
was advifed to go abroad, having complaints
in his breaft, which threatened to be comfumptive.
In O&ober of that year, Mr. Adair, infpector-ge-
neral of hofpitals, appointed him a furgeon on the
ftaff; and in the following fpring he went with the

army to Bellifle, leaving Mr, Hewfon t :
brother during his abfence, - on to affift h,
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Mr. Hunter ferved, whilethe war continued, as
{enior furgeon on the ftaff, both in Bellifle and Por-
tugal, till the year 1763 ; and in that period ac-
quired his knowledge of gun-fhot wounds ; a fub-
je@ which makes no inconfiderable part of the
prefent work.

On his return to England he fettled in London;
where not finding the emoluments from his half-pay
and private praclice fufficient to fupport him, he
taught practical anatomy and operative furgery for
feveral winters. Ie returned alfo with unabated
ardour to comparative anatomy, and his experi-
ments could not be carried on in a large town, he
purchaled, for that purpofe, about two miles trom
London, a piece of ground near Brompton, ata
place called Earl’s Court, on which he built a
houfe.

In the courfe of his inquiries this excellent ana-
tomift afcertained the changes which animal and ve-
getable {ubftances undergo in the ftomach when
alted on by the gaftric juice; he difcovered, by
means of feeding young animals with madder,
(which tinges growing bones red) the mode in
which a bone retains its thape during its growth ;
and explained the procefs of exfoliation by whicha
dead piece of bone is feparated from the living,

His fondnefs for animals made him keep feveral
of different kinds in his houfe which by attention
he rendered familiar with him, and amufed himfelf
by obferving their peculiar habits, and inftin&s
but this familiarity was attended with confiderable
rifk, and fometimes led him into fituations of dan-
ger, of which the following is a remarkable in-
ftance.

- T'wo leopards, which were kept chained in an
out-houfe, had broken from their confinement, and
got into the yard among fome dogs, which they
immediately artacked ; the howling this prdduced,
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alarmed ‘the whole neighbourhood ; Mr. Hunter
ran into the yard to fee what was the matter, and
found one of them getting up the wall to make .hls
efcape, the other furrounded by the dogs; he im-
mediately laid hold of them both, and carried them
back to their den; but as foon as they were fecur-
ed, and he had time to refle&t upon the rifk of his
own fituation, he was fo much agitated that he was
in danger of fainting. -

On the fifth of February, 1767, he was chofena
Fellow of the Royal Society. His defire for im-
provement in thole branches of knowledge which
might affift in his reflearches led him at this time
to propofe to Dr. George Fordyce and Mr. Cum-
ming aneminent mechanic, that they fhould ad-
journ from the meetings of ithe Royal Society, to
fome coffee-houfe, and difcufs fuch fubjeits as were
connetted with fcience. This plan was no fooner
eftablifhed, than they found their numbers increaf-
ed ; they were joined by Sir Jofeph Barnks, Dr,
Solander, Dr. Matkelyne, Sir George Shuckburgh,
Sir Harry Englefield, Sir Charles Blagden, Dr.
Noothe, Mr. Ramfden, Mr. Watt of Birmingham,
and many others. At thefe meetings dilcoveries
and improvements in different branches of philofo-
phy were the objets of their confideration; and
the works of the members were read over and criti-
cifed, before they were given to the public.

It was in this year that by an exertion in dan-
cing, after the mufcles of the leg were fatigued, he
broke his tendo achillis, This accident and the
confinement in confequence of it, led him to pay
‘attention to the fubjeét of brokentendons, and to
male a feries of experiments to alcertain the mode
of their union. He did not, according to the com-
mon pradlice, confine himfelf to his bed, but:by
comprefling the mufcles, and raifing the ‘heel,
he was enabled, with the knee being kept ftraight,
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to walk about the third day after receiving the acci-
dent. He divided the tendo achillis of feveral dogs,
by introducing a couching needle through the fkin
at fome diftance from it, and with the edge cut
through the tendon; in this way the orifice in the
fkin healed up, and made it fimilar to a broken ten-
don. The dogs were killed at different periods to
thow the progrefs of union, which was exatly fimi-
lar to that of a fraCured bone when there is no
wound in the fkin. : ; _

In the year 1768, Dr. Hunter having completed
the houfe in Wind-mill-ftreet, in which his collec-
tion is at prefent depofited, and where he after-
wards carried on his anatomical leGures, he gave
up to Mr. Hunter the leafe of his houfe in Jermyn-
ftreet, which was commodious and well firuated for
private pra&tice. In this houfe Mr. Hunter lived ten
years; the fame year too he became a member of
the corporation of furgeons; and in the year fol-
lowing, through his brother’s intereft, he was
eletted one of the furgeons of St. George’s Hofpi-
tal.

As he was always engaged in the improvement of
his profeffion, young gentlemen who came to Lon-
don to finifh their education were very defirous of
living in his houfe, and feveral gentlemen, very
eminent in pradtice in diflerent parts of the couh-
try, received part of their education as his houfe-
pupils. Dr. Edward Jenner of Berkley, Mr. Wil-
liam Guy of Chichefter, and Mr. John Kingfton,
boarded in his houfe in 1770and 1771, and lived
‘in habits of intimacy with him ti!l Lis death.

In May 1771, his Treatife on the natural Hiftory
of the teeth was publifhed ; and in July of the fame
year ‘he was married to Mifs Home, the cldeft
daughter of Mr. Home, furgeon to Burgoyne’s re-
giment of light horfe. The expence of his purfuits

N
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had been fo great, that it was not till feveral years
aiter his firlt engagement with this lady, that his
affairs could be fufficiently arranged to admit of his
marrying.

In June 1772, his fon John was born, who is
now an officer in the army *. In the autumn of
the fame year I came to him as an apprentice.

While he was paying his addrefles to my fifter
Mifs Home, I was a boy at Weltmin{ter-fchool.
During the holidays I came home, and Mr. Hun-
ter who was frequently there, always fhewed me
particular kindnefs ; he made my father an offer to
bring meup to his profeffion ; a propofal which L
readily accepred. 1 was ftruck with the novelty,
and extent of his refearches, had the higheft re-
{e& and admiration for bis talents, and was am-
bitious to tread the paths of {cience under fo able a
mafter. Itis a tribute which lowe to his memory
to declare, that an intimate knowledge of him for
one-and-twenty years has increafed my admiration
of his uncommon exertions, and my refpeét for
his abilities..

After finithing my education at Weftminfter chool
as a king’s {cholar, and being eleted off to Trini-
ty College, Cambridge, I found that no advantages
which could have been derived from a fcholarfhip
in the Univerfity would compenfate for the time I
muft have given up in keeping my terms, to the
difadvantage ot my chirurgical education ; I there-
fore thougbt it prudent to forego my claims upon
the Univerfiry as a king’s fcholar, and inftead of

going down to Cambridge, though eletted
immediately to Mr. Hunter. Y e

¥ He had another fon who died an inf:
; ant, and t
daughters, of ‘wh_lch Mary Anne died while ve,ry youn‘go.
and Agnes, who is ftill alive, is married to Capt. Jame;

Campbell, eldeft fon of Sir Jar :
Archibald Campbell. James, brother of the late Sir
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At this time his private pra&tice and his profeffi-
onal charater were advancing very faft, and his
family had begun to increafe, but ftill no fmall part
of his time was devoted to his colle&ion, which, as
it daily became larger, was alfo attended with
greater expence. The whole fuite of the beft rooms
in his houfe were occupied by his preparations ; and
he dedicated his mornings, from fun-rife to eight
oclock, (the hour for breakfalt) entirely to his
purfuits. To thefe he added fuch parts of the day
as were not engaged in attending his patients.

The knowledge he derived from his favourite
ftudies he conftantly applied to the improvement of
the art of furgery, and omitted no opportunity of
examining morbid bodies, from which he made a
colleétion of fa&ts which are invaluable, as they
tend to explain the real canfes of fymptoms, which,
during life could not be exactly afcertained, the
judgment of the praltioner being too frequently
mifled by theoretical opinions, and delufive fenfa-
tions of the patients. '

In the pradtice of furgery, where cafes occured
in which the operations proved inadequate to their
intention, he always inveftigated with uncom-
mon attention the caufes of that want of fuccels,
and in this way detected many fallacies, as well as
made fome important difcoveries in the healing
art. )

He deteed the caufe of failure, commen to all
the operations in ufe for the radical cure of the hy-
drocele, and was enabled to propofe a mode of
operating, in which that event can with certainty
be avoided. He afcertained, by experiments and
obfervations, that expofyré to atmofpherical air,
fimply, can neither produce nor increafe inflamma-~
tion. He difcovered in the blood fo many phzno-
mena connefted with life, and not to be referred to
any other caufe, that he confidered it as alive in
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its fluid ftate. This opinion feems to be advanced
in the Old Teltament *, and, whatis very extraor-
nary, in the Alcorant of Mahommed, it allo ap-
pears to have been entertained by the celebrated
Harvey I; but the mode in which)t.hls fub!e& 1s
confidered in the following work will fufficiently
thew that in Mr. Hunter’s mind this was not an
opinion adopted, but one which arofe from his own
iaveltigation of the properties of the blood.

He improved the operation for the fiftula lacry-
malis, by removing a circular portion of the os
unguis inftead of breaking it down with the point
of a trochar. He alfo difcovered that the gafs
tric juice had a power when the ftomach was dead
of diffolving it, and gave to the Royal Society a

* « Ye fhall eat the blood of no manner of fleth, for
¢¢ the life of all fleth is the blood thereof. ¥ b
Liviticus, chap. xvii, verfe 14.

T Alcoran, chap. xxiii. intitled, « The true Belie=
¢« ver’s revealed at Mecca.” .

« We formally created man of a finer fort of clay 3 af-
f¢ terwards we placed him jin the form of a feed in ‘a fure
« refceptacle; afterwards we made the feed coagulated
¢ blood ; and we formed the coagulated blood into a
“ picce of flefh; then we formed the piece of fleth into
¢ bones, and we cloathed thofe bones with fleth; then we
¢ produced the fame by'another creation, wherefore, blef-
¢ ed be God, the moft excellent Creator.”

Chap. ‘xcvi. intitled ‘« Conjealed Blood revealed at
& Mecca.” :

¢« Read in the name of thy Lord, who hath created all
things, who hath created man of congealed blood.” ) i

§ Quinimo ex varioipfius motu, in celeritate aut tarditate
vehementia aut debilitate et Xtera, eum et irritantis in-
juriam et foventis commodum perfenticere manifeftum eft,
Ideoque concludimus fanguinem per fe vivere et nutriri j

A i GUELIEMI Harveir,
Operum, tom. ii. Exercitatio 52,
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paper on this fubje&, which is publifhed in the
Philofophical Tranfactions *.

I the winter 1773, he formed a plan of giving
a courfe of lectures on the theory and principles of
furgery, with a view of laying before the public his
own opinions upon that fubjett. ~¥or two winters
he read his leCtures gratis to the pupils of St.
George’s Holpital, andin 1775, gave a courfe for
money upon the fame terms as the other teachers
in the different branches of medicine and furgery.

Giving leftures was always particularly unplea-
fant to himj fo that the defire of fubmitting his
‘opinions to the world, and learning their general
eltimation, were {carcely fuflicient to overcome his
natural diflike to fpeaking in public.  He never
gave the firlt leGure of his courle without taking
thirty drops of laudanum to take off the cffects of
his uneafinefs. He was fo diffident of himfelf thar
he trufted nothing t» memory, and made me draw
up a fhort abftract of each lecture, which he read
on the following evening as a recapitulation, to
connect the fubje in the minds of the ftudents.
It is curious that the fundamental .dorines of
thefe letures, which conftitute the principal part
of the prefent work, fhould be the laft of his publi-

cations ; and that his anxiety to render them com-

plete, fhould make him patiently revife and corre&
them for twenty years beforehe gave them tq ' the
prefs. We learn from thefe circumitances both his
diffidence r1efpefting himfelf, and the value which
‘he placed upon his future reputation.

Comparatlve anatomy may be confidered as the
purfuit in which Mr. Hunter was ‘conftantly em:-
ployed No opportunity efcaped him. In the year

* There are feveral preparations both in Dr. Hunter s
and Mr. Hunter’s collection illuftrating this fact.
- Cz2
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1773, at the requeft of his friend Mr. Walfh, he
diffected the torpedo, and laid before the Royal
Society an account of it’s eleétrical organs.

A young elephant which had been prefented to
the Queen by Sir Robert Barker died, and the bo-
dy was given to Dr. Hunter, which afforded Mr.
Hunter an opportunity of examining the ftructure
of that animal by aflifting his brother in the diffec-
tion; fince that time two other elephants died in
the Queen’s menagerie, both of which came under
Mr. Hunter’s examination.

In 1774, he publithed in the Philofophical
Tranfattions an Account of certain Receptacles of
Air in Birds, which communicate with the lungs,
and are lodged both among the flefhy parts and
hollow bones of thefe animals; and a paper on the
Gillaroo-trout, commonly called in Ireland, the
Gizzard-trout.

In 1775, feveral animals of that fpecies; called
the gymnotus eleftricus of Surinam was brought
alive to this country, and by their ele@rical pro-
perties excited very much the public attention. Mr,
Wallh, defirous of purfuing his inveftigations of
animal electricity, made a number of experiments
on the living animals ; and to give his friend Mr.
Hunter an opportunity of examining them, pur-
chafed thofe that died. Any anatomical account
of their eletrical organs was drawn up by Mr.
Hunter, and publithed in the Philofophical Tranf-
adtions. In the fame volume there is a paper
of his, containing Experiments on Animals and
Vegetables refpecting their power of producing
heat.

In the courfe of his purfuits, Mr. Hunter met
with many parts of animals where natural appear-
ances could not be preferved, and others, in which
the minuter veflels could not be diftin&tly feen when
kept in fpirits; it was therefore neceflary to have
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them drawn, either at the moment, or before they
were put into bottles. The expence of employ-
ing profeffed draftfmen, the difficulty of procuring
them, and the difadvantage which they laboured
under in being ignorant of the fubjec they were
to reptefent, made him defirous of having an able
perfon in his houfe entirely for that purpofe.

With this view he engaged an ingenious young
artift to live with him for ten years; his time to be
wholly employed as a draftfman, and in making
anatomical preparations. This gentleman, whofe
name was Bell, foon became a very good practical
anatomift, and from that knowledge was enabled
to give a fpirited and accurate refemblance of
the fubje@s he drew; fuch as is rarely to be met with
in reprefentations of anatomical fubjects. By his
labours Mr. Hunter’s collection is enriched with
a confiderable number of very valuable drawings,
and a great variety of curious and delicate anato-
mical preparations *. ;

In January 1776, Mr. Hunter was appointed
furgeon-exiraordinary to his Majefty, and in the
fpring he gave to the Royal Society a paper on the
belt mode of recovering drowned perfons.

In the autumn he was taken extremely ill, and the
nature of his complaints made his friends, as well
as himfelf, confider his life to be in danger. When
he refle@ted upon his own fituation, that all his
fortune had been expended in his purfuits, and that
his family had no provifion but what fhould arife
from the fale of his colletion, he became very fo-
licitous to give it its full value, by leaving itin 3
ftate of arrangement.

* The engravings inferted in Mr. Hunter’s Treatife on
the Venereal Difeafe, in his book upon the Animal (Eco-
nomy, and moft of thefe contained in the prefent work,
are taken from Mr. Bell’s drawings, and will remain as
proofs of his abilities in that particular line of drawing.
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As foon ashe was able to leave his room, his
firlt obje@ was to makea catalogue of his collec-
tion; but his health requiring him 1o go to Bath,
I was was employed, with the affiltance of Mr.
Bell, daring hiz abfence, in making defcriptions of
the preparations, leaving blanks for fuch as I was
not acquainted with. His complaints were a good
deal relieved, but his impatience to return to town,
made him come back before he was well ; he cons
tinued, however, to amend, and very foon reco-
vered.

In 1778, he publithed the fecond part of his
Treatife on the Teeth, in which their difeafes, and
the mode of treatment are confidered. This rendered
his work upon that fubjet complete. © He publithed
alfo in the Philofophical Tranfations a paper on the
Heat of Animals and Vegetables. :

I had now lived fix years with Mr. Hunter, and
had compleated my education; his expences had
always exceeded his income, I had therefore no
emolument to expelt from remaining in his houfe,
which made it neceflary for me to take up fome
line for my own fupport, and Admiral Keppel’s
ation with the French fleet was the means of pro-
curing me a very eligible fituation.

‘I'he newly finithed naval hofpital at Plymouth
received the whole of the wounded men from Ad-
miral Keppel’s fleet, and Dr. Farquarfon, the firft
commiffioner of fick and hurt, at the requeft of
Mr. Adair, the prefent furgeon general to the gar-
rifon of Gibraltar, gave me the appointment of af-
fiftant-furgeon, with appartments to refide ar the
hofpital. From the circumftance of my being the
only furgeon on that eftablithment, who wasa
member of the corporation, I was authorized by
the fick and hurt board to perform operations, and
affit the furgeon in the more important parts of
his duty.
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In this fituation many opportunities occured to
me of adding to Mr. Hunter’s colleGtion; the fea
furnithing curious fith and other marine produttions,
and the hcfpital practice preparations of morbid
Daklss )i
Mr. Hunter was now wholly affifted by Mr. Bell.
In 1779, he publifthed his Account of the Free Mar-
tin in the Philofophical Tranfattions.

In 1780, he laid before the Royal Society an Ac-
count of a Woman who had the Small-pox during
Pregnancy, where the difeafe feemed to have been
communicated to the fectus. ,

In 1781, he was eletted a Fellow of the Royal So-
ciety of Sciences and Belles Lettres, at Gotten-
burg.

In 1782, he gave the Royal Scciety a paper on
the Organ of Hearing in Fifth. Befides the papers
which he prefented to that learned body, he read fix
Croonion le&tures upon the fubject of Mufcular Ac-
tion, forthe years 1776, 1778, 1779, 1780, 1781,
and 1782. In thefe leCtures he colletted all his
obfervations upon mulcles, refpecting their powers
and effects, and the ftimuli by which they are affeét-
ed; and to thefe he added Comparative QObferva-
tions upon the moving Powers of Plants.

Thele leGtures were not publifhed in the Philofo-
phical Tranfalions, for they were withdrawn as
foon as read, not being confidered by the author
as complete differtations, but rather as materials
for fome future publication.

It is much to beregretted that Mr. Hunter was fo
tardy in giving his obfervations to the public; but
fuch was his turn for inveftigation, and {o extenfive
the fcale upon which he inftituted his inquiries,
that he always found fomething more to be accom-
plithed, and was unwilling to publifh any thing
which appeared to himfelf unfinified. His oblerva-
tions on the Mufcular A&ion of the Blood-veflels

D
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were laid before the Royal Society in 1780, and yet
he delayed publifhing them till his Obfervations on
the Blood and Inflammation were arranged, and
they will be found to make a part of the prefent
work.

In 1783, he was chofen into the Royal Society
of Medicine, and Royal Academy of Surgery in
Paris.

In this year the leafe of his houfe in Jermyn.ftreet
having expired, and his colle@ion being now too
large to be contained in his dwelling-houfe, he pur-
chafed the leafe of a large houle on the eaft fide of
Leicelter-fquare, and the whole lot of ground ex-
tending to Caltle-ftreet, on which there was another
houfe. In the middle fpace between the two houfes
he ere@ed a building for his colieltion.

Upon this building he expended above three thou-
fand pounds, anlunfortunately for his family, the
leafe did not extend beyond twenty-four years.

In excufe for foinconfiderate a tranfa&ion, it can
only be faid, that the difficulties he had met w.th in
finding ground in an eligible fituation, had harafl
ed his mind, already too much occupied, to fuch a
degree, that he was glad to be relieved from that
embarraflment, and made the intereft of his family
give way to his prefent accommodation.

In the building formed for the colle@ion there was
a room fifty-two feet long, by twenty-eight wide,
lighted from the top and having a gallery all round,
for containing his preparations. Undetr this were
two apartments; one for his leCtures, and the other,
with no particular deftination at firft, butafrerwards

made ufe of for weekly meetings of medic:] friends .

during the winter. To this building the hou ¢ in
Caftle-ftreer was entirely fubfervient; and the rooms
in it were ufed for the different branches of human
and comparative anatomy.
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During the execution of this extenfive plan I re-
turned to England from Jamaica, where at the clofe
of the war I had been appointed ftaff furgeon. Sir
Archibald Campbell, the governor, coming home,
gave me leave of abfence on account of my health,
and allowed metoattend him. We arrived in Au-
gult 1784, and I was permitted toexchange npon
half pay.

I found Mr. Hunter now advanced toa very con-
fiderable thare of private praétice, and a {till greater
fhare of the public confidence. His colleftion had
increafed with his income. In this he was materi-
aily affifted by the friendthip of Sir Jofeph Banks,
who not only allowed him to take any of his own
fpccx'nens, but procured him every curious animal
produétionin his power, and aft erwards divided be-
tween him and the Britith Mufeum all the fpecimens
of animals he had collected in his voyage round the
world. Tohis friends the honourable Mr. Charles
Greville and Mr. Walfh, he was alfo under parti-
cular obligations,

"~ Drawing materials from fuch ample fources, fland-
ing alone in this branch of fcxence, and high in the
pubhc eltimation, he had fo much attention paid to-

“him, that no new animal was brought to thxs coun-
try which was not fiewn to him; many were given
to him; and of thole that were for fale he common-
ly had th refufal: under thefe cvrcumﬂmaes, his
colie&tion made a progreﬂ which would otherwife
have been impoflible.

In April 1;85, the new rcom was compleated,
and I devoted the whole of this fummer to the cb-
je& of affifting him in moving his preparations,
and zrranging them in their proper order.  Mr.
Belland Mr. Andre a gentleman who had been
the greater part of his life engaged in anatomical
purfuits, were confantly emplr))cd in this bufinefs

2
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At this period Mr. Hunter may be confidered as
at the height of his chirurgical career; his mind
and body were both in their full vigor. His hands
were capable of performing whatever was fuggefted
by his mind ; and his judgment was matured by
former experience. Some inftances of his extra-
ordinary fkill may very properly be mentioned.

He removed a tumor from the fide of the head
and neck of a patientat St. George’s Holpital, as
large as the head to which it was attached; and by
bringing the cut edges of the fkin together, the
whole was nearly healed by the firft intention.

He difle&ed out a tumor on the neck which
one of the beft operating furgeons in this country
had declared, rather too {trongly, thar no one but
a fool or madman would attempt; and the patient
got perfectly well.

He difcovered a new mode of performing the o-
peration for the popliteal aneurifm, by taking up
the femoral artery on the anterior part of the thigh,
without doing any thing to the tumor in the ham.
The fafety and efficacy of this mode have been con-
firmed by many fubfequent trials; and it muft be
allowed to {tand very high among the modern im-
provements in furgery *

I believe Mr. Hunter was one of the firflt. who
taught, that cutting out the part was the only mode
of preventing the hydrophobia; and he extended
the time in which that might be done with every
probability of fuccefs, beyond the period generally
believed. This doctrine, in favour of cutting out
the part, met with the {trongeflt confirmation by
two melancholy cafes, in which, from the nature
of the parts and numberlefs [cratches on the fkin, it
was impoffible to remove them. Though cauftic

* An account of this operation is publithed in the Tranf-

actions of a Society for improving Medical and Chirurgical
Knowledge. '
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was applied to every part that had a vifible mark,
and every other precaution that could be thought
of was ufed, the wounds in both inftances proved
fatal.

If we confider Mr. Hunter at this period of his
life, it will afford us a ftrong picture of the turn of
his mind, of his defire to acquire knowledge, and
his unremitting affiduity in profecuting whatever
was the obje&t of his attention.

He was engaged in a very extenfive private prac-
tice; he was furgeon to St. George’s Hofpital; he
was giving a very long courle' of leftures in the
winter; he was carrying on his enquiries in com.
parative anatomy; had a {chool of prattical human
anatomy in his houfe; and was always employed in
fome experiments refpecting the animal ceconomy.

He was always folicitous for fome improvement
in medical education; and, with the affiftance of
Dr. Fordyce, inftituted a medical fociety, which he
allowed to meet in his leGure-rooms, and of which
he was chofen one of the patrons. . Th's fociety,’
called the Lyceum Medicum Londinenfe, under his
aufpices and thofe of Dr. Fordyce, has acquired con-
fiderable reputation, both from the numbers and
merits of its members.

In the year 1786, in confequence of the death of
Mr. Middleton, Mr, Hunter was appointed deputy
furgeon-general to the army. He now publifhed
his work upon the Venereal Difeafe, which had been
long expetted by the public; and, if we may judge
from the rapid fale of the firlt edition, thele expec-
tations have not been difappointed. -He alfo pub-
lifhed a work entitled, Obfervations on certainl’arts
of the Animal (Economy. In thiswork he has collect.
ed feveral of his papers inferted inthe Philofophical
Tranfadions, which related to that fubject, having
permiffion from the prefident and council of the Roy-
al Society to reprint them; there arealfo' Obferva.
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tions upon fome other Parts of the Animal GEcono-
my, which had not before been publithed. This
work met with aready fale. It is to be confidered
among the peculiarities of his charaéter, that he
chofe to have his works printed and publithed in
his own houfe, where they were alfo fold; but find-
ing this meafure to bear hard upon the bockfellers,
ina way which had not been explained, and which
was not intended, the fecond cdition was fold by
Mr. Johnfon in St. Paul’s Church-yard, and Mr.
Nicol in Pall-mall.

In the fpring of this year he had a very fevere ill-
nefs, which confined him to his bed, and rendered
him incapable of attending to any kind of bufinefs.
In this ftate I was obliged to take upon mj felf the
charge of his patients, as well as of his other affairs,
and thefe were o extenfive that my refidence in his
houfe became abfolutely neceffiry.  His recovery
was very flow; and his health received fo feverea
fhock that he was never afterwards entirely fres
from complaint, or capable of his ufual bodily ex-
ertions.

After his recovery from this illnefs, he was fub-
je& to affeCtions of his heart, upon every occafion
which agitated his mind, or required any fudden ex-
ertion of the bbdy. In this infirm ftate he was un-
able to attend his patients upon fudden calls in the
night, or to perform operations without aflitance ;
and for thefe reafons I continued to live with him
till within a year of his death, and then took a houfe
within a few doors, which in no relpet detatched
me from his purfuits, orprevented me taking a part
in his private pra&lice.

In the year 1787, he gave a paper to the Royal
Society, comaining an Experiment to determine
the Effett of extirpating one Ovarium on the Num-
ber of Young; a paper in which the Wolfe, Jack-
all and Dog, areproved to be ofthe fame Species;
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and a third upon the anatomy of the Whale Tribe,
Thele papers procured him the honour of receiving
Sir Jobn Copley’s annual geld medal, givenas a
mark of diltinguithed abilities.

Thefe Jabours fhew that the decline of his health,
although it diminifhed his exertions, by no means
abated his ardour for the inquiries in which he was
always engaged.

In July, hewas chofen a member of the Ameri-
can Philofophical Society. = He now applied to the
Governors of St. George’s Holpital, to be allowed
on account of his health, an afiiitant-furgeon, which
they very readily granted, and I was appointed to
that office.

His colleCtion, which had been the great objed
of hislife, both as a purfuit and an amufement,
was now brought into a ftate of arrangement ; and
gave him at length the fatisfaétion cof thewing to the
public a feries of anatomical facts formed into a {yl-
tem, by which the ccconomy of animal life was il-
luftrated. He fhewed it to his friends and acquain-
tances twice a year, in October to medical gentle-
men, and in May to noblcmen and gentlemen, who
were only in town during the fpring. This cuftom
he continued to his death.

Several of his friends had long been defirous of
having an engraving of him, and requefted him to
fit for a pi&ture to fome painter of eminence whom
they would employ. This he always declined, not
choofing that it fhould be done at the expence of
others; and thinking the price too high for himfelf
to pay. His fcruples were, however, at length fur-
mounted, by a defire to oblige Mr. Sharp, the en-
graver, cf whofe works he was an admirer. This
artift made a requelt thathe would fit to Sir Jothua
Reynolds, who had promifed to take unufual pains
with the picture; as the engraving was propofed more
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as a teft of the artilt’s abilities upon which he might
eftablith a character, than as a print for fale.

This picture, which is one of the very laft works
of that eminent painter, and one of his beft, re-
mainsin the pofieffion of Mr. Hunter’s fon; and
the print which Mr. Sharp engraved from it, 1s con-
fidered as one of the molft fpirited heads and fineft
engravings, which have been produced in this
country.

In the year 1789, Mr. Bell, who was become a
very fkillfull anatomift, and a good pra&ical fur-
geon, received an appo’ntment as affifiant-furgecn
to the Ifland of Sumatra, in the {ervice of the Ho-
nourable Eaft India Company. This appointment,
procured by the friendthip of Sir Jofeph Banks, he
accepted with a double view, the one to improve
his fortune, the other to colleé {pecimens in natu-
ral hiftory. In both of thefe purfuits he was fuc-
cefsful beyond his moft fanguine expectations; he
fent home fome very rare fpecimens of animals and
corals, and two papers, fince printed in the Philo-
fophical Tranfattions, one onthe double horned
Rhinoceros, the other giving a defcription of an
uncommonly formed Fifh ; but, unfortunately for
fcience, he died of afever, very much regretted by
his friends, in the year 1792. |

In the year 1792, Mr. Hunter found that his
courfe of lectures tock up fo much of his time, that
he was unable to corre@& his other papers. He
therefore gave it up tome. As a previous ftep to
this arrangement I had given it the two preceeding
fummers. Mr. Hunter now began to prepare the
prefent work for the prefs, and intended as foon as
it was in the hands of the public, to give a
courfe of pradtical letures in furgery, for which he
had been many years colleting materials; thefe
w:re fo far advanced, that another winter, had he
lived, would have finiflhed them. The materials of
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thefz letures Having come into my hands; that they
may not be entirely loft to the pubiic, I mean to
avail myfelf of them, and am preparing my arrange-
ments for that purpofe.

Upon the death of Mr. Adair, which happened
in this year, Mr. Hunter was appointed infpetorS
general of hofpitals, and furgeon-general of the ar-
my. He was alfo elefted a member of the Royal
College of Surgeons in Ireland.

In the year 1791, he was fo much engaged in
the duties of his office, as furgeon-general to the ar-
my, and his private pr 181(:@, that he had little time
to beftow upon his fcientifical objeéts ; but his lei-
fure time, fmall as it was, he wholly devoted to
them. i _

In 179¢, he wasele&ted an honoraly member of
the Chirurgo Phifical fociety of Edinburgh, and was
choefen one of the vice- preﬁdents of the Veterinary
college, then firft eftablifhed in London. He pub-
lifhed in the Tranfa&ions of the Society for the im-
provement of medical and chirurgical Knowledge,
of which fociety he was one of the original mem-
bers and a zealous promoter, three papers, on the
following fubjects : upon the treatment of inflamed
Veins, on Introfufception, and on a mode of cen-
veying Food into the Stomach, in Cafes of Paraly-
fis of the (Efophagus.

He finithed his obfervations on the (Economy of
the Bees; and prefented them to the Royal Society.
Thefe obfervations were made at Earl’s court, and
had engaged his attention for many years ; every in-
quiry into the ceconomy of thefe infets had been
attended by almolt infurmountable difliculties ; but
thefe proved to him only an incitement, and the
contrivances he made ufe of to bring the different
operations of thefe indefatigable animals to view
were 2lmoft without end.

E
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Farl’s Court to Mr. Hunter was a retirement from
the fatigues of his profeffion; but in no refpect a re-
treat from his labours; there, on the contrary, they
were carried on with lefs interruption, and with an
unwearied perfeverence. From the year 1772 till
his death, he made it his cuftom to fleep there du-
ring the autumn menths, coming to town only du-
ring the hours of bufinefs in the forenoon, and re-
turning to dinner.

It was there he carried on his experiments on di-
geltion, on exfoliation, on the tranfplanting teeth
into the combs of cocks, and all his other inveftiga-
tions on the animal ceconomy, as well in health as
in difeafe. Thecommon bee was net alone the fub-
jet of his obfervation, but the wafp, hornet, and
the lefs known kind of bees were allo objeéts of his
attention. It was there he made the feries of pre-
parations of the external and internal changes of the
filk-worm; alfo a feries of the incubation of the
egg, with a very valuable fet of drawings of the
whole feries. The growth of vegetables was alfo
a favourite {ubject of inquiry, and one on which he
was always engaged in making experiments.

In this retreat he had colle@ted many kinds of
animals and birds, and it was tohim a favourite a-
mufement in his walks to attend to their a&ions
and their habits, and to make them familiar with
him. The fiercer animals were thofe to which he
was moft partial, and he had feveral of the bull kind
from different parts of the world. Among thefe
was a beautiful fmall bull he had received from
the Queen, with which he ufed to wreftle in play,
and entertain himfelf with its exertions in its own
defe{lce. In one of thefe contefts the bull overpower-
ed him, and got him down, and had not one of the
fervants accidentally come by and frightened the

‘animal away, this frolic would probably have coft
him his life.
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The colle&tion of comparative anatomy which
Mr. Hunter has left, and which may be confidered
as the great obje& of his life, muft be allowed to be
a proof of talents, affiduity, and labour, which can-
not be contemplated without furprize and admira-
tion.

It remains an unequivocal teft of his perfeverance
and abilities, and an honour to the country in whofe
fchools he was educated, and by the patronage of
which he was enabled on {o extenfive a {cale to car-
ry on his purfuits.

In this collettion we find an attempt to expofe to
view the gradarions of nature, from the moft fimple
ftate in which life is found to exift, up to the molt
perfect and moft complex of the animal creation—
man himfelf.

By the powers of this art, this colleor has been
enabled fo to expofe, and preferve in {pirits or in a
dried ftate, the different parts of animal bodies in-
tended for fimilar ufes, that the various links of the
chain of perfeGtion are readily followed and may
be clearly underftood.

This collection of anatomical faéts is arranged ac-
cording to the fubjells they are intended to illuf-
trate, which are placed in the following order : Firft,
parts conftructed for motion. Secondly, parts ef-
fential to animals refpeting their own internal
ceconomy. Thirdly, parts fuperadded for purpofes
connefted with external objects. Fourthly, parts for
the propagation of the fpecies and maintenance or
fupport of the young.

The firft clafs exhibits the fap of vegetables and
blood of animals, for which fluids all the different
parts of the vegetable and animal creation are form-
ed, fupported, and increafed.

Thefe fluids being more and more compounded,
as the vegetables and animals become more

E 2
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perfed, are coagulated and form a regular feries. The .
fap of many plants does not coagulate fpontanequf—
ly but is made to undergo this change by adding
the extra@ of Gowlard, in this refpeét differing
from water: the fap of fuch plants is confidered as
the moft fimple: in the onion there is a {pontani-
ous coagulation: in infeés the blood coagulates,
but is  without colour: in the amphibia, colour is
fuperadded. The moving powers of animals from
the fimple ftraight mufcle, to the moft complicated
ftru€ure of that organ, with the different applica-
tions of elaftic ligaments, form a fecond ferie.sl.‘
The growth of bone, horn, and fhell, come next in
order ; and the joints which admit of their mov-
ing readily on one another, finith this fubjet.
The fecond clafs begins with thofe animals of the
hydatid kind, which receive nourifhment, like ve-
getables, from their external furface, having no
mouth. Then follow thofe which are fimply a bag
or ftomach, with one opening, as the polypus,
having no organs of generation, as every part of
the bag is endowed with that power; but in the
leech the ftruture becomes more complex, for al-
though the animal is compofed of a bag with only
one opening, the organs of generation, brain, and
nerves, are {uperadded, and thence a gradual feries
is continued to thofe animals in which the ftomach
forms only a dillin& part of the animal, for the
purpole of digeftion. The ftomachs themfelves are
allo arranged in the order of their fimplicity. Firft,
the true membranous digelting ftomach, then thofe
with the addition of crops, and other bags, to pre-
pare the food for digeftion, as in the ryminating
tribe, and, laftly, thofe with gizzards. Annexed
to the {tomach, is a very complete and extenfive
feries of teeth, which are varied according to the
kind of food and ftomach. ' P

Afrer the {tomachs, are the different appearances

~
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of the inteftinal canal, which exhibit almoft an in-
finite variety in the ftructure of their internal fur.
face from which the aliment is abforbed. The quan-
tity of furface is increafed in fome by tranfverfe
* folds, in fome by fpiral or longitudinal ones, and in
others puts on a loculated appearance,as in the whale.
To thefe are added the glands, connccted with
the inteftines, as the liver, pancreas, and Ipleen,
which may properly be confidered as appendages.
After digeftion, follows the fyftem of _abforb‘ing
veflels, the fimpleft being the roots of plants, after
avhich are lymphatic and lacteal veflels of different
animals. Thele in the human fubject and the ele-
phant are fmall, and in the turtle large and more
numerous ; but in the fpermaceti whale, where
they are employed for conveying the fpermaceti,
of a fize infinitely beyond what is met with in any
other animal. To thefe areannexed the thoracic
du&s in different animals.
" The natural order, in following the courfe of the
aliment from the ftomach as a guide, leans from
the abforbents to the heart, which in the caterpil-
lar is a fimple canal or artery running along the
middle of the back of the animal, admitting of un-
dulation of the blood ; from this fimple ftruture it
becomes, in different animals, by fmall additions,
more and more complex, till it arrives at the de-
gree of perfection which is difplayed in the organi- -
zation of the human heart. Thele are followed by
the different ftrutures of valves in the arteries and
veins, and the coats of thefe veflels. Then thz
lungs are fhown in all their gradations from the
fimple vafcular lining of the éggfhell, which ferves
as lungs for the chicken, to thofe of the more per-
fect animals. In cne inftance, viz. that of the
fyren, both gills and lungs are feen in the fame
animal. The windpipe and larynx are then thown
under all their different forms. The kidpies, which
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feparate the fuperfluous fluids from the circulation,
make the laft part of this fubject.

The third clafs takes up the moft fimple ftate of
the brain, which is in the leech a fingle nerve with
ramifications. In the fnail, the brain forms a cir-
cular nerve, through the middle of which paffes
the cfophagus, from which circle there are bran-
ches going to every part of the fkin of tne animal.
In the infe@, the brain has a more compaét form,
is larger in fifh, but {till more fo in birds, gradu-
ally increafing in fize as'the animal is endowed
with a greater degree of fagacity, till at laft it be-
comes the large complex organ found in the ele-
phant and in the human fubjett. The coverings
of the brain, and the ganglions and peculiarities of
the nerves are annexed. The organs of fenfe are
arranged in the order of their fimplicity, beginning
with that of touch, which is only a villous vafcular
{urface, the villi very thort where the impreflion is
to be made through a thin cuticle, asin the hu-
man finger ; very long where the covering is thick,
as the hoot of the horfe. The organ of tafte is on-
ly 2 modification of touch, and therefore nothing
in the organization is different, but the varieties in
ftru&ture adapting the tongue for different pur-
pofes are numerous; in many animals it an{wers the
pofe of a hand, to bring the food to the mouth, as
in many fhell-fifh, the ant-bear, woodpecker, and
camelion. Connected with the tongue are the fauces
which in many animals have peculiarities; in the
ele@ric eel, they have a curious carrunculated irre-
gular appearance; but they are yet more extraordi-
nary in the camel, which has an apparatus to moil-
ten the parts, fo as to prevent the painful fenfation
of thirft, thus adapting the animal to the fandy de-
farts which 1t is deftined to inhabir; this appa;atus
confifts of a large bag hanging down feveral inches
in the fauces, and attached to the palate, which the
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animals can at pleafure move up and down, and lu-
bricate the faaces.. The organ of fmell is varioufly
conftructed, andis more complicated in many ani-
mals than in man, as in the lion, and fea-cow.
The organ of hearing in fifh confifts of three femi-
circular canals; butis much more complex in land
animals. The organ of fecing is different in thofe
animals which are formed to fee in water, and in
thofe which fee in air; it differs again in thofe which
are to fee with little or with much light; all thofe
peculiarities are illuftrated by preparations, The
pigmentum of the eye in fome fith refembles polifh’d
filver; in ruminating animals at the bottom of the
eye it has a greenifh Lue, in the lion and cat kind,
a portion of the bottom is white; but, as a general
principle, the colour of the pigmentum is the fame
as the rete mufcofum of the fkin of the animal, be-
ing white in white animals and black in very dark
ones.

After the brain and fenfes are arranged the cel-
Iular membrane and animal oils, which are follow-
ed by the external coverings. Thefe are divided in«
to the different kinds, as hair, feathers, fcales, etc.
with the rete mufcofum, or that membrane which is
interpofed between the true fkin and the fcarf-fkin
for the purpofe of giving the peculiar colour. Add-
ed to thele are the parts peculiar to different animals,
for offence and defence, as fpurs, hoofs, horns,
ftings, and alfo eletric organs. There follow next
fuch peculiar ftructures as occur in certain tribes of
animals, as the air-bladders in fith, etc.

The fourth clafs begins with thofe animals which
have no diftiné parts allotted ior generation, that
power being diffufed over the whole animal. In
thefe the young grow out of the old, asin the coral
and polypi; and next in order come the herma-
phrodite organs both of plants, and of animals. The
sale organs are then taking up as a dftinét fup.
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je&, firltin plantsand then in animals, both at the
times in which they do not breed, and in the breed-
ing feafon, to fhow their different ftates; to thefe
are added a number of parts which anfwer feconda-
ry purpofes in generation, and may be confidered
as appendages. : /
‘The female organs are firft exhibited in the maid-
- en ftate, in every clafs of animals, demonflrating
the fhape and length of the oviduéts, the form of
the uterus, the length of its horns, with the varie-
ties in theiy ftructure, and the inftances in which
thefe horns are entirely wanting, as in fome mon-
keys ; to which are added, the peculiarities refpeét-
ing the hymen. They are then exemplied in the
impregnated ftate, beginning with the feeds of vege-
tables and thofe which have both feeds and voung
fhoots, as the onion. The eggs of  infelts follow
next, with their changes, particularly of the filk
worm. ‘The {pawn of fifh, are next thown, firlt in
thofe which have eggs, and thenin thofe which have
their eggs hatched in the ovidués, as the dog-fith.
The arrangement then proceeds to the formation
and incubation of the eggin the fowl, and the pro-
cels of feetation in the quadruped, with their pecu-
liarities and the different ftrutures and appearances
of the afterbirth. Added to thefe are the peculia-
arties of the foetus, and the different modes by
which the mother gives nourifhment to her young.
In this collection, befides the preparations of the
parts of themfelvesin fpirits, ina dried ftate or cor-
roded, {oas to give the moft accurate ideas of their
firuture, there is a confiderable number of very
valuable drawings to fhow the progrefs of different
proceffes in the animal ceconomy, together with
fuch appearances as were not capable of being pre-
ferved. :
This fketch willgive an idea, but a very inade-
quate onc, of the fyftem which is comprehended in
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Mr. Hunter’s colleGtion. It alfo includes a very
large ferics of whole animals in fpirits arranged ac-
cording to their internal {truture, and many of the
molt rare {fpecimens of preferved animals in this
country, asthe camelopardus, guanica, hippopota-
mus, tapir, argus-pheafant, etc.

There is alfo a feries of tkulls of different animals
to thew their peculiarities, and fkeletons of almoft
every known genius of animals. There isa large
colleCtion of fhells and infeéts ; a prodigious num-
ber of calculi of different forts from the urinary and
gall-bladders, the ftomach, and inteftinal canal ;
there are likewife the moft uncommon deviations
from the natural ftructure, both in man and in other
animals, preferved in fpirits or in a dried ftate; the
moft extraordinary fpecimens of this kind are a dou-
ble human uterus, one of the parts pregnant, and
a double human fkull perfeétly formed, the one up-
on the top of the other. To make this collettion
more complete in every fubjet connected with com-

arative anatomy, is added one of the largeft and
moft felect colletions of extranecous foffils that can
be feen in this country.

The fymptons of Mr. Hunter’s complaint, for the
laft twenty years of his life, may be confidered as
thofe of the angina peoris; and form one of the
moft complete hiftories of that difeafe upon record.
T have chofen to give this account a place by itfelf
diftiné from the general hiftory of his life, of which
it forms animportant part, more efpecially when
prefixed to a medical work.

Each fymptom was defcribed at the time it occur-
red, andeither roted by himfelf, or diGtated to me,
when Mr. Hunter was too ill to write; they will

F ;
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therefore be found more accurately detailed thanim
ordinary cafes *.

Mr. Hunter was a very healthy man for the firft
forty years of his life; and, ifwe except an inflam-
mation of his lungs in the year 1759, occafioned
moft probably by his attention to anatomical pur-
fuits, he had no complaint of any confequence du-
ring that period. In the fpring of 1769, in his for-
ty-firlt year, he had a regular fit of the gout, which
veturned the three following fprings, but not the
fourth; and in the {pring of 1773, having met with
fomething which very forcibly affeéted his mind, he
was attacked at ten o’clock in the forenoon with a
pain in the ftomach, about the pylorus; it was the
fenfation peculiar to thofe parts, and became fo vi-
olent that he tried change of pofition to procure
eafe, he fat down, then walked, laid himfelf down
on the carpet, then upon chairs, but could find no
relief; he took a fpoonful of tincture of rhubarb, -
with thirty drops of laudanum, without the finalleft
benefit. While he was walking about the room he
calt his eyes on the looking-glais, and obferved his,
countenance to be pale, his lips white, giving the
appearance of a dead man, this alarmed him, and
led him to feel for his pulfe, but he found none in
either arm; he now thought his complaint ferious;
feveral phyficians of his acquaintance were then fent
for, Dr. William Hunter, Sir George Baker, Dr.

* As the ftatement of the following cafe ig made up from
detached notes which were not written witha view to pub-
lication, it will appear in point of language extremely defi-
cient; it was, however, thought better to leave it in its pre-
fent form, leaft, by altering the language, the effe&t of fome
of the expreflions might be diminifhed, or mifunderftood;
it was alfo believed, thatan.account, however crude, com-
ing directly from the author, would be more acceptable to

the public, than one. a little more finifhed from any other
hand.
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Huck Saunders, and Sir William Fordyce, all came
but could find no pulfe; the pain flill continued,

and he found himfelf at times not breathing. Be.
ing afraid of death foon taking place if he did not
breathe, he produced the voluntary a& of breath-
ing, by working his lungs by the power of the will;

the fenfative principle, with all its effe€is on the ma-
chine not being in the leaft affe@ted by the complairt.
In this ftate he continued for three quarters of an
hour, in which time frequent attempts were made
to feel the pulfe, but in vain; however, at laft, the
pain leffened, and the pulfe returned altnough at
firft but famtlv and the involuntary brmthmg be-
gan to take plavce; while in this ftate, he took Ma-
deira, brandy, ginger, etc. but did not believe them
of any fervice, as the return of health was very gra-
dual; in two hours he was perfedily recovered.

In thisattack there wasa {ufpenfion of the moft
material involuntary actions, even involuntary
breathing was {topped, while fenfation with its con-
{fequences, as thinking and aéting with the will,
were perfect, and all the voluntary aCtions were as
ftrong as before.

uere. What would have been the confequence
of his not having breathed by means of the volunta-
ry mufcles? It.firuck him atthe time that he would
havedied; but we cannot fuppofe that would have
been the confequence, as breathing moft probably
is only neceffary for the blood while circulating, and
as the circulation was ftopped, no good could have
. arifen from breathing.

From this cafe it appears that, the involuntary
a&ions of the body are nota regular feries of a&tions
depending abfolutely on one another, but each part
¢an and. often does act mdepbndemly, or leaves oft
: a&mg Whlle other allions are going on; but aithough

F 2
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there is not an abfolute dependence, 'there isa ne-
ceffary connexion among them, without which their
aiions cannot long continue. ~ The ftomach was
probably the feat, or origin of this ceffation of ac-
tion; as we know that affeétions of the {tomach have
the greateft influence on every part of the body, and
that affeftions of every part, have the power of in-
fluencing the ftomach. ‘ '
Mr. Hunter never had any return of thefe affec-
tions of the ftomach, though frequently troubled
with flight complaints both in the {tomach and bow-
els, which were readily removed by fmall dofes of
rhubarb. In other refpetts he enjoyed his health
till the year 1776. Towards the end of the {pring
he was feized with a very fevere and dangerous ill-
nefs, in confequence of anxiety of mind from being
obliged to pay a large fum of money for a friend, for
whom he had been fecurity, and which his circum-
ftances made extremely inconvenient. '
At two o’clock in the forenoon he eat fome cold
chicken and ham, and drank a little weak punch;
immediately after this he went eight miles in a poft-
chaife. While he was on the journey he had the
feel of having drank too much, but paffed the re-
mainder of the day tolerably well; at twelve o’clock
at night his ftomach was a little difordered, for
which he took fome caraways, and went to bed; he
had no fooner lain down than he felt as if fufpended
in the air, and foon after the room appeared to go
round; the quicknefs of this motion feemed to in-
creafe, and at laft was very rapid; it continued for .
fome time, then became flower and flower tiil ‘the
whole was at reft; this was fucceeded by vomiting,
which was encouraged and gave himv a'good night’s
reft; next-day he was tolerably well; but fatigued:
the morning after, thinking himfelf quite’ recover-
ed, he went out before breakfaft, drank fome tea
and eat {fome bread and butter, which he was not
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accuftomed to do. - Ar eleven o’clock, he felt his
ftomach much in the fame flate as before; in about
half an hour, the fenfation of the room appearing
to turn, recommenced, and continued for fome time,
but not with fuch violence as in the laft attack; he
became fick and vomited; the fenfation of himfelf
and every thing elfe going round continued for fome
time, but not with fuch violence as in the laft at-
tack ; he became fick and vomited ; the fenfation of
him(elf and every thing elfe going round, went off,
but that of being fulpended in the air continued,
with a giddinefs; he now. could hardly move his
head from an horizontal pofition, and about two
o’clock was brought home in his carriage, the mo-
tion of which was very difagrecable, giving the fen-
fation of going down, or finking *.

After he wentto bed, the giddinefs and the idea
of being fufpended in theair increaled, and the leaft
motion of the head upon the pillow appeared to be
fo great that he hardly durit attempt it; if ke but
moved his head half round, it appeared to be mov-
ing to fome diftance with great velocity; the idea
he had of his own fize was thatof being only two feet
long, and when he drew up his foot, or pufhed it
down, it appeared to him to be moving a valt way.
His fenfations became extremely acute or heighten-
ed; he couid not bear the leaft light, fo that although
the window-blinds were fthut, a curtain and bianket
were obligedto be hungup 2gainft it, the fire to
have a fcreen before it, and the bed curtains to be
drawn; he kept his eyelids clofed, yet if a lighted can-

* It isvery curious that, the fenfation of finking is very
uncafy to moft animals. When a perfon is toflzd in a blank-
et, the uncomfortable. part is falling down; take any ani-
mal in the hand and raifs it up, it is very quict, but bring it
dow i and it will exert ‘all its powers of reliftance, ‘every
mufcle in the body is ‘in’adtion; ‘this is the cafe even with 3
child as early as its birth.
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dle came acrofs the room, he could not bear it; his
his hearing was alfo painfully acute, but not fo much
increafed, as his fight; the fmell and tafte werealfo
acute, every thing he/put into his mouth being much
higher flavoured than common, by which means he
relithed what he eat; hisappetite at firft was very
indifferent, but foon became good; his pulfe was ge-
nerally about fixty, and weak, and a fmall degree of
heat on the fkin, efpecially on the hands and feet ;
he remained in this ftate for about ten days, and
was obliged to be fed as he lay; by this time he was
rather better ; thatis, hecould move his head more
treely. ‘

When he was at firlt attacked, the pulfe was full .
and eight ounces of blood were taken away, butthis
did not appear to be of fervice; the day following he
was cupped between the fhoulders, and had a large
blifter applied upon the part; ~he took an emetic,
and {everal times purging medicines, and bathed
his feet in warm water, but nothing appeared to be
of the leaft ufe. "The purging and vomiting diftrefled
him greatly, for both the ftomach and inteftines
were fo irritable, that lefs than half the ufual quan-
tity had the defired effect. He took fome James’s
powder, and drank fome white wine whey on ac-
countof the heat in the fkin, efpecially in the feet
and hands, which took it off, and gave him for the
firft time a comfortable feel. = At the end of ten
days all his ideas of his prefent ftate became more na-
tural, the ftrange deception concerning his own
fize wasin part corretted, and the idea of fufpen-
fion in the air became lefs; but for fome time after,
‘the fire appeared of a4 deep purple red. When he
got fo well as tobe ableto ftand without being gid-
dy, he was unable to walk without fupport, for his
own feelings did not give him information refpect-

.ing his centre of gravity, fo that he was unable te
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ballance his body, and prevent himfelf from fall-
ing.ii ¥ :

He gradually recovered from this ftate, and as
foon as he was able went to Bath, where he ftaid
fome time and drank the waters, which were thought
to be of fervice to him; but did not ftay long enough
ta give them a fair trial; he returned to town much
better, andin a few weeks got quite well. From
this period to 1785, he had no particular indifpofi-
tion, but certainly did not erjoy perfet health, for
in 1785, he appeared much altered in his looks,
and gave the idea of having grown much older than
could be accounted for from the number of years
which had elapfed.

About the beginning of April 1785, he was at-
tacked with a fpafmodic complaint, which at firft
was flight, but became afterwards very violent, and
terminated in a fit of the gout in the ball of the great
toe; this, like his other attacks, was brought on by
anxiety of mind; the firft fymptom was a fenfation
of the mufcles of the nofe being in aétion, but whe-
ther they really were, or not, he was never able to
determine; this fenfation returned at intervals for
about a fortnight, attended with an unpleafant fen-
fatigp in the left fide of the face, lowerjaw, and throat
which feemed to extend into the head on that fide,
and down the left arm, aslow as the ball of the
thumb, where it terminaied all at once; thefe fenfa-
tions were not conftant, but returned at irregular
times; they became foon more violent, attacking the
head, face, and both fides of the lower jaw, giving
the idea that the face was fwelled, particularly the
cheeks, and fometimes {lightly affeCted the right arm.
After they had continued for a fortnight they ex-
tended to the {ternum, producing the fame difagree-
able fenfations there, and giving the feel of the fter-
num being drawn backwards toward the fpine, as
well as that of oppreflion in breathing, although
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the action of breathing was attended with no real
difficulty ; at thefe times the heart feemed to mifs a
firoke, and upon feeling the pulfe, the artery was
very much contraéted, often hardly to be felt, and
every now and then the pulfe was entirely ftopt;
he was afterwards attacked with a pain in the back,
about that part where the eefophagus paffes through
the diaphragm, the fenfation being that of fome-
thing fcalding kot paffing down the cefophagus ; he
was next feized with a pain in the region of the
heart itfelf, and laft of all with a fenfation in the
left fide, nearly in the feat of the great end of the
ftomach, attended with confiderable erutations of
wind from that vifcus; thefe {eemed to be rather
fpafmodic than a fimple.difcharge of wind, akind
of mixture of hiccough and eructation, which laft
fymptoms did not accompany the former, but came
on by themfelves. In every attack there was a raw
fore teel, as if the fauces were excoriated. A!l thefe
fucceeding fymptoms (thofe in the ftomach and
nole only excepted) where, in addition to the firft,
for every attack began with the firlt fymptoms. The
complaint appeared to be in the vafcular fyftem, for
the larger arteries were fenfibly contratted, and
Hore to the touch, asfar as they could be toufed,
_principally in the left arm ; the urine at thofe times
was in general very pale. -

Thefe {ymptoms increafed in violence at every
return, and the attack which was the moft violent,
came on one morning about the end of April, and
lafted above two hours ;it began as the others had
done, but having continued about an hour, the
pain became excruciating at the apex of the heart;
the throat was {o fore.as not to allow of an attempt
to fwallow any thing, and the left arm could not
bear to be touched, the leat preflure upon it giv-
ing pain, the fenfation at the apex of the heat was
that of burning or {corching, which, by its viclence,
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quite exhaufted him, and he funk into a fwoon or
doze, which lafted about ten minutes, after which
he ftarted vp, without the leaft recolleftion of what
had pafled, or of his preceeding illnefs. I was
with him during the whole of this attack, and ne-
ver faw any thing equal to the agonies he fuffered ;
and when he fainted away, I thought him dead, as
the pain did not feem to abate, but to carry him
off, having firft completely exhaufted him.

He then fell afleep for half an hour, and awoke
with a confufion in his head, and a faint recollec-
tion of fomething like a delirium ; this went off in
a few*days.

The affetions above-defcribed were, in the be-
ginning, readily brought on by cxercife, and he
even conceived that if he had continued at reft,
they would not have come on; but they at laft
feized him when lying in bed, and in his fleep, fo
as to awaken him; affe&ions of the mind alfo
brought them on; but coolly thinking or reafoning
did not appear to have that effet. While thefe
complaints were upon him, his face was pale, and
had a contraéted appearance, making him Jook
thinner than ordinary; and after they went off his
colour returned, and his face recovered its natural
appearance. On the commencement of the com-
plaint, he fufpetted it to be rheumatifm, and ap-
plied. ele@ricity to his arm, which took it off for
the time only; he then, for two or three nights
fucceflively, took three grains of James’s powder,
without any abatement of the {yniptoms; he next
" “had recourfe to the camphorated julep, both at the
commencement of the {pafm, and while it was up-
“on him, but obtained no relief; he tried Hoffman’s
anodyne liquor, in the dofe of a tea-fpoonful, and
and not finding it to anfwer alone, joined to it the
camphorated julep, but the fpafins feemed tobe more
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violent ; one night he took twenty drops of the-
baic tin&ure, which made his head confufed all the
following day, but did not at all abate the {pafms ;
the following day he took two tea-fpoonfuls of the
bark, which heated him, and gave him a head-ach,
thirft, and drynefs of his month, which prevented
his continuing it. = At the defire of Dr. David Pit-
cairn, he took the powder of valerian, an ounce a
day, which feemed for the firft two days to remove
his fpafms, bur they returned on the third with
more violence than ufual, efpecially one evening at
the Royal Society, which induced him to leave off
the valerian, and he bathed his feet on going to
bed in warm water, mixed with half a pound of
flour of muftard, and took a tea-fpoonful of tinc-
ture of rhubarb in ginger-tea; alfo wore worlted
ftockings all pight, o Lot ARG TORES .
On Friday morning, the twentieth of May, be-
tween fix and feven o’clock, he had a violent fpafm,
attended with moft violent eruétations of wind from
the ftomach for nearly a quarter of an hour. Dr.
Pitcairn, who was fent for upon this accafion, afk-
ed him, if there was any diftrefs upon his mind
that had brought on this attack ; and he confefled
his mind to have been much harrafled, in confe-
quence of having opened the body of a perfon who
died from the bite of a mad dog, about fix weeks
before, in doing which he had wounded his hand ;
and for the laft fortnight his mind kad been in con-
tinual fufpenfe, conceiving it poffible that he might
be feized with fymptoms of hydrophobia. This
anxiety preying upon his mind for fo long a time,
there is every reafon to believe was the caufe of the
prefent attack, and probably had alfo brought on
the former ones, which were all after the accident
which had imprefled his mind with this horrible
idea. ' (B e i



Life of the author. xliii

At the defire of Dr. Pitcairn, he took at two
dofes in the forenoon, ten grains of afafcetida, and
three grains of opium, and in the afternoon fiftecn
of afafcetida, and one of opium; inthe evening he
had a head-ach, which was fuppofed to be brought
on by the opium, his bowels were loaded and op-
prefled with wind, and he endeavoured in vain to
procure a motion by laxative clyfters, although re-
peated, and ten grains of jalap were taken by the
mouth; he paffed a very reftlefs night. On Satar-
day morning he was vifited by Sir George Baker,
Dr. Warren, and the late Dr. Pitcairn; he repeat-
ed the afafeetida twice in the courfe of the day, and
two fpoonfuls of the following mixture were taken
every hour, without producing a motion till about
halfan hour after the whole was ufed.

Infufion of fenna, fix ounces;

Tin&ure of fenna, one drachm and a half;

Sotuble tartar, three drachms.
~ In the afterrioon he had 2nother evacuation, foon
after which, the moft violent attack of fpafm which
he experienced, came on; nothing was attempted
internally during the attack, which lafted two
hours; a bladder of hot water was applied to the
Heart, and afterwards to the feet, without any effe.

The afafcetida was now left off, and this evening
he began the oleum fucciniin faline draughts fifteen
drops every fix hours. On funday morning he con-
tinued the oleum fuccini, but the faline draught was
changed to cinnamon-water, and a large blifter was
put upon the back clofe’ to the neck; he continued
pretty free from fpafm. On Monday the blifter was
- taken off, and the oleum fuccini continued; but a-.
bout nine o’clock at night he had threatenings of
fpafm, with head-ach, and the teel of'a load in his
bowels; he had a pain in the left fide and region of
G 2
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the fiomach, with violent erufations of wind from
the ftomach, which lafted about two hours; he took
thebaic tinture, twenty-five diops, in the warm
tinGure of rhubarb, and afterwards fome baume de
vie, but the eruftations continuing, finapifms were
applied to the feet, after which they ceafed, and the
finapiims were fo troublefome that he had them ta-
ken off five hours after they were applied. On
Tuefday morning he felt himl[elf eafier, the oleum
fuccini was continued, five drovs of laudanum be-
ing added to each dofe; in the evening he bathed
his feet in warm water, to clean them from the fi-
napi{ms, and both the great toes appeared a little
inflamed, and very tender ; they were more painful
after being bathed, and were very troublefome
all night.  On Wedneflday morning the inflamma-
tion and fwelling in the great toes appeared evident-
1y to be the gout, and the pain continued very a-
cute till Thurfday, when it began to abate; and on
Friday was very much diminithed: he continued
the oleum fuccini on Wednefday, and a took a bo-
lus of aromatic fpecies before each dofe; but on Fri-
day the oleum fuccini made him fick, and was left
off. On Saturday he began the bark in tin¢ture and
‘decottion with the fpecies aromaticz; Sunday con-
tinued the bark, and having eructations and flatu-
lencies after his meals, he was ordered every day
before dinner, rhubarb fifteen grains, ginger ten
grains, in a bolus. He had no fpafm after Mon-
day the thirtieth of May; he however had threaten-
ings, or flight fenfations, fimilar to thofe which
freceded the fpafms, and occafional eru&tations. Al-
though evidently relieved from the violent attacks of
fpalm by the gout in his feet, yet he was far from
being free from the difeafe, for he was ftill fubject
to the {paims, upon exercile or agitation of mind;
the exercife that generally brought it on, was-walk-
ing, elpecially on an alcent, either of ftairs or rifing
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ground, but never on going down either the one or
the other; the affettions of the mind that brought
it on were principally anxiety or anger: it was not
the caufe of the anxiety, butthe quantity that moft
affe€ted him; the anxiety aboutthe hiving of a fwarm
of bees brought it on; the anxiety left an animal
fhould make its efcape before he could get a gun to
fhoot it, brought it on; even the hearing ofa ftory
in which the mind became fo much engaged as to be
interefted in the event, although the particulars
‘were of no confequence to him, would bring it on;
anger brought on the fame complaint and he could
“conceive it poffible for that paffion to be carried fo
far as totally to deprive him of life; but what was
very extraordinary, the more tender paflions of the
mind did not produce it; he could relate a ftory
which called up all the finer feelings, as compafiicn,
admiration for the altions of gratitude in others, fo
as to make him fhed tears, yet the fpafm was not ex-
cited: itis extraordinary that he eat and flept as well
as ever, and his mind was in no degree deprefled ;
the want of exercife made him grow unufually fat.

‘As he had not drank wine for four or five years
he was advifed to try it, which he complied with,
but found the fpafms more eafily brought on after
ufing it, than on thofe  days on which he drank
none; and they were always more readily produced
after eating a hearty meal. He continued very much
in the fame way till Auguft, when he went to Tun-
bridge and drank the waters for about a fortnight,
without the lealt benefit, but rather conceived he
was worfe. From thence he hurried to Bath, the
firlt week in September, and drank the waters for
four weeks, twice before breakfalt, and once at
noon; having drank them for about a fortnight, he
began to bathe every other night in the hot-bath,
~and on the intermediate nights put his feet into the
hot-bath waters, and fometimes rode on horfeback.
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After being there three weeks he did not find the

lealt benefit, but on Monday, the beginning of the

fourth week, he found that his walking to the pump-

room in a morning did not bring on the {pafm as"
ufual, and found alfo that he could extend his walk
very confiderably on that day; on Tuelday he was

not quite fo well, although when he compared that

day with the preceding days, or rather months, he .
could fay that he was better; this feemed to be a

ftep gained; in this ftate he left Bath, and continu-
¢d the fame through the whole winter. About the

beginning of May 1786, he began to believe that
the exercile hie was able to' make ufe of affeéted himy
lefs; he found that in the months of June, July, Au-
ruft, and September, he was able to take a long walk
ﬁowly; he could, however, at any time, bring on
the complaint, for upon ufing the lealt exercile he
felt as if it was coming on; and often, by forget-
ting himfelf, he brought it on flighty, whish made
him flacken his pace. In the month of O&ober,
when the weather became ¢old, he was obliged con-
ftantly to ufe his carriage, becaufe he could not walk
fufficiently faft to keep himfelf warm, although in
other refpets he was not affected by it. What ap-
peared very extraordinary was, that the fpafm did
not come on equally upon all kinds of exercife; he

often performed an operation, as cutting for the
{tone, or extirpation of a brealt, which, from pecu-
liar circum(tances, required a confiderable deal of
fatigue, and lalted near an hour each time, yet the
fpalin did not come on. He was employed in em-
balming the Princefs Amelia for three hours, in
which time he was really fatigued, but had no fpafm
the whole time; yet, by going the length of Caven-
difh-fquare, and on towards Oxford-road, he was

feized with a confiderable fpafm; but the fatigue
ke had undergone afted, probably, asa predifpo-
fing caufe. : '
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Thefe fpafms, although they did not increafe in’
violence, were uniformly more frequent, and came
on upon a greater variety of occafions; but as he
became accuftomed to their effeéts, lefs attention
was paid to them. Nothing particular occurred
from this period till about the beginning of Decem-
ber 1789, in the evening, when at the houfe of a
friend on a vifit, he was artacked with a total lofs of
memory; he did not know in what part of the town
he was, not even the name of the fireet when told it
nor where his own houfe was; he had not a concep-
tion of any place exilting beyond the room he was
in, yet was perfectly confcious of the lofs of memo-
ry. He was fenfible of impreflions of all kinds
from the fenfes, and therefore looked our of the
window, although very dark, to fee if he could
be made fenfible of the fituation of the houfe; this
lofs of memory gradually went off, and in lefs than
half an hour his memory was perfeétly recovered.
About a fortnight after, as he was vifiting his pati-
ent one forenoon, he obferved occafionally a little
giddine(s in his head, and by three o’clock it was
attended with an inclination to vomit. He came
home and drank fome warm watér, which made him
vomit feverely, but nothing came off his ftomach
except the water. The giddincfs became fevere, but
went off again about feven or eight o’clock; about
nine or ten it returned with more feverity, and when
going to bed, about eleven o’clock, he had entirely
loft the centre of gravity, although he could move
his limbs as the will directed; light became offenfive,
and every thing had a kind of yellow caft; founds
were more acute than natural, objects had loft their
true direftion; a perpendicular, forinftance, feem-
ed to lean to the left, making, as nearly as he could
conjedture, an angle with the horizon of fifty or
fixty degrees; objeéts were alfo fmaller than the na-
tural recollettion of them ; hisidea of his own fize
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svas that of only'being four feet high; alfo objells
appeared to be at an unufual diltance, as if feen
through a concave glafs; he had a flight found in
the right ear, at every ftroke of the pulfe; motion
in his head was extremely difagreeable, he there-
fore moved with great caution; although cough-
ing and fneezing did not affect it : during this 1ill-
nefs Dr. Pitcairn and Dr. Baillie attended him. It
is difficult to delcribe fenfations, efpecially when they
are not common; the fenfation which he had in his
head was not pain, but rather fo unnatural as to give
kim the idea of having no head; with all this, nei-
ther the mind nor the reafoning faculty were affeé-
ed, which is not the cafe when fuch effeéts are pro-
duced from liquor. Objets in the mind were ve-
ry lively, and often difagreeably fo; dreams had the
ftrength of reality, fo much fo, as to awaken him;
the remembrance of them was very perfe&t. Thedil-
pofition to fleep wasa good deal gone, an hour or
two in the twenty-four being as much as could be
obtained; thefe {ymptons were much the fame for
about a week, and began gradually to diminifh, *fo
that in a fortnight he was able to fit up, and in three’
weeks went an airing in the carriage; cordial medi-
cines were given, and the body kept open; he felt
+a pain in the joint of the great toe, which inflamed
gently, but {oon left it; his pulfe was rather increa- -
fed in frequency, the urine at firlt was high colour-
ed, depolited a fediment, and was rather diminifh-
ed in quanity; but the retention in the bladder was
very great, as he was not able to make water from
ten o’c ock in the evening tll the fame (ime the
‘mext evening, the quantity being very confiderable,
althoughnot fo much as would have been made.in
the fame time had he been in healt®. The urine
became of a yellow colour; and afterwards pale; the
ficols were folid; the talte of vituals was not im-
pai‘-‘ad, except tea, for which he hadno relith, Al-
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though he had no particular inclination to eat, yet
his appetite was not much diminithed. To ex-
cite the altion of the gout, finapifms were applied
to the feet, but had not the defired effet ; in the
fourth week the head not recovering fo faft as was
expetted, a blifter was applied between the fhoul-
ders, but had no immediate effect, probably did
harm, by producing irritation and want of fleep;
one night, not having above an hour’s fleep, he
drank a tumbler full of hot water, which fet him
immediately to fleep, in which ftate he continued
near four hours; he took a hint from this and
drank a tumbler full of hot water every night, juit
before he went to bed, which did not fail of putting
him foon to fleep, and giving him a good night’s
reft*.

The apparent obliquity of objefts he accounted
for by fuppofing that the two correfponding oblique
mufcles had an unnatural contraétion which moved
the two eyes round near thirty or forty degrees ;
we fhall fuppofe that the obliquus fuperior of the
left eye brought the eye-ball forwards to the nofe,
while the obliquus inferior of the right eye con.
tratted equal to the fuperior of the left ; this turned
the under part of the right eye inwards towards
the nofe, and the upper part outwards, which
moved a lateral part of the eye upon the obje&t,
and gave it that obliquity.

His recovery from this indifpofition was lefs per-
fe& than from any of the others ; he never loft en-
tirely the oblique vifion ; his memory was in fome
refpects evidently impaired, and the fpafms became

* He took advantage of this circumftance, and in all
cafes of irritable ftomachs, from whatevér caufe, prefcribed,
warm water, which in general gave relief; one remarkable
cafe of bleeding from the ftomach, in confequence of irrita-
tion, was entirely cured by the internal ule of warm water,

H
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more conftant ; he never went to bed withogt their
being brought on by the act of undrefling himfelf ;
they came on in the middle of the night; the leaft
exertion in converfation after dinner was artended
by them ; he felt therefore obliged to confine him-
felf within a certain fphere of action, and to avoid
dining in large companies. FEven operations in fur-
gery, if attended with any nicety, now produced
the fame effelts. _

In the autumn 1790, and in the fpring and autumn
1791, he had more fevere attacks than during the
other periods of the year, but of not more than a
few hours duration: in the beginning of O&ober
1792, one, at which I'was prefent, was fo violent
that I thought he would have died. On O&ober
the 16th, 1793, when in his ufual ftate of health,
he went to St. George’s Hofpital, and meeting
with fome things which irritated his mind, and not
Leing perfectly mafter of the circumftances, he withs
- held his fentiments, in which ftate of reftraint he
went into the next room, and turning round to
Dr. Robertfon, one of the phyficians of the hofpi-
tal, he gave a deep groan, and dropt down dead.

It is a curious circumftance that, the firflt attack
of thefe complaints was produced by an affeGtion of |
the mind, and every future return of any confe- -
quence arofe from the fame caufe; and although
bodily exercile, or diftention of the {tomach,
brought on flighter affections, it ftill required the
mind to be affe@ed to render them fevere; and as
his mind was irritated by trifles, thefe produced the
molt violent effeéts on the difeafe. His coachman
being beyond his time, or a fervant not attending
to his directions, brought on the fpafms, while a
real misfortune produced no effeé.

At the time of his death he was in the 65th year

of his age, the fame age at which his brother, "the
late Br. Hunter, died.
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Upon infpe&ting the body after death, the fol-
lowing were the appearances: the fkin in feveral
places was mottled, particularly cn the fides and
neck, which arofe from the blood not having been
completely coagulated, but remaining nearly fluid.

The contents of the abdomen were in a natural
ftate, but the coats of the ftomach and inteftines
were unufually loaded with blood, giving them a
flefhy appearance, and a dark reddith colour ; thofe
parts, which had a depending fituation, as in the
bottom of the pelvis, and upon the loins, had this
in a greater degree than the others; this evidently
arofe from the fluid ftate of the blood. The ftom-
ach was rather relaxed, but the internal furface was
_entirely free from any appearance of difeafe ; the
orifice at the pylorus was uncommonly open. The
gall-bladder contained five or fix fmall {tones of a
light yellow colour. The liver and the other vifcera
exhibited notbmg unufual in their appearance.

‘The cartilages of the ribs had in many places
become bane, l‘equlrmg a faw to divide them.

There was no water in the cavity, or r the cheft, and
the lungs of the right fide were uncommonly heal-
thy; but thofe of the left had very ftrong adhefions
to the pleura, extending over a confiderable fur-
face, more efpecially towards the {ternum.

The pericardium was very unufually thickened,
which did not allow it to col]apfc upon being open-
ed ; the quantity of water contained in it was fcarce-
ly more than is frequently met with, although it
might probably exceed that which occurs in the
moft healthy ftate of thefe parts.

The heart itfelf was very fmall, appearing too
little for the cavity in which it lay, and did not
give the idea of its being the effet of an unufual
degree of contraftion, but more of its hwmg
thrunk in its fize. Upon the under furface of the
left auricle and ventricle, there were two {paces
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nearly an inch and an half fquare, which were of
a white colour, with an opague appearance, and
entirely diftin& from the general furface of the
heart : thefe two fpaces were covered by an exuda-
tion of coagulating lymph, which at fome former
period had been the refult of inflammation there.
The mufcular ftruture of the heart was paler and
{oofer in its texture than the other mufcles in the
body. There were no coagula in any of its cavities.
The coronary arteries had their branches which ra-
mify through the fubftance of the heart in the ftate
of bony tubes, which were with difficulty divided
by the knife, and their tranfverfe feGtions did not
collapfe, but remained open. The valvula mitrales,
where they come off from the lower edge of the
auricle, were in many places offified, forming an
imperfeCtly bony margin of different thickneffes,
and in one fpot fo thick as to form a knob ; but
thefe offifications were not continued down upon
the valve towards the chord= tendinez.

The femilunar valves of the aorta had loft their
natural pliancy, the previous flage to becoming
bone, and in feveral fpots there were evident offifi-
cations.

The aorta immediately beyond the femilunar
valves had its cavity larger than ufual, putting on
the appearance of an incipient aneurifm ; this unu-
fual dilatation extended for fome way along the a-
fcending aorta, but did not reach fo far as the com-
mon trunk of the axillary and carotid artery. The
increafe of capacity of the artery might be about
one-third of its natural area; and the internal mem-
brane of this part had loft entirely the natural po-
lifh, and was ftudded over with opaque white fpots,
raifed higher than the general furface.

On infpeing the head, the cranium and dura
matter were found in a natural flate. The pia
mater had the veffels upen the furface of the two
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kemifpheres of the brain turged with blood, which
is commonly found to be the cafe after fudden death.

The internal ftructure of the brain was very care-
fullyexamined,and the different parts both of the ce-
rebrumand cerebellum were found in the moft natu-
ral and healthy ftate ; but the internal carotid arte-
ries as they palfs by the fides of the cella turfica were
offified, and feveral of the ramifications which go
off from them had become opaque and unhealthy
in their appearance. The vertebral arteries lying
upon the medulla oblongata had alfo become bony,
and the bafillary artery, which is formed by them,
had opaque white fpots very generally along its
coats.

From this account of the appearances obferved
after death, it is reafonable to attribute the princi-
pal fymptoms of the difeafe to an organic affeGtion
of the heart. That organ was rendered unable to
carry on its funtions, whenever the ations were
difturbed, either in confequence of bodily exertion,
or affettions of the mind.

The ftoppage of the pulfe arofe from a fpafm up-
on the heart, and in this ftate the nerves were pro-
bably prefled againlt the offified arteries, which
may account for the excruciating pain he felt at
thofe times. '

The other fymptoms may be explained from the
defe in the valves and the dilatation of the aorta,
which had loft its elafticity.

In the laft attack the fpafm upon the heart was
either too violent in the degree of contra@ion, or
too long continued to admit of relaxation, fo that
death immediately enfued. :

His remains were interred in a vault under the
parifh church of St. Martin in the Fields, attended
by a few of his oldeft medical friends.

Mr. Hunter was of a fhort ftature, uncommonly
ftrong and adtive, very cempactly made, and capa-
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ble of great bodily exertion. His countenance was
animated, open, and in the latter part of his life
deeply imprefled with thoughtfulnefs. When his
print was fhewn to Lavator, he faid, ¢ That man
thinks for himfelf.”” In his youth he was cheerful
in his difpofition, and entered into youthful follies
like others of the fame age: but wine never agreed
with his ftomach, fo that after fome time he left it
off altogethet, and for the laft twenty years drank
nothing but waters

His temper was very warm and impatient, readi- -
ly provoked, and when irritated, not eafily foothed.
His difpofition was candid, and free from referve,
even to a fault. He hated deceit, and as he was
above every kind of artifice, Ire detefted it in o-
thers, and too openly avowed his fentiments. His
mind was uncommonly altive; it was naturally
formed for inveftigation, and that turn difplayed
itfelf on the molft trivial occafions, and always with
mathematical exaltnefs. What is curious, it fati-
gued him to be long in a mixed company which
did not admit of connefled converfation ; more
particularly during the laft ten years of his life.

He required lefs relaxation than moft other men;
feldom fleeping more than four hours in the night,
but almoft always nearly an hour after dinner; tcl’lis,
probably, arofe from the natural turn of his mind
being fo much adapted to his own occupations, that
they were in reality his amufement, and therefore
did not fatigue.

To his own abilities alone was he indebted for
the eminence which he acquired in his profeffion;
for alihough his medxca’l education, his fituation as
furgeon to St. George’s Hofpital, and above all,
his brother’s recommendation entitled him to no-
tice, yet the increafe of his private practice was at
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firft but flow. The natural independence of his
mind, led him rather to indulge in his own pui-
fuits, than to cultivate the means of enlarging the
fphere of his bufinefs; but the proofs which he
afterwards gave of his talents commanded the atten-
tion of the public and procured him a very liberal
income.

In the firft eleven years of his practice, from
1763 to 1774, his income never amounted to a
thoufand pounds a year; inthe year 1778 it ex-
ceeded that fum ; for {everal years before his death
it had increafed 1o five, and at that period was
above fix thoufand pounds.

In private prattice he was liberal, fcrupuloufly
honelt in faying what was really his opinion of the
cafe, and ready upon all occafions to acknowledge
his ignorance whenever there was any thing which
he did not underftand.

In converfation he fpoke too freely, and fome-
times harfhly of his cotemporaries ; but if he did
not do juftice to their undoubted merits, it arofe
not from envy, but from his thorough convittion
that furgery was as yet in its infancy, and he him-
felf a noviee in his own art; and his anxiety to
have it carried to perfection, made him think mean-
ly and ill of every one whofe exertions in that re.
fpe&t did not equal his own.

Public-fpirited to an extreme, he valued money
no farther than as it enabled him to profecute and
extend his various, and nearly univerfal refearches;
and hurried on by the ambition of benefiting man-
kind at large, he paid too little attention to his
own and his family’s interefts. But imprudence
almolt always goes hand in hand with genius; if it
deferves a harfher name, let it be remembered, that
his immediate relatives alone, and not the public,
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have g right to complain; for viewed in a profeffi-
onal light, and as a man of fcience, his zeal for the
improvement of furgery in particular, and for the
advancement of knowledge in general, to both of
~ which he himfelf materially contributed, entitles
him at leaft to the gratitude, if not to the venera-
tion of polfterity.
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INTRODUCTION;

firft arranged in the year 1762, at Bellifle, after the
complete reduction of that place. They were compiled
from notes, and memorandums of obfervations, made in
the courfe of twelve years refidence in London. During this
fpace, my time was occupied partly in my education under
the late Dr. Hunter, and partly in affifting him. Inthe
winter feafon I was principally employed in the diffe¢ting-
room, where I taught the practical part of anatomy ; in the
fummer I attended the hofpitals. The truth of thefe ob-
fervations was, during the fiege of Bellifle, in fome degree
put to the teft, by comparing them with many cafes of
wounds, which were attended with inflammation. From
the frequency of gun-fhot wounds at that place, I was natu-
rally led to arrange my thoughts upon the fubje&t, and was
induced to felect them more particularly, for the illuftration
of my opinions on inflammation. About the year 1770,
when I began my letures on the principles of difeafe, in-
flammation was the fubjet of a confiderable part of them
and, from that time till this, though I have been extending
and correcling the materials, my principles remain the fame.
To diftinguifh the different fpecies of inflammation®, and
to exprefs my own ideas the better, I was naturally led to
fubftitute fuch terms as appeared to me more expreflive of
what was meant, than thofe ufually employed. The beft
teft of the propriety of thefe terms is, that they have been a-
dopted by many medical writers fince that period ; and in-
deed my principles have undergone the fame kind of teft. In
this fome medical writers have been very liberal, for, not
contented with taking hints, they have even laid hold of

THE following pages, treating of inflammation, wete

" * In the counrfe of this work I very often make ufe of the word
fpecies or fpecific, by which I only mean peculiarities or diftinc-
tions ; and probably the term is much too loofe in its applica-
tion ; for as we are not entirely acquainted with the fpecific
differences in difeafe, we may call that a fpecies which more
properly ranks as a genus, clafs, &c. Of morbid poifons we can
make a corre& arrangement; but, with regard to difeafe arifing -
from peculiarities in the conftitution, we have no fuch ablojute
guides, I
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large portions of my leCtures, fcreening themfelves undes
the very honourable prote€tion of their not being in print ;
“and, at:the fame time, quoting authors to thow their reading .
and their candour. It would appear that they confider the
difcoveries and opinions of a leGturer, found probably in a
manufcript, as fair game; though their delicate attention
~to the rights of another would, no doubt, have prevented
them from adopting the fame doctrines, had they been ac-
tually in print. Such freedoms have made me anxious to
.. publith, not only becaufe the public interefts itfelf in the
. origin of every difcovery or epinion, but becaufe I with to
preferve my right, and alfo to give in a more perfect form,
what was thought worthy of the public, even in a mutilated
ftate. My refpet for that public, however, has withheld
me hitherto from publithing, that I might firft be able to
complete my {ubjedt, as far as time and other circumftances
would allow me. I hope this publication will, at leaft,
have equal good effects with thofe I have before produced,
not only enabling perfons to write on the fame fubject, who
could not otherwife have done it, but even to become cri-
tics in matters of which, till then, they were eatirely ig-
norant. .

I have endeavoured, as far as my other purfuits would
permit, to form this work into a regular fyftem, one part
exaltly depending on ancther ; how far I have fucceeded
the world muft judge; but at the fame time it ought to be
confidered as a new figure compofed from rough materials,
in which procefs little or fto afliftance could be had from
any quarter, wherein the author is confcious of many im-
perfections, mere of wlich he is perfuaded he thall himfelf
obferve at every fucceflive review.

"Fhere are many opinions refpe&ing the animal cecono-
my peculiar to myfelf, which are introduced, or frequently
referred to, in the courfe of this work. It is therefore
neceflary to premife a fhort explanation of fome of them, -
that the ideas and terms which are employed may be better * -
underftood. To others of them, however, this method
cannot be applied, as they belong effentially to the body of
the work, or are fo immediately connected with it, as to be
beft underftood when treated in connetion with that part.

I thall carry my ideas of life furthér than has commgnly
been done ; life I believe to exift in every part of an ani-
mal body, and to render it fufceptible of impreflions which
_excite action ; there is no part which has not more or lefs
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of this principle, and confequently no part which does not
a&t according to the nature of the principle itfelf, and the
impreflions thence arifing, producing thereby infinite vari-
ety, both in all natural and difeafed a&s. How far every
part has an equal quantity of life, or of the powers of life,
is not eafily afcertained ; but if we were to eftimate them
by the powers of ation, we thould judge tolerably well.
Difeafe would feem to give fome intelligence with regard
to this matter; but how far refiftance to difeafe, and pow=-
ers of reftoration, depend on the powers of life, or fim-
ply on the powers of altion, I cannot fay; butI believe it
may be fet down asa rule, that thofe parts that are endowed
with moft action refift difeafe moft ftrongly, and in difcafe
reftore themfelves more readily to a healthy ftate.

1. OF DISEASED ACTIONS, AS BEING INCOM-
+ JPATIBLE WITH: EACH OTHER:

As I reckon every operation in the body an a&ion, whe-
* «ther univerfal or partial, it appears to me, beyond a doubt,
that no two altions can take place in the fame conftitution,
nor in the fame part at one and the fame time ; the opera-
tions of the body are fimilar in this refpe& to altions or
motions in common matter. It naturally refults from this
principle, that no two different fevers can exift in the fame
conftitution, nor two local difeafes in the fame part at the
fame time. There are many local difeafes which have dif-
pofitions totally different, but having very fimilar appear-
ances, have been fuppofed by fome to be one fort of dif-
eafe, by others to be a different kind, and by others again
a compound of two difeafes. Thus the venereal difeafe,
; when it attacks the fkin, is very fimilar to thofe difcafes” .
. which are vulgarly called fcorbutic, and vice versa. Thefe,
*-therefore, are often fuppofed to be mixed, and to exift in

~the fame part. 'Thus we hear of a pocky-{curvy, a pocky-

itch, rheumatic-gout, etc. etc. which names, according to
my principle, imply a union that cannot poffibly exift.

It has been confidered as contradictory to this opinion,
. that a patient might have the fcrofula, {curvy, venereal
difeafe, fmnall-pox, etc. at the fame time; all this is indeed
poflible ; but then no two of them can exift in the fame
part of the body at the famc; time ; but before one of them

%
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can occupy the place of another, that o_ther muft be firft
deftroyed, or it may be fuperfeded for a time, and may af-
terwards return. $

When a conftitution is fufceptible of any one difeafe,
this does not hinder it from being alfo fufceptible of others. I
can conceive it poffible that 2 man may be very fufceptible
of every difeafe incidént to the human body, although it
is not probable ; for I fhould believe that one fufceptibility is
in fome degree incompatible with another, in a manner fi-
milar to the incompatibility between different actions,
though not of fo ftrict a kind.

A man may have the lues and the {mall-pox at the fame
time; that is, parts of his body may be contaminated by
the venereal poifon ; the fmall-pox may at the fame time
take place,” and both difeafes may appear together, but ftill
not in the fame part.

In two eruptive difeafes, where both are neceffarily the
the confequence of fever, and where both naturally appear
after the fever nearly at the fame diftance of time, it would
be impoflible for the two to have their refpective eruptions,
even in different parts, becaufe it is impoffible that the two -
preceding fevers thould be co-exiftent.

From this principle I think I may fairly put the following
queries :—Does not the failure of inoculation, and the power
of refifting many infeCtions, arife from the exiftence of
fome other difeafe at that time in the body, which is there-
fore incapable of another action ? '

Does not the great difference in the time, from the ap-
plication of the caufe to the appearance of the difeafe, in
many cafes, depend upon the fame principle ? For inftance,
a perfon is inoculated, and the punture does not inflame
for fourteen days, cafes of which I have feen, is not this
deviation from the natural progrefs of the difeafe to be at-
tributed to another difeafe in the conftitution at the time of
inoculation ?

Does not the cure of fome difeafes depend upon the fame
principle as the fufpenfion or cure of a gonorrheea by a fever?

Let me illuftrate this principle ftill further, by one of
many cafes which have come under my own obfervation.
On Thurfday, the fixteenth of May, one thoufand feven
hundred and feventy-five, I inoculated a gentleman’s child,
and it was obferved that I made pretty large punctures. On
the Sunday following, viz. the nineteenth, he appeared to
have received the infection, a{mall inflammation or rednefs
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appearing round each puncture, and a fmall tumor. On the
twentieth and the twenty-firft the child was feverith ; but
I declared that it was not the variolous fever, as the in-
flammation had not at all advanced fince the nineteenth.
On the twenty-fecond a confiderable eruption appeared,
which was evidently the meafles, and the {ores on the arms
appeared to go back, becoming lefs inflamed.

On the twenty-third he was very full of the meafles; but
the punctures on the arm were in the fame ftate as on the
preceding day.

On the twenty-fifth the meafles began to difappear. On
the twenty-fixth and twenty-feventh the punctures began a-
gain to look a little red. ~ On the twenty-ninth the inflam-
mation increafed, and there was a little matter formed.
On the thirtieth he was feized with fever. The fmall-pox
appeared at the regular time, went through its ufual courfe,
and terminated favourably.

II. OF PARTS SUSCEPTIBLE OF PARTICULAR
DISEASES. -

THERE are fome parts much more fufceptible of fpecific
difeafes than others. Poifons take their different feats in
the body as if they were allotted to them. Thus the fkin
is attacked by what are vulgarly called {corbutic-cruptions,
as well as many other difeafes ; it is alfo the feat of the
{fmall-pox and the meafles ; the throat is the feat of a&ion
in the hydrophobia and the hooping cough. The abforb-
ent {yftem, efpecially the glands, are more fufceptible of
fcrofula than moft other parts of the body. The breafts,
tefticles, and the conglomerate glands, are moft commonly
the {eat of cancer. The fkin, throat, and nofe, are more
readily affeCted by the lues venerea, than the bones and
periofteum, which however fuffer fooner than many other
parts, particularly the vital parts, which perhaps are not at
all fufceptible of this difeafe. Thefe differences may arife
from the nature of the parts themielves, or from fome re-
gular circumftances, which muft act as an exifting caufe.

ill. OF SYMPATHY.

Tt is unneceflary to givea definition of fympathy, for it
is generally very well underftood when applied to the mind,
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and alfo by medical men when applied to the body. Inthe
mind its reference is external, it depends upon the ftate of
others, and one of its chief ufes is to excite an active in-
tereft in favour of the diftrefled, the mind of the fpecta-
tors taking on nearly the fame alion with that of the. fuf-
ferers, and difpofing them to give relief or confolation;
it is, therefore, one of the firft of the focial feelings, and
by many ufeful operations, incline mankind to union.. In
the body, fympathy has only a reference internally to the
body itfelf, and is not fo evident as the {ympathy of \the
mind ; although in fome cafes we fee its effects. It is ei-
ther natural or difeafed ; but it is the difeafed only that I
propofe at prefent to confider. I{hall divide the fympathy
of the body into two kinds, univerfal and partial.

By the univerfal fympathy is meant; where the whole
conftitution fympathizes with fome fenfation or action of a .
part. By partial fympathy is meant, when one or more
diftin& parts {fympathize with fome local {enfation or ac-
tion. The univerfal fympathies are various in different
difeafes ; but thofe which arife in confequence of local vi-
olence, are principally three, viz. the fymptomatic, the
nervous, and the hectic fever. The {fymptomatic fever is
an immediate effe@ of fome local injury, and therefore is
an univerfal fympathy arifing from a local caufe ; the ner-
voiis has no determined form nor ftages of the difeafe from
the firff caufe, as delirium, fpafm, almoft of all kinds and
in all parts, locked-jaw, etc. The hectic fever is alfo an
univerfal fympathy, attended with a local difeafe, which
the conftitution is not able to overcome. Moft of thefe
will be more fully treated when I have occafion to defcribe
their caufes.

I divide partial fympathy into three kinds; the remote,
the contiguous, and the continuous.

The remote {ympathy is where there appears no vifible
conneltion of parts that can account for fuch effeés. In
thefe cafes there is commonly a fenfation in the fympathi-
zer which appear to be delufive, and produces a wrong re-
ference of the mind to the feat of the difeafe, fuch as the
pain of ‘the fhoulder in an inflammation of the liver.

The contiguous {ympathy is that which appears to have
no other connection than arifes from the conta&t of feparate
parts. An inftance of which we have in contained parts
fympathizing with the containing; fuch as the ftomach
and inteftines fympathizing with the integuments of the ab-
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domen, the lungs with the cheft, the brain with the fealp,
and the tefticles with the fcrotum.

The continuous {fympathy is where there is no interrup-
tion of parts, and the {ympathy runs, or is continued along
from the irritating point as from a centre, fo as to be gra-
dually loft in the furrounding parts, in proportion to the
diftance ; and this is the moft common of all the {ympa-
thies ; an example of it we have in the fpreading of inflam-
mation, which will be often mentioned in this treatife.

IV. OF MORTIFICATION.

MorTiricaTION is of two kinds, the one without in«
flammation, and the other preceded by it; but as the cafes
~of mortification, which will be mentioned in this work,

are all of the fecond kind, I fhall confine my obfervations
to that fpecies.

I confider inflammation as-an increafed action of that
power which a part naturally poflefles ; and, in healthy in-
flammations at leaft, it is probably attended with an increafe
of power; but in inflammations which terminate in morti-
fication, there is no increafe of power ; but, on the contra-
ry, a diminution of it. This, when joined to an increafed
altion, becomes a caufe of mortification, by deftroying the
balance which cught to fubfift between the power and action
of every part. 'There are befides, cafes of mortification
preceded by inflammation, which do not arife wholly from
that, as a caufe, but rather feem to have fomething in their
nature ; of this kind is the carbuncle, and the flough form-
ed in the {mall-pox puftule.

If thizaccount of meortifications, arifing from no fpecific
nature, be juft, we fhall find it no difficult matter to efta-
blith a rational mode of cure; but, before we attempt this,
let us take aview of the treatment which has been hitherto
recommended, and fee how far it agrees with our theory.
It is plain, from the common practice, that the weaknefs
has been attended to 3 but it is plain that the increafed action
has been overlooked ; and, therefore, the whole aim has
been to increafe the ation in order to remove the weaknefs.
The Peruvian bark, confedio cardiaca, ferpentaria, -etc.
have been given in large quantities, as the cafe appeared, to
require, or the conftitution could bear ; by which meansan
artificial or temporary appearance of ftrength has been pro-

’
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duced, while it was only an increafed action. Cordial§ and
wine, upon the principle on which they have been given,
are rationally adminiftered; but there are ftrong reafons
for not recofnmending them, arifing from the general effect
which they poffefs, of increafing the ation without giving
real firength. The powers of the body are, by this treat«
ment, funk afterwards in the fame proportion as they had
been raifed, by which nothing can be gained, but a great
deal may be loft ; for, in all cafes, if the powers are al-
lowed to fink below a certain point, they are irrecoverable.

The local treatment has been as abfurd as the conftitu-~
tional 5 fcarifications have been made down to the living
parts, that {timulating and antifeptic medicines might be
applied to them, as turpentines, the warmer balfams, and
fometimes the eflential oils ; warm fomentations have been
alfo applied, as being congenial to life ; but warmth always
increafes action, and, therefore, thould be well adjufted to
the cafe 3 for, on the other hand, cold debilitates, or leffens.
powers when carried too far, but at firft leflens action. Sti-
mulants likewife are improper where the actions are already
too violent.

Upon the principles here laid down, the bark is the prin«

cipal medicine, as yet known, that we depend upon, as it
increafes the powers and leflens the degree of action. Upon
many occafions opium will be of fingular fervice, by leflen-
ing the action ; although it does not give real ttrength. I
have feen good effects from it, both when given internally
in large dofes, and when applied to the part. It is proper
alfo to keep the parts cool, and all the applications fhould be
cold.
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CHAPTER L

GENERAL PRINCIPLES OF THE BLOOD.

S the blood is allowed by all to have a confiderable

fhare in inflammation, or at leaft to be particularly af=
fected by it, becoming, by its appearances, one of the
figns or {fymptoms of its exiftence ; and, as the blood is a
material objet with me in the theory of inflammation, I fhall
begin my treatife with its natural hiftory, a previous know-
ledge of which is the more requifite, becaufe the accounts
of this fluid, hitherto given, will hardly explain any of its
ufes in the machine in health, or of its changes in difeafe.

The heart and veffels are very active in inflammations;
and as their ftru&tures and actions have not hitherto been
underfteod, I have fubjoined to the natural hiftory of the °
blood an account of the ftructure of the heart and veflels,
together with their actions in the machine; to which I
have added one ufe of the abforbents not hitherto known.

As every natural a&ion of the body depends, for its
perfe&tion, on a number of circumftances, we are lead to
- conclude, that all the various combining ations are efta-
blithed while the body is in health, and well-difpofed ; but
this does not take place in difeafed actions, for difeafe, on
the contrary, confifts in the want of this very combina-
tion ; and difeafed actions, therefore, vary according to
many natural circumftances, of which I propofe to point
out a few of the moft ftriking inftances.

Inflammation muft have fome exciting caufe, and the
fame caufe will produce an effet under one circum-
ftance, which it will not under another. I have, there-
fore, begun with the fuppofition of an injury, attended
with fuch circumftances as do not excite inflammation,

K
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which will form a ftrong contraft to thofe which doy
the oppofite effects mutually illuftrating each other; .but.mi |
inflammation is a very general action of the .veﬂ'els in dif
cafe, and is of various kinds, I have previoully given &
“. fhort account of feveral of the moft common forts of in-
flammation, which will explain the reft.
The whole material world has been very properly divid=
ed into {olids and fluids; thefe being the only eflentially -
different ftates of matter we are able to obferve. From =
one of thefe ftates, to the other, matter appears to be con-
tinually paffing, but with thefe reftrictions, that no fpecies
of matter can aflume a folid form, without having firft been =
in a fluid ftate ; nor can any change take place in a folid
till it be firft formed into, or fufpended in a fluid. The
fiving animal body is obedient to thefe general laws, foralk
folid and animal matter has firft been fluid, and having
pafled into this folid form, becomes a recipient for other ¥
fluids, out of which the folids may themfelves be renovated
and increafed. &
The folids of an animal, although compofed of one fpe{g
cies of matter, yet admit of great variety in their appe
ance, and this variety takes place in fomc animals more than
in others. But the fluid part of an animal body, in itsna="
tural ftate, has but one appearance, which is that of blood."
There are certain paits of animals which, though ha,rﬂg.af
folid in their own nature, are yet to be confidered as folids,
from their being fixed in their fituation, and appropriated
to local a&tions ; fome of them a¥ing on the fluids (which
are, to a certain degrce, paflive in all animals) and: difpo-
fing of them for_particular purpofes in the animal cecono=
my, in the famé manner as is done by thofe which are ufu-
ally callgg®hie folids in animals; ot this fort are the gelati=
nous paits in many of the inferior orders of fea animals,as
the Medufa, the vitrious humour of the eye, etc. 'There
appears to be a fympathetic intercourfe between the
and the fluid parts of an animal, defigned by nature for
their mutual fupport. In difeafe, when the machine can-
not be furnifhed in the common way, the folids of the bo=
dy fupply the defecls, and the perfon becomes lean ; arid
the fluids would appear from this, to be more an object of
attention in the machine than even the folids.
This fluid part of an animal is called the blood, and in the
animals with which we are moft acquainted, it is of a
colour. The nature and appearances of the blood have’

.o
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been more attended to in difeafes, efpegially of the inflam-
matory kind, than in full health, as it is more expreffive of .
difeafe, when removed from the body, than any of the
folids, and undergoes changes which the folids do not.
Some of thefe changes are produced by the feparation of
parts from one another; but as the body is feldom in per-
fe&t health, we can hardly procure the ‘blood in the fame
ftate twice from one perfon, although it may not be fenfi-
bly difeafed. 1In a hiftory of the blood thefe varieties muft
be mentioned, although they are often flighter appearances
of what we find in difeafe ; for difeafe certainly throws
great light on the natural hiftory of the blood, and the ap-
parent changes which it undergoes muft have unavoidably
“called medical men to confider it with attention.

The only knowledge, however, we have of any differ-
ence in the blood, arifes from thefe varieties in its fponta-
neoys changes when extravafated ; nor do thefe differences
appear always to affect the real nature of the blood, as the
animals often continue in health while they are going on.

Blood is moft probably as much alike.in all animals, as
the mulcle of one animal is like that of another ; only with
this difference, that fome animals have not that part which
gives it the red colour ; but the other parts, as thedymph
and ferum, are, as far asI yet know, the fame in all.

Transfufion of the blood of one animal into the veflels of
another, proves, to a certain degree, the uniform nature

_of the blood ; for, as far as thefe experiments have been

‘urged, no alteration has been obfzrved.

* Concerning natural objets, we ufuaily acquire a grofs

knowledge, from the frequency with which they are eb-

" {erved, and it often requires little more than common at-
tention te have a tolerable conception of their general prin.
ciples. 'This is the cafe with the blood.

Blood is known to be of ared colour in a great number
of animals, and to be altogether a fluid while circulating
in the living body. It is known to feparate into parts when
out of the body, and a portion of it to become folid ; it is
likewife known, that, when deprived of a certain propor-
tion of it, an animal dies; it has, therefore, been held in

“particular veneration, as conftituting the life of the ani-
mal. Like other things which are difcovered to be of great
ufe, the blood has frequently attracted the attention of
mankind; as an object of curiofity only, from which fome
have proceeded to a more critical enquiry into its naturg
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and properties, ax§d to more extenfive el.ucidation of the
fubject at large. To this, praQitioners in phyfic have a
great deal contributed, from a conviétion, that this know-
ledge would be of much ufe to them in their Profeﬁign;
and the teachers of the art have been ftill more induftrious
in their inveftigations; but the frequeut recourfe which is
had to the lancet in difeafes, has afforded the moft ample
opportunities of obfervation, almoft fufficient to explain
every principle in the blood, without the aid of further ex-
periment. : ;
In animals pofleffed of red blood, two modes of invefti.
gation may be adopted. One of thefe refpects the blood
while in its circulating, when the colour makes its motion
vifible, and gives an idea of the circulation in the fmaller
veflels.  Accidents, operations, and anatomical knowledge
of the veflels in which the blood is contained, have at the
fame time aflifted us to form more perfe&t ideas of its mo-
tion in the larger veflels. The other mode, which is that
- of examining the blood when out of the body, enables us
to obferve whatever relates to its fpontaneous changes and
{eparation, together with the apparent properties of each
component part, Its chemical properties become known
likewife by this fecond mode, though without throwing
much light on the nature of the fluid itfelf. ‘
The blood is called a fluid becaufe it is always found ina
fluid ftate in the veflels of a living animal, while under the
influence of the circulation: yet it is not, under all cir-
cumftances naturally fo; for of one partof it, when not
circulating, folidity is a neceflary and effential pro erty ;
fluidity being only neceffary at the time of circulation for
its motion, diftribution, and the eafy feparatio.1 of its parts.
Without being fluid, it eould not be propelled through
flexible tubes, and diftributed to all parts of the body. It
could not be divided into portions, as the veflels branch off 3
it could not pafs through the {maller veflels, nor admit of
the various feparations of its parts, which are to produce
the increafe and repairs of the whole body ; neither could
it be adapted for furnifhing the various fecretions; nar
gould it be brought back to the heart*,

* The diftribution of water from the fea, is fimilar to the
arterial fyftem ; and the rivers returnin
to the veins; but their effects are diffe
works entirely upon its own materials.

g to it havc an analogy
rent ; becaufe the globe
The waters are conti-
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The red colour of the blood is produced merely by fome
red matter diffufed through it, but not common to all ani-
mals. The blood exhibits a greater variety of changes,
and admits of more experiments to determine its nature
and properties than the folids. This, in fome degree, arifes
from its fluidity, in which form it has not yet attained its
ultimate ftate, and is only the fubftance that furnifhes ma-
terials, out of which the folids are produced or augmented.

The heat in the animal body, principally in thofe which
are called warm animals, has been commanly confidered as
depending principally on the blood, or at leaft as being con-
nected with it, as much as with any other portion of the
body+: as I fhall have occafion to take notice of the in-
creafed heat of inflamed parts, it might be expected, that
I fhould endeavour to explain this principle in the hiftory
of the blood. I profefs, however, not thoroughly to un-
derftand it, and the theories hitherto brought forward, do
not in the leaft fatisfy me ; as I think that none of them ac-

cord perfeétly with every circumftance obfervable in thefe.
cafes, ' ;

I. OF THE MASS OF BLOOD, AS COMPOSED
OF DIFFERENT PARTS.

TaE blood, while circulating in the veffels, appears to
the eye to be a homogeneous mafs ; but when it is paffing
in veffels fo fmall as almoft to feparate its vifible parts, and
is viewed in a microfcope, there is no appearance but that
of globules moving in the veflels.

In fuch a fituation the other parts called the coagulable
lymph, and the ferum, are not diftinguifhable, on account

nually carrying away the land from one fituation, and depofit-
ing it in another ; taking down continents, and leaving the
ocean in their place ; while at the fame time they are raifing con-
tinents out of the fea. But animals work upon foreign matter,
introduced from time to time into the fyftem.

4 From whence the expreflion, warm bloeded, or cold blood-
ed animals ; but the expreflion fhould rather be, the animals
of a permanent heat in all atmofpheres, and animals of a heag
variable with every atmofphere,
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of their being tranfparent, and the globules do not, ftrictly
fpeaking, conftitute a part of the fluid, but are only dif~
fufed through it. Thefe globules being red, give this co-
lour to the blood, and are called the red part, but are not
always of-the fame rednefs when colleted in a n'laf.s-, t!xis
is probably owing to each globule being changed in its tint
of colouring. The blood of fome animals has no fuch
globules, but is perfectly tranfparent, indeed more .fo than
the moft tranfparent parts of the red blood, to whichit is
analogeous. A red colour is therefore not eflential to con-
ftitute true blood; and I believe the flight tinge of colour
there is in the blood, independent of the globules, arifes
from the folistion of various {ubftances in the ferum. The
biood has a peculiar tsfte, being faltith, but of a peculiar
flavour : we can always diftingnifh by the tafte when there
is blood in the mouth. :

Thefe are the principal obfervations we can make on the
bload when circulating, or in its fluid ftate; but as one
part of it under certain circumftances changes into 2 folid,
or as it is commonly termed, coagulates, more of its parts
are thus expofed; in this procefs the blood feparates into
two diftinét fubftances, a ¢oagulating part, and another
which feparates from it and remains fluid ; but the coagu-
lum entangles the red part, and this alone thews the blood
tobe formed of thefe component parts. The parts of the
blood {o feparated, have been named according to their ap-
parent properties ; the one, the coagulable lymph ; the o=
ther, the ferum ; and the red part has been called the red
globules 5 but upon a more intimate knowledge of the dif~
ferent parts of this fluid, we {hail find that thofe terms are
not expreflive of all their properties.

The term coagulable lymph, is not expreflive of this pro-
perty, as one which is inherent in the lymph itfelf ; for ma-
ny fubftances are capable of being coagulated, though not
{pontaneouily, yet by chemical means. For inftance ; heat
coagulates the farinaceous part of vegetables, and thus forms
paite; and alfo mucus. Spirits of wine coagulates many
gaimal fubftances ; acid coaguiates milk, &c. the term,
thercfore, to be uled refpecting this property of the blood,
fiould be fuch as exprefies its inherent power of felf-coa-
gulation: perhaps cosgulating might be better applied to
what s called coagulable lymph 5 and the epithet coagulable
mught be referved for thofe fluids which require a chemical
procefs to preduce that effe@. Of this kind is the ferum,
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for T have difcovered this fluid to be compofed of two parts,
which is afcertained by means of the different caufes of coa=
gulation. To difcover all the various properties and ufes
of the component parts of the blood in the machine, may
be impoflible ; and to determine whether they will a&, or
are employed conjunctively to produce the effect, is not ~
eafy: but there are fome properties, difcoverable which would
incline us to believe, that particular parts of the blood are
employed to compofe particular folid parts, which are found
to poflefs properties fimilar to different parts of the blood.

iI. OF COAGULATION, AND ITS EFFECTS.

As coagulation is the firft change which the blood un
dergoes, when out of the veficls, and as it even coagulates
while in them, under certain circumitances, we thall confi~
der this procefs firft. Though fluidity is necefiary to ena-
ble the blood to circulate, yet coagulation is no lefs necefla<
1y, when it is to be difpofed of out of the circulation, even
within the body, and therefore deferves to be confidered
with no lefs attention. There is, I think, more to be learn-=
ed of the ufe of blood in the animal ceconomy, from its
coagulation, than from its fluidity. The coagulation of
the blood, when out of the circulation, would feem to be
unconnected with life, yet life could not go on without it
for as all the folid parts of the body are formed from the
bleod, this could not take place, if there did not'exift in it
the power of coagulating. Many difeafes exhibit the blood
coagulated in the living body, even in the veflels them{elves,
but more frequently when extravafated. Coagulation does
not belong to the whole mafs of circulating blood ; but
only to the part I have called coagulating lymph, which
during this a&tion commonly detaches itfelf from the other -
part, called the ferum.

Whether the whole mafs of the ferum be a diftin& part
of the blood when circulating, is not eafily determined, as
we have no mode of feparating it from the coagulating
lymph, while both are fluid. The ferum making a part
of the whole mafs in the fluid ftate, the firft ftage in the
coagulation is a fpecies of decompofition, forming a fepa~
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ration of the ferum. But, on the other hand, there aré

reafons for confidering the coagulating lymph as diftinék

from the ferum, even when both are fluid ; fince the ferum

can be feparated from the lymph, without coagulating, by

many actions of the veflels, both natural, preternatural,

or difeafed. Thus the liquor of the amnios, and that. of
dropfies, are formed ; and therefore we may conclude, that
the feparation of the ferum, when the lymph is eoagulated,
is not an a& neceflary to the coagulation, but an effect
of it. .

The circumftances attending the coagulation of the
lymph are fubject to great varieties. Thefe depend upon
or correfpond with the ftate of the body at the time, of
which we can beft judge by the readinefs or difficulty with
which the blood coagulates, and by the firmnefs or loofnefs
of the coagulum. 'The whole mafs of the bleod being a
compound, of which the parts are in fome degree feparat-
ed: the appearances upon coagulation are attended with
ftill more variety than the lymph alone could exhibit, or
than could occur in thofe animals which are not poflefled
of red blood, as the red part brings to view many of the
changes in the lymph, by the difference of its colour, as
well as of its fpecific gravity. - :

The three {ubftantes which become vifibly diftinét when
the lymph coagulates, differ as to gravity; the ferum is
the lighteft, 2nd remaining fluid fwims upon the top ; the -
red glebules which undergo no change, are the heavieft,
and fink more or lefs in the lymph ; but being entangled
in it, add to its weight fo as to make it fink deeper in the
ferum. 2 -

Blood when extravafated coagulates fooner or later, ac-
cording to the quicknefs or flownefs of its extravafation,
and the quantity extravafated: it coagulates late when
drawn into a bafon rapidly, and in confiderable quantity 3
foon, when allowed to flow flowly, and in {mall quanti-
ties. 'This will be better underftood when I treat of the
principles of coagulation.

‘When blood is received into a cup, and thereby expofed,
it certainly coagulates more readily than when extravafated
in the cellular membrane, or in the veflels; and on the ex-
pofed furface it coagulates more readily than any where
elfe, except round the edges of the difh in which it is con-
tained. It hasbeen obferved, that the upper furface of the
blood coagulates firft, forming a thin pellicle, 2s milk does,
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when near boiling ; while underneath it {till remains fluid 3
but the whole gradually becoming thicker, and lofing its
tranfparency, coagulates in about fifteen or twenty minutes
into a fubftance of pretty thick confiftence. ~The time re-
quired will vary according to the quantity of blood in one
mafs, and the difpofition of the blood at the time.

‘We may obferve the following appearances when the
blood is coagulated. The coagulum is generally, but
not always, {wimming in a fluid; for it fometimes hap-
pens that the lymph does not {queeze out the ferum in the
ack of coagulation, in which there is an aét of contraction:
The top of the coagulum is tougheft, or firmeft; and it
becomes lefs and lefs fo towards the bottom, becaufe there
1s lefs of the coagulating lymph at the bottom, in propor=
tion as the red globules fubfide in the lymph before it coas
gulates. 'The coagulating lymph hasa degree of toughnefs
in proportion as it 1s free from ferum ; for while the ferum
is mixed within it, though there may be red globules, itis
not very tough; but when prefled between the finger and
thumb, fo as to fqueeze out the ferum, it becomes nearly
as tough, and elaftic, as the coats of an artery, to appear-
ance; becoming fibrous, and even, forming lamina; and
indeed appears to be very much the fame kind of fubftance
with an artery, which gives us a clear idea how a membrane
may be formed, and probably can be varied according to
the impreffion made on it by the furrounding parts. This
is one reafon why the lymph, which has the ftrongeft dif~'
pofition for coagulation, is the tougheft, as it parts with'
more of its ferum. The lymph is tranfparent, but whe-
ther tinged as the ferum is found to be, we can hardly fay,
as it is {feldom poflible to catch it in a fluid {tate free from
red globules, and never from ferum, which has itfelf a
tinge. When out of the bodyin a difh, where it is long
in coagulating, and the red globules fink faft, we find it
tranfparent ; but, during coagulation, it becomes more
muddy, till at laft it is opaque, but with a tinge of colour.
On being fteceped in water it is often rendered very white,
which would not probably be the cafe if it had a tinge of
its own, independent of the ferum.

Blood ufually requires a confiderable time for its complete
coagulation, or rather contraction ; for, if allowed to ftand
fome days, the coagulated part becomes lefs and lefs, as
more and more of the ferum is fqueezed out, which cannot

L J
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arife from the ferum being lighter, and iffuing out fpontss
neoufly ; for without fome expelling foree it ‘would bF res
tained ‘mechanically by the capillary attraction, as in 2
fponge. 'The blood which is longeft in coagulating, coa~
gulates moft ftrongly, and produces the moft complete fepa-
ration of its parts. In fuch inftances as the coagulating
lymph continues longer fluid, it allows the red globules
more time to fubfide, and the ferum to be more {queezed
out from the craffimentum. When the coagulation is flow,
and of that kind which will be firm when completed, we
may fkim off the fluid coagulating lymph, free from the
red globules ; and the part fo taken will coagulate immedi~
ately, while that in the cup remains fluid fome time longer.

Many caufes have been afligned for the coagulation of the
lymph, which appear to me to be ill-founded. It fre-
quently happens that when changes take place in matter of
which the immediate caufes are unknown, the mind referg
them to fome circumftances which accompany thefe chang-
es; although, perhaps, they may have had. no concern
whatever in producing them, and may be only attendants.
This will always be the cafe where thofe changes arife out
of the nature of the part itfelf. A feed put. into moift
ground grows ; but the moift ground is only a neceffary at-
tendant, and not the immediate caufe. 'The life of the
fecd, ftimulated to action by the moifture, is the immediate
caufe of its growth, aud it continues to grow becaufe its
action is always excited. All the water in the world would
fiot make a dead feed grow. The fame mode of diftinétion
is applicable to the coagulation of the lymph.

The firft obfervations on the blood -were moft probably
made on that of the more perfect animals, whofe heat is
commonly greater than the heat of the atmofphere. -~ Such
blood when extravafated, was found to coagulate on cooling;
it was therefore natural to fuppofe that the coagulation of
the lymph arofe from its becoming colder, as happens in
jelly* 5 but cold, fimply, has certainly no effect upon the
coagulating lymph.

If we take a fith out of the fea, the heat of its body,

* This term has been applied to the coagulation of the bloed,
buat J think improperly ; for | fhould only eall that jelly, which
became folid by cold, and fluid again by heat ; coagulation is
totably different, for it is a new fpecics of combination. The
freezing of bleod may be called, congelation.
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perhaps about 60°, and bring it into an atmofphere of 700,
the blood, onbeing let cut of the veflels, will immediately
coagulate. This was afcertained on board of a fhip lying
off Bellifle, in the fummer 1761 ; for immediately upon a
fith being caught, I afcertained its heat, and letting out
part of its bleod, it immediately coagulated, although the
blood difcharged was become warmer than that remaining
in the veflels of the fith ; which, however, ftill continned
fluid. : s

Indeed common experience and obfervation fhews us,
that cold alone has no power to coagulate the blood. It of-
ten happens that particular parts of an animal, fuch as the
fingers, face, nofe, ears, &c. are cooled nearly to the
freezing point, and frequently are in that ftate for a confi-
derable time ; yet the blood retains its fluidity in thofe parts,
as I have experienced in my own fingers; and indeed in
thofe parts of an animal where the blood has been frozen,
and again thawed, the blood appears as fluid as before, and
circulates as ufual. Heat has the power of exciting action
in an animal ; and we find that heat even increafes the ac-
tion of coagulation ; for, if blood be heated to about 129°,
it will coagulate five minutes fooner than when kept at its
natural heat, and even fooner than the blood of the fame
animal, taken at the fame time and cooled to go°*, Mr.
Hewfon has laboured this point, endeavouring to fhew it
is not cold that makes the blood coagulate ; and he has
laboured no lefs to thew the real caufe of fuch a change.

He took frefh blood and froze it quickly ; on being thaw-
¢d, it was again fluid, but foon afterwards coagulated :
this he conceived to be a fufficient proof, that it was not
cold which made the blood coagulate+.

From the above obfervations, and experiments, it muft
appear that cold, fimply, has no influence whatever upon
the coagulation of the blood.

And in moft of the cafes in which the blood i3 obferved
to coagulate, the air is commonly in contalt withit; this
was next prefumed to be the eaufe of its coagulation{ ; but

# Thefe cxperiments wers mede on the jugular veins of
dogs, by taking a fection of the veins on cach fide filled wita
blood, and immerfing them in water, either warmer, or cooler,
or of the matural heat, and obferving the comparative diffcx-
ence.

’ 4+ 143 XA
4+ Hewfon on the blood, :Eage 21, 1 Ibid, paye23.

2
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the air has really no more effe& than any other extrancous
body, in contact with the blood, that is capable of maklpg
an impreflion upon it ; for the blood coagulates more readil

in a vacuum than in the open air; nor will either of thefe
fuppofed caufes aflift in explaining why it _is not found_coa—.
gulated after many kinds of death, nor in the menftrual
difcharge. Neither will they account for the very fl?eedy
coagulation of the blood which ufually takes place in all
the veflels after death, or when it has been extravafated
into cavities, or cellular membranes, where no air has ever
been admitted, bt

Reft is another caufe upon which the coagulation of the
blood has been faid to depend : and although this opinion
be not true in the full extent in which it has been taken,
think that reft has greater influence in the change than any
other circunaftance whatever. But though reft {feems great-
Iy to difpofe the blood to coagulation, it is the operation of
reft alone, without expofure, which we are to confider; as
otherwife we fhall be apt to confound it with the two fore-
going caufes, viz. cold, and the conta&t of air.

Since therefore the blood may coagulate in the veffels,
either of a living, ora dead body, and fince it coagulates
when exfravafated into different parts of a living ~body,
reft, like cold, or air, might be fuppofed to be the fole
caule of the coagulation of the blood: yet it is not reft,
confidered fimply, but reft under certain circumftances,
which appears to poflefs fuch a power; for motion given
to the blood, out of the veflels, will not of itfelf prevent
its coagulation ; nor will it even in the veflels themfelves,
if all the purpofes of motion are not anfwered by it. Mo-
tion feems to retard coagulation* ; yet we know for cer-
tain that blood will in time coagulate, even in the vefitls
themfelves, and under certain circumftances fooner, per-
haps, than any where elfe ; as for inftance, when there.
is-a difpofition to mortification. In this cafe we find the
blood coagulated even in the larger veflels. 2

Ihave feen a mortification come on the foot, and leg,
and when it had advanced only to a certain degree, the
perfondied. On examining the parts above the mortified
part, I found the crural, and iliac arteries, filled com=
pletely with {irong coagulated blood ; we may thence infer,

* This is motion given fo it in a veflel, without any empty
{pace, and having beads put into it, which are fhaken.
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¢hat the tendency to mortification in the veflels produyced
this difpofition in the blood. If the coagulation fhould be
fuppofed to have arifen from the blood being ftopped in the
large vefiels, at the mortified part, let us reflect, that this
cannot account for it ; the fame thing ought- then to hap-
pen in an amputation, or in any cafe where the larger vef-
fels are tied up.

In a priapifm the blood does not coagulate, except it
threatens mortification. {

The {eparation of the blood, either fromitfelf, that is,
when divided into fmall portions, or feparated from the
living body, becomes one of the immediate caufes of the
coagulation of thelymph ; therefore, the contalt: of bleod
with blood, or with living veflels, in fome degree retards
coagulation : this is the reafon why blood which comes
from the veflels flowly, or falls from fome hkeight, or runs
fomeway on the furface of a difh, coagulates {fooner than
when the contrary circumftances happen; and upon this
principle it is, that blood, when fhaken in a phial, will
coagulate the {oereryeven if fhaken in a vacuum. A deep
mafs of blood is alfo from the fame caufe, longer in coagu-
lating than a fhallow one.

From the above obfervations it muft appear evident, that
neither cold, nor air, nor reft alone, have any influence on
the coagulating power of the blood ; there muft, therefore,
be fome other principle on which this  procefs depends ,
and, as it retains its fluid ftate while circulating, and even
for a long time when at reft in the living veflels, and coa-
gulates when the veflels or the body dies, it might: naturally
be fuppofed that it was the life of the body or veflels which
kept it fluid ; we know, however, thatlife in the body or
veflels does not hinder the blood from coagulating under
certain circumftances, but often rather excites congulation ;
nor does death, in the body or veflels, in all cates become
a caufe of coagulation ; for we find that in many who die
fuddenly, from a firong impreflion of the mind, the blood
does not coagulate ; there is, therefore, fomething more
than the mere fituation of the blood, furrousnded with
dead parts, that allows of coagulation ; and that muft be a
fomething in the blood itfelf. |

From thefe obfervations it muft be evident, that the fluid
ftate of the blood is connected with the living vefzls, which
is its natural fituation, and with motion ; and that where
there is' a full power of life, the yefitls are capable of
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keeping the blood¥in a fluid ftate : I believe, however, very
little motion is required to keep up this fluidity when the
other is prefent. A total ftagnation of the blood, while the
body is alive, as in a trance, or where the circulation has
been ftopt for feveral hours, as in the cafe of perfons ap-
parently drowned, does not make it coagulate 5 yet where
there are no aétions going on, in a part, if the blood
ftagnates for a much fherter time than in a trance, it will
be found cpagulated, as in mortifications ; but _then this
coagulation is to anfwer a good purpofe, and arifes from
neceflity*, which appears to at asa ftimulus in difpofing
the blood to coagulate.

As a proof that blood will not coagulate in living vef-
fels, in a perfe& and natural ftate, and ready to act when

owers were reftored to it, I found that the blood of afifh,
which had the actions of life ftopped for three days, and
was fuppofed to be dead, did not coagulate in the vefiels;
but, upon being expofed, or extravafated, foon coagus
lated.

The blocd of alamprey-eel, which had been dead to ap-
pearance fome days, was found fluid in the veflels, becaufe
the animal was not really dead ; there had, however, been
no motion in the blood, as the heart had ceafed alting 3
but upon its being expofed, and extravafated into water,
it foon coagulatedt: yet under certain circumitances in
life, it had been obferved, that the blood will in a fmall
degree coagulate : this is in the ftate of torper. It is af-
ferted by fgme author, wham I now do not recolleét, that

* By a&ion taking place from neceflity, effe&ts are meang
which arife in confequence of fome unufhal, or unnatural change,
going on inthe parts, and become a ftimulus to action. The
ftimuli fromthis caufe, may vary exceedingly among themfelves ;
but as we ate unable to inveltigate them, I have included them
uynder this general term, {limalus of neceffity.

4 There are fome circamftances which hinder the coagulation
of blood in living bodies althongh extravafated, Two leeches
had been applied, and had fucked till full. Thefe were preferv-
ed for ten weeks, and then had centained confiderable quantity
of blood, which appeared like that recently drawn from a vein,
and coagulated when expofed. 1 have known, in tapping a
bydrocele, that a fmall veflel has been wounded, and the blood,
as it extravafated, got into the fack, and when tapped fixty-
five days after, the blood has come out thickifh; but when ex-
tra&ed it coagulated, and feparated into different parts,
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the blood of abat coagulates when in that ftate ; and Mr.
Cornifh, furgeon, at Totnefs, Devonthire, to whom Iap=
plied for fome bats in the torpid ftate, {fent me them, but
in the carriage they always died ; however, he took oppors
tunities of examining them, and he found that the blood
was in a certain degree coagulated ; but it foon recovered
its fluidity on motion and heat.

From thefe remarks I fhould conclude, that reft does
not of itfelf in the leaft affift the coagulation of the bleod 5
but that this effect arifes from the blood being feparated
from the living veflels, and being deprived of motion ; and
that it happens fooner, or later, according to other circums
ftances. It might be fuppofed that thefe are rather nega-
tive caufes of coagulation, than pofitive ones; but it is to
be confidered, that in a living body, the ceflation of a na-
tural action, the abfence of an ufual impreflion becomes a
caufe of alion, of which innumerable inftances may be
given.

I have now confidered the circumftances under which
the blood coagulates, and fhewn that none of them alone,
nor all of them combined, induce the blood to coagulate. My
opinion is, that it eoagulates from an impreflion : that is,
its fluidity under fuch circumftances, being improper, or
no longer neceflary, it coagulates to anfwer now the necef-
fary purpofe of {olidity. This power feems to be influ-
enced in a way, in fome degree fimilar to mufcular aétion,
though probably not entirely of that kind ; for I have rea-
fon to believe, that blood has the power of altion within
itfelf, according to the ftimulus of neceflity ; which necef-
fity arifes out of its fituation.

I fhall now confider the fimple aét of coagulation, ab-
firacted from caufes.

Coagulatien I conceive to be an operation cf life ; and
I imagine it to proceed exactly upon the fame principle as
the union by the firft intention ; it is particle uniting with
particle, by the attraion of cohefion, which, in the blood,
forms a folid ; and it is this coagulum, uniting with the
furrounding parts, which forms the union by the firft in-
tention : for union by the firft intention, is no more than
the living parts when feparated, whether naturally, or by
art, forming a reciprocal attraction of cohefion with the
intermediate coagulum, which immediately admits of mus

“tual intercourfe, and as it wcre, one intereft.
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To preduce coagulation of the blood, Lowever, fomes
thing more is required than merely the reverfe of the caufes
above-mentioned, as having the power to keep it fluid ; for
the blood becames in many cafes inftantaneoufly incapable
of coagulation, either in or out of the veflels, cven when
nothing has been added, or taken away, and muft be there=
fore under the influence of fome other caufe. This, Ibe-
lieve, muit be fought in fome property inherent in the blood
itfelf : befides, fome naturdl operations deftroy this prin=
ciple in the blood, when extravafated. ‘

In many modes of deftroying life the blood is deprived
of its power of coagulation, as happens in fudden death
produced by many kinds of fits; by anger, electricity, or
lightening ; or by a blow on the ftomach, etc. In thefe
cafes we find the blood, after death, not only in as fluid a
ftate as in the living veflels, but it does not even coagulate
when taken out of them. As in the bodies of fuch per=
fons as no a&ion of life takes place, the mufcles do not«
contra&. There are partial influences, likewife, which =
deftroy the power of coagulation, as a blow ona part pro-
ducing a confiderable extravafation. This forms an ecchy-
mofis, in which we thall often find the blood not in the
leaft coagulated. In healthy menftruation, the blood which -
is difcharged does not coagulate ; in the irregular or un-
healthy it does. The healthy menfes, therefore, fhew a pe-
culiar action of the conftitution; and it is moft probably
in this a&tion that its f{alubrious purpofes confift; for if
twice the ufual quantity is evacuated with the powér of co-
agulation, even from the fame veflels, the fame benefit is
not produced ; much lefs when taken from another part by
anie :

Many fubftances, when mixed with the blood, prevent
coagulation ; bile hes this effe€t out of the body; but we
cannot fuppofe that in a living body it can be taken into the
blood in fuch quantity as to produce this effe&t ; for we
find in a very fevére jaundice, that the blood is ftill capa+
ble of coagulating ftrongly.

That probably every inanimate fluid in nature, which is
capable of being rendered folid, produces heat, during that
change; and in the contrary change cold is commonly
known ; it is on that principle Dr. Black has eftablifhed his
very ingenuous theory of latent heat. Thus in the freezing
of water, heat is produced.
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To fee how far the coagulation of the blood was fimilar
in this refpe@ to the fame change in other fubftances, I
firft coagulated the white of an egg, by applying to it rec-
tified fpirits of wine : the heat of both was the fame before
their union ; but I found wpon uniting them, that the white
of the egg was immediately coagulated, and that the heat
of the mixture was increaled four, fometimes five degrees,
according as it coagulated, flowly, or quickly.

As the blood 1n the animals upon which we moft
commonly make our experiments is warm, it becomes a
difficult matter to afcertain whether it produces heat upon
coagulation. In holding the ball of the thermometer in
the ftream of blood coming frem the arm, I found the heat
raifed to ninety-two degrees: I then teok a cup of human
blood, allowed if to coagulate, and put it up to the brim
in water warmed to ninety-two degrees, till the whole mafs
was heated to this point. I bled afterwards another perfon
to the fame quantity, in a fimilar cup, which was put into
the fame water. Having two well regulated thermome-
ters, one in each cup of blood, I obferved which cooled
firft, for I did not expect fo much heat to be produced as
to make it warmer ; but conceived, if any heat was form-
ed, it would retard the cooling of the frefh blood ; but it
rather cooled fafter, which I imputed to the coagulated
blood parting with its heat flower than the fluid blood.
Thefe experiments I have repeated feveral times, with
nearly the fame effect. I then conceived the experiment
would be more conclufive if I could get blood in a fluid
ftate, which was naturally of the heat of the atmofphere,
for which purpofe I took the blocd of turtles.

A healthy turtle was kept in a room all night, the floor
of which was ahout 64°, and the atmofphere 65°. In the
morning the heat was nearly the fame. The thermometer
was introduced into the anus, and the heat of that part
was 64°. The animal being fuipended by the hind legs,
the head was cut off at once, and the blood caught in a
bafon ; the blood while flowing, was 65°, and when col-
leted, was 66°, but fell to 65° while coagulating, which
it did very flowly : it remained at 65°, and when coagula-
ted, was ftill 65°. Thefe experiments had been made fe-
veral times, but not with that nice accuracy which was ob-
tained by caufing all the heats to correfpond exactly ; yet
as they were all known, and marked down, if any heat had
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been produced upon coagulation, its e).ca& quantity WOu}_d} t
have been afcertained in each; and, indeed, in fome, it
feemed to ecol, but in none it became warmer. .mej
thefe experiments I thould fay, that in the coagulation of -
the blood, no heat is formed. : ; A
.Coagulated blood, is an inorganized animal fubftante. -
When the blood is thinly fpread before coagulation, or
oozes out on furfaces, in which act it immediately co'aguq"
Jates, and coagulates in that form, it may then be faid to
form an inorganized membrane, of which there are many;
and organization is feemingly fo fimple in many (whichwe
know to be conftituent parts of the body) that thefe coagula,
more efpecially the thin ones, cannot eafily by their ap-
pearances be diftinguithed from them. ; e
The coagulating lymph of the blood being common,
probably to all animais, while the red particles are not, we
muft fuppofe it from this alene, to be the moft effentiak
part ; and-as we find it capable of undergoing, in certain
circumftances, fpontaneous changes, which are neceflary |
to the growth, continuance, and prefervation of the ani«
mal; while to the other parts we cannot aflign any fuch
ufes, we have ftill more reafon to fuppofe it the moft efs
fential part of the blood in every animal. g
Befides a difpofition for coagulation under certain cir-
cumitances, as before deferibed, the blood has alfoa difpo~
fition for the feparation of the red globules, and probably
of all its parts; for I think I have reafon to believe that
a difpofition for coagulation, and a difpofition for a fepara-
tion of the red part, are not the fame thing, but arife from
two different principles. Indeed, a difpofition to coagula~
tion would counteract the effe&, and hinder the feparation '*!
of the red particles from taking place. "Thus we fee that 3
reft, or flow motion of the blood in the veflels, gives'lﬁ;i
difpofition towards a feparation of the red part, as wellas
whenlit is extravafated ; fince the blood in the veins of an -
animal acquires 2 difpofition to feparate its red parts, more
than in the arteries, efpecially if it be retarded in the veinsy
the nearer, thercfore, to the heart in the veins the greater
will the difpofition for feparation be ; though it does not
feem to retard coagulation.  This is always obfervable in
bleeding ; for if we tic up an arm, and do not bleed imme-
diately, the firlt blood that flows from the orifice, or that
which has ftagnated for fome time in the veins, will fooneft
feparate into its three conflituent parts: this circumftance

\
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‘expofes more of the coagulating lymph, at the top, which
is fuppofed by the ignorant to indicate more inflammation,
while the next quantity taken fufpends its red parts in the
lymph, and gives the idea that the firft fmall quantity had
been of fuch fervice at the time of its flowing, as to have
altered for the better the whole mafs of blood. Reft, there~
fore, may be regarded as one of the immediate caufes of
the feparation.

III. OF THE SERUM.

. THE {erum is the fecond part of which the whole mafs
of blood appears to be compofed ;, or is one of thofe fub-
ftances into which the blood fpontancoufly feparates itfelf.
So far it appears as a fimple fluid, in which light I fhall firft
confider it ; though we fhall find hereafter that it is compof-
ed of two fubftances, which, in many of our experiments,
{eparate.. Serum, I believe, is common to the blood of all
animals 3 but there is more of it, I think, in thofe animals
which have red blood : perhaps it may bear fome propor-
tion to the gaantity of red particles in the blood, and ma
be of ufe to dilute it. '
The ferum is lighter than the other parts of the blood,
and therefore fwims above them when feparated. It is com-
monly feparated from the coagulating lymph when that fluid
.coagulates ; and is, therefore, almoft always found when
the blood is taken out of the blood veflels, and kept toge-
therin a confiderable mafs. When the lymph coagulates
ftrongly, we cemmonly find more ferum, becaufe it is then
{queezed out more forcibly than when the coagulation is
formed loofely 5 it is not, however, neceffary for the lymph
to coagulate, in order to feparate, the ferum, for we find
that it feparates in difeafe, as'in the dropfy. It is fepara-
ted alfo from the mafs of blood in uterine-geftation; being
the fluid in which the foctus is immerfed or fwims, . ‘
I have feen it feparate from the remaining mafs before
the coagulation of the lymph. I obferved once in the blood
of alady, thata feparation between the two fluids almoft
immediately took place,’ the ferous part {wimming on the
top, while the lymph rcmainfd ftill fluid, From this appeat.
M 2
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ance I had pronounced that there would be a great deal of
buff, fuppofing that the tranfparent fluid at the top was co-
agulating lymph 3 but I was mlﬁakeq, for when the lymph
was coagulated, there was no buff, and the tranfparent
fluid remaining at top, proved to be the ferum.

In this there could be no deception, as there was no buff,
or fize; for if there had been fize at the top of the coagu-
lum, it might have been fuppofed that this fluid, which ap-
peared fo foon after bleeding, had been the coagulating
lymph, and that the ferum had been feparated in the act of
coagulation as ufual. The ferum is commonly of a yel-
lowifh colour, fometimes more fo than at others ; and this
1 thould conceive arifes from the fubftances diffolved in it¥,
by means of the water it contains ; for it probably fufpends
every falt foluble in water, many of which are diffolved in
it. If ferum be not coagulable in itfelf, though it contains
a large quantity of coagulable matter, yet I conceive it to
be in 2 more fluid ftate when circulating. ~ As it is fepara-
ted from a compound mafs, it appears in this refpect to
be fomewhat fimilar to the whey of milk, though not ex-
actly. This fluid undergoes no fpontaneous changes but
what may arife from its feparation, from the coagulating
Iymph, except putrifaction. Though not coagulable in it-
felf, yet one of its properties out of the body, is to coagu-
late upon the application of certain fubftances. This i
the principal change it undergoes, and during the procefs,
it more or lefs feparates into two parts; one of which is
not coagulable by fuch means.

The coagulable part, which I now mean to defcribe,
feems to be in fome degree the fame with that in the white
of an egg, {fynovia, etc. and many other fecretions, but not
exallly ; for thofe fecretions contain, as I conceive, a quan-
tity of the coagulating lymph united to them, which makes
them in part, coagulate after fecretion; and the further
coagulation of thofe fecretions afterwards, by mixture with
other fubftances, is owing to this part of the ferum. Though
the ferum is coagulable under certain circumftances, and
with certain mixtures, yet this power, or effe&, may be
prevented by other mixtures. Heat, to a certain degree,
coagulates this ‘part; and probably this is the only teft ne-
ceffary to know whether a fluid found any where in the bo-

* The red globules are fufpended-without being diffalved in
the ferum, in which they are commonly examined.
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dy, not coagulable in itfelf, is this part of the ferum; but
as many fubftances do alfo coagulate it, I fhall mention a
few of them, although to me their effeéts do not feem to
throw any light on the {fubje¢t. Heat coagulates the ferum
at 160°, or 165°; it ftood at 150°, for fome time per-
fectly fluid. There isa great deal of air contained in the
ferum, which is let loofe by heat ; but not from its coagu-
lation, for when it is coagulated by other means, no air’is
feparated. 'The ferum, which was a little whitifh, coa-
gulated in that degree of heat neceffary for feparating its
air, which was extricated in very large quantities. 'This
coagulum becomes firft like the fynovia, and then thicker.

Many fubftances which do not coagulate this part of the

ferum, do not, however, hinder its coagulation by heat;
fuch as vinegar, acid of lemon, falt of wormwood, nitre,
fea-falt.

Serum coagulates with fpirits of wine, in about equal
quantities, into a fort of curd and whey; which, upon
Reating, becomes fomething like a jelly, but the fpirit
feems to evaporate.

It coagulates with volatile fpirits, into a milky fluid,
which becomes like a jelly upon heating; it requires a
greater proportion of the {pirit than the ferum; and the
{pirit feems chiefly to evaporate.

‘When mixed with falt of hartfhorn, it doesnot coagu-
late with heat, but makes a large effervefcence, till the
whole is formed into froth. This again becomes a fluid, by
the froth fubfiding, but at laft it forms a fort of coagulum,
which is not tough. Being mixed with water, and let to
ftand for twelve hours, it coagulates like pure ferum upon
heating. If this be mixed with fal. cernu cervi, as above,
it rather becomes more fluid, and continues fo for a long
time, with a ftrong effervefcence ; but it forms at length
into a ‘jelly, or pafte, though not a folid one.

Here I fufpeét that the falt is evaporated, and likewife
the water in the pafte, fo that it is not a true coagulation.

‘When mixed with common water, it is coagulated by
heat ; but the water feparates with the other fubftance, and
does not unite with the coagulum.

Upon the coagulation of the ferum, by heat, I have
obferved that it feparates a fluid, which is not coagulable
by heat; and, I have reafon to believe, by none of the o-
ther means, wiz. {pirits of wine, etc. though this is not fo
eafily afcertaiued ; for the other coagulating fubftances, as

.
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1pirits of wine, etc. are applied in a fluid form, and there~
fore, a fluid may remain after the coagulation of the ferum,
which might be fuppofed to be the fluid feparated ; but
from other experiments, it is proved that thofe fubftances
coagulate the coagulating part, and unite with the others

it is alfo obfervable in meat, either roafted, or boiled, or

when cut, there flows from it a fluid, more or lefs tinged
with the red part, commonly called gravy. I conceived
that this muft be different from the coagulating part of the
ferum, believing that the heat had been fufficient to coagu~
iate it; but I chofe to try it further, and therefore gave it
fuch heat, as would have produced the effeck if it had been
coagnlable by heat ; but I found it did not coagulate. The
fuid feparated from the coagulable part of the f{erum, I
conceived tobe the fame with this. Thus then I{aw there
was in the ferum a matter coagulable by heat; and a fluid
which was not fo. :

Purfuing the above obfervations on drefled meat, I ob-
{erved that the older the animal had been, the more of this
fluid was contained in the meat. In lamb we have hardly
anyof it: in young mutton of a year old, but little ; but
in mutton of three, four, five, or fix years old, it is in
large quantity : in veal alfo we have but little ; while we
have it in great quantity in beef ; but perhaps we know lefs
in generalof the age of our beef, than of our mutton.*

Poultry is commonly killed young in this country, there.
fore we have not the comparative trials;; but.in wild fowl,
and what is commonly called game, we find the above obfer-
vations hold good. T likewife obferve that animals whohave
not had exercife, fuch as houfe-lamb, veal, etc. haye lefs
of this fluid, than thofe of the fame clafs which have been
allowed to go at large: nothing can be drier than the Eng-
Jifhveal, though kept to a greater age than any whereelfe;
while it 1s juicy in every other country, though killed much
younger.

. In many of the trials refpecting the coagulation of the
ferum, I obferved, that it had in fome cafes much more

* It may be obferved here that this is very different from the
jelly formed in boiling, or reafting meat; that which forms
the jelly, is part of the meat itfelf, diflclved down in this very
fluid, and the water in which it is boiled ; and we find that this
effe is julk the reverfe of the above, forin young meat there
is the moft of this jelly.
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congulum than in others; and of courfe a lefs proportion
of the fluid part that feparated, and vice versi: from the
above obfervations too, I conceived that a deficiency of
this fluid-part befpoke a greater quantity of coagulating
matter in the ferum 3 and to afeertain this, I took the fe-
rum of perfons of different ages. This fluid, like the fe-
rum itfelf when united with the coagulating lymph, ap-
pears only to be mixed with the ferum ; for it 1s feparated in
the living body for many purpofes of the ceconomy; it is
not therefore {ferum in another form ; but a diftinét fluid,
which, before the coagulation, 1s mingled with the ferum,
and feems to makea part of it. ; :

The following experiments are, perhaps, not perfeétl
conclufive 5 for many were obliged to be made on bleo
taken from thofe who were not perfeétly in health - pecu-
Jiar difpofitions in the body may make a material difference
in the ferum. It is'probable, however, that difeafe may
not have any great effe€t upon the ferum; for I found,
from experiment, that thie’ ferum of blood taken 'from a
perfon labouring under an inflammatory cemplaint, and the
ferum of blood in a cafe not at all inflammatory, were
nearly the fame refpecting coagulation, and the quantity
of matter not coagulable by heat. '

The ferum of a man fifry«fix years of age, who had mek
with 'a flight accident, and was of a healthy conftitution,
coagulated by heat, almoft wholly into a pretty firm coagu-
‘Jum, feparating only a fmall portion of thatflnid which is
not coagulable by fuch means.

The ferum of the blood of a man feventy-two vears of
age, ‘of a healthy conftituticn, hardly ccagulated by heat,
became only a little thicker, and formed a fmall coagt-
lum,. adhering to the bottom ‘of the véllel. "With fpirits,
it formed but a very fmall quantity of coagulable matter.

On putting about three-fourths of water to the blood of

_ the perfon aged fifty-fiz, and heating it as above, it coagula-
ted much in the fame way with the ferum of feventy-twe.

The ferum of a boy fifteen years of age, coagulated
wholly ; there was hardly any of the fuid part that could
be {queezed out ; at the fame time I coagulated the ferum of
a man fixty-three years of age, in which there was buta
{mall quantity of the fluid part.

Conceiving that the whey of milk, made with runnet,
was the ferum of the blocd, I made expériments on it, ana-
logous to the above. I heated fome of the whey, and
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found it formed a coagulable matter, which fleated in flakes
in a fluid, which did not coagulate by this means. .

As this lefs coagulable fluid is a fubftance hitherto not
taken notice of, and makes perhaps as interefting a part as
any of the whole mafs of blood, it will be neceflary to be
more defcriptive in giving an account of it than of the o-
ther parts. As urine does not coagulate by heat; but I
had found that it coagulated with the extract of Goulard*;
and as I alfo knew that this extraét coagulated the whole
maf3 of the ferum, I conceived that the fluid in queftion
might be fimilar to urine, and that the coagulation of the
ferum might be owing to the coagulation of this part; I
therefore put the fluid to this teft, and found that it was
coagulated by the extract, which led to a feries of experi-
ments.

As feveral fluids, apparently different from each other,
appear to be thrown out from the blood on many occafions,
I wifhed to fec how for they confifted of the common fe-
rum, viz. of a pretty equal quantity of matter coagulable
by heat, or principally of that coagulable by Goulard’s
extract ; I therefore colleted the feveral kinds, not only
thofe which may be called natural, but alfo thofe proceed-
ing from difeafe, which appear more like ferum than the
others. Of the natural, I took the aqueous humor of the
eye, and firft heated it in a fpoon, to fee what quantity of
coagulable matter by heat was in it, and I found it became
gently wheyifh ; therefore it had a fmall portion of matter
coagulable by heat ; but, upon adding the extraét to it, it
coagulated immediately. The fame exactly happened with
the water in the ventricles of the brain; and alfo with the
tears,

Water was taken from the leg of a dropfical boy; who
was extremely reduced by a compound fracture of the op-
pofite thigh-bone ; which water was much clearer than any
ferum. Upon heating it in a_fpoon over a candle, it be-

* What led me to the above knowledge, was, mixing this
extract of Goulard with folutions of gum arabic in water, for
injections ; when | found that the whole always became a folid
mafs; while injetions with fachrum faturni, had nor that ef-
fect. Ithen tried it upon many other vegetable juices, and
found it coagulated every one of them. In fome of thefe expe-
riments, [ put fome of the compounds into a veffel where there
was fome urine, and I found that when the extract had been in
too large a quantity, that the urine was alfo coagulated,

~
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&
eame a little wheyith, and had a few flakes of coagulum
floating in it. /

The water from the abdomen of a lady, which was a
little wheyith, coagulated before it gave out its air ; but the °
coagulum was not one half of its quantity.

In another cafe of afcites, the water coagulated wholly,
although not to a firm coagulum.

Water drawn from the abdomen of a gentleman, which
was pretty clear, when held over a lamp to coagulate, be-
came at firft wheyifh.

The liquor amnii has but little coagulable matter in it.

In coagulating all the above kinds of ferum by heat, and
taking the incoagulable parts, and putting extract of Gou-
lard to them, they coagulated immediately.

Whether this fluid is of the fame fpecific gravity with
the other, I do not know ; for though when part of it is
coagulated by the extract of lead it is the heavieft ; yet as
it is united with the lead, it may acquire its additional
weight from this union.

The ufe of the ferum is probably to keep fufpended, and
undiffolved, the red globules; for we find it in largeft
quantity when thefe globules are moft abundant. It is al-
{o intended to fufpend, and diflolve any foreign fubftances
in the blood, whether they are of ufe to the body, or othera
wife, ating upon them as a common folvent.

Thus we fee in a jaundiced perfon, the ferum is yellower
than common. When a perfon has taken rhubarb, the
fame thing happens. It is probably the folvent of all our
fecretions. )

I conceive it to be unnecefiary to fay how much water
enters into the compofition of the bloed. In order to con-
ftitute a perfeék body or compound, it is neceffary that all
its parts fhould be in due proportion; but as the blood in
many animals is made up of four diftin&t parts, viz. the
coagulating lymph ; ferum, which we find is compofed of
_ two parts; and the red globules, each muft have its due

quantity of water when in a perfect ftate ; and I think it
is probable that the lymph, and red part, cannot have more
water than a certain ¢uantity, but that the {ferum may bz
diluted with any proportion of it ; yet as ferum, it can have
a certain proportion only ; and indeed this was in fome de-
gree proved by the experimel}fI of mixing fome water with
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ferum, and then coagulating the whole with heat : the wa-
ter feparated and did not make part of the coagulum.

Some of the juices of a living animal, whether circula-
ting, or out of circulation, as thofe which lubricate fur-
faces, are in a volatile ftate while the animal is alive ; for
when the fcarfskin is taken off, the part foon dries; and if
the fkin is removed from a new killed animal, it immedi-
ately dries 3 or if a cavity is opened, the furface of the ca-
vity dries quickly; this fhews that fome part of the juices
muft have evaporated from the furface : but let the animal
cool, before it is fkinned, or the cavity is opened, and then
give it the fame degree of heat that it had when alive, you
will find, on taking off’ the fkin, no immediate fenfible eva-
poration ; but the parts {o expofed will remain moift. This
volatility I conceive therefore to be connected with life,and
not with the circulation; for that is ftopped in both cases
before the experiment. Whether it is this volatile part
that gives the {mell that moft recent killed animals have up-
on being fkinned, or opened, I do not know ; but it may
be obferved that it follows the fame rules ; for if the animal
is allowed to ceol, it loofes this fmeil, although warmed to
the fame degree of heat as when alive.

The ferum of the blood is fometimes wheyifh, and then
upon fettling, it often throws up a white fcum like cream:
this was moft probably firft obferved in the human blood ;
but is not peculiar to it; although thefe appearances pret-
ty often happen, yet few inftances fall under the obferva-
tion of one man in the common courfe of bleeding. When
they have occurred to myfelf, I have made inquiry after
the ftate of health of the patient, as well as examined the na-
ture of this change ; and whether there was any variety in it.
So far as I have been able to obferve, it can hard.y be faid to
have any leading caufe ; having found it, however, more
frequently in the blood of breeding women, I conceived it
might have fome connetion with that ftate ; but I have
feen it in others, and fometimes in men: yet it is poffible
that the ftate of pregnancy may adapt the conftitution for
forming fuch appearances, as well as for producing other
fymptoms in the blood like thofe of inflammation ; for we
often find the fame effect, or difeafe, arifing from various
caufes, which have no immediate' conne&ion with each
other. There have been many cpinions formed about the’
nature and caufe of this appearance of the ferum. .
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It has been fuppofed to be occafioned by chyle not yet
aflimilated ; but it does not occur frequently enough to be
attributed to this fluid. Mr. Hewfon fuppofed 1t to be
abforbed fat, or cil 5 which certainly is not the cafe ; for
it is not the fame in all cafes.

The globules forming this wheyifh appearance are not of
the fame {pecific gravity in every cafe; for though they
always, I believe, {wim on the ferum, and often on water,
yet they fometimes fink in water. The white cream that
fwims on the top of the ferum, I believe to be formed af-
ter the ferum is feparated from the mafs; for, if it exifted
as fuch, prior to this, it would be retained in the coagu-
lum, as the red globules are, which is not the fadt ; and
therefore it does not exift in the blood while circulating.

I bled a little woman who {feemed half an ideot, and was
big with child, this happened in the afternoon, about three
or four hours after her having eat fome vezl-cutlets : the day
following I went to fee the blood, and found the ferum of

'a milky white, with a white pellicle {wiming at the top like
cream. '

I bled a lady in the arm, who was fix months gone with
child. It was about two o’clock in the forenocn : fthe had
only eaten a dry toaft, and drank a cup of chocelate for
breakfaft, about ten o’clock, which was four hours befere
the was bled. On feeing the blood the next day, 1 found
it inflamed rather more then is comivon in women who
are pregnant ; and I alfo found a thin white fcum on the
top of the ferum ; this fcum 1 examined in the microfcope,
and found it to be globular : I diluted it with water, and
found the globules did not diffolve, as the red globules de.
I put fome of them in water, and found that they refe to the
top, but not fo faft as in the ferum.

About fix daysafter I bled the fame lady again, after the
had eaten the fame kind of breakfaft, and about the fame
interval of time fromit. The blood was fiill fizy, but the -
ferum had no white appearance at the top.

I examined the wheyith ferum taken from the blood of
a man at St. George’s Hofpital, who had received a fevere
blow on the head, which had ftunned him, but had pro-
duced no bad fymptoms. In this ferum, when viewed in
the microfcope, I could not obferve any thing like globules
or flakes, although the magnifier was a deep one. 'Lhe red

DR
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globules when mixed with it were the fame as in common
ferum. It dried uniformly like fize.

Blood was taken away from the arm, being of no par-
ticular quality, except in having a wheyifh ferum, and was
allowed to {tand quiet in order to fee the fpontaneous chan-
ges of this ferum, The white part came to the top like
cream, being therefore lighter than the ferum, 'and was
very white when colle¢ted.  When viewed in a microfcope
it was plainly globular, but the globules were fmaller than
thofe of red blood. They did not feem to be diffolved
when mixed with water, as red globules are.

Thomas Skelton, a pyblican, forty-feven years of age,
being rather lufty, fubject to frequent colds, attended with
coughs, hoarfnefs, and a difcharge of matter from the
lungs or throat, but otherwife enjoying a good ftate of
heaith, was attacked with a violent cold, together with a
difficulty of breathing, and applied to Mr. Wilfon, apo-
thecary, who took twelve ounces of blood from his arm,
which relieved him greatly. He had taken fome bread and
butter, with fome tea, without milk, about four hours be-
fore he was bled.  The blood coagulated firmly, and the
ferum which feparated, was of a white colour with a yel-
lowifh tinge, appearing like the colour of cream ; upon the
top of this floated a whiter fcum, like another cream.

On viewing this cream in a microfcope, it had a flaky
appearance. It did not coagulate fooner than common
{erum.

In fpirits of wine, a white mixture was produced, which,
on ftanding fell to the bottom of the glafs; this moft pro-
bably arofe from the ferum with which it was mixed, co-
agulating. ! .

The globules of the white ferum, differ from the red
globules'in colour; fpecific gravity, fize, and in not dif-
{olving in water.

"To fee how far this is chyle, it would be proper to try
the chyle in the fame way in ferum, &ec.

After dipping a bit of blotting paper into the cream, and
abforbing all of it, and alfo dipping a piece of the fame
Eapcr into the ferum, and drying them, I burnt them

oth, to fee if one burnt more brifkly than the other ; but
there appeared to be no difference.

"The white part of the white ferum funk in water.
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IV. OF THE RED GLOBULES.

‘THE red part of the blood I choofe to confider laft, al-
though it has been more the objeckt of attention than the
other two, becaufe I believe it to be the leaft important;
for it is not an univerfal ingredient in the blood of ani-
‘mals, like the coagulating lymph, and the ferum ; neither
is it to be found in every part of thofe animals who have
it* in the general mafs of their blood.

The blood, as I have already obferved, in thofe animals
we are moft acquainted with, appears to the naked eye to
be a red mafs of fluid, having a part which coagulates up-
on being extravafated. The red part, however, may be
wafhed cut of this coagulum, fo as to leave it white ; and
this thews that the blood is not wholly red, but only has a
red matter diffyfed through its other component parts.

Any further information we receive concerning the red
part of the blood, is by means of magnifying glaffes, which
appear to give a good deal of information.

They thew us that the red part is compofed of bodies
of a globular form, fwiming in the Iymph and ferum of
the blood : this circumftance, of the red part having form,
probably led anatomifts to pay more attention to it than it
deferves ; asif they could thence explain any effential prin-
ciple in the blood, or animal ceconomy.

This knowledge is of late date, for fuch examinations of
minute bodies could only have taken place fince the in-
vention and application of magnifying glafles.

Malpighi was probably the firft who employed the mi-
crofcope for this purpofe, and he, in 1668, wrote a de-
fcription of the appearance of the globules in the blood-
veflels of the omentum, which he miftook, however, for
globules of fat. Microfcopical obfervations were purfued
-with great ardour by Antonius Van Leenwenhoeck, who

# The bleod of the infe@-tribe of every kind is free from any
red parts, as is probably that of moft animals below them; yet
it has been aflerted, and fuppofed, that their blood contains
globules, although notred 1have examined the blood of the
filk. worm, lobfter, etc. and with confiderable magnifying pow-
ers; but never could difcover any thing, but an uniform tranf-
parent mafs.
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faw the red globules, Auguft the 15th, 1763 Thefe =
carly obfervers probably imagined more than they faw.

When an old opinion is partly exploded, and a new one
brought forward, it becomes only neceflary to fee how far
the new one is juft ; becaufe, if it be not proved, we muft -
revert to the old opinion again or to fome other. !

Mr. Hewfon has been at great pains to examine the blood
in the microfcope, and has given us figures of the different
thapes of thofe globules; but there is reafon to think he
may have been deceived in the manner I have juft men-
tioned.

The red globules are always nearly of the fame fizein
the fame animal, and when in the ferum de not run inta
one another as oil does when divided into fmall globules q
in water. This form, therefore, does not arife fimply =
from their not uniting with the ferum, but they have real
ly a determined thape and fize. = This is fimilar te what is
obferved of the globules in milk ; for milk being oily, its =
globules are not {oluble in water ; neither do they confift
of fuch pure oil as to run into each other; nor will they
diffolve in oil. I f{ufpeét, therefore, that they are regular
bodies, fo that two of them could not unite and form
one f. Vi

‘What this property in the red part is, I do not know
for it has fomething like the nature of a folid body, yet the
particles feem not to have the properties of a folid; for to
the touch they yield no feeling of folidity ; when circulat-
ing in the veffels they may be feen to aflume eliptical forms,
adapting themfelves to the fize of the veflels ; they muft,
therefore, be a fluid, with an attration to themfelves while.
in the ferum, which forms them into round globules, yet
without the power of uniting with one another, which may i
arife from their central attraétion extending no farther
than their own circumference: if they are found, how-
ever, of an oval figure in fome animals, as authors have
defcribed, that circumftance would rather oppofe the idea
of their being a fluid, having a central attradion; but
this is probably an optical deception. Whatever their
fhape is, I fhould fuppoft it to be always the fame, in the
fame animals, and indeed in all animals, as it muit depend
upon a fixed principle in the globule itfelf.

* Haller’s Phyfiology, vol. ii. lib. v. Sangui. fe&. xi. p- 5I.
1 Milk appears to e oil united with a progortion of mucus,
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Hence, the lefs eredit is to be given to thofe who have
defcribed the globules as being of an oval figure in fome
animals ; for they have alfo defcribed them as being of dif-
ferent and ftrange fhapes, even in the fame animal*.

* T am led to believe that we may be deceived by the appear-
ances viewed through a magnifying glafs; for although objeds,
large enough to be feen by the naked eye, are the fame when
viewed through a magnifying glafs which cau only magnify in
a fmall degree, yet as the naked eye, when viewing an object
rather too fmall for it, is not to be trufted, itis much lefs to be
depended upon, when viewing an obje@ infinitely fmaller,
brought to the fame magnitude by a glafs. In fuch a fitvation,
refpecling our eye, all the relative objeéts, by which the eye,
from habit, judges with more nicety of the objeét itfelf, are
cut off ; the eye has likewile a power of varying its form, a-
dapting it to the different diftances of the parts of an object
within its compafs, making the obje& always a whole; but a
magnifying glafs has no foch power : for inftance, in viewing
a fpherical body, a magnifying glafs muft be made to vary its
pofition, and bring in fucceflion the different parts of the he-
mifphere into fo many focal poiuts; every part feparate, not
baving the fame relative effect on our otgan of vifion as when
they are al feen at the fame time; and the eye, under fuch cir-
cumftances, being unable to vary itfelf {ufficiently to alter the
focal diftance of the glafs, is the reafon why rounded bodies ap-
pear of different thapes, giving the fhape only of the part that
is within the focus of the glafs, placed upon an undefined plane;
and if it fhould have more focal points tham one, then there is
ap increafe of parts; and this will vary according to the opaci-
ty or tranfparency of the body. It may alio be remarked, that
from habit our minds are informed by the neceflary aéiions of
our body, therefore the eye taking in the neceflary aétions (as
it were inftinétively) adapting itfelf at once to the circomftances
of the obje&, gives an intelligence to the mind, inde;endent
of the real impreflion of the ebjeét, fo that both che impreffion
and the confequent a&tion give information ; but this cannot be
effeited by glafles for the different focal diftances of the hemif-
phere do not accord with thofe to which we vary our eyes in
adapting them to the diftances of the different parts of a round-
ed body; we are, therefore, left to the impreffion alone, which
is new, and confequently imperfeét, the ceatre being too near
{or the circumference to be {een at one diftance, and the cir-
cumference, when feen, bringing the centre within the focus,
fo as to obfcure it : for an eye with a given focus which can va-
ry it in a certain degree when viewing obje&s alone, yet when
looking through a magnifying glefs of any power, muft now
vary the diftance of the objeét, according to the magnifying
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The globules of the blood are endowed with a number

of properties. 'They are the only part of the blood which

has form or colour; two properties which are ready to
catch the eye, and render the mafs more vifible. In the

living body, by making it an objet of fight, they give

fome idea of the motion of the blood in the fmaller vef«
fels where it is much divided; being there viewed with

microfcopes, the red gobules are feen moving with differ<
ent velocities in different parts, and taking retrograde, or

lateral motions, according as mechanical obftruttions, or
thofe arifing from contractions in the veflels, may hap-
pen to retard or change their motion. ,

They are heavier than the coagulating lymph, and of
courfe heavier than the ferum, which is known by their

power in the glafs, the eye not being able to vary the focal dift
tance of both ; and this, probably, in an inverfe degree, tothe

magpifying power of the glafs. This may be obferved to take

place in very fhort-fighted people, for in them the eye has the

lealt variation refpelting diltance. A rounded body may be juft

of fuch afize as fhall have either of its parts out of the focal =
diftance of the eye, and muft be moved to and fro, alternately, -

before the centre and circumference can be feen ; and indeed, it
is only having a fpherical body, of a fize proportional to the
length of focus, to produce the fame effet in every eye.

"T'he appearance in a tranfparent body, when viewed through
a magnifying glafs, are {till more fallacious than of an opaque
one; for an opaque body gives only the reflected light, which,
however, will vary according as the rays come on the obje&.
Themoon, an npaque body, gives us various fhapes, and there-
fore fhews only the light and (hade arifing from the irregularity

of the furface; but a femi-tran(parent body, like a red globule,
* gives both the refle&tion of the light from the furface and alfo

the refraction of other rays of lights, which vary according to
the direttion of the light thrown upon the obje® refpecting our
eye.

in fome tranfparent bodies we have ftill a greater variety, for

we have both the reflex and refracted light, and thefe vary- »

ing according to the diftance of the objet from the eye, or the
diftance of the light.

It the tranfparent body isnot perfc@ly round, or is by any
circom{tance broken in the uniformity of ftru&ufe on which
tranfparency depends, which, I conceive happens to the red
globules when diluted in the feram, then the different reflec-
tions and refractions will give to the eye the impreffion of fo
" wany fhapes.

R e



’ ; General prz'miﬂe.r of the blaod. 41

falling to the bottom of the cup when blood is taken out
of a blood-veficl. 'This allows the coagulating lymph to
be feen more or lefs at the top, and produces on the fur-
face yarious hues, according as the red globules fubfide :
when they {ubfide much, the buff is then of a y:llowith
colour ; when the buff is thin at the top, then we have the
red gobules fhining through it, of various colours, fuch as
blue, purple®, &c. according to the refleCtion or refrac-
tion, which is according to the depths.

In healthy blood, however, the coagulum is commonl
formed before the red part has time to fubfide; but we
may always obferve, that the lower part of the mafs con-
tains more red globules than the top, and will fink ‘more

‘quickly in water. The red globules do not retain their
globular form in every fluid, but are diffiolved and diffufed
through the whole, and this probably happens fooner in
water than in any other fluid, though the red globules are
not foluble in the ferum of the blood, yet it is not the only
fluid in which they are infoluble ; the urine does not dif=
folve them ; but urine might be fuppofed to be principal-

© ly ferum. Water itfelf, however, ceafes to diflolve them
when faturated with many of the neutral falts, or with
fome of the acids. - The red globules are not {oluble in
water mixed with common fea-falt, fal-armoniac, Epfom~
{alt, nitre, Glauber-falt, foluble tartar, Lymington-tartar;
nor in the fixed vegetable alkalies, when faturated with
fixed air. As they do not diffolve in the ferum or urine,
it might be imagined to arife from the neutral falts which
they contain; but I thould believe that neither of thefe
fluids have a quantity fufficient for that purpofe.

The vitriolic acid does not diffolve the red globules when
diluted fo low as to have lefs pungency of tafte than com-
mon vinegar. /

The red globules are: foluble in common vinegar, but
take a longer time to diffolve than in water ; and they alfo
diffolve much fooner when the vinegar is diluted with
water. . \

In muriatic acid, diluted fo as to be more pungent to
the tongue, and three times ftronger than the vinegar, the
red globules are not diflolved, but lofe their red colour :

* The blood in the yeins, when near the fkin, gives the ame
bues. :
O



£2 General principles of the blood. 1

by adding more water to the red globules they diffolve 3
Iemon juice diffolves the red globules-: all this, however,
throws but little light on this part of the blood.

‘When the globules are put into water they diffolve, which
deftroys their globular form: it istherefore the ferum, and
probably the coagulating lymph alfo, when circulating,
which confines them to this form; but when the ferum is di-
luted with water, they diffolveinit; and  this appears to
take place at once; as quick as water unitcs with water, * |
could not obferve that it was like the folution of a folid
body, as a falt for inftance; a drop of blood requires about
two drops of water added to it to diflolve its globules: if
urine alfo be diluted with water, the globules diffolve in
it.  However, after flanding fome days, the globules

diffolve both in ferum and urine; but I think laterin the

laft. 'When the globules are not diffolved in arty fluid, the
whole looks muddy, not tranfparent; but when diflolved
in water the whole is a fine clear red. What are the pro-
perties of the ferum,  and thofe other fubftances that pre-
ferve the red part of the blood in a regular form, I do not
know.

The red globules, when dried in the ferum, and moif-
tened in the fame, do not again refume their regular form;
nor do they diffolve in it, asthey do in water, but form
rather a fort of flakes.  As the ferum and folutions of many
kind of falts do not diffolve the red globules, I conceived
that it might be poflible for them to refume their globular
figure (after having been diffolved in water) by adding fuch
a quantity of ferum as to make the proportion of water very
little; but I could not produce this eifect, although the men-
ftruum was fuch 2s not to diflolve freth globules.

The red globules not difiolving in the ferum, nor in the
coagulating lymph, become feparable from thofe parts, when
circulating, and thercfore may be prevented from going
where the coagulating lymph pafles in a natural ftate; which
they certainly donot *; and which alfo is the teafon why
they are {o perfectly retained in the coagulum when extra-
vafated. The globules, befides being heavier than the fe-
rum, or the coagulating lymph, appear to have more fub«
ftance, for they do not lofe fo much upon drying, and when
dricd with ferum, they give a kind of roughnefs to the fur-

* This will be more fully explained, when on the colour of
parts from the blood.
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face which ferum has not by itfelf. Theyappear not to be a
natural part of the bloed; but as it were, compofed out of
it, or compofedin it, and not with it; for they feem to be
formed later in life than either of the other two; thus we
fee, while the chick is in the egg, the heart beating, and it
then containsa tranfparent fluid before any red globules
are formed, which we may fuppofe to be the ferum, and
the lymph. The globules donot appear to be formed in
thofe parts of the blood already produced, but rather to rife
up in the furrounding parts*. It would alfo feem to be
formed with more difficulty, than either of the cther two
parts. 'When an animal has loft a confiderable quantity of
its blood, the other parts feem to be {ooner made up than the
red globules ; the animal looks long pale; but thisis enly
conjeéture, for we have no method of knowing the quan-
tity of the other parts.

Trom the above account it appears, that whatever may
be their utility in the machine, the red globules certainly
are not of {uch univerfal ufe as the coagulating lymph, fince
they are not to be found in all animals, nor fo early in thofe
that have them, nor are they pufhed into the extremic arte-
ries, where we muft fuppofe the ceagulating lymph reaches;
neither do they appear tobe fo readily formed. This
being the cafe, we muft conclude them not to be the im-
portant part of the blood, in contributing to growth, re-
pair, etc. ‘Their ufe would feem to be connected with .
ftrength; for the ftronger the animal the mere it has of the
red globules;'and the ttrength acquired by exercife increafes
their propoition; notonly in the whole body, but, as
we fhall find, occafions them to be carried into parts where
in either a quiet or debilitated ftate of the animal they
were not allowed to go; the ufe, therefore, of apart, and
the quantity of red globules pafiing throngh it, are proba-
bly pretty well proportioned to each other,  This effet is
fo well known to feeders of young animals, for the table
of the epicure, that bleeding, to leflen the quantity, isim-
mediately practifed; as allo debarring the creature from

* Thus, on fome ofthe firft appearances ot the chick we find

a zone furrounding it, compofed of dots, which contain red gloa
bules, but not in veflels, and which zone becomes vaftular ar.
terwards.  Vide plate 1. d
: 3
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exercife, in order to prevent their increafing, and bcing
carried {o far from the heart, as they otherwife would be.

Thefe three fubftances are of different fpecific gravities ;
the ferum or fluid part is the lighteft; the folid part or lymph.
is the next in order; and the red globules are the heavi-
eft. This is feenin fuch blood as {eparates readily into its
conftituent parts. The ferum fwims upon the top, and‘the.
red globules fall to the bottom, while the lymph would be
fufpended between the two, if the red part were not re-
tained in the lymph, from its coagulation; but this con-
ftant effe@ is no abfolute proof of the difference in the fpe~
cific gravities of the ferum, and coagulating lymph; for
we {till do not know but ‘that the red globules, which are
evidently the heavieft, make the coagulating lymph.to fink
in the ferum. To afcertain this circumftance, I made the
following experiment: I took fome blood, which fepara~
ted eafily into its conftituent parts; I then (ufpended in
a portion of ferum a piece of coagulating lymph, which
was free from red globules, and it {funk to the bottom, but
not very quicly; this proves that the lymph, when coagu- .
lated, is fomewhat heavier than the ferum. .

I then took as much of the bottom of the coagulum, con-
taining the red globules, and put it into the ferum along
with the lymph, to fee which of them funk the fafteft, and
found that the piece with the red globules funk much more
quickly than the other; I fhould think three times as faft.
The ferum itfelf is much heavier than common water, for
when the parts beforementioned were put into common wa-
ter, inthe fame manner as into the ferum, they both funk
much fafter, and there was not that difproportion between
the times of their falling, as in the ferum. Butif the
blood has a ftrong difpofition to coagulate, and is not in
farge quantity, it will coagulate foon, and involve the red
globules; yet there will then be feweft at top, and they
will be more and more crowded towards the bottom; though
there would appear in fuch blood to be no coagulating
lymph at top free from the red globules, yet in moft of it
a thin pellicle may be found, which canbe pulled off.

I have already obferved: that the whole mafs of blood, ta-
ken together in a greater variety of clafles of animals, ap-
pears of a red colour; and I fhall now further remark,
that it is of a much deeper colour in fome clafles of animals
than in others, which Ibelieve arifes from a greater num-
ber of red g'~"les being rontained in a given quantity of
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lymph and ferum. This, I think, evidently appearsto be
the cafe when we examine a portion of the blood itfelf, be-
longing to different clafies of animals. In the clafs called
quadruped, I believe it has the deepeft body of colour; I
am not, however, certain that it is not nearly as decp in
fome birds; and even in the fame clafs of animals it appears
to have a much greater body of colour in fome fpecies than
in others. "Thus it appears to be deeper in the hare than
the rabbit. -~ .
It is the red part itfelf which makes the difference in
-depth of colour in different parts of the fame animal; and
the common mode of judging is by the colour of the parts
in diffcrent clafles of animals that have red blood; on thefe
we generally form our opinion, for though in fome animals
which have white mufcles, the liver, kidney, and heart,
may be nearly as red as in others whofe mufcles are univer-
fally as red; yet, as the mufcles are white, there muft be a
deficiency in the red globules on thé whole; for if thele
parts which are red in animals, having white mufcles,
as the heart, liver, ctc. have no more than their due pro-
portion with:other animals that are univerfally red, there
mutft be in fuch animals a deficiency of red globules pn the
whole. This idea may be gradually carried on, from the
animal which has feweft red muicles, to thofe whofe
~mufcles are univerfally red, and of a high colour; even in
the fame {pecies the colour of all the muicles is not equaliy
high.© What are called different temperaments have their
mufcles redder, or paler; the darker the colour of the
fkin, hair, etc. of any one fpecics, Lbelieve the blood is in
proportion redder. ~When a part; of whatever kind, is
red, it takes place in confequence of its veflels being large
enough to carry red blood; and therefore, when we find
a mufcle red, fhe know it arifes.from the {fame caufe. Wkhen
a part, on the contrary, is.white, as a tendon, it is becaufe
its veflels are fmall, and have little or none of the red blood
pafling along them; although it mayprobably be as vafcu-
lar as the mufcle to which it belongs *; and thofe animals

* Conceiving that the amnion of a calf might have but few
veflels, I injected apiece of it with quick filver, firlt drying its
edges all round, on the edge of a difh, while the middle of iz
lay in the difh in water ; but the whole became one mafs of vefs
fels. The intention of this experiment was to ice, if poflible,
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that have no red blood, have white flefh univerfally*, and
this, probably, no lefs vafcular than the flefh which receives
red blood.

The blood in the fame animals is not equally deep colour-
ed in every part; that is, every part of the body has not
its blood equally loaded with red globules, or, at lea_ft, itis
not equaily red, even in-parts of the fame conftruction and
ufe, {uch as mufcles: this arifes from the red globules not
being carried into thofe parts in equal proportion ; thefe are
the white parts of animals; fuch mufcles, in animals ufed

for food, are called white meat. ~In animals, which have

thefe mufcles, there is commenly not {fo much red blood, as:
in others where thefe parts are more univerfally red ; and
perhaps the red part of the blood is not pufhed fo far in
them as in thofe which have it in a larger proportion : there
are fome animals, however, which have a larger quantity

of red globules in the bicod, yet have fome of their muf- |
cles of a lighter colourthan others : even in the human fub-

je&, all the mufcles arce not equally red 5 the mufcular part
of the inteftines, for inftance, is not equal in rednefs to the
heart, and many other mufcles. To what is this owing?
Doeg arife from mechanical caufes? Do the veflels become
fuddenly fo fmall beyond a certain limit as not to allow the
red blood to pafs ? or are the other parts of the blood lefs
tenacious ? Is the red part in fuch not allowed to go fo far?
or is it a feparating principle in the veilels themfelves ? Ma-
ny circumftances of life either increafe the quantity of red
globules, or make them more univerfal in the mufcles ofthe
fame animal : thus exercife increafes the quantity of the red
globules, and the red colour of mufcles, while there is the
fame quantity on the whole, or perhaps we fhould rather fay,
that indolence decreafes the quantity ; this is particularly re-
markablein women ; and probably the whitenefs of the muf-
cles of young animals may arife from the fame caufe ; I fuf-
pe&ty however, fomething more ; I conceive it arifes from the
principle of life, influenced by accidental or mechanical

the communication between the arteries and the veins; butthe
mafs of veflels prevented every. view of this kind. f

“# The rednefs of the blood is of great ufe towardsthe know-
Jedge of difeafes : many inlammations are known by it, when
on the fkin, and even the kind of inflammation is diftinguiihed
by the kind of rednefs: alfo putrid difeafes are diftingpithed
when the blood is extravafated. The quantity in the face is 3
fign of health or difeafe.
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eaufes; for the mufcles of young animals are increafing
in colour till they arrive at the age of maturity, and not af-
terwards, although they continue to ufe exercife. Difcafes
leffen the quantity of red globules, and often render their
diftribution unequal.

From the above account we may reafon upon the whole,
that the animals which are reddeft, or have the greateft
number of red parts, have their blood furnithed with the
greateft proportion of red globules.

One would naturally fuppofe that the red globules were
of the fame colour every where in the fame animal; this
laft is perhaps the cafe, but now we find that thefe globu-
les are of different hues in the different fyftems of vefiels in
the fame animal. Inthe more perfect animals, where there
are two fyftems of veffels carrying the blood, viz. arterics
and veins, the blood is not of the fame fpecies of red in
both of them in the fame animal; one red is the fcarlet,
which takes place ,in the arterics of the body, the other is
the modena which takes place in the veins; and as every
part of the body pofiefles fuch fyftems of veflels, the parts
which are vifited by red blood muft have a mixture of both.
As there are two circulations in every animal above the in-
fe&, one in the lungs in thofe that breathe air, or in the
“gills in fith who breathe water, and the other the general
circulation to the body in both, we find the two colours of
the globules not correfponding to the fame fyftem of vef-
fels in each. The {fcarlet is the venal blcod in the lungs,
and afterwards becomes the arterial in the body, where it
is commonly feen ; and hence it is called the arterial blood ;
the modena is the venal blood of the bedy, and is the blood
2lfo of the pulmonary artery ; but, as it is commonly feen
in the veins only of the body, it is called the venalbleod 5
the fcarlet colour, therefore, is acquired in the lungs, and
the modena in the body. There are fo many proofs of
this, that it hardly requires any illuftration ; yet, many
circumftances and experimgnts may be brought in diredt
proof of it. I bled a man in the temporal artery, and in
the vein of the arm at the fame time, each into a phial.
The blood of the artery was of a florid red, "and the venal
was dark. The arterial kept its colour, and did not {epz-
rate its ferum ; but this was fingular, for in others it docs
feparate its fcrum and coagulum ; the venal feparated into
its conftituent parts as ufual. .
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Although this, however, is a general rule, yet thereare
many exceptions ; for we find in many cafes the fcarlet co-
Jour of the blood in the arteries not changed in the veins,
and under fome circumftances the modena taking vlace in
the arteries, as well as where blood is cxtravafated in the
body. .

each? '

More attention has been paid to the mode in which it gets
the {carlet colour, than the modena, (though bqth proba-
bly are of equal importance,) becaufe it was believed that

life, in fome degree, depended on this colour.  Many fub-
frances change the colour of the blood from the modena to
the fcarlet : refpirable air has this effe€t, and many of the

neutral falts, more efpecially nitre, which occafions the flo«

rid colour in meat ‘that has been falted, alfo with fea-falt.

But, as the air produces this effet in the living body, and
as we find that without air the animal dies, great ftrefshas

been laid on this change of colour, whereas, it thould on-

ly be confidered as a fign that the blood has been in contaét
with the air: but not that it muft be fit for the purpofe of

circulation. This effe¢t takes place readily under many
circumftanees ; it takes: place out of the circulation as rea-
dily as when in it ; as readily when blood is coagulated as
betore : it takes place in blood whofe coagulating principle
has been deftroyed, as by lightning, fudden death, etc. it does
not, therefore, depend upon life. It is the caufe only of
this change in the colour by refpirable air, which becomes
an objet of confideration; for if we fuppofe the change
of colour in the red globules to be all that Tefpiration is to

It becomes a queftions how the change is, produced in

.

AR A

perform, we fhall make the red globules the moft effential

part of theblood, whereas they are the leaft fo. Moft pro-

bably, the effect of airupon the blood is greateft on the co-
agulating lymph; and this conje€ure is rendered more
likely, when we confider, that in animals which have no

red globules of any kind, refpiration is as eflential to their
exiftence as in any other ; and we find, that the blood may

lofe this effet, and yet retain its falutary effets in the conftie
tution. Thus in the tying up a large artery, when the parts
beyond muft be fupplied with blood that thall have loft its
florid colour ; and in the chick in the egg, the blood in the
arterial fyftem is dark, while in the veins of the temporary
lungs it is florid. * We are led, by daily experience, to ob-
ferve, that the dark blood taken from a vein becomes red
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on that furface which is expofed to the common atmof-
phere ; and, that if it be fhaken in a phial with air, the
whole becomes red*. If blood alfo be allowed to ftand
expofed to the air, and coagulate, its upper furface will be-
come of the fcarlet red, while the bottom remains dark, or
even of a darker colour than common venal blood, becaufe
it contains a greater quantity of red globules. If the coa=
gulated blood be inverted, and the bottom expofed to the
air, this part will alfo affume the fcarlet red, and become
even redder than that expofed before,*becaufe it contains a
greater number of red globules, which undergo this change.
The red colour will even penetrate to fome depth, which
fhews that the effe€t can be produced through a thick fub
ftance. We often find the veflels of the lungs full of blood,
and the whole fubftance of the lungs of a dark colour;
but, if we inflate the lungs, the cells will become of a flo-
rid red, the fmall veflels on thofe cells, both arteries and
veins, having the colour of their bloed changed by the air
in the cells affe€ing it through their coats: we find the
fame thing on the furface of fleth, or muicles, liver, etc.
We may obferve in the gills of fith, that they retain their
florid colour as long as the fith is frefh, from being expofed
to the air, for they naturally have the air applied externally
in the ack of breathing. It is from thefe faéts we reafon,
refpe€ting the fcarlet colour which the blood aequires in
the lungs, butlofes in the body, and therefore™is found of
the modena colour in the veins, and of courfe in the right
fide of the heart, and larger trunks of the pulmonary arte~
ry. As the blood is florid in the pulmonary veins, as far
as we can trace them, we reafonably fuppofe that it acquires '
this appearance in the fmall veflels of the lungs, and as the
lungs conftantly take in frefh air, we congeive that by ex~
pofure to the air (perhaps both in arteries and veins) it ac-
quired the fearlet colour; for we fhall fec that the air, or
the influence of air, is capable of pafling through animal
fubftance.

In the living body when the breathing is imperfet, we
can plainly fee the change taking place in the colour of the
blood, in proportion as the breathing becomes more per-
fe&, of which the following experiments are proofs :

* This does not arife from motion, for fill the phial with
blood witheur air, and put into it glafs-beads, and fhake them,
{o as to give them motien, the colour will nat he altered,
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They were made with a view to obferve the motion of =
the heart, by producing an artificial breathing, and exhi-
bited a vaft varicty of phenomena, of which the change
in the calour of the blood in the lungs was one. . A
I invented a pair of double beltows, each of which had
two openings, but their actions were reverfed ; two of the
openings were. inclofed in one pipe or nozzle, and the 0
ther two were on the fides. The lower chamber had its
valve placed exactly fimilar to that of the common bellows;
but it had alfo a valve at the nozzle, which did not allow
anyair to enter theve. The upper half had a valve placq.{
at the nozzle, which allowed the air to enter, but notto
efcape, and the opening on the upper fide, allowed the air
to efcape, but not to enter 3 fo that on dlla‘tmg the bellows,
the upper fide, or chamber, drew in the air, by the nozzle
only, and at the fame time, the under chamber drew inits
air by the fide only: on clofing the bellows, or expelling =
this air, the air drawn in by the nozzle pafled out at the
opening of the upper fide, and the air that was &.rawn uj:
by the under fide, pafled out by the nozzle. By this means ¥
I could, by fixing the nozzle into the trachea, draw theair
out of the lungs into the upper chamber of the bellows,
and at the fame time draw frefh air into the lower cham-
ber; on emptying thefe cavities of their air, the pure air
in the lower chamber pafled into the lungs, and that which
had been juft taken from the lungs into the upper chamber
pafled into the open air alternately. The action of thefe ™
bellows, though double, is exactly as fimple as breathing it 1
felf ; and they appear to me to be {uperior to any invention |
made fince for the fame purpofe. I fixed the nozzle of
thefe bellows into the trachea of a dog, and immediately
began the artificial breathing ; I then removed the flernum
and cartilages, and opened the pericardium. While I conti=
nued the artificial breathing, I obferved that the blood in
the pulmonary veins, coming from the lungs, the left zu-

g

et

ricle, the aorta, etc. was florid or dark, juft as I threw in
air or not, info the lungs. : !

I cut off 2 piece of the lungs, and found that the colott
of the blood which came from the wound correfpondﬁd,,
with the above effeés: when I threw air into the lungs, fo
as to render the blood florid in the pulmonary veins, two
Linds of blood iflued from the wound ; and when left off ©
blowing, the wkoie blood which pafled out by the wound
was of the dark colour. If the zir is confined in the lungs
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of a quadruped, it foon lofes its power over the blood,
which remains dark, or has the appearance of becoming
dark, becaufe dark colouréd blood i3 thrown in, ‘and it un-
dergoes no change'; but if the fame experiment is made on
an amphibious animal, it is a confiderable tinie before the
whole blood becomes dark, becaufe in fuch animals, the
Jungs are a refervoir of air, which of courfe continues its
influence over the blood the longer.

This experiment I have repeated upon feveral animals,
and commonly for half an"hour at a time, which was fuf-
ficient to allow me to make my obfervations wjth coolnefs
and accuracy : in this part of the experiment it was curious
to fee the ‘coronary arteries turn darker and darker, becom-

-ing lke the veins which run on “each fide of them § and on
blowing again, refume gradually a brighter colour, till they
become of a florid red. - As refpiration was generally pre-
vented in the firft part of the experiment, the blood was
found at firft wholly of a dark colour, and the heart large,
and hardly ading ; but on throwing into the lungs freth
air, the heart began to a&, upon which both auricles and
ventricles became gradually {fmaller 5 then by ftopping the

_refpiration, they again became larger and larger.

The diminution of the heart’s motion upon ftopping ref-

iration, does not depend upon the immediate impreflion of
improper blood on the left auricle and ventricle,asa {edative,~
but upon the fympathetic connection between the heart and
lungs; one aftion ceafing, the other alfo ccafes; which
fympathy is cftablifhed, becaufe, if the heart were te con-
tinue acting, it would fend improper blood into the body,
by which it can be fupperted only a little while. The right
auricle and ventricle alio ceafe adking, although not {o early,
and for the fame reafon ; becaufe, on the ceffation in the
lungs the blood cannot receive any benefit in pafling thréugh
thenr.

Thefe a&ions and ceffations of allions are all dependent
on life, and the connection of onc adtion with another.
It is upon the fame principle that the firft effeét of recove-
ry is the aét of breathing.

The following cafes illuftrate this ftill further:

I bled a gentleman in the temporal artery, while ina fit
of apoplexy; he breathed feemingly with great difliculty ;
the bleod flowed very freely, and he continued to bleed
longer than we commonly find, from the fame wound,

i |
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which made me fufpe that the artery had loft fome of jtg

contracting power. The blood was as dark as venal blood 3
be became fomewhat relieved, and his breathing more free;
"about two hours afterwards we opened the fame orifice,

which ftill bled freely, but now the blood was become flo- ¥

rid as ufual.
Mrs.
apoplectic fit, in which the was infenfible, refpecting ideas;

her breathing was very imperfe, attended with a rattling -

in her throat, and a fnort; the pulfe was very fteady, but
rather flow. Topened the temporal artery, which bled ve
freely ; but I obferved that when fhe breathed freely, the

blood from the artery became red ; and when her breath-
ing was difficult, or when fhe hardly breathed at ally the

blogd became dark, and this alternately feveral times in the

coutfe of bleeding ; yet all this made but little alteration in

the pulfe.

In many difeafes of the heart, as well as of the lungs,
we may often obferve the fame appearance. In many dif-
eales of the heart, producing what is calied anigina peéto-
ris, (the fymptoms of which arife from a vaft variety of
caufes, palpitations being commonly one) we fhall fee that 4
upon any exertion, the heart a&s with great violence, and
the breathing is very laborious, or rather imperfe&, not t
correfponding with the violence of the. motionof the blood

the face will become of a dark purple colour, the patients
will be nearly expiring, and nothing but reft relieves them;
of this the following cafe is a ftrong inftance.

A. B. when a boy, could never ufe the fame exercife
that other boys did ; he could not run up fhairs, nor afcend
a hill without being out of breath, and had almoft through
his whole life, an irregular pulfe ; more elpecially when
he ufed more exercife than he could well bear. Upon the
leaft increafe of motion, he had a palpitation at the heart,

which was often {o ftrong, as to be heard by thofe that were ;;,
near to him ; and his becoming foon fatigued, was by his
- acquaintance fuppefed to be owing to a want of {pirit of

courage.

With all this he grew to be a well formed and common

fized man, but ftill he retained thofe defects, which, in-
deed, rather increafed as he extended his views, and with
them extended his altions. About the age of thirty, he
took to violent exercife, fuch as hunting, and often in the
chafe would be feized fo 1] with palpitations, and almsf 2

——, in Norris-ftreet, Haymarket, fell into an

#
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%otal fuffocation, that he was obliged to ftop his horfe, and
be held upon the faddle. At fuch times he became black
in the face, and continued fo as long as the fit lafted. It was
often feveral days before he perfeétly recovered his ufual
health ; and frequently he could not lie down in his bed,
but was obliged to fit up for breath: all: thefe fymptoms
gradually increafed upon him, and at times, without any
violence of exercife or action, he would' feel as if dying,
and ufed fo to exprefs himfelf : but as the caufe of thefe
feelings did not appear to his friends, they rather treated
him {lightly. ;

At laft mere anxiety of mind would bring on thefe feel-
ings, palpitatiens, and fuffocations in fome degree.

In the winter 1780, and 1781, he hunted very violently
and alfo caught cold, which together brought on the above-
mentioned complaints with greater violence than ever.

He confulted two gentlemen of the profeffion : the pal-
pitation, the difficulty of breathing, the great oppreflion,
with the blacknefs in the face (I fuppofe) they thought either
arofe from fpafms, or was nervous, for they ordered cor-
dials, fuch as {pirit of lavender, wine, ctc.

I was fent for, to give aname to the difeafc. Upon
enquiring into il the {ymptoms, my opinion was, that
there was fomething very wrong about the confiruction
of the heart, viz. about the fource of the circulation ;
that the blood did not flow at any time freely through
the lungs, fo as to have the proper influence of the air,
but much lefs fo when he was hurried; that a ftagna-
tion of the blood i any one part about the heart would pro-
duce in fome degree fuffocation ; and want of due influ-
ence of the air upon the blood, being the fame thing, which
was the caufe of the darknefs of the face at thofe times :
that the means to be pradtifed were in fome degree contra-
ry to what had been advifed, namely, reft, gentle bleeding,
care to eat moderately, keep the body open, and the mind
ealy; and as he had got the better of former attacks (al-
though thofe were not fo violent) I faw no abfolute reafon
why he fhould not get the better, of the prefent. Eight
ounces of blood were taken from him that day, which re-
lieved him. The fymptoms ftill continuing, though not fo
violently, I faw him once more ; he loft about four or five
ounces more blood, which alfo relieved him, but {till he
did not get materially better : at laft, as an addition to the
above fymptoms, he became yellow, his legs b:;an to fwall
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with water, and 21l his other complaints gradually increafed,
which made me fufpect that a depofit of water was begun
in the cheft. e was now attended by a phyficiany was
bliftered on his legs, which threatened a mortification; ang
a cauftic was applied to the pit of his ftomach, (1 fuppofe ™
for a painthere): nature was at laft worn out, and he'died.®
I folicited to open him, and was allowed. FsH
On opening the belly there was found in the abdomen
very fmall quantity of bloody yellowith ferum. Every vifeus
‘appeared to be found; the gall-bladder was pretty full . :
bile, which was thick, but not ropy, as if the thinner parts
had been firained off; the ducts were clear both to. and =
from the gall-bladder. il
Upon opening the chelt the lungs did not collapfe, being
agood deal cedematous, but otherwife appearing found.
There was 2lfo a little bloody ferum in both fides of the
cheft. Thefe I conceive were the confequences of the la
attack. 4
"The heart was very large, and very full of blocd. = =
Upon opening the' right fide of the heart, I found no-
thing uncommon, either in the heart or the pulmonary ar
tery. {4
Upon opening the left fide, ¥ found thevalves of the &
aorta thicker, and: harder than ufual, having at the fame 1
time the appearance of being very much fhrivelled. .« This &
difeafed ftructure of the valves accounts for every oneof =
what may be called his original fymptoms, and was fuchas
to render them of very little ufe ; the blood, therefore, muft
hayve fallen back into the cavity of the ventricie again at ¢« Ay
very {yftole of the artery. ) “iha
‘Whether this thrivelled ftate of the valves of the aorta
was a natural formation, or a difeafe, is not ‘eafily afcer- *
tained ; butif it was a difeafe, it muft have begun much
earlier in life than fuch difeafes commonly do, as the fymp-
toms appeared when he was young®:  From this conftrue
tion of valve, we muit {ee that it required the greateft quiet |
to allow the motions of the blood from the left fide of the
heart to go on fufficiently, and that whatever interrupted
this, preduced a ftagnation, or an accumulation of the blood
almoft in every partof the body; firft in the left ventri-
cle; then the left auricle;  pulmonary wveins, pulmonary
arteries 5 righitveatricle, right auricle, and all the veingin

i

« * Lhave fecnit ata very early peried.



General principles of the blosd. - 3%

the body ; however a fmaller quantity than ufual could get
to the veins of the body through the arteries, fo that a kind
of circulation went on.

If we confider the efiect arifing from this conftruction of
valves, fimply on mechanical principles, we cannot account
for the darknefs of the arterial blood, which muft have
paffed through the lungs, when there was no mechanical
obftru&tion to refpiration 3 but fince it happens that when
the heart either ccafes to a&, or cannot get rid of its blood,
(which muft have been the cafe in the prefent inftance)
refpiration ceafes, or is performed fo imperfetly as’to have
nearly the fame effet * 5 the perfon is in reality in 2 ftate
of fuffocation. Suffccation is no more than imperfe&t ref-
piration, which is the caufe of imperfect blood pafling to
and from the left fide of the hearts and it is therefore im-
material as to confequences, whether a ftoppage to refpi-
ration is the firlt caufe, or is an effect, for in either way
it is the caufe of imperfe&k blood being introduced into the
arterial fyftem. ‘

It may be difficult to account, for the increafed fize of
the heart, whether it was a mechanical eiffedt, as the blood
would be thrown back into it at every fyftole of the aorta
and diaftole of the heart, or whether it arofe from a par-
ticular affection of that vifcus. The firft idea is the morc
natural 3 but it is not neccflary that the caufe fhould be of
this kind ; for we fec every day enlarged hearts, where the
fymptoms have been fomewhat fimilar, and yet no vifible
mechanical caufe exifted ; and indeed it is a common effe&
where there is an impeded circulation.

It is eafy to be conceived, firft, that the circulatien could
not, in the cafe of this patient, be carried on regularly and
perfectly : fecondly, that a fioppage to the blood’s motion
in either arteries or veins, but much more a retrograde
motion in the blood in any part muft produce a {tagnation,
which will be more or lefs extenfive, according to the
quantity of bloed paffing that way : thirdly, that if it was
only in a branch of an artery, or vein, the {ftagnaticn would
probably be only partial; but when in‘an artery, or the
veins of the whole body, as the aorta, or vena cava, it
muft then be i)rctty univerfal; and as the retrogade mo-

* In fuch infpirations I conceive that fo little air is taken in
as hardly to reach the cells of tbe lungs, fo as to ke able to
influence the blecd circulating on thofe cells,
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tion in the blood began in the aorta, we can cafily trace

its effe@ts. We alfo find in imperfect conftru&tions of
the heart, &c. where there is a communication between

the right and left fide kept up after birth, that the fame *
circumftances and appearances take place; cafes of thig ®

kind frequently occur, of which the following is a ftrong
inftance :

I was feveral times confulted about the ftate of a young
gentleman’s health, and though it could not be f:aid anato-
mically, with precifion, what the real confirmation of the
heart was, yet it was imagined that the {ymptoms  arofe
from fome imperfe&ion in that organ.. From his infancy,
every confiderable exertion produced a feeming tendency
to fuffocation; and as fuffocation always arifes from a
want of the due effe& of air on the blood, while the cir~
culation is going en, the whele body muft change from
the fcarlet tinge to the modema or purple; and in thofe
parts where the blood gives its colour moft, there will this
effet be greateft, which is commonly in the face, "and
patticular parts of the face, at the finger-ends, &c. While
very young, nothing but crying brought on thofe fits, but
when he was grown fo as to take bodily exercife, 2s run-
ning, &c. then they becarae more frequent and more vio-
lent; and it is to be obferved, that the older he grew, the |
worfe he was likely to be; for with years approaching to
maturity, his actions were likely to increafe: great care,
however, was taken to fupprefs fuch actions as were found,
from experience, to bring on the fits. No medical advice
could be of the leaft fervice, further than to inform him
what experience had already taught, unlefs to recommend /
occafionally, when his friends found that the fits of fuffo~
cation were more cafily excited than ufual, that he fhould
lofe a little blood, fo as to leflen the neceflary action of
breathing ; putting, in this way, the quantity and motion
of the blood mofe upon a par, and at the fame time, not
to indulge too much his.appetite ; but all thefe precautions
hardly kept him tolerably well. The heart, in proportion
to the difficulty, alted with mere violence, and one could =
rather have withed the contrary to have taken place. As
he could hardly ufe any exercife of his own, motion was
given him, fuch as riding flowly on horfeback, in carriages,
&c. He lived to the age of between thirteen and fourteen,
and though the diforder did not deftroy him, vet it is moft
probatle that he could not have lived long, as he was every

i
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day arriving more and more at an age of altion, but not
in the fame proportion acquiring prudence. When he
_died he was opened by Dr. Poultney, who tran{mitted an
account of the appearance of the parts to the College of
Phyficians of London, which is publifhed in the third vo-
Iume of their Medical Tranfa&tions : fuch parts as are im-
mediately conneted with my {ubject, I fhall tranfctibe.
¢« Both lobes of the lungs were remarkably fmall, and
fome parts of them flacid to fuch a degree, as to fuggeft
an idea of their having been incapable of performing their
funétions *. - The liquor pericardii was in due quantity,
and the heart was firm in texture, and of the natural fizet.
On examining the ventricles, and the beginning of the’
dorta, a canal, or paflage was found communicating with
both ventricles, fituated in an cblique dire@ion near the
bafis of the heart, fo large as' to admit the end of the
finger from the aorta with equal facility into either ventri-
cle; the feptum of the ventricle appearing to terminate
with this canal.  On examining the entrance of the pul-
monary artery within the ventricle, it was judged that this
entrance was much fmaller and more firm than common.”
Tt is' difficilt here to fay what would be the exaét effeét of
this communication on the motion of the two bloods ;
that is, whether the blood of the right fide was received
into the left, or vice versa; if the oblique dire&ion of
this paflage had been further defcribed, it might have ex-,
plained this doubt, for if the paffage was direct, the blood
would moft probably pafs from the left to the right, as the’
left ventricle acquires the greateft ftrength ; the word ob-
ligue, however, and the expreflion, that the finger, from
the aorta, pafled with equal facility into either ventricle,
would make us {uppofe that the obliquity led out of the
right ventricle into the aorta ; but even with this obliqui-
ty, I fhould not think it probable that the blood would
pafs from the right to the left, becaule the left atts with
fo much more force: the defcription leaves us to account’
for the defe& in refpiration another way. If the blood
pafled from the right to the left, then it would have had
the fame effe& as the canalis arteriofus, and probably was

* Although I have tranferibed this, yet Ido notlay much”
ftrefs upon it. £
+ This fhews there was no difeafe,
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the only one in the feetus. In this cafe too littlfz bloed
would pafs through the lungs; but I do not conceive that,
this circumitance would affe& refpiration, becaufe no ftag-
nation would take place in the lungs; but if the blood
got from the left to the right, then too much blood would
be fent to the lungs, as it would bg found to take its courfe
twice. On the other hand, if thé lungs be not capable of
allowing a full diftention equal to the actions of the heart,.
though naturally .framed, the fame thing takes place. In
natural deaths the pulfation of the heart commeonly ftops
before breathing ceafes ; butin deaths arifing from a ftop-
page of breath, fuch as hanging or drowning, the reverfe
muft take place; and in fuch we fhall always find dark
blood in the left fide, which plainly took  place in the ex-
periment above-mentioned.

It may be fuppoled that in the lungs: the blood cannot
come in contalt with the air, but the circumftances abeve
related, that the florid colour will extend fome depth into’
the blood, thews that the effe¢t of air can and does per-
vade animal matter. Not attending to this fact at firft, F
covered the mouths of veffels filled with venal blood with’
gold-beater’s {kin, ‘touching the furface of the blood, and®
the blood conftantly became of a florid red on the furface,
and even for fome depth.

I put fome dark venal blood ihto a phial, till it 'was about™
half full, and fhook the blood which mixed with the air in®
this motion, and became immediately of a florid red*. :

As the globules are the coarfefl part of the blood, and:
they appear to be fully affe€ted by the air in the lungs, we
may fuppofe that the veflels of that vifcus do not-run into
extreme minutenefs, by which, apparently, no other pur-'
pole would be anfwered. e :

The blood of the menles, when it comes down to" the
mouth of the vagima, is as dark as venal blood, and asit
does mot coagulate, it has exaltly the appearance of the
blood in thofe, where the bloed continues fluid. - Whether'
this arifes from its being venal blood, or from its acquiring
that colour zfter extravafation, by its flow motion, it is'
not cafily determined ; but upon being expefed it-becomes
florid : it is naturally of a dark colour, but rather muddy, -

- © * Thefe experiments I ?adc i{a the f{xmmcr 1755, when'I’
was boule fugeon at St. George’s Hofpital, and Dr: Hunset
« saucht them ever after at his Yeétores.
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ot having that tranfparency which pure blood has. Whe-
ther this arifes from its mixing with the mucus of the va-
gina, or from the ceflation of life init, I will not pretend
to fay. 'The red globules, however, are not diffolved, they
retain their figure. '

Does air in the cellular membrane of an emphyfematous
perfon produce, or continue the floridnefs of the blood or
not 7% :

The furface of the blood becoming of a fcarlet red,
whether expofed immediately to the air, or when only co-
vered by membranes, through which we may fuppoie its
influence to pafs, is a circumftance which leads us to fup-
pofe, that it is the pure air which has this effeét, and not
fimply an expofed furface +. To afcertain this I made the
following experiment : g C

I took a phial, and fixed a ftop cock in its mouth, and
then applying an air-pump to the cock, exhaufted the
whole air : in this ftate keeping it ftopped, I immerfed its
mouth in freth blocd flowing {rom a vein, and then turn-
ing the cock allowed the blood tobe prefied up into the phial.
When it was about half full I turned the cock back, and
now fhook the phial with the bloed, but its colour did not
" alter a8 in the former expcriments; and when I allowed
the blood to ftand in this yacuum, its expofed flirface was
not in the leaft changed. :

The vaft number of cells into which the lungs are divi-
ded, the whole arterial and venal fyftém ramifying on the
furface of thofe cells and of courfe the whole of the blood
paffing through them in every circulation, together with the
lofs of life upon the mifling three or four breathings in the
moft perfedt animals, thew the great nicety that is requir-
ed in preferving the due properties of the blood for the pur-
pofes of animal lifc: the time that we can live without
air or breathing, is {horter than that in which we die from
a defect in any other, natural operation ; breathing, there-
fore, feems to render life to the blood, and the blood con-
tinues it in every part of the body. This nicety is not
nearly fo great in many of the more imperfect animals.

e

"The amphibia have not this divifion of lungs, nor docs

* Vide Chelter on Cafes. Cafe firft, the venal floxid. St
George’s, a man emphyfematous ; blood very dark.

+ 1 may here oberve, that. fised air, as alfo inflammable
girs, have contrary effetts.
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the whole of the blood pafs through the lungs in them,
and they can live a confiderable time without breathing,
This, at prefent I only mention asa fa&, not mcaping‘ to
give my opinion of the mode of preferving life, either in
the blood or body, by the application of air to it though,
T will fay, that mere life in both is fupported by the air,
and probably few of the other propertics conneéted with
the blood depend fo much upon air as its life.  But we may
obferve; that it was not neceflary for the blood to undergo
this change, to render it fit “for every purpofe in the
animal ceconomy ; for ‘we find that venal blood anfwers
fome purpofes : thus the blood from the inteftines, {pleen,
&c. going to the liver, as we fuppofe, for the fecretion of
the bile, thews that venal blood will do for fome fecreti-
ons, though probably not abfolutely neceffary. This appli-

. cation of venal blood is a faving of blood, ‘and it is not .
g

neceflary for the formation of bile, that the venous blood
thould proceed from the parts abovementioned ;° for in
birds, amphibia, &c. other veins, befides thofe, enter the
liver. : ' ' N

I have thewn that feveral fubftances mixed with dark
coloured blood, have the property of rendering it of a
florid red ; and it muft have appeared, that by circulating
through tfle body its dark colour is reftored. ~ As it is ca.
pable of being rendered florid, by feveral fubftances, fo it
may be rendered dark by feveral when florid : vital air has
the power of rendering it florid ; but the other vapours, of
gafles, which have the name of airs, fuch =s fixed air,
inflammable air, &c. render it dark. - This change is pe-
culiar to the living body; for if arterial blood is taken
away, it retains its florid colour, although not in the leaft

expofed to the air. Asit is found dark in the veins, and’

as it performs fome offices in the courfe of the circulation,
which perhaps render it unfit for the purpofes of life, we
may conceive, that the lofs of cclour, dnd this unfitnefs

are effects of the fame caufe : but, upon further obferva-

tions on this fluid it will be found; that it may be rendered
unfit for the purpofes of life' without lofing its colour, and
may lofe its colour without being rendered unfitfor life:
flownefs of motion in the blood of the veins, isone circum-
ftance that caufes the alteration, but this alone will not
roduce the effeGt, for I have obferved above, that arterial
{lood put into a phial"and allswed to ftand quict, does not
become dark; but reft or flownefs of- motion in iviag
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parts, wouid appear, from many obfervations, to bea
caufe of this change in its colour: we know that the bicod
begins to move more and more flowly in the arteries: we
know its motion in the veins is flow, in comparifon to what
itis in the arteries; we thould, therefore, naturally fup-
pofe, (confidering this alone) that it was the flownefs of
the motion that was the immediate caufe. Reft, or flow-
nefs of motion, in living, and probably healthy parts, cer-
tainly allows the blood tolchange its coleur: thus We never
Tee extravafations of blood, but it is continually dark. I
never faw a perfon die of an apoplexy, from cxtravafation
in the brain, but the extravafated blood was dark; cven in
anuerifm it becomes dark in the anucrifmal fac, alo when
‘the blood efcapes out of the artery and coagulates in the
cellular membrane, we find the fame appearance.

Thefe obfervations refpecting apoplexy, ftruck me much.
I conceived atfirft, that the extravafations there muft
confift of venal blood; but, from reafoning, I could hard-
ly allow myfelf to think fo; for whatever might be the
beginning of the difeafe, it was impoflible it could continue
‘afterwards wholly venal; efpecially when the blcod was
found in a confiderable quantity; becaufe, in many cafes,
‘great mifchief was done to both fyftems of veflels, and the
‘arteries once ruptured would give the greateft quantity of
blood; but to afcertain this with more certainty, 1 made
‘the following experiment :

1 wounded the femoral artery of a puppy obliquely; the
opening in the fkin was made at fome diftance from the ar-
tery, bya couching needle; the blood that came from the
Tmall orifice in the fkin was florid.  The cellular mem-
brane {welled up very much; about five minutes afterwards,
I punctured the tumour, and the blood was fluid. In ten
minutes I punctured it 2gain; the blood was thinner, and
more fercus, but ftiil florid. In fifteen minutes I punétu-
red it again: at firft only ferum iffued; upen fqueezing a
iittle blood came, but ftill florid : the mafs now feemed to
be principally coagulated, which prevented further trials.
Some days after, when I cutinto the fwelled part, I found
the blood as dark as‘common venal blood 5 fo that here the
change had taken place after coagulation. ;

* WhenI had plafter of Paris applied to my face to make
a mould, in the taking it off, it produced a kind of Tucticn
on the fore past of the nofe, which Ifelt; and when the
plafter was removed, on obferving the part, it was red,
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as if the cells of the fkin were loaded with extravafated
blood; this was then of a florid red, but it foon became of
a dark purple, which fhewed that it was arterial blood, and
that by ftagnating in the cells of the body it became of the
colour of venal blood. 4o :
Blood may even be rendered dark in the larger arteries, -
by a fhort ftagnation. - I laid bare the caroted artery ofa
dog, for about two inches in length , I then tied a thread
round itat each end, leaving a fpace of two inches in length
between each ligature, filled with blood; the external
wound was ftiched loofly up: feveral hours after, I opened
the ftiches, and obferved in this *veflel that the blood was
coagulated, and of 2 dark colowr, the fame as in the vein,
"Fhus T have alfo feen when a tourniquet has been applied
round the thigh, and the artery divided, that when it wag
flackened the firft blood came out of a dark colour, but whag
followed was florid. g
This I have {een in amputations, when a tourniquet had 1
been applied for a confiderable time; and, it is commonly
ebferved in performing the operation for the anuerifm.
July, 1779, Mr. Bromficld had a patient in St. George’s .
Hofpital, with an anuerifm in the crural artery, about the
middle of the thigh: the artery had been dilated about three
inches in length. The operation was performed, in which
the artery was tied up above the dilatation, three or more
inches, forfecurity. When this was done, the tourniquet
was {lackened, and a pretty confiderable bleeding was ob~
ferved, fecmingly at the lower orifice, leading. from the di-
kated part, which, at firft, wasfuppofed, from its colour,
to be the venous blood that had ftagnated in the veins, by
means ofithe tourniquet; but this it could notbe; andit
was found to flow from the lower orifice of the artery, whick
‘wag immediately tied : we muft fuppofe, that the motion. =
ofthe blood, in making this retrograde courfe, was very
flow, forit had firf to pafs off into fmall collateral branch- *
es, zbove where it was tied, then to anaftomofe with fimi=
Iar {mal ones, from the trunk below, and then to eater
that trunk; all of which muft very much retard its motions ¢
and indecd, the manner of its oozing out of the veffels
fhewed fuch a retardation. = This motion of the blood, |
though in the arterial fyftem, was in fome refpeéts fimilag
o the motion of the blood in both fyftems of vefiels. ; “1
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"This laft circumftance plainly indicates a communication
of the arteries abeve the anuerifm with thofe below, by
incans.of the anaftomozing branches.

‘The blood from the lower orifice flowed without an

pulfation; which muit have been owing to its coming inte
the large artery below by a vaft naumber of fmaller. ones at
different dlﬁ:mces, and of courfe, at different times; but
probably, the chief caufe of this want of pulfation in the
great artery was, that the power of the heart was loft in the
two fyltems of fmaller arteries above, and below; for the
fecond fyftem, or thofe from below, became .in a confide~
rable degree fimilar to veins; . and the greax altery in the’
leg, below the anuerifm was like a confiderable vein.

A young man, fervant to Henry Drummond, Efg. hav-’
ing had a knife run into his thigh, which, wounded the cru~
tal artery, a confiderable tumour came on the part, con-
.}f}mg chiefly of blood extravafated, and ]odged in the cel-
lular membrane. This in fome degree ftopped the flowing
of the blood from the cutartery, and on mlatmg the wound
{0 as to get to the artery, I obferved that the extravafated
blood in the cellular membrane was of the venal colour.
On expofing the artery, which was firft fecured from’
bleeding by a tourniquet above, and then flightly flacken<’
ing that inftrument, the firft blood which flowed from
above, was darks; and even was taken for venous blood by
the operator; but he- was foon convinced that it was arteri~
al, by the florid colour of that which almoft immediately en-'
fucd. ¥ obferved that the colour of the blood wasas dark as’
that of any venous blood I ever faw.

From thefe experiments, and obfervation, we muft con~

clude that the colour of the blood is altered, either by reft,

or flow motion, in living parts, andeven in the arteries;
this circumftance takes placr: in the veflels as the motion of
the blood decreafes.

Another obfervation occurs, viz. that fhc‘ whole of the
1imbs below the Jigature, where the crural artery has been
taken up, muft umrclv be fupplied svith fuch altered blood;
and as this leg l\epl its life, its warmth, and the aftion of
the mufcles, itis evident that the colour of the bloed is
of little fervice to any of thofe properties. it is probably
from this-caufe, that granulations on the lower part of the’
lower extremity look dark when the perfon ftands ered;
as well as in very indelent fores, however fituated.

4 . N

.
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Another obfervation ftrongly in favour of the fuppsﬁ-.
tion, that reft is a caufe of the change of blood from t
{carlet colour to the dark, or modena, is taken from the
common operation of bleeding; for we generally find the
blood of a dark colour at its firft coming out, but it becomes
lighter and lighter towards the laft. Some reafons maybe
given for this, firft, it has ﬁagnated in the veins, while the
vein was filling, and the orifice making, - which occupm
fome time, and may render it darker than 1t otherwife mlght
have been in the fame vein : fecondly, when there is a frce
orifice, the blcod may pafs more readily into the veins fr
rteries, and therefore may be fomewhat in the ftate of%
arterial blood,which mayoccafion the laft blodd to berather v
"D‘m,r. V\That amounts almoft to a proof of this, is, that'
ulghough a ligature'is tied fo as to ftop the paflage of the

lood to the heart, and therefore it might be fuppofed not
to have fo free a paflage from the arteries as in common,};
yet from the following cbfervations, it appears thatit ccr.eng
tainly has a much freer ; for if the orifice be large ina full
fized vein, the arm beyond the orifice will be much palcr, ,;1
than the natural celour, and the blood will become more®
florid ; but if on the contrary the vein be fmall and little
blood paﬁes, it' will retain its dark colour ;. tms, howevery:
would appear not always to'be the cafe. ;

Ibled a lady whofe blood, at firft was of a dark colour ,‘*» f
but the fainted, and while {lie continued in the fit, the co-
four of the blood that came from the vein, was a ﬁnd A
{carlet.

The circulation was then very Ianguxd

‘We may obferve that venal blood in the moft healthy, li :
commouly, if not always, the darkeft ;- and’ when the bo-
dy is the lealt out of order, it is then not {o much changef
from the florid to the very dark purple. This I have often
obferved, and particularly recollet a {triking inftance of it
ina gentleman who had a flight fever ; his venal blood was’
qu.:c florid, like arterial blood. This could not arife from: -
the increa ife of thebleod’s motion, or fr.om bcmg kept up’
ia the veins by the fever; for it was light*
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* | believe the blood does not become dark by (tanding inan
inflamed part. Thave feen cafes of apoplexy, where the per-
fon died {ome days after the attack. 1have found the piama- =
ter inflamed in {cveral places, even t5 the'length of inflammato-
ry transfufion ; forming dors, all of which were of a florid red co-
Your; while.the other parts ofthe fame métibrane, the blood n

By
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"The blood will change its colour from the fcarlet to the
modena in different fituations, according to the mode of
circulation. In animals who have lungs, and a complete
double circulation, the darkeft blood will be where it comes
(if T may be allowed the expreflion) to get anew its bright
colour ; for inftance, in the arteries of the lungs, and of
courfe the brighteft in the veins of the fame part, which
will be continued more or lefs into the arteries of the o-
ther circulation, where again it will begin to change,
except in one ftage of life of fome animals who do not
ufe their lungs, fuch as feetufes; but in fuch feetufes
as convert animal-matter into nourifhment, therefore,
moft probably, muft have it" influenced by the air,
fuch as the chick in the egg, although not by means of the
lungs of the chick, we find the blood in the veins of their
temporary lungs of a florid colour while it is dark in the ar-
teries ; therefore has become of a dark colour, in its paflage
to and from the heart ; but in the more perfet animals the
blood, I believe, becomes darker and darker, as it proceeds
from the heart, till it returns to the heart again; but this
change is very little in the arterial fyftem, more efpecially
in veflels near. the heart, as the coronary arteries. The
change of colour is more rapid in the veins, but it is not
equally made through the whole venous fyftem 5 for it will
be produced more quickly in the lower parts of the lower
extremities, than in the veins near the heart : it begins, moft
probably, where the motion firft has a tendency to become
languid ; and this ufually takes place in the very fmall ar-
teries ; for in bleeding in the foot, or on the back of the
hand, I have obferved, in general, that the blood is of a
more florid red than in the bend of the arm.

V. OF THE QUANTITY OF BLOOD, AND
COURSE OF ITS CIRCULATION. :

It appears to me impoffible to afcertain the quantity of
blood in the body; and the knowledge of it would proba-
bly give very little afliftance towards better underftandin
the cecconomy of the animal. The quantity of blood is

the larger veflels, and alfo the extravafated blood, were of the
ufual dark colour. 2
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probably as permanent a circumftance as any, and not de.
‘pAading on imedizee action ¢ we have not one hour §
aitd Aochier Howr mére 3 nothing but accident or difeafe 3
leffen the” quantity 3 the firlt, probably, immediately, the
‘otherilowly ¥ but even then, although under par, it i
“Alowly made up as 1ot to conflitute fudden variations ; ye
when we come to confider the varieties in the pulfe, we
thould imagine there would be great varieties in the quan-
tity of blood. ' The, quantity I think muft be confidera
when we ‘refle@ onl ‘the ufe of this fluid ; the quantity of
fupply, orfood, necefiary to keep it up ; that jt fupp
the body and life, every where; and, that it forms the
Bulum of many fecretions. Al thefe cannot depend on
-very fmall quantity of this fluid, without conceiving a
fame time an extremely quick change. " There feems 0
two modes of judging, both of which ‘are evidently It
to objeétions in point of accuracy, and they differ {o muc]
as to thew that neitlier can be right.  One is to cal
how much may be ih an animal from the quantity it will le
in a 'fhort time. I'havc feen feveral quarts thrown up fro
the ftomach in a few hours, even by a very thin, puny
“fon : '4nd, on the other hand, if we had not this proof,
fhou]d fuppofe there could be but very little, when a few
ounce§ will make a perfon faint : I have an idea, howe
that' people can bear to lofc more by the fromach, than'
“‘any other way.  Befides, it becomes a matter almoft of
prife, how little is commonly found in the dead body:
{'belicve in difeafe it in fome degree diminifhes with the
dy ; for more is to be found in thofe who die fuddenly,
of accute difeafes; and even in fome who die of lingerir
difeafes, as a dropfy, we have a confiderable quantity
blood. Theonly way of accounting for this is, thatina
common lingering illnefs there is lefs blood 5 and im a drop=
fy, it coagulates lefs 5 for the ftrong coagulation fquecz€é
out the ferum, which, Iimagine, tranfudes after death, and ;
is not obfervable. ‘ B
It would appear upen the whole, that the quantity of |
blood in an animal is proportioned to the ufes of that bl?odf‘-
in the machine, which, probably, may be reckoned three
in number : the firft is fimply the fupport of the whole,
which includes the growth, or imcreafe of parts, the keep-
ing the parts already formed to their neceflary ftandard,
and alfo the fupply of wafte in the parts. The fecond i
the fupport of action, fuchas the action of the brain, and
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raufcles, in which is produced uncommon waftes; and
“thirdly, fecretion 3 all of which will flutuate except the
fimple fupport ; but more particularly the fupport of action.
I have already obferved that the anaftomofing of veflels gives
gréater fpace for blood. Probably a paralytic limb would
give the neceflary quantity for fimple fupport.

"There is nothing in the veins particular, {o as to give an
idea that they were intended to increafe the quantity of
bléod 3 they hold, however, more than the arteries, which
cdrtainly adds to the quantity : but the increafe of fize lei-
fens the velofity. They form plexufes, and what are called
certain bodies, as the plexus retiformis in the female; the
carpora carvernofa, and fpongiofa in the male. We fee
how little blood fupports a part in an aneurifm; and, pro-
bably, flownefs of motion is fuitable tolittle blocd.

It muft have appeared in the account of the different co-
lours, of the different parts of the body, arifing from the
proportion of red blood, that fome parts mull have mucly
more blood than others, and we have now to mention, that
fome parts have much larger veflels going to them, than
others. This idea is confirmed, by the blood being the
moving material of life, and taking a part in every action
of it: its quantity is to be faund in proporti6n to. thofe ‘ac-

_ tions ; and fince the body isa compound of parts, or. ra-
ther of altions, whofe ufes are known to vary confidera-
bly, we find blood directed to thofe parts in proportion to
their actions ; and this we judge of by the fize of the vel-
fel, and rednefs of the part, 1w thofé animals which have
red blood, and we may fuppofe the fame in thofe which
have not this part of the blood.. The brain has confidzra-
ble veflels, etc. going tol ity yet its. fubftance is white,
which is in fome degree owing to its opacity.. The tongue
is vafcular. The thyroid gland is vaicular. The luags al-
low of the paffage of the whole blood in moft animals, and
therefore have always a current of blood through them e-
qual to the whole.

The- liver is extremely vafcular, which is known from
its proportion of veflels, as well as its colour ; and as there
is in this vifcus a peculiar circulation, the very great quan~
tity of blood pafling through it, adds to the quantity in the
whole body. {

The fpleen is' extremely vafcular, as are likewife the
kidnies.  The (tomach, and inteltines, have confiderable

2
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veflels going to them, and the mufcles in general, more
efpecially thofe of labouring people ; for labour increafes
the quantity of blood in the whole, beyond fimple nourifhs

ment in the full grown, or beyond the mere growth in the

young.

In tracing the courfe of this nourifhment in animals,

which confifts ultimately in the blood ; from the moft fim-

ple to the moft complicated, there is a pretty regular fe-
ries; but this regularity is interrupted whenever there isa
variety in the circumftances which are to be taken into the
account ; but the whole of this forms too extenfive a fub-
ject for our prefent confideration. : ;

If I were to begin at the formation of the blood, I fhould
firft treat of digeftion in thofe animals which have fto-
machs ; but this is a diftin& fubjeét: we may, however,
begin with its immediate confequences, as it produses the

firft and moft eflential change, viz. the converfion of the

blood into a fluid qalled chyle. The chyle is the imme.

diate effe&t or product of digeftion, and is the feed, which,

as it were, grows inte blood, or may be faid to be the

blood not yet made perfe&t. The chyle, to appearance,
varies in different animals. In the quadruped, and in the
crocodile, it is white ; but in moft ether animals it is tranfs
parent : where it is white its parts are more confpicuous
than where it is tranfparent, In this refpet it is fimilar
ta the red bload, and is found to confift of a coagulating
matter, a ferum, and white globules, which render it of a
white colour, and in fome degree refembles milk, Thefe glos
bules are fmaller than the red globules of the hlood, and
about the fize of thofe in the pancreatic juice ; they retain
their figure in water, and therefore are not fimilar to the
red globules: they retain, alfo, their round form in the
ferum.

They are fpecifically heavier than their own lymph, and
ferum.

One would naturally fuppofe from obferving the chyle to
have globular particles in certain animals, that they forms
ed the red globules in the blood ; but when we confider
that the chyle in fowls has no globules, and yet that they
have red blood, we muft conclude that they do not anfwer
this purpofe.

The firft motion of the nourithment in moft animals is
by the abforption of this fluid from the appendages of the
ftomach ; and in many, this alone appears to be the whole,
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as they have no fuch organ or vifcus, as a heart, to which

it may be carried ; and in fuch it may be fuppofed to be in
its mode of diftintion fomewhat fimilar to the mefenteric
yeins and vena~portarum : the parts, therefore, aflimilate,
and difpofe of it themfelves; but this ftructure belongs
only to the moft fimple, or the firft clafs of animals. In
thofe which are more perfeét, where parts are formed for
each particular purpofe, the chyle is brought to one organ,
called the heart, having firft joined the venous blood,
which now requires a fimilar procefs, and both are fent to
the lungs, where, moft probably, the chyle receives its
finifhing procefs, and from thence it comes back to the
heart again, to be fent to every part of the body *.

In thofe animals that have hearts, we are to take into
the account a number of particulars : firft, the blood’s mo-
tion in confequence of that organ : fecondly, the firft in-
tention of that motion, viz. to be prepared in the lungs,
which introduces breathing : thirdly, the variety in the kinds
of lungs : fourthly, the different kinds of fubftance animals
are obliged to breathe for the purpofe of matter, employed
in the preparation of this fluid.

In this inveftigation we fhall find there is not an exa&
or regular correfpondence in all the parts fo employed.

This irregularity arifes from animals breathing different
fubftances; fuch as fome breathing the common atmofphere,
in which is included the refpirable air; others water, in
which air is included, as fith.

Some breathe both air and water, while there are others
which breathe air in their perfet ftate, but water in their
firft periods, or imperfect ftate of life .

If we were to take a view of all thefe fyftems, each
fhould be confidered apart, with all its peculiarities or con-
nections ; together with the different fyftems, as they gra-
dually creep into one another, fome being perfectly dif-
tinct, while others partake more or lefs of both.

The complete fyftem is always to be eonfidered as the
moft perfet, although it may belong, in other refpects, to
a more imperfect order of animals.

It has been fuppofed by phyfiologifts, that as the blood
is found to confift of different parts, or rather properties,
that certain parts or properties were determined to certain

* The circulation in fith is an exception to this.

+ In this account I do not include animals in embryo, and
fome others, which do not bregthe at all.
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parts of the body, for particular purpofes ; but from the fi
quent. anaftomofis of arteries, the great variety in the
number, origin, and the different courfes which they tal
in different bodies, it is very evident, that there can be ngh
particular blocd fent to any part of the body where the™
" 'whole blood can circulate. Many unnatural fituations of
parts thew this. * For inftance, the kidneys fometimes have
one artery ‘only on one fide, and two, three, or four on
the other. On one fide they arife from the aorta as high'
as near the fuperior mefénteric, on the other as low alm
as the divifion into the two iliacs: and in fome cafes
kidney has been formed in the pelvis, and the artery h
arifen from the iliac; the {permatic arteries too, fom
times, arife on one fide from the aorta, and on the ot
from the emulgents or the arteria capfule renalis. If there
was a particular blood fent to every gland, we fhould ex-
pect to find urine fecreted in-the tefticle, when its art
arofe from the emulgent : but as the blood vifibly confi
of different partsin thofe animals we are moft acquain
- with, and whofe phyfiology is probably beft known to us,
and as one part of the blood can be traced in the veflels,
we can determine with fufficient accuracy the proportiors
of blood fent, as well as the different kinds. 'Thus, the:
red part of the blood informs us, how far it is carried;
and we find that our coloured injeétions neasly correfpond
with this information. - I may here firft remind the reader,
that the red globules are the grofler part of the blood, and
therefore, ‘whenever they are moft in quantity, we have
the blood with all its parts in due proportion and unfepar-
ated 3 but the conttruétion in many parts of an animal 1§
fuch, that the red blood is excluded, and this alfo excludes
every coloured powder we can inject; the vafcularity,
therefore, of fuch parts is not known, as has been men-
tioned. ' R
Through them the coagulating lymph only can pafs, and
probably the ferum, . for the fimple nourifhment of the
parts.. Of this nature are tendens, or tendinous parts,
ligaments, elaftic ligaments, cartilages, efpecially thofe of
joints, the cornia, &c. Even the brain and nerves, have
not the red blood pufhed fo far into their fubftance as ma-
ny other parts have ; we fee, therefore, that the whole blood
is not conveyed to all parts alike, and this we may fup-
pofe to anfwer fome good purpofe; yet, upon a more par-
ticular veiw of this fubje&, we may find it diflicult to af- .
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fign caufes for this feleCtion of the blood ; for in many
animals we find parts fimilar in conftruction and ufe, fuch
as mufcles, which are furnithed, fome with the whole
bleod, others with the ceagulating lymph only, with all
the gradations ; fome animals having both red and white
mufcles ; others having them wholly red,~and others
wholly white, as will be more fully explained. Even ve-
nous blood can be rendered ufeful, when it is not to an-
fwer the purpofe of ndurifhment ; for we find the blood of
the inteftine and {pleen going to the liver, we may prefume
for the fecretion of the bile,. as has been already obferved.

The idea of particular kinds of blood being fent to parts
having particular ufes, more efpecially where the part is
employed folely in difpofing of this fluid, fuch as glands,
1s now, Ibelicve, pretty well exploded ; and, it is fuppol-
ed, therefore, that the whole mafs of bloed is fuch as to be
fitted for all the purpofes of the machine. 'This idea gives
to the parts themfelves, full power over the blood fo com-
poled, and makes us confider the cisculation or motion of
‘the blood fimply. 3 o

As the blood is compofed of different parts, it might be
fuppofed, that if any particular part had been expended in
any procefs, the remainder, as returned by the veins, would
thew this by its different appearance or qualitics. - The only
vifible difference that I eould conceive to take place, was
in the appearance, or the quantity of coagulating lymph.
To afcertain this, however, I made the following expe-
Timents:

' 1 opened the right fide of the thorax in a living dog, and
tied a ligature round the vena-cava inferior, above the dia-
phragm. I then applied my hand upon the opening, which
allowed him to breathe, that the circulation might go on
and fill the larger veins. When the inferior vena-cava be-
came turgid, I killed him. On the day following I examin-
ed the bloed in the different veins, and found a coagulum
in the emulgent, mefenteric, vena-cava inferior, fplenic,
and in the venz-cavee hepatice, of fizes proportional to
the fizes of the veffels; nor was there any difference in
any other way.

Lxperiment the fecond.  Some blood was taken from
the mefenteric vein of a living dog, and {imilar quantities
from the fplenic vein, the emulgent vein, and the vens-
cava inferior, below the openings of the emulgents.
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" Thefe four quantities were-taken in four feparate cups.
They all foon coagulated : if there was any one later of
coagulating than another, it was that from the mefenteric
veins. On ftanding twenty-four hours the coagula were
all of the fame firmnefs. <

VI. OF THE LIVING PRINCIPLE OF THE
BLOOD.

SO far I have confidered the blood, and in the com-
mon way ; but all this will explain nothing in the animal
aeconomy, unlefs we can refer it to fome principle which
may fhew the nature of its connection with the living folids
in which it moves, and which it both forms and fupports,
If we fhould find this principle to be fimilar to life in the
folids, then we fhall fee the harmony that is fupported be-
tween the two, and we fhall call it, the living principle of
the blood.  Without fome fuch principle, all we have been
examining is like diffecting a dead body without having
any reference to the living, or even knowing it had ever
been alive. But, from the account I have given of the
blood, it muft have appeared, that I have ftill in referve a
property not hitherto explained ; for in treating of the co-
agulation of the coagulating lymph, I have not been fo
full in my account as I might have been. As many phee-
nomena, refpecting the coagulating or not coagulating of
the blood, develope this principle, I have chofen in part
to referve it for this place ; nor fhall I be fo full upon the
prefent occafion as I fhould otherwife be, were I writing
on this fubjet exprefsly. My intention being rather to
explain many appearances in the animal ceconomy, and
particularly the difeafes I am to treat of, than to difcufs
this fingle principle. I referve the illuftration of my doc-
trine for fuch parts of the treatife as fhall be employed on
thefe fubjets; the explanations and illuftrations, there-
fore, will be interfperfed through the work, by which
means they will come more forcibly on the mind: from
many circumftances attending this fluid, it would feem to
be the moft fimple body we know of, endowed with the
principle of life. That the blood has life, is an opinion I

have farted for above thirty years, and have taught it, for
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ar twcnty of that time 1in my le&ures ; it does not,
;'thercfore, come out at prcfent as 2 new doctrine 3 but has
‘had time to meet with confiderable oppoﬁtlcn, and alfo
acquire its advocates. To conceive that blood is endcwed
with life while cu'culatmg, is perhaps carrying the imagi-
nation as far as it well ean go; but the difficulty arlles
mcrely from its being fluid, the mind not being accultom-
ed to the idea of a living fluid*. It may therefore be ob-
fcure at firft, and it will be the more neceffary that I thould
be pretty full in my account of it; yet the illuftration of
itin my. account of inflammation, wiil, perhaps, do more
to produce conviction than any other aticmpt, although
'ﬂrong y: 1upportad by facs. Itis to me fomewhat alio-
mihm &> that this idea did not early ftrike the medical en-
quuefa, conﬁdcrmg the ftrefs which they have laidon the
appearances of this fluid. in difcafes 5 fince it is probably
~more expreflive of difeafe than any other part of the animal
(x:conomy and yet all this, according to them, mufl have
arifen from, what {hall I call it? a dead animal fluid, on
" which a difeafe in the folids muft have had fuch an effc&'
This, I think, 1s giving too much to the folids, and too
little to the fiuids. When all the circumftances attcndmg
this fluid are fully confidered, the idea, that it has life with-
in itfelf, may not appear fo difficult to comprehend ; and
indeed, when once conceived, I do not feec how it is pof-
fible we thould think it to be otherwife ; when we confider
that every part is formed from the blood, that we grow out
of it, and-if it has not life previous to this operation, it

¥ It is jult as difficult for a man bor - in the Welt Indies, to
conceive water becoming a folid I recolie&t a gemleman
from Parbadoes, walkmg out with me oie frofty mornmg.
when there was ice on the patters, and I, without “havi ing any
thing elfe in my miod than juft common obfzrvation, faxd T4
L] has been a froft in the night.” e immediately cau"llt at
the word froft, and afked me, ¢¢ I"‘ow ] kitew that?” W ith-
out thinking paxncularlv of the raufe of his queftion, 1 faid,
“ pecaufe 1 fee the ice on the gurters.”  He immediately faid,
« where?"” and I anfwered, there Havi ing been told that
ice was a folid, he put his fingers down upon it, but with fuch
caution as befcokc a2 mind that did not know what it was to
meet; and upon fcclmg the refiftance it gave, he gently puiled
his hand back, and looked at the ice, and then became more
bold, broke it; and examined it.

S
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muft then acquire it in the a& of forming ; for we all give
our affent to the exiftence of life in the parts when onge
formed. Our ideas of life have been fo much connedle
with organic bodies, and principaily thofe endowe.d
vifible action, that it requires a new bend to the mind, to
make it conceive that thefe circumftances are not infepar.
able. Ttis within thefe fifty years only, that-the callus of
bones has been allowed to be alive*; buty I fhall endeay ur
to fhow, that organization and life, do not depend in'
leaft on cach other; that organization may arife out
living parts and preduce action, but that life can never i
out of, or depend on organization. An organ is a peculi
coriformation of matter, (let that matter be what it may
to anfwer fome purpofe, the operation of which is mech;
nical; but, mere organization can do nothing, even j
mechanics, it muft ftill have {fomething correfponding to
living principle; namely, fome power. I had long |
pected that the principle of life was not wholly confined
animals, or animal fubftances endowed with vifible org
ization and {pontaneous motion : I conceived that the fas
principle exifted in animal fubftances devoid of appare
organization and motion, where there exifted fimply
power of ‘prefervation. !

I'was led to this notion about the years 55, or 56, when
I was making drawings of the growth of the chick, in the
procefs of incubation. I then obferved, that whenever
egg was hatched, the yolk, (which is not diminifhed 5
the time of incubation) was always perfectly fweet to the
very laft; and that part of the albumen, which is not o
pended on the growth of the animal, fome days before
hatching, was alfo fweet, although both were kept ina
heat of 103° in the hen’s egg for three weeks, and in the
ducks for four. I obferved, however, thatif an egg did
not hatch, it became putrid in nearly the fame time with
any other dead animal matter; an egg, therefore, muft
have the power of felf-prefervation, or in other words,
the fimple principle of life. To determine how far eggs
would ftand other tefts, toprove a living principle, I made
the following experimentsf:
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* Dr. Nunter was the firlt who fhowed callus to be endowed
with the principle of life, zs mach ay bone.

T Philos. Tranfagt. vol. 43,part . page 28, 9 ; as alfo Obfer-
vations on certain Parts of 1he Animal OEcenemy, page 1¢cb,
firlt edition. g :

.
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Having put a new laid egg into a cold about o, which
froze it, I then aliowed it to thaw; from this procefs I
imagined that the preferving powers of the egg m'yiit be
deftroyed.*® i

I next put this egg inte the cold mixture, an. with it
one newly laid; the difference in freezing was fcven mi-
nutes and a half ; the frefh egg tzking fo much longer time
in freezing. .

A new laid egg was put into a cold atmofphere, fluctu-
ating between 17° and 15°; it took about half an hour to
freeze ; but when thawed, and put into an atmofphere at
25°, viz. nine degrees warmer, it froze in half the time :
this experiment was repeated feveral times with nearly the
fame refult.

To determine the comparative heat between a living and
a dead eggy and alfo to determine whether a living egg be
fubject to the fame laws with the more imperfect animals,
I made the following experiments : A freth egg, and one
which had been frozen and thawed, were put into the cold -
mixture 15°; the thawed one foon came down to 32° and
began to fwell and congeal ; the frefh one funk firft to 29°
and a half, and in twenty-five minutes after the dead one,
it rofe to 32°, and began to fwell and freeze. The refult
of this experiment upon the freth egg was fimilar to what
was obferved in the like experiments upon frogs, ecls,
fnails, &c. where life allowed the heat to be diminifhed two
or three degrees below the freezing point, and refifted all
further decreafe; but in both the powers of life were ex-
pended by this exertion, and then the parts froze like any
other dead animal matter. .

This is not a principle peculiar to life, but is common
in many other cafes : it has been obferved that water could
be fo circumftanced as to be brought below the freezing
point, without freezing; but juft as it began to freeze it
rofe to 32°. In my experiments on the heat of vegetables,
I obferved that the fap of a treec would freeze at 32°, when
taken out of the veflels of the tree; but I found the trees
often fo low as 15°, and the fap not frozen.

* However, this was at firlt not {o certain, but the refult of
the experiment proved it was fo. To be more certain of kill-
ing a part by freezing it, 1 believe it fhould be froze very flow-
ly, for fimple freczing docs not kill.

D2
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From thefe experiments, it appears that a frefh egg.
the power of reilting heaty.cold, and putrefa&xon, 1
dzares equal to many of the more imperfect animals, whichs
exbibit exactly the fame phaenomena under the famee
periments; and it is more than probable that this pov
arifes from the fame' principle in both. = Similar expe
menis have been made on the bloed ;" after 2 portion of
blood had been frozen and thin thawed, it has again been
frozen with 2 fimilar quantity of freih blood, drawn fre
the fame perfon, and that ‘which had undergone this p
cefs froze again much fafter than the frefh blood™*. 1

As all the experiments I had made upon the freezing
animals, with a view to fve whether it was poffible to
ftore the actions of life, when they were again tha
were made upon whole animals; and as I never faw li
return by thawing, I wifhed to afcertain how for pa
were in this refpect, fimilar to the whole, efpecially fin
it was afitrted, and with fome authority, that parts of
man may be frozen, and may afterwards recover ; for
purpefe I made the following experiments upon an ani
of the fame order with ourfeives. - ;

In January 1777, I mixed falt and ice till the cold wa
about o; and on the fide of the veffel containing them was
a hole, thrcugh which 1 introduced the ear of a rabbit.
carry off’ the heat as faft as poffible, the ear was held
tween two flat picces of iron, that funk further into
mixture than the car; the ear remained in the mixty
ncarly an hour, in which time the part projecting into tl
veflzl became {tiff, when taken out and cut into, did no
bleed, and a part being cut off by a pair of fciffars, fl
from between the blades like a hard chip. It foon after
thawed and began to bleed, and became very flaccid, foas
to double upon itlelf, having loft its natural elafticity
‘When it Lad been cut of the mixture nearly an hour, i
became warm, and this warmth increafed to a confiderab
degree ; it alfo began to thicken in confequence of inflam.
mation ; while the other ear continued of its ufual temper=
aturc. On the day following, the frozen ear was il
warm, and it retained its heat and thicknefs for many days
after.  About a weck after this, the mixture in the veffel,
being the fame as in the former experiment, I introduced
both ears of the fame rabbit thrugh the hole and froze

¥ Vide Corrie on the Vitality of the Blood page 45.
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them both ; the found one however froze firlt, probably,
from its being confiderably colder at the beginning, and
probably too from its powers not being {o eafily excited as
thofe of the other: when withdrawn they both foon thaw-
ed and became warm, and the frefh ear thickened as the
other had done before.. Thefe changes in the parts do not
always fo quickly take place, for on repeating thefe expe-
riments on the ear of another rabbit, till it became as hard .
as a board, it was longer in thawing than in the former
experiment 3 and much longer before 1t became warm ; in
about two hours, however, it became a little warm, and
the following day it was very warm and thickened. In.
the fpring, 1776, 1 obferved that the cocks I had in the |
country had their combs fmooth with an even edge, and
not fo broad as formerly, appearing as if nearly one half
of them had been cut oif. Having enquired into the caufe
of this, myfervant told me,that it had been common in that
winter, during the hard froft. He obferved, that the combs
had become in part dead, and, atlaft, had dropt off; and,
that the comb of one cock had dropped off entirely 5 this I
did not fee, as the cock by accident had burnt himfelf to .
death. I mnaturally imputed this effe& to the combs having
been frozen in the time of the fevere froft, and having, con-
fequeritly, loft their life by this operation. I endeavour-
ed to try the folidity of this reafoning by experiment.
I attempted to frecze the comb of a very large young
cock, (being of a confiderable breadth) but could only
freeze the ferrated edges, (which procefies were fully half
an inch long); for the comb itfelf being very thick and
warm refifted the cold. The frozen parts became white
and hard ; and when I cut off a littie bit it did not bleed,
neither did the animal fhow any figns of pain. Inext in-
troduced into the cold mixture one of the cock’s wattles,
which was very broad and thin ; it froze very readily, and,
upon thawing both the frozen parts of the comb and wat-
tle they became warm, but were of a purple colour, hav-
ing loft the traniparency which remained in the cther parts
of the comb and in the other wattle: the wound in the .
comb now bled freely : both comb and wattle secovered
perfectly in about a month: the natural colour returned
firft next to the found parts, and increafed gradually tiil
the whole had acquired a healthy appearance. Finding
that freezing both the folids, and the blood, did not deftroy
the life in eithier, nor the future adtions depending ¢n o1-
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ganization; and, that it alfo did not prevent the b]ood}lx
from recovering its fluidity, I conceived the life of ever "
part of the body to be fimilar : what will affet, thereforc,,;
the life of any one part, will affe& alfo that_of :moth_erq :
though probably not in an equal degree; for in thefe ex-
periments, the blood was under the fame circumftanee
with the folids, and it retained its life ; that is to fay, whe
the folids and blood were frozen and afterwards thawe
they were both capable of carrying on their functions. b

"The following experiments were made in the fame man.
ner on living mufcies, to fee how far the contraGions 1
living mulcles after having been frozen, correfpond wi L
the coagulation of the blood. o

A mufcle was removed from a frog’s leg, with a portiéxjr' i
of its tendon, was immediately placed between two pieces
of lead, and expofed to a cold about ten degrees below o,
In five minutes it was taken out, when it was quite hard
and white; on being gradually thawed it became thorter
and thicker than while frozen; but on being irritated did
not contract ; yet if at all elongated by force, it contracted
again, and the tendinous expanfion covering the mulcle
was thrown into wrinkles : when the ftimulus of death took
place, it became {till thorter. :

From a ftraight mufcle in a bullock’s neck, a portior,
three inches in length, was taken out immediately after the
animal had been knocked down, and was expofed between
two pieces of lead, to a cold below o, for fouiteen mi-
nutes ; at the end of this time it was found to be frozen ex-
ceedingly hard, was become white, and was now only two.
inches long: it was thawed gradually, and in about fix
hours after thawing, it contraéled fo as only to meafure
oneinch in length, but irritation did not produce any fen-
fible motion in the fibres. Here then were the juices of
mufcles frozen fo as to prevent all power of contradtion in
their fibres, without deftroying their life ; for when thaw- ;
ed they thowed the fame life which they had before : this
1s exactly fimilar to the freezing of blood too faft for ifs
coagulation ; which, when thawed, does afterwards co-
agulate,as it depends in each on the life of the part not
being deftroyed. I took notice in the hiftory of the coagu-
lation of the lymph, that heat of 120° excited this aétion
i that fluid: to. fee how far mufeular contraQion was

GLld
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fimilar in this refpect, I made the following experi-
ment *.

Asfoonasthe fkin could be removed from a fheep that was
newly killed, a fquare piece of muicle was cut off, which was
afterwards divided into three pieces, in the direGtion of the
fibres: each piece was put into a bafon of water; the wa-
ter in each bafon being of different temperatures, viz. ome
125°, about 27 degrees warmer than the animal ; another
'98°, the heat of the animal; and the third §5°, about 43
degrees colder than the animal. The mufcle in the water
heated to 1259, contradted diretly, fo as to be half an
inch fhorter than the other two, and was hard and ftiff.
The mufcle in the water heated to 9893 after fix minutes
began to contract and grow ftiff: at the end of twenty
minutes it was nearly, though not quite, as fhort and hard
as the above. 'The mufcle in the water heated to 55°;
after 15 minutes, began to fhorten and grow hard: after
20 minutes it was nearly as thort and as hard as that in
“the water heated to 98°. At the end of 24 hours they
were all found to be of the fame length and ftiffnefs.

Here is alfo a fimilarity in the excitements of coagula-
tion in the blood, and of contraction in mufcles, both appa-
rently depending on the fame principle, namely, lifet.

If it fhould ftill be difficult to conceive how a body in a
fluid ftate, whofe parts are in conftant motion upon one
another, always fhifting their fituation with refpe&t to
themfelves and the body, and which may lofe a portion
‘without affe€ting itfelf or the body, can poflibly be alive,
let us fee if it is alfo difficult to conceive that a body may
be fo compounded as to make a perfet whole of itfelf,
having no parts diflimilar, and having the fame properties
in a'fmall quantity as in a great. Under thofe circum-
ftances, the removing a portion is not taking away a con-
ftituent part, upon which the whole depends, or by which
‘it is made 2 whole, but is only taking away a portion of
the whole ; the remaining portion being equal in quality
to the whole, and in this refpect is fimilar to the reducin
a whole of any thing. This might be perfectly illuftrated
without ftraining the imagination, by confidering the opera-

¥ Vide Philof. Tranf. vol 66, page 412. Paper on Drown-

ing; allo, Cbfervations on certain Parts of the Animal Eco-
nomy.

+ The application of this principle’ in difeafe, 1 {hall not at
prefent take naotice of,
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thon of union by the firft intention. Union, by the firlt inten.
tion, is an immediate fympathetic harmony between di-
vided parts, when brought fimply into contat, which ]
‘¢all, contiguous fympathy. Inthis cafe it is not necelfan
‘that the very fame parts fhould oppofe each other, :IZ
Harmony, and coxﬂ'eq'uem:l%r1 union, could never take plac'e;;
It 'is fimply neceflary that the two parts be aliv;é, and they
might be fhiftcd from one fort of a living ‘creature to an
other for ever, without any injury to either, or without é,‘
‘¢iting irritation; and the whole would till be as perfcé}
‘as ever. Neither can the motion of one living part upon
“another affe& the body, becaufe all its parts are fimilar
‘and in Barmony ‘with cach other. It is exaltly the fame
with the blood, for neither its motion on itfelf, nor its mo-
tion on the body, can either affe¢t it, or the body, fince
"all-the ‘parts are fimilar among themfelves. This is th
‘cafe with all matter, where the préperty does not depend
tpon ftru&ure, or configuration, but upon the coms
pound ; for water, is {till water, whether its parts are moy-
ing on €ach other, or at rcft: and a fmall portion has the
fame property with the whole, and is in fa&, a {maller
“whole. One of the great proofs that the - blood poffefies
life, deperids on the circumitances affecting its coagulationj
“and, at prefent, We are only to explain the principles upon
“which thefe are founded, which it will be in fome degree
‘neceflary to recapitulate ; but, perhaps, the ftrongeft con-
“viction on the mind will arife from the application of this
'j{:fin'ci.ple to difeafes, ‘efpecially inflammation. "While the
lood 1s circulating, it 1s {fubject to certain laws to which
it is not fubje€t when not circulating. - It has the powerof
‘preferving its fluidity, which was taken notice of when
‘treating of its coagulation ; or, in_other words, the livi
principle in the body has the power of preferving it in this
‘gatc. This is not produced by motion alone, for in the
colder animals, when almoft in a ftate of death during the
winter, when their blood is moving with extreme flownefs,
and would appear to preferve fimply animal life throug]
‘the whole body, and keep up that dependence which exifts
between the blood, and the body already formed, the blood
does not ‘cozgulate to accomplith thefe purpofes. If the
blood'had not the living principle, it would be, in refpect
of the body, as an extranecus fubftance. Blood is not on-
1y alive' itfelf, but is the fupport of life in every part of
the body; for mortification immediately follows, when the
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eirculation is cut off from any part, which is no more than
death taking place in the part, from the want of the fuc-
ceflive changes of freth blood. This fhows, that no part
of the body is to be confidered as a complete living fub-
ftance, producing and. continuing mere life, without the
blood : fo that blood makes one part of the compound;
without which life would neither begin nor be continued.
This circumftance, on its firft appearance, would feem a
little extraordinary, when we confider that a part, or the
whole, are completely formed in themfelves, and have their
nerves going to them, which are fuppofed to give animal
life 5 yet that perfe& living part, or whole, fhail diein a
little time, by fimply preventing the bloed from moving
through the veflels : under this idea, it is not clear to me,
whether the blood dies fooner without the body, or the
body without the blood. Life, then is preferved by the
compound of the two, and an animal is not perfe& without
the blood : but this alone is not fufficient, for the blood it~
felf muft be kept alive ; becaufe, while it is fupporting Iife
in the folids, it is either lofing its own, or is rendered inca-
pable of fupporting that of the bedy. To accomplifh "all
-this it muft have motion, and that in a'circle, asit is a con-
tinuance of the fame blood which circulates, in which cir-
cle it is in one vieu fuperfaturated, as it were, with living
powers, and in another is deficient, having parted with
them while it vifited the different parts of the body. Life
is in fome degree, in proportion to this; motion, either
{tronger, or weaker; fo that the motion of the blood may
be reckoned, in fome degree, a firft moving power ; and
not only is the blood alive in itfelf, but feems to carry life
every where; however, it is not fimply the motion, but it
is that which arifes out of, or in confequence of the motion.
Here then would appear tobe three parts, viz. body, blood,
and’ motion ;3 which Jatter preferves the living union be-
tween the other too, or the life in both. Thefe three make
up a complete body, out of which arifes a principle of
. felf-motion ; a motion totally {pent upon the machine, or
which may be faid to move 1n a circle, for the fupport of
the whole : for the body dies without the motion of the
blood upon it 3 and the blood dies without the motion of
the body upon it ; perhaps, pretty nearly in equal times.
_ So far, I have confidered the blood when compounded
with the body and motion, in which we find it preferves
its fluidity, and continues lif'er in the body; but fluidity is
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only neceflary for its motion to convey life, and the conts
nuance of life is, probably, owing to its being coagulated,
and becoming a folid ;: or at leaft, the fupport of the body
is owing to this caufe.. For this, however, it requires reft,
either by extravafation, or by being retained in the veffels
till the utility of circulating is loft; or till it can anfwer
fome good purpofe by its coagulation, as in mortification,
Under any of thefe circumftances it becomes a folid body;
for the moment it is at reft; it begins to form itfelf intoa

folid, and changes into this or that particular kind 6f fub.

ftance, according to the ftimulus of the furrounding parts
which excites this coagulum into-action, and makes it form
within itfelf, blood, veflels, nerves, etc.

"The coagulation is the firft ftep towards its utility in the
conftitution, and this arifes from its living principle 3 for if
that principle be deftroyed it does not coagulate at all, that
is naturally ; for I do not here fpeak of any chiemical coa-
gulation. : : i

I fhall now endeavour to prove that the eoagulation of
the coagulating lymph bears fome analogy to the aétions of
mufcles, which we know to depend upon life ; and which

affords one of the firongeft proofs of the exiftence of this

principle : and though the action of coagulation itfelf be
not fimilar to.the actions of mufcles ; yet, if we can fhow’
that they are governed by the fame laws, we may reafona-
bly conclude, that the firft principle is the fame inboth.
When I'was treating of the coagulation of the lymph, I

took notice that cold did not caufe it, and fupported the o-

pinion by feveral experiments ; at the fame time T mention=
ed an experiment of Mr. Hewfon, to prove the fame thing,
and which he corceived to be conclufive, but which does:

not appear to me in any way to affe&t his hypothefis. This
experiment I had often made, but with another view, viz
to illuftrate the living principle of the blood, which to me,,
it in fome meafure does, more efpecially when compared:
with fimilar experiments on living mufcles.

As the coagulation of the blood is 2 natural procefs, and

as all natural procefles have their time of acion, unlefs in-
fluenced by fome exciting caufes, and fince cold is nota:
caufe of the blood’s coagulation, even when removed out.

~

of the circulation, the blood may be frozen much more -

quickly than it can coagulate, by which change its coagu-
lating power is fufpended. To prove this by experiment,
T took a thinleaden veffel, with a flat bottom, of fome
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wwidth, and put it into a cold mixture below o, and allow-
red as much blood to run from a vein into it, as covered its
bottom. The blood froze immediately, and when thawed,
became fluid, and coagulated, I believe, as foon as it would
‘have done had it never been frozen.

As the coagulation of the blood appears to be that pro-
cefs which may be compared with the aion of life in the
folids, we fhall examine this property a little further, and
fee if this power of coagulation can be deftroyed ; if it can,
we fhall next enquire, if by the fame means life is deftroyed
in the'folids ; and if the phznomena are nearly the fame in
both. The prevention of coagulation may be effected by
eletricity, and often is by lightening : it takes place in fome
deaths, and is produced in fome of the natural operations
of the body; all of whichT fhall now confider. ;

Animals killed by lightening, and alfo by eleétricity, have
not their mufcles contrated : this arifes from death being
inftantaneoufly produced in the mufcles, which therefore
«cannot be affected by any ftimulus, nor confequently by
the ftimulus of death. In fuch cafes the blood does not
«coagulate. Animals who are run very hard, and killed in
fuch a ftate, or what produces ftill a greater effe&, are run
to death, have neither their mufcles contraéted, nor their
blood coagulated 5 and in both refpects the effet is in pro-
portion to the caufe*.

I had two deer run, till they dropped down and died ;
in neither did I find the mufcles contradled, nor the blood
coagulated.

In many kinds of death, we find that the mufcles nei-
ther contradt, nor the blood coagulate. In fome cafes the
mufcles will contrat while the blood continues fluid, in
fome the contrary happens; and in others the blood will
-only coagulate to the confiftence of cream.

Blows on the ftomach kill immediately, and the mufcles
.do not contract, nor does the blood coagulate. Such deaths
as prevent the contraction of the mufcles, or the coagula-
tion of the blood, are, I believe, always fudden. Death
from fudden gufts of paflion, is of this kind; andin all
thefe cafes the body foon putrifies after death. In many
difeafes, if accurately attended to, we find this correfpon-
dence between mufcles and blood; for where there i

* This is the reafon why hunted animals are commonly more
cender than thofe that are fhot.
3!
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ftrong a&ion going on, the mufcles contra&t ftrongly aft
death, and the blood coagulates ftrongly. ; i
It is unneceflary, I imagine, to relate partlcular 1nftancq
of the effects of each of thofe caufes : I need only mention
that I have feen them all. In a natural evacuation- of blood,
viz. menftruation, it is neither fimilar to blood taken from
a vein of the fame perfon, nor to that which is--cxtravafa‘,._’
ted by an accident in any other part of the body; but isa
{pecies of blaod, changed, feparated, or thrown off from
the common mafs, by an action of the veflels of the uterus,
fimilar to that of fecretion ; by which a&ion the blood lofes
the principle of coagulation, -and I fuppofe life.
The natural dedu&@ion from 2ll thefe faés, and obfer-
vations, I think is perfe&ly eafy; it is impoflible to mifsit,
"This living principle in the blood, which I have endeas
voured to thow to be fimilar in its effets to the living prin-
ciple in the folids, owes its. exiftence to the fame matter
which belongs to the other, and is the materia vitz dif-
fufa, of which every part of an animal has its portion*:
it is, as it were, diffufed through the whole folids and flu-
ids, making a neceflary conftituent part of them, and for-
ming with them a perfet whole ; giving to both the power
of prefervation, the fufceptibility of impreffion ; and, from
their conftruction, giving them confequent reciprocal ac-
tion, This is the matter which principally compofes the
brain; and whiere there is a brain, ‘there muft neceffarily
be parts to connect it with the reft of the body; whichare
the nerves; and as the ufe of the nerves is to continue;
and therefore convey the impreflion or altion of the oneto
the other, thefe parts of communication muft neceffarily
be of the fame matter ; for any other matter could not con-
tinue the fame ation.: « = o
From this it may be underftood, that nothing material
is conveyed from the brain, by-the nerves ; nor vice verfa,
from the body to the brain: for if that was exaélly the
cafe, it would not be neceflary for the nerves to be of the

* T confider that fomething fimilar to the materials of the
brain is diffufed throngh the body, and even contained in the
blood ; between this and the brain a communication is kept up
by the nerves; I have, therefore, adopted terms cxplanatoi‘j!
of this theory; calling the brain, the materia vite coa'cervata;
the nerves, the chorde internuncie ; and that diffuted throvgh
the body, the materia vite diffufa, :
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fame materials with the brain; but as we find the nerves
of the fame materials, it is a prefumptive proof, that they
‘only continue the fame action which they receive at either
endiit # .

- The blood has as much the materia vite as the folids,
which keeps up that harmony between them ; and as every
part endued with this principle has a fympathetic affection
upon fimple contact, fo as to affet each other, (which I
have called contiguous fympathy) fo the blood, and the bo-
dy, are capable of affecting, and being affefted, by each
other ; which aceounts for that reciprocal influence which
each has on the other. The blood being evidently compof-
ed of the fame materials with the body, being endued with
the fame living powers, but from its unfettled ftate, having
no communication with the brain, is one of the ftrongeft
proofs of the materia vitee making part of the compofition
of the body, independent of the nerves; and is fimilar, in
this refpec, to thofe inferior order of animals that have no
nerves, where every other principle of the animal is diffuf-
ed through the whole. This opinion cannot be proved by
experiment 5 but I think daily experience thows us, that
the living principle in the body aéts exactly upon the fame
principle with the brain. Every part of the body is fuf-
ceptible of impreflion 5 and the materia vite, of every part,
is thrown into action ; which, if continued to the brain,
produces fenfation ; but it may only be fuch as to throw
the part'of impreflion into fuch adtions as it is capable of,
according to the kind of impreflion; fo does the brain or
mind. ‘The body lofes impreflion by habit; fo does the
brain ; it continues action from habit; fo does the brain.
The body, or parts of the body, have a recolletion of for-
mer impreflions, when imprefled anew ; fo has the brain;
but they have not fpontaneous memory as the brain has,
becaufe the brain is a complete whole of itfelf, and there-
fore its adtions are complete in themfelves. The materia
vitee of the body being diffufed, makes part of the body in
which it exifts and ats for this part, probably for this part
alone. 'The whole, taken together, hardly makes a whole,
{o as to conftitute what might be called an organ; the ac-
tion of which is always for fome other purpofe than itfelf:
but this is not the cafe with the brain. The brain is a mafs
of this matter, not diffufed through any thing, for the pur-
pofe of that thing, but conftituting an organ in itfelf, the
actions of which are for other purpofes, ¥iz. receiving, by

K
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means of the nerves, the vaft variety of actions in the dife
fufed materia vitz, which arife from impreflion, and ha-
bit, combining thefe and diftinguifhing from what part
they come. The whole of thefe actions form the mindg
and, according to the refult, imprefs more or lefs of the
materia vite of the body in return, producing in fuch party
confequent actions. The brain then depends upon the bo-
dy for its impreflion, which is fenfation; and the confe-
quent action is that of the mind : and the body depends up-
on the confequence of this intelligence, or effect of thi
mind, called the will, toimprefs it to action ; but fuchare
not {pent upon itfelf, but are for other purpofes, and are
called voluntary. :

But mere compofition of matter does not give life; for
the dead body has all the compofition it ever had: life i
a property we do not underftand : we can only {ce the ne- -
ceflary leading fteps towards it. :

If nerves, either of themfelves, or from their connec-
tion with the brain, gave vitality to our folids, how fhould
a folid continue life, after a nerve is deftroyed ? or fill
more, when paralytic? for the part continues to be nous
rithed, although not to the full health of voluntary action;
and this nourifhment is the blood ; for deprive it of the
blood, and it mortifies.

The uterus, in the time of pregnancy, increafes in fub-
ftance and fize, probably fifty times beyond what it natus
rally is, and this increafe is made up of living animal mat-
ter, which is capable of aion within itfelf. I think we
may fuppofe its action more than double ; for the action of
every individual part of this vifcus, as this period, is much
increafed, even beyond its increafe of fize; and yet we
find that the nerves of this part, are notin the {malleft de-
gree increafed. This thews that the nerves, and brain,
have nothing to do with the altions of a’part: while the
veflels, whofe ufes are evident, increafe in proportion to
the increafed fize: if the fame had taken place with the
nerves, we fhould have reafoned from analogy. It is pro-
bably impoflible to fay where the living principle firft begins °
in the blood : whether in the chyle itfelf, or not till that
fluid mixes with the other blood, and receives its influence
from the lungs. I am, however, rather inclined to think,
that the chyle is itfelf alive; for we find it coagulates when
extravafated ; it has the fame powers of {eparation with
the blood; and it acquires its power of aion in the

.
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]‘u'hgs as the venal blood does. I conceive this to be fimi-*
lar to the influence of the male and female on an egg,
which requires air, and a due warmth, to produce the prin-
ciple of action in it; and is fomewhat fimilar to the venal
blood coming to the lings to reccive new powers, which’
it communicates to the body.. To endeavour to prove
whether the chyle had the power of action in it, fimilar to
the blood, I made the following experiment :

I opened the abdomen of a dog, and punétured one of
the largeft ladkeals at the root of the mefentery, jout of
which flowed a good deal of chyle: I then allowed this
part to come in contact with another part of the mefentery,
to fee if they would unite, as extravafated blood does; but
they did not ; however, this experiment, though perform-
ed twice, i1s not conclufive; for fimilar experiments with
blood might not have fucceeded.

From what has been faid with regard to the blood, that
it becomes a folid, when extravafated in the body, we muft
fuppofe that fome material purpofe is anfwered by it ; for
if the blood could only have been of ufe in a fluid ftate, its
folidity would not have been fo much an object with nature. -
It appears to me to be evident that its fluidity is only intend-
ed for its motion; and its motion is only to convey life,.
and living materials, to every part of the body. Thefe
materials when carried, become folid ; fo that folidity is the
ultimate end of the blood, as blood.

The blood when it raturally increafes the body, or re~
pairs a part, may be faid to be extravafated, although not
commonly fo confidered ; what is ufually underftood to be
extravafation, is when it arifes from accident of fome kind,.
or difeafe in the veflel, and of courfe is obvious to the’
fight ; but even this extravafation is of ufe by the blood co-
‘agulating, - although too often it is in too large a quantity..
Accident does not calculate the fize of the veffel ruptured,
tobe juft equal to the effe€t wanted by the rupture: but
nature has made a wife provifion for this overplus.

As extravafation arifes from a rupture of the veflel, it is
of fervice in the reunion of that veffel: if there are more
folids ruptured than a veflel, asina fralture of a bone, it
becomes a bond of union to thofe parts; and this may be
called, union by the firft intention: but the union is not
that of the two parts to each other, but the union of the
broken parts to the intermediate extravafated blood ; fo that
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it is the'blood and parts uniting, which conftitutes the'unioa’

by the firft intention. ; ;
This blood, fo extravafated, forms either veflels in itfelf,
or veflels thoot out from the original furface of contact in-
to it, forming an elongation of themfelves, as we have reg-
fon to fuppofe they do in granulations. I have reafon, howa
ever, to believe that the coagulum has the power, under
neceflary circumftances, to form veffels in, and of itfelfy
for I have already obferved, that coagulation, although not
organic, is {ill of a peculiar form, ftructure, or arrange.
ment, fo as to take on neceffary action, which I fhould fup-
pofe is fomewhat fimilar to mufcular adtion. I thinkI have
been able to inject what I fufpected to be the beginning of
a vafcular formation in a coagulum, when it could not de-
rive any veflels from the furrounding parts. By injecting
the crural artery of a ftump, above the knee, where there
was a {mall piramidal coagulum, I have filled this coagulum
with my injetion, as if it had been cellular ; but there was
no regular ftructure of veflels. When I compare this ap-
pearance, with that of many violent inflammations on fur-
faces where the red blood is extrzvafated, forming as it
were fpecks of extravafation like ftars; and which, when
injected, produce the fame appearance with what I have
defcribed in the imjection of the coagulum : when I com-
pare thefe again with the progrefs of vafcularity in the mem-
branes of the chick, one can perceive where a zone of
fpecks beyond the furface of regular vefiels. clofe to the
chick, fimilar to the above extravafation, and which ina few
hours become vafcular,- I conceive that thefe parts have a
power of forming veflels within themfelves, all of them
a&ing upon the fame principle. But where this coagulum
can form an immediate union with the’furrounding parts,
it either receives veficls at this furface, or forms vefiels firft
at this union, which communicate with thofe of the fur-
rounding furface ; and they either thoot deeper, and deepery’
or form veffels deeper, and deeper, in the coagulum, till
the whole meets in its centre: if it is by the firft mode,
viz. the fhooting of veflels from the furrounding furfaces’
into the coagulum, then it may be the Pruptured veflels in
cafes of accident, which fhoot into the coagulum, and
where a coagulum, or extravafation of coagulable lymph is
thrown in between two {urfaces only contiguous, there it
may be the exhaling veflels of thofe furfaces which now be-
come the veflels of the part. In whatever way they meet
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inl the centré, they inftantly embrace, unite, or inefculate :
now this is all perfectiy, and eafily conceived, among living
parts, butnot otherwife. . B 0

As the coagulum, whether whoelly blood, or coagulating
ymph alone, has the materia vitze in its compofition, which
is the caufe of all the above actions, it foon opens a com-
munication with the mind, forming within itfelf, nerves.
Nerves have not the power of forming themfelves into long-
er chords, as we, conceive veflels to. have ; for we know,
that i the union of a cut nerve,; where a piece has been
taken out, it is by means of the blood forming a union of
coagulum ; and, that the ¢coagulum gradually becomes
more and mere of the texture, and has, of courfe, more
and more the ufe of a nervé, fomewhat fimilar to the gra-
dual change of blood into a bone,. in fradtures.
. It would appear then, that the blood is fubfervient to
two purpofes in an animal : the one is the fupport of the
matter of the body when formed ; the other is the fupport
of the different actions of the body.

{7‘11. SOME UNCONNECTED EXPERIMENTS RES-
PECTING THE BLOOD.

_ Tue following experiments have rather been imagined
than fully executed, and the fubjet is rather broached and
touched upon than profecuted ; but as I haye not time, at
prefent, to go through with the experiments, {o as to arrive
at fome general refult, Ithought it better to bring forward,
what, in my opinion, fhould be done, than to omit the fub-
je&t altogether®. b

I wifhed to fee if blood that coagulated with an inflam-
matory cruft putrified later than that which coagulated with-
out it ; for I conceived that the ftrength of coagulation was
fomething fimilar to the ftrength of contraction in a muf-

. * Many of thefe experiments were repeated, by my defire,
by Dr. Phyfic. now of t hiladelphia, when he aéted as houfe-
furgeon at St. George’s Hofpital,' whole accaracy I could de-

end vpon.
P P U
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clé refifting putrifation. For this purpofe Iordered diy
following experiments to be nrade ¢ ; : |

Experiment I. Four ounces of blood were taken from
the arm, which, after coagulation, had the mﬂammator, |
cruft upon its furface, and was alfo eupped. .

Experiment IL.  On the fame day, four ounces of blood “
were taken from another perfon’s arm, which, on coagi- -
Tatifig, fhewed no inflammatory cruft on its furface. Both
tliefe quantities of blood were kept, in order to fee which
would refift putrifaétion longeft.

By the fourth day, that without buff was putrified; but
the blood with the inflammatory cruft did not puttify il
the feveiith day. _

In thefe two expériments it would appear that the in
flammatory bloed preférved its fweetnels longeft; but, from
a repetition of thefe-experiments, it did not appear upon
the whole that there was much differences

To fee whether the blood in a young perfon or an oldont 1
become fooneft putrid, I defired that the following triali
fhould be made : 4

June 24t. Some blood was taken from a womanof
twenty years of age, and its furface, after coagulation,
was covered with an inflammatory cruft.

On the fame day, fome blood was taken from a womat,
aged fixty, when the craffamentam was alfo covered with
an inflammatory cruft.

Thefe quantities of blood were fet by.

The blood from the old woman putrified in two days.
That from the young woman kept quite fweet till the fifth
day, when it began to fmell difagreeably ; in this ftate it
eontinued two days more, and then emitted the common
odour of putrid blood.

Several experiments were made in the courfe of the fum-
mer, of a fimilir nature with the laft, in all which it ap-
peared that the blood from young people, kept Tonger fieet
than that whiclk was taken from the old. :

Experinrent III. In C&ober, 1790, when the weather
was cold, fome blood was taken from two men, one of
whom was feventy-five years of age, and the other eighty-
three, about fix eunces from each. The blood in each
kept fweet till the fifth day; but, on the fixth, both quan-

tities {melt equally putrid, which uniformly accords with
the above experiment.
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To fee if recent blood or ceagulated hlood loft their heat
fooneft. .

Experiment IV. Four ounces of blood, after coar :la-
tion, was heated till it raifed the mercury of a therma. e-
ter, placed in the middle of the coagulum to the 98th de-

ree. The thermometer was put into a fimilar quantity of
blood, immediately after it was taken from the vein, and
the mercury ftood at go®. Thefe were placed by each o-

ther, and the thermometer put alternately into each, to ob-
~ {erve how they parted with their heat.

Coagulated blood.......... ..98% Recent blood...............00°
Do. after two minuates....g7° Do. after two minates,.8q®
Do. after four do. more...93° Do. after four do. more38°
Lo. after two do. more...92°  Do. after two do. more co-

sgvkated: .. 000852
Lo. after two de. more...91° Do. after two do. more86°

This experiment was not accurately made, for the twe
bloods fhould have been of the fame temperature, becaufe
the warmer any body is, the fafter !it will lofe its heat to
any neighbouring colder body ; yet I believe that the coa-
gulated blood loft its heat fafter than the fluid blood.

To fee whether a ftimulus can be applied to the blood,
{0 as to make it coagulate fafter than it does naturally, I
defired the following experiment to be made :

Three ounces of blood were taken from a boy about ten
years of ‘age, and immediately after, the cup was put into
water heated to 150°. A f{imilar quantity was taken
in another cup from the fame boy, at the fame time, which
was put into water heated only to 48%. * The firlt coagula-
ted completely in five minutes, but the latter remained
quite fluid for twenty minutes, and then began to coagu-
late, but was not completely coagulated for five minutes
more. 'When looking at each portion of blood an heur af-
terwards, it appeared that the blood which coagulated in
the warmeft water, had the greateft proportion of ferum,
and the leaft of craffamentum ; but by next morning, the
ferum in each was equal in quantity, and the craffamentum
of equal fize.

This experiment thews that heat above the natural ftand-
ard, altsas a fiimulus upon the blood, and makes it coa-
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gulate confiderably fooner than cold does, though not more
firmly. This heat did not a& as heat upon the blood, but
only. as the ftimulus ; for heat acting as heat would "alfo
have coagulated the ferum, which was not the cafe. ‘

This experiment, or a fimilar one, is brought forward
as one of the proofs of the living principles of the blood,
wrheve it is contrafted with a fimilar experiment on living
mufcles. v S RO A

"To fee whether blood, when mixed with different fub-
ftances in ftrong folution, and which appeared to prevent
coagulation, would, when diluted with water, admit of co-
agulation. ' e e T ;

In December, half an ounce of blood, immediately af-
ter it was taken from the arm,; was mixed with one pound
of water. This was intended as a ftandard to judge of the
others. ; b el

More blood was taken from the fame perfon at the fame
time, to which a ftrong folution of Glauber’s falts was ad-
ded ; this altered its colour to a florid red, and was found
to prevent it from coagulating. A ftrong folution of Glau-
ber’s falts, therefore, has the power of preventing the coa-
gulation of the blood. = Ten minutes after this mixture,
half an ounce of it was mixed with one pound of waterj
half an hour after, another half eunce was mixed with one
pound of water; at the end of an hour, the fame was
done, and alfo after two hours; all thefe were allowed to
ftand  twenty-four hours, when the pure blood and water
had depofited a confid¢rable. dark coloured fediment, anda
light coloured blood was’ {ufpended, which “had begun to
fubfide, leaving the fluid above perfectly tranfparent, and
of a beautiful red calour.  The different portions of blood
which had been firft mixed with the falt, and afterwards
with water, had the cloud exactly like that of the pure blood,
but there was no fediment whatever at the bottom of the
veffel : this cloud gradually fubfided, and left the fluid above
of a beautiful red colour, and alfo quite tranfparent. = At
this time, (viz. twenty-four hours after the  mixture of the
falt with the blood) another half ounce was mixed with one
pound of water, and next day the appearances were exact-
ly fimilar to what have been already defcribed. i
* The fediment in the pure blood was moft prebably th
coagulating lymph ; and as there was none in t%g others,

)
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it is moft likely that the lymph in them did not now coagu-
late.

As medicines, when taken into the circulation, whether
by the ftomach or by the fkin, produce confiderable effects
on the conftitution, I wifthed to know what effe& fuch {ub-
ftances would *have upon the blood, with regard to the a&
and power of its coagulation.

" Two 'ounces of blood were received from the arm into a
veflel, asa ftandard of natural coagulation.

" Two ounces more were taken in another veflel, to which
one ounce of water was added. The intention of this ad-
dition was to put this blood in the fame circumftances with
blood in other comparative trials, refpecting water, fo that
the difference, if there was any, muft belong to the fub-
ftance mixed with the blood, independent of the water.

' Two ounces more blood were received in ‘another veflel,
to which was added one eunce of the decoction of bark.

" Thefe different quantities were taken from one perfon,
one after the other in the fame order in which they are here
fetdown. After fix minutes, the blood mixed with wa-
ter was quite coagulated : after nine minutes, that mixed
with the deco@ion of Peruvian-bark formed a loofe coagu-
lum : after twelve minutes, the blood firft drawn coagula-
ted ;: the coagula of the firft and fecond drawn blood were
equally firm ; the water in the fecond having been {queezed
out along with the ferum; but that mixed with the decoc-
tion of bark was much lefs fo. It appears from thefe ex-
periments, that water rather haftened coagulation, but
made it neither firmer or loofer in the texture.

In the following experiments, the blood was firft all re-
ceived into one veflel, and ftirred before it was mixed with
the different fubftances. j

The intention of this was, that the three portions of
blood might all be exactly under the fame circumftances.

Two ounces were poured into a veflel as a ftandard of
natural coagulation.

Two ounces more of blood were poured into another vef-
fel, to which was added two ounces of water, as in the
former experiment. Two ounces more were mixed with
two ounces of the decoftion of bark: afier twelve minutes
the two firlt were coagulated, and the coagula were equal-
ly firm : after fourteen minutes, that with the decoCtion of
bark coagulated, but the coagulum was very loofe. Upgn
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comparing the three coagula next day, that which had the
decotion of bark mixed with it, was by much the leaft
firm.

This experiment was repeated, and the refult was nearl,
the fame; and it fhews, that even putting equal parts of
water and blood together, did not alter the time, or the
firmnefs of coagulation ; but that the decoction of bark e
vidently did. ~

Some blood was taken from the arm into a bafon, flir.
red, and then mixed with different infufions, as follows;

Two ounces were mixed with the fame quantity of the
infufion of columba-root.

Two ounces, with the fame quantity of the infufion of
gentian ; two more, with two ounces of the watery folu
tion of opium; and two ounces were kept in a veffel by
themfelves.

The blood which had been mixed with the bitter infu.
fions, and the fimple blood, all coagulated at the fame

-

time, viz. in fix minutes; but that whych had been mixed

with the infufion of gentian was firmer than with the infu-
fion of columba-root, but was not more firm than the coa-
gulum of the fimple blood. The blood which had been
mixed with the folution of opium did not coagulate for
twelve minutes, and then the coagulum was very loofe.
This experiment, with the opium, was repeated, and the
refult was exactly the {ame. ' oL

. Of extraneous matter in the blood,
‘Whatever is diffolved in the blood muft be only diffufed
through it, not chemically combined with it, otherwife the
nature of the blood itfelf would be altered, and the effett

of medicine deftroyed. The blood can receive and retain |

extrancous matter, capable of deftroying the folids, by fti-
mulating to action fo as to deftroy them.

Extraneous matter in the bloed is capable of altering the

chemical properties of the folids, in thofe whe work in lead,
as is evident in the following cafe :

Morgan, a houfe-painter, who had been paralytic in his
hands and legs for a confiderable time, was thrown down,
and had his thigh-bone broken juft below the little trochan-
ter. The upper end of the inferior portion had pafled o-

ver the outfide of the other, and moved with the knee, fo

that the end of the lower bone was taken for the great
srochanter ; but I difcovered the fracture, by extending the
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leg, and got the portions of bone in their places, and bound
up the limb with a_wroller. It went on well for near a
fortnight, only his hands fwelling at times, which gave way
to fomentations ; in the third week he grew very ill, be-
came low, had a kind of lethargy, a great deal of blood
came out of his mouth, he funk ftill lower, and died about
three weeks after the accident.

On examining the body after death, the mufcles, parti-
cularly thofe of the arms, had loft their natural colour;
but inftead of being ligamentous and femitranfparent, as
happens in common paralyfis, they weré opaque, refem-
bling exaétly, in appearance, parts fteeped in a folution of
Goulard’s extra&. From this cafe it appears the lead had
been evidently carried along with the bloed, even into the
mufcles themfelves.
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CHAPTER IL

OF THE VASCULAR SYSTEM.

I. GENERAL OBSERVATIONS ON MUSCULAIé
CONTRACTION AND ELASTICITY.

T is not my prefent intention to explain all the circum-
ftances conne&ted with mufcular contracion and relax-
ation, nor that other power of aion introduced into an
animal body, called elafticity. I propofeonly to ftate a few
of the facts which throw fome light upon the vafcular {yf-
tem, by thewing that there is in veflels a power of mufcular
altion ; and that the co-operation of elafticity is alfo necef-
fary to their function; thefe may likewife affift in exd
plaining the manner in which the two powers are. combin-
ed; I may, however, occafionally be led to mention caufes
and effe¢ts, which cannot be immediately confidered as ap-
plicable ;to the veflels themfelves, though they will render
many of the phenomena in the vafcular fyftem more eafy
to be underftood. ;b il
" The common a&ion of a mufcle, from which: its im=
mediate ufe is derived, is its contraction ; and the effcé
produced by it, is that of bringing the origin and infertion,
or the parts which it is fitted, to move nearer each other*;
which is univerfally the cafe whether the mufcle is {traighty
hollow, or circular. It is likewife neceffary that a mufcle
fhould relax, or be capable of relaxation 5 a condition which
allows it to be ftretched, by permitting the parts acted upon
to recede from each other. Mulfcles, in common, proba-
bly, with every other part of the body, have a power of

* 1 do not here confider the circumflex tendons ; for, by the
origin and infection, I mean the mufcular ends of the fibres.
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adapting themfelves to the neceffary "diftance between ori-
gin and infertion, in cafe an alteration has taken place in
the natural diftance ; and I have reafon to believe, that un-
der certain circumftances, they have a power of becoming
longer, almoft immediately, than they are in the natural
relaxed, or even the natural elongated ftate of their fibres.
This opinion will be beft illuftrated in inflammation.

Mufcular contraction has been generally fuppofed to arife
from fome impreflion, which is commonly called, a ftimu-
lus; I doubt, however, of an impreflion being always ne-
ceffary ; and I believe that in many eafes the ceffation of
an accuftomed impulfe may become the caufe of contrac-
tion in a mufcle. The fphincer iridis of the eye contraéts
when there is teo much light ; but the radii contra&t when
there is little or no light. I can even conceive that a
ceflation of action requires its ftimulus te produce it, which
may be called, the ftimulus of ceflation ; for relaxation is
not the ftate into which a mufcle will naturally fall upon
the removal of a continued ftimulus ; a mufcle remaining
contracted after abfolute death, when the ftimulus of re-
laxation cannot be applied ; fo that a mufcle can as little
relax after death, as it can contra&. If a ftone is raifcd,
and the raifing power removed, it falls; but it would not
fall if not acted upon. When it has fallen it lies at reft,
but fo it would have done, when raifed, if gravitation
would have allowed it. The {tone is paflive and muft be
acted upon. Whatever becomes a ftimulus to one fet of
mufcles, becomes a caufe of relaxation to thofe which act
in a contrary direction* ; and whatever becomes a ftimulus
to one part of a mufcular canal, where a fucceflion of ac-
tions is to take place, becomes alfo a caufe of relaxation in
the part beyond it, asin an inteftine.

 Mufcular contraction, in fome of the involuntary muf-

cles,’ does not conftantly arife from immediate ftimuli, as
in the fphinéters-; for the {fphincter ani contracts whenever
the ftimulus of relaxation is removed, which may be faid to’
produce the ftimulus for contraction. ‘

Mufcular ations have béen divided into the voluntary,
involuntary, and mixed, which is only dividing them ac~

* This might be called a fympathetic ftimulus, and is that
which regulates the actions of the whol¢' machine; and which
I have called, in another place the ftimulus of neceffity.
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cording to the different natural modes of ftimuli, or caufey
of their a&ion: to thefe a fourth might be added, wherp
the a&tions are in confequence of accidental {timuli or ime
preflions, to which both the voluntary and involuntary muf.
cles are fubject, viz. fuch as arife from affections of the
mind*, or are the immediate effects of violence.

The involuntary contraction fhould be firft confidered, a
the more neceflary operations of the machine are carried
on by it ; for the machine could even exift independent of
any voluntary contraction; but it could not go on if left
wholly to the voluntary contration of the mufcles, unlefs
we were endued with innate ideas capable of producinga
will.  This involuntary contraction is very extenfive in the
fyftem, and is employed in carrying on a number of ope-
rations, of which the circulation is one ; and which may
faid to be, in a great meafure, the ccconomy of the ahimal
within itfelf.

The mixed kind of contration is moft to our prefent
purpofe, and is of two kinds, though it has been in gene~
ral fuppofed to be of one kind only, and that belonging

+ {olely to the mufcles of refpiration, as being in them the
.moft confpicuous. But in fa&, we find another mode of
involuntary actions in other mufcles of the body where it
anfwers very ufeful purpofes. In thefe the involuntary
contraction may be reckoned the natural ftate; and it isa
kind of permanent contraction, thefe mufcles only relax-
ing occafionally 5 by which means parts are fuftained or
fupported 5 the voluntary contradtion of fuch mufcles i
alfo only occafional. All fphinéter mufcles in fome degree
partake of this power, and therefore fhould be called, muf«
cles with power of occafional relaxation, For although
many circular mufeles may not have thefe mixed contrac-
tions, as the orbicularis palpebrarum ; yet that mufcle has
a difpofition to contract peculiar to itfelf. Its relaxationis
to be reckoned of the adtive kind, which may be called,
the relaxation of watchfulnefs, and it is when tired of this
fpecies of a&tion that it contra&ts; which, on the contrary,
may be called, the contraction eof fleep : or it may be con-
fidered as an elongator mufcle to the levator palpebrz, with
a difpofition to remain relaxed while that mufcle 1s contrac-
ted ; but contracting when the elevator is tired. The na-

* Mind and Wiil are often blended together; but Will has
nothing to do here,
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taral contraction of the orbicularis mufcle is involuntary ;
he relaxation, both natural and occafional is involuntary ;
but it has likewife a voluntary contradtion and relaxation,
which can be made to exceed the involuntary, refembling
what is inherent in all the {fphin&ers.

Sphinéter muicles, as thofe of the anus and urethra, and
probably the expulfatores, feminis, and crura of the dia-
phragm, have both a voluntary and involuntary contrac-
tion. In the two fphincters of the anus and urethra this
is evident ; and the involuntary contradtion in thefe muf-
cles I have called, {phin¢toric. The {phin&er ani poflefles
it to a degree jult fufficient to refift the preflure of the
air and foeces, while the parts above are inactive, prevent-
ing the efcape of thefe, till they give the ftimulus for ex-
pulfion, and then aninvoluntary relaxation naturally takes
place, fimilar to what happens in mufcular canals.

"~ The {phin&toric contraction refembles, in its effeéts,
that produced by elaftic ligaments in other parts of the body,
which action may be called, contractile elafticity, as bring-
ing back the parts toa certain neceffary ftate, and retain-
ing them there. But elafticity would not here have anfwer-
ed all the purpofes, fince, as it has no relaxing power, more
force would have been required to overcome its refiftence
in the expulfion of the feeces than the gut above could have
been able to exert. But the fuftaining power being muf-
cular contraltion, a relaxation or ceflation of that contrac-
tion during the time of expulfion, leaves nothing for the
facces to do s but, by means of the altion above, fimply
to dilate the relaxed parts. There is, likewife, in theic
mufcles, a ftill further power of contration, which is pro-
duced by the will, and for the purpofe of giving on parti-
cular occafions greater force than what is commonly necef-
fary. The voluntary action of thefe mufclesis, therefore,
we find more powerful than the involuntary ; but upon the
whole I think we have reafon to fuppofe, that the invo-
Juntary mufcles are much ftronger than the voluntary. Can
we believe that fo thin a mufcle as the colon of a horfe could
fqueeze out its contents, confifting of 2 column of dung
about eight inches dizmeter, if thofe involuntary mufcles
had no more ftrength than the mufcles of an extremity ?
When we fee the bladder of urine throwing out its con-
tents through a large tube, to a diftance perhaps two yards
beyond its extreme end, we muft fuppole a much greater

Xep
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force exerted than could belong to any fuch quantity of ve.
luntary mufcle. For I believe that by grafping the bladder
with both hands we could not make the water flow outty -
an equal diftance. It may be here obferved, that the power
of involuntary contraction commonly remains longer than
that of the voluntary, though I believe not in all inftances;
which difference produces a greater variety in the former,
than in the latter. Thus the mufcular action of the arte.
ries is longer retained than that of the heart, Y
Elafticity is a property of matter (whether animal or not)
which renders it capable of reftoring itfelf to its natural po-
fition, after having been acted upon by fome mechanical
power, but having no power of action arifing out of itfelf;
this is exactly the reverfe of mufcular contradtion. Muf-
cles, as has been already obferved, have the power of con-
traction and of ceflation, which laft is called, relaxation;
but not the power of elongation, which would be an adt
of reftoration, fuch as exifts in elafticity. A mufcle, -
therefore, has the power of action within itfelf, by which
it produces its effects, but is obliged to other powers for
its reftoration, fo as to be able to act again ; whereas elaf-
ticity is obliged to other powers to alter the pofition of the
arts, fo asto require recovery or reftoration ; but this it
is capable of doing itfelf, and by this power it producesits
effects, becoming a caufe of motion in other bodies. A
body poflefled of this property, when brought from the
ftate of reft, is always endeavouring to arrive at this ftate,
+ which it alfo endeavours to preferve; and it is capable of
“fupporting itfelf in this ftate in proportion to the degree of
elafticity which may belong to it. ' d
The action of elafticity is continual, and its immediate
effects are produced whenever the refiftance is removed ; by
which it may be diftinguithed from other powers. Elaftic
matter can neither be extended beyond its ‘ftate of reft, or
brought within it. Thus a {pring being bent, its concave
fide 1s brought within this ftate, and the convex fide is car-
ried beyond it : when under thefe circumftances it is left to
itfelf, both fides endeavour to reftore themfrlves. The
power of an elaftic body is permanent, always acting with
a force proportioned to the power applied, and therefore
reacts as the body is elongated, bent, or comprefled ; but
this is very different from the action of a mufcle, as this
laft may act with its full force, or only part, ornot at all,
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according to circumftances. Elafticity*, which has the
power of refifting the action of other parts, as well as of
‘reftoring the fubftance endowed with it, when forcibly re-
moved from a ftate of reft, is introduced into am animal
body, in order to co-operate in many refpets with the
mulicles, and fo to at as to reftore or fit them for a new
ation, becoming in many cafes antagonifts to the mufcles,
which will be defcribed when we fpeak of the combination
of the two.

Ii. GENERAL OBSERVATIONS ON THE ELON-
' GATION OF RELAXED MUSCLES.

.- Every thing in nature that has the power of action has
two kinds of motion exerted alternately, and a ftate of reft.
Of the former the one may be called, the aétive ; the o-
ther, the ftate of recovery. In a mufcle the active is the
ftate of contraction ; the other, the ftate of relaxation :
the ftate of reft is merely the ftate of inaction. The con-
tractile ftate of a mufcle, as well as the relaxed, arifes from
a power inherent in itfelf : but the recovery, or elongation,
muft depend on fome other power.

Simple relaxation of a contradted mufcle is not fufficient
to enable it to produce another requifite effet ; it is, there-
fore, neceflary that there fhould be an elongator equal to
the quantity of contration intended to be produced : and
as no mufcle has the power of extending itfelf into what I
fhall call, the ftate of recovery, an elongater of fome kind or
other is required, to enable every mufcle to produce its effect,
by a renewal of contraction.. This, although in fome re-
fpeéts fimilar to the winding up of a clock, in others differs

* It is to be obferved, that elafticity in animals does not, like
maufcalar contraction, depend on life; an elaltic body pofiefling
that quality as perfectly afier gleath as before. Elafticity ad-
mits of two altions, a contraftion, when the fubftance is ex-
tended beyond the natural ftate, and an extenfion, when it s
comprefled within it; both thefe is poflefied by the elaftic parts
which compofe the vafcular fyftem; whereas, mufcles have but
one ation, or, at leaft, but one which can predace an immedi-
ate effect, and that is contraétion.
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materially from it.  For the mufcle being capable of relax.
ing itfelf, there is no refifience to overeome, except the vig
inertiz and friGtion of the matter to be removed : whereag
in the clock, the power that winds it up muft be greater
than the fpring or weight, to be capable of overcoming
the gravity of the weight, or the elaiticity of the {pring,
together with the vis inertiz.

The elongation of mufcles is not the immediate caufe
of their relaxation, but the effe¢t of a contrary and necef-
fary motion of the elongaters, by which they are recovered
{0 as to be enabled to renew their a&tion with effe&.

The elongaters, or powers which enable mufcles to reco- .
ver themfelves, are not always mufcglar; for when fimple
elongation is required, is iscffeCted by other means, as e-
lafticity, which ie the cafe, in part, in the blood-veffels;
and fometimes by motion in matter foreign to the body, yet
propelled either by mufcles or elafticity, as is alfo the cafe
in blood-veffels. The elongaters may be divided into threg
kinds, with their compounds. 4

The firft kind is mufcular, and thefe may either a&t im-
mediately, or they may act on fome other fubftance, by
which a&ion that fubftance becomes the immediate caufe
of the elongation. Thofe which at immediately, and be-
come elongaters to other mufcles by their contraction are in
turn elongated by the contraction of thefe very mufcles,
to which they ferved as elongaters; the two fets thus be.
coming reciprocally elongaters to each other. This is the
cafe with the greater part of the mufcles in the body, and
in fome mufcles, as the occipito, frontalis, two different
portions are reciprocally elongaters ; yet thefe may ftrictly
be confidered as two mufcles; for although there is no in-

erruption, in the tendon they move the fame part in two
oppofite'directions, like diftinct antagonift mufcles.

Thefe reciprocal elongaters, by their mutual action on
each other, bring out a middle ftate between the extremes
of contraction and elongation, which is the ftate of eafs,
or tone, in both. This appears not to be fo much required
for the eafe of the relaxed mulfcle, as for that of the part
moved ; either extreme of motion leaving the mufcle inan
unezfy ftate. We find, therefore, that as foon as any fet
of mufcles ceafe to act, the elongaters which were ftretched
luring their action, are ftimulated either by this ceflation,

i {y ftate into which the parts moved have been
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moved from the extremes which were uneafy, and by which’
the ftimulus arifing from both is equally balanced.

. This, however, can only happen in fuch parts of the bo-
dy as are furnifhed with mufcular elongaters ; where thefe
are wanting,. the mufcles of the part having but one ofhice,
their ftate of eafeis that of fimple relaxation, as they can
have no middle ftate from the action of antagonifts, but
fuch are ecommonly mufcular parts, or fo conftructed as not
to be thrown into an uneafy pofition by the action of their
mufcles. I fuppofe, however, that an elongated' ftate in
a mufcle is an uneafy ftate; a mufcle, therefore, that is
ftretched, although in a relaxed ftate, is uneafy and will
contract a certain length, to what is probably the middle
{tate. ;

It is {till neceflary that fuch parts as are imply mufcular,
and having no antagonift mufcles appropriated immediate-’
ly for fuch purpofes fhould have their mufcles elongated ;
this is {till performed by muifcles, but in a fecondary way ;
for inftance, by a fucceflion of actions in different parts,
each performing the fame effect, the laft action becoming
an antagonift to the fucceeding.

The fecond mode of elongation takes place in all the
mufcles which aflift in forming canals. In them the muf-
¢les, if once contracted, cannot be elongated, or the part
dilated again ; but by the contraction of fome other part of
the canal, propelling its contents into the relaxed part, and
by that means ferving as an elongater. This, in fome in-
ftances, goes on in regular fucceffion, as we know the di-
latation of the fauces to be occafioned by the action of the
mouth and tongue 3 that of the cefophagus, by the con-
traction of the fauces; of the ftomach, by that of the
ccfophagus ; the upper part of the inteftines by the {tomach,’
and fo on; the fucceflive contractions of the laft dilated
parts puthing on the contents, and in that manner becom-
ing elongaters of the mufcles next in fucceflion of action.
A firft propelling power, fuch.asa heart, could in thefe in-
{tances have had but little effect, and would even have been
unneceflary ; for as there muft be a fucceflion of contrac-
tions and dilatations, its power would foon have been loft.
"This mode of propelling fubftances through canals, as fta-
ted above, would probably have been too flow for the circu-
Jation in many animals; but I believe is very much the
cafe in others.



102’ oF the vafcular fyﬁe;h."

The elongation of the mufcles of the bladder, from
the diftention of urine, becomes the means by which they
are excited to recover themfelves {o as to renew their action,/
and may be referred to the fame general head.

The third kind is by means of elaftic fubftances: which-
render the combined actions produced by mufcular contrac-
tion and elafticity miore complicated. Elafticity we find to’
be introduced both as an afliftant to the contration of the
mufcles, and as an antagonift or elongater 5 the natural po-
fition being that which is produced by the elafticity.. Thus
we fee elafticity combined with mufcular action aflifting in
the contra&ion of mufcles on one fide, and likewife per-
forming the office of elongaters or antagonifts on the oppo-
fite, by bringing parts, which have been moved by mufcles,
back into their natural pofition. Such parts too as have
yielded to the action of fome other power, as gravitation,s
are brought back into what may be called," a natural ftate,
‘and are retained there by elafticity, till that power is again
overcome by another, as in‘ the necks of fome animals.
‘We may hence fee that the application of thofe powers is
twofold ; one, where the mufcles and elaftic fubftances af-
fift each othier 3 the fecond, where they are. antagoniits, the
elaftic beirig neither affifted by the mufcular parts, nor the
riufcular by the elaftic : for many parts of the body are fo
conftructed, as to admit of* But one kind of mufcular ac-
tion, the other action arifing from elafticity alone 3 it being
neceflary that fuch parts fhould have a determined or middle’
ftate, though not intended as a ftate of eafe. : ‘

Of this kind are the blood-veffels, trachea, bronchia, the
ears of animals, ete. in‘which therefore elafticity is intro-"
duced 'to procure that determined ftate, and is chiefly em-
ployed where the middle ftate is much limited. For it is to
be obferved, that the middle ftate, when produced by mufcu-
lar action, hasnot commonly a determined point of reft,
but admits of confiderable latitude between the two ex-
tremes ; except in the fphincters.” Where it is produced by
elafticity, it is'always more determined, provided the elai-
ticity has {ufficient power to overcome the natural or acci-
dental refiftance ; and where thatis the cafe,” we muft fup-
pofe that a ftate in fome degree determined was neceflary to"
fuch parts. But where the elaftic power is not Tufficiént to’
overcome the natural, or accidental refiftance, then- it is
affifted by the mufcular, which forms one of the compounds



Of the wafcular fiffens. I"!o.g"

of the three ‘modes of elongation ; inftances of which we
have in many joints. i .

‘I'he relaxed {tate of a mufcle would appear in general to
be the moft natural; but to this there are exceptions ; a de-
gree of contraction appearing natural to fome mufcles.. -

The face, for inftance, is a part where the action of the
mufcles on one fide influences the pofition of the parts on
the other fide ; a circumftance, perhaps, peculiar. to the,
face; here, therefore, the mufcles bring and keep the
ikin in one pofition, till altered by an increafed action in
fome other mufcle ; and when this increafed action ceafes,.
the conftant and natural contration of the whole (fimilar to
that of the fphincter) immediately takes place *.

Sphincter mufcles are the moft remarkable inftances of
this, being aIiavays above three parts contracted 1.

" The conftant and regular degree of contraction in thofe
fphincter muicles, ferves the purpofes of elafticity, and may.
have fuperior advantages; as we know that they have a
power of relaxing when their elongaters act, which no
elaftic fubftance can have. A Hence, we fee, that where a
continued action only is wanted, there is elafticity : whe.e
an alternate action and relaxation, there is the action of
mufcles ; where only an occafional relaxing power is re-
quired, there are mufcles under under certain reftrictions 3
and where a conftant power of contraction is neceflary, but
which is occafionally to be overcome by mufcles, there are
introduced both elafticity and mufcular powers co-operat-
ing with each other in their actions. :

_ Where conftant action is not neceflary, mufcles alone are
employed, as in the greater number of moving parts in
moft animals ; and where any pofition is required to be
conftant, and the motion onlyoccafional, from being feldom-
wanted, their elafticity alone is employed for the purpofe

_* Asa proof that this is mufcular contradion, and not ela’
ticity, we find that the face in a  dead body does not keep its
natural form, nor refume it when loft.

+ The parts fupplied with fphincters, do not contra& after
being dilated in the dead body, which they certainly would
do if the contradion in the living body had arifen from elafti:
gity.

Y,
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of conftant pofition, and mufcles for the occafional e
tion*, y
When a pofition is to be pretty conftant yet elaftic fups
{tances are not employed, we have mufcles endowed wiﬁ"
the power of conftant contraction to a certain degree, but
capable of either relaxation, or a‘greater contraction, as ﬂ
the {phincters. #
We find, therefore, that in many parts of an‘animal body
fitted for motion, a tolerably conftant pofition is neceffary.
at the fame time that an occafional {elf-moving power isig;.
fo wanted; to ferve asafort of auxiliary to the performancg’
of the neceffary action. For fuch occafional actions, muf+
cles, afhfted by elaftic fubftances, are employed 5 the elaftic
power eafing the mufcles in the fixed pofition, and the
mufculdr givin g the increafed occafional action 5 and ino-
ther parts.of the boc'y, where a more conftant action y
wanted; and.could not be completely obtained by ela
ty, there are to be found mufcles endowed with the
p‘srty cf both permanent and occafional contraltion,
The elaftic power is very remarkable in fuch _parts
animal body as require a: conftanteffort to fuppo
elafticity being introduced to a&t againft the power gra-
' vitation, as in the necks of animals whofe heads are held
horizontally, .or beyond the centre of gravity. - Thisis ef
fected by an elaftic ligament, and is ftrikingly illuftra
in the camel, whofe neck is long.  Between the verteb
of the neck and backs of fowls, are placed elaftic ligamen
for the fame purpofe ; the wings of birds and bats are alfor
furnithed with them, by which means they are retained
clofe to the bodywhen not ufed in flying. On the abdo-
men of moft'quadrupeds are likewife to be found elaftic.
ligaments, efpecially on that of the clephant, which is a
* conftant fupport to the parts in their horizontal pofition,
and even the cellular membrane of the elephant hasa de-
gree of elafticity much above what is generally met within
cellular membranes. Hence there is lefs expence of mufcu-'

* fome bibalves (asthe oyfter) have a ftrong mufcle paffing

between the fhells for clofing them occafionally; but for open-
ing them no muftles are made ufe of, as this is performed by
an elaftic ligament in the joint of the two thells, which is
fqueezed, when fhut, by the contraiion of the mufcle; and
when the mufcle ceafes to contract, the claflicity of the liga:
ment expands it, {o that the fhell js opened. |
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lar conntraction in fuch parts. The thrachea and its
branches are inftances of thefe two powers; being com-
pofed of cartilages, mufcles, and membranes, the propor-
tion of mufcular fubftance, however, is {mall, the mui-
cles which a& principally.upon this part being thofe of re-
fpiration ; but the tendency of the action of the proper
mufcles of the trachea is to comprefs.and alter the fize of
the trachea ; this is counteracted by .the elafticity of :the
cartilages, and membranes, exerting a conftant and regu-
lar endeavour to keep it of one certain fize.

The external ears of many animals furnifh us with ano-
ther inftance of the joint application of thefe two powers;
for being chiefly compofed of elaftic cartilage, they retain
a general uniformity of fhape, although that is capable of
being altered occafionally by the a&tion of the mulcles.

It is however to be obferved, that in all cafes ‘where thefe
two powers are joined, the mufcular, as it can always act
in oppofition to the elaftic, muft be the ftrongeft and ca-
pable of being carried further than the other; it therefore
jmuft always be proportionably ftrenger than it otherwife
need to have been.

Parts in which thefe two pewers are employed, arc ca-
pable of being in either three ftates,the natural, the firetch-
ed, and the contraded ; but in fome parts the natural ftate
may coincide either with the ftretched, or contracted, and
consequently fuch parts are only capable of being in two
ftates. The natural ftate is produced by the elaftic power
fimply, the contracted is the effect of the mufcular power
alone, and the firetched is produced either by fome foreign
force or body protruded, which may be effected by a muf-

gular power.

Y2



- III. OF THE STRUCTURE OF ARTERIES.

&6 Of the vafeular fyflem.

THE arteries in an animal, as far as we can examins
them, are endowed with the property of elafticity, the$

of which we perceive in the action of thofe parts 5. and this
power is at all times demonftrable, while the mufcular has
been by fome overlooked, by others denied, and has only
been aflerted by others as appearing neeeflary by reafoning
from analogy. v ‘o i
- The ‘quantity of elafticity in any artery, on whichan
experiment can be made, is eafily afcertained, as- it onl

requires the application of an oppofing force, to prove botE
its power and extent. But it will appear from experiment,
that the pewer varies according to the diftance.from the
heart, being greateft at the. heart ; while probably the ex-
tent may be the fame in every artery.: ;
+ To endeavour to afcertain the- elafticity of -arteries, I
made comparative experiments on the aorta and pulmonary
artery. - Having cut off a portion of about an inch in length
from the afcending aorta, at half an inch above the valves,
and having {lit it up, it meafured, tranfverfely, two inchcsm‘
three quarters, but when firetched to its full length, three
inches and-three quarters, having gained rather more than
one third, and having required a force equal to the weight of
one pound ten ounces to produce this effect. - A fimilar fec-
tion was made of the pulmonary artery in the fame fubjeé‘t;
which meafured two. inches ‘one half, tranfverfely; and
when fubjected to trial in the fame manner, was {tretched
to three inches and an half, being rather more in propor-
tion than the aorfa; {o that the pulmonary artery appears.
to have rather more elafticity than the aorta. Tt is not im-

pofhible that this difference might arife from the-aorta hav

ing loft fome of its elafticity by ufe; * for ‘although I
chofe for my experiment the arteries of a young man, whete
1 conceived them to be perfectly found, ‘yet if there coull
have \been® any diminution -of<the ‘elafticity from ufe, it
would be moft confiderable in the aorta. - =
* Thefe experiments were made on different arteries with
nearly the fame refult, and feemed to prove that there was
almolt the fame extent of elafticity, though not the famc'\
powers. :
Anartery being compofed of an elaftic and inelaftic fube
ftance, its -elafticity is not altogether imilar to that of 2
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‘body which is wholly elaftic. There is an effe produced
{rom ftretching it that is expreflive of the nature of both
‘thefe fubftances, till it gives way or breaks; for an artery
‘has a check to its yielding to fo greata degree, and is {topt
at once, when ftretched to a certain point®, which check
1is occafioned probably by the mufcular, together with the
internal inelaftic coat.

To prove the mufeul'mty of an artery, it is only necef-
fary to compare its action with that of elaftic fubftances.

Action in an elaftic body can only be produced by a me-
chanical power; but mufcles acting upon another princi-
‘ple, can a&k quxckly or {lowly, much or little, according to
the ftimulus applled 3 though all mufcles do not a&t alike
in this refpe&

If an artery is cut through or laid bare, it will be found
that it contracts by degrees till the whole cavity is clofed ;
but if it be allowed to remain in this contragted ftate till af—
ter the death of the ammal and be then dilated beyond
the ftate of reft of elaftic fubﬁan(,e 5, it will only contract
to the degree of that ftate ; this it will do 1mmedxately, but
‘the contraétion will not be cqual to that of whlch it was
capable while alive.

The pofterior tibial artery of a dog being laid bare, and

its fize attended to, it was obferved to be fo much contrad-
ed in a fhort time as almoft to prevent the blood from pafling
through it, and when d1v1ded the blood on]y oozed out
from the orifice.
' On laying bare the carotid and crural arteries, and ob-
ferving what took place in ‘them while the animal was al-
lowed to bleed to death, thefe arteries very evidently be-
came fmaller and maller.

‘When the various ufes of arteries is confidered, fuch
as their forming different parts of the body out of the blood,
their performing " the different fecretions, their allowing at
one time the blood to pafs readily into the {maller branches,
as in blufhing, and at another preventing it altogether, as
in' palenc(s from fear ; andif to thefe we add the power of
producing a difeafed increafe of any or every part of the
body, we cannot but conclude that they are poffeiled of muf-
cular powers.

The influence of the heart in the body, lLike that cf the
fun in the planetary fyftem, we know extends to every part;

* This gives a determined fize to an artery.
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all the parts of the vafcular fyftem being fupplied according
to the neceflity it has, though every part is not equally en-
.dowed with power, or difpofition to make ufe of that
power. o

The arteries, upon the whole, may be faid to pofiefs con-
fiderable living powers, and to retain them for along time.
“This is evident when we obferve what muft happen in
tran{planting a living part of one body with an intention
that it thould unite with another body and become a part of
it : the part tranfplanted muft retain life till it can unite
1o as to'receive its nourifhment from that into which it has
been inferted. It is however to be fuppofed, that in fuch
fituations, life can be retained longer than in others, al-
though itis well known that it is preferved in the vafcular
fyftem, even when there is no colateral affiftance. I found
in the uterus of a caw, which had been feparated from the
animal above twenty-four hours, that after its having beeg
injeCted and allowed to ftand another day, the larger vef-
. Tfels were become much more turgid than when I firft in-
jected them, and that the fmaller arteries had contracted fo
as to force the, injection back into the larger. This con-
traltion was fo obvious that it could not but be obferved at
‘the time, which was forty-eight hours after the feparation
from the body of the animal.’

This thews too the mufcular power of the {maller arte-
ries to be fuperior to that of the larger, and that it is pro-
bably continued longer after the {eparation from the body ;
a property which the involuntary mufcles poffefs to a de-
gree greater than the voluntary, in the former of which
claffes the mufcular ftruture of the arteries is to be confi-
dered. ’

To afcertain how long the living power exifted in an ar-
tery after feparation from the body, or, perhaps, to fpcak
more properly, after that communication with the body was
cut off, by which we have reafon to fuppole life to be con-
tinued in a part, I made the following experiments, for
avhich I chofe the umbilical arteries, becaufe I could con-
fine the blood in them, and keep them diftended for any
length of time. Inawoman delivered on the Thurfday af-
ternoon, the naval {tring was feparated from the feetus;
it was firft tied in two places and cut between, fo that thg
blood contained in the chord and placenta was confined in
them.
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T hc placcnta came away full of blood; and on Friday
morning, the day after, I tied a ftring round the chord about
an inch below the other ligature, that'the blood might ftill
be confined in the placenta and remaining chord. . Having
out off this piece, the blood imimediately gu{hed out, and’
by examining the cut ends of the chord, I attentively ob-
ferved to what degree the ends of the arteries were open ;-
and the blood having now all efcaped from this portion, the’
veflels were left to contrad with the whole of their elaftic
power, the effe of which is immediate.

Saturday morning, the day after this laft part of the ex-
periment, having examined the mouths of the arteries, I
found them clofed up, fo that the mufcular coat had con-’
tracted in the twenty-four hours to fuch a degree as to clofe
entirely the area of the artery. ‘That fame morning I re-
peated“the experiment of Friday, and on Sunday morning
obferved the refult of this fecond experiment to be ﬁmllar
to that of the former..

On this morning, Sunday, I' repeated this’ experiment-
the third txme, and on Monday obferved that the refult had-
not been the fame as before, the mouths of the arteries
remaining open 3 which thewed 'that the artery was become
dead.

There was but little alteration” perceived in the orifices
of the veins inall the experiments. | ,

Thefe experiments fhew that the veffels of the chord
have the power of contraction above two' days after fepa-'
ration from the body.

Having givena general ‘idea of mufcular a&lon, inclu~
ding mufcular relaxation, together with the union of the
mufcular and elaftic power in an animal, I fhall now apply
them to the arteries.

There are three ftates in which an artery is found, viz..
the natural previous ftate, the ftretched, and the contract--
ed {tate which may or may not be previous.

The natural previous ftate is that to which the elaftic
power naturally brings a veffel which has been ° ftretched-
beyond or contracted within the extent which it held in-a
ftate of reft."

The ftretched is that ftate produced by the impulfe of
the blood in confequence of the contraction of the heart
from which it is again brought back to the natural ftate by
the elaftic power, perhaps aflifted by the mufcular. -
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The contradted ftate of an artery arifes from the allion

of the mufcular power, and is again reftored to the natu-

ral ftate by the elaftic. It has been thewn that certain muf-
cles have both a voluntary and mvoluntary contra&tion, and
that in fome of thefe the involuntary action havmg brought
the partto a neceflary pofition, fupports it in that ftate till,
it be either'neceflary for the mufcle to relax, or for the vo-'
tantary action to take place ; inftances of which I have ngen
in the fphincter mufcles.

I fhall now endeavout to fhew that the arteries have 2
middle ftate; but that m them the power of bringing the,
coats into-a certain pofition and fuftaining them in it, is not.
the effect of a-mufcular but of an elaftic power ; and that
thé mufcular action, both ir cnntractlon and relaxatxon, is
involuntary:’

In parts’ endowéd with confiderable elaftic powers, al-
though ot apparently mufcular, as “many arterics, but
which we yet know from other modes of information to be
poflefled of mufcular power, elafticity is fo combined as to
produce a middle or natural ftate, by acting to a certain de-
gree only as an elongater of the mufcular part in fome of its’
actions*®.

These two powers, mufcular and elaftic, are probably
introduced into the vafcular fyftem of all animals, the parts
themfelves being compofed of fubftances of this defcrip-
tion, together with a fine inner membrane, which I believe
to be but little elafhc, and this membrane is more apparent
in the larger than in the fmaller ramifications ; although
when we confider the conftruction and ufe of "the arteries,
we muft at once {ee the neceflity of their having thefe two
powers ; yet in the greateft number it is impoflible to give
clear occular demon&ratlon of the exiftence of diftinct muf-
cular fibres. But ftill, as arteries are ev1dently compofed
of two diftinct fubﬁances, one of which is demonftrably
claftic, and we know them likewife to be certainly endowed
with the power of contraction peculiar to a mufcle, itis
reafonable to fuppofe the other {ubftance to be mufcular;
I thall endeavour alfo to prove its exiftence in fuch vefiels,
from their having a power of contraction in the action of
death.

* We can hardly fuppofe that the muf'cnlar coat of the artery

affifts the elaftic in bringing it to the' middle {tate when alveady’
eontradled within it

'
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As the human body is always alluded to in this account,
1 thall found my experiments and obfzrvations on fuch ani-
mals only as have a fimilar ftructure, as in other animals,
as the turtle, alligator, &c. we can plainly difeern mufcu-
lar fibres, the infides of the arteries and veins being evi-
dently fafciculated with them.

Every part of the vafcular fyftem is not equally furnithed
with mufcular fibres ; fome parts being almoft wholly com-
pofed of the elaftic fubftance, fuchas the larger veflcls, ef-
pecially the arteries, in which, were they equally mufcular
with the fmaller veflels, the exiftence of niufcular fibres
might be more eafily proved. Neither does the elaftic fub-
ftance equally prevail in every part, for many, efpecially
the fmaller arteries, or what have been called, the capilla-
ry veflels, appear to be almoft entirely mufcular; at leaft
I am led to think fo by my obfervations and experiments
on that fubje&. TFrom thefe I have difcovered that the
larger arteries poflefs little mufcular powers, but that as
they recede from the heart towards the extremitics, the
mufcular power is gradually increafed, and the elaftic di-
minifhed. Hence % imagine there may exift a fize of vef-
fels totally void of elafticity ; but this 1 {hould comnceive to
bs in the very extremities only. For it is to be obferved,
that every portion of an artery, of a confiderable length,
is capable of affuming the middle ftate, which ftate muft
be referred to the elaftic power.

The greate®t part of the arterial fyftem evidently ap-
pears to be compofed of two fubftances, which ftructure
is moft remarkable in the middle fized arteries, where the
two fubftances are more equally divided, and where the
fize admits of a vifible diftin&tion of parts. The beft me-
thod to fee this is to cut the veflels either acrofs or longi-
tudinally, and to look upon the edges that have been cut.

If the aorta be treated in this way, we fhall find that
though it appears to be compofed of one fubftance, yet
towards the inner furface it is darker in colour, and of a
frruQure which differs, although but in a fmall d4gree, from
that of the outer furface.

If we proceed by this mode of inveitigation, following
the courfe of the circulation, wz fhall find that the inter=
nal and external parts become evideéntly more diftinguifha-
ble from each other : thz internal part which is darker,

but with 2 d2gree of tranfparency, beging almeft infenfibly
Z<
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in the larger veflels, and increafes proportionably in thick-
nefs, asthe arteries divide, and of courfe become fmaller,
while the external, being of a white cclour, is graduall
diminifhing, but in a greater degree, according to the di-
minution of fize inthe artery, and of the increafed thick-
nefs of the other coat, fo that the two. do not bear the fame
proportion to each other in the fmall arteries, as in the
larger.

The difproportion, however, between them appears
greater than it really is, fome deception arifing from the
greater mufcular power, pofiefled by the fmaller arteries, in
confequence of which the inner coat will be more con-
tralted, and therefore feem thicker. This circumitance
zlone makes the difference cf thicknefs between the whole
coats of a large artery, and thofe of a fmall one, appear
lefs than it really is 5 accordingly we find the coats of the
humeral artery in the horfe apparenily thicker than the
coats of the auxillary, the coats of the radial as thickas
thofe of the humeral, and the artery near the hoof as thick
in its coats as any of the others. There is yet another
circumftance which allo deferves attention in comparing
the two coats, namely, thatin many places, but efpecially
at the furfaces of contact in the elaftic and mufcular fub-
ftances of the middle fized arteries, the fibres of the muf-
cular and elaftic are very much blended or ntermixed. I
mention this, becaufe otherwife we might be led to draw
falfe conclufions, with regard to the comparative quantity
of each fubftance ; and, becaufe it explains by what means
both thefe coats are made elaftic. e

The external coat, however, is more fo than the inter-
nal, being compofed almoft entirely of elaftic fubftance,
while the internal has a mixture of mufcular with itselaf-
tic fibres. Asthere is, therefore, a difference in the elaf-
tic power of the two coats, there muft be a difference in
their powers of contraction after death ; for inftance, the
external coat contracting more than the internal, and alfo,
as there is a difference between the mufcular and elaftic
powers of contraction, the mufcular having the greateft,
taere muft have been a difference between the contracting *
powers of thefe two coats during life, but contrary to that
which takes place after death.

In thofe arteries, which are evidently compofed of two
diftinct fubftances, efpecially in the fmalier, ‘we may ob-
fckve two very oppefits appgarances, ::':ccrding as the™
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Jlaftic or mufcular coats have contracted moft. In the
one, when we make a tranfverfe fection, and look upon the
cut end, we may obferve that the inner furface has been
thrown into rugze, {o as to fill up the whole cavity; and if fuch
an artery be {lit up longitudinally, o as to expofe its inner
furface, we thall find that inner furface forming wrinkles,
which are principally longitudinal. If the finger is paffed
over that {urface, it feels hard, while the external is foft; but
if the artery be firetched, and allowed to recover itfelf by
its elafticity, which is the only power it now has, it wiil be
felt equally foft on both furfaces, and its coats will be found
to have become thinner than before. On the contrary, I have
obferved in many of the fmaller arteries, when the mufcu-
lar contraction has been confiderable, the external or elaf-
tic coat to be thrown into longitudinal inequalities, from
not having an equal power of contraftion with the mufcu-
lar, an artery under fuch circumftances being to the touch
as hard as a cord. Butif the mufcular contraltion be de-
ftroyed by ftretching, or pafling fomsthing through the artery,
then it becomes very foft and pliant, and the mufcular coat
having once been ftretched, withouthaving the power of
contra&ing again, is thrown into irregularities by the action
of the elaftic. i
The elaftic coat of an artery is fibrous, and the direction
of its fibres is principally tranfverfe or circular ; but where
a branch is going off, or at the divifion of an artery into
two, the direction of the fibres is very irregular. I cannot
fay that I have found any fibres which are to a great degree
oblique or longitudinal, a circum{tance that thews their fim-
ple elafticity to. be equal to the intention or ufe, a tranf-
verfe or circular dire€tion of fibres not being the moft ad-
vantageous for producing the greateft effect*. They are
alfo elaftic laterally, from the dire€tion of their fibres,
which property fhortens the artery when elongated by the
blood ; and I believe the mufcles have little thare in this
a&ion ; the whole of which tends to fhew that the elaftic
power is equal to the tafk of producing, and really does
produce the natural ftate of the artery. What the direc-
- tion of the mufcular fibres may be, I uever could difcover,

* Thisis a principle in mechanics fo well known, that it
need not here be explained ; we. find it happily iatroduced ig
the difpofition of mufies in various parts o! the body.

22
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Pyt fhould fuppofe them oblique, becaufe the degree of
Contraétion appears greater than a ftraight mufcle could
produce, in which light a circular mufc ¢ is to be confi.
dered, as its effects are in the direction of its fibres; fop
either the diameter or the circumference of the artery wil]
decreafe in the fame proportion, but not the area, which
will decreafe in proporticn to the fquare of the diameter.

‘We fhould naturally fuppofe that where the action of the
heart is firong, elafticity is the beft property to fuftain it
force ; and that where the force and elafticity are well pre-
portioned, no mifchief can enfue. Where the force, therc-
fore, of the heart is greateft there is a degree of elafticity,
which yields with reluctance, and conftantly endeavours to
oppofe and counteract that force,

From thefe active powers of an artery, together witha
foreign power, viz. the blood acting upen them in 2 manner
{fcmewhat fimilar to the common action of fluids in canals,
protruding their contents, we may perceive that there are
three a&tions which take place, all of them, operating in con-
cert with each other, and producing one ultimate effec.

As the filling of the cavity of an artery produces an ex-
tenfion of its coats in every direction, the arteries are en-
dowed with the elaftic power, which, by contrating in all
directions, may bring the veflels back again to their natural
ftate.

The aétion of the mufcular power being principally in 3
tranfverfe dire€tion, tends, when the artery is extended, to
leflen its diameter, and affift the elaftic power; butas its
quantity of contration is fuperior to that of the elaftic
power, it does or may contract the artery within what the
latter could effeét. 'When the mufcular a&ion ceafes, elal-
ticity will be exerted to dilate the veflel and reflore it toa
middle ftate again, becoming the elongater or antagonift of
the mufcular coat, and by that means fitting it fora new
ation as defcribed in other parts of the body. This will
be moft evident in the middle fized veflels; for in the
fmaller, the proportion of elaftic fubftance is not {o confi-
derable, and therefore it will centribute lefs to the dila-
tation of the veflel, when the mufcular coat relaxes. Yet
we muit fuppofe that no veflel, even to its very extremity,
is ever entirely collapfed ; but that it pofiefles an elaftic
power fuflicient to give it a middle ftate. ~Although thefe
differences do not m all cafes bear the fame proportion to

the fize of the artery, yet we mul cenclude there is in the
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arteries themfelves a certain regular proportion preferved ;
and I am inclined to believe, that this is in fome degree in
an inverfe proportion to the decreale of fize, prefuming at
the fame time that the mufcular power increafes in the {fame

roportion. A veflel is ftretched beyond its natural ftate,
firft by the force of the heart, and in fucceflion by the firf}
oider of veflels; then it 1s that the elaftic power 15 exerted
to contract the veffel, and _eftore it to the natural fize ; and
in the performance of this it will be more or lefs aflifted b
the mufcular power, according to the fize of the veflels;
leaft in the larger, and moft in the fmaller veflels, as was
obferved above.

There appears to be no mufcular power capable of con-
tralting an artery in its length, the whole of that contrac-
tion being produced by the elafticity. - For in a tranfverfe
fection of an artery, made when the mufcles of the veflel
are in a contracked ftate, it may always be obferved, that
the external or elaftic coat, immediately contratts longitu-
dinally, and leaves the internal or mufcular projeting;
which would not be the cafe if there was a longitudinal
mufcular contration, equal to the elaftic; and were not
the quantity of mufcular contraction greater than the elaftic
there would be no occafion for mufcles,

Another proof of this is, that if a piece of contradted
artery be ftretched tranfverfly, or have its area increafed
and be allowed to recover itfelf, itlofesa part of its length,
To underftand this it will be neceffary to know that mufcu-
lar fibres, by contraction, become thicker, and in propor-
tion correfponding with the degree of contraction in the
mulcle,

The thickening in the mufcle of a horfe was found to be
an increafe of one fourth part of thicknefs to one third of
a contraltion* ; from which it follows, that the more the
mufcular fibres of any veflel contralt, the more the vefiel
is lengthened ; but deftroy the mufcular contraction by di-
lating the artery, and the elaftic power, which a&s in all
dircitions, will immediately take place and reftore the vel-
fel to its proper fize; which is a proof that the effe&t of
the lateral fwell, produced by the mufcular contraction, is
greater than that of the longitudinal elaflicity of the artery.

* This calculation is not accurate ; for in the experiments
made to difcover i the muftle loft uf its fize in the whole when
contratted, I found it hardly did; therefcre what ic loft in

{

length, it maft lipve acquired in thicknefs.
3¢ 4
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If we examine how much the veffel has loft of its length
in this trial, we fhall fityd it will amount to about one twelfth -
of the whole; a prodf that the internal coat does not con-
tra& fo much longitudinally by its mufcular power, as the
external does by its elafticity. By multiplying fuch experis
ments we have further proofs that the power of mufcular
contraction acts chiefly in a circular direction ; for in a lon-
gitudinal fection of an artery in its contracted ftate, the
mternal coat does not project as in a tranfverfe fection, both
coats remaining equal, or rather indeed the elaftic coat pro-
jects beyond the other, from the internal mufcular coat hay-
ing contracted moft. But if this fection be ftretched
tranfverfely, the external coat then contracts and leaves the
internal moft projecting ; becaufe the internal or mufcular
has now no power of contraction. If the tranfverfe ex-
tention be repeated, and to a greater degree, the artery,
whnen allowed to recover itfelf, will have its infide turned
outwards, as well as bent longitudinally, having the infide
cf the artery an the outfide of the curve, and often bring-
ing the two ends togcther; but this is eafily accounted
for, as by the tranfverfe extention of the artery its mufcu-
lar contraction is deftroyed, it becomes pliant, and the on-
ly refiftance to the elaftic power on this fide being removed,
it is allowed to exert itfelf to its utmoft extent. In doin
this it bends the fection in a longitudinal direction, whicg
alfo inclines us to believe, that the external part of thee-
laftic coat, is the moft elaftic.

Thefe experiments not only prove that the mufcular
power of an artery, acts chiefly in a tranfverfe direction;
but alfo, that the elaftic power exifts almoft entirely in the
external coat, and therefore that the internal coat muft be
the feat of the mufcular power. :

ExprriMENTS on the arteries of a horfe bled to death.

To afcertain the mufcular power of contraction in the ar=
teries, and determine the proportions which it bears to their
elafticity, I made the following experiments upon the aorta,
iliac, axillary, carotid, crural, humerai, and radial arte-
ries of a horfe.

In this animal the mufcles were all 2llowed egually to
contrall, and therefore we might reafonably prefume that
the veflels (at leaft fuch of them as were furnithed with
mufcles) would alfo be contralted, the ftimulus of death
ating equally upon sfufcles in every form,and every fitua-
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tion. The animal had allo been bled to death, fo that the
veflels had an additional ftimulus to produce contration in
them ; as we know that all veflels in animals endeavour as
much as poflible to adapt themfelves to the quantity of flu-
1d circulating through them.

As I fuppofed the larger arteries had lefs of this power
than the fmaller, and that perhaps in an inverfe proportion
to their fize, in orderto afcertain that fact, andalfo to con-
traft the two powers, I made my firlt experiments upon the
aortaand its neareft branches; continuing them on the
other branches as thefe becamse fmaller and fmaller.

The arteries were taken out of the body with great care,
fo as not in the leaft toalter their texture, or ftate of con-
traction.

The experiments were made in the following manner : I
took fhort fections of the different arteries, ilit them upin
a longitudinal direction, and m that ftate meafured the
breadth of each, by which means as I conceived, I could
afcertain their mufcular contraétion ; then taking the fame
fections and ftretching them tranfverily, I meafured them
in that ftate, which gave me the greateft elongation their
mufcular, and claftic powers were capsble of.  As by this
extention I had entirely deftroyed their mufcular contrac-
tion ; whatever degrec of contraltion they exerted after-
wards muft, I believe, have been owing to elafticity. Hav-
ing allowed them to contra&t, I again meafured them a
third time in that ftate, and thus afcertained three differ-
ent ftates of veflels, between which I could compare the
difference either in the fame or different {etions, fo as from
the refult to deduce with fome degree of certainty the ex-
tent of thefe powers in every fize of veflel. Ifay only with
fome degree of certainty ; for I de not pretend to affirm
that thefe experiments will always be exact ; circumftances
often happening in the body which prevent the ftimulus of
death from taking place with equal effect in every part.
T have accordingly feen in the fame artery fome parts wi-
der than others, even when the more contracted parts were
neareft the heart, and this merely from a difference of ac-
tion in the mufcular power ; for when that was deftroyed
by ftretching, the parts contracted equally in both.

Experiment I. A circular {ectien of the aorta afcendens
when flit up and opened into a plane, meafured five inches
and a half ; on being ftretched, it lengthened to ten incheg
and a half ; the firetching power being ramoved; coniraCt.
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ed again to fix inches, which we muft fuppofe to be the
middle ftate of the veflel. Hence the veflel appeared to
Have gained by ftretching half an inch in width or rather
ciremference, which may be attributed to the relaxation of
its mufcular fibres, whofe contraction muft have becne
qual to one-cleventh part; fix inches being the natural fize,
or moft contracted ftate of the elaftic power.

Experiment IT. A circular fecticn of the aorta at the ori-
gin of the firflt intercoftal artery, meafuring four inches one-
fourth, extended by ftretching to feven inches and one-half;
it contracted again to four inches and one half, and there-
fore gained one-feventeenth part. 4

Experiment III. A circular fection of the aorta  at the
lower part of the thorax, on being firetched, and being al-
lowed to contract again gained one-tenth part.

ExperimentIV. A circular fection of the iliac artery,
meafuring two inches, when ftretched and allowed to con-
tract again, meafured two inches and four-twelfths, and
therefore gained one-fixth.

Experiment V. A circular fection of the axillery artery,
meafuring one inch, when ftretched and contracted again,
meafured an inch and one-cight, therefore gained one-
eighth.

Experiment VI. A circular fection of the carotid artery,
meafuring fix-twelfths of an inch, when ftretched, mea-
fured fixteen-twelfths and one-half 5 and when contracted
again, ten-twelfths ; therefore had gained two-thirds.

Experiment VII. A circular fe¢tion of the crural artery,
- meafuring ten-twelfths, when contrated after being ftretch-
ed, meafured one inch and two-twelifths, thercfore gained
one-third.

Experiment VIII. The humeral artery, ncar the joint of
the elbow, in a contraéted ftate, was thicker in its coats
than the axillary ; the circumference of the artery in that
ftate being feven twelfths and one-half ; after being ftretch-
cd and contrated again, it meafured nine-twelfths, there-
fore gained one-feventh and one-half.

Experiment IX. A circular fection of the radial artery
being taken, was found fo contradted as hardly to be atall
pervious 3 and the coats, cfpecially the inner, much thicker
than evea the humeral : when flit upit fearcely meafured
three-twelfths of an inch ; when firetched, and allowed
to contral again, fix<twelfths; thercfore gained three-
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twelfths of an inch, which wasabout the whole contrac<
tion of the artery. i

To fee how far this power of recovery in the fame ar-
tery took place at different diftances from the fource of the
circulation, I made the following experiments on the fper-
matic artery of a bull ; and likewife, on the artery of the
fore-leg and pehis. = The fpermatic artery, near the aorta,
when ftretched longitudinaily, recovered perfetly the for-
mer length ; when ftretched tranfverfly, it likewife recover-
«ed perfectly. About the middle, when firetched tranfver{-
ly, it gained one-twelfth. ~ Upon the tefticle a portion fe-
parated; when ftretched tranfverfly gained one-fourth,
-which was its mufcular power.

The humeral portion of the artery of the fore-leg, when
ftretched tranfverfly, and alfo longitudinally, recovered en-
‘tirely.

T}lrle artery of one hoof, or rather finger, when ftretched
tranfverily, gained one-twentieth, when ftretched longitu-
dinally it recovered perfectly ; which one-twentieth was
the mufcular power.

The artery of the penis, when f{tretched longitudinally,
or tranfverily, recovered itfelf perfectly. This artery 1s
confiderably more elaftic longitudinally than the others,
but not more tranfverfly. This increafed elafticity in the
longitudinal direétion maybe intended to allow of the differ-
ence in the length of the penis at different times.

From thefe experiments we fee that the power of reco-
veryin a veflel is greater in proportion as it is nearer to
the heart ; but as it becomes more diftant it leflens ; which
thews the decreafc of the elaftic, and the increafe of the
mufcular power.

f’trct'c‘hed to } Reco- g Had contra&-

vered to ed by death

Aorta afcendens 5 & inch. 104 inch. 6inch. % parts
Aorta defcend-

ens at firfk & 4% ---- 78 ----4% --- &

intercoftal,
Aorta defcend-

ells ratithe bl wiis Sl il e Sa 2 e 2

loweft part,
Tlliac artery - == 2 = = = = = = = - - AT 8
Axillery < = = = T - - - - T e



120 X Of the wafcular Syltem.

Carotid - = = == 5. 1
S R e SO G R IR e GLERE R
1

Hameral .ls yismerh st b ol bl 0 WG O
Radial o o o et e el ana T A equali to

Twhole,

ExrERIMENTS on the power of arteries to 'contract lons
gitudinally. by

To prove that arteries do not produce the fame povm?’
of mufcular contradtion in a longitudinal, which they do
in a tranfverfe diretion, the following experiments were
made : :

Experiment I. ‘A longitudinal fetion of the aorta afcen-
dens, meafuring two inches, when ftretched and allowed
again to contract, meafured the fame length.

Experiment II. A longitudinal feGtion of the aorta de-
fcendens at the lower part of the thorax, of a given length, -
after having been ftretched, contrated exaétly the fame
length. ;

Experiment ITI. Two inches of the fame carotid sartery
ufed in the fixth experiment, when ftretcked longitudinal-
ly, recovered itfclf, fo as not to be longer than before the
experiment,

Experiment IV. A portion of that humeral artery ufed in -
the cighth of the former experiments was not altered in its
original length, when it recovercd itfelf after being ftretch-
ed: ‘

Thefe experiments appear to be decifive, and prove that
the mufcular power acts chiefly in a tranfverfe direCtion;
wct it is to be obferved that the elaftic power of arteries is
greater in a longitudinal than in a tranfverfe direction.
This appears to be intended to counteradt the lengthening
effect of the heart, as well as that arifing from the aétion -
of the mufcular coat’; for the tranfverfe contra&ion of that
coat lengthens the artery, therefore firetches the elaftic
which again contralls upon the diaftole of the artery.

Trem the account we have given of thofe fubftances
which compofe an artery, we may perceive it has two pow-
evs, the oneelaftic and the other mufcular. We fee alfo
that the larger arteries are principally endowed with the e-
laftic power, and the fmaller with the mufcular, that the
elaftic is always gradually diminithing in the fmaller, and
the mufcular increafing, till, at laft, probably, - the aétion
of an artery is almoit wholly mufcular ; yet I think it is not
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to be fuppofed but that fome degree of elafticity is continu-
ed to the extremity ofan artery ; for the middle ftate can-
not be procured without it; and I conceive the middle
ftate to lI))e eflential to every part of an artery. Let us now
apply thofe two powers of action ; or, to {peak more pro-
perly of re-action, with their different proportions in the
different parts of the arterial fyftem. Yrom thefe we muft
fuppofe the elaftic to be beft fitted for {uftaining a force
applied to it, fuch as the mation of the blood given by the
heart, and propelling it along the veflel ; the mufcular
power, moft probably, is required to afliit in continuing
that motion, the force of the heart being partly {pent; but
certainly was intended to difpefe of the blood when arri-
ved at its place of deftination; for elafticity can neither
affift in the one nor the other; it is{till, however, of ufe
through the whole to preferve the middle ftate.  Elafticity
it better adapted to {uftain a force than mufcular power ;
for an elafticbody recovers itfelf again, whenever the itretch-
ing caufe {ufpends its action ; while mufcles endeavour to
adapt themfelves to circumftances as they arife.  This is
verified by different forts of engines whole pipes are made
of different metals. A pipe made of lead will, for inftance
in time dilate and become ulclefs* ; whereas a pipe of iron
will react on the fluid, if the force of the fluid be 1n propor-
tion to the elaftic power of the iron ;3 but the lead having
little or no elafticity whenever it is firetched, it will remain
fo, and every new force will ftretch it more and more.
‘We are therefore to fuppofe that the force of the heart is
not capable of ftretching the artery fo much as to defiroy
its elafticity ; or in other words, the force of the heart is
not able to dilate the artery beyond the contrafting power.
As the motion of the blood is mechanical, elafticicy is beft
adapted to take off the immediate force of the heart 5 and,
as we go from the heart, this property become lefs necefia-
1y ; becaufe in this courfe, the influence of the heart is
gradually leflened, by which means a more equal miotion
of the blood is immediately produced, and even in the firft
artery a continued ftream 1s at all times obtained ; although
it is confiderably increafed by each contraction of the heart.
Without this power the motion of tle blood in the aorta

* This accounts for the fize of aneurifins whofe coats muit
have loft their elafticity before they could be dilated,
Aa 4
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would have been fimilar to what it is in its paffage outof
the heart, and would have been nearly the fame in every
part of the arterial fyftem. 3
For though the motion of the blood out of the heart be =
by interrupted jerks, yet the whole arterial tube being more
or lefs elaftic, the motion of the blood becomes gradually
more uniform from this caufe.  Elafticity in arteries acls |
like a pair of double bellows 5 although their motion be
alternate, the fiream of air is continued ; and if it were to i
pafs through a long elaftic pipe, refembling an artery, the
current of air would be ftill more uniform. The advan-
tage arifing from elafticity in the arterial fyftem, will be
more complete in the young {ubject than in the old; for
in the latter, the elafticity of the arteries being very confi
derably diminifhed, more efpecially in the larger trunks,
where the force of the heart ought to be broken, the blood
will be thrown into the fecond ' and third order of veffels
with increafed velocity. In the young, the current i§
flower, from the re-action of the elaflic power during the
relaxed ftatc of the heart, whereas at the heart, the me-
tion is equal to the contraction of the heart; and as the
heart is probably twice the time relaxing that it is [ﬂ
contracting, from this caufe alone we may fuppofe
whole is two thirds lefs in the fmaller veflels. As elaf-
tic bodies, I have already obferved, have a middle ftate, or
ftate of reft, to which they return after having been
dilated or contracted by any other power, and as they
muft always be acted upon before they can re-act, the
ufe of elafticity in the arterial fyftem will be very evi- &
dent. Tt is by this means that the vefiels are adapted to the
different motions of the body, flexion and extention ; fo
that one fide of an artery contracts while the other is elon-
gated ; and the canal is always open for the reception of
blood in the curved, firetched, or relaxed fate. '
The mufcular power of an"artery rendersa fmaller force
of the heart fufficignt for the purpofes of circulation ; for
tie heart need only act with fuch force as to carry the blood
through the larger arteries, and then the mufcular power
of the arteries takes it up, and, as it were, rcmoves the
i0ad of blood while the heart is dilating. In confirmation
of this remark, it is obfervable in animals whofe arteries
,aré very mufcular, that the heart is proportionably weaker,
fo that the mufcular portion of the vefiels becomes a fecond
part to the heart, acting where the power of the heart beging
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to fail, and increafing in ftrength as that decreafes in pow-
er. Befides this, it difpofes of fuch part of the blood as is
neceffary for the animal ceccnomy, principally in growth,
repair, and fecretions. At the extreme ends of the arteries,
therefore, we muft fuppofe that their actions are varied
from that of fimply conveying blood, except thofe arterics
which are continued into veins.

IV. OF THE VASA ARTERIARUM.

THE arteries are furnithed with both arteries and veins,
although it cannot be faid that they are to appearance very
yafcnlar. Their arteries come from neighbouring veflels,
and not from the artery itfelf which they fupply.

This we fee in diffection ; and Ifound by filling an ar-
tery, fuch as the carotid, with fine injetion, that {till the
arterics of the artery were not inje¢ted. On laying the
coats of arteries bare in the living body we can difcern their
veflels more evidently fome little time after the expofure,
for then they become veflels conveying red blood, as ina
beginning inflammation, growing turgid, when the arteries
may be eafily difcerned from the veins by the difference of
colour of the blood in each: thefe obfervations will alfo
generally apply to the correfpending veins.

Perhaps arteries afford the moft {triking inftance of ani-
mal fubftanee furnithed with two powers exifting in the
fame part, one to refift mechanical impulfe, the other to
produce action. The firlt of thefe powers is greatelt
where thére is the moft impulfe to refilt; therefore we find it
particularly in the arteries, neareft to the heart, the better to.
fypport the force of that organ ; but in thofe parts where
gravitation is gradually increafing, the diminution of power
in the artery is not in proportion to the diminution of the
force of the heart.

In the veins, the allotment of ftrength is commonly the
reverfe ; for as they have nothingmechanical to- refift, but
the effect of gravitation, their principal {trength is at the
extremities.
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We are to fuppofz that the power of the heart, and the
mechanical ftrength "of the arteries, bear 2 juit proportion
to each other ; and therefore by afcertaining the laft we may
give a tolerable good guefs with refpect to the other.

In this view, to détermine the ftrength of the ventricles,
fo for as I was able, I made comparative trials of the
frrength of the aorta and pulmonary arterics in a healthy
young man. Ifeparated a circular fection of each, and on
being flit, they meafured three inches and three-eights,
their breadths being alfo equal. ~ On trial I found the aorta
being ftretched to near five inches, broke with a weight of
eight pounds. 'The pulmonary artery {tretched to near five
inches and a half, and then broke with four pounds, twelve
ounces. ]

This experiment I have repeated, but with very different
refults , for in one experiment, although the aorta took one
pound ten ournces to {tretch it, while the pulmonary artery
took only fix ounces ;'yet to break this pulmonary arter
required eleven pounds, three ounces, while the aorta
broke with ten pounds, four ounces ; but this difference [
impute to the aorta having loft its elafticity, which is very
apt to happen in that vefl:l, G

There is nearly the fame proportion of elafticity in both
arteries ; but the ftrength of the aorta in the firft experi-
ment appeared to be nearly double that of the pulmonary
artery.; while in the fecond it was lefs : yet we mulft fup-
pofe the refult of the firft experiment nearer the truth; for
we feldom find the pulmonary artery difeafed, while the
aorta is feldom otherwife.

The mechanical ftrength of arteries is much greater in the
trunk thanin the branches ; which is evident from accidents
and from injeftions in dead bodies. For when we injeck
arteries with too much force, the firlt extravafation takes
place in in the fmaller vefiels. This can only be proved
by fubdle injeftions, which do not become folid by
cold ; fuch injeCtions keeping up an equal preflure through-
out the arterial {yftem ; and the fmalier arteries being found
to give way firft, viz. thofe of the mufcles, pia-mater, and
the cellular membrane ; which contradié&ts Haller’s theory
of the relative ftrength of the coats of the vefels.

I am however inclined to fuppofe that they are even
wealker in proportion to their fize, viz. in proportion to
the diminithed force of the heart, or motion of the blood 3
but how far this is the cafe I will not venture to determine
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as mechanical ftrength is not fo much wanted in the {mall-
er arterics, as mufcular ; for the mechanical firength of
mufcles appear to be lefs than the power of their own con-
traltion ; experiments, therefore, made in the dead body
upon parts whofe ufes arife from an a&ion within them-
felves when active are not conclufive. The flexor policis
longus, being one of the meft detached mufcles in the body
refpeéting ftru@ure and ufe, has been feleCted for experi-
ments on this fubject, and is found to raife by itsaction a
greater weight thanit can fuftain after death. This how-
everis liable to fallacy, as the two experiments are made on
different mufcles, one certainly healthy, the other moft
probably weakened by the difeafe prececeding death.

The coats of arteries are not equally ftrong on all fides
of the fame artery ; at the bending of a joint they are
ftrongeft on the cenvex fide through the whole length of
the curve ; this is moit evident in the permanent curves,
fuch as in the great curvature of the aorta. Arteries are
likewife ftrongeft at the fharp angles made by a trunk and
its branch, and atan angle formed by a trunk divided into
two.

Thefe parts have the bleed as it were dafhing againft
them. Thofe likewife are the parts which firft lofe their
elafticity and fooneft offify, being generally more ftretched
than the other parts of an artery, and making a kind of bag.
Thefe circumftances are chiefly obfervable in the curva-
ture of the aorta, that of the internal carotids, and the di-
vifion of the aorta into the two iliacs.

Vel QF S THE: HEART.

TuE heart is art organ which is the great agent in the
motion of the blood, but is not eflential to animals of every
clafs, nor for the motion of the blood in every part where
it is perfe& ; it is lefs {fo than the nerves, and many even
poflefs the organs of generation, that have no heart. Its
alions in health are regular and chara&eriftic of that ftate;
and in difeafe its aCtions are in fome degree charaeriftic
of the difeafe; but althcugh there is that conne&tion be-
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tweenthe body and the heart, yet there feems not to be
fuch 2 conne@ion between the heart and the body ; for the
heart may be in fome degree difordered in its action, yet
the body but little affected ; it is therefore only to.be con-
fidered as a local agent very little affecting the conftitution
fympathetically, except by means of the failure inits duty.
The heart in the more perfect animals is double, anfwera-
le to the two circulations, the ong through the lungs, the
other over the body ; but many that have only fingle hearts
have what is analagous to a double circulation ; and this
is performed in very different ways in different animals, fo
that one of the circulations in thefe is performed without a
heart.
A large clafs of animals, well known "and pretty perfect
in their conftruction, namely, all the clafs of fith, have no
heart for the motion of the blood in the great circulation,

or that over the whole body, having only a heart for the

lungs or branchea, while the fnail has only a heart for the
great circulation, and none for the lungs; as 2lfo in the
liver of the mioft perfect animals, the motion of the blood,
in the vana portarum, and vena cava hypatica, is carried on
without a heart. The abforbing fyftem in every animal

has no immediate propelling power ; therefore this propell- -

ing power is not univerfally neceffary. The heart varies in
its ftructure in different orders of animals, principally with
refpect to the number of cavities and their communica-
tions with each other, yet in all nearly the fame purpofe is
anfwered. I fhall here obferve, thatin the bird and quad-
ruped there is a double circulation, which requires a dou-
ble heart, namely, a heart for each circulation, each heart
confifting of an auricle and ventricle, called the right and
the left; and from their forming but one body among them,
they are all included in one heart ; the right fide,or heart,
may be called the pulmonary, and the left may be called the
corporeal. In many claffes of animals there 1s to be found
only cne of thofe hearts ; and according to the clafs, it is
either the pulmonary or corporeal. “In the fith, as was
obiferved, the heart is the pulmonary 5 and in the fnail, the
heart is the corporeal; fo that the corporeal motion of the
blood in the fifh, is carried on withouta heart; and in the
fnail the pulmonary motion is carried on without a heart ;
and in the winged infects which have but one heart, as alfo
but one circulation, there is this keart, an{wering both pur-
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polcs ; and in all thefe varieties, breathing is the principal
ob’ect.

"The heart in moft animals is compofed principally-of a
firong mufcle thrown into the form of a cavity or cavities ;
but it is not wholly mufcular, being in part tendinous or
ligamentous, which laft parts have neither aétion nor re-
altion within themfelves, but are only ated upon; they
are therefore made inelaftic and rigid to fupport the force
‘of the ating parts in this adtion, without varying in them-
felves.

The heart is in all animals which have red blood, the
reddeft mufcle in the body. Thus in the bird whofe muf-
cles are moftly white, the heart is red ; we find it the fame
in the white fith.

As it differs in the different orders of animals refpeting
the number of cavities, it may admit of difpute what are
to be reckoned truly hearts, and what only appendages;
for fome of its cavities may only be confidered as refervoirs
peculiar to fome hearts.

The moft fimple form of heart is compofed of one ca-
vity only, and the moft complicated has no more than two ;
it would feem indeed to increafe progreilively in the num-
ber of cavities from one to four, which includes the mix-
ed; yettwo of thefe belonging to the heart with four ca-
vities, ought not to be called parts of the heart although
they belong to it. The fingle cavity of the heart in the
moft fimple clafs, or the two in the moft complicated, are
called ventricles. The other cavities belenging to it are
called auricles, many of thofe which have’ one ventricle
only have no auricle, fuch as infects; but there are others
which have both a ventricle and auricle, fuch as fith, the
fnail, many fhell fith ; fome of the laft clafs have indeed
two auricles with only one ventricle ; which thows that the
Aumber of auricles is not fixed under the fame mode of
circulation ; thofe animals which have two diftinét ventri-
cles, conftituting four cavities, are what are called quad-
rupedes, or mammalia, and birds. If the auricles are con-
fidered as parts of the heart, we might clafs animals which
have hearts according to the number of their cavities, viz.
monocoilia, dicoilia, tricoilia, tetracoilia; the tricoilia is
mixture of the dicoilia and tetracoilia. This is the cafe in
diftin& clafles of animals ; but it takes place in other clafies
at diFerent ftages of life; for the foetus of the clafs poffef-
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fing four cavities may be clafied with the mixed, having but
cne auricle, by the communication between the two and
alfo one ventiicle, by means of the union between the two
arteries which produces an union of blood although not in
the fame way. 'Thofe paffages however are fhut up almoft =
immediately after birth, or at leaft the canalis arteriofus®,
which immediately prevents the foramen ovale from pres =
ducing its former effeCts; therefore it is not fo neceffaryit
thould be thut up in theadult. I have feen it, to common
appearance, as much open as in a feetus. 4

The heart may be confidered as a truly mechanical engine;
for although mufcles are the powers in an animal, yet thefe
powers arc themfzlyes often converted into a machine, of
which the heart is a ftrong inftance; for from the difpofi-
tion of its mufcular fibres, tendons, ligaments and valves,
it is adapted to mechanical purpofes; which make ita
complete organ or machine in itfelf. It is moft probable
that by means of this vifcus a quicker fupply of bleodis
furnifhed than otherwife could be effected. e

In birds and quadrupedes the heart by its altion firft
throws out the blood, both that whichis fit for the pur-
pofes of life, and that which requires to be prepaired ; the
laft having loft thofe falutary powersin the growth, repairs,
fecretion, etc. in the machine. i

It may be faid to give the firft impulfe to the blood, pro-
ducing a greater velocity where the blood is fimply conveys
ed to the parts for whofe ufe it is deftined. This velocity
is alternately greater and lefs, and from the conftruction of
the arteries alone is gradually diminifhed, becoming more
uniform where {lownefs and evenefs in motion is neceflary.
"This velocity of the blood in thofe parts where it is tobe
confidered as pafling only, allows a much largerquantity to
flow through the part to which it is deftined than otherwife
could be tranfmitted.

The heart is placed in the vafcular fyftem, to be readyto
receive the blood from the body, and to propel it back on
the body again, althoush not in the centre of the whole;
but it is reafonable to {fuppofe that its fituation is fuch asto
be beit fuited to the various parts of the bedy; fome parts

*! There have been inflances of the canclis arteriofus being
epen in the adult, : b
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zquiring a brifk, others a more languid circulation. Some
alfo require a greater fupply of blood than others.

‘We may fuppofe that the parts near the heart will re-
ceive more blood than thofe ata greater diftance, becaufe
the refiftance will be lefs if the vefiels are of equal fize in
proportion to the fize of the part. The fituation of the
heart in the body varies in different animals. OGne would
imagine when the animal was divided into its feveral por
tions appropriated for the different purpofes, that the fitua-
tion of the heart would be nearly the fame in all; but we
find this not to be the cafe; its fituation depends upon the
organs of refpiration, more than any other part. It is
placed in what is called the cheft in the quadruped, bird,
amphibia, in fith, and in the aquatic and terreftrial infect s
but not in what may be called the cheft in the flying infect.
The cheft in the above named animals feems belt fuited to
contain the lungs and branchia, and therefore the heart is
placed there 5 but as the lungs of the flying infect are placed
through the whole body, the heart is more diffufed, extend-
ing through the whole length of the znimal. The fitua-
tion, therefore, of the heart is chiefly connected with that of
the lungs ; and when it is united with the body at large, it
is becaufe the lungs are alfo fo difpofed. We mult fuppofe
that thefe two have a relation to each other.

A heart is compofed of an auricle and ventricle; and it
is the ventricle which fends the blood through its courfe in
the circulation ; and from what has been faid, it muft ap-
pear that the ventricle is the true heart, the other parts hav-
mng only fecondary ufes; and as the ventricle is the part
which propels the blood to the different parts of the body,
its mufcular power muft be sdequate to that purpofe, and
therefore it has a very ftrong mufcular coat. Much more
pains than were neceffary have been taken to diffeét and
defcribe the courfe and arrangement of the mufcular fibres
of the heart, as if the knowledge of the conrfe of its fibres,
could in the leaft account for its altion. DBut as the heart
can, in its contraQed ftate, almoft throw out its whole
contents, to produce this effek, its fibres muft pafs ob-
liquely.

Its red colonr arifes probably from its being at the foun-
tain head of the circulation : for thofe animals that have but
little red blood have it only in thofe parts nzar the heart;

2
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and the heart being neareft to its own powers, receives the
blood before the vefiels can fo act as to difpofe of the red
blood, or allow of a kind of feparation by diftance; its
conftant action too renders it more red, as happens in other
mufcles.

The ventricles in the quadruped, bird, and amphibia,
are called right and left, and this accords very well with
the fituation in fuch animals ; but where there is only one
ventricle, and that in fome a&ing the part of right, asin
fith, and in others ating the part of the left, as in the
{nail, we ought to have fome term expreflive of their im-
mediate ufe, and fuch as would apply to all animals that
have fuch a vifcus.

The auricles of the heart are to be confidered only as re-
fervoirs for the blood to be ready to fupply the ventricles;
for an auricle is not to be found in all the animals which
have a ventricle ; nor does the number of auricles always
correfpond to thatrof the ventricles. Where the veins en-
tering into the heart are {mall, in comparifon to the quan-
tity of blood which is wanted in the ventricles, there we
have an auricle ; but where the veins near to the heart are
large, there isno auricle ; as in the lobfter, and generally
in infeés. In the fnail, where the veins in common are
large, yet as they arc {fmall where they enter the heart, there
is an auricle ; and as its office is fomewhat fimilar to a large
vein, it has fome of its properties, viz. being in fome de-
gree both elaftic and mufcular.

The name finus venofus is a very proper one; and as a.
proof that it is only fuch in the circulation, there are no
valves placed between it and the veins.

Asthe heart is an engine formed to keep up the motion
of the blood, and as it is neceffary that this motion fhould
be determined in a particular direction, it is adapted, as
are alfo the other parts of the vafcular fyftem, to this pur-

ofe.
i The heart is formed into a cavity through which the
blood muft pafs, receiving at once a confiderable quantity
of this fluid, upon which it immediately alts with equal
force, although not progreflively, as an inteftine; and that
this motion of the blood may be regulated, and a retro-
grade motion prevented, we find the valves conftruted.




Of the vafcular fyflem. 131

A valve, Ibelieve, isin general underftood to be a part
in every machine, calculated to allow whatever is to pafs to
move in one direction only ; and the valves in the vafcular
{yftem are intended for this purpofe. They are of two
kinds, having two modes of attachment, which is fuited to
the action of the part to which they are attached, and
making a very eflential difference in their formation.

They are thin inelaftic membranes, having no action
within themfelves, with one edge fixed, the other loofe in
fome, but not entirely fo in others; they are either attach-
ed in a circular form, or in an oblique one. The circular
attachment belongs to thofe of the ventricles, and the ob-
lique to thofe of the arteries and veins. The circular are
the moft complex, requiring an additional apparatus to
make them anfwer the intended purpofe; it is neceflary
that their loofe floating edges thould be reftrained from in-
verting themfelves into the auricle upon the contra&ion of
the ventricles : this is done by tendons, which are fixed a
one extrerity along the edge of the valves, and at the other
to fome part upon the infide of the ventricle.

The tendons which are longeft are inferted into columns
of muicle, the intention of which is very evident; for if
they had gone the whole length in form of a tendon, they
would have been too long when the heart contratted, and
the valves in fuch a cafe would have allowed of being pufh-
ed into the auricles, fo far as to admit of the blood efcap-
ing back again into the cavity ; but the carnize columnz keep
the valves within the ventricle, in the contraced ftate of the
ventricles ; and the dilatation of the ventricles countera&ts
them and places the valve in their proper fituation in that
flate. _

If the valves in this cavity had been placed obliquely a-
long the inuer fides of the ventricle, as in the beginning
of the arteries, and in the veins, the attachment then would
not have been permanent ; for it would have varied accord-
ing to the relaxed or contradted ftate of the heart ; it wonld
have been fhort in the contracted ftate, and longer in the
relaxed 5 therefore to have a fixed bafe, it was neceflary
for them to be attached all round the mouth of the ventri-
cles.

I have reafon to believe, that the valves in the right fide
of the heart do not fo perfetly do their duty as thofe of
the left, therefore we may fuppofe it was not fo neceflary.
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The vefiels of the heart are called coronary arteries and
veins. Tn quadrupeds and birds, there are two coronary
arteries, which arife from the aorta juft at its beginning,
behind two of the valves of the artery; from this cir
cumftance a theory refpeéting the a&ion of the heart was
raifed ; but in the amphibia they arife at fome diftance, and
not always from the fame artery in the fame {pecies, often
from the fubclavian, and often from the anterior furface of
the afcending aorta, which is refle€ted back. In the fifh
they arife from the artery as they are coming from the gills,

The veins pafs into the right auricle.

Ih all animals, which have an auricle and ventricle, fo
far as I know, there is a bag (unattached) in which they
are placed, called a pericardium¥®, but the infect tribe,
whether wmrial, aquatic, or terrefiial have none, their heart
being attached to the furrounding parts by the cellular
membrane, or fome other mode of attachment. In thofe
animals which have this bag, it is not a fmooth termination
of the cellular membrane, as the peritonzeum may be fup-
pofed to be ; but a diftinét bag, asin man, and in all quad-
rupeds.

The ufe of this bag is probably that the heart may move
with more cafe and facility ; the two parts, to wit, the
contained and containing, acting as a kind of joint witha
capfular ligament, and like fuch joints it contains a fluid,
but not a fynovia, as the two furfaces are not hard like car-
tilage ; befides, the heart is kept very much in its place,
which we muft fuppofe is of ufe. I have conceived it alfo
to be pofhible, 2s it is a pretty ftrong membrane, that it
might in fome degree preferve the heart from too great dif-
tention ; for I have obferved by injetions, that a little force
will diftend it beyond its natural fize, if a part of the pe-
ricardium be taken off; but in the heart mentioned by Dr.
Baillie thers was no particular increafe of bulk.

This bag has, like moft others, a fluid which moiftens
the two furfaces. In other cavity of the body the fluid is
no more in quantity than what is fimply {uficient to moiften

* There have been inftances where the pericardum has been
wanting in the human fubjeét : a cafe of this kind is publithed
by Dr. Baillie, in a periodical work, entitled, ¢ Tranfaétions
¢ of a Society inflituted for promoting medical and chirurgical
¢ Knowledge.”
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the parts. In this bag, however, it is more, from whence
it has acquired the name of liquor pericardii. There may
be about a tea fpoon-full in the whole. This fluid appears
to be ferum, and is commcnly a little tinged with blood
which arifes from the tranfudation of the red blood after
death.

That this cavity has more water in it than moft other
cavities of the body, may arife from their being a greater
action of thofe parts on one another than takes place in o-
thers ; it may alfo fill up the interftices formed between
two round bodies, fo that when the pulmonary artery
and aorta are filled, they may more eafily afflume a round
figure. ‘

The fize of 2 heart we fhould naturally fuppofe is pro-
portioned to the fize of the animal, and the natural quan-
tity of blood ; which laft is, we might conceive, ever in
proportion to the fize of the animal 5 but I believe thefe
modes of calculation will not be found to be juft; for cer-
tainly fome animals have much more blood in proportion to
their fize than others ; and I believe the heart isnot in
fize proportioned to the fize of the animal, but bears a
compound proportion or ratio to the quantity of blood, to be
moved, and the frequency of the ftroke it has to make ; for
when it is decreafed in the one refpect it muit be increafed
in the other ; and as a proof of this we find when an ani-
mal lofes a confiderable quantity of blcod, the heart increafes
in its frequency of ftrokes, as alfo in its viclence. That
it principally bears proportion to the quantity of blood 1is
evident ; for the right ventricle is equal in fize to the lef,
if not larger, which fends its blood to the lungs only, which
are infinitely {mall when compared to the bedy ;3 and the
hearts of thofe animals which have but cne ventricle, as fith
for inftance, whichis fimilar in ufe to our right, are per-
haps made as large in proportion to the fize of the body as
both ventricles in the quadruped.

The ftrength of a heart is commonly, if not always, ia
proportion to the-fize of the parts to which the blood is
carried with the velocity with which the blood is prepelled,
which becoines a collateral proof that it .is an univerfal a-
gent in the circulation. In the complete heart  this is nct
equal in cvery part of the fame heart; the right ventricle
being wnuch weaker than the left, but flill in the above pro-
poitions,, - The proportien between the twe willbz beft

3
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known by afcertaining the difference in the ftrength of the
two arteries, and this again will differ according to the
whole parts the blood is fent to by the heart. In the
fith, for inftance, it is only neceffary it fhould bear the

proportion in ftrength to the whole fifh, that our right ven-

tricle bears to our lungs, which is not in the lecaft equal
to that of the left ventricle; orin other words, its ftrength
fhould commenfurate with the fize of the lungs; how-
ever, itis moft probable that the right ventricle in the qua-
druped is ftronger than in this'proportion, becaufe it is
obliged to move a larger quantity of blood than is contained
in any other part of the body of the fame fize, and with great-
er velocity 3 in the double heart, therefore, fuch as the hu-
man, the two cavities are not of equal ftrength, ecach be-
ing nearly in proportion to the fize of the parts, or rather
to the diftance the blood is to go ; the right ventricle only
throwing it into the lungs, the I={t into the body. Asaproof
of this do&rine, we find that in the feetal fiate of this
clafs of animals, the two ventricles and the two large ar-
teries, are equal in ftrength. Indeed, from reafoning, we
fhould expect this, and even that the right ventricle {hould
rather be the ftrongeft ; for at this peried it fends the blood
to the lower extremities ; but fince both the "arteries unite
into one canal we muft fuppofe itto be neceflary that the
velocities of the blood in both thould be equal ;5 upon exa-
mination we find the two ventricles to be nearly equal in
thicknefs in this young ftate of the animal.

The mixt kind of heart, asthat of the turtle, etc. is un-
der the fame predicament. The two ventricles are to be
confidered as joint agents in the circulation ; and as the
pulmonary artery and aorta are equally ftrong, it becomes
a proof that the ftrength of the heart muft be equal every
where.

If we were to eftimate the ftrength of the wventricles in
thofe poffefed of four cavities, by the ftrength of the aorta
and pulmonary arteries, either by their abfolute ftrzngth or
elafticity, we might come pretty near the truth.

Dr. Hales made an experiment on a horfe, to afcertain
the ftrength of the arteries, which gives us the power of the
leftventricle ; but all this explains nothing, for its power
is equal to the ufe waated.

The power of contraction of the ventricle muft be within
the ftrength of the artery; but it is hardly poflible to afcer-
tain what igthe firength of anartery, for, if we could,
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would it afcertain the ftrength of the ventricle, for the
force of the heart is'in part immediately loft by the blood
being zallowed to pafs on, although not fo freely as if the
artery was open at the other end ; in proportion, there-~
fore, to the retardment, the artery is affeted. = Wecan
afcertain the elaftic power of a given fection of an artery,
and alfo its abfolute ftrength, but we are not unacquainted
with the fize of a fection that will give the ftrength of the

artery to which it belonged when the whole was in a per-
fect ftate or form.

Experiment I. A {fe&ion of a found aorta, clofe to the
valves, three quarters of an inch long, was ftretched tranf~
verfely to its greateft extent, which ftate was afcertained
by meafuring it with a pair of compafles, and the artery
was allowed to contra¢t. The weight required to ftretch
it again to the fame degree was one pound ten ounces. To
break the artery required ten pounds and a quarter.

Experiment II. A fetion of the pulmonary artery, fimi-
lar to the former in length and fituation, required fix ounces
two drachms to ftretch it toits full extent, To break it re-
quired eleven pounds thrée quarters.

The ufe of this vifcus is in general very well known 3
however, its ufe has been frequently fuppofed to be more
univerfal than it really is. It gives to the blood its motion
in moft animals, and in allit fends the blood to the organs
of refpiration : in the flying infeét it fends the blood both
to thofe organs and to the body at large ; butin fith to thofe
organs only, the body at large in them having no heart.
In the amphibia there is an attempt towards a heart both
for the lungs and body, but not two diftin& hearts. In the
bird and quadruped there is a diftinét heart for each. We
may fay, therefore, that there isone heart for refpiration,
and another for the life, nourithment, etc. of the animal ;
. thefe conftitute the two ventricles.

As the extent of thefe two circulations is different, the
two hearts, or in other words, the two ventricles, are fuit-
ed in their ftrength to the different extents of each circula-
tion, as was obferved above in treating of the, ftrength of
THE Reant. Ve

How far the heart is alone capable of carrying on the cir-
culation is not to be afcertained ; for although the circula-
tion is carried on in paralytic cafes, yet this does not ex-
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clude the involuntary nervous influence of the part ;
however, varies very much in different claffes of ani s
for I have already obferved concerning the firucture of ¢
arteries, that their mufcularity afifted in the circulatiog
and that in proportion as the veflels in general were endo
ed with this power the heart was weaker. I believe :
the quadruped has the ftrongeft heart of any clafs of apj
mals 3 ‘and I believe that their veffels have the leaft m
culdr power, more efpecially near the heart. et

The immediate ufe of the heart in an animal, would feem
to be generally fubjed to as little variety as that of anyo.
ther vifcus 5 but perhaps the heart is {ubject to more varie.
ty than any other part in its conftruétion, Thave obferved
that it is either fingle, double, or mixed, that it j5
fingle without an auricle, fingle with one auricle, fin
with two auricles, double with a union of the two, mal
the mixed, and double with two auricles.  With refpy
to its ufe, it is, in the moft fimple kind of fingle hear
to propet the blood through the body, immediately from !
the veins, which bloodis to receive its purification in
this paflage, when the lungs are difpofed throughout the bo-
dy, asinthe flying infe@. In another fingle heart it is in-
tended to mix both the purified and the adulterated blood,‘
and of courfe to throw it out to the body and lungs e%un,llf
in this mixed ftate, as in the lobfter., In the fingle eart,
with ad auricle, its ufe is, in one clafs, to throw the bloo'f !
throughout the body, after being purified, as in the fnaﬂ; :
and in another fingle kind, with an auricle, itis to receive
the blood from the body, and fend it to the lungs cnly, as -
in all fith.  Inthe fingle heart with two auricles, itis form=
ed to receive the blood both purified and unpurifiedy and
difpofe of it to bofh body and lungs in that ftate, as was
obierved in the lobfter: " the fame thing happens, in fome :
degree, in the turtle, fhake, fxtus, etc. Inthe double heart
with two auricles, it alts like an union of the heart of the
fnail with that of the fifh, one heart receiving the blood
purified from the lungs, and fending it over the body, as
in the fmail ; and the other receiving the blood from the
body, and {ending it into the lungs to be purified, as in the
fith. From the above account we mutfl {ee that the imme-
diate ufe arifing from the heart in one clafs of animals will
not agree with its immediate ufe in another 5 but ftill in
all, it is the engine employed to throw the blcod to thole
perts inte which the arteries conduds i,
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It is impofible to fay what the quantity of blood is that
is thrown out of the heart at each contraction. The fize
of a relaxed heart, in the dead body of any animal, gives
us the fize of the cavity, or what it is capable of holding ;
but mufcles feldom or ever are obliged to relax themfeives
to their full extent in common actions, although they often
are when extenfive effets are to be produced. The heart,
like every part conftructed for action, has its times of ac-
tion beyond, and alfo within its naturallimit of action;
but it igits natural action which fhould be afcertained.

If we compare the aftions of the heart with thofe of the
body, we may fuppofe that the common quantity of motion
in the heart is about half what it can perform, that is, it
relaxes three-fourths and contracts one-half ; therefore a
ventricle which contains four ounces, will, in common, on-
ly dilatefo as to contain three, and will only contra& {o as
to throw out two.

The queftion is, when the heart acts with more frequen-
cy, as from exercife, does it, or does it not alfo dilatc and
contract more fully, and alfo act with greater velocity in
its contraction ? I believe that all thefe circumftances take
place; for in exercife, the pulfe not only becomes more
frequent, but fuller, asif more was thrown outof the
heart ; and the heart is found to make a greater emotion
in the cheft, ftriking with its apex againft the infide of the
cheft with greater force *, which can only arife from a
greater quantity being thrown out, and with greater velocity.
"The breathing correfponds with the quantity of blood aund
the velocity; for if a larger quantity pafles through the

* The reafon why the apex of the heart flrikes againfl the
cheft in 'its aftions, was, 1 believe, firft accounted for by tie
late Dr. William Hunter, in his lefures, as far back as the
year 1745, The fyltole and diaftole of the heart, fimply, could
not produce fuch an effe ; nor conld it have been preduced,
if it had thrown the blood into a ftraight tube, in the direc-
tion of the axis in the left ventricle, as is the cafe with the ven-
tricles of fith, and fome other clafles of animals; but by its
throwing the blond into a curved tube, viz, the aorta, thar ar-
tery atits curve endeavours to throw itfelf into a ftraight line
to increafe its capacity ; but the aorta be'mg the fixed point
againft the back, and the heart in fome degree loofe or pen-
delous, the influence of its own aftion is thrown upon itfelf,
and it is tilted forwards again®t the infide of the cheft,

IR
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lungs in a given time, the breathing muft be in the fame
proportion increafed ; if with a greater velocity, the fame
thing muft necefiarily take place ; and if a greater quantity -
is thrown out, and with a greater velocity, then the arte-
ries muft relax in proportion, fince the ditferent parts muft
correfpond with each other ; we muft fuppofe, therefore,
that in health, whenever there is any exertion greater than
common, (which always increafes the pulfe) the heart di- f
lates more, contralts more, and does both with greater
velocity ; this I conceive arifes from a neceffity, which be- -
gins firft in the veins ; for when the body is in action, the §
blood in the veins is obliged to move with greater velocity
than when at reft : how far there may be other reafons for
this, I will not pretend to determine. _
Another queftion naturally arifes 5 as we find that the
times of repetition of the pulfe or actions of the heartin- =
creafe in many difeafes, Does the fame thing happen, that
is abeve fuppofed to arife, from exercife in health? viz.
Does the heart dilate more, contract more, and alfo con-
tract with more velocity ; I believe this cafe does not inthe
leaft correfpond with our former pofition. The pulfe in
fuch circumftances, although frequent, is fmall and hard, =
thowing the arteries to be too much contraéted by their
mufcular power, and therefore unfit to receive a large quan-
tity of blood from the heart in any given time, The breath- =
ing does not correfpond with the frequency of the pulfa-
tions, as in the former inftance ; yet it is poflible that near-
Iy the fame quantity of blood may pafs as when in health,
the velocity in the contraéted ftate of heart and veffels mak=
ing up for the quantity in the enlarged. That it moves &
fafter in fuch ftate of veflels, is, I think probable; for in
bleeding, the blood in the veins during fuch a flate of vef- -
fels, is commonly more florid. ' §

OgseErvaTions upon the heart’s motion, while under the
influence of artificial breathing. '

1. Iobferved that the auricles contracted but very little,
fo that they did not nearly empty themfelves.

IL. That the ventricles were not turgid at the time of
their diaftole ; for I could feel them foft, and could eafily .
comprefs them.

III. That the ventricles became hard at the time of their
fyftole.

_—
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IV. That the heart, when.it ceafed to a&, became
nearly twice as large as when acling, and that it recovered
its fmall fize again whenever it began to a&l.

OsszrvaTIONs on the above appearances.

From the firft obfervation it would appear, that the au-
ricles are only refervoirs, capable of holding a much larger
quantity than is neceffary for filling the ventricles at any one
time, in order that the ventricles may always have blood
ready to fill them.

From obfervation the fourth, it would appear, that any
idea we form of the fize of a heart from thofe in dead bodies,
muft be far from the truth; for the blood coming from
every part of the body to the heart, in fome meafure dif-
tends it while it isin a relaxed ftate, fo that when the heart
begins to contract (as mufcles do fome time after death) it
is kept dilated by the contained blood. However, it may
be obferved that the increafed fize of the heart would be
lefs in the prefent cafe, than natural; for the very quick
motion of this vifcus, under this irritation, hindered a full
diaftole ; but when I left off’ blowing, and the heart ceafed
aéting, it became large; and on refuming my artificial
breathing, it again became {mall ; which I did three times
in the courfe of this experiment. But I think I have ob-
ferved in general that the heart is not fo much affeted by
the ftimulus of death as the other mufcles of the body.
We feldom fee a dead body that is not ftiff; but we very
often find the heart large and flabby, not in the leaft con=
tracted : and I am not certain but this may be the cafe alfa
with fome of the other vital paris, as the ftomach and in-
teftines.

It isto be fet down as a principle, that the altion of e-
very mufcle is alternate contraction and relaxation ; and it
cannot be otherwife ; but as there is a neceffity for a more
conftant and regular motion in the heart, than probably in
any of the other mufcles, more difputes have arifen about
the caufe of its regular alternate motion. Some have ac-
counted for it from the pofition of the mouths of the core-
nary arteries refpecting the valves of the aorta, fuppnfing,
erroncoufly, that the heart has its blood in the time of its
relaxation*; but the circulation, whether exifting or not,

* This will be readily underitood when! come to explain the
mod= of a%ion in the valves of the arteries, i
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has not fuch immediate effe¢t upon a mufcle ; nor would it

account for the a&ion of the auricle in the fame animal, nor
would it account for the a&ion of the heartin a fith; bug
from what we fhall obferve on the valves of the aorta, we

fhall find that this opinion immediately falls to the ground,

An eafy experiment may put this beyond a doubt ; for, if the
heart of a dog be laid open and the coronary artery wound-
ed, it will be found to jet out its blood as the aorta dif-

tends. Qthers have accounted for the alternate motion of
the heart, from the courfe of its nerves pafling between
the two great arteries, {o as to be comprefled when the ar-

teries are dilated 3 but this could only produce relaxations =

We know too that fach immediate compreflion on a nerve
has no fuch immediate effect upon a mufcle ; and it would

moft probably make it contract; for when the nerves of

the heart are cut, it does not ftop its motion, but rather
makes it contrack for the inftant. The heart’s motion does
not arife from an immediate impulfe from the brain, asit

does in the voluntary mufcles, and as it is only in the quad-

ruped and bird that the nerves can be influenced in their
paffage to it; it does not account for this alternate motion
in other claffes of animals. The flowing of the bldod into
the heart has been affigned as a caufe of its contraction ; but
even that will not account forit; although it will for man
of its phenomena, yet not for all; for a local ftimulus
merely is too mechanical to produce all the variety attend-
ing the a&tion of this vifcus ; it would not be attended with
that regularity which it has in health, nor that irregularity
which we find in difeafe ; neither could it ever ftop, unlcs
when abfolute death took place; nor refume its action if it
ever did ftop. We find that thofe parts which have occafion
for the immediate ftimulus to produce altion, have that
altion very irregular; as for inftancz, the bladder of urine
and inteftines. The bladder is taking up its attion as fim-
ply for itfelf, and not fecgndarily, however beneﬁciai that
might be for the whole in a fecondary degree; but the
heart’s actions arife from its being fo much part of the
whole, as the whole immediately to depend uponit; there-
fore we muil look out for another caufe of this regular al-
ternate aQion of the heart, than that arifing from mechan-
ifm or mechanical imprefhon ; fomething more immediate-
ly conneéted with the general laws of the animal ceconomy,
The alternate contra&icu and relaxation of the heart
“

onfbicutes ‘2 part of the circulation ; and the whole takes
COr 1 i

il

2
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place in tonfequence of a neceflity, the conftitution de-
manding it; and becoming the ftimulus, it is rather there-
fore the want of tepletion which makes a negative impref-
fion on the conftitution, which becomes the ftimulus, than
the immediate impreflion of fomething applied to the heart.

This we fee to be the cafe, wherever a conftant fupply,
or fome kind of aid, is wanted in confequence of fome ac-
tion ; we have as regularly the ftimulus for refpiration, the
moment one is finithed an immediate demand taking place ;
and if prevented, as this action is under the influence of
the will, the ftimulus of wantis increafed. We have the
ftimulus of the want of food, which takes place regularly
in health, and fo it is with the circulation. The heart, we
find, caunnot reft one ftroke, but the conftitution feels it
even the mind and the heart is thereby ftimulated to a&ion.
The conftant wantin the conftitution of this a&ion in the
heart, is as much as the conflant a&ion of the fpring of a
clock is to its pendulum, all hanging or depending on each
other.

The neareft dependence of the heart is upon the lungs,
and probably they have the fame upon the heart; the two
together become in their immediate ufe interwoven with
the whole ; for a ftoppage of refpiration preduces a ftop-
page of circulation, and a reftoration of refpiration pro-
duces a reftoration®of the circulation or heart’s motion.
Thus, in my experiments on artificial breathing, the heart
foon ceafed acting whenever I left off acting with my bel-
lows ; and upon renewing my artificial breathing, it, in a
very fhort time, renewed its action, firft by flow degrees;
but became quicker and quicker till it came to its full ac-
tion.

I believe this experiment cannot be reverfed ; we eannot
make an artificial circulationy; {fo as to know, that if we
ftopped the heart’s motion, we fhould fo readily ftop refpi-
ration ; and on producing the heart’s motion, refpiration
would again take place ; but if we could do this, I doubt
very much its being attended with equal fuccefs, becaufe I
belicve that in all deaths, refpiration ftops firft ; however it
muft be fuppofed, that if the heart ftopped for any length
of time, refpiration would alfo ftop ; and if I were to take
the following cafe as proof, it would appear that refpiration
would not go on without the heart’s motion.

A gentleman was attacked with a pain in the fituatior
of the pylorus. The pains were {uch as indicated its feay
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tobe in the nefves of the fromach and its conne€tions. -
was fuch as he could hardly bear. The other attendin
fymptom was a total ftoppage in the actions of the hez
and of courfe the face was pale and ghaftly. Not the leal
figns of motion in the heart could be felt. In this ftate ky
was about three quarters of an hour. Ie was attended by
Drs. Hunter, Sir George Baker, Sir William Fordycea
Dr. Huck Saunders. As he was perfectly fenfible at ¢
time, and could perform every voluntary action, he
ferved, that he was not breathing, which aftonithed h
and at firft conceiving he muft die if he did not breathe,
performed the aét of breathing voluntarily. 'This fhe
that breathing depends on the allions of the heart; and
alfo fhews, that under certain circumftances the aétions
both may be fufpended, and yet death not be the con
quence. As he fpoke while in this fit, without attending
to his breathing, it thews that the breathing which produ
found, is voluntary; and if we had only the power of in-
voluntary breathing, then probably we could not fpeak; fot ‘
it is probable we could not regulate the ation of the glot-"
tis and tongue, which are voluntary, to fo regular anaction
of the lungs; for in fpeaking, it is the one alling fo 4sto
correfpond with the other, both becoming voluntary. A
gentleman who had a fingular afthmatic affeCtion, his
breathing gradually ftopt, and again gradually recovered,
but became violent, and this conftantly and alternately held
two or three minutes ; and when the breathing ceafed yet
he fpoke, although but faintly.

In thofe animals which have two ventricles, it has been
afferted by fome, that their actions arc alternate ; but ob-
fervation and experiment thews us, that the two auricles
contract together, and that the two ventricles alfo con-
tract together. This can be cobferved fimply by looking
on the heart inits aCtions; ‘and if we in that ftate makea
pundture into the pulmonary artery and the aorta, we fhall
find the jetin both at the fame inftant, correfponding with
the contra&ions of the ventricles. Indeed the circulation
in the feetus is a proof of it 3 for in the child there would
otherwife be two pulfations inftead of one. 5

This alternate motion of the heart is quicker in fome
clafles of animals, than others ; in fome being extremely
quick, in others very flow. In all the more inferior or-
ders cf animals, I believe it is the floweft; and this may
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probably be in fome degree in proportion to their imper~
fection. It is alfodlower, probably, in each clafs in pro-
portion to the fize; and we know it is flower in each
fpecies, in {fome degree in proportion to the fize ; though
not exallly fo. The impulfe is alfo found to be quicker in
the young than in the old of each fpecies, in greater pro-
portion than what we find arifing from fize only. Thus
the motion of the heart of a catterpillar is extremely flow,
and alfo of a fnail. The motion of the heart in fifh is not
frequent ; and we know it is extremely flow in the amphibia.
But in thofe poflefled of two ventricles, as inbirds and
quadruped, the motion of this vifcusis much quicker. In
them too it differs very much in proportion to their fize,
although not nearly in the fame proportion. Thus a horfe’s
Flﬂfc is about thirty-fix ina minute ; while a man’s is about
eventy. In the fame fpecies it is nearly of equal quick-
nefs; for in 2 man of three feet high, the pulfe was eigh-
ty, while a man above eight feet high, had a pulfe about fe-
venty.

VI. GENERAL OBSERVATIONS ON BLOOD-
VESSELS.

By the veflels in an animal, are commonly underftood
thofe canals which carry the juices of the body, called the
blood of the animal, to and from the heart, for the im=-
mediate purpofes of the animal ceconomy ; and in thofe
animals where no heart is to be found, yet veflels' are
found, though their ufes are not fo demonftrable ; and i
fome of a {till more inferior order, where no veflels can be
demonftrated, yet, from analogy, canals may be fuppofed
to exift; and thofe fhould ftill be called veflels*. A

The vafcular fyftem in an animal, is, in fome degree,
to be confidered as the efficient part of the whole animal

* Cf this, I am not certain. I have an idea, thatfome animals
abforb their nourifhment, even without aiion, fomewhat fimi.
lar to a fponge ; but difpofe of it immediately by converting it
into its own increafe.

Dd
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refpeting itfelf ; every other part of the body being morg
or lefs fubfervient to it, and depending upon it, for. exiﬁ
ence and fupport; and therefore the greateft attentior
fhould be paid to every circumftance that can poflibly ex.
plain the various ufes of the vefiels ; for there is no opera
tion refpeting the internal ceconomy of the animal, but i

performed by them ; infomuch, that for the convenienge

of the vefiels in performing thofe peculiar actions,
fzem to conflitute various combinations, which are ¢

organst.  And although many parts have actions, ine

dependent of the veflels, yet thefe are not for the

poies of growth, fupport, etc. So that the veffels are
confiruéted for the immediate ufe of the machine, and may.
be called lzbourers in the machine. This naturally ime
plies fomething thatis not a veflel, or veflels ; a fomef_hini

that couititutes the different parts of the body, and is only
more or lefs vafcular. They are probably the very firft ace
tive parts in the fyftem 3 for we find them in aélion be-
fore they have formed themfelves into a heart ; and in fuch

a ftate of parts we find them the only part that has any

{trength ; the other parts only preparing for ation : this

is fo remarkable that we can diifet the vefiels of a chicken
in the egg without injeCtion, the other parts eafily giving
way. Thefe parts are formed of living animal matter, fo
compofed as to conflitute the different ftru€tures fitted for
the'r different ufes in the machine 5 yet fome parts are fo
vafcular as to appear almoft to confift wholly of veflels; 25
if veflels were formed into fuch ftructures; but this, we
cannct cenceive, for then they muil lofe the action of vefs
fels.
In thofe animals where the vafcular {jltem is connected
with a heart, which may be called the termination, as well
.as origin of the veflels, we find that vifcus to make fo ma-

+ Perhapsit may be difficalt to give a definition of an organ

RNOARRRERR G e e e L e, i S i

that will meet every one’s ideas ; or wiil diltinguifh thofe bo= .

dies, accurately, trom what may be faid, notto be an organ.
A nislcle may be called an organ ;5 but 1 woald only confider it
among the materials of which an organ is compofed. I have the
fame Idea of elaftic fubftances, ceilular membrane, bone, cartil-
dp@etc

I would, at prefent, define an organ to be a part of a particu-
lar eonftrudtion, compofed of a vaiicty of fubflances, which are
combined together toanfwer {ome particular purpofe, which is
1he refult of the aions of the whale,
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terial a'part of this fyftem, as to require particular atten-
tion.

In many of thefe animals, we find two fyftems of vef-
fcls, the arteries, and veins; and moft probably they exift
in all of them : there is alfo a third, which confifts of the
abforbents. The heart is the fource of the arteries, and
the termination of the veins and abforbents. The two
firft depending on each dther, form the circulation; and
the third, is eifential to both, bringing ths materials which
are to circulate®. )

The arteries are to be confidered as the aling part cf
the vafcular {yftem, fince they perform a variety of atticns,
the ufes of which are very important in the animal cecon-
omy. They may be called univerfal, or conititutional,
for their actions are immediately produétive of health, or
difeafe, in the conftitution ; and if they could be difeafed
as a {yftem, that difeafe would, of courfe, be univerial ; as
their actions are expreflive of health, or difeafe, they be-
come alfo one means of difcovering either.

There is no internal opzratien in the machine refpecting
growth, natural repair, and fecretion, that is not perform-
ed by them : no new part is formed, nor additional altera-
tion made in the ftracture of natural parts, nor repair for
the lofs of natural {ubftance, - either by difeafe or accident,
but is made by the arterxcc, although of all operations we
know notbmg but from the effe&t produced Tnefe oper-
ations are performed by the termination of the arteries,
which may be fuppofed to be of three kinds : one may bz
called arterial, - conveying debelitated blood‘into the vems,
and through their who lenigth, may be called arteries :
another kind confilts of the feparaters from the blood, per-
forming the different fecretions: and the third contains
the formers and fupporters of the body : the two Iatter kinds

I fhould not call arteries, they are the workers, or labour-

ers.

‘The abforbing fyftem al{o takes a very altive part in the
apimal ceconomy, whether natural or difeafed, and fzems
in ‘many actions to be the antagonift of the artervies; while
the veins aré much more paffive, being principally Ll’lp') /-
ed in returning the blood to ths h\.au.

¥ This fytem'is ton extenfve to be deferibed, in the pre,
fentr work, althongh it will be nuc‘hrv thydeferibe one ufe now

bitherto attribated tois, as it explaing one part of my {iften
of difeafe,
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It is probable, that every part of the body is cqually
vafcular, although they may not all have equ.al quantitieg
of blood paffing through them, which muft arife from the
{mallnefs of the veflels, and not from their being fewer iy
number. When we fay that a part is very vafcular, we
can only mean that it is vifibly {o, by having a large vefe'
fel, or veffels, going to it, and ramifying in it ; from which
circumftance it contains a certain proportion of red blood,
rendering the veffels vifible ; which may alfo eafily be made
confpicuous by inje€tions. Where the veflels are fmaller
this is not the cafe. 'When we fay, therefore, that a part
is not vafcular, we mean it is not yifibly {o ; but flill we muft
fuppofe fuch parts to be equally vafcular, fo far as refpeély
their ccconomy within themfelves 5 but in fuch pants
I conceive the blood to be more languid in its motion,
Many parts appear to be much more vafcular than they
really are, from their vefiels dividing, andaraftomiling, and
taking a winding courfe before they terminate™; for it is by
the number of terminations of an artery in a given fpace,
that a part is made vafcular, or not vaicular: mufcles ap-
pear to be more vafcular than they really are, "When parts
have another ufe, in which blocd furnifhes the materials
to be difpofed of, as in fecretion, and reipiration, where
veflels fitted for fuch purpofes are fuperadded, then parts
beccme propostionably more vafcular. 'When blood does
not feem to'be the matter to be difpofed of, yet if there are
other operations continually carried on in ‘a part, befides
its fimple fupport, as in a mufcle, which has both the power
of contraCion, and confiderable fenfation, etc. then the
veflels are larger, and of courfe appear in great numbers:
this is evident in the living body, for if a mufcle is hardly
allowed to a&, its veflels become fmall, and it becomes
pale; but if thrown into a moere violent action, for a con-
tinuance it becomes red : we cannot here {uppofe an in-
creafe of veflels, but only an increafe of fize. Thus we
have parts vafcular in proportion to the quantity of acion
they are capable of, or under the neceflity of performing:
and this particularly in parts whofe ufes may be called dou-
ble, as the organs of fecretion in general, brain, and muf-
cles; even in inflammation, and in proportion as thefe

* By fimply catting into the fpermatic artery of a bull itap-
pears to be extremely vafcular, though, according to ¢ r .dea
cf y afcalavity, it isas iictle fo as any part. ' Y
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parts are employed in their peculiar alions, they become
to appearance more vafcular.  Some animals have natural-
ly red mufcles, without its being the effe€ of confiderable
action: this is very remarkable in the hare ;. but the red-
nefs in the mufcles of this animal may be intended to adapt
its mufcles naturally for violent exertions at all times. Muf-,
cles are of different colours, 1efpc&mg red and white, in
the fame animal ; but that I believe is alfo in proportion te
the quantity of altion the parts are put to.

This effect the epicure is well acquainted with; he knows
that the wing of a paltrldgu is whiter than the leg : and
that the leg of a woodcock is whiter than the wing. The
veal of this country is a remarkable infiance of this; for
the calf is hardly allowed to ftir, and the mufcles are white;
but when the calf is allowed to follow its mother, the mu_f-
cles are of a reddith colour: it may be, however, remark-
ed, that white meat is commonly the ]eaf’c juicy 5 and we
ﬁml it remarkably fo in thofe animals which are fed for
this purpofe, becaufe, they require ncthmg but their fim-
ple fupport, and having little or no action within them-
felves, they have but little wafte. Such cnange of appear~
ance we find carried to a confiderable extent in the uterus,
at the time of the menfes ; but much more particularly at
the time of utcrme-muatl')n, where the veilels increafe
both in fize and kngt‘) in proportion to the actions re-
quired.  But parts whofe ufe in the machine may be f'ud
to be paflive, as tendon, cellular membrane, llgaments, in-
vefting membrane, bone, and cartilage, which laft is pre-
bably the moft pa{live, have all {mall veflels, and of courfe
but few that are viiible. As bene, however, is compofed
of two parts, viz. animal fubftance, and earth, it is pros
bable there may be more ation required to form the latter,
than either tendon or cartilage, and therefore there will be
more veflels.

As a further proof that this is a aneral principle, we
find that all growing parts are much more vafcular than
thof: that are come to their full growth; becaufe growth
is an opecration beyond the fimple fupoort of the part : this
is the rcafon why young animals are more vafcnlar than
thofe that are full grown. 'This is not peculur to the na-
tural operation of vrowth, but applies aifo to difeafe, and
reftoration. Parts become vafcular in inflammation ; the
cal‘us, granuhtxonb, and new formed cutis, are much
more vaicular in the growing flate, or when juft formed
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than afterwards ; for we fee them crowded with bload-ve
fels when growing, but when full grown, they begin’
lofe their vifible veflels, and beceme not even fo vafcular
in thé other neighbouring original parts, only retaining’
fufficient number of veffels to carry on the fimple ceconom
of the part ; which would now feem to be lefs than in an oris
ginal part. This is known by injections, when parts are
in the growing ftate, or are juft grown, and for fome time
after. 'We may obferve, when the fmall-pox is cured, that
the remains of the puftules are red, and continue {o for
fome time; which is owing to thofe parts being viﬁﬁli :
more vafcular than common: and thofz= who have had the
fmall-pox feverely, are, in general, afterwards more Pﬂ{ E
than others, when thofe parts have arrived at their perma-
nent {tate.  If we eut into a part that has had a Wound,‘of‘“ 4
fore, upon it, which has been healed for a confiderable time, |
we fhall find that the cicatrix, and the new formed parts, are.
not nearly fo vafcular as the original, which correfponds
with what has been advanced ; for we know that thofe parti
are not equal in power to original parts. In fhort, when=
ever naturc has confiderable operations going on, and thofe
are rapid, then we find the vafcular fyftem m a proportion-:'
able degree enlarged. :
The number of vefltls in a part, and alfo the cir‘cuhtioﬁ
of the blood through them, appears to keep pace with its
fenfibility 3 for firlt we find that moft probably all parts
eadowed with vefiels are {enfible 5 and all fenfible parts are, :
to appearance, very valcelar.” Where any increafed aGtion
is going on, requiring increafed fenfibility, there is alfo an
" increatéd circulation thyough thofe veflels, as in the patts
of gencration, during the time of coition, more éfpeci;xlly'
in the female; and this increafs of veflels, circulation, and
fenfibility in a part, takes place in difeaft, as is well iliuft
trated in inflammation, where the whole feers to be in-
creafed in the fame proportion, efpeciaily the two laft, viz,
circulation and fenfibility. - : ' 3
"Thefe obfervations can only be made in animals which
have red blood 5 and beft in thofe which have the moft red
blood s .but it is not poflible to afcertain, with accuracy, the
proportion that onc’ blood-veflel bears' to ancther, 1o as to
know the exatt quantity of blood each part may poﬁ?:‘fs;
whicl would better afvertain the ' aftion of the pare: for

3 1 2 . v B
sacyimay be f2:d not'to  be nizafurable widh'any« cgregor
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accuracy 3 and therefore fuch inveftigation muft be taken
in the grofs. i \

Veflels have a power of increafe within them{elves, both
in diameter and in length ; which is according to the necef-
fity, whether natural, or difeafed. The neceffity appears
to arife from an increafe of the part to which the artery is
going, the formation of anew part, or an irritation. The
firft may be reckoned the natural increafe of the body : -the
fecond, the occafional increafe of parts, as of the uterus,
in uterine-geftation, where the veflels are increafed in width,
in proportion to the whele folid contents, including the
young : befides this, they are confiderably increafed in
length before they reach the uterus, which obliges the {per-
matic artery, in particular, to be thrown into a ferpentine
form: this is more remarkable in fome animals than in the
human {pecies.

Inftances of new formed parts, where the veflels are in«
creafed, are to be found in the ftag, or all thofe of the
deer kind which caft their horns ; fuch animals having the
arteries confiderably increafed st the time the young horn
is growing, fo that the carotid arteries, which before had
only to fupply the head, and the external carotid, which
before had only to fupply the fides of the head, now become
larger, and are continued into the horn, which is extremely
vafcular.

After the feparation of the feetus, or the full growth of
the horn, the veflels naturally leflen, to adapt them{elves to
tae diminithed fize of the parts.

It is curious to obferve how veflels become enlarged upon
any irritation 3 notonly the arteries, but the veins ; and not
only the fmaller branches, but the larger trunks. This was
evident in the following cafe : I applied a cauftic to the ball
of the great toe of a patient.every other day, for more
than a month, and after each application the furrounding
parts put on a bluth ; and all the veins on the top of the
toot, as well as up the leg, immediately began to fwell, and
became large and full. 'This was fo remarkable, that the
patient watched for this effect, on the days on which the
cauftic was applied, from its happening only on thofe days.

In difeafes where there is an increafed fize of the part, as
in tumors, etc. the increafe of veflels is no lefs confpicucus ;
and they have the power of dilatation, and increafe of
firength, in proportion to the fize of the veflels; whick
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are now endowed with new difpofitions, and action,
ferent from thofe they had before.

The arterics often perform difeafed operations in the bos
dy, which become fymptoms both of local and conflitgs
tional adions, as in inflimmation, fever, etc. for they are
not only a&ive in local difeafe, but their action often be-
comes a {ymptom of a conftitutional difeafe, whether orix
ginal, or arifing from a local caufe: but thefe fymptoms
become moftly fenfible to us in thofe arteries whofe actions
we can feel; becaufe they have a peculiar ation in theif
diaftole, as wellas in their fyftole, which is fenfible to the
touch ; from which fenfation, we, in many cafes, judge
of the ftate of the body at the time; as alfo the ftate of
the caufe, when it is local, and out of fight. The heart,
the fource of the circulation, is alfo affe@ed from the fame
caufe ; fo that its motion, and the motions of the arteries,
commonly, if not always, correfpond.

VII. VALVES OF ARTERIES.

THE arteries arifing from the heart, I believe in all ani-
inals, have valves, which are {fo many flood-gates, to hin-
der a return of the blood into the cavities: and as there
2re two main arteries in the human body, fo there are two
fets of valves, viz. one belonging to each artery. Thefe
4re fituated at the beginning of the artery, and from their
thape, are called femilunar. Veins have fimilar valves, al-
moft throngh their whole courfe. The valves are inelaftic,
being fimilar to the inner coat of an artery ; but the differ-
ence in the properties of the valves, and the arteries
themfelves, which are elaftic, will be, further confidered in
in treating of the ufe, and mode of ation of the valves.
Each of thefe fets is made up of three valves*; but in veins,
there are commonly only two. This difference in the valves
of the arteries, and vemns, is perhaps to bring the artery:
into a more rounded figure, than could have taken place by
two valves only : each of thefe valves is of a femilunar

* T have found in the human fubje&, only two valves to the
sorta ; but this is very rare.
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form, having one convex edge, and the other nearly ftraight.
Thefe valves are attached to the infides of the artery, at its
very beginning, by their femicircular edge, which is ob-
lique ; the points, as it were, running a little way into the
artery. Thefe terminations in each valve come clofe to one
another ; but the loofe edges, which conftitute the diame-
ter, are not cut ftraight off, but rounded. There is, be-
fides, a fmall body on each, attached to, ot near, the edge,
between the two points, called corpora-fefamoidea. Thefe
bodies are not placed exactly on the edge, but rather on that
fide next to the artery, leaving the edgeof the valve loofe :
this fituation is beft adapted to their intended ufe ; ‘the rea-
fon of the loofe edge being a little rounded, and of the
bodies called corpora-fefamoidea being placed there, arifes
from there being three valves to each artery. Each of
thefe valves, with its artery, forms a pouch, whofe mouth,
or cavity, opens toward the artery; and the convexity of
each of the valves, when the artery is dilated, makes near-
ly the third of acircle, which is turned inwards, towards
the centre of the artery, as well as towards the heart. It
is from this oblique direction in the attachment that the
valves perform their office, fimply from the aion of the
heart upon the blood ; and the blood upon the artery. This
is entirely mechanical; depending on mechanical princi+
ples alone, as much as the adtionof a joint.

I have above obferved, that the area defcribed by the
valves is the fame with the artery, when that veffel is in its
fyftole, their outer furface lining the inner furface of the
artery ; but the artery being elaftic, its diameter becomes
larger when the blood flows into it; and the valves being
inelaftic, their loofe margins, or edges, are brought more
into ftraight lines acrofs the area of the mouth of the arte-
ry, and nearer to each other, fo as to make an equilateral
triangle. Thus they are fitted to catch the returning blood 5
and the artery re-acting with confiderable force on the
blood, prefles on the valves, fo as to pufh them inwazds :
thefe having no preffure on the fide next the heart become
convex on this fide, fhutting up entirely the mouth of the
artery. Here then is an effe& arifing naturally out of a
variety of caufes, viz. the oblique diretion of the valves 5
their want of elafticity ; the elafticity of the artery ; and
the dilatation of the artery ; fo that the return of the blood
does not open the mouths (]azf the valves, and in that way,

e
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fhut up the mouths of the artery. To demonttrate. thi, J
let us fuppofe the extreme length of each of thefe valves m.q
be an inch ; then the circumference, of the artery, swhen
inits {yftole, will be three inches: in that cafe the valvey
lie clofe to the fides of the artery, and defcribe a circle of
three.inches circumference, (as infigureI.); but if you
dilate this artery, as far as the valves will allow, whichwill
be rather more than one fifth, the valves will: run nearly ine
to firaight lines, and make an equilateral: triangle, (as in
figure IL.) whofe fides are alittle curved inwards.  As the
artery is filled from the contraction of the heart, itis dif-
tended : and as it is diftended, the valves do more and more
their duty, till at length, by the full diftention of theartes
ry, they are made to bulge inwards, and the loofe edges

with the corpora-fefamoidea, are pufhed further towards

one another ; by.all of which pofitions the area of the ar-
tery is entirely thut up. ‘ |

Figure I, fhews the artery in its fyftole, with the three
valves, nearly clofe toits fides. 'The two black dots are de-
figned to reprefent the mouths of the coronary arteries, now
covered by the valves.

a aa,....The circular feCtion of theaorta. 3
AV The mouths of the coronary arteries almoft cos

vered by the valves.
c¢ c.....The hollow pouch of the valves.

d......The area within the valves.

Figure IL fhows the artery in its diaftole, where the three
valves run nearly into ftraight lines, making an equilateral
triangle of the area of the aorta, d d d. But as their edges
are rounded, and the bodies of the valves make a curve in<
wards, they by thefe means fill up in part this triangular
fpace, as is feenat f; and the corpora-fefamoidea, fill up
the other part at e, In this way the whole area of thear-.
tery is filled up.

4aa. .....The circular fe@ion of the aorta, in its ftate

of diaftole ; being now larger about one fifth.

bb. ... ... .The mouths of the coronary, how quite ex-
pofed.

¢ ¢ coc ¢ .. The hollow pouch of the valves, now enlarged:
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ddd.......The circular edges which fill up more of the
area of the artery than if they were ftraight.
eee, .., ...The corpora-fefamoidea.

The foregoing account is proved by injections againft
the valves ; but 1t is {till more clearly proved that the diaf-
tole of the arteries makes the valves do their duty, when it
is injected with the current of blood : for in proportion as
the artery is diftended, the valves recede from the fides of
the artery : and if the artery is fully diftended, the commu-
nication 1s entirely cut off between the two pieces of injec-
tion, viz. that which is within the heart, and that which is
within the artery. It may be objected here, that it will re=
quire a cerfain quantity of blood to make thefe valves do
their office : and when there is not that quantity, it muft be
done by regurgitation. To this it may be anfwered, that
itature always keeps a due proportion 3 and all the parts de-
pend on one another : fo that the quantity of blood, that
is juft fufficient to keep the animal alive, is fufficient to dif-
tend the artery fo as to thut the valves¥*. The valves of the

ulmonary artery do not do their duty fo completely as thofe
of the aorta ; for in thém we do not find the corpora-fefa-
moidea ; and if we inject a pulmonary artery, towards the
right ventricle, it does not fo completely hinder the injec-
tion pafling into that cavity : nor are the two portions of
injection completely feparated when the artery is injected
from the ventricle as in the left fide, So far as refpe&s in-
jections, the fame obfervations are applicable to the valvula
tricufpides ; therefore I believe the valves of the right fide
of the heart, are not fo perfect as thofe of theleft: from
hence we may fuppofe that the univerfal circulation requires
to be more perfect than that through the lungs. We muit
fee from this account of the aGtion of the valves, that thg

* As people advance in life, efpecially men, we find the a.
orta lofing its elafticity : and as it is acted upon with great
force by the impetus of the bloed, it lofes that elafticity in the
ftate of its diaftole ; which throws the valves continually acrofs
the area of the veflels; and as the valves in thofe cafes com-
monly become thicker, are often very irregular, and bony,
we find that they neither recede from the fides of the aorta,
during the contraltion of the beart. nor towards it during the
fyftole of the artery : fo that more blood is allowed to regurgi-
tate into the ventricle, than in a regular circulation.

K w2
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mouths of the coronary erteries are opened by the
aftion of the heart ; for asthe arteries dilate, they become
more and more expofed.

VIII. OF THE DIVISION, OF BRANCHING, OF
' ‘ ARTERIES. '

. As all the arteries in animals poflefled of a heart arife
from, or begin at that heart, by one, ortwo trunks only,
they ‘are obliged to divide into, or fend off branches, or
fmaller trunks, which again divide into ftill {maller, tiil at
laft the whole body is fupplied by the ultimate divifions.
This is called the branching, or tamification of arteries;
and is fomewhat fimilar to the branching of a tree.”  °

‘This branching‘of an artery dces not depend on the
artery itfelf, or on the powers progelling the blood, asin
ina tree, but is governcd by the formation of the body;
that is, according as a greater, or lefs quantity of bicod,
or a greater, or lefs velocity is neceflary to different parts,

Various modes of branching are made ufe of to anfwer
the above purpofes. : g ‘

- In general the moft favourable mode for the free paffage
of the blood is adopted, viz. branching with acute angles;
more cfpecially thefe which are to carry the blood {ome
confiderable way ; and ftill more fo in thofe which are at
a great diftance from the propelling impulfe of the heat;
which I fhall new more particularly confider. ' 3

As the force of the blood in the artery is fironger, the
nearer it is to the heart, the difference in the velocity of the
.blood, near, and at a difrance from the heart, if there was,
nothing to retard it, would be too great for the difference
in parts ; the near and the diftant parts being in many in-
ftances of the fame kind. To keep up a velocity fufficient
for the parts, and no more, nature has varied the angle of
the origin of arterics, at different diftances, from the fource
of the circulation. Thus we find that near the heart the
arteries arife by obtulc angles , fome of them being refle-
cd and the angles bacome lefs and lefs; till atien th they
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are very fharp. The moft remarable inftance of this is in
the intercoftal and Iumbar arteries ; becaufe fince they are
a fet of branches in the body, whofe length and ufes are fo.
much the fame, if there be any difference in the angles, at
the origin of the arteries, at equal diftances from the heart,
it muft be made with regard to their length, from the ori-
gin to the part fupplied. We find a difference even in the
arteries which arife from the intercoftals ; for they are
much more obtufe at the beginning of the intercottals,
than attheir termination. The reafon why this is not fo
evident, in all the arteries of the body, is, that there are
o few arteries on the fame fide of the body, which take
the fame courfe, go to the fame diftance, and havethe fame
office: for fome parts require a greater velocity than others,
which will make a difference in the origin of the two ar-
teries, fuppofing they fhould go the fame length, and take
the fame courfe. We fee the fame thing in the fecondary
arteries, fuch as the fubclavian; for it fends off its branches
near its origin, at much more obftufe angles than it does
further on. Haller, in his Phyfiology, fays, That the are
teries arife at an angle of forty-five degrees; which is the
greateft angle in projeCion : but he did not confider, that
m projection thers are two powers, viz. gravitation, and
the force applied ; while the blood in the arteries has only
one. It may be afked, Whether the blood in an artery of
a given fize, arifing from a large one, is fent in with the
fame force as if the artery had arifen from a much {maller
trunk 3 or from an artery of the fame fize with itfelf, whofe
blood paffed with the fame velocity asin the large one 2.
We find {mall arteries coming off at once from large ones,
inftead of being a third, fourth, or fifth, from the large
one. Arteries fend off their branches at a longer, or thort-
er diftance, according to circumitances ; or, in other words,
they divide, and fubdivide, more quickly in fome places
than in others. I believe this quick divifion is more pe-
culiar to glands, than moft other parts, though it does not
take place in all, as in the tefticle. . They divide alfo quick-
ly in the the fubftance of the brain. Inthe kidney, this is
alfo remarkable ; they weuld feem in that gland to be hur-
rying to their termination. The fame happens as foon as,
the arteries enter the fubftance of the bramn. Other parts
appear to have the arteries elongated before they enter the
part, as the fpermatic artery ; more efpecially in fome ani-
mals, as the bully boar, etc..and i  the female, in the
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time of uterine-geftation, where we fhould expet the
quickeft circulation, we find the arteries elongated
confiderably, which throws them into a ferpentine courfe;
all of which muft retard the blood’s motion in the pat,
We alfo find arteries playing in the parts, ramifying and
anaftomofing, which diminifhes the velocity of the blood ;
fuch as thofe of mufcles, membranes, etc. We may fup.
pofe from the foregoing inftances, that in fome, a quick
fupply of blood was neceflary in fuch parts : in the one
for the drain ; in an other, for the fupport of the living
powers : while in others, a more regular; flow, and even
motion, anfwered the purpofe better.

Arteries, in common, pafs in as direct lines from their
origin to their deftination, as poffible; but this is not uni.
verfally the cafe, for in many parts they run in a ferpen-
tine manner ; fo much fo in fome as to form a body of
themfelves. Thus the fpermatic artery in the male of ma-
ny animals, more efpecially the bull, is fo convoluted, as
te'form a body. Inthe female alfo, the fpermatic artery
increafes its ferpentine courfe in the ftate of uterinesgeﬁa'-
tion. The internal carotid artery in man, and many other
animals, as the horfe, where it pafles through the fkull,
runs in a ferpentine direCtion ; and in the lion, bull, etc.
it forms a plexus. This would appear to anfwer too pur-
pofes ;- one to leflen the impulfe of the blood, asin the ve-
tebral, and internal carotid, the fpermatic artery, ctc. the

other toallow of the ftretching of the parts, upon which’

the artery pafles, as the mouth, or lips, the uterus, and
other parts of the body, which admit of being ftretched, of
relaxed, as the bladder, ftomach, enteftines, etc. indepzn-
dent of their elafticity.

‘We find not only the different {yftems of veffzls com-
municating with each other, as the arteries with the veins,
the veins with the heart, to be continued into the artery a-
gain, and the abforbents with the veins, to communicate,
m the end, with the whole, but alfo the branches of each
{yftem, communicating with one anether, which is called
anaftomofis.

Anaftomefing of veflels, is the opening of one veffel into
another ; {o that if one of thembe prevented from carrying
its contents, the office can be performed by the other.
‘Lhe moft common mode of anaftomofing is, when two
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veflels run into one, or are continued into each other; or
one veflel opens into another, from which others arife 5 but
there is a peculiar communication between the two caro-
tids, as well as between them and the vetebral, where a ca-
nal of communication pafles direétly between them ; and
this mode of communication takes place between the two
defcending =ortas of fome of the amphibia.

This anaftomofing is much more frequent in the: fmall-
er than the larger arteries. We feldom find trunks anafto-
mofe with one another. One reafon for this is, the great
difproportion in number between the larger and {maller
arteries 3 but the anaftomofis is much more frequent in the
fmaller in proportion to their number. The ufe of this 1s
to give freedom to the circulation, as the chance of a ftop
being put to it is greateft in the fmalleft arterics ; the cir-
culation in them not being fo ftrong ; and pafling through
parts liable to be prefied upon : this is readily feen in the
tranfparent parts of the living body, when viewed through
amicrofcope. In fome part of the body we find anafto-
mofis in pretty large trunks ; but thefe are in parts effential
to life, very liable to be comprefled 5 or both.

The mefenteric artery anaftomofes by large trunks ; the
myfentery being a part effential to life, and very liable to
compreflion, from indurated foeces comprefling the ar-
tery. In this cafe, if they only anaftomofed by the {mall
branches, on the inteftines, the circulation might not be
kept up fufficiently to preferve the gut. We obferve the
fame thing in the brain; for there the arteries anaftomofe by
large trunks, before they are diftributed to the brain.
The ufe of this is, that all parts of the brain might have ar
equal quantity of blood at all times, even where {accident
had put a ftop to the circulation in any one veflel ; for the
fmall anaftomofis on the pia-mater, would notbe fufficient
to keep up adue circulation ; every where in the brain
as I believe the arteries do not anaftomofe in the fubftance
of the brain itfelf. There are large anaftomofes in the
hand, and foot, for the fame reafon, as in the inteftines:
All the ufes arifing from the anaftomofing of the veflels
are, perhaps, not yet perfe@tly underftood : general rea<
fons can,'I think, be affigned for them ; but thefe will not
apply to all cafes; there is fomething, therefore, more
than we are yet acquainted with. The abforbents, and
the veins, upon the whole, anaftomofe more frequently
than the arteriesy yet that circumftance is reverfed re<
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fpe&ting the veins in fome places ; and in the inﬁah‘c_m‘ b
the ufes of thefe {yftems of veffels are alfo in fome meas
fure reverfed. Where all the three fyftems of vefels have
nearly the fame mode of action, we find that their manner
of anaftomofing is fomewhat fimilar 3 and probably the dife
ferences might be eafily accounted for. ek 2

 Wherever they appear to be fimply carriers, then their
made of anaftomofing is fomewhat fimilar : however, the
abforbents anaftomofe more frequently than the veinsjand
the veins more than the arteries ; and, probably, the ab-
forbents anaftomofe every where. This is not fo much
the cafe with the veins; and not in the leaflt fo in fome
partts with the arteries. Let us fee if we can affign reafons
for all this variety in the different fyftems of veffels. The
abforbents, from the office of abforbing, are to be confider-
ed only as carriers 3 and as they have no propelling force
applied to their contents, and their coats are not ftrong,
it is very probable, that a free communication between vefs
{el, and veffel, thould take place; uponthe famegeneral prin=
ciple, the veins alfo anaftomofe ; although perhaps not fo
frequently ; and this difference may be, becaufe they have
in fome degree, a propelling power applied to their con-
tents ; namely, the actionof the heart. The arterics hav-
ing a very ftrong propeliing power applied to their con-
tents, it wasin them not neceffary as a general principle 3
but where they are placzd in fimilar circumftances, we find
them fimilar in this refpeé.

Although the ‘analtomofing of veflels is upon a general
principle very proper, yet in many cafes it would appear in
the following parts to be very improper: The_artcr{es do7 5
not anaftomofe in the kidnies. This cannot arife fimply
from there being no, occufion for it, onaccount of there
being no lateral, mechanical obftruion; fince from the
fame mode of reafoning, the veins fhould not anaftomofe;
which they do, very freely : this want of anaftomofis in the
arterics, therefore, anfwers fome purpofe in the cecono-
my of the part. Inthe liver, the branches of the vena-
porta do not anaftomofe although the arteries do in their
fmailer branches ; we may, therefore, fuppofe fome par-
ticular purpofe anfwered, befides free communication 3 and
I believe the arteries do not anaftomofe in the fubftance of
the brain 3 which makes the brain appear lefs vafcular than
it reallyis. 'We may obferve, perhaps, as a general prin-
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ciple, that arteries near to their deftination, where they
are to perform their particular funétions, do not anafto-
mofe. Thus the artery of the kidnies, the vena-porta* §
the arteries in the fubftance of the brain, do not anafto-
mofe ; nor do the arteries on the villous coat of the in-
teftines.

If it be queftioned, whether anaftomofes are a means
of retarding, or accelerating the circulation; I fhould
anfwer, that they appear to mie, to retard the blood’s mo-
tion ; aithough we find veflels anaftomofing as freely with
one another, at the greateft diftance from the heart, as
near to it 3 but at the fame time we may obferve, that where
we thould {fuppofe it was neceflary for the circulation to be
brifk, we find no anafiomofes in the arteries, as in the lungs, .
the kidnies ; and I believe hardly in the liver, except on the
peritoneal coat, whofe arteries are continuations of the hy-
patic artery.

I believe that the anaftomifing of veflels increafes their
volume on the whole, and therefore allows a greater quan-
tity of bleod to be in them, than if they did not: that
kind of net work too, which they make, increafes the mag-
nitude of the vafcular fyftem; for to anfwer this purpofe,
they take lateral-and circular courfes; which give them
greater length, thanif they had fimply pafled between ori-
giny and deftination, in ftraight lines.

The better to afcertain the velocity of the blood in the
arteries, at the different diftances from the heart, it will be
neceflary to' know whether an. artery be a cylinder, or a
cone; and when it divides into any number of branches,
whether the whole of thefe, taken together, be lefs, equal,
or greater, than the veflel, or veffels, from which they a-
rofe ; and, therefore, whether they hold lefs, the fame, or
more blood. " It may be cbferved, that arteries keep a pret-
ty exalt proportion with each other; the branches, with
the trunk, etc. through the whole fyftems and therefore,
whatever may be their fthape, they preferve it pretty regu-
lar, viz. if they are cylindrical, they are {o regularly; if
conical, the fame. I fhould fufpe&, however, that the
anaftomofing of the arteries, in fome degree, interferes
with this regularity ; but it is probable that the ultimate

* This veflel fonld be confidered as an artery.

Ff
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branches may come back again, and correfpgnd with the
criginal trunk. 'To afcertain this, it is neceflary to make.

choice of arteries, which for fome length either fend off
no branches, or at lealt fuch as are very {mall, when com-
pared with the trunk: for it is impoilible to meafure with:
any degree of accuracy the fize of branches, and then cal-
culate their different capacity, in comparifon with that of
the trunk, from whence they are derived : and I think it is

reafonable to {uppofe, that whether an artery divides op =

not, the fize muft be the fame in both ; for it is neceflary
that the ultimate effe€t {hould be the fame.

The arteries which are beft adapted for this experiment,
are thofe of the placenta, and of the tefticles ; particularly
in the bull.  The carotid arteries in fome animals are to=
lerably well formed for experiments of this kind; for though
thefe do not give us the exalt proportions which the one
end bears to another, yet they plainly demonftrate which
end is the largeft.

Tue arteries of the placenta evidently increafe in fizey
the nearer they approach to the placenta; and this isfo
very confiderable as to require no experiment, unlefs it be
intended to afcertain the difference correétly. In the fper-
matic artery of the bull, it is equally evident ; but as thefe
arteries are much longer than the diftance between their
origin, and the parts which they are to fupply, it may be
fuppofed that this increafe is peculiar to them, in order to
anfwer fome particular purpefe : but the carotid arteries in
fome animals zfford {ufficient proof that the arteries in coms
mon become larger as they pafs on and ramify ; for the ca-
rotids may be reckoned ramifying arteries, as they fend off
branches.

'The carotid artery of the camel, among quadrupeds,
and of the fwan, among birds, are very proper arreries for
fuch experiments.

"T'o be 2s accurate as poflible, I injected the arteries of two

" camels, and the arteries of a {fwan ; and that one end might
niot be more diftended than the other, the artery was well
warmed, and placed in a perfe&ly horizontal pofition : the
pipe was fixed into the lower end*, and the injection made
to warm, as to keep fluid fome time after having been in-
jeGed : in this pofition it was allowed to ccol. I made

* Tl

The fixing tie pipe into the lower end was rather in favour
fing the fize of this end,
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fe&tions from each end ; and, that they might be perfeétiy
equal, T took a hard piece of wood, an inch thick, and
bored a hole through it to the fize of the artery, fo as to
contain a feCtion exaltly of that length, having a moveable
button fixed at one end, which could be turned upon the
hole, or off, at difcretion. The artery being introduce
through the hole, a projecting part was cut through, by a
thin knife, in order that the artery might be divided at right
angles to itfelf. After doing this, the artery was with-
drawn, and the button was then turned upon the hole, fo
as to ftop that end ; and the cut end of the artery introdu-
ced to the bottom, or button : this piece, {o enclofed, was
feparated m the fame manner.

Having taken a piece of the carotid artery from each end,
which were of courfe exa&tly of equal lengths, I weighed

-them, and found that the fetion of the upper end was one
grain and a half heavier than that of the lower.
" 'The carotid artery of another camel, meafuring three
feet and a half in length, was found to fend off forty-four
fmall branches, about the fize of the human intercoital ar-
teries ; with one as large as the ulnar. Of this artery, a
tranfverfe fe&ion, of one inch in length, being taken from
each end, and weighed ; that from the lower end was found
to weigh two fcruples, fixteen grains and a half: while
that from the upper end, weighed only two {cruples, four-
teen grains and a half. ;

In fimilar feétions of the oppofite carotid, which fent off
forty-feven branches, the difference in weight, between the
upper and lower fection, was five grains.

Similar {fcClions from carotid arteries of a fwan being
weighed, the lower fections were found to be thres grain
and a half heavier than the upper ; the lower fection weigh-
ing thirteen grains and a half.

Had the lateral branches been preferved an inch long,
being the length of the {edtions of the trunk, I belicve
each might have weighed above a grain; and in that cafe,
the forty-four would have been nearly equal inweight to
the trunk: fhould this be true, the arteries increafe very
confiderably, nct only in their ramifications, but in their
trunks. I imagine if ‘the carotid artery, in the camel, did
not {fend off anybranch in its courfe, it would increafe in
fize, nearlyin the fame proportion with the umbilical arte-
ry, or the {permatic, in t?.:'ibu:.‘el.

ot T
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Itis to be obferved, that as arteries divide they increafe
in fize, much fafter than if they did not: for inftance, jf
a feQion of an artery, two inches long, is equally divided
into two, the fection that is the further from the heart
fhall be heavier than the other, perhaps, by one grain; but
if the moft diftant fection had divided into two branches, |
the two, taken together, would have been a grain anda
half heavier; if three branches, two graigs heavier, ete,

The increafe of fize in the arteries asi '
effect of the numerous ramifications. R

From what has been already faid, it muft appear thatar-
teries form a cone, whofe apex is at the heart: and if this
be the cafe, in the adult, we thall find that it muft be more
foin the young fubject; and will every day become lefs, 2
the child increafes in growth.

The capillary arteries in the fcetus are probably as nume-
rous 2s in an adult, perhaps more {o; for we know that |
there is the fame number of principal arteries in each. As
far as we can trace them, they feem to fend off the fame
number of {maller branches ; and in many parts we finda
great many more {mall veflels in the foetus than in the adult.

In the cye, the membrane of the ear, etc. in all grow-
ing parts, fuch as callus, granulations, etc. we find a great
many more veffels, than in fimilar grown parts; or in the
fame parts, when completely formed; not in proportion
to the fize of the part, but mere in number.. ) i
- Thefe are ftrong proofs that many arteries are obliterated
in the adult. How much more vafcular, therefore, muft
a child be, than an adult, in proportion to its fize, when
ina much {malicr compafs a greater number of arteries are
accumulated ! 3

From this it would appears that the only great change
in the vafcular fyftem, is elongation of the veflels. Aswe
find very little difference between the blood of a feetus, and
of an adult, it'is natural to infer, that the {malleft veflels
are nearly of the fame fize in both ; for the termination of
the arteries, or what may be called the operative part of
the arterial fyftem, being intended to perform the fame
functions in the foetus, as in the adult, it is reafonable to
fuppofe, that the increafe is in the length of the whole vaf-
cular fyftem ; and that the increafe in the fize of the trunks
is m an uniform gradation, from the capillaries, towards

the heart ; but never bzcoming cqual to the capillaries.
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If the preceding account be true, or nearly fo, we fz¢
that there muft be a great proportional diffcrence between
the fize of the two extremes of the arteries, in the young
fubjedt, and the adult. - We may venture to fay, that the
aerta in the child in not one-fourth of the fize of that vel-
fel in the adult; and that the capillaries are rather larger
than thofe in the adult, which would of itfelf make the
whole capillaries in the fostus more than four times the fize
of the aortagin the fame; and as thefe arteries are very
fhort, the cone, ‘of courfe, increafes very faft.
~ In the foctus in utero, we are to confider that the aorta,
at the beginning from the yentricle, is larger than in the a-
dult, in proportion to the quantity of blood that paffes
through the foramen ovale : and beyond the entrance of
the canalis arteriofus the aorta is increafed in proportion to
the fize of the canalis arteriofus; and it is at this part its
fize is to be eftimated : this probably makes the aorta, be-
yond the entrance of the canalis anteriofus, twice as large
as in the adult, in proportion to their fizz; but the draw-
back upen this, from the body, is the placenta; for the
placenta is to be confidered as part of the body, difpofing
of the blood that afterwards circulates through the lungs:
bowever, when it is feparated, it may take away with it
nearly its -own proportion of blood ; although T rather fuf-
peét it does not.  But I do not fuppofe it is equal to the
quantity pafling through 'the foramen ovale, and canalis
arteriofus ; and if fo, then the body has the overplus.'

The aorta of a feetus is, therefore, not only larger than
that of an adult, but larger than in that proportion which
the fize of the foctus bears to the fize of the placenta: or
it may be put in this view, that befides the difference in
the fize of the aorta, in a young fubject (as before obferved)
and in an adult, the fize of the aorta, 1n the foetus, is ftill
larger, viz. more than in that proportion which the circu.
lation in the lungs of the adult, bears to the circulation in
the lungs of the foetus; which is probably much more
than that of the placenta.

IXPERIMENT on the arteries of a child.

I inje&ed the _d.:i"fending aorta of the foctus, juft above
the diaphragm, in the fame manner as 1 did the carazidg
in the camel, and fwan, by which means I inje&ed t

enteric artery, the fubject of experiment.

he m y-
e ;
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This artery has a trunk, which at firlt does not put off
branches, and then fends off feveral; which may be called
fo many trunks. Thefe again do not immediately give off
branchés, and are therefore meafurable with the trunk,
from which they arife. e

tery, near its root, before it fends off any confiderable
branches, one-third of an inch in length; and then amo-
ther feGtion of the fame artery, having the fame length,
clofe to the origin of the firft branch : all the branches arif-
ing from it being preferved of the fame length with the
trunk itfelf. When they were weighed in oppofitionto
each other, the trunk without the branches was found to
weigh thirteen grains and a half; while that with the
branches weighed eighteen grains; four grains more than
the trunk. A feCtion of the aorta, near half an inch long,
being made juft above the origin of the inferior mefenteric
artery, was weighed againft a fection of the fame length, ]
including the inferior mefenteric, likewife of the fame
length 3 the laft {fe&ion weighing one grain more than the
other. 'The higheft amounting to fix grains, the loweft to
feven. A feltion of thelower end of the aorta, including
a portion of the two iliacs, was weighed againft a fection
of the two iliacs, which was equal in length, and thefe
- were found to weigh rather heavier. !

By the above is confirmed what I formerly afferted ; that
an artery, not giving off branches, does not increafe fo faft
as another which does, if we include all the branches.

From all that has been faid, it appears that there muft be
a much greater, quantity of blocd ina foetus, than in ‘an
adult, in proportion to their difference of fize; and that
the heart muft be larger and ftronger, in proportion, to
move this blood ; which will probably ftill circulate in the
fmaller veflels with lefs velocity.

The whole of thefe diffcrences, between the foetus and'
the adult, muft be intended for the purpofes of grov:th;
and indeed we may difcern the neceflity of it : for if a child
Wwas 1ot more vafcular in proportion to its {ize, than the a-
dnit, its growth, we might conceive, would only be in pro-
portion to the number of its vefiels; which would be twelve
times lefs hey-are; fora new born child is enly one-

] t an adult. A child would, * there-

ter every year'; for ‘inftance;4n
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proportion to its fize, as the veflels would become nume-
rous in that proportion. .

But this is not really the cafe, for children grow lefs and
lefs, every year, in proportion to the fize; only adding its
firft year’s growth to itfelf every fucceeding year 3 though,
pethaps, not quite fo much, as the veflels rather decreafe
in number:

That this is the cafe may be proved by taking the eye for
an example, which grows more the firft year after concep-
tion, than it does any year after ; fo that the difproportion
between the veffels of this party in thofe two ftates, is par-
ticularly great.

The growth of an animal is, therefore, in proportion
to the number of its capillary veflels : as the body grows,
the veflels elongate to keep pace with that growth: the ca-
pillary veflels at laft come toa ftand ; and the arterial {yf-
tem is daily lofing ground.

The heart grows in proportion to the increafed length of
arteries, that it may be able to throw the blood through
the whole, but not in proportion to the fize of the whole
body ; becaufe the vefiels do not increafe in number, or
fize, in propertion te the fize of the body. But as the
heart increafes only in proportion to the fize of the whole
vafcular {yftem ; while the body increafes fafter, and more,
the heart cannot be in proportion to the fize of the whole
body ; hence its actions muft in time lofe the power of e~
longating the body, and become merely fufficient to nourifh
what is already formed. Perhaps it does not even conti-
nue to do fo much ; forit is not impoflible, that the body
may begin to decline frem the moment it ceafes to grow ;
the heart having puthed the growth of the body, even be-
yond its own powers: to preferve it in that {tate.
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8

IX. OF THE ACTION OF THE ARTERIES AND
THE VELOCITY OF THE BLOOD’s MOTION,

i o S S

ArTERIES during their diaftole, which arifes from an
increafed quantity of blood being thrown into them, in:
creafe much more in length than width, being thrown in«
to a furpentine couife ; therefore, inftead of the term diaf :
tole, it fhould rather be called, the elongated ftate. Itis,
however, the increafed diameter that becomes fenfible to
the touch. This, probably, arifes from the mufcular coat
oppoling the dilatation of the arteries, while it cannot
the lengthening. The dilatation of the attery producing the
firoke, is either felt by the finger, or may be feen when fu~
perficial ; but were we to judge ot ‘the real increafe of the
artery by this, we thould deceive ourfelves; for when co-
vered by the integuments, the apparent effect is much great=
er than it really is in'the artery itfelf; for in laying fuch
an artery bare, the nearer we come to it, the lefs vifible is b
1ts pulfation ; and when laid bare, its motion is hardly to ,
be either felt, or {een. .

The more an artery is covered, efpecially with folid bos
dies, the more is the pulfation to be felt, or feen: thus tu
mors over large arterics have a confiderable motion given
to them; and have often been fuppofed to be aneurifms.

- The knowledge of this fact arifing more from experis
ment than eemmon obfervation in the living body, may be
a fufficient reafon for keeping to the old expreflion, dilata-
tion. : '

This circumftance, which has been but little taken no-

tice of, produces an effect, which has alfo'been unobferved.
If the arteries had been dilated by the force of the blood’s
moticn, as has been fuppofed, its motion fhould be much
lefs retarded than itis; for even fuppofing that the in=
creafed area of the artery is the fame when elongated, as
if dilated, and therefore holds an equal quantity to a dilated
ene, it muft appear evident, that the blced wiil not arrive
fo quickly at the oppofite end.

"Lhe continual repetition of the caule of this furpentine
courfe obliges the arteries in many places to retain this

]
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ftate, efpacially in parts that do not yield readily, as the fkull,
upon which the temporal artery is placed ; and this reten-
tion of the ferpentine courfe, is {till more obvious in thofe
arteries which have loft a good deal of their elafticity.
However, this increafe of the artery is fo manifeft, as to
be felt, or feen: and produces what is called the pulfe ;
which muft graduslly diminifh in proportion as the arteries
divide into fmaller branches ; a {mall artery having a pro-
portional pulfe, and the arterial fyftem increafing as it goes
along 3 both of which caufes dimmith the velocity ot the
blood, render the diaftole lefs; and its motions more uni=
form.

From the defcription I have given of the heart, with its
action, and the parts of which an artery is compofed, it
muft appear that an artery is at all times full of blood, which
is moving on with more or lefs velocity ; bzcaufe it receives
it from the heart, at interrupted periods; and when a
given quantity is thrown in at one end, this will make z
confiderable difference between this part and the other ;
which part will of courfe be more upon the ftretcch; for
although the artery dilates, yet as it 1s from the impulfe of
the blood, the blocd muft move much fafter on in the
diaftole of the artery, than its fyftole. This part of the
artery will contract, and throw the blood into the remain-
ing part 3 but not with the fame force it was received ; but
{till the artery beyond will receive it fafter, than it will
give it. By thefe means, all the parts of the artery are
brought to a more equal ftate 5 for this additional quantity
of blood, that was at firflt in the one part only, is in fome
degree equally diffufed through the whole arterial fyftem s
by which means too, itis becoming proportionably flower
in its motion: but all thefe circumftances will vary ace
cording as the arterial fyftem confifts of cylinders, or cones,
and if of cones, then according to the extremity, which is
the bafe ; all of which may be conjetured, but cannot be
exactly eftimated. Yet that the force of the heart might
not be loft, the elafticity of the great artery, over the
fmaller, is happily applied ; becaufe it propels the blood
more forcibly on, between the ftrokes of the heart : for
although we are to fuppofe that the heart, which was capa-
ble of diftending a part, fo as to make it reat, and fcnd the
blood through any given length, was alfo capable of fending

Gg
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it through that length at once 5 yet we muft fee, that byag
élaftic power being applied at one end, while this is gradu.
ally loft towards the other, the claftic part acts witha
fuperior force over the other, in the proportion as the other
has lefs elafticity.  This other being alfo lefs upon the
firetch, is overcome by that which is more fo; which isal-
ways the end next to the heart : for the mufcular part r.
laxes, requiring hardly any force to diftend it 5 and indeed,
as the mufcular power has contracted the artery, withinits
middle, or ftationary ftate ; and this more and more, ag
we get into fmaller veffels, the mufcular coat is at firft
ftretched by the recovery of the elaftic power; fo thatthe
blood pafles into the fmaller branches with much lefs re.
fitance than it would have done if the veflzls had béen
‘elaftic in proportion to their fize.  Thefe proportions,
howeveér, in the blood’s motion; arifing from the elaftié -
power of the arteries, will not be the fame in the foetus, and !
adult ; and will be ftill more different in the aged fubjedt:
for in thislaft the elaftic power of the artery is diminifhing,
as well as the mufcular, the coats becoming more rigid:
¢efides which, the veflels vary from-a conical fhape, (whofe
apex is at the heart, and bafis at their extremities) towards
a cylinder 5 and this change is alfo increafed by the Jofs of
many of the fmaller veffels 5 fo that as we grow up, the bafe
of the cone is gradually diminifhed from two cautes.

The elaftic power will allow of a quantity of blood in the
animal, beyond the natural ftate of the artery; and the
mufcalar power will allow of a fmaller, without the animal
being affected, aithough the mufcular alone would have
anfwered both thefe purpofes.  Arteries then are the con-
ductors, and difpofers of the blood 3 as conducters, they
are in every animal above fith, both paflive, and active;
Paflive, in admitting of the propelling power of the heart;
and active, in continuing that power to the extreme part.

Befides thefe reafons fora difference in the velocities of
the blood, at different diftances from the heart, I conceive
there is'a material difference between thie velocities of the
blood, in thofe veflels which carry red blood, and thofe
which carry only the coagulable lymph, and the ferum; for
wherte the red blood goes, there is a quicker return, than
where there is only the coagulable lymph, and ferum. For
this, there are two réafons, viz. that where the red blood
pafles, it is commonly nearer to the heart, while the other

parts go to a greater diftance : but, befides this, the vefe
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fels which carry the red blood, are larger, and I believe
ramify more quickly ; the velocity therefore of the blood,
is greater in them. Where the lymph and fexrum pafs on-
ly, the velocity of the blood is languid, and it appears
merely to carry nourifhment, fuchas in tendons, ligament,
etc.

So far weare to confider.the above as a general principle
arifing out of the conftrution of a blood-veflel ; but they
are fecondary, or collateral circumf{tances, acting io as to
accelerate, or retard, the blood’s mation. '

Since the folids and fluids have a mutual dependence on
each other, and fince the folids anfwer various purpofes,
for which, quantity, velocity, etc. are peculiarly necefiary,
we find that this intercourfe between the two is with gréat
exadtnefs kept up. /I have already obferved that the an-
gles, by which branches of an artery arife, either .retard
or allow of a freer motion in the blood ; but Nature ap~
pears to have taken flill more care in retarding the bloed’s
motion, where velocity might do mifchief. She feems al-
fo to have taken more care about the blood’s motion in fome

arts than in others : as for example, in the brain; a part
which probably cannot bear the fame irregularity in quanti-
ty, or velocity, of the blood, as many other parts of the
body. I {hould fuppofe, that by fending four arteries to the
brain, inftead of one, or which would have been more re-
.gular, two, the force of the motion of the blood is broken,
as well as by the winding. courfe. of the internal carotid at-
iteries. The verterbrae, likewife, are intended, .we may
{uppofe, to prevent a too great velocity of the blood 5 both
‘becaufe the arterylis longer than it need be, and the blood
is hindered from moving in a ftraight line: but befides the
ferpentine courfe of the arteries of the head, they pafs
through a bone ; ‘but principally the carotids, where the
bony canal is clefely applied to the coats of the ar'ery; fo
;that there can'be .no pulfation here, but a greater velocity
of the blood in thofe parts, and probably lefs in the brain.
This I {hould fuppofe retards alfo the motion of the bloed
in the brain ; becaufe the blood paffing through a {maller
place than common, muft meet with a greater refiftance,
and therefore a fmall quantity muft pafs through this part
in a given time, fo that the pulfation of the arterics in the
brain fhould be lefs than any where elfe : for we may fup-
pofe, that the motion is confiderably loft by the blood com-
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ing into an elaftic canal of the fame diameter, with that
through which it pafled, before it came into the bony canal,
If then this motion is loft, and the quantity of blood is
really lefiened in a given time, its motion muft be more re-
gulur, and the pulfation lefs.

In fome animals, the carotid artery is found to divide
and fubdivide, forming a plexus, and the branches unite
again before it goes to the brain.’ This is called, rete mi-
rabile ; and in animals, which have it, will certainly break
the force of the blood’s motion : but fince it is not univer=
fal, fome peculiar purpofe muft be anfwered by it. It is
not in the horfe, and afs, for inftance ; but it is in the lion.
‘Where the veflels anaftomofe, there is alfo a confiderable
retardation to the blood s motion ; and they are found to a-
naftomofe a good deal on the pia-matter, before they enter
the brain; but I believe not within its fubftance.

X. OF VEINS.

Tae veflels* carrying the blood from any part of the bo-
dy towards the heart, are called the veins: theyare more
-palfive than the arteries; and feem to be from their begin-
ning, to their termination in the heart, little more than
conductors of the blood to the heart, that it may receive
its falutary influence from the lungs. - However, this is not
univerfally the cafe, for th¢ vena portarum would feem to
aflume the office of an artery in the liver, and therefore

-becomes an active part ; and we have many veins formed
into plexufes, fo as to anfwer fome purpofe, not at all fub-
fervient to the circulation ; but ftill in this refpect, they
are not to bereckoned active. They differ from the arteries
in many of their properties, although in fome they are

- very fimilar. oy

They do not compofe fo uniform, or regular a fyftem of
veflels, as the arteries, either in their form, or ufe, teing

* A veinis commonly a canal, efpecially that which. carrics
red blood ; but in many animals it is entirely cellular  yet I -
ufe the word as’a general term, when applied to the blood.
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fubje& to confiderable variety in their ufes, which are,
however, paffive, not acive; and often anfwering, from
their conftruction, coilateral purpofes.
The coats of the veins, upon the whole, are not fo thick
as thofe of the arteries ; but differ materially in different
fituations of the body. Thus they become thinner, and
thinner, in proportion to their fize, the nearer to the heart:
however, this is not equally fo through the whole venal fyf-
tem, but principally in the depending veins, as thofe of
the extremities, more efpecially the lower in the human,
and {till more fo, the nearer to the extreme parts. Infuch
parts it is often difficult to diftinguith the vein from the ar-
tery : yet this is not to be remarked in the veins of afcend-
ing parts, or thofe coming from the head, or fuch as are
horizoatal, efpecially in the human fubject; and in ani-
mals who have a large portion of their body horizontal,
there is a little difference in the coats of fuch veins at dif-
ferent diftances from the heart. I fufpe& the mufcular
powers are much greater in what may be called afcending
veins, than either defcending, or horizontal : and I belicve,
in general, it is very confiderable; for if we look at the
back of our hand, and compare their fize in a warm day,
or before a fire; and in a cold day, they hardly appear to
be the {ame veins. 'They are not fo ftrong in their coats
as the arteries, and their ftrength is in an invcrfe proportion
to their fize in the extremities; and the reafon is very ob-
vious. They are more denfe in their coats than the arte-
ries, yet in the dead body they fcem to admit of the tran-
fudation of the blood ; for when there is the leaft degree
of putrefattion, we can trace the veins with the eye, on
the fkin, as if very large, the cellular membrane and the
{kin being tinged for fome way on each fide of the vein. In
the liver, we find injections efcaping the vena cava hepatica,
and getting into its fubftance in a peculiar manner. They
have nearly the fame elafticity with the arteries. :
"They are fimilar to the arteries in their ftructure, being

compoied of an elaftic, and mufcular fubftance ; the elaf-

. tic in fome degree preferving a middle ftate, although not
fo perfeéily as in the arterics. The mufcular power adapts
the veins to the various circumftances which require the
area to be withinthe middle ftate, and affifts the blood in
its motion towards the heart.
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The coats of the veins themfelves are vafeu'ar; although -
not very much fo. The arteries arife froln_ the neareft
fmail ramifying arteries; and the correfponding veins do -
not terminate in the cavity of the vien to which ,thcy ibe- |
long, butpafsoff from the body of the vein, and jcin fome
others from different parts; and at laft terminate in the
common trunk, fome way higher. !

On laying open the jugular vein of a dog, and clofing -
up the wound for fome hours, and then opening it, Lob-
ferved the veflels of this part very diftinctly. They were
becoming inflamed, therefore turgid; and I could eafily
diftinguith between the arteries and veins, by the colourof
the blood in them. ;

Veins have interruptions in their cavitics, called valves,
They are thin inelaftic membranes, of an-exa& femilunar
form ; their unattached edge being cut off ftraight, not
curved, as in thofe of the arteries ; and this is, becaufe
there are only two of them, whofe circumference adheres
to the fides of thewein. They are not placed in a tranfverfe.
direction, fo astocut the axis of the vein perpendicular-
Jy 5 but obliquely, asthe valves at the heginning of thear-
teries, making a pouch, whofe mouth is turned towards
+the heart. ‘Lhey are attached in pairs, the two making
two. pouches, whole edges come in conta&. In the larger
veins of many animals, as the jugular veins of a horfe,
.etc. there are often three valves, asat the beginning of the
_aortas ‘but not fo completely formed: thefe wvalves as it}
were, cutthe veins intotwo at this part. Thefe two valves i
are not always of equal fize. At this part there are always -
two {wellings in this form ; but I believe more in the adult, |
then in the young fubject. They are not formed from a t
doubling of the internal coat, as has been imagined; for |
the internal coat is elaftic; but the valves are rather of a
‘tendinous nature ; from this circumftance, together with
their thape, and their mode of attachment to the fides of
the vein, they always do their office whenever the veinis
full, in the fame manner as the valves of the arteries.
The valves of the veins are chicfly in the extremities, ju-
gular veins, and the veins on the exterior parts of the head ;
~butnever in the veins of the brain, hear, lungs, inteftines,
Tiver, fpleen, nor kidnies.

{
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Where a fmaller vein opens into a larger, there is often
a valvular ftructure at the acute angles; but this is not
coaftant.

The veins, taken altogether, are much larger than the
' drteries ; but in the extremities, the veins that attend an
artery, are fometimes lefs. Neverthelefs, there are com-
monly two of them; but befides thefe, there are fuperfi-
cial ones, which are much larger than thofe deeply feated.
The beft way, however, of judging, is by comparing them
with the correfponding arteries, where there are no fuper-
numery veins, as in the inteftines, kidnies, lungs, brain,
etc. we find that they are larger than the arteries ; and this
too, where a confiderable wafte has taken place of the arte-
rial blood in the different fecretions. -

From this circumftance the blood’s motion in them is
flower ; and they aflow a greater quantity to be in the bedy
at all times.

There is a greater number of trunks of veins in the body,
than of arteries, at leaft vifible veins; for wherever there
Is an artery, in common there is a vein ; and in many places
too, one on each fide, which fometimes make a kind of
plexus round it ; befides, there are many veins where there
are no correfponding arteries, ason the furface of the bo-
dy 5 for in the extremities many of the larger veins pafs
fuperficially ; but thofe become fewer and fewer towards
the trunk of the body. They are numerous alfo in the
neck of the human fubjet ; but in fome of the vifcera, as
the inteftines, the veins and arteries correfpond in number
very exally. Dr. Hales, however, in his Staticks fays,
that he has feen a number of arteries throw their blood in«
to one vein, which, if true, thews that there are more
fmall arteries than veins.

Although veins generally attend the arteries, there are
fome exceptions, even in correfponding veins, as in the
piamater ; but they cannot all attend the arteries, there be-
ing more fuperficial veins on the extremities, and neck
but the large trunks do.. The fupernumerary veins are not
fo regular as thofe that attend the arteries, being hardly a-
like in two people.

The veins may be faid, upon the whole, to accompany
the arteries; and it is moft reafonable that this fhould be
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the cafe, fince both perform the fame office of conducting

-the blood, the fame courfe muft anfwer equally in both:
this, however, is not univerfally the cale, fome veins being
intended for particular purpofes, as the vena portarum;
fome forming bodies, as the penis, plexus reteformis, and
others varying their courfe for convenience, as in the brain 3
the veins of this vifcus taking in general a very different
courfe from the arteries, but this is principally in the larger
veins of the brain; for the fmaller, which are in the {ub-
ftance, accompany the arteries. The intention of this
feems to be, that the largeft veins, called the finufes, {hould
be fo formed as not to be compreffible ; probably that there
thould be as little chance as poflible of any ftoppage to the
circulation of the blood in this part. But in fome parts of
animals they vary their courfe from the arteries, where we
do not fo well fee the intention, becaufe it is not the cafe in
others. Thus the veins in the kidnies of the cat kind and
hyzna have the veins, in part, pafling along the furface in
the external membrane, like the finufes in the brain. Veins
{feldom or ever take a ferpentine courfe, becaufe a retard-
ment in the bloed’s motion in them anfwers no particular
purpofe in the ccconomy of the parts ; and the more readily
the blood gets to the heart the better. However, the plex-
ufes, although not intended to retard the motion of the

" blood, anfwer other purpofes not immediately connected
with the circulation.

Veins, upon the whole, anaftomofe more frequently
than the arteries, efpecially by their larger trunks, and more
particularly in the extremitics ; for we often {ee a canal of
communication going between two trunks, and one trunk
fhall divide into two, and then unite again. Where the
veins and the arteries correfpond, their anaftomofes are
nearly the fame. I believe they do not anaftomofe in the
lungs or liver ; however, the veins correfponding to the ar-
teries, donot always follow this rule; for the veins in the
fpleen and kidnies anaftomofe in very large trunks, while
the arteries do not at all. 'This of the larger veins anafto-
mofing more frequently, is becaufe a vein is more eafily
compreficd, and the blood has a ready paflage into another;
befides, the valves render it more neceflary, for when the
blood has got paft a valve, it cannot take a retrograde courfe,

but may takea lateral : and indeed it is principally in thofe.

veins which have valves that we find thofe large anaftomof=

3,

|
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ing branches; by this means the blood gets frcely td
the heart.

As the area of all the veins is larger than that of thc
arteries, the blood will move more flowly tlirough them 5
and this is evident from every obfervation that can be made.
It may be obferved in the large fuperficial veins in the ex-
tremities of the living body, and the difference of veloc1ty,
in the blood flowing from a vein and artery in an operation
is very great. The blood, howeyer, moves with a good,
deal of velocity in a vein : for if we ftop the circulation in
the beginning of any of the fuperficial veins of an extre~
mlty, and empty the vein above, immediately upon removs
ing the finger the blood will move along the vein fafter than
the eye can follow it ; yet its motion is {o flow as to allow.
the blood to lofe its fcarlet colour, and acquire the modena
red ; and this more fo as it paffes on to the heart. ;

The blood moves more ﬂowly in the veins than'in the
arteries, that it may come into the right auricle more flow=
ly; for if the two venz cave were of the fame fize with
the dorta, the blood would have the fame velocity in them’
which the auricle, as it is now conftructed, could not have
borne : but it may be probable, that. the blood is affifted in
. its paflage into the auricle by a kind of vacuum being pro-
duced by the decreafe of the fize of the ventricles in their
contraction. 2

From the number of anaftomofing branches, efpecmlly
by larger trunks, from the blood being liable to temporary
obftructions in many places, and alfo moving with little
force, its courfe becomes often very 1rregu1ar, and unde-
termined 3 much more fo than in the arteries.

The firft caufe of the blood’s motion in the vein of a
quadruped, is the force of the heart ; for I think we muft’
fuppofe that the heart can, and does carry on fimple circu-
lation ; becaufe in paralytic limbs, where voluntary mufcu-
lar a&tion is totally loft, and where, I conceive, the inve-
luntary is very weak, the circulation is continued, although,’
I believe, with much lefs velocity than in perfe& and foand”
parts : befides, we have obferved, that the arteries continue
the midtion of the blood in them where the heart either
fails to do it, or where an increafed motion may be want-
ed. The arteries, therefore, will affift the heart in pro-

HYh
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pelling the blood through the veins 3 however, it is afhifted
by collateral caufes. 'Fhe fecond caufe, is their mufcular
contration ; which moit probably is in the direction of the
blood’s motion, affifted by lateral preffure of all kinds;
becaufe the valves will favour this courfe wherever they are,
However, as the velves are not univerfal, the motion of
the blood in fome veins muft be ¢arried on without them,
and therefore they are not abfolutely neceffary. »

Since we fee the veins affluming the office of arteries in
the liver of quadrupeds, birds, amphibia, and fifh, and suich
more fo in many of the inferior orders of animals, the mo-
tion of whofe blood is firft derived from the heart, we muff
fuppofe that veins have confiderable power in carrying on the
circulation 5 but the refiftance being continually removed
at their termination into the heart, will direct and affift
the bleod’s motion in that direction, more efpecially when
influenced by the action of the veflels themfelves, or any
lateral preffure.  In thefe veins which are accompanied by
the arteries; the pulfation of the artery affifts in propelling
the blood towards the heart ; more efpecially where there
‘are two or more attending an artery.

‘When treating of the motion of the blood; in the arte~
ries, 1 obferved that its motion was not in an uniform
ftream, but interruped, which arofe from"the heart’s ac-
tion 3/ but as it receded from that vifcus, that its, motion
gradually became more uniform, till at laft-it was nearly a
continued {tream. However, it is not certain, but an al
ternate acaelerated motionis continued into the veins, im-
mediately from the heart, although it may not be an eafy
undertaking te afcertain-this: for fimply obferving an ac-
celerated motion in the blood of the veins, more efpecially
the fmzll ones, does not prove that this was an alternate
increafe immediately from the arteries.

~ Every artery has a pulfation in itfelf, immediately from
the heart 3 but a fecondary vein, or one thatis a third or
fourth in order-of fize cannot, becaufe it has more than one
caufe a¢ting upon it : for fuch vein is receiving the impulfe
of the heart at 'very different times, owing to the larger
trunk receiving blood by a number of fmaller veins that
come from a variety of parts: fo that if the trunk was to
receive it by flarts from the fmaller veins, it would only be
a tremor, cr confufed motion. This’is a reafon why this
caufe could produce none in the fecondary veins. The
fact is, however, that there is a pulfation in the veins;

——
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for when we bleed a patient in the hand, or foot, we evig,
dently fee a ftrong jet, much more in fome than in others;
and much more here than in the bend of the arm. he
query is, Does this arife from the immediate firoke of the
heart 5 or is it by the lateral preflure, occafioned by thc
{fwell of the arteries ? To afcertain this the better, it is ne-
ceflary to obferve feveral things: we may remark that the

ulfation in the veins is more in fome parts than in others :
thus I fhould fuppofe it was more in the veins of the kid-
ney, fpleen, lungs and brain, efpecially the lait, than in
many other parts : but this from the lateral fwell of the ar-
teries cannot, from the above obfervations, affect all parts
alike ; for the veins on the back of the hand being fuperfi-
cial, and net furrounded with vafcniar parts, could not
be affccted by arteries : but ftill it may arife from the late-
ral fwell of the fmaller arteries; and this acceleration,
given to the blood’s motion in the fmaller veins, is carried*
to thofe on the back of the hand. But I think I have {een
the difference in the projeGion fo great, that it hardly
could arife from that caufe alone : and, indeed, if this was
the only caufe, we fhould have it in fome degree in every
vein 3 for every vein is fo far {urrounded as to be in fome
meafure affeCted from the fwell of the arteries of the part :
but we certainly de not perceive it in fo great a degree in
the bend of the arm. The larger veins, near to the heart,
have a pulfation which arifes irom the contraction of the
heart preventing the entrance of the blood at that time,
and producing a ftagnation. This I faw very evidently in
a dog whofe cheft Topencd, and produced artificial breath-
ing : but I could not fay whether this arofe from the con-
traction of the auricles, ventricles, or both : but the vena
cava fuperior has a contraction in itfelf, in both dog and
cat, and, probably, in the human fubjet. Even breathing
produces a ftaguation near the thorax; for during infpi-
ration the veins readily empty themfelves ; but in expira-
tion there is a degree of ftagnation. Coughing, fneezing,
or ftraining, in any way where the thoracic and abdomi-
nal mufcles are concerncd, produces this effect.

I think it is probable, that where there is an univerfal ac-
tion of the vafcular fyftem, the actions of the arteries and
veins is alternate. That when the arteries contra&t, as in ma-
ny fevers, the veins rather dilate, more efpecially the larger.

e
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PART IL
CHAPTER L

UNION BY THE FIRST INTENTION.

May obferve, that all alterations in the natural difpo-

fitions of a body are the refult either of injury or dif-
eafe ; and, that all deviations from its natural ations arife
from a new difpofition being formed.

Injury is commonly fimple ; difeafe more complicated.

The difpofitions arifing from thefe areof three kinds;
the firft, is the difpofition of reftoration in confequence of
fome immediate mifchief, and is the moft {imple.

The fecond is the difpofition arifing from neceffity ; as
for inftance, that which produces the action of thickening
parts, of ulceration, etc.

This is a little more complicated than the former, as it
may arife both from accident and difeafe, and therefore be-
comes a compound of the two.

The third is the difpofition in confequence of difeafe;
which is more complicated than either, as difeafes are infi-
nite. Yet many local difeafes although complex in their
natures, are fo fimple in their extent, as to allow the re-
moval of the difeafed part, becoming when that is done;
fimilar to many accidents.

As difeafe is a wrong adtion of the living parts, the ref-
toration to health muft firft confift in ftopping the difeafed
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difpofitions and aions, and then in a retrograde motion
towards health.

In treating {yftematically of fuch complaints as are thc
object of furgcry, we thould always begin with the meft
fimple, and advance grudually to -the more complicated,
by which means we fhall be more clearly underftood.

There are many complaints requiring the attention of
a furgeon, which cannot be called difeafe, becaufe having
been produced by fomething foreign to the body, asin acci-
dents, they are to be confidered as a violence committed
upon it, altering in fome degree the ftructure of parts,
and confequently interrupting the natural operations al-
ready defcribed.

The parts/{o hurt not being able to purfue thelt ongmal
or natural mode of action, are obliged to deviate fromit;
and this deviation will vary according to the nature of the
violence, the natureof the part, and the ftate of the con-
ftitution at the time.

An alteration in ftruture requires a new mode of action
for its reftoration 3 as the aét of reftoration cannot be the
fame with what was natural to the parts before any a]tc-
ration had takeniplace, .,

The alteration of fraGture. by violence, requires’ only
the moft fimple change in the natural action of the pat to

reftore it and of courfe the moft fimple method  of treat-
ment by art, if it be fuch as' to require any afliftance at
all ; for there are many accidénts where none is neeeﬂ:ary.
It will be proper to obferve here, that there is a circum-
ftance attendmg accidental mjury which does not belong
to difeafe, viz. that the injury done, has in all cafes a ten-
dency to  produce both the dxfpoﬁtlon and the meansof
cure.

The. operations. of reftoration arife naturally out of thc
‘accident itfelf ; for when there is'only a mechanical altera-
tion in the f’crué’curc, the {timulus of imperfection taking
place; immediately calls forth' the ‘action of reftoration ;
but this is contrary to what happens in difeafe ; for difeafe
is a difpofition producing = wrong altion, and it muft con-

_tinug. this;wrong action till the difpofition is ftopped, or
wears itfelf, out; when this falutary effe€t, however, has
once taken place, the ftate of the body bccomes fimilar to
thatin a fimple accident, viz. a confcioufnefs of imper-
feltion is excited, which preduces the a&tion of reftora-
tion.
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In injuries arifing from accident, we have hitherto fuppo-
fed that the parts have rio tendency to any difeafed action,
independent of the accident ; for if they have, it is proba-
Ele that fuch a téndency may be ftronger than the difpofi-
tion for reftoration, and in that cafe they will fall into the
peculiar difeafed action, as was explained when treating of
fufceptibility. Let us take the fcrophula and cancer as ex-
amples, and we fhall find, that if a part be hurt, which has
a {trong tendency to ferophula, it will, moft probably run
into the fcrophulus mode of action, in preference to that
of reftoration ; and therefore, we have many joints, when
injured, affuming the ferophulous aétion, called white
fwelling 5 or if a woman, beyond thirty years of age, re-
ceivesa blow on the breaft, it is more likely to acquire the
cancerous mode of aétion, than that of reftoration; which
fhould be well diftinguifhed from what is immediately con-
fequent, viz. the inflammation’; for on this depends a
knowledge of difeafes.

Although accident may be faid to produce an effet on a
part (whatever that effe¢t may be) which has a tendency
to its own cure, yet there are often not only immediate
confequences ariiing from that effect, as inflammation ;
and again, the confequences of this inflammation, as fup-
puration ; but the bafis of difcafes are alfo frequently laid
by it, not by producing them immediately or naturally,
but by exciting fome fufceptibility of the conftitution, or of
a part, into a difpofition for a difeafe, which may be latent
for a confiderable time, and then come into action.

Thus fcrophula, cancer, etc. often arife from accident,
even where the parts in confequence of the injury have
gone through the immediate and the fecondary ftages of a
cure.

Thofe effe&ts of accident which arife from the nature of
the parts hurt, may be divided into fuch as take place in
found parts, and fuch as effedk parts already difeafed. The
firft is whatI fhall at prefent treat of, the fecond, being
conneéted with difeafe, is not to our prefent purpofe.

The injuries done to found parts, 1 fhall divide into two
forts, according to the effets of the accident.

'The firft kind confifts of thofe in which the injured parts
do not communicate externally, as concuflions of the whole
body, or of particular parts, ftrains, bruifes, and fimple
fraures, either of bone or of tendon, which form a large
divifion. The fecond confifts of thofe which have an ey.
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ternal communication, comprehending wounds of all kinds,
and compound fra&tures.

Bruifes which have deftroyed the life of the part, may
be confidered as a third divifion, partaking, at the begin-
ning, of the nature of the firft, but finally terminating like
the fecond.

1. OF INJURIES, IN WHICH THERE IS NO
EXTERNAL COMMUNICATION.

THE injuries of the firft divifion in which the parts do
not communicate externally, feldom inflame ; while thofe
of the {fecond commonly both inflame and fuppurate. The
fame operations, however, very often take place in beth,
though the order in which they happen is reverfed; the
firft becoming like the fecond, by inflaming and fuppura-
ting ; and the fecond being in many cafes, when properly
treated, brought back to a refemblance of the firft, and
united by the firft intention ; by which inflammation and
fuppuration are prevented. But when the life of a part
has been deftroyed by the accident, it muft neceffarily fup-

urate ; and therefore thefe injuries will be rendered fimi-
ar, in this fefpet, to thofe of parts which communicate
immediately, and have not been united by the firft intention.

That injury which in its nature is the moft fimple, and
yet calis forth the actions of the part to recover from it, is
a degree of concuflion®, where the only effe¢t produced is
a debility of the altions or funtions of the whole or part,
fimilar to that occafioned by a bruife, in which the continu--
ity of the fubftance is not interrupted ; in fuch a ftate the
parts have little to do, but to expand, and reinftate them
felves in their natural pofition, ations, and feelings ; and
this is what happens in concuffion of the brain.

The rupture of a fmall blood-veflel is, perhaps, the next
in order of fimplicity ; where the continuity of the part is
broken, extravafation takes place, and the blood is diffufed
into the common cellular membrane, into the interftices

* Here I mean concuffion as a general term, not confining it
to the brain,
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of fome part, or into a circumf{cribed cavity. But fhould
the veflelbe either very large, or eflenrial to life, fuch as
are femoral, bracheal, or coronary arteries 3 or thould the
rupture take placein a vital part, as the brain, orin inter-
ftices or cavities belonging 1o a vital part, as in the cavi-
ties of the brain, or pericardium, in all fuch cafes the in-
jury may kill from the extravafation alone, however incon-
fiderable may be the original mifchict.

"The operation of reftoration in this cafe, when the vital
parts are not concerned or difturbed, confifts firft in the
coagulation of the extravafated blood between the ruptured
parts, laying, as it were, the foundation of wunion, next
in clofing the ruptured veflel, or in promoting its inofcula-
tion, and fometime after in bringing about an abforption of
the fuperfluous extravafated blood. If the veflel clofe, that
effect is produced by the mufcular contraltion of its coats ;
but in what way it inofculates, whether by the two ori-
fices when oppofed having a mutual attraction, and inftead
of contrating the two portions of the ruptured veflel elon-
gating, fo as toapproach each other reciprocally and unite*;
or whether anew piece of veflel is formed in the interme-
diate coagulable lymph, is not eafily determined.

Inofculation, however, can only take place where the
extent of the parts divided is not great, and the oppofite
furfaces remain near ecach other; but even then it is moift
probable that wémuft in part afcribe to another mode of
union the communication of veflels which takes place be<

* Inofculaticn is a term commonly ufed by writers, but whe-
ther it was derived from theory or obfervation is not material.
The very few inftances where it can be obferved, together
with the want of accuracy in thofe who firft introduced the term,
would incline me to think that it arofe from theory, or opinion
only. | never could get an opporturity of cUferving it in all
my experiments, and obfervations on inflammation, except in
the coats of the eye. In many inflammations of that organ,
we find an artery or arteries paffing from the tunica conjun&iva
to the cornea and ramifying on that part. Thefe have been
often cut acrofs to prevent the influx of blood ; the two ends
are feen to fhrink, but in a little time they are again perceived
to unite, and the circulation to be carried on as before. In
this there can be no deception; and to perform, tlerefore,
foch an operation effeCtually, a part of the veflels fhould by re-
moved.

1



184 Union by the JSirft intention.

tween the two divided furfaces; for where inofcalation
does not, or cannot take place, the union of the ruptured
veflels is produced by the coagulation of the extravafated
blocd of this part, which becomes vafcular.

That the blood becomes vafcular, is clearly thewn in the
cafe of the blood extravafated on the tefticle.

The fuperfluous extravafated blood is taken up by the
abforbents, by which means the whole is reinftated as much
as it is in the power of the parts to doit. I may obferve
here, that the power of recovery in the arteries 1s greater
nearly in proportion to the fmallnefs of their fize, which
is combined with feveral caufes, viz. their diftance from
the heart, their elafticity, their divifion into fmaller branches,
and their accumulated diameters becoming larger, which
allows them to recover. Secondly, there is an increafed
power within the fmaller artery itfelf abftratted from the
above circumftances.

- This includes a great variety of cafes, and the moft fim-
ple difference which can happen between them will be
owing to the magnitude of the ruptured parts, or to a difs
ference in the parts themfelves ; or to the magnitude of the
injury ; or toa difference in the effe@s. It will compres
hend fimple fractures of all kinds, broken tendons, as is of-
ten the cafe with the tendo-achilles; even many injuries
of the brain producing extravafated blood, which is pro-
bably the only way in which the brain can be torn wheg
there is no frature.

Some of thefe will often require art to reinftate them in
the natural pofition, out of which they may have been put
by the accident, or by fome peculiar circumftance attend-
ing the nature of the part, as we fee in a fra&ure ‘of the
patella, or broken tendon, where the upper part being too
far pulled up by the mufcles, it muft be reinftated by the
hand of the furgeon, to bring the parts into a fituation
more fayourable to their recovery.

But extravafations, even from the moft fimple accidents,
are often fo fituated as to obftruct the ations of life; as
for inftance, in that affeion of the brain, which is called
apoplexy. The fame thing happens in extravafations into
the pericardium, or into any of the other vital parts, where
little can be done, although much s wanted. In many o=
ther parts, where the actions of life cannot be affected,
yet the extravafations are often too confiderable to allow
the parts to go through their proper modes of reftoration.
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The quantity of extravafated blood being often fo large as
to diftend the parts, and form a kind of tumor, called ec-
chymofis, of which I fhall now treat.

The extravafated blood in fuch cafes being the only vifi-
ble complaint, to remove it is the cure, which may be ef-
fected by abforption 3 or, if neceflary, by an operation.

An ecchymofis we may confider as of twe kinds, one in
which the blood coagulates when extravafated, the other.
where it remains fluid ; but this diftinétion makes little dif-
ference in the difeafe itfelf, and of courfe little in the mode
of treatment; it fhould be obferved, however, that the
firft kind, for the moft part, terminates well’; while the
fecond fométimes inflames and fuppurates.

When thefe injuries get well by the abforption of the
blood, the cure is gradual, and often takes a confiderable
time ; but if the tumers become lefs and do not inflame,
they fhould be allowed to go on to perform their own cure;
and éven where inflammation takes place, that fhould be
permitted to advance to fuppuration, and the tumors to
‘threaten burfting before they are opened by art, or what 1
‘believe would be ftill better practice, théy fhould be left to
open of themfelves.

In fome inftances, a blow the caufe of the ecchymofis,
may have injured the fuperficial parts or fkin fo much as to
produce inflammation; and under fuch ¢irecumitances I
thould recommend the cafe to be treated as an inflamma-
tion arifing from any other caufe, without paying atten-
tion to the blood underneath. Tt often happens that the
blow has deadened the fkin over this blood, which deaden-
ed part, as is ufual in fuch cafes, muft, in a certain time,
afterwards feparate from the living. :

‘Where this has taken place, and the extravafated blood
Has coagulated, it has oftén been found to remain in the ca-
vity, asa meré extrangous body; without d&ing, and with-
out even allowing the ftimulus of an expofed {urface, or of
an imperfect cavity to take place. The edges of the fkin
a1l round fhewing the difpofition to contraét over this bloed,
as if it was a living part to be preferved, rothing has feém-
ed to be wanting to finifh the cure but the bloed being alive
with du¢ powers of action.

In thefe cafes the common pradtice has been to fcoop
out the blood and diftend the internal furface with warm

i gL
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dreflings to ftimulate it to’ inflammation, etc. and a fope:
being the confequence of this msthod it goes on as fores.
commonly do. - But in other cafes where the opening lzadd
inig to the coagulated blood has been very fmall, [ have
feen that without any other raeans being ufed the blood hag
been gradually fqueezed out of the orifice by the contrac-
tion of the furrounding parts, till the whole cavity became
fo much contradted as to contain no more than what feemed
to ferve as a bond of union to the parts; and thus the cure
has been completed without further trouble. The follow-
ing cafe was treated in this way.

CASE. 2
Mrs. B—t fell backwards and pitched upon a pail which
was behind her, and the left labium pudendi {lruck againft
its handle with the whole weight of her body. vy
Within five minutes after the accident, the bruifed part
{welled to as great degree as the fkin would allow ; from
which fudden appearance of /the fwelling, and feeling of
fluctuation, I concluded that blood had been extravafated
by the rupture of fome {mall artery. I bled her, and de-
fired a poultice to be applied to the part, in order to keep
the fkin as eafy as poffible under fuch diftention. .
Believing the tumor to arife from extravafated blood, I
did not chufe to open it, that the bleeding might be fooner
ftopped by the preflure of the extravafated blood againft the
fides of the cavity. Some hours after the accident the fkin
-burft, and a good deal of blood came away. On examin-
ing the wound I found the opening of confiderable fize,
leading into a cavity as large as the egg of a goofe, and fill-
ed with coagulated blood, which I did not remove for the
reafons given above, that it might aflift in ftopping the vef-
“ fels' which were flill bleeding. - The poultice was continu-
- €d, the bleeding gradually became lcfs; and every time I
-examined the part, I found the cavity diminithed, but ftill
filled with coagulated blood, which continued to be pufhed
out of the wound, and after fome time a flough came off
from the bruifed {kin, which enlarged the fize of the wound.
About a fortnight after the accident the parts were all fo
much collapfed, as to have forced out the blood entirely,
and there feemed only a fuperficial fore, not above an inch
- long and half an inch wide. What may it be fuppofed
would have been the confequence, if I had enlarged the
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opening, fcooped out the bloed and: dreffed the part with
lint, or any other application I might think proper ?

The effe& of fuch treatment would certainly have been
a large fore, nearly of the fame fize with the cavity; and
the fides of the cavity would have inflamed and fuppurat-,
ed. Is there not reafon to believe that the coagulated blood,
by remaining in the wound, prevented inflammation gwer.
the whole furface, and allowed the parts to contract to their
natural pofition, fo as to leave no other fore than that
where the fkin had burft and floughed ?

This practice fhould be generally followed in fuch cafes
of ecchymofis.

The {econd fpecies of ecchymofis is that in which the
blood has not coagulated but remains fluid. This cafe, al-
though it alfo frequently occurs, does not always terminate
fo well as the former, nor allow of fuch a falutary termi-
nation, where an cpening has been made, either by the
accident, or by art; for then fuppuration will be produced
all over the cavity ; more caution is, therefore, neceffary
to prevent an opening. It has often the appearance of an
incyfted tumor ; but being an immediate confequence of
fome accident upon the part, its nature becomes readily un-
derftood, though fometimes from its fituation it has the
fymptoms of an aneurifm attending it ; neither does the
caufe of it contradict this idea.

If formed over a large artery the tumor will be attended
with a pulfation ; but when from this caufe it cannot be
made to fubfide by preflure, yet it is not, therefore, to be

{fuppofed harmlefs, as in fa&k it requires to be treated with
_great caution, . 7 . 3
If the pulfation fhould arife from the real influx of blood,
this will foon be fhewn by the increafe of the tumor, and
will lead to the proper treatment, viz. opening it and {top-
ping the bleeding veflel. This {eldom happens from con-
_ tufion, . the kind of accident deftroying in fome degree the
_free exit of the blood out of the artery; and if the tumor

thould not increafe after a certain period, even if there be
a pretty evident pulfation, we may then be certain that it
aflumes this fymptom from fome neighbouring artery cr
arteries. The ecchymofis which is produced on the head
of achild during birth, has fometimes a pulfation, arifing
from that of the brain, as the futures are ftill open; and
every tumor of the fcalp, whether from a blow or.any o-
ther caufe, may be miltaken for aneurifm, if it appears



188 Union by the Jirf? intention.

before the fontimelle be clofed, and fhould it be opened
without proper examination, may difconcert the ignorant
furgéon.

'%hat the blood does not coagulate in this fpecies of ec-
c¢hymofis, muft arife from fome peculiar mode of a&ionin

the veflels, occafioned by the effects of the injury: for I
apprehiend that in fuch cafes, the blood dies in the aét of
extravafation, in the {fame manner as the blood of the men-
ftrual difcharge whenever it is effufed.

The ecchymofis which we have mentioned, as happen-
ing vety commionly to children in the birth, particularly
under the fcalp, requires nothing to be done 5 as by waiting
with patience, the whole will in general be abforbed.

Although this is commonly the event in new born infants,
yet ecchymofis does not terminate alike favourably in other
cafes, the tumor often remaining for a gonfiderable time
without undergoing any change, and after months, fome-
trmes difappearing, but at other times inflaming and fuppu-
rating.

Wghen an extravafation of blood takes place between the
fcalp and head, in confequence of a blow, “which is ve
common, and continues fluid, we find a kind of ridge all
round the bag, and by preffing all round the edge of the
bidg, the finger finks, fo asto give diftinctly, (we conceive)
the feel of a deprefled bone; but this feeling of a depref-
fion following the edge of the ecchymiofis all round, isa
proof that it cannot be depreflion of the bone ; bécaufe ro
depreflion could' be fo regular, mor would any depreffion
be of the fame extent with the ecchymofis. The edge of
the fcalp {urrounding the ecchymofis feenrs to be raifed,

cand I believe itis; if fo, then fomething fimilar to the ad-
héfive inflammation muft have taken place to fet bounds to
the extent of the bag, and to hinder the blood from gétting
“‘into’ the cellular mémbrane.
- It might perhaps be the beft pratice to make a fmall o-
‘pening into fuch tumors with a lancet, and by Ifetting out
" the blood get the fides of the cavity to heal by the firft in-
“‘tention. When the parts inflame and fuppurate, the cafe
““is to be treated as an abfcefs.

'This fometimes difappears by refolution : but this being
feldom permitted, the ecchymofisis reduced either to the
“fate of a freth wound, which is allowed to fuppurate, or
““an abfcefs ; for furgeons are induced to open early, by fee-
ing an inflammation, and feeling a flu¢tuation, two ftrong
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motives when every circumftance is not well attended tos
but in fnch cafes I fhould wait till I obferved evident figns
of {uppuration, viz. the thinning of the fkin over the mat-
ter, and peinting of the contents, which are the only true
marks of the formation of the matter, as well as of its
coming near the fkin.

If the blow fhould have deadened a part of the fkin,
then a feparation of the flough will take place, and expofes
this cavity fo as to produce {fuppuration. And this is to be
confidered as a ftep ftill farther removed from the moit fim-
ple fpecies of injury, than where the blood coagulates.

I am not able, under fuch circumitances, decidedly to
fay which is the beft practice, whether to leave the flough
to feparate, or to make a {fmall opening and allow the blood
to efcape flowly from the cavity.

In both kinds of ecchymofis, when inflammation has ta-
ken place in the fkin from the violence, if it has not advan-
ced to fuppuration, the object of the furgeon fhould be to
bring about the refolution of the tumor; when he finds
there is no further increafe of the tumor, he may conclude
that refolution is beginning to take place; which being
clearly afcertained, he is then to affilt in exciting the ab-
forbents to do their duty, in order to take up the extravafat-
ed blood. T believe the beft exciting power is preilure,
which if urged beyond the point of eaie, fets the abforb-
ents of the parts to work, for the purpofe of removing the
fubftance which prefles, or the part that is prefled: but
moft commonly the body prefling, if it be fubject to the
laws (or powers) of abforption ; and in this cafe the extra-
neous fubftance prefling on the inner furface of the cavity,
is the extravafated blood which we wifh to have removed.

The following cafes explain this.

A lady fell and ftruck her fhin againft a ftone, a confi-
derable ecchymofis came on almoft immediately, and the
fkin over it inflamed to a confiderable degree. The blood
had not coagulated, there was therefore a perceptible fluc-
tuation underneath, and her phyfician recommenged an o-
pening to be made. I was fent for, and on examining the’
part, was rather of opinion, from the furface being a regu-
lar curve, and no part pointing, that matter had pot form-
ed; I therefore recommended patience; the fubfiding of
the inflammation, and the application of fuch preflure as
fhe could bear wighout unecafinefs, caufed the whole tuinor
to be abforbed.
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A man was brought into St. George’s Hofpital whofe
thigh had been run over by the wheel of a cart; a very
large encliymofis was formed on its infide, and a confider-
able inflammation of the fkin had taken place. The blood
had not coagulated, therefore a flu€tuation could eafily be
felt; but as there was no appearance of pointing, fimilar
to that of matter coming to the fkin, I was in hopes that
fuppuration was not coming on 3 and although the inflam.
mation was confiderable, I fuppofed that it might arife ra-
ther from the violence of the accident than from the extraya-
fation : I waited therefore the event ; faw the inflammation
gradually go off, and as that fubfided I obferved the tumor
decay, although it was very flow in its decreafe: I then
directed a {light comprefs to be applied, after which the
tumor evidently diminithed much fafter than before, till the -
whole was abforbed. X
The union by the firit intention ufually takes place o
foon after the injury, that it may be faid to be almoft im=
mediate 5 for when the blood has coagulated in fuch a fitu-
ation as to adhere to both furfaces, and fo as to keep them
together, it may be faid that the union is begun. It s not,
however, immediately fecure from mechanical violence,
and the blood itfelf by lofing its power of retaining life,
may likewife be rendered unfit to preferve the communica-
tion with the adhefing furface, (by which it is connected
with the body at large) and thus the union be of courfe pre-
vented.  If there be no fuch impedimént, then the union
of the parts may be very quick ; but it will be in fome de-
gree according to the quantity of extravafated blood inter-
pofed ; for if that be large, the whole blood will not be-
_come vafcular, but the furface only which is in contact with
furreunding parts, and the reft will be abforbed as in the
enchymofis. 'Where the quantity is {mall, as in a flight
wound without laceration, and where all the divided fur-
faces can be brought into almoft abfolute contaét, their union
will be firm in twenty-four hours, as happensin a hair-lip,
or wounds of the fcalp. '
.. Although under fuch circumftances the blood feems to
change into a folid form very quickly, yet ‘when the fitua-
tion of the wound particularly fubjeéts the parts to mecha-
nical violence, we thould not truft to this union being com-
leted in fo fhort a time.
In the hair-lip, for inftamce, perhaps forty-cight hours
may be required to.make it perfeitly fecure, and except
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when the ftitches by producing uleeration might make fcars,
there can be no harm in allowing fuch parts even a longer
time for their union.. But in wounds of the fcalp, this
caution is not meceflary ; and indeed in fuch cafes it is
fearcely required to maise ftitches at all.

In cafes of accidental injury, whether they be in thems-
felves flight of confiderable, in whatever fituation or part
they may have happened, if the falutary procefies, above
deferibed, goon readily, ne other effet of injury, or irri-
tation, or pain, in confcquence of nature’s eoperations is
felt. No univerfal fympathy or fever takes place, except
what arifes from the mere injury done, but all is quiet as
if nathing had happerfed. This is fometimes the caie even
ina fimple fracture of the bones of the leg, in fiffures of
the fkull, etc. However, the magnitude of ~the accident
often produces effe¢ts which are alarming, and more par-
ticularly when they happen to parts effential to life. 'Thefe
effects are often the caufe of much danger, the conftitution
becoming affected according to the nature and importance
of the parts injured. Thus concuflion and extravafation
affecting the brain, muft likewife affect the conflitution,
from " its natural actdon and influence on the body being
diminifhed, increafed, or otherwife difturbed. The fame
thing happens from an injury done to any other vital part
of the body, and the effe&s will be according to the ufe
of fuch parts, or the.inﬁu‘cnce which they have on the fyf-
tem. :

However, thefe immediate and falutary opcrations do
not always take place fimply, for they are often altered by
other circumftances; as the accident {ometimes, becomes
the caufe of irritation, and produces another operation of
the parts, ealled inflammation, which ig often of fingular
ferviee, by increafing the power of union in the broken
parts.

This inflammation will generally be in propertion to the
degree of injury done, the nature of the parts injured, and
the flate of the conftitution at the time, which in other
words, is in proportion to what is requifite for the firft
powers of ynion. But it fometimes happens, that inflam-
mation goes further than is required, and procducesa vari-
ety of actions fucceeding each other in regular progreflion.
‘This may occafionally be cblerved in certain fimple frac-
tures, in which the extravafated blood acting as an extras

Kk :
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#20us body, becomes the caufe of the fuppurative inflame
mation ; and the fimple is in this way brought to a ftate
refembling the compound fraéture. The inflammation,
however, docs not cxtend over all the lacerated partsy ay
when they are expofed at the time of the injury, many of
thefe having united by the firft intention.

‘We may here obferve, that accident of the moft fimple
kind may produce effeéts which do not allow the common
operations of nature to take place, as when a large blood-
veflel is broken, or when a fractured rib penetrates into the
lungs, or a compreflion of the brain arifes from a fracture
of the fkuil. But none of thefe accidents admit of the
modes of cure above-mentiened, asthey each require par-

ticular treatment, and-therefore are not to our prefent pur~
pofe.

1. OF INJURIES WHERE THE WOUND COM-
MUNICATES EXTERNALLY.

THE fecond divifion of injury arifing from accident, i
where the ruptured parts communicate externally, produc-
ing effects different from the former. Thefe may be dis
vided into two kinds, viz. wounds made by a fharp cutting
inftrument, and contufions producing death in the parts
injured. Wounds are fubjet to as great a variety as any
thing in furgery. ,

A wound is a breach made in the continuity of the folids
of a part, beginnir’ng moft commonly on the external fu.r-
face, and proceeding inwards ; although fometimes its
direQions is from the infide outwards, as in compound
fraGtures. A gun-fhot wound may be faid to partake of
both circumftances, as it pafles through a part: wounds
often admit of the fame mode of cure with accidents which
do not communicate externally, but then it requires the art
of the furgeon to place themin the fame fituation, or un-
der the fame circumftances. }

A wound is either fimple or compound ; the fimple is

what I have now to explain, and is of fuch a nature as to
admit of union by the firft intention. Of this defeription
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we may likewife confider wounds which are the confe-
quence of certain {urgical operations.

The form of the inftrument by which wounds have been
inflicted will alfo make a difference in their nature; for if
it be fharp it will make a clean cut wound ; if obtufe in its
fhape, a bruifed one, and may alfo deaden a part, and the
parts may likewife be torn after having been cut; all of
which varieties will render a dlﬂlrent treatment neceffary
towards effe&ting a cure.

In the moft fimple cafes of wounds, a number of blood-
veflels being divided, there is an effufion of blood, which
efcaping by the wound, the internal parts are left expofed,
efpecially the cellular membrane 5 and thefe if not brought
into contact with correfponding living parts immediately,
or by means of the coagulated blood, will inflame and fup-
purate. Accidents of this kind differ from thofe of the
firft divifion by communicating externally, a circumftance
which makes them often require very different modes of
treatment. In cafes where parts have been forced out of
their natural fituation, they fhould beredured, that when
cured they may anfwer their natural purpofes, as in frac-
ture, diflocation, &c.

Wounds admit of three modes of treatment, arifing
from their fize, fituation, and the nature of the parts
wounded. One mode is artificial, two are natural, in
which laft the conftitution is allowed to perform the cure
in its own way, which will be explained when we {peak of
{cabbing.

Thefe being different from the former, and from each o-
ther, it might be theught that I fhould have confidered them
firft as being natural procefles 3 but tha firft can be put in-
‘to the fame ftate with the two others, and therefore ought
to precede them. For this purpofe agt muft be employed
by the furgeon to bring the feparated furfaces in contact;
that by retaining them there till union fhall have taken place,
the injgry may be removed from the flate of an expofed
wound.

This treatment of frefh wounds with a view to cure them
by the firft intention, is equally proper after many opera-
tions, as inaccidental injuries. Inftances of this often oc-
cur after diffe€ting out tumors, {calping when no fracture is
found, and when trepanning has not been performed ; and
* it has been put in pradtice even where the trepan has been

2
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:pplied. It has been employed alfo after amputationsy in
fhort, wherever a clean cut wound is made in found parts,
and when the furfaces can be brought into contact, or where
there is fuficient fkin to cover the part, this practice may,
and thould be followed.

In no cafe, however, of a breach of continuity, can we
entirely prevent the parts from retaining the appearance of
a wound, for the breach in the fkin will more or lefs remain,,
and the blood will coagulate, become dry, and form a feab,,
But this operation of nature reduces the injury to the ftate
of a mere {uperficial wound, and the bleod which is con-.
tinued from the feab to the more deeply feated parts, re-
taining its living principle, jult as the natural parts do at
the bottom of a fuperficial wound, the' fkin is formed under
this fcab in the one cafe as in the other; yet if the fcab
thould either irritate, or a part underneath lofe its uniting
powers, then inflammation, and even fometimes fuppura-
tion, may be produced. It is often, however, only inflam-
mation that is produced ; the fcab here preventing the fura
ther progrefs of mifchief in the fame manner as the fcab-
bing of the pus on a fore prevents the procefs of fuppura-
tion, which becomes cne of the ufes of pus.

In many of the cafes in which we mean to produce union
by the firft intention, it is net neceflary to be very nice in
{punging out the blood, with a view to make the two fur-
faces of the'fleth come entirely into contact, the blood it-
felf anfwering a fimilar purpofe. In feveral cafes, having
brought the two portions of loofe fkin together, I'have feen
the two cut edges unite almoft immediately, and though
the cavity underneath was diftended with blood yet it did
well, the tumor gradually decreafing as the blpod was ab-
forbed 5 this is to be confidered in the fame light as an ec-
chymofis.

‘When the portion of fkin is not fufficient to cover the
whole wound, and the cut edges cannot be brought toge-
ther, ftill the fkin {hould be made to cover as much as it
can, in order to diminifh the fize of the parts that muft o-
therwife fuppurate and form a fore; as in confequence of
this mode of treatment, the living extravafated blood is
confinzd in the wound, and coagulating there, unites the
two furfaces together, ‘

The mouths of the veffels are foon fhut, either by inofcu-
lation, or their own power of contraction, and by the blood
becoming vafcular, as in the former flated cafe of union
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by the firft intention 5 and if there fhould be any fuperfiu-
ous extravafated blood, we know that it will be afterwards’
abforbed.

The blood being alive, this uniting medium becomes im-
mediately a part of ourfelves, and the parts not being of-
fended by it, no irritation is produced. The red particles
are abforbed, and nothing but the coagulating lymph is re-
tained, which being the true living bond of union, after-
wards becomes vafcular, nervous, etc.

This mode of treatment by art, though an imitation of
the former, can feldom be fuppofed equally complete ;
perhaps we ought not to expect it tobe fo in any cafe, as
there are circumftances often attending the artificial mode
of treating wounds, which do net occur in the natural.
The ligature ufed for tying a blood-veflel leaves an extra-
neous body in the wound *; a part deprived of life by the
inftrument, etc. will become an extraneous fubftance, and
the furfaces cannot always be brought into contact, fo as
to allow a perfecl union to take place. In fuch cafes, union
is prevented by the blood lofing in part its living principle,
efpecially in thofe parts next to the external furface; and
perhaps the art employed by the furgeon himfelf may affift
in changing the original ftate of the wound, as the paffing
of needles and ligatures muft always produce fuppuration
through the whole paflage. _

Thefe fubftances fo circumitanced, moft probably be-
come the caufe of irritation, and confequently of inflam-
tion. But if the pofition of the parts be {uch as in any fort
to allow of union, although not readily, the inflammation
will go no further than the firft ftage, and will even give
aflitance to the firft mode of union.

"The poflibility of effecting a cure by this method is pro-
bably limited to fome certain diftance of time after the
wound has been received, though that fpace may admit of
fome latitude ; perhaps the fooner it is done the better;
but while the blood continues to be extravafated it certainly
may be attempted upon our firft principles of union.

* If fuch a wound has a depending angle, and the veflels
fhould even be tied nearer the upper angle than the lower, yet
I wonid advife to bring the Inofe end of the thread out of the

wound at the lower, for by that means the matter will flow
much more eafily.
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‘Where the former bond of union is loft in a part, to pro-
duce a new one a fecondary operation takes place, namely,
inflammation ; and if this is likewife loft, then a third
mode of union will arife, which is by means of granula-
tion.

If the divided parts are allowed to remain till the mouths
of the divided veflels be emtirely fhut, yflammation will
inevitably follow, and will furnith the fame materials for
union which are contained in extravafated blood, by throw-
ing out the coagulated lymph ; f{o that union may itill take
place, though fome time later after the divifion of the parts.
This inflammation I have called the adhefive ; and the in-
flammation that precedes fuppuration, I have called the
fuppurative inflaimmation. If the parts, however, conti-
nue teo long afunder, fuppuration muft follow, and pus is
unfriendly to union. 'We may here obferve, that fuppu-
ration takes place on expofed furfaces, with a much lefs
degree of inflammation and in much lefs time than on thofe
which are not expofed, and from their not being oppofed
by living furfaces, which tend to bring on the adhefive
ftate, they continue it muchlonger.

Whether this coagulating Iymph iffues from the half clo-
fed mouths of the veflels which were cut, or from the fur-
face of the opened cells, is not. eafily determined ; but moft
probably it is from the latter, as it comes on about the time
that the {welling of the furrounding parts begins to appear.
There is reafon to fuppofe it to be the fame kind of dif-
charge with that which caufes the {welling, and which is
continued through the whole courfe of this ftage of inflam-
mation ; for on examining the dreflings of fuch wounds as
are allowed to fuppurate, feveral days after the wounds
have been made, ‘the lint is generally adhering to the fur-
face by means of the coagulating lymph ; the fuppuration
not having yet fufliciently taken place to loofen it. .

When thefe operations are completed in due order, the
fimple operations ef the animal are entirely confined to the
part, neither the mind nor the conftitution feeming in fuch
cafes to be at all affected, except that there is a fecling of
tendernefs in the part. But whatever thefe {fenfations may
be, they arife entirely from the injury done, and not from
the operation of union, unlefs when the fuppurative in-
flammation comes on.

'The inflammation often runs fo high, even where the
parts have been brought into contat, as to deftroy, by its
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‘violence, that union which the extravafated juices were in-
tended to produce, the confequence of which is fuppura-
tion at laft.

Is it by this excefs of inflammation that the extravafated
juices lofe their living principle, and become as it were
extraneous bodies ? or is it not poflible, that in thefe cafes
the inflammation may be the eftet rather than the caufe of
the lofs of the living principle, by the blood firft lofing
its living principle, and inflammation arifing from it as a
confequence ?

The time requifite to complete this union will be nearly
the fame as that of the firft intention ; and probably fooner
if there be no particular tendency to fuppuration 3 but if
there be, union may be fufpended fome time longer, for
here the uniting medium willbe thrown out in larger quan-
tity, and where the union is moft eafily effected, there is
lefs of this medium ; when two furfaces unite by inflam-
mation, they are commonly in conta&t, or elfe moft pro-
bably union from this caufe would not fo readily take place.
‘We fhall find in the defcription of the adhefive inflamma-
tion, that the union of two fides of a circumfcribed cavity
is very foon effected, and foon becomes ftrong.

There is another mode of union, which, although upon
the fame principle, yet differs with regard to the parts which
are to be united.

I have hitherto explained union as taking place only in
the divifion of correfponding parts of the fame living bo-
dy, but it is equally poffible to unite different parts of the
fame, or of different bodies, by bringing them into contaét
under certain circumftances. There is feldom occcafion
for fuch practice ; but accident, or rather want of atten-
tion, has in fome cafes been the caufe of union taking place
between different pasts of the body. 'The ehin has been
united to the breaft, the tongue to the lips or cheek, etc.
and when this happens it has commonly been throu(rh the
medium of granulations. The ﬁttempt to unite parts of
two diﬂ"erent bodies, has only been recommended by Talia-
cotius. The moft extraordinary of all the circumftances
refpeting union, is by removing a part of one body and
afterwards umiting it to fome part of another, where on
one fide there can be no afliftance gwen to the union, as
the divided or feparated part is hardly able to do mcre than
preferve its own living principle, and accept of the union.
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The poflibility of this fpecies of union fhews how firong
the uniting power muit be; by it the fpurs of the young
cock can be made to grow on his comb, or on that of ano.
ther cock; and its tefticles, after having been removed,
may be made to unite to the infide of any cavity of an a.
nimal.

Teeth, after having been drawn and inferted into the
fockets of another perfon, unite to the new focket, which
is called tranfplanting. Ingrafting and inoculating of trees
fucceed upon the fame principle*.

* That the living principles im two bedies which have a
perfect affinity to onc another, fhould not only be a preferva,
tive, but a caufe of ynion is evident; but even in badies which
appear forcign to one another, the ftimulus of an extraneous
body is not produced where union is not intended, and cannot
take place, although we fhould at firft fuppofe that the extra-
neous {timulus would be given, and foppuration fucceed.

This is verified by the eggs of many infedts, which arelaid
under the fkin of different animals, producing only the adhe-
five inflammation in the furrounding parts ; by which the fkin
is thickened and a nidus is formed for the eggs.

The Guinea worm, called vena medenefis, is alfo a ftriking
inftance of this; for while the animal is endowed with the liv-
ing principle, it gives but little trouble, yet if killed, pives
the {timulus of an extraneous body, which produees fuppuration
through its whole length.
©  Other inftances of the fame fort are :

"The aftrum bovis, which lays its eggs in the backs of cattle,

The zftrum tavendi, which lays its eggs in the back of the
rein deer. A ‘

The zftrum nafale, which lays its eggs in the nofes of rein
deer.

The zftrum hemorrhoidale, which lays its eggs in the reftum
of horfes. '

' The =ftrum ovis, which lays its eggs in the nofe and frontal
finufes of ruminati ‘g animals, particularly theep.

The little infe& in Mexico, called migna, which lays its
eggsunder the fkin; and laftly the cheggars, which getin the
feet of animals.



Uhnion by the St intention. 199

IlI. PRACTICAL OBSERVATIONS RESPECTING
UNION BY THE FIRST INTENTION.

It is with a view to this principle of union, that it has
been recommended to bring the fides (or lips) of wounds
together ; but as the natural elaflicity of the parts makes
them recede, it has been found neceflary to employ art for
that purpofe. This neceffity at firft fuggefted the practice
of fewing wounds, and afterwards gave rife to various in-
ventions in order to an{wer this end, fuch as bandages,
fticking-plafters, and ligatures. Among thefe, the band-
age commonly called the uniting bandage, is preferable to
all the reft, where it can be employed ; but its application
is very confined, from being only adapted to parts where
a roller can be ufed. A piece of fticking-plafter, which
has been called the dry future, is more general in its ap-
plication than the uniting bandage, and is therefore pre-
ferable to it on many occafions.

I can hardly fuppofe a wound, in any fituation, where
it may not be applied, excepting penetrating wounds,
where we wifh the inner portion of the wound to be clofed
equally with the outer, as in the cafes of hair-lip. Buat e-
ven in fuch wounds, if the parts are thick, and the wound
not large, the fides will feldom recede fo far as to make
any other means neceflary. The dry future has an advan-
tage over ftitches, by bringing a larger furface of the wound
together, by not inflaming the parts to which it is applied,
and by neither producing in them fuppuration or ulceration,
which ftitches always do. When parts, therefore, can be
brough: together, and efpecially where fome force is re-
quired for that purpofe, from the fkin n5* being in large
quantity, the fticking-plafter is certainly che belt applica-
tion. This happens frequently to be the cafe after removal
of tumors, in amputation, or where the fides of the wound
are only to be brought together at one end, asin the hair-
lip; and I think the difference between Mr. Sharp’s crofs
ftitch, after amputation, as recommended in his Critical
Enquiries, and Mr. Alifon’s practice, thews ftrengly the
fuperiority of the fticking plafter (ordry future). In thofe
parts of the body where the fkin recedes more than in others,
this treatment becomes moft neceflary; and as the fealp

L1
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probably recedes as little as any, it is therefore feldom necefs
fary to apply any thing in wounds of that part; the prac-
tice will certainly anfwer beft in fuperficidl wounds, bea
caufe the bottom is in thefe more within its influence.

The fticking-plafters fhould be laid on in ftripes, and
thefe thould be at fimall diftances from each other, viz, a-
bout a quarter of an inch at moft, if the part requires clofe
confinement ; but when it does not, they may be at
greater diftances. This precaution becomes more ‘neceﬂ'a? ,
if the bleeding is not quite ftopped, there fhould be paf-
fages left for the exit of blood, as its accumulation might
prevent the union, although this does not always happen.
If any extraneous body, fuch as a ligature, thould have been
left in the wound, fuppuration will take place, and the
matter thould be allowed to vent at fome of thofe openings,
or fpaces, between the flips of plafier. 1 have known a
very confiderable abfcefs formed in confequence of this pre-
caution being negleted, by which the whole of the recent-
Ty united parts has been feparated.

The interrupted future, which has generally been recom- .
mended in large wounds, is ftill in ufe, but feldom proves
equal to the intention. This we may reckon to be the on«
ly one that' deferves the name of future ; it was formerly
ufed, butis now in a great meafure laid afide in practice,
not from the impropriety of uniting parts by this procefs,
but from the ineffe€tual mode of attempting it. In what
manner better methods could be eontrived, 1 have not been
able to fuggeft. . It is to be underftood that the above me-
thods of bringing wounded parts together, in order to unite,
are only to be put in practice in fuch cafes as will admit of
it; for if there was a method known, which in all cafes
would bring the wounded furfaces into contaét, it would
in many inftances be improper, as fome wounds are attend-
ed with contufion, by which the parts have been more or
lefs deadened ; in fuch caf:s, as was formerly obferved,
union cannot take placg according to our firft principle, and
therefore it is improper to attempt it.

In many wounds which are not attended with ‘contufion,
when we either know, or fufpeQ, that extraneous bodies
have been introduced into the wound, union by the firft
intention fhould not be attempted, but they fhould be al-
lowed to fuppurate, in order that the extranecous matter
may be expelled. 'Wounds which are attended with Jace-

ration, although free from contufion, cannot always be
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united by the firft intention, becaufe it muft frequently be
impofible to bring the external parts, or fkin, fo much in
contact, asto prevent that inflammation which is natural-
ly produced by expofure. But even in cafes of fimple lace-
ration, where the external influence is but flight, or can
be prevented, (aswe obferved in treating of the compound
fimple fradture) we find that union by the firft intention of-
ten takes place ; the blood which fills up the interftices of
the lacerated parts having prevented the ftimulus of imper-
fection in them, and. preventing fuppuration, may after-
wards be abforbed.

Many operations may be fo performed as to admit of
parts uniting by the firfl intention ; but the practice {hould
be adopted with great circumfpection ; the mode of ope-
rating with that view, fhould, in all cafes, be 2 {econdary,
and not a firft, confideration, which it has unluckily been
too often among furgeons. In cafes of cancer, it isa molt
dangerous attempt at refinement in furgery.

In the union of wounded parts by the firft intention, it
is hardly or never poflible to bring them fo clofe together
at the expofed edges, as to unite them perfectly by thefe
means ; fuch edges are therefore obliged to take another
method of healing. - If kept moift, they will inflame as
deep between the -cut furfaces as the blood f2ils in the
union, and there fuppurate and granulate ; but if the blood
is allowed to dry and form a fcab between, and along the
cut edges, then inflammation and f{uppuration of thofe
edges will be prevented, and this will complete the union,
as will be defcribed by and by.

- As thofe effefts of accidental injury, which can be cured
by the firft intention, call up none of the .power of the
conftitution to aflift in the reparation, it is not the leaft af-
feCted or difturbed by them; the parts are united by the
extravafated blood alone, which was thrown out by the in--
jury, either from the divided veflels, or in confequence of
inflammation, without a fingle action taking place, even
in the part itfelf, except the clofing, or inofculation of the
veflels, for the flowing of the blood is to be confidered as
entirely mechanical. Evenin cafes where a fmall degree of
inflammation comes on, it is merely a local aion, and fo
inconfiderable, that the conftitution is not affeted by it
becaufe it is an operation to which the powers belonging to
the parts themfelves are fully equal, 'The inflammation

le_
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may produce a fmall degree of pain, but the operation of
union gives no fenfation of any kind whatever.

The firft and great requifite for the refforation of injured
parts, is reft, asitallows that action, which is neceffary for
repairing injured parts, to go on without interruption, and
as injuries often excite more altion than is required, reft
becomes ftill more neceflary. ~ Butreft ‘may be thought to
confift merely in abftaining from bodily exercife 5 this will
in general be proper, as moft parts of the body will be afs
feéted either immediately, asbeing engaged in the ation
itfelf, or intermediately by fome connection with the injur-
ed parts. Thus, if the injury be in thelimbs, and not {uch
as to prevent walking together, ftill perfons fhould not be
allowed to walk ;3 and we find from the want of this cau-
tion, complaints in thofe parts are commonly longer inre-
covering than in others ; for by keeping the limbs at reft,
the whole progre{live motion is ftopped, a thing more dif-
agreeable to the mind than any prevention of motion in
the body. If an arm be injured, it is not fo, the want of
its ufe is not fo diftrefling to the patient, becaufe he can
enjoy locomotion, and may have no objetion to keeping
his hands quiet. Reft is often admitted from ‘neceflity,
asin the fra&ture of a leg, but {feldom where motion is
only an inconvenience. ~But it muft appear, that the rup-
ture of a veflel requires union as well as the fractureof a
‘bone, although the veflel having more powers of reftoration
within itfelf than the bone, and having lefs occafional dif-
turbance from other powers, efpecially of fraltures of
the loweft extremities, yet the reft fhould be propor-
tioned to the mifchief which would follow from the
want of it; and this will vary according to the fituation of
parts. The fame principle of reft thould apply toevery in-
jury, although this is not often allowed to be the cafe.
"Thus where an injury produces inability to move a part,
efpecially if in a jomnt, it is from fear of the lofs of motion,
not only allowed to be moved by its own mufcles, which
would be the moft proper mode, if motion at all was necef-
fary, but is moved by the furgeon, or by his direction,
who, not fatisfied with mechanical violence, has recourfe
to ftimulants, as warm applications, in order to roufe up
the internal action of the parts, and at the very time when
every thing fhould be kept quiet till reftoration of the injury
has taken place. In many parts of the body this practice
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is mot fo injurous as in others, in which it:may be attend-
ed with very ferious confequences.  Thus when a man has
fuffered a concuflion of the brain, and perhaps a blood-
veflcl has given way, the mind is deranged, becoming ei-
ther defective ortoo acute, and if thefe fymptoms fhould
continue but a little: while, the medical afliftant applies
blifters to remove the effe@, either forgetting, or not
rightly judging the caufe.. ‘This is: even carried further,
wehardly fee a man taken with all the figns ofan apoplexy,
where a paralyfis in fome part takes place, or hemiplegia -,
but that he is 'immediately - attacked 'with cordials, {timu-
lants, eleétricity, etc..: Upon a fuppofition that it ' is ner-
vous, debility, etc. the poor body is alfo tortured, becaufe
it cannot a&t, the brain not being in- a condition to influ-
ence the voluntary ~ mufcles 3 we might with exaétly the
fame propriety ftimulate the fingers - when their mufcles
awere torn to pieces. - I muft own I never faw one of them
awhich had not an:extrayafation of blood.in the brain when
opened, excepting one, who died of a gouty affection in the
brain, with fymptoms fimilar to apoplexyt. Such a cafe,
moft probably, would require a very different mode of
treatment, therefore whenit happensto bea gouty man, blif-
ters, tothe head, feet, etc. would probably be the beft
practice ; but furely this would not be the proper prac-
tice in a rupture of a veflel; we.ought to bleed at once ve«
ry largely, efpecially from the temporal artery, till the pa-
tient begins to thew figns of recovery, and to continue it
till he might begin to become faintith. We fhould give
faline purges freely, to diminifhimpetusard promote ab-
forption 3 then great quietnefs fhould be enjoined, and as
lietle exercife of the body as poflible, and efpecially to avoid
coughing and fneezing. Plain food fhould be direéted,
and but little of it 3 nor will {fuch cafes ever allow of being

¥l may be obferved here, that the only - difference be-
tween an apoplexy and hemiplegia, isin degree, for they both
arife from extravafations of blood.
" "+ PFor many years’] have been particolarly attentive ro thofe
who hiave been attacked with a paralitic ftroke, forming a hemi
plegia. 1 have watched them «hile alive, that T might have
an opportunity to open them when dead; and in alli found an
injury done ro the brain, in confequence of the extravaflation of
blood. 1 have examined them at all ftages, when it was recent,
fome of weeks ftanding, others of months, and a few years, in
which I faw the progrefs of reparation.
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roufed to a@ion, when as much recovered in their texturé
as nature can accomplifh, to the fame degree that other
parts will admit of or even require. y14THTY

Thefe obfervations lead us to confider the means of re-
lief, for, befides reft, it often happens that the parts can be
reliecved from the fecondary confequences of the injury,
fuch as inflamations, etc. But this leads to conftitutional
and local treatment, and will be included in the hiftery of
inflammation.

1 have already mentioned that when the falutary effects
above defcribed take place, the conftitutioniis pot in the
leaft effeCted, yetit is proper in all cafes where much mif-
chief might arife from a failure, to pay a little attention to
the conftitution. 'The patient fhould eat plain food,drink
weak liquors, and have the body kept open ; this treatment |
with reft fuitable to the cafe, will in many inftances pre-
veatevils that might otherwife occur and ‘prove trouble-
fome. ; ! 10 R O% «

¢
1 PLRS ¥ et

IV. OF SCABING.

J

TwrE operations which I have defcribed prevent inflama-
tion, efpecially that fort of it which produces fuppuration
but even where the parts are not brought together, fo as to
admit of union by the firft intention, nature is always en-
deavouring to produce the fame effe¢t. The blood which
is -thrown out in confequence of the aceident, and which
would have united furfaces brought into contat, is in
partallowed to efcape, but by its coagulation on the fur-
face a portion is there retained, which drying and forming
a'fcab *, becomes an obftacle to fuppuration. The inflama-
tion may be greater than where union can be effeéted, but
not nearly fo great as when {fuppuration takes place.

* Afcab may be defined firft, dried blood on a wound, dried
pusona fore, a flough from whatever caufe allowed to dry,
mucus, from an inflaned furface, as in the nofe.
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The blood lying on the frefh furface, although not now
alive, and therefore not fitted for union with the living
parts underneath, yet precludes the neceflityof any further
difcharge as a covering to the expofed furface, which is one
of the ufes of pus.

This might be confidered as the firft mode of healing a
wound or fore, for it appears to be the natural one, requir-
ing mo art 3 and in the ftate of parts beforementioned, the
complete union is in fome degree indebted to this mode of
healing, by uniting the edges that were not or could not be
brought into clofe contract, by means of afcabj proper at-
tention to this has, I believe, been too much negleted.

Many wounds ought to be allowed to {cab, in which this
procefs is now prevented 5 and this arifes, I believe, from
the conceit of {urgeons, who think themfelves poflefled of
powers fuperior to nature, and therefore have introduced
the practice of making fores of all wounds: a{cab how-
ever muft always be on a furface, it is only a {uperficial
wound, or on fuperficial parts of deeper wounds, that fcabs
‘ean form.

How far this practice may be extended, I donot know,
but there are cafes in which it thould be difcouraged, as
where deep feated extrancous bodies have been introduced,
as in gun-fhot wounds, or where deeper feated parts have
been filled ; but it will anfwer extremely well, where the
fuperficies only is deprived of life.

Superficial hurts are very common, on parts oppofite
-and near ‘to fome bone, as cn the head, fhin-bone, fingers,
-etc. but more efpecially on the fhin. In all fuch cafes itis
better tolet them fcab, if they feem inclined, or will admit
of it 3 and if that fhould not fucceed, they can but fup-
‘purate at laft, and no harm is done.

In many deep feated wounds, where all the parts have
remained in conta&, thofe underneath will unite much bet-
ter if the furface be allowed to fcab. Some compound
fractures (more efpeciaily where the external wound is we-
ry fmall) thould be allowed to Lealin the fame way ; for
by permitting the blood to feab upon the wound, either by
itfelf, or when feaked into lint, the parts underneath will
unite, the blood under the fcabwill become vafcular, and
the union will be complete, even where the:parts are not in
contact. '
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How far this practice may be extended is not yet af¢er
tained. A fmall wound doing well under this treatmentis a
common cafe,and fome examples of large wounds are men~
tioned, though thefe do not fo generally fucceed ; but I do
not know that there is any danger in the attempt, Inma-
ny cafes, therefore, which feem doubtful, where the ex- .
ternal contufion is net very great, or not continued of the
fame fize as in the decper {eated parts, it may be tried.

In fome of thofe cafes which have been allowed to fcab,
the parts injured have appeared ready to go into inflamma-
tion ; ared circle has been feen all round, produced by the
irritation of the fcab. Suppuration takes place underneath
the {cab, and the pus makes its efcape from under its edges :
but even in fuch cafes, I fhould be cautious of treating it as.
a fuppurating fore : I fhould allow it to go on, and ocafion-
ally prefs the fcab in order to fqueeze out the pus ; for it
very often happens that the red circle furrounding the fcab
becomes of a dutky brown, which is the beft fign of refo-
lution, the fuppuration diminithes, and the whoie does
well. But if inflammation fhould proceed farther and feem
tobe increafed by the mode of treatment, it muft not be
urged further ; the {cab fhould be poulticed inorder to fof-
ten it, thatit may come off eafily, and itthould afterwards
be treated according tothe nature of the fore.

"This practice fucceeds wonderfully well in cafes where
we find applications of all kinds difagree with the fkin. A
perfon fhall get a blow on the fhin, which fhall probably
deaden a part, a poultice is then often applied, that poul
tice brings out pimples on the {urrounding fkin, thefe pim-
ples increafe and become fores of fome breadth, the poul-
tice is increafed in breadth to cover them, new pimples a-
rife, and fo on, that I have feen a whole leg full of thofe
fores.

In fuch, Ialways allow the wound to fcab, and to ac-
complifh this, the beft way is to take off the dreflings in
the morning, and put on trowfers, without {tockings, and
by the evening the parts are fcabbed ; or we may powder
them with lapis calam : or chalk finely powdered, and de-
fire the patient to go bed, for the firft night, with the
trowfers on; where the fore has been only one, I have
made a circular pad, and bound that on till the fcab was
formed.
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The mode of affifting the cure of wounds by permitting
a {cab to form is likewife applicable, in fome cafes, to that
{pecies of accident where the parts have not only been
lacerated, but deprived of life. If the deadened furface is
not allowed to dry ot fcab, it muft feparate from the living
parts, by which means thefe will be expofed, and fuppura-
tion brought on ; but if the whole. can be made to dry, the
parts underneath the flough will cicatrize, and the dried
fiough will at laft drop off. I have feen this take place af=
ter the application of a cauftic, and many other floughs.
Where this can be effected, it is the beft pradtice, asit will
preclude inflaimmation and fuppuration, which, in moit
cafes thould be avoided if poffible.

I have treated many cafes in this way, and the living
parts underneath have formed a fkin as the flough feparat-
ed. This will more readily take place where the cutis is
not deprived of life through its whole fubftance; for it
has a much ftronger difpofition and powers to reftore itfelf
than the cellular membrane has to form a new cutis; in-
deed the fkin formed upon entire new fleth is very different
from the original cutis ; therefore as the fkinis the part
moft liable to thefe accidents, we have the beft chance of
fucceeding in this way when the cutis alone is injured.

This prattice is the very beft for burns or fcalds, after the
inflammation has either been confiderably prevented, or
fubdued, by proper applications or by time, for which
there probably are more remidies than for an inflammation
arifing from any other caufe, as if there was fomething
fpecific in fuch caufes. Whatever will abate an inflamma-
tion arifing from accident, will have the fame effect upon a
fcald or a burn ; and from the diverfities of applications,
we have opportunities of knowing the beft. Oil was long
an application, but which has no virtue; fpirits has alfo
been long applied, and with very good effe¢t. The com-
mon application, which is a foap made with lime water and
oil, feemed to anfwer better ; and now vinegar is firongly
recommended, and I think with juftice, as far as 1 have
feen.

Cold leffens all inflamations, and is a very good.applicas
tion where it can be applied, but it cannot be applied fo
univerfally as many others : however, cold hasthis difadvan-
tage, that the pain, although removed while under the ap-
plication, occurs with double force when it is removed,

M m
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much more ‘than from any of the applications, and the
reafon is evident, for as the warmth returns, the pain is
increafed by the warmth, even 'in found parts; on the

contrary, it is recommended, that when a part is burnt to
hold it to the fire as hot and as long as it can be held, .
which undoubtedly leflens the fuccéeding inftammation, and

foon giveseafe. This I have often feen, and probably it

can only be accounted for on the principle of producing

the a& of contraction in the veflels.

. I have taken a bucket of cold fpring water with me,
when I have made an attempt on a wafp’s neft, and put
my hand into it, after having been ftung, and. while my
hand was in the water I felt no pain, but when I took it
out, the pain was greater than when I put it in. This is
not the cafe with other applications, for their fpecific vir
tues are not counteracted by any natural circumftance at-
tending the body, and then they can be applied with a con-
tinuance to any part where the fkin is thin. The blifters
commonlybreak, and fo much the better, as the applica-
tion can come in contact with the inflamed furface, but
ou the hand, foet, fingers, and toes, efpecially in work-
ing people, and thofe who walk much, the blifters feldom
break of themfelves ; they fhould be pricked with a needle
to take off the tenfion.

When the inflammation has gone through its ftages, then
the parts fhould be allowed to dry. This in many parts is
very awkward, as when a large furface of the body is fcald-
ed, for expofure is neceflary, and in fome parts it is almoft
impoflible, as behind the ears, armpits, etc. To keep the
cloths from fticking to the parts, it is neceffary to powder
it with fome inoffenfive powder, fuch as lapis calaminaris,
very fine powdered chalk ; this does not hinder evapora-
tion, the principle of fcabbing ; and if the difcharge fhould
be fo much at firft as to moiften the firft powdering, then
firew more over the whole, till it forms a hard cruft.

This is hardly neceflary on the face, butit will rather
dry fooner by being at firft powdered. In fuch cafes nature
will go on infinitely farther than if the parts had been dif-
turbed by our applications.
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V. ACCIDENTS ATTENDED WITH DEATH IN A
SUPERTICIAL PART.

" In the foregoing account of injuries done to the body,
and of the modes of reftoration, we have been fo far from
confidering inflammation as one of them, that hitherto it
has been inculcated to guard again{t it with the utmoft care.

It fometimes, however, takes place, and is one of the
modes of reftoration when the methods abovementioned
fail, as well as a mode of reftoring parts under difeafe,
we fhall therefore proceed to explain its principle ; but as
there are accidents already mentioned, which often advance
to fuppuration, I fhall now treat of them.

Among the divifions of accidents, one is where death is
produced in the injured parts, and where inflammation and
fuppuration muft take place, in confequence of the dead
parts which feparate not being within the power of the
former treatment to produce a cure ; ‘but it 'fhould be re-
membered, that the inflammation, which is the forerun-
ner of {fuppuration in fuch cafes, is not nearly fo great as
even the inflammation arifing from a wound that fuppu-
rates. In many accidents, fuch as bruifes, the fkin pre-
ferves its living powers, while the cellular membrane un-
derneath has become dead 5 this will afterwards produce an
abfcefs, and muft be treated as abfcefles commonly are, re-
membering that, in the prefent cafe, the abfcefs, after be-
ing opened, will be later in acquiring the healing difpofi-
tion than abfcefles are commonly ; the deaq, cellular mem-
brane muft feparate, which will come away like wet dirty
lint.

It fometimes happens, that in ene part, the fkin; in
another, the cellular membrane only fhall become dead;
and in {uch cafes, I have often obferved that the bruifed
fkin floughs much fconer than the cellular membrane; an
abfcefs, therefore, is frequently forming under the found
{kin while the other parts are healing, a circumflance which
often difappoints both the patient and furgeon.

‘When the wound, or the dead part, is confiderable, it
is probable the treatment will, in general, be very proper,
becaufe the degree of mifchief caliing up the attention of
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the furgeon, and producing acquiefcence in the patient, he
will be induced to fubmit to whatever may be thought ne- "
ceffary. The beft application, at firft, will probably bea
poultice, which fhould be either fimple or medicated, ac-

cording to the nature of the fucceeding inflammation, and
continued either till the inflammation has fubfided, and
fuppuration come on fufficient to keep the parts moift, or
till the flough has entirely feparated, when the {ore may
be drefled according to its particular difpofition. But fuch

"\ accidents as-have a {uperficial part killed, when the flough

would readily feparate, and the part fuppurate kindly, are
often treated improperly at firft, by the patients them-
felves applying Friar’s balfam, or fome fuch medicines;
but thefe not being within the power of fcabbing, inflam-
mation comes on and alarms the patient, a poultice is then
commonly applied, which removes the firft drefling, and
the flough appears, which gives a difagreeable appearance
to the wound, and it is fuppofed to be a foul fore. From
fuch an idea various methods are employed, and the appli-
cation of red precipitate, etc. but with no good effett:
and the patient becomes fretted from a fore, apparently fo
trifling, being fo difhicult to heal ; but it is impoffible that
fuch a fore can heal, while there is a flough to feparate. .
It is, therefore, the furgeon’s bufinefs to inform himfelf
of the nature of the complaint, to explain it to his patient,
who will then become better fatisfied, and lefs uneafy about
his own fituation. When this piece of flough comes away,
the fore will put on an appearance according to the nature

of the conftitution, or of the part, and 1s to be treated
accordingly. ‘
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CHAPTER 1L

FUNDAMEN3 AL PRINCIPLES OF INFLAM-
~ MATION.

N animal in perfe health is to be confidered as a
perfe& machine, no part of it appearing naturally
weaker than another, yet this is not ftrictly true ; but ftill
if no relative action, with regard to external matter, was
to take place, the machine would, in itfelf, be tolerably
- perfet for itsown actions. = As the animal, however, is
employed upon common matter, and therefore liable to ac-
cidents, which interrupt the natural operations, it becomes
abfolutely necefary for its continuance, that it fhould pof-
fefs, within itfelf, the power of repair; we find it accord-

~ ingly endowed with powers of repair upon many fuch oc-

cafions 3 but where parts give way from their own natural

actions, this mifchief cannot be repaired ; becaufe, if they
" are not able to fuftain their own acions, they cannot re-
‘cover when difeafed or injured. ‘It is found that fome
ftructures of parts more readily give way than others,
-and confequently are much longer in repair, either when
difeafed or injured by accident. Wealfo find that different
fituations, of fimilar parts, give them advantages or dif-
advantages, with regard to their powers of reftoration.
This is principally known from injuries being done to them)
or in confequence of thofc injuries from the attack of a
difeafe.

It is alfo thewn in the common a&ions of the body, or
parts, of which, in health, we have comparative trials.
We never can know what a thing is incapable of doing
till it gives way, which giving way is either a difeafe, or
productive of it: norcan we know the powers of reftora-
tion in the part till tried, ;

As a proof that parts cannot always be proportioned to
the action or powers applicd, which have no a&tion within
themfelves, but are only acted upon by external force, we
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adduce the inflances of a broken patella, or broken tende 4
achillis, or a thickening of the valves of the heart. In the
firlt, however, there is commonly another power fuper-
added befides fimply the actions of the parts, viz. the body
falling and being flopped at once. In the valves of the
aorta, however, and the valvula mitralis, we have the beft *
examples, for they become thickened from the actions of
the parts themfelves ; while no fuch effe takes place in
the valves of the pulmonary  artery, even an anuerifm
proves the fame. ; ’
‘Where there is a difference in fiructuze, there are com-
parative powers to refift ‘the confequences of actions, at-
tended with injury, fuch as their admitting more or lefs
readily of thickening, ulceration, ‘or mortifications and
their comparative powers of reftoration. When we com-
pare the powers of reftoration in mufcle, nerve, cellular

membrane, ligament, tendon, bone, etc. with each other;

they are found to be very - different. ~Mufcles, fkin, and
probably nerves, pofiefs the greateft powers of that kind
and the cellular membrane, ligament, tendon, bone, etc. the

|
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leaft, and are, in this refpect, pretty equal among them-

felves. How far elaftic ligaments have powers of refift-
ance and repair, I do not know, but I fhould fuppofe they

had them in a very confiderable degree, from the veffels -

not giving way {o readily as in manyof the others. _
Their comparative powers become, pretty, evident in moft
f their, difeafes, but. chiefly, I think, in mortification.
As mortification is the moft fimple effect of debility, it
gives the comparative powers of parts in the moft fimple
manner.  We find that mufclesy fkin, and often blood-

vefiels, {tand their ground, while they are deprived of their

connecting membranes which has either floughed off; or
ulcerated ; tendons likewife flough off as far as thefe muf-
cles, and ftop there. , :

1 have alfo .obferved, that difference in the fituation of
fimilar ftruCtures, 1 the body makes a material difference
both in the powers of refiftance to injuries, and. of repa-
ration when injuries have taken place. ~This: difference
feems to arife in proportion to the diftance of the parts from
the heart, or fource of the circulation. Thus we fee mufcles,
fkin,. etc. becoming more readily difeafed in the legs than
any where elfe, and more flow 1n their progrefs towards a
cure 3 but this is not wholly to be laid to the charge of fitu-
ation or diftance from the fource of the circulation, fome
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portion of it is to be attributed"to pofition, the legs being
depending parts, and thofe parts which are moit diitin¢t
happen alfo to be the moft dependent*. We find an hori-
zontal pofition aflift in the repair of fuch parts, but even
then they are not equal in their powers to parts fituated a-
bout the cheft ; the difference therefore is prineipally to
be attributed to fituation, or diftance from the heart. The
fame difeafe that {hewed the comparative powers between
the mufcle and tendon, fhews alfo that they are equally af-
fecled by pofition; thus we fee ulceration and mortification
taking place in the lower extremity, as fuch, more readily
and with lefs powers  of repair, than happens in parts near
the cheft.

This is {till more the cafe if the perfon be tall. This is
feen by changing a limb from a horizontal pofition, in
which it was ealy to a dependent one, wherein it feels pain;;
becaufe the new pofition increafes the length of the column
of blood in the veins. I am inclined to believe that the -
retardation of the cure is more owing to a ftagnation of
the blood in the veins, from the length of the column, than
from a deficiency of the motion of the blood in the arterics.
As the readinefs of a part to fall into difeafe, and its back-
wardnefs to admit of cure, arifes from pofition, it is in
fome degrce compenfated by reft and a change of the po-
fition.

Thefe differences in the firufiure, fituation, and pofi-
tion of parts in the body, make, I believe, but little diffe-
rence in the progrefs of fpecific difeafes; the venercal dif-
eafe, however, certainly does not make fuch progrefs in
bone, tendon, etc, as in the fkin, nor does the cure ad-
vance fo rapidly in thofe parts ; but both thefe effefts may
be attributed to ancther caufe, which is, that bones and ten-
dons are more decply feated. 1 believe, however, that po-
fition makes no difference in the difeafe itfelf, although it
may have fome influence upon the power of cure, and per-
~ haps in all fpecific difeafes, in the progrefs towards a cure ;
for a venereal fore is always approaching nearcr and nearer
to the nature of a common fore, and therefore is more and
more readily influenced by what influences a common
fore.

* We find in moft zuthors the whole 1uid ro this, wlich 1
fhiall more fully difcufs in the niftery of o iniuns.
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But in difeafes, for which there is at prefent no cure, as.

the cancer, I believe it makes no difference where it is fis
tuated, or in what it is placed, except in the cafe of fuch
parts as have a tendency to fuch difeafes, which no one of
the parts abovementioned has more than another.

I have fo far confidered, in the general way, the com-

parative powers of different ftruétures, of different fitua-
tions, and of different pofitions in fome parts of the body
when affeCted by difeafe. Difeafe is the only circumftance
which expofes thefe principles to our view, but to fee how
far the fame principle was carried in natural operations, of

which the moft remarkable is the growth of parts, I made

feveral experiments on fowls.  The firft was the common
experiment of tranfplanting the i{pur of a young chicken

from its leg to its comb, in which experiment I always

found that the {pur on the comb, when it took root, grew
much fafter and became much larger than that left on the
leg. This I attributed to the greater power of aétion in
the comb than in the leg, although they are pretty nearly
at equal diftances from the fource of the circulation 3 but
probably pofition alfo favoured it, as there wasno ftagna-
tion in the veins of the head. In the power of producing
fuch effects in difeafe, as wellas in the growth of parts, 1
was then defirous to know the comparative degrees between
the male and the female. I withed alfo to afcertain if the
parts peculiar to the male could grow on the female, and
if the parts of a female, on the contrary, would grew on
2 male.

Although I had formerly tranfplanted the tefticles of a
cock into the abdomen of a hen, and they had fometimes
taken root there, but not frequently, and then had never
come to perfection, yet the experiment could not; from
this caufe, anfwer fully the intended purpofe; there is
I believe, a natural reafon to believe it could not, and the
experiment was therefore difregarded®. I took the fpur
from the leg of a young cock, and placed it in the fituation
of the fpur in the legof a hen chicken, it took root, the
chicken grew to a hen, but at firft no fpur grew, while
the fpur that was left on the other leg of the cock, grew as
ufual.

This experiment I have repeated feveral times, in the
fame fummer with the fame effets, which led me to con-

* Vide book on Tecth,

1
3
'
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ceive that the fpur of a cock would not grow upon a hen,
and that they were, therefore, to be confidered as diftinét
animals, having very diftin& powers. In order to afcertain
this, I took the fpurs of hen chickens and placed them on
the legs of young cocks. I found that thofe which took
root, grew nearly as faft, and'to as large a fize as the natu-
tal {fpur on the other leg, which appeared to be a contra-
di&tion to my other experiments. Upon another examina-
tion of my hens, however, I found that the fpurs had grown
confiderably, although they had taken feveral years to do
it; for I found that the fame quantity of growth in the fpur
of the cock, while on the cock during one year, was as
much as that of the cock’s fpur on the hen in the courfe of
three or four years, or as three or four to one; whereas
the growth of the hen’s fpur on the cock was to that of the
proper fpur of the cock as two to one. 'Thefe experiments
thew that there is an inequality of powers in different parts
of the fame animal, and that the legs have much lefs than
the comb ; they alfo thew that there is a material difference
in the powers of the maleand the female. Thefpurs of 2 cock
were found to pofiefs powers beyond thofe of a hen, while _
at the fame time, the one animal as a whole, has more
powers than the other; yet when I apply thefe principles
to the powers of cure in local difeafes of the two fexes in
the human race, I can hardly fay that I have obferved any
difference. It is to be obferved, however, that women
commonly live a much more temperate life than men, which
certainly muft have confiderable ‘influence both with re-
gard to refifting and curing difeafes.

In all complicated animals, among which man is the
moft complex, the parts are compofed of different ftruc-
tures, and we find that in fuch animals the powers of ac-
tion of thofe different ftruétures within themfelves are very
different ;- when they are therefore excited to any common
aion, . the varieties produced thould be well known and
particularly attended to. Befides, every fimilar ftruture
in different animals does not always a&t in the fame man-
ner. Thus we cannot make a horfe vomit; nor can'we
give many fpecific difeafes, which attack the human fub-
je&t, to, any other animal, more particularly the morbid
poifons. The mode, therefore, of ation in one animal
does not implicitly direct to the mode of aftion in another ;
nor does the fame ftruure in the {fame animal always a&

N n N ’
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in the fame way at all times: it alls at various timesin a
way fimilar to the fame ftruture in various animals; and
befides, the fame ftruture varies its action in different fitu-
ationsin the famec animal. Befides, the exterior actions of
life make a very ‘material difference in the internal a&iong
of animals, or in the excitement of difeafe, either univer-
fally or locally ; for there are parts which cannot bear one
mode of life, while there are other parts which cannot bear
another. Parts and mode of life being in oppofition with
each other. A great many of thefe varieties depends u
the difference in the natural firength and weaknefs of the
parts; but as thofe vary very confiderably in different ha-
bits, fo the varieties are increafed ; and likewife, as many
occurrences in life produce the principle of ftrength or
weaknefs, we have thofe varieties flill more increafed, as
well as difeafe.

Thefe obfervations, zs heads, I fhall treat more fully,
but not as my principle {ubject, attending to them only fo
far as they are connefted with inflammation, and may il-
luftrate the varieties in that action. i

1. OF THE DIFFERENT CAUSES WHICH IN-
CREASE AND DIMINISH THE SUSCEPTIBI«
LITY FOR INFLAMMATION EITHER IN
THE WHOLE BODY OR IN PARTS. )

SuscepTIBILITY for inflammation may be faid to have
twa caufes, the one original, the other acquired. The ori-
ginal conftitutes a part of the animal ceconomy, and it is
probably inexplicable. -

Of the acquired it is probable that climate, and modes
of life, may tend confiderably either to diminifh or increafe
the fufceptibility for inflammation. ¢

The influence, however, of climate may not be fo great
as it commonly appears to be, for it is generally accompa-
nied by modes of life that are not fuited to others; and if
we confider how much'lefs pernicious many climates are
now than they were formerly, arifing from the mode of liv-

ing being different, we may be led to allow lefs influence
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to climate; and on the other hand, if we confider how
difeafe becomes multiplied and varied in the fame climate,
we fhall fee that climate alone is not attended with fo much
variety as may have been fuppofed.

It is obferved by fome of the ableft phyficains of this
day, that the fever called inflammatory, is now not fo
common in this country as it was formerly reprefented to
have been ; that it is now feldom that in fevers they are o-
bliged to have recourfe to the lancet, at leaft to that excefs
which is defcribed by authors in former times. T hey are
now more obliged to have recourfe to cordials than evacua-
tions, and indeed the difeafe called the putrid fever, and
putrid fore throat, are but of late date. I remember when the
haft was called, Fothergill’s fore throat, becaufe he firft pub-
lithed upon it, and altered the mode of pratice. Iremem-
ber when practitioners uniformly bled in putrid fevers;
but figns of debility and want of fuccefs made them alter
their pratice.

Whether the fame difference takes place in inflammation
i do not know, but I fufpet that it does in fome degree,
for I am inclined to believe that fever and inflammation are
very nearly allied, that is, that either will be according to
the conftitution, which is not the cafe with {pecific difeafesy
éxcepting in their common modes of action, which confift
either in fever or inflammation; but I believe we have
much lefs occafion for evacuations in inflammation than
there were formerly, the lancet, therefore, in inflamma-
tion, and alfo purgatives, are much moré laid afide. How
far climate varies the conftitution fo as to alter the nature of
difeafes, I do not at prefent know; but it would appear
from Dr. Blane’s account, that inflammation is hardly a
difeafe in the Weft Indies.

How far an alteration in the mode of life is'the caufe of
this difference, I willnot pretend to fay, but certainly the
way of' life is very much altered. We certainly live now
more fully than they did formerly. We may be faid to live
above par.: At the full ftretch of living, thercfore, when
difeafe attacks us, our powers cantot be excited further,
and we fink, {o as to require being fupported and kept up
to that mode of life to which we have been accuftomed.

A kind of conftant ftate and variety of mind may often
alter conftitutions fo much as to alter the mode of difeafed
action, which is much more common in fome countries

Nna2
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than others. We may be pretty certain that this {tate of
mind often produces inflammation of the gout.

Probably there is but little power in art to concert the
fufceptibility of inflammatien ; however, if the {ufceptibi-
lity of the body be fimilar to that of the mind it ought to

¢ in fome degree corrected byart.. The mind is correted
by reafon, together with habit, but the body can only have,
the laft employed upon it} it might be made lefs fufcepti-
ble -by the immediate caufes coming flowly upon it, or by
avoiding thofe caufes and even acting in diametrical oppo-
fition to them ; this will at leaft anfwer in the acquired fuf-
ceptibilities. The acquired fufceptibility for inflammation,
or indeed for any other difeafe as 1t is acquired by art or ha-
bit, may be leflened fimply by a ceffation of thofe habits 3
and if the habit is of any particular kind, which is always
afcertainable, then the habit of the contrary isto be ufed,
which muft alfo be qfcertaina&le, :

Strength and weaknefs are the oppofites of each other
and therefore muft have very different effeéts in difcafe,
"They have very different powers in refifting difeafe intheir
mode of adtion, and alfo their readinefs to terminate that
aCion. ;

Strength, probably, under every circumftance, produces
good effecls, or at leaft it is always more in the power of
management, by art, than weaknefs; I can conceive,
however, that too much {trength might a& with too much
power, becoming unmanageable under difeafe that excites
action. )

In inflammation, when the conftitution is ftrong, then
it will be commonly the moft manageable, for ftrength lef-
fens irritability : but in every kind of conftitution, inflam-
mation will be the moft manageable where the power and
the altion are pretty well proportioned 3 but as every part
of the body has not equal ftrength, thefe proportions can-
not be the fame in every part of the fame conftitution.
According to this idea of ftrength, the following parts, viz.
mufcles, cellular membrane, and fkin, and more fo in
proportion as they are nearer to the fource of the circula-
tion, will be moft manageable in inflammation and its con-,
fequences, becaufe they are ftronger in their powers of ac-
tion than the other parts of the body.

The other parts, as bone, tendon, ligament, etc. fall
into aninflammation which is lefs in the power of art to
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manage, becaufe, though the conftitution is good, yet they
have lefs powers within themfelves, and therefore are at-
tended with the feeling of their own weaknefs ; and I be-
lieve they affect the conftitution more readily than the for-
mer, becaufle the conftitution is more affected by local dif-
eafe, when the parts have lefs power within themfelves of
doing well ; and the effects, if bad-on the conftitution, re-
fle&t a backwardnefs on the little powers they have. Strength
and weaknefs of the conftitution, or of parts, are fynony-
mous terms with a greater or lefs quantity of animal life,
or living principle joined with powers of altion.

The inflammation, if in vital parts, will be ftill lefs ma-
nageable, for although the parts themfelves may have very
ftrong powers, yet the conftitution, and the natural ope-
rations of univerfal health, become {fo much affeGed, that
no falutary effe& can fo readily take place, and therefore
the difeale becomes lefs manageable.

If the vital part is the ftomach, or fuch as the ftomach
readily fympathifes with, inflammation, in fuch parts, will
be ftill lefs manageable, for no operation can go on well,
cither in the ftomach or in other parts, where the vifcus is
affeted, as the powers of reftoration become weaker than
ever. -

In weak conftitutions, although the inflammation be in
parts which admit of the moft {alutary operations, in the
time of the difeafe, and in fituations the moft favourable
to reftoration after difeafe, yet the operations of inflamma-
tion are proportionably more backward, as to their falutary
effe@s, in fuch conftitutions, and more or lefs according.
to the nature of the partsaffe¢ted, which I fhall now con~
fider more fully.

II. EFFECTS OF STRENGTH OR WEAKNESS
OF CONSTITUTION, AND OF PARTS,
WHILE UNDER INFLAMMATION.

WHATEVER is to be the confequence of injuries, cfpe-
cially inflammation, is produced much more readily in a
ftrong conftitution than in a weak one. A wound, for in-
ftance, made upon a perfon of an healthy conflitution, and
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found parts, will unite almoft at once 3 it admits readily of
an union by the firft intention. A greater {trength of con-
fritution and of parts, admits of refolution, while in the
adhefive ftate of inflammation, very readily, and theveforé
tends much to prevent the fuppurative inflammation from
taking placey for it gives a better difpofition to heal by the
achefive 3 fo that the union of parts by the firft intention,
the inflamination and refolution, as well as the readinefs to
change from the one te the other, according as the prece-
ding, is prevented; depends equally upon the ftrength and
health of conftitution and parts inflamed. We may alfo
obferve, that a greater ftrength and foundnefs of the con-
ftitution, ot parts inflamed, when the inflammation has got
beyond the ftage of refolution, and has affumed the difpo=
~ fition for fuppuration, haftens on inflammation and fuppu-
ration, and alfo brings it foon to a termination, while, at
the fame time, the matter is brought more quickly to the
fkin by ulceration, _

‘Whatever, therefore, is the ftep which nature is to take,
whenever an injury is doney or a neceflity for inflaimma-
tion has taken place, it is performed with readinefs and fa-
cility in firong conftitutions and parts.

Weaknefs of conftitution and weaknefs of parts, are
fuppofed to be the immediate caufe of moft tedious or chro-
nic-difeafes. It appears to be often ufed as a general termy
as have alfo nervous, bilious, to denote any thing for which
we cafinot well accoant, and to which, I am certain, there
has been affixed no precife meaning. Every altion that i3
not acute, efpecially a mild contiruation of fome of the
fymptoms of a former violent difeafe, is called weaknefs.
Thus a gleet is called a weaknefs, diarrhcea is called a
weaknefs, fiour albusis called a weaknefs ; none of which
I conceive fimply to arife from weaknefs ; for I believe that
weaknefs feldom or ever becomes an immediate caufe of
difeafe, or a&tion of any kind; but it often becomes the
predifpofing caufe of difeafe, many difcafes not taking
place, except where weaknefs is an attendant, as agues,
fcrophula, netvous, etc. none of which are fimple weak-
nefs ; and it may continue many difeafes when they have
atteady taken place. Thisis, Ithink, very evident in ma-
ny difeafes which would terminate well if there was
ftrength in the conftitution to perform the right adtions.
However, where there is a {trong fufceptibility for any one
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difeafe, in which weaknefs might alfo become a predifpof-
ing caufe, I can believe that, in fuch cafes, weaknefs, ef~
pecially if fuddenly brought on, may beeome an immediate
caufe of that difeafe; as, for inftance, 2 man may, from
a wound, or any other caufe, have a flrong tendency to
a locked jaw ; if you biced that man freely, it is a thoufand
to one but that a locked jaw comes on : weaknefs produces
a confcioufnefs of its own want of powers, or incapacity,
which produces increafed action, that even proceeds the
length of unnatural actions, called nervous. Thefe ef-
feéks are no lefs vifible in acute difeafes in fuch conftitu~
tions, which include accidents, or violence, of all kinds
for they run into too violent action, which is not of a fa-
lutary kind, and therefore may be called unnatural difeafed
altion. sl

‘When a wound is made in a perfon of a weak habit,
there 1s a great backwardnefs in the two cut {urfaces to
unite by the firft intention, therefore inflammation takes
place if there be ftrength of conftitution to produce it,
which is not always the cafe ; {o that in fuch habits inflam-
mation is more likely to be a confequence; but this does
not arife from a greater readinefs to inflammation in the
habit, but from a want of power and difpofition to heal,
which renders inflammation néceflary ;5 howewver, in this
cafe the want of powers ox difpofition to unite may partly
depend upon a different principle from that of weak parts
or folids ; it is probable that the blood of people of weak
habits is weak in its living principle, which it therefore
wvery foon lofes upon extravafation, fo as to become umfit
for a bond of umion, by which it degenerates into an ex-
trancous body, ard therefore the fuppurative inflammation
muft take place if there be firength to produce it. 4

In weak habits and difeafed parts, inflammation is flow
in any of its falutary effcéts, and is ha'rdly_capable of eith;r
producing the adhefive or {fuppurative inflammation 3 if
they fhould take place, it is but imperfedily, and the fur-
rounding inflamed parts of the fuppurating furfaces are
hardly capable of refolution, but continue mflamed ; we
even find in many conftitutions, where the animal powers
are very much weakened; that inftead of their readily run-
ning into inflammation, it is hardly poflible to promote ity
even from a breach of continuity in the folids, which, in
moft other cafes, is fureft of being followed by inflamma-
tion : fuch’ conflitutions are in general thofe which are
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dropfical : T have feen feveral cafes, where the power has
been fo weak, that the wound, after tapping, has not uni-
ted by the firft intention, nor has even acquired the adhe-
five ftate of inflammation, and has admitted water to pafs
through it from the abdomen for feveral weeks without the
peritoneal inflammation being excited. In the fame drop-
fical habits, I have feen {carifications in the legs or feet
not inflame, fo that the cells were not united, but continue
to difcharge the water for many weeks. In fuch cafes of
extreme weaknefs, this total want of inflammation would
appear to be a falutary effect; for in many dropfical cafes,
where the parts have powers to inflame, but not fuflicient
to go through the different ftages of the inflammation, and
at laft refolve, as in healthy conftitutions, the inflamma-
tion generally produces a total lofs of animal powers, and
the parts mortifies, which often produces death in: the whole,
fo that in fuch cafes the parts only act to deftroy them-
felves*. Asa further proof that debility is often the caufe
of increafed inflammation, in confequence of any violence,
and often the caufe of mortification, is plainly fhewn in
Mr. Dick’s account of dropfies among the troops in the
Eaft Indies, Edin. Med. Com. In the firft year of the
_ attack in any man, he durft not venture to fcarify the legs,
but when they were attacked with the fame difeafe the year
following, which was often the cafe, whenever he at-
tempted to fcarify the legs, a violent inflammation and mor-
tification were the confequence. He was in this fecond
attack obliged to have recourfe to firengtheners; and we
may obferve that, in the cafe of tapping, if the conftitu-
tion is irritable, the cavity of the abdomen commonly feels
the effect, and inflammation of the peritoneum, and
death is the confequence.

As the effe& which this inflammation has upon the con-
ftitution is by fympathy, it muft be in proportion to the
readinefs with which the conftitution aflumes that a&ion.
This fufceptibility is ftronger in fome conftitutions than in
others ; and every conftitution is more fufceptible of fym-
pathy with fome parts of the body than with others.

The kind of conftitution which is leaft affected by this
inflammation, is that which is in general moft healthy,
where fympathy hardly takes place ; this happens to be the
cafe with fuch conftitutions as can moft readily perform

* Vide paper on the Recovery of drewned People.,
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'?ll the different operations with eafe ; and when the parts
inflamed are able to manage their own bufinefs, they there-
by affect the conftitution lefs; for we fhall find, that a
conftitution may be affected by a local difeafe, merely be~
caufe it is beyond the power of the part.fo cure itfelf.
But'itis to be obferved, that conftitutions in full vigor,
or which have not been in the fmalleft degree accuftom-d to
local difeafg, take the alarm much more readily than thofe
which are not in fuch full health, or which have been ac-
cuftomed with local difeafe. Thus, if 2 man in perfe&t
health gets a very bad compound fracture in the leg, or has
his leg taken off, either for this fraCture or in confequence
of any other accident, he ftands a much worfe chance of re-
covery than one who has been accuftomed to a local dif-
gafe: even the man with the compound fra&ure willdo
much better, if his leg is not taken off, till the firft {ymp-
toms are over ; or at leaft we may be certain that the fymp-
toms arifing from the amputation will not be nearly fo great
as thofe that arife at firft from the fraGure, or would have
arifen fromi the immediate amputation. This would appear
to be a contradittion to the above pofition ;' but upon an
accurate inveftigation I think it may be accounted for ; for
firft; I do notlook upon full health, as the beft condition to
refift difeafe’; difeafe isa ftate of body which requires 2 me-
dium;, health brooks difeafe ill, and full health is often a-
‘bove par ; “perfons in full health are too often at the full
ftretch of altion, ‘and cannot bear an increafe, efpecially
‘when, difeafed ; and as I before obferved, it is a new im-
preffion on the conftitution, and till it be in fome degree ac-
‘cuftomed to local difeafe, it is lefs able to bear fuch as is vio-
lent ; befides, the removal of a difeafed part which the con-
fitution has been accuftomed to, and which is rather fret-
ting the conflitution, isaddinglefs violence than the remo-
val of a found part in perfe&t harmony with the conftitu-
tion 3 the difference, however, is not wholly owing to that
caufe, for the circamftance of a cenftitution being accuf-
tomed to a mode of life, etc. which it is to continue, makes

-a confiderable difference. =
’ O o
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III. OF PARTS OF THE BODY MOST SUSCEP-
TIBLE OF THE THREE DIFFERENT IN-
FLAMMATIONS TO BE TREATED OF.

AvrvL parts of the body are fufceptible of inflammation,
although not all equally fo ; ror will all parts of the body ad-
mit readily of the three different kinds of inflammation I
mean to treat of ; fome parts admitting readily of one only,
others of two, and others of all the three; which difference
appears to be according to the fituation of the inflamed parts
in the body, and alfo the nature of the parts inflamed.
The cellular membrane the firft. The cellular membrane
free from the adipofe, appears to be more {ufceptible of
the adhefive inflammation, than the adipofe membrane, and
much more readily pafles into the fuppurative.  Whether
this arifes from furfaces inflaming more readily than other
parts, I will not pretend to fay.  Thus we fee that the cel-
lular membrane connecting parts together as mufcles, and
the cellular membrane connecting the adipofe to mufcles,
eafily inflames and runs readily into fuppuration, and, as
it were, feparatesthe mufcles from their lateral tonexion,
and even feparates the adipofe from the mufcles, while the
fkin and adipofe membrane {hall only be highly -inflamed,
and the matter {o formed muft produce ulceration through
all this adipofe membrane, to get to the fkin, and then
through the fkin, in which Jaft mentioned parts it is much
more tedious 5 ulceration, therefore, does not fo readily «
take place in thofe parts as it does in the common cons
necting membrane.  Mufcles, nerves, and blood-veflels,
are parts which nature wiflies to retain, and the adipofe
membrane contains a fubftance which is properly no part
of the animal, viz. oil ; it may therefore be more difficult
for this part to be abforbed than what are properly the parts
of the animal itfelf.

As a deficiency in the power to heal becomes a {timu-
lus, or an incitement to inflammation, we find that fimilar
parts, in proportion as they are removed from the fource
of the cirulation, fuch as the lower extremities, are more
ready to inflame than others not fo circumftanced ; and
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what ad(%s_ to this backwardnefs is their being depending
parts, which adds to the incitement.

The deeper feated parts of the body, and more efpecial-
ly the vital, very readily admit of the adhefive inflamma-
tion, which is proved by difeions 3 for we hardly ever
open a human fubject where there are not in the circum-
feribed cavities confiderable adhefions : and moft probably
many in the common cellular membrane, if they were e-
qually vifible.

'Ihe deeper feated parts, however, do not in common
fo readily pafs into the {uppurative inflammation ; and this
readinefs to accept of the adhefive, moft probably becomes
a caufe why the {uppurative inflammation does not fo
readily take place. ,

But if the inflammation comes on at once, with great
violence, it would appear to pafs almoft at once over the
adhefive, immediately to the fuppurative action 3 Ot per-
‘haps where it may appear to have done this, there may be
an eryfepelatous difpofition ; for although it is not the dif-
pofition of the eryfepelatous inflammation to fuppurate, yet
it has a greater backwardnefs to produce adhefions. This
effe&t we often find take place in the abdomen, in the
thorax, etc. and I have already mentioned that I {ufpect
the eryfepelatous inflammation does, in fome degree, re-
verfe the’ common rules of the common inflammation, by
being more ready to fuppurate in deep feated parts than in
the fuperficial, and extend much farther towards the cen-
tre of the body. ;

I fufpet too, that the coverings of the brain, viz. pia
and dura-mater, have fomething of this difpofition. They
appear to fuppurate very readily, or with very little inflam-
mation 3 for from 2 {light blow on the head, we find thefe
membranes much oftener fuppurate than we fhould from a
fimilar blow on the {hin-bone ; for inftance, a blow on this
bone will only produce fuppuration on the external fur-
face, very feldom in its internal cavity ; buta blow on Fhe
head that’ {hall not even produce the adhefive inflammation
in the {calp, fhall make thofe membranes {uppurate.

Inflammation, wherever fituated, is always more violent
on that fide of the point of inflammation next to the exter-

nal furface.
.o 2
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This effe@ weoften find take place in the abdomen, in
the thorax, etc. and I have already méntioned that I fulpe&
inflammation, wherever fituated, if there be a continuity
of pn_i'ts bétween it and the external furface, will be greater
on that fide next to the external furface of the part, thdn
towards the centre of the part.

This alfo ‘equally takes place in inflammations, although
clofe to the different outlets of the body, and is Probaﬁy
moft ' eafily demonftrated in them.  Thus, for inftance, if
an inflammation comes on in the focket of a tooth .at ifg
root, inflammation will mot take place on the infide of the
jaw, but towards the outfide ; and if it is beyorid the union
of the lips with the gum, it will attack the fkin over the
inflamed part, while all the internal parts, fuch as the gums
on both fides, but principally on.the infide. The tongue
if in the lower jaw, fhall be perfeétly found.

If an inflammation attacks the cellular membrane on the
outfide of the gutnear the anus, although the gut is in
conta& with the inflamed part, yet the inflammation ex-
tends to the fkin of the buttock, while the gut rémains
pretty free from inflammation. / iy

If an inflammation attacks the peritonzum covering
aninteftine, and if adhefions between it and the peritonzum
lining the abdomen are a confequence; the inflammation
immediately pafies through the abdominal mufcles towards
the fkin, while the proper coats of the inteftines fhall in
moft cafes remain found ; however, this is not always the
cafe, although much more commornly fo than the reverfe :
we fee the fame thing in the obftruction of the natural paf-
fage of the tears called fistula lacrymalis, for there the fack
and fkin ulcerate on the inner angle of the eye, while the
the infide of the nofe defends itfelf by becoming thicker;
fo much fo in many cafes as to {top the cavity of the nofe,
and unite with the feptum, which has been the caufe of
the failure of the operation for the fistula lacrymalis. 'We
even find, that if an abfcefs forms in a frontal finus from
an obftruction in its duét, that the matter makes its way
through the frontal bone externally, inftead of getting into
the nofe.

The fame obfervations are applicable to abfcefles in the
antrum, which are common cafes ; and indeed, if we ob-
ferve accurately, we fhall find that nature rather defends
fuch parts as are either deeper feated, or on the infide of
outlets, as will be explained hereafter.

E
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- The fpecific qualities in difeafes alfo tend more rapidly
to the {kin than to the deeper feated parts, except the can-
cer ; although even inthis difeafe the progrefs towards the
Tuperficiesis more quick thanits progrefs toward the center.
The venereal has fomething of the fame difpofition with
the cancer, although notfo much. In fhort, thisisa law
in nature, and it probably is upon the fame principle by
which vegetables always approach the furface of the earth.
That this is a general principlein vegetation requires ne il-
luftration, but what isthe immediate caufe is not {o eafily de-
termined. I conceive it might be the light, not warmth,
for the ground is often warmer than the air, or furface, in-
to which vegetables are often growing. To afcertain this,
as far as I could, by experiment, I took a tub, about
eighteen inches deep, and about two wide, and filled it
with fine mould, in which I planted fome bearis and peas ;
their eyes were placed in various directions, and over the
furface was fpread a clofe mafhed net. The mouth of this
tub was turned down, was raifed about three feet from the
ground, and was fufpended between two pofts. Round
the tub, and over its bottom, which was uppermoft, were
placed wet ftraw, mats, etc. to take off any influence the
fun or air might have upon its contents, an¢ a {mall hole
was bored in its bottom, to which was fixed a {mall long
tube that came through the ftraw. This was intended for
pouring fome water, if I found the earth get dry, into the

“tub. . Under the mouth of the tubI placed looking glaffes
in fuch a way that the light was thrown upon the
mouth of the tub, or{urface of the earth. The weather
was fine ; fo that through the whole day there was the re-
fle&tion of the light from the looking glafles upon the {ur-
face of the mould, which was much more powerful than
day-light without the direct rays of the fun. This I con-
tinued till I conceived that the beans and peas had grown
fome length, but not finding their tops coming down
through the furface of the mould, I examined the contents
of the tub, and found that they had all grown upwards to-
wards the battom of the tub, and that in thofe whofe eyes
had been placed downwards the young fhoot had turned
round fo as torife up. = As one experiment leads to ano-
ther, I withed to fee how a bean would grow if kept in con-
ftant rotatory motion. For this purpofe I put fome earth
in a bafket, having the fhipe of a cylinder, and about a foot
diameter, with the two ends of wood for greater ftrength,
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through the centre of which I fixed an axis or fpindle; in

the earth I planted a bean, about half way betwecen the fur-

faceand axis,with its eye to the furface. The balket was laid
acrofs the mouthofa largetub, with the ends of the {pindle
refting on the edges of the tub, which were fitted to one
another {o as to allow of ealy motion. Round the batket
was rolled fome fmall cord, to the end of which was {uf-
pended a box, water tight ; into this was put lead, fo as
almoft to make it {ink in water, and which was fuflicient
to turn the bafket round inthe open air. This large tub
was filled with water, and the bex placed upon it, and
the fpindle with, the bafket placed acrofs the mouth of
the tub; a veryfmall hole was boared at the lower end of
the tub, whcln allowed the water to efcape, but very flow-
Iy ; asthe water funk in the tub the box defcended, and
as the box defcended the batkét was turned round. This
tub took about twelve hours in emptying, and during that
time the {pindie with the bafket, only turned 2bout one and
an half. The tub was repeatedly filled, and when I con-
ceived the bean might have grown fome inches, if it had
grownat all, I examined it, and found it had grown as
much as if it had been planted in the common ground, but
it had no particular direction but that of pafling in a firaight
line from the bean, which was at firlt towards the circum-
ference, the direction in which it was planted ; but in its |
courfe it had met with a {fmall ftone, which had turned it
into the direCtion of the axis, and it had gone on in a
ftraight line in that direction. Here, as there was no fix-
¢d inducement to grow in any one direction, the bean
grew in a ftraight line, in that direction given it by chance.
This circumftance of the deeper feated parts not fo rea-
dily taking on the fuppurative inflammation as thofe which
are fuperficial, is thewn in cafes where extraneous bodies
irritate any parts ; for we find that extraneous bodies are in
general capable of producing inflammation, but if thefe
extraneous bodics are deeply feated, they may remain for
years without doing more than producing the adhefive in-
flammation, by which means they are inclofed in a cyft,
and only give fome uneafinefs; or if they are fuch as can
be made to change their fituation by the actions of the
body upon them, as pins and needles, or from gravity, as
is the cafe fometimes with bullets, then the parts through
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which they pafs feem not to be much altered or difturbed*
‘but if the fame body was nearer to the fkin it would pro-
duce fuppuration. - This is proved by the cafes that have
occurred of people fwallowing pins, needles, &c. they
ha've been found to travel almoft over the whole body,
without producing any effe&t; except in fome fituations
exciting fome fenfation ; but when théy have come near
to the fkin, the very,fame fubfiance has gencrally produced
fuppuration. This principle thews itfelf very remarkab!ly
in the catile which feed in bleach fields ; there is not one of
thefe killed without having their {tomachs, etc. ftuck full
of pins, and no feeming inconvenience takes place, for
. they appear to be healthy, and fatten as readily as other
catile. However, it is to be remarked that thefe pins are
not found in the fourth or digeilting ftomach, there-
fore do not give that difturbance to the conftitution that
‘might be expeCled. It is probable that thefe cafes of pins,
etc. ‘owe their want of power in producing fuppuration,
mot entirely to fituation, but in fome degree to the mature
of the fubitance, metals perhaps not having the power of
irritation beyond the adhefive, for when the adhefive has
taken place, the part appcars to be fatisfied.

This appears alfo to be the cafe with the introdullion of
glafs, even in fuperficial parts ; a piece of glafs fhall enter
the {kin juft deep enough to bury itfelf, inflammation
fhall come on, the wound in the fkin, if brought together,
“fhall hieal by the firft intention, and the inflammation fhail
not exceed the adhefive, but ratlier degenetate into the dif~
pofition for forming a fack, by which means a fack is form-
ed round the glafs, and no difturbance is given to the iri-
tability of the parts. This was the cafe with Mr. Kuight,
apothecary, who had a piece of glafs three-fourths of an
inch long run into the palm of his hand, and remained
‘there for ten weeks, without any further inconvenience than
retarding the motion of the hand, and fometimes giving 2
pricking pain, when the fack was made to prefs upon the
points of the glals ; this infenfibility, however, arifes from

# This circumftance of fuch bodies moving in various direc-
tions and not towards the furface. isa proof of the truth of
my principle, for their motion arifes from a mechanical caufe,
and is ruled by it; which ever wey it is direted they muik
move, whether by gravitation, as is the cafe with bullets, or
by the mechanical preflure of the part npon the two enrs of th.e.
pin, which will deterimine the motion towards the poing.
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a fack being formed with fuch properties, but it cannot be
affigned as a caufe in the cafe of bodies movingas pins.
Whether this fa&, of external parts alluming the fuppu-
rative inflammation more readily than .the internal, arifes
from unknown properties in the parts themfelves, or from
circumftances which attend fituation, fuch as heat, cold,
etc. is not eafily determined ; but whatever be the caufe,
the effe&ts are good, as many fituations of inflammation,
viz. the internal, would prove dangerous, if the parts were
always, or often to fuppurate 3 of two evils, nature choofes
the leaft ; while on the other hand, when near the ex-
ternal furface, it becomes the leaft evil to produce fuppu-
ration, in order to get rid of the extraneous matter. Acs
cidents may be afligned as one caufe of this frequency up-
on the external furfaces, but the cafes of pins abovemen-
tioned, (which is accident) thow, that even when it arifes
from accident, the parts near the external furface much
more readily fuppurate ; and in all cafes arifing from the
conftitution, or {pontaneous, the external inflammationg
exceed the internal, in number, violence, and extent.,

IV. OF THE TWO PARTS THAT HAVE THE OR-
DERS OF INFLAMMATION RESPECTING PRI-
ORITY INVERTED. Mg
I rorMERLY divided the furfaces capable of taking on

inflammation into two ; the firft of thefe was the cellular

‘membrane in general, together with the whole circum-

fcribed cavities; the fecond was all the outlets in the bo-

dy, commonly called mucous membranes ; for inftance,

all the ducts of glands, and the alimentary canal.
The firft order of parts, I have already obferved, ge-

nerally (if not always) take the adhefive firft in the true

‘inflammation, and then all the three inflammations in Tuc-

ceflion; for the adhefive is immediately admitted in the

cellular membrane and circumicribed cavities, to exclude,
if poffible, fuppuration, where fuppuration, and of courfe
ulceration, “would prove hurtful.
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In the following parts the order of inflammation, with
regard to its being adhefive or fuppurative, appears to be
inverted ; as the ulcerative is a confequence ecither of the
adhefive or of the fuppurative inflammation, it is ruled
equally by both. In internal canals *, where adhefions in
moft cafes would prove hurtful, the parts run immediately
into the fuppurative inflammation, the adhefive inflamma-
tion in common being excluded 5 fuch parts are the inter-
nal furfaces of the eyelids, nofe, mouth, trachea, air-cells
of the lungs, ccfophagus, ftomach, inteftines, pelvis of
the kidneys, ureters, bladder, urethra, uterus, vagina, and
indeed all the du&ts and outlets of the organs of {ecretion,
which all thefe parts mentioned may be in fome degree rec-
koned, and which are commonly called mucous mem-
branes. Iu fuch parts, if the inflammation is but ilight,
the fuppurative in common takes place, which is almoft
immediate, as it is not retarded by the adhefive ftage, which
accouats for the quicknefs of fuppuration of thefe parts in
many cafes. I have known a violent difcharge of pus come
on the furface of the urethra only a few hours after con-
tamination. Thefe facts are fthewn us every day in va-
rious inflammations of thofe parts, and parriculaily in the
gonorrheea, cold in the nofe, lungs, inteftines, etc. The
matter from fuch is generally not called true matter, or
purulent, but is often fo, if not always, having all the cha-
racters of pus; however this will be according to circum-
ftances. Since thofe furfaces are, in general, fecreting
furfaces, fuppuration would appear to be only a change in
the fecretion ; and I think I have vifibly feen, or ceuld vi-
fibly trace, the one change gradually leading into the other :
the different parts, therefore, of which the pus is compof-
cd, will not always be in the fame proportion, fo that the
matter will feem to vary from true matter, towards that of
the common fecretion of the part, and vice verfa. But
this does not alter the pofition, for it is common to matter
from a fore; and even common to our ordinary {ecrctions.
If this inflammation, which produced fuppuration on thofe
furfaces, becomes more violent, or has fomething of the
eryfepelatous difpofition, we find that it moves from the

* T make a diftin&ion between an internal cavity and a ca.
nal; theyare very different in their conftruction. their ufcs,
and alfo their mode of a&tion in difeale are very diferent.

Pp
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{uppurative to the adhefive, and throws out the coagulating
lymph. I have {een this in the inteftines, often on the in-
fide of inteftines that had been firangulated in a hernia. [
have been able, alfo, to produce it on the infide of the va-
gina of an afs, by injeting a ftreng folution of corrofive
fublimate. DBut if of the eryfepelous kind, thefe furfaces
will take on the adhefive action immediately or at firft,
Thisis evidently the cafe in what is called the ulcerous fore
throat 3 I have feen it in the trachea, I have feen it thrown
up from the lungs in branches, I have feen it in the pelves
of the kidneys, ureters, bladder and urethra.

"This is contrary to the mode of action of the eryfepe-
latous inflammatien in the cellular membrane and circum-
feribed cavities, for there it hardly produces adhefions, and
when it {fuppurates the {uppuration takes place fitft.. The
common inflammation and the eryfepelatous would feem
to change actions fimilar to the adhefive and the fuppura-
tive, according as they are changed to places of different
difpofitions, never ating in the fame way under the fame
apparent circumitances, and, therefore, fomething fpeci-
fically different. ~ As the adhefive inflammation is common-
ly excluded from fuch furfaces in the true inflammation,
fo of courfe is the ulcerative in fuch cafes ; for it is in ge-
neral only as a confequence of the adhefive and fuppurative
having previoully taken place, with the confinement of
pus, that ulceration becomes neceffary ; for the ulcerative
in fuch cafes is a confequence of a ftimulus arifing from
* prefiure from within.

In inflammaticn we feldom pay attention to more than
the continued and the univerfal fympathy; how far the
contiguous takes place without adhefions, further than
fenfation, I am not certain. I believe it never produces
inflammation without them; for we may obferve, thata
tefticle thall be confiderably inflamed, and the ferotum not
in the leaft affe¢ted. ' The fcrotum fhall even inflame and
flough off, without the teflicle being affe€ted till death or
expofure takes place in the tunica vaginalis; then it be-
comes an expoied or imperfect furface, fimilar to the open-
ing, or application of a cauftic in-the hydroeele; but I
know that contigucus fympathy produces a nervous tender-
nefs or {fenfibility, exprefled by the word fore.

Thus I have {feen complaints in the vifcera of the abdo-
men preduce a vaft tendernefs in the fkin of the 2bdomen 3
and alfo complaints of the lungs, produce a tendernefs lin
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the fkin of the cheft oppofite to the complaint. The re-
mote {ympathy fometimes takes place when particular parts
are inflamed.

The continued is that fympathy which increafes the in-
flammatory fpace, by which means the inflammation fpreads
beyond the irritating point. This becomes more a fubject
of furgery than any of the fympathies, becaufe it increafzs
the local complaint, and it takes its peculiarities from the
conftitution at large, as well as from the nature of the parts
inflamed ; as much can be learned from it in an inflamma=
tion as from any other fymptom.

The univerfal fympathy, or conftitutional, is where the
whole conftitution feels the local difeafed action.

V. THE NATURAL CAUSE OF THE ADHESIVE
INFLAMMATION BEING LIMITED.

~ As the body is made up of diffimilar parts, whofe con-
firution and funétions are peculiar to themfelves, yet all
tending to the benefit of the whole, we find them alfo
keeping themfelves diftin€t in many of their difeafes as long
as they can; andif it isa difeafe fomewhat peculiar to the
part it will be kept in proportion longer confined. Thus
a cancer in the breaft will f{pread fafter in the glandular
part of the breaft than in the furrounding parts which may
even be in conta& with it. - A dif¢afe taking place in any
part of a lymphatic gland, will copmunicate its difeafe to
the whole of that gland much fooner than to the furround-
ing cellular membrane. Even a difeaf¢ common to all
parts alike, if it takes place in any difimilar part will keep
diftin& at firft.

Thus an inflammation in a lymphatic gland is not taken
up by the furrounding cellular membrane, till the inflam-
mation has made fome confiderable advancement, and then
it begins to inflame.  Thus a lymphatic gland fhall inflame
and the furrounding parts fhall not, till other procefies be-
fides inflammation are geing om, viz. {uppuration; this,
however, will be more or lefs, according to the conflitus

Yop 2
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tion, for if it has a ftrong fufceptibility for the eryfepelas
tous, the diffimilar parts will more readily fympathize with
the feat of the difeafe.

Thus the invefting membranes have not this fympathetic
connexion with the parts which they either cover or line,
nor have the parts either covering the invefting membrane,
or lined by it, any fympathizing affection with it in the
adhefive ftages of inflammation. Thus the peritoneum
is both a lining and a covering, and fo is the pleura. If
the peritoneum which lines the cavity of the abdomen in-
flames, its inflammation does not affect the parietes of the
abdomen ; or if the peritoneum covering any of the vifeera
is inflamed, it does not affe¢t the vifcera. Thus the peri-
toneum fhall be univerfally inflamed, as in the puerporal
fever, yet the parietes of the abdomen and the proper coats
of the inteftines fhall not be affe€ted ; on the other hand,
if the parietes of the abdomen, or the proper coats of the
inteftines are inflamed, the peritoneum fhall not be af-
fected. :

The fame principle will lead to diftintions between an
inflammation of the lungs and that of the pleura; butI
fufpet that the reticular or connecting fubftance, which
joins the air-cells of thelungs, has a greater fympathetic
affeCtion with the air-cells, or reciprocally with each other,
than the beforementioned parts ; and this may arife from

’thc thinnefs of the air-cells. And it is alfo upon the fame
principle that inflammation of the pia-mater is feldom con-
tinued into the fubftance of the brain, although the pia-ma-
ter may be in fome degres confidered as a continuation of
the fame veflels. B

Contiguity of partsdoes not communicate inflammation.
"Thus when an inteftine is inflamed the inflammation is not
communicated to the peritoneum, lining the abdomen, al-
though in contact ; but I have already obferved it produces
fomewhat of a forenels, even to the external touch; but
if continuity by adhefions takes place, then inflammation
will be continued from the one into the other.

The fecond caule of the limitation of inflammation is
fimple conta&t. I have already obferved, that expofure of
internal furfaces becomes an immediate caufe of inflamma-
tion ; and when it extends further than the furface of ex-
pofure, it is then by continued {ympathy only, and that a
whole cavity, if wholly expofed, will wholly acquire the

inflammation ; but we may now obferve, that although a
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eavity is opened and fo far rendered imperfed, yet fimple
contact of its fides renders it perfect again, and fets bounds
to the immediate caufe.

To explain this further, we may obferve that there is no
{uch thing in an animal as empty fpace, ‘exclufive of out-
lets or refervoirs, which cannot be reckoned internal or
circumferibed cavities, for they are perfe& by not being
fuch. Every part of the body is either connefted by a
continuation of one part into that of another, or by fimple
contalt. :

This takes place equally, either in the common cellular
membrane, or in the circumf{cribed cavities; for, if a wound
1 made either into the cellular membrane, or into a cir-
cumfcribed cavity, we find that the furfaces of both, be-
yond the cut edges, are naturally and generally in conta&
with one another, for without this, union by the firft in-
tention would not take place, eitherin circumfcribed cavi-
ties, or in the commoen cellular membrane. To explain
this pofitiot:, let me fuppofc a cafe.

If we make a wound into the cavity of the belly, and in
a found ftate of thofe parts, we fhall find that every vifcus
is in contact with fome other vifcus, and that the whole in-
fide of the peritoneum is in contact with the vifcera in ge-
neral ; fo that no fpace is unfilled while this contact of
parts remains. If this wound is not allowed to heal by the
firft intention, {till we fhall find that no inflammation will
take place, or extend further than the attachment of thofe
parts to the cut edges; except what is owing to continued
fympathy. If this was not the cafe, every part of the
fame cavity muft inflame, becaufe ‘every part would be e-
qually imperfeét ; for if this contaét was removed, upon
the re@eiving of the wound, or at any time afterwards, the
whole cavity muft inflame, becaufe every part is equally
under the fame predicament with regard to expofure. The
fame thing would take place in the common cellular mem-
brane, if thofe cells were not (in a natural {tate) in contaét,
Inflammation, in cafe of wounds, would as readily extend
over the furface of each cell, as air does through the cavi-
ty of each cell when blown into. Now this fimple and na-
tural contacl of ‘natural parts, keeps off the inflammation
beyond the cut edges of expofure 5 and inflammation only
takes place at this part, to preferve this contadt, as alfo to

“ferve as a balis for the future operations. This, I appre-
hend is upon the principle of contiguous fympathy, twe
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furfaces being fimply in contadt, mutually agreeing not to
inflame ; or perhaps, more properly exprefied, by being
in contad there 1s 2 mutnal harmony which prevents their
being excited to inflammation,  This circumitance is a rea-
fon why we fhould not attempt to bring circumfcribed ca-
vities to univerfal {uppuration, by fimply opening them,
and allowing them to collapfe ; for we may be pretty cers
tain, that union only will take place at the expofed edges
of contalts which excludes the general cavity, and which
is ‘the reafon why the operation for the radical cure in the
hydrocele often fails. = If, on the other hand, this natural
contat of parts did not preferve the whole beyond the cut
edges, then we muft allow, 'that. the cavity 15 under the
faroe predicament with the cut edges; and if the cutedges
inflame, fo muft the whole. '

In cafes of {pontangous inflammations of circumfcribed
cavities, we find where this contact is completeft, that the
inflammation and, its confequences are the leaft; for in-
ftance, in the abdomen, in the cafes of the peritoneal ins
flammations, the inflammation is the greatelt where the
furfaces are not fo well oppofed to one another, viz. in
the angle between any of the two vifcera. .

This fat - of fimple contat being fufficient to. exclude
the irritation for inflammation, was well illuftrated in a wo-
san who had the Cefarian operation performed upon her,
wiere a weund of eight inches long was made'into the ca-

ity of the abdomen to extract the child.  After the child

vas extracted, the wound could not be brought exactly
together ;3 therefore fo far gave rife to a peritoneal inflam=
mation ; but the belly collapfing, and falling on its con=
tents, they all came in contaét as before, and the ,woman
living twenty-fix hours, gave time for the inflan#natory
irritation to take place.  After death it was found,
that the inteftines were united to the peritoneum, all round
the wound for about half an inch in breadth, and the fur-
face of the inteftines which lay unattached and expofed at
the bottom of the wound were inflamed, while every o-
ther vifcus as wéll as the peritoneum, beyond the adhefions,
wefe free from inflammation. '

Ulceration does not feem to obey this law fo much, and
the reafon is, that ulceration is a fecond operation, and is
preceded by inflammation, fo that pus is brought. equaily
through every part, if equally fufceptible of ulceration,
which all parts are not, although not depending upon their
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being fimilar or diffimilar. Thusa mufelé or artery will
not ulcerate fo readily as cellular membrane ; butif pus
was formed on the infide of an artery, or in the centre of
2 mufcle, they would ulcerate very readily, and the vicera-
tion would not ftop, or remain ftationary, when it came to
the cellular membrane, but would goon; if pustoo be
formed in a lymphatic gland, ulceration would go on in the
parts between it and the external furface, as faft as it didw
in the gland, if not fafter, becaufe, inflammation would
have gone before, and as it were aflimilated the parts, and
all from this caufe, viz. being equally difpofed to ulcerate.
The caufe of the fpreading of inflammation is fympathetics;
but, the caufe of ulceration is immediate.

VI. OF INFLAMMATION—ITS STAGES.

I have given the moft fimple idea I can form of an inju~
ry done to a part, with the natural, immediate, and con-
fequent means of reftoration. I have alfo treated of cafes
where they become a little more complicated, requiring the
aid of art as  a fubftitute for the fimplicity of the firft.
The alion of the parts is not neceflary in either of thefe,
except that of the bloed forming its veffels and other folid
parts, and becoming of the nature of the parts in which it
is extrsvafated. But I tcok netice that the violence dona
was often fo great, or that refloration did not take place
fo readily, as in all cafes to exclude irritation 5 we had,
therefage, an a&ion in fuch cafes taking place in the parts
called'inflammation. ~ That this a&tion afifted in the re~
fforation by producing an extravafation of the coagulating
lymph, which became the fecond bond of union. I have
aifo ftated what may be called the natural tendency to in-
flammation, to fcrve as a kind of leading principle. = We

. fhall find that inflammation may arife from very different
caufes, and cften without any apparent caufe, and that
its operations are far more extenfive than fimply the alt
of producing union in parts divided by vielence; for it
more commonly produces union in whole parts or in natu-
ral feparations, fuc* asthe common cellular membrane,
large circumfcribed cavities, joints, cte. becaule fuch fur-
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faces are not naturally difpofed to unite, but only in cons
fequence of fome uncommon action being produced; and
although thefe adhefions are unnatural, yet that tendency
of the parts to admit of this union becomes a {pecies of cure,
It is in confequence of the parts taking on, in fome degree,
the fame mode of action which divided parts do when
brought in contact, that in {uch cafes fuppuration is pre-
cluded. As inflammation often arifes from difeafe, its fa-
lutary purpofes are in many inftances not fo evident, al-
though they may finally take effeCt ; as it likewife takes
place in difeafe, or becomes the ultimate in difeafe where
it did not begin it, as in the fcrofula, cancer, etc, and
fome indolent tumors 3 an thefe accounts too its falutary
purpofes are fometimes not obvious. However, upon the
whole, as inflammation is an altion produced for the re-
ftoration of the moft fimple injury in found parts, which
goes beyond the power of union by the firft intention, we
mutft look upon it in fuch inftances, as one of the moft fim-
ple operations in nature, whatever it may be when arifing
from difeafe, or in difeafed parts. Inflammation is to be
confidered only as a difturbed ftate of parts, which requires
a new but falutary mode of action to reftore them to that
ftate wherein a natural mode of action alone is neceffary :
from fuch a view of the fubject, thercfore, inflammation
in itfelf is not to be confidered as a difeafe, butasa falutar
operation, confequent either to fome violence or fome diz
eafe. But this fame operation can and does vary; it isof-

en carried much further even in found parts, than to ac-
complith union, producing a very different effet, and form-
ing a very different {pecies of difcharge from the former ;
inftead of uniting and confining the parts, rather feparat-
ing and expofing them, which procefs is called fuppﬁation,
and varies with circumftances. However, even this in
found parts leads to cure, although in another or fecondary
way 3 and indifeafe, where it can alter the difeafed mode of
a&tion, it likewife leads to a cure 3 but where it cannot ac-
complifh that falutary purpofe, asin the caucer, fcrofula,
venerzal difeafe, etc. it does mifchief.

"This operation of the body, termed inflammation, re-
quires our greateft attention, for it is one of the moft com-
mon and moft extenfive in its effeéts of any in the animal
body 3 it is both very extenfive in its caufes, and it becomes
itfelf the caufe of many local effects, ',~th falutary and dif-
eafed.
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It has its different ftages in which it produces more im-
-mediately its different effects, which are local 5 fuch as ad-
hefions, fuppuration, and ulceration, and often death in
the part inflamed, together with fecondary complaints
which are univerfal, as fever, nervousaffections; and when
in parts that cannot heal, orin conititutions which are too
weak, the hectic fever, next diffolution, or univerfal death.
However, by its forming thofe adhefions, it often precludes
- the neceflity of fuppuration; and alfo entirely prevents
many local difeafes where probably fuppuration would be
the confequence, if fuch adhefions had not taken place,
with all the train of confequeneces of fuppuration, fuch as
abfcefles, fiftule, difeafed bones, etc. which are prevent-
ed byit. Itis alfo one of the modes of action in many
fpecific difeafes, and in morbid affections preceeding from
poifons.

Inflammation is not only occafionally the caufe of dif-
eafes, but it is often a mode of cure, finceit frequently
produces a refolution of indurated parts, by changing the
difeafed action into a falutary one, if capable of refolu-
tion.

By thefe extenfive powers inflammation becomes the firft
principle in furgery. In ‘one point of view it may be
confidered as a difeafe in itfelf where it takes place with~
out any vifible caufe ; and it may be looked upon as anin-
creafe of the mifchief, when it is a confequence of fome
injury ; but in either cafe itis a fign of powers, and of ne-
ceflary powers 3 for if a part under the influence of fuch
irritation as fhould naturally excite inflammation, had either
no powers or difpofition to exert them, the confequences
would be much worfe, for mortification would probably
take place. I intend at prefent to confider the moft com-
mon caufes and effects of inflammation, together with the
end propofed by nature, in producing it, and the ufe to
which it can be applied in furgery.

It becomes thereforc neceflary, firft to begin with de-
feribing its moft fimple forms, together with its general
effects, and then to particularize as I proceed.

Inflammation has feveral well marked local peculiaritics
by which it is diftinguitfhed.

I fhall call by the name of inflammation whatever pro-
duces the following local effecls, viz. pain, {welling, and

Q q
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rednefs, ina given time, and thefe dependent on or the cf-
fe&s of one immediate c‘mfe.

Inflammation appears capable of arifing from three
caufes which may be called remote.

Firft, from fome accidental force applied to a part, mak.
ing a wound or bruife which cannot recover itfelf, unlefs
by inflammation. Such violence at leaft is naturally ca-
pable of exciting it.

Secondly, from fome irritation which does not deftroy
the texture of parts, but fimply the natural aétions, ag ma-
ny irritations, fuch as preflure, friction, heat, cold, blif-
ters, pungent applications, and often fevers of every kind,

Thirdly, From a particular difpofition in parts them-

clves, as boils arifing fpontaneou{ly without the conititu-

tion having been preconcer.md fo little fo, as to have giv-
enthe ideathat fuch inflammations were healthy. Each
of thefe will be of a kind peculiar to the conftitution ; but
from whatever caufe inflammation arlfcs, it appears to be
nearly the fame in all, for inall it is an effect intended to
bring about a reinflatement of the parts nearly to their na-
tural funtions.

Inflammation may firft be divided into two kinds as ﬁrft
principles, viz. the healthy and theunhealthy.

The healthy probably confifts only of one kind, not being
divifible but into its different ftages, and is that which will
always attend an healthy conftitution or part, is rather to
be confidered asa reftorative action than a difeafed one,
and would rather appear to be an effect ot a ftimulus than
an irritation. The unhealthy admits of vaft variety, (dif-
eafes beirg almoft numberlefs) and is that which always at-
tends an unhealthy conititution or part, and will be accord-
ing to the kind of health in that conftitution or part, but
prxracnpally according to the conftitution ; however, many
parts naturally havc a tendency to run into inflammations
of particular kinds. Moft of thefe arifing from the nature
of the conftitution, 2re, I conceive, in nioft cafes, if not in
all, called, aithough erroncouily, the eryfepelatus inflam-
mation ; wmch wiil be further taken notice of.

The nmp e 2&t of inflammation cannot be called fpeci-
fic, for it is an uniformor fimple ation in itfelf ; but it may
have peculiaritics or fpecific actions fupcradded

Inflammation is either fingle or compouud & it may be
cailed fingle when it has only one mode of action in the

part inflamed, asin its arit ftages; compound, when at-
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tended with another mode of a&tion, or when it produces
other effeéts. :

Inflammation is capable of producing three different ef-
fe&ts, viz. adhefion of the parts inflamed, fuppuration' in
the parts, and ulceration of - thofe parts ; which I have
called the adhefive, the fuppurative, and the ulcerative in-
flammation 3 the laft or ulcerative, is properly fpeaking,
only a fecondary effeét of inflammation, not being performi=
ed by the fame vefitls ; however it is poflible it may keep up
inflammation, as it always keeps up a fpecies of viclence,
viz.'a deftruction of the parts.

The two firft do not take place in the fame veffels, at the
fame time, but fucceed one another, although all the three
effects may exift at the fame time in the different parts of
the fame inflammation.

I have placed the adhefive {irft in order, although it is

notalways fo, for with the refpedt to the priority of thofe
three actions of inflammation, it depends principally up-
on the nature of the parts, together with the degrecs of
violence of the inflammation.
- To explain this more fully, we fhall firft divide the bo-
dy, refpecting inflammation, into two parts, viz. the cel-
lular membrane, or the body in general, together with the
circumicribed cavities as belonging to the firft 3 and then
all the outlets of the body, as the {econd. We, fhall treat
of each according to the nature of the parts, and of the in-
flammation joined, and obferve their effeéts, which will
{how that the common effcés of one, as to priority, may
be changed into thofz of the others and become fecond or
third, according to the nature of the parts, the infamma-
ation, and its degree of violence.

‘We may obferve that inflamation, but more efpecially
the fapperative, inthe firlt order of parts, more readily takes
place nearer to the furface of the body than in parts more
desply feated, and as a proof of this obfervation, it has
been formerly obferved that tumors, and even extrancous
bodies, will make their way from fome deeper-feated part
to the fkin, but no inflammation fhall take place tii they
arrive near the fkin; but this circumftance will be more
fully defcribed when I treat on fuppuration.

It does not feem ' neceffary that both furfaces which are
to be united fhould be ina ftate of inlamation for the pur-
pofz of effeting an union 3 it appears only neceffary that
ene thould be in fuch a ftate, which is to furnifh the ma-

A



242 Fundamental principles of inflammation.

terials, viz. to throw out the coagulating lymph, and the
oppofite uninflamed furface fhould be in a ftate of inflam-
mation, te admit of union; for I juft obferved, that extra-
vafated blood produces an union without inflammation ;.
and we often find adhefions of parts which can hardly be
called inflamed. ‘

Thus a trufs applied to a rupture will produce adhefions
as has been obferved, although it may fit very eafily.

In deferibing inflammation it will be found that the
principal theory of inflammation will be introduced in the:
adhefive ftages; for in the firft ftated parts it appears only
preparatory to the fuppurative either in preventing or pro-
moting it.

When inflammation takes place in the firlt order of
patts, it is commonly the adhefive, but it will be according
to circumftances whether the fuppurative or the ulcerative
follows firft.  That either the one or the other thould fol-
low, feems to rife in many cafes from anincreafe of the in-
flammation ; but it fometimes happens that the fuppura-
tive takes place almoft immediately, and probably from two
caufes 5 the firft is, the intenfity of the inflammation, its
exceeding the adhefive almoft immediately ; the fecond, am
inflammation of a different kind, where the adhefive makes:
no part of the inflammation, and fuppuration takes place
in the firft inftance. Ifufpect that the eryfepelatous in-.
flammation has very little of the adhefive in its nature, and.
therefore probably thefe inflammations are in fome degree
of this nature, and go into fuppuration without adhefions..
In fome cafes ulcerations muft take place prior to {fuppura-
tion, as when an inflammation happens on a furface, viz..
the fkin, as for inftance, in a chancre, and with fuch vio-
lence as is neceflary for fuppuration to take place, then
ulceration muft begin firft, fo as to expefe internal fur-
faces for fuppuration ; but in the parts of the fecond order,
viz. internal canals or dut, it is the fuppurative inflam-
mation which moft readily takes place firflt ; but if car-
ried further the adhefive follows, as will be more fully ex-
plained hereafter. Whenit is an inflammation of the firft
arder of parts, the fuppurative fucceeds the adhefive, and
the ulcerative may be faid to be an action fuperadded ta
the fuppurative, arifing out of effects produced by the firft,
now becoming new caufes, the fuppurative naturally taking
place in the time of the firft, and the ulcerative in confe-
quence of the fuppurative, which has. called forth the ac-
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tion of another fyftem of veffels, the abforbents; all of
which may be reckoned as three different modes of adtion
arifing from the firft irritation or caufe.

. The adhsfive, as alfo the fuppurative  inflammation, €i-
therin the firflk or fccond orders of parts, with their varie-
ties, may have a principle fuperadded, which does not in the
leaft alter their inflammatory mode of action, which fiil
continucs to goon. This principle is fome fpecific difpofi-
tion, from fcrophula, or poifons, as the venereal, {mali-
pox, etc. :

Thefe three different modes of a&tion, viz. the adhefive,
the fupperative, and the ulcerative, when carried on per-
fe&tly, are generally the effe&ts of a good conftitution, fel-
dom attending the unhealthy ; they are what I would cafl
common inflammation.

I have already obferved that common inflammation ei-
ther takes place in parts that conftitute the largeft part of
an animal, which are all the circumfcribed cavities, all the
ceilular membrane, and the fabflance of every part, the
two laft of which are the moft univerfal ; or upon intermal
camals or outlets, which are, i common, only excretory.
ducls.

" That whatever has a tendency to difchargeany extraneons
matter, whether already exifting, as matter alrmdz formed,
or a ball lodged, etc. or only preparatory to it$ formation
fuch as inflammation that has a difpofition to fuppurate,,
the inflammation is always greateft and extends far-
theft on that fide next to the fkin; for inftance, fuppofe
man fhot in the thigh, the ball pafles through to within
an inch or two of'the oppofite fide ; the ball has not dead-
ened any part for an inch or two of the faft part of its pafl-
age fo as to allow this part to unite, we thall find if that
ball excites inflammation, it will not be along its ‘paflige
wliere we thould (without knowing the principle) have
moftly expeted it, but the inflammation will commence on
that fide next to the oppofite fkin that has pot'in the leaft
been hurt. If a ball pafits quite through, a piece of cloth
is carried in, and lies in the middle between the two orifices;
if the paflage is pretty fuperficial, {ay only an inch diltant
from the fkin where thecloth lies, but which is twa or three
inches from either orifice, we fhall find that the nflamma-

“tion, for its exit will not lead to either orifice, but direct=
ly acrofs to the fkin.
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As the adhefive inflammation precedes the fuppurative
in every part of the body, except the outlets, as was ob=
ferved, and the fuppurative commonly proceeds the ulce-
rative, excepting on an external furface, the propriety of
following, likewife, this order of nature in treating of them
will appear evident, efpecially as each fucceeding inflam-
mation is in fome meafure illuftrated by that which has gone
before.

VII. OF THE DIEFERENT DEGREES, AND DIF-
FERENT KINDS OF INFLAMMATION.

InFLAMMATION will in general be in proportion to the
exciting caufe, (in which may be included the mifchief
done), the conftitution'and the natnre of the party in all
which, as there is great variety, fo muft there be in the
inflammations. The degrees of inflammation will be more
in the adhefive than in the fuppurative, for the adhefive
may have all the degrees of violence between the moft flight
inflammation and fuppurations; but the fuppurative is a
more fixed or determined quantity, for when got to a cer-
tain point, it takes a new action, and inflammation ceafes ;
however, we have not always inflammation producing fup-
puration when it has arrived to a certain. degree of vio-
Ience, for in fome it often goes beyond that  point which
would produce it in others, and in fuch cafes there is no,
difpofition for fuppuration, and it {eems to become ftation=
ary, for neither has it any difpofition for refolution.

Spontarfeous inflammations which are to fuppurate, are
more violent than thofe inflammations arifing in confequence
of an operation or accident, which alfo muft produce fup-
puration ; and thofe inflammations from either operations
or accidents, if they have not produced death in the part
operated upon, are more violent, and of greater extent
than thofe where death in the part has been produced.

The inflammation of a boil or abfcefs is more violent, and
commonly more extenfive than that in confequence of a
cut, or even an amputation of a leg. The inflammation
in confequence of a cut or amputation of a leg, will be
more vioient than that from a gun-fhot wound, or from the
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application of a cauftic, which produces death in the part,
and even although more parts have been deftroyed by thefe
means ; neither do fpecific difeafes, except the gout, pro-
duce fo violent inflammation, nor are they commonnly fo
painful as what I have called the common inflammation.

It may appear not to be an eafy matter to account for all
thofe differences; however it is poilible that in the {pon-
taneous inflammation there is mere occafion for inflamma-
tion than fuppuration ; the inflammation being the only
action which is neceflary to produce the ultimate effe®, as
for inftance, in the gout; in this difeafe the inflammation is
the only thing neceflary for its action, and the inflammation
runs much higher than many others do which produce
fuppuration™®.

The {fpontaneous inflammation arifes often from difeafe,
which probably makes the parts more fufceptible of in-
flammation.

‘When inflammation arifes from the irritation of death
in a part, let the caufe of that effe& be what it will, whe-
ther mechanical, as in bruifes, gun-fhot wounds, etc. or
by chemical means, as cauftic, etc. the inflammation is
late in coming on; and in comparifon with the others gen-
tle when come on.

However, in many bruifes, even where the death of
parts has taken place, we have inflammation quick and vi-
olent, but then the living parts have alfo fuffered, and have
fuffered much more than if {imply wounded.

In many bruifes we alfo have inflammations quick and
vioient, even where death has been produced in a part;
but then death does not take place in ail the hurt parts, as
in many gun-fhot wounds, fuch as thofe attended with
fractured bones, in which the furrounding parts were only
hurt fo far as to bring on irritation and not death.

If cauflics do not aét with vigour, they will irritate fo
as to bring on the inflammation fooner than if they had
killed the part quickly.

* Tt is a curious circumftance in the gout, that although it is
attended with all the common effeéts of the adhefive inflamma-
tion, as confiderable {welling, etc. which fwelling maft arife
from extravafation of the coagulating lymph; yet, adhefions
do not feem to be the intention, for none are produced ; the
Iymph is in general taken vp, and chalk-ftone or tophaceous
matter put in its place.
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Irritating fubftances, when of no fpecific kind, produce
mnammatwn fooner than other vifible caufes of mﬂamma-
tion. If of a fpecific kind, then the time, fort, and vio-
ence, will be according to that kind. ;

But irritating applications muft be continued for fomc
time to produce violent inflammation.

Thefe differences are eafily accounted for ; quick death
does not irritate the part killed, and the contiguous living
part, not being itfelf hurt, is only irritated to get rid of
the dead part.

A wound is a quick irritation of a living part, fo thatit
inflames more rcadxly, and more vielently, according to
the quantity of irritation; but that cannot be of long
fianding, as nature fets about procuring relief. But when
irrit .tin {ubftances are applied, the part inflames quickly,
zc;oxdmg to their power of irritation; and if they are.
continued, nature is not allowed to relicve herfelf, but is

conﬂ:antly teazed, by which means the mﬂammatxon be-
cemes allo violent.

I need hardly mention, that fever is often the caufe of
local inflammation. 'We {ee this happen every day.

"Fhefe caufes, and of courfe the inflammation, are of
two kinds, one which may be called accidental, asinflam-
mation arifing in confequence of common fever; the others
are more determmed depending upon the fpecnes of a fe-
ver, which may be called {pecific, as the {mall-pox, chicken-
pox, etc. Thefe. inflammations in confequence of fever,
are commonly fuppofed to be critical ; but I very much
doubt the truth of this opinion. The fmall-pox and chick-
en-pox are, perhaps, the ftrongeft inftances of an appear-
ance in proof of this opinion; and, perhaps, the meafles,
as a critical inflammation, might be produced as another;
but, I believe, that it-is peculiar to thefe difeafes to form
inflammation and fores. We muft allow, however, it is
not abfolutely neceffary, even in them, that abfceffes fhould
be formed, viz. the pock to leflen or carry off the fever.
For the fpeuﬁc fever in them canmot exift beyond a certain
time, even although no eruption appears.

But Fthink that in the eafes of the fmall-pox, chxcken-
pox, and the meafles, thefe difeafes often prove the con-
trary to that which is fuppofed to be the cafe ; for we have
large abfcefles as often formed after thofe difeafes as after
any other, which are commonly {uppofed to be the fettling
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of the fever in this part, but which are equally accidental
with thofe from common fever, and therefore we cannot
fuppofe that thofe abfcefies are critical in fuch diieafes, be-
caufe they are either common abfcefles, or fcrophulous;
for no one difcafe can have two ditin& and different criti-
cal inflammations. In further confirmation of my opi-
nion, thofe inflammations are found o be not in the leaft of
the nature of the difeafe which produces them, fo little fo
in molt cafes, as to be truly fpecific of another kind, viz.
the fcrophulous.  Now wecertainly find it difficult to con-
ceive one univerfal fpecific difeafe, as the {mall-pox, etc.
producing a local one of another {pecific difpofition to cure
the firft, or terminating in another difeafe, whole mode of
ation is totally different ; and the more fo when we fee
that the {ame local difeafes can and do arife from every kind
of fever. To afcertain this fact, therefore, we are to look
out for that difpofition, or that mode of action common
to all fevers which are capable of producing this effet,
with the difpofition of the conftitution, or of the part at
the time, and we fhall find that this kind of inflammation
depends upon the conftitution and part at the time, and
not upon any peculiarity in the fever, as is alfo the cafe
with the fmall-pox eruptions, viz. they partake of the con-
ftitution.

- This common principle iri fever, of producing local in-
flammation, is the fimple fever itfelf, abitracted from every
peculiarity. A fever in all cafes or of all kinds, is a dif-
turbed action, like inflammation itfelf, which may be join-
ed with any {pecific mode of altion, and this difturbed ac-
tion will always be according to the confitution, even when
joined with any fpecific quality. The inflammatory fever
_1s, perhaps, the moft fimple, becaufe it is a fimple fever
on a conftitution having no peculiarity of difpofition. The
putrid fever (as it is called) is perhaps no more than the
fame fever upon a conflitution that has a peculiarity of ac-
tion under that difturbance, and therefore it proceeds ac-
cording to that peculiarity. ;

~ This is well uluftrated in fpecific difeafes; for inftance,
in the fmall-pox. The {mali-pox produces a fever, viz.
a difturbed action, joined with the fpecific, and although
this action is produced by the fame poifon in two differznt
perfons, yet the one fhail be the true inflammatory, and
the other the putrid, the eryfepelatous, etc. Now the fame
B
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poifon can have but one mode of irritating, abftralted from
its poifoncus quality, and this one mode produces fever;
and it alfo can have but one mode of irritating in refpect of
its poifonous quality, but that fever abftracted from its poi-.
fonous quality will be according to the nature of the con-

" ftitution at the time, the poifon being capable of producing
nothing but a fever joined with its fpecific poifon, and that
fpecific quality takes place equally on every kind of con- -
ftitution, the poifon itfelf having no power of affefling
the conftitution in one perfon differently from that of ano-
ther, it can only a&t in a greater or lefs degree, according
to the fufceptibility of the perfon for fuch irritation.

Now fince every fever, whether common or fpecific, is
cqually capable of producing local inflammation, which ma
be carried the length of fuppuration ; and as it cannot wit
any degree of reafon be called critical in fpecific fevers, we *
have no reafon for fuppofing that thofe fuppurations are
critical in the commen fever, er in thofe fevers, which are
of no fpecific kind.

It was a leading do&trine of Boerhaave, that inflamma-
tion confifted in an obftruction of the minute veflels, in
confequence of too great a fpiffitude of the fluids, and his
praftice confifted in {eeking for attenuants ; but this theo-
ry feems to be almoft entirely exploded.

This was certainly too confined an idea of all the caufes
of inflammation, and reduced all inflammations to one fpe-
cies. ‘The only diftinction between inflammations, muft
have arifen from the nature of the obftruction, if there
could be any 5 but this could never account for the action
of many fpecific difcafes and poifons. ; .

It was alfo too mechanical. 1If they had faid that any
obftru@tion to the natural actions of a part which could
ftop the blood’s motion in it, became a caufe of inflamma-
tion, they would not have been fo materially wrong 2s te
a poffible caufe of inflammation.

It has been as much laboured on the other hand, to fhew
that the caufe cannot on any occafion be obfirution in
the blood’s motion through the fmallveflels; but I will ven-
ture to fay, thatany caufe which can cbftruct the motion
of the blood, for a given time, will become the caufe of
inflammation, for either the caufe of the obftru&ion itfelf
or the blood being retained in the fmaller veflels for a cer-
tain time, will cither irritate or unite the parts, or where
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itirritates will throw the veflels into fuch a&ions as natu-
rally arife out of an extraneous irritating caufe, but not an
increafed motion of the .blood behind, to drive on the ob-
Mtructed blood through thefe veffels, ashas been fuppofed.
It will excite that a¢tion which in the end produces {uppu-
ration, in order to get rid of the extraneous matter, which
was the caufe of the obftrultion ; fuch as preflure on ex--
ternal parts, or the obftructing matter itfelf, which is to be
reckoned extraneous.  But though pure inflammation is ra-
ther an effort of nature than a difeafe, yet it always implies
difeafe or difturbance, in as much as there muft be a previ-
eus morbid or difturbed ftate to make fuch effort necef-
fary. :

All inflammations attended with difeafe have fome {pe-
cific quality which fimple inflammation has not; and in fuch
cafes it is the fpecific quality which is the difcafe, and not
the inflammation ; for fuch conftitutions or parts as arc ca~
pable of falling into the truc adhefive and fuppurative in-
flammation, are to be looked upon as the moft healthy,
and the freeft from difeafes of all kinds. -Indeed, even
where there is a fpecific quality, it often can hardly be cal-

‘led difeafe 3 for in the fimall-pox, where the diforder goes
through its different operations well, it is exacltly f{imilar to
_common healthy inflammation ; for if fuch an irritation as
above defcribed were to attack a conflitution or parts, in
another ftate than that of health, we fhould then not have
either the adhefive, or fuppurative inflammation . taking
place, but moft probably fome other, fuch as the eryfepe-
Jatous cr fcrophulous, according to the nature of the con-
ftitution or parts at the time.

This ftate of health in a conftitution is fo remarkable,
that we fee in the time of the fymptomatic fever, when
nature would feem to be univerfally difturbed, a kindly or
benign inflammation going on, and kindly fuppuration ;
which fhews that this fever has no fpecific tendency to
wrong action, the conftitution being only difturbed by fym-
pathizing with a local injury, but not capable of giving or
refle@ting back upon the part inflamed, a difeafed difpofi-
tion or action. _ :

And this is fo remarkable, that fuch inflammations as
feem to affe@ the conftitution by {ympathy only, which is
commonly either from extent, quantity, or the feat of it
being a part effential to or conne&ted with parts belonging

R.r2
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to life, go onas kindly as they do in a fmall inflammation,
as a beil, which does not affeét the conftitution in the leaft.
Indecd fever is a good fymptom when equal to the injury
and of the fame kind with the local affe¢tion, when that
kind is good.

Let us take an amputation of a leg as an example, which
produces fomething more than a ditturbed conftitution,
for there is a great lofs of a fubftdnce to that conftitution,
which, abftracted from the violence, would probably pro-
duce confiderable efieéts till the conftitution became ac-
cuftomed to the lofs ; but even with all this lofs we often
find that 2 healthy inflammation fhall come upon the ftump,
and a kindly fupputation take place while the {ymptomas
tic fever lafts ; in many cafes alio it ftill keeps its ground
even when affécted by many fpecific irritations which are
foreigh to it ;3 and neaily in the fame manner as when af-
fected by a common irritation, which will only roufe that
conftitution into action, but notalter it, having only the
fpecific difference added, fo that the parts will go readily
through the adhefive or fuppurative inflammation ; the fpe-
cific being only an‘attendant on this healthy action ;  this
we fee plainly to'be the cafe in the héalthy fmall-pox, and

, the lues venerea in its firft ftages.  But on the contrary, if
the conftitution is fuch at the time as would readily fall in~
to an unhealthy inflammation, from common irritation or
accidental violence, then it will alfo fall into that ftate;
when ' irritated: by a fpecific irritation foreign to the confti-
tution, fuch as the fmall-pox, which' in this cafe will run
into the' confluent kind. o

'There arc many conftitutions which have a tendency to
fpecific difeafes, that when injured by fever, or any confti-
tutional complaint, readily produce the fpecific inflamma-
tion in fuch parts of the bedy as have the greateft'fufcepti-
bility for any {pccific action 5 or if fuch parts are affected
by 4ny local violence, the parts affected will go tlirough
the healthy adhefive inflammation, nor will they enter in-
to the healthy fuppurative inflammation, but will fall into
the fpécific inflammation peculiar to the habit ; fuch is the
cafe with «n eryfepelatous habit. Or if a fpecific inflam-
mation has zlready taken place, any violence done to it,
when already begun, will increafe that difpofition, and ac-
tion, which we plainly fee to be the cafe with the {crophu-
la ;3 becaufe this difeafe can and often does arife from fuch
a caufe alone.  Befides the conftitution producing fuch ef-
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fes, there are many parts of the body have a greater ten-:
dency to fome fpecific difeafe than the conftitution in gene-:
ral ; which particalar parts will fall into thefe fpecific in-i
flammaticns more readily than others, either upon the con=
ftitution being affected, or a violence committed upon them-:
felves 3 for inltance, many parts of the body have a great-*
er tendency to fall into the ferophula than others; and thefe :
will fall into that mode of a@ion when injured, either by:
means of the conftitution, or from accident 5 except the:
conftitutional complaint is fuch as to be a fpecific for the .
fcrophula, which I can eafily conceive it may ; in the can-

cer alfo, if the difeafe has previoufly taken place, then the

tendency of an injury is to exafperate and increafe it.

But there are fpecific irritations which do not affe&t ei-
ther the part or the conftitution, as a common irritation, :
but affect them in a way peculiar to the irritation, alter-
ing atthe fame time both the parts affeted and the con-
ftitution, from an healthy ftate to an unhealthy one of its
own kind.

This feems to be the cafe with the plague, perhaps with
the putrid and jail-diftempers in a lefs degree ; for what-
ever be the kind of conftitution which they attack, they
always reduce that conititution to their own kind ; it i8
not 4 healthy operation going on, and the fpecific fuper-
added, as in the healthy {mall-pox etc. However, even
the plague has its degrees of power over a cpn{titution,
fome being much more eafily, and of courfe more violent=
ly, affeCted than others.

This change in thefe cafes, efpecially in the firft, is of-
ten o great, that the conftitution hardly ever recovers it, fo
that the patient dies ; which we have obferved above, is
not the cafe with many other fpecific difeafes or poifons, as
the fmall-pdx, ete. for this difeafe makes no change in the
conftitution peculiar to itfelf. ‘

From what has been faid, it muft appear, that the ir-
ritations which are capable of producing thofe inflamma-
tions may be either fimple, as the adhefive, or preducing
with it other modes of action, as either fuppuration or ul-
* ceration 3 and alfo either of the above modes of action may
be joined with fome of the fpecific actions.

* Hence we may conclude, that irritations of whatever
kind, either produce an inflammation peculiar to the con-
ftitution, or the natare of the parts; or, according. to the
irritating caufe, 2s in the plaguc ; and where it is acgord-
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ing to the conftitution, that many fpecific irritations may
e added, without altering the nature of the inflammation
itfelf, and that they only determine its fituation, extent,
duration, etc. according to the {pecific difpofition added,
provided the conftitution be healthy ; but if the conftitus
tion be unhealthy, whether affeCted with eryfepelas, pu-
trid fever, or plague, and the fpecific difeafe is fuperadded,
it will be a mixture of both, that is, it will. be -a fpecific
inflammation; fet down upon a conftitution of ‘a, peculiar
kind, which partakes of both, and thofe {pecific properties
wil_l not be fo diftinct, or fo well formed, as when they
appear in a found conftitution. y . ?

If the conftitution has a fufceptibility to be putrid, and
the fmall-pox attacks it, the inflammation will bethe fmall-

" pox joined with the putrid mode of action of the conltitu-
tion, which will affe¢t the mode of attion peculiar to the
fmall-pox, and defiroy the fpecific difference of the inflam-
mation belonging to the fmall pox, the puftules will fpread,
not fuppurate, and look livid, according to the putrid dif-
pofition.

Thefe conftant effets, peculiarto the conftitution, may
be changed from one to the other; jult as the conftitution
changes, for the fmall pox may begin upon a healthy con-
{titution, in which they will be diftin& or circumferibed
but if the conftitution becomes difeafed, they will fpread ;
and if the conftitution takes a hicalthy turn again, they will
begin to contralt to their fpecific diftance again®.

* The knowledge of thefe facts, is of great fervice in the
cure of many {pecific difeafes ; for whatever the fpecific difeafe
may be, we are always to treat the patient in one refpeft ac-
cording to the general nature of the inflammation ; and if we
have a [pecific remedy, we are 216 to join that with the other ;
but if we have nat a fpecific remedy, we are then only to take
up the difeafe according to the conftitution.

Let us illuftrate the for=going propofitions by example. = The
firlt cafe is explained by the venereal difeafe in the form of chane
cre ; the venereal matter produces an inflammation and nleera-
tion according to the nature of the {pecific difeafe, and the con.
ftitution ; ifthe conftitution is perfe@ly healthy, then the ef-.
fe@s are the fuppurative and fpecific difeafe joined ; the limits
of both are confined according to the conftitution and the nature
of the fpecific difeafe. ,.Fnr the inflammation and ulceration ne-
ver extend beyond the fpecific affe&ion : but if the conftitution
is fichas readily to- fall inte the eryfepelatous, then it becomes
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Many, people are much more fufceptible of inflammation
than others, even of the common kind, and thofe probably
may be reckoned fimply irritable. In fuch it is meore
violent, and in {uch it is more apt to {pread, the {urround-|
ing parts being ready to alt or fympathize with an aétion
to what they are pronc; continued fympathy more readily

takes place in fuch cafes®; but this is not univerfal, for

. we find many very confiderable inflammations confined to
| the part irritated, and in fuch inftances continued {ympaq

thy is not great, only the part irritated takes up the attion
violently. ; ,

The term or idea of inflammation may bz too general
yet it is probable that it may form a genus, in which thers
is a number of {pecies, or it may be more confined in itp
clalification, and bz reckoned a fpecies containing feveml(

varieties. - ‘Thefe are, however, {o connected among theme

the eryfepelatous and fpecific joined ; and altheugh the extert
of thie fpecific affection is limired, that of the erylepelaroas i
not; the confequince of which is,, that it fpreads over th¢
whole prepuce. and cften the whole fkin of the penis.

In this difeafe, under {uch circumitances, we are led’ ro thy'
method of cure 3 for although we have a medicine for the vene
real inflammation, yet bark isto be given for the eryfepelarous,
the quantity to be given is accoruingto the predominancy of
the one or the other. The effets of this prallice. are very
fhiking; for as the eryfepelatous inflammation leflens it bLe-
comes niore confined in its limits, and, as it were, drawn into
the original point ; and when it becomes truly fuppurative,
and venereal, its limits then are brought within tie fpecific
diftance.

T e fecond cafe is explained by the finall-pox. The variovs
matter in healthy conftitutions produces the fuppurative and
fpecific inflammations, the (pecific is limited, and direéts the
fuppurativc' ; but if tha erv{epelatons comes on, the fuppurative
ceafes it then fpreads along the furface, uniting inflamiration
with inflammation, and producing the cenfluent fmall-pox.
We have no fyecilic remedy for the fmall pox, nor canwe
readily have any for 2 difeafe which cuores itfelf; our bufinefs
then is to cure the eryfepclatous, if poflible, and jeave the con-
ftitution to cure the {pecific.

* Thisone might illuftrate by a tiece of paver beirg either
dry or damp; if dry. tlenink will not fpread, it will be con-
fined ro its point, but if damp. it will fpread being atiracted
by the furrounding damp o whicli it Las an aflinity.
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felves, that we cannot juftly under{tand any one of the »
fpecies or varieties without forming fome idea of the
whole, by which means, when treating of any one, we
.can better contraftit with the others, which gives us a clear-
er idea both of the one we are treating of, and of the
~whole. So faras it appears to be neceflary to take notice
< of the different inflammations, as illuftrative, they may be
- comprehended in five divifions : although, I muft own that
if we take in all the fpecific difeafes which produce inflam-
mation, fuch asthe vencreal difeafe in its different forms,
the gout, etc. they may be without number ;3 however, ma-
gy of them produce very much the fame appearance and ef-
fe&t with thofe which are of no fpecific kind. The fpeci-
fic is of no particular kind, but only the caufe, and the
$ fPeciﬁc effect isa fome;hing fuperadded. The prefent,
viz. the adhefive, with its different effets, as fuppuration,
I fhall confider as one. The cedematous, which comes
: neareft to the adhefive, forms a fecond divifion. ' The ery-
¢ fepelatous, the carbungle, and that which leads immedi-
* ately to mortification, form a third. There is another in-
lammation very like chilblains, which is not very liv cly and
often in blotches, fome the breadth of a fhilling, others of
" ‘he breadth of half a crown, and even broader, etc. This
. inflammation certainly arifes from irritable debility ; the
blotches look more of a copper-colour, and the fkin over
them is often difeafed. All, except the firft, have a kind
, of affinity to each other ; although I think the cedematous
. has the leaft affinity to the three laft, and many vary fo asto
+ make it difficult to fay to which fpecies the varieties belong.
There are a great many other inflammations, but which a-
- rife from fome fpecific caufe, as the gout, icrophula, etc.
or poifons 3 but as thefe do not explain, or illuftrate by
" contraft, the adhefive or fuppurative inflammation, I fhall .
not give the outlines of them here, except jut to mention
the particulars of the gout, as an inflammation.

The action of the complete gout, has all the charaers
(while it lafts) of the true inflammation, and which may
be called the inflammatory altion of the gout; but it has
many fingularities attending it, which attend no other in-
flammation, and which of courfe become fome of its {pe-
cific characters.

The inflammation of the gout is very different from the
adhefives and fuppurative in it fenfation. It feldom throbs;
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itisa pricking, cutting, and darting pain ; befides which,
the—r? 15 a pain that feels as if the inflamed parts were all
moving, and in that motion there was pain ; therefore the
action, which is the caufe of the pain, muft be very diff-
erent, and is moft probably from the action of the veflels,
not from their diftention, as in the fuppurative inflamma-
tion.

It probably comes on more quickly than any other. Its
violence is probably greater. In duration it is probably
the moft uncertain; and its going off is quicker than of
any other inflammation. Its fhifting from one part of the
body to another, is probably in fome degree peculiar to it
felf 5 and it leaves parts in a ftate which no other inflam-
mation does. Without entering further into the nature of
this difeafe than faying it is an act of the conftitution, I
{hall deferibe fome of its vifible effgcks, which of courfe
can only be obferved when it falls on an external part, and
when it does, it is moft commonly on an extremity, more
efpecially on the lower, but fometimes on the upper, and
ftill more commonly on the extreme parts of the extremity
in either the upper or the lower ; and its principal feat in
the extremity 1s a joint. When it falls on internal parts, it
is moft commonly the ftomach, which is only {fuppofed by
its effets or fymptoms; from its being transferred, and
from the mode of relief. It attacks alfo the brain, pro-
ducing delirium, giddinefs, the lofs of the natural and ac-
cuftomed feel of the body, inceflant {leepinefs, etc, which
is alfo known by the above circumftances.. When it falls
on other parts, either externally or internally, it is not fo
much determined on what part, itis moft apt to fall. It
fometimes falls either on the lungs or mufcles of refpiration;
the throat, tefticlcs, urethra, producing a difcharge, etc. on
the anug, forming piles 3 which can only be known to be
gout by coliateral circumf{tances.

Why the extremities, the ftomach, and brain, fhould be
fimilar in {ufceptibility to take the gouty action from the
conftitution, is not eafily accounted for. I {hould be inclin-
ed to fuppofe that its effects on the ftomach or brain are
not fimilar to thofe on the extremity, or probably it does
not advance fo far in its effe&s there, becaufe in that cafe
it would certainly kill. Its effets on the extremities arey
I believe, always more or lefs an inflammation, or at leaft
it has the common vifible or fenfible effects of inflammation.

b
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¥t is moft probably what may be called a true fpecific in-
flammation, for it produces the fame immediate efféts in
every conftitution, therefore does not produce an inflam-
mation according to the couftitution, having the fpecific
action added, fimilar to poifgns, but from its nature it pro-
duces nearly the fame effets’in every conltitution. I have
feen conftitutions whofe extremities were attacked with
the cedematous inflammation, attended with a purplifh ap-
pearance 3 violent pain in fuch cafes comes on, which
create, fome apprehenfions of a tendency to mortification 3
upon looking at the part, we may fulpe& fuppuration,
the inflammation to appearance being of that kind ; but
may think it odd that fuch healthy inflammation and fup-
puration thould take place in the midft of inflammation of
{o contrary a kind, but fhall find no fuppuration ; the in-
flammation {hall conti#fue its period and then leave the ex-
tremities in a much better ftate than it found them. Al-
though the inflammatory altion of the gout is attended
with great pain, yetI think it is not fo tender as the true
inflammation is ; a part may be violently inflamed, and yet
it may be handled or fqueezed, the nerves are not in fuch
a ftate of irritation, its confequent effects are very different
from that of the true inflammation, for inftead of entire
vefolution, it gives the difpofition to the inflamed parts to
fll the joint or whatever parts have been affe&ted, as for
wmftance, the cellular membrane with chalk. ‘
However, chalk is not neceflarily an effet of the gouty
inflammation; for in a gouty habit we have chalk formed
where there never had been any gouty inflammation, yet it
is fingular it fhould attack fach difimilar parts as the fkin,
ligaments, cte. It has not only no tendency to fuppura-
tion, as an immediate effet of inflammation, but it leaves
the partsin a ftate not eafily excited to inflammation ; the
«chalk {hall remain for years without producing inflamma-’
tion, and feldom preduces it at all, but from quantity;
and when the interior furfaces are expofed, they hardly take
on common inflammation and fuppuration, healing more
readily than a fore of the fame magnitude from any other
éaufe ; even a joint thall be expofed, yet common inflam-
mation fhail not come on, nor fhall it fuppurate, only a
watery fluid fhall come out, bringing with it the clLalk oc-
cafionally, and it fhall heal up kindly, It is probable that
the gout is not always an act of the conftitution, but that
parts may be fo fufceptible, or rather difpofed fer this ae-

P
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tion, that they may immediately run into it when de-
ranged : if this notion be well founded, then it may be a
queftion, whether this local affection relieves the confti-
tution for the time from any {ufceptibility for fuch an ac-
tion ?

It' may be difputed, whether the following are all inflam-
mations ornot. 'They often rife from the fame caufes ; ac-
cident, for inftance, produces all of them. They have
certainly many charaters in common, although not always
the fame refult. The vefiels becoming inlarged, there is
an extravafation, pain, and a feparation of the cuticle,
but feldom a formation of matter, although there fome-
times is, which happens when they have at firft more of
the adhefive ftate; and there is a circamftance which I
think is common to them, namely, a red ftreak pafling
from the inflamed part, generally towards the trunk, al-
though not always in this diretion. In common language
they are called eryfepelatous, although very different 5 the
erylepelatous being one of the beft marked inflammations
of any. I do not mean to treat of thefe but in a geteral
way, not even when confidering the method of cure. It
is probable there is no fpecific diftin&tion between any of
thefe inflammations but what arifes from the conftitution
or the parts, for we find them all proceeding from what
may be called the fame accidental caufe, which therefore
cannot produce any thing fpecific the diftin€tions in the
mode of action of the intiamed parts being cccafiened by a
peculiarity in the conftitution, or the nature of the part it-
felf, but probably in the conftitution. It has been fuppofed
that the different {pecies or varieties of inflammation arife
from the difference in the nature of the part inflamed ; but
this is certainly not the cafe ; for if it was, we thould foon
be made acquainted with all the different inflammations in
the fame perfon, at the fame time, and even in the {fame
wound ; for inftance, in an amputation of a leg, where
we cut through fkin, cellular membrane, mufcle, tendon,
periofteum, bone, and marrow, the fkin fhould give us the
inflammation of its kind, the cellular membrane of its
kind, the mufcles of theirs, the tendens of theirs, the pc-
riofteum, bone, marrow, etc. of theirs; but we find it is
the fame inflammation in them all; it is the adhefive in
them all if the parts are brought together 5 it is the fuppu-
tive if parts arc expofed. I fhall'at prefent only take no-

ol 2
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tice of the four laft, as I mean to treat more fully of ‘the
firft, which cannot be fo completely underfiood without
seing the diftinétions.

What I would call the cedematous inflammation, is when
the extravafated fluid is water ; it has very imuch the ap~
pearance of the adhefive, and probably come the neareftto *
it of any, being of a fecarlet colour; but much more difa
fufed. T'he fluid extravafated, being principally the ferum,
renders the fwelling more diffufed than even the inflamma-
tion itfelf ; it is very painful, or rather fore, but there is
not fo much of the throbbing {enfation as in the adhefive
inflammation ; it appears to be only on the furface, but
moft probably goes much deeper; for in fuch cafes the
extravafated fluid is in too large quantity to be furnifhed
by the cells of the cutis alone ; but in this we have not the
fame guide as in the adhefive, viz. the fwelling and inflam-
mation correfponding with each other. The difference be-
tween ,this inflammation and the adhefive, arifes, I con=
ceive, from the principle of inflammation alting upon a
dropfical difpofition, which is always attended with weaka
nefs ; whereas a greater degree of ftrength would have
produced the adhefive inflammation under the fame caufe,
or irritation ; and what makes me conceive this, is, that
in many cafes of anafarcous legs we have exactly this in-
flammation come on from diftention, which adds to the
extravafation of the ferum, as well as in moft cafes of fca-
rifications of cedematous parts to evacuate the water,
When inflammation takes place it is much more lafting
than the adhefive; and, I believe, feldom, or ever pro-
duces fuppuration ; but if it fhould run into this ftage, it
is more general, and the whole cellular membrane in the
interftices of parts is apt to mortify and flough, producing
very extenfive abfcefles, which are not circumf{cribed.

The erylepelatous inflammation is very peculiar ; and
moft inflammations that arc not of the true adhefive and
fupplirative kinds are called {o, although probably they do
not in the leaft belong to it ; and this may arife more from
the want of terms, than the want of difcrimination. This
inflammation often arifes fpontaneoufly, orin confequence
of a lowor debilitating fever. It often arifes from acci-
dent, but then it is commonly a fecondary inflammation,
although not always ; for the firft fhall have gone off, and
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when fuppuration was to take place, it fhall have come
kindly on, but afterwards the eryfepelatous fhall take place.

This may be called a remote inflammation, and-is, in
this refpet, fomewhat fimilar to the locked jaw.

It is more commoniy a cutaneous inflammation than fitu-
ated in the deeper feated parts; although in fome confti-
tutions every inflammation, wherever it exifts, will moft
probably be of this kind ; however, the fkin appears to be
moft fuleeptible of it, becaufe it will fpread over a prodi-
gious furface of fkin, while it does not affect even the cel-
lular membrane underneath ; at leaft not commonly. There
is an inflammation which attacks internal canals, which is
clafled with the eryfepelatous, but how far it is the fame I
do not know j it is certainly not the fuppurative; and as
almoft every other inflammation was former]y called eryfe-
pelatous 3 this has been fuppofed to belong to this kind of
inflammation. The inflammation I am {peaking of is more
common to the throat than any other part, often going
down the trachea: whatever it is, it may be confidered in
fome of its effects to be in direct oppofition to the adhefive
~and the fuppurative inflammations ; for where the adhefive

“moft readily produces adhefions, there the eryfepelatous
‘does not, as in the common cellular membrane 3 and where
the adhefive feldom takes place, excepting from extreme
violence, there this inflammation (if eryfepelatous) has a
tendency to produce adhefions, as in canals or outlets; it
alfo oppofes, in fome degree, the fuppurative, in being
backward in producing fuppuration even in thofe places
where {fuppuration moft readily takes place, fuch as canals
and outlets ; for there, as above obferved, it more readily
throws out the coagulating lymph. Whatever the inflam-
mation may be, it is certainly attended with nearly the fame
kind of conftitutional affection. The fever in both ap-~
pears to be the fame, viz. accompanied with debulity, lan-
gour, etc. The extravafation in confequence of the ery-
fepelatous inflammation is not fo great as in either the adhe-
five, or the cedematous ; nor is it of that kind which pro-
duces adhefions between the parts inflamed, which in this.
inflammation would commonly be unneceflary, as it feldora
produces fuppuration, but is attended with very bad con«
{equences when it does. It appears to fupport itfelf by
continued fympathy, for it commonly begins at a point
and fpreads, while it fhall be getting well, where it firft
began.
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This cannot be merely conflitutional, for if it was, the
parts already inflamed could not recover, if its increafe in
new parts arofe from the conititution ; but it gives the idea
that when the parts have once gone through this action that
they lofe the difpofition and become healthy. This pro-
‘perty is not peculiar to this inflammation, the ring-worm
has this peculiarity, as alfo many cutancous ulcers*.

This inflammation is more common in the fummer than
in the winter, more efpecialy in hofpitals; and T think
takes place oftener after wounds on the head than any o-
ther. I have often feen it begin round a wound, on the
fcalp, extending itfelf over the whole head and face; the
cye-hids being very much fwelled, the ears thickened, and
it has advanced to the neck, fhoulders, and body, creep-
ing along both arms, and terminating at the finger ends;
that which attacks the body often goes along the body to
both thighs, down the legs, and terminates at the ends of
the toes ; and while this is going on, it is as expeditioudly

_cured behind, and the fkin peels off the cured parts ; how-
ever, this is not always the cafe, it often ftops, and where
it proceeds fo far, itis commonly becoming milder. This
inflammation, when it runs along the fkin, has a determin-"
ed edge, not lofing itfelf gradually and infenfibly in the
fkin beyond, asin the true adhefive, and indeed moft of
the inflammations ; the {kin feels as if only a little thicken-
ed, and not {o pliable ; for by pafling the finger along the
found fkin to the inflamed, we feel an evident difference.
The colour of the fkin is of a darkifh red. When it goes
deeper than the fkin into the cellular membrance, it often
fuppurates ; but then I fufpect it is not the true eryfepela-
tous; for in fuch cafes it commonly produces mortifica-
tion in the cells, by which air is let loofe ; this gives a
ftrange feel, neither of fluctuation nor crepitation, and as
there are no adhefions the matter finds an eafy paflage into

* There appears to me two ways of accounting for this; one
1s, that the whole fkin is very fufceptible of fiich attion, and
readily goes on with it by continued fympathy, and the part
having gone through the altion, like the fmal]-pox, etc. loles
the difpofition, and the aftion ceafes. -

The other is, that the inflammation is {uch as to contaminate
while it {fpreads, but when it has once aéted it is cured’as above
obferved. If this laft be a true folution, then the right prac-
tice would be to ftep its progrefs by deftroying the parts be-
yond it. : :



Fundamental principles of inflammation. 261

the common cellular membrane, increafing the fame kind
of fuppuration wherever it comes ; and as mortification is
a confequence of thefe inflammations, putrifation enfues,
and the difcharge becomes very offenfive. Whether this
difference in the effect of the inflammation arifes from the
nature of the parts, I will riot pretend to fay. This ef-
fect takes place about the buttocks and fide of the anus of-
tener than any where elfe ; as indeed does common inflam<’
mation and fuppuration.

This inflammation commonly begins with fever, lownef§
of {pirits, and proftration of firength, lofs of appetite, etc.
but it commonly does not laft long, and the inflammation
thall fpread even when the fever is gone off, but then it is
not fo violent : when it produces fuppuration in the cellu-
lar membrane it is often dangerous, both from the difeafe
itfelf, and the confequences of the matter diffufing itfelf
much farther. This effeét frequently takes place when this
inflammation attacks the buttocks or parts near the anus,
and often proves fatal. In fuch cafes, as the fores feldom
ulcerate, they fhould be opened early, for the matter either .
gets into the ccllular membrane from the want of adhe-
fions, or it feparates parts that are only attached, as

“the periofteum from the bone, mufcles from mufcles

etc. whereas the true fuppurative ulcerates brifkly, which,
therefore, thould not be opened early, but allowed to
burit. :

Many inflammations on the fkin which come to fuppu-
ration, have fomething of the eryfepelatous difpofition,
for we fee them increafing the circle of inflammation, the
cuticle feparating, matter formed underneath from the cu-
tis, and the fore healing in the centre ; they perhaps begin
like a pimple, but fpread in that way to the breadth of a
fixpence, fhilling, or crown-piece ; fuch often take place
on the fingers.

The inflammation that produces the carbuncle is of a
different nature from any of the former; it is ftationary
with refpect to place, and is pretty much circumicribed,
even forming a broad, flat, firm tumour ; it begins in the
fkin almoft like a pimple, and goes deeper and ceeper,
{preading with a broad bafe under the fkin in the cellular
membrane ; and although confiderably tumified, yet this
does not arife from the extravafation of coagulating
lymph producing adhefions which are teo retain life, for
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the very cells into which it is extravafated become deads
It produces a fuppuration, but not an abfcefs, fomewhat
fimilar to the eryfepelatous when the inflammation pafies
into the cellular membrane, for as there are no adhefions,
the matter lies in the cells where it was formed, almoft like
water in an anafarca ; but ftillit is not diffufed through the
uninflamed cellular membrane, as in the eryfepelatous, for
it appears to extend no further than the inflammation ; one
would almoft imagine that there was a limitation to the ex-
tent, beyond which, this {pecies of inflammation could
not go, and at thefe limits the adhefive inflammation took
place to confine the matter within the bounds of the car-
buncle. A diffufed ulceration on the infide for the exit of
the matter takes place, making a number of openings in
the fkin; there are generally more carbuncles than one at
the fame time, a great number fucceeding each other,
which would almoft feem to produce each other in this fuc-
ceflion ; they are commonly more on the trunk of the body
than any where elfe ; however, I have feen them on the
head, and fometimes on the extremities, although but fel-
dom. ]

They are more commonly on the pofterior part of the
body than the anterior. ;

This inflammation attacks more beyond the middle age
than at it, and very few under it.

It is moft common in thofe that have lived well. I ne=
ver faw but one patient of this kind in an hofpital. It ap-
pears to have fome aflinity to the boil ; but the boil differs
in this refpe@, that it has more of the true inflammation,
therefore {preads lefs, and is more peculiar to the young
than the old, which may be the reafon why it partakes
more of the true inflammation.

As death is produced in a great deal of the cellular mem=
brane, and I believe, in it only, except the {kin giving way,
which I believe is by ulceration principally, it becomes a
queftion, whether this mortification arifes from the nature
of the inflammation, or rather from the matter being con-
fined in the cells of the cellular membrane ? I rather fufpelt
thelatter ; for I findthatif thismatter efcapes from thefe cells
and comes into uninflamed cells, it produces mortification
there. This is like the urine, for whenever the urine e-
fcapes into the cellular membrane it there produces morti-
fication ; the colour of the fkin is at firk more vivid than
afterwards, for it becomes of a purple colour.
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 Inflammation often produces mortification or death in
the part inflamed. This commonly takes place in old peo-
ple that are become very much debilitated, and chiefly in
the lower extremities. I fufpe it to be fome what fimilar
to the carbuncle, viz. principally in thofz who have lived
wll, although not fo much confined to them as the carbun-
cle ; however, it takes place in the young, where great
debility has been produced from difeafe, elpecially thofe
difeafes that have debility as a principle, fuch as what are
commonly called putrid fevers; but the fituation of thefe is
not fo determined, and in fuch, inflammation hardly
takes place without an immediate exciting caufe, as the ap-
plication of blifters, etc. Death in a part fometimes takes
place, almoft immediately without inflammation ; but this
is not to the prefent purpofe. Where mortification fucceeds
inflammation in the extrem’ties, efpecially in elderly per-
fons there is often an early feparation of the cuticle which
forms a blifter, filled with a bloody ferum: and we fhall
obferve dark brownifh fpots, which confift of extravafated
blood in the true cutis, and which fhall at laft blifter, and
then the cutis forms a flough.

Such inflammations have little of the adhefive tumefac-
tion in them, but more of the cedematous; are not clear
or tranfparent, but rather of a dufky red ; as the colour
of the inflamed parts fhow fomething of its nature, it is to
be obferved that it is different in all thefe inflammations
from that of the true adhefive, and as we have reafon to be-
lieve that the circulation is quicker in the adhefive inflam-
mation than is natural, and that the colour arifes from this
caufe, we may fuppofe that the motion of the blood in

 thefe is languid, and that it affumes the venal appearance,
even in the arteries.

‘Inmoft of thefe four inflammations there is an appearance
that often arifes, which isaredifh ftreak commonly pafi-
ing from the inflamed parts towards the fource of the cir-
culation, but notalways in this direCtion ; fometimes juit
the contrary ; and this is more certain when it happens to
take place in.an extremity, becaufe there we know the
courfe of all the veficls better ; but it does not always a-
rife from the part inflamed. 1 have feen this laft fpecies of
inflammation attack the toes,. and red ftreaks run up the
foot, terminating about the ancle, while there were feveral
ariiag on thz fore part of the leg, juft below the knee.

A
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They often make a net-work on the leg, and are frequem.
ly a forerunner, and an attendant on mortification. ‘The

feldom go farther than a blufh in the fkin, feldom thicken,
but are more of the ccdematous kind ;3 however, we fome-
times find hard cords running from foresand inflammations,
but thefe-are commonly deeper feated, and I have fufpect-
ed them to be veins ; as a proof of this, I have feen the fu-
perficial veins of the leg have the fkin red over them, fimi-
lar to thofe above defcribed, and the veins have felt hard
under the finger. Thefe redifh ftreaks are fuppofed to be
abforbents, becoming inflamed by their carrying a ftimu-
tating fuid. Tamaptto fuppofe them to be abforbents,
but I do not conceive that this effet arifes from abforption.
If it arofe from fuch a caufe, it thould be uniform, the
caufe fhould always exift when the effe& takes place. It
is firft to be obferved, that it only takes place in certain
conftitutions, in which abforption, one way or other ex-
plains nothing ; and I find, upon obfervation, that this ef-
feét thall be coeval with the inflammation where no fup-
puration has taken place ; I haye even feen it arife from
accident, prior to the poflibility of inflammation taking
place, viz.. in the time of the pain arifing from the im-
mediateeffects of the accident ; this was in the finger, from
the prick of a clean needle, which had been for fome time
piercing new buck-fkin leather ; the glands in the armpit
were fore, ficknefs, attended with its ufual fymptems, fuch
as oppreflion, was nearly as immediate. Its direction from
the fource of the eirculation is another {ftrong proof of its
not arifing from abforption, and its taking place at fome
diftance isalfoa corroboration of the fameopinion. Another
{trong circumftance infavour of this opinion is, that the
morbid poifons do not produce this effe&t, where we know
abforption has taken place. Thus the venereal feldom or
ever produces it. 'The hard cord pafling from the prepuce
along the upper part of the penis, I do not conceive to be
of this kind. In the fmall-pox, after ineculation, it has
been obferved, butIimagine it was only in the above-men-
tioned conftitutions. I could conceive it to arife in the
plague, if there was any local difeafe. I am, therefore,
rather apt to attribute this appearance to the irritation run-
ning along the lymphatics, more efpecially in fuch confti-
tutions ;-and as we do not allow the veins to be abforbents;
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their being affeted muft be fuppofed to arife from the
fame caufe. Whenever we fee this effet, we may, in

fome degree, form an opinion of the kind of inflammation,
and that it is not the moft favourable.

_-EZND OF THE FIRST VOLUME.
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