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ON SOME FORMS OF KERATO-IRITIS AND
THEIR EFFECT IN HINDERING THE OS-
MOTIC ACTION OF THE CORNEA AND
CONJUNCTIVA,

Ophthalmologists not uncommonly meet with cases of
kerato-iritis, in which atropine, applied locally, seems to pro-
duce little or no beneficial effect in allaying the inflammatory
symptoms, and in which the pupil dilates but little or not at
all, though there may be no posterior synechise present. Why
is it that, in some cases of corneal inflammation, atropine acts
promptly and beneficially, while in others it is apparently an
inert agent % Is there a peculiar kind of corneal or iritic in-
flammation, in which atropine is useless as a remedial agent,
and is this form of inflammation marked by any one symptom
or chain of symptoms, which may be regarded as pathog-
nomonic ?

The cases in which the writer has observed this peculiarity
were all chronic, and did not present themselves for treatment
until the disease had already lasted several weeks, and in some
cases months. In all of them the iris was more or less af-
fected, the nature of the iritic inflammation being generally
serous. The keratitis was generally somewhat diffuse, some-
times circumscribed, always parenchymatous, and the comeal
epithelium was generally wanting over a greater or less ex-
tent of surface. Sometimes the cornea seems to be the seat
of a regular abscess, which is afterward converted into an



4 SOME EOEMS OF KEEATO—IEITIS, ETC.

open ulcer by a portion of necrotic corneal tissue sloughing
away. The iris is always discolored and generally swollen,
but yet does not present the bagging, bulging appearance
which accompanies complete posterior synechiae, with effusion
into the posterior chamber. There are no vessels visible in
the cornea proper, except at the periphery, where we meet with
the loops of the line branches of the anterior ciliary arteries
going to the conjunctiva. These patients have remained un-
der treatment for weeks at a time without any improvement
being visible, and have then suddenly taken a turn for the
better. They are not distinguished by any one symptom or
chain of symptoms from other cases of parenchymatous kera-
titis, except by their obstinacy in resisting treatment. They
are accompanied by little or no pain, and by but little photo-
phobia. The keratitis does not seem to be a manifestation
of the strumous diathesis, nor of any other particular constitu-
tional dyscrasia, but is apparently a purely local trouble.

Is the inertness of the atropine due to its not being ab-
sorbed, or to some other reason ? If it is not absorbed, is it
because the corneal inflammation has so changed the cornea
that it has lost the properties of an animal membrane, or is it
owing to some defect or obstruction in the circulation ; and, if
the latter, can the sympathetic nerve be brought in as a factor
in the case 3

When the coats of the eye are in the normal condition, we
know that a solution of atropia is absorbed directly by the
corneal tissue as well as bypassing into the circulation through
the conjunctival vessels. In considering the osmotic action
of the cornea, we must regard it as an animal membrane.
We know that one condition of the penetrability of porous
bodies by liquids, or their power of absorption, is the faculty
of becoming moistened, or the attraction which is set up be-
tween a molecule of fluid and the walls of a pore, which, in
the case of the cornea, means a lymphatic space; another
condition is the attraction which one molecule of liquid has
for another. We also know that the molecules of liquid, hav-
ing once entered an animal membrane, are retained in the
pores of the membrane by the same two conditions of attrac-
tion existing between the walls of a pore and the different
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molecules of fluid, and by tlie cohesion acting between differ-
ent molecules of the same fluid. Another circumstance to be
taken into consideration is, that the state of humidity ormoist-
ure of the animal substance and its absorbent power for
liquids exercise a certain influence upon the rate of transmis-
sion of a fluid through its tissues. Of all fluids, distilled wa-
ter is absorbed in the largest proportion, and the power of ab-
sorption of saline solutions diminishes as their concentration
increases.

How, in order that a solution of atropine may transude
the cornea and pass into the anterior chamber, some of the
aqueous humor must drain off from the anterior chamber,
otherwise there must be an increase of intra-ocular tension,
which, if maintained, would lead to grave trouble. This may
or may not pass through the cornea outward, though experi-
ments of somewhat recent date would lead us to believe that
the aqueous humor never transudes the corneal tissue, no mat-
ter how great the intra-ocular tension may be which is brought
to bear upon the cornea. If these experiments, however, be
not true, there is a mingling of the aqueous humor and the
solution of the atropine as well in the tissue of the cornea as
in the anterior chamber, which takes place in the pores or
the lymphatic spaces of the cornea. The connection between
a membrane and the rate of its osmotic action we know to be
very intimate, and, in those cases of keratitis where atropine
acts much less promptly than in others, this is .probably due,
in great part, to the condition of the cornea. In inflamma-
tion all the physical laws of health and nutrition are inter-
fered with, and the tissue inflamed, and every thing that takes
place in and around it must be regarded as morbid and ab-
normal. It is natural to suppose that the well-known laws
governing osmotic action are interfered with in such a case.
The chemical combination or union of two liquids, separated
by an animal membrane, only takes place when the force of
attraction is stronger than all the obstacles against which it
has to contend. When the membrane is healthy, it exercises
no direct influence upon the osmotic current, if the tempera-
ture remain the same throughout the experiment.

If we agree to regard the cornea as filled with hollow, very
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narrow spaces, tlie lymphatic spaces, and admit that the so-
lution of atropia passes through and meets in the substance of
the cornea with the aqueous humor, there ought to he just as
strong a current in one direction as in the other, always pre-
mising that the corneal tissue is healthy. When the cornea
is the seat of the inflammation, the power of absorption may
vary in different portions of the membrane. In keratitis,
the cornea is very often thickened, which of itself would alter
its osmotic power, for it is a well-known fact that the rapidity
of the two currents of end osmosis and exosmosis depends upon
the thickness of the membrane separating the liquids. Some
supposed that, when the parenchyma of the cornea is inflamed,
the membrane of Descemet, orrather the single layer of hex-
agonal cells upon the posterior surface of the cornea, exerts a
great influence upon the absorptive power of that membrane,
but this is as yet a mere hypothesis in the pathology of the
cornea.

But the cornea is not the only tissue concerned in the ab-
sorption of atropine. The blood-vessels of the conjunctiva
are to be considered under this head, and perhaps play amuch
more important part in the process than the cornea itself.
They possess one condition which is very favorable to absorp-
tion, viz,, within them is contained a fluid which circulates,
which moves at a certain rate, a condition which physiology
teaches us is more favorable for promoting the osmotic action
than when the two liquids are quiet. Here the wall of the
blood-vessel represents the membrane, while the fluids are
represented by the blood on one side and the solution of atro-
pine on the other. This motion of the blood in the capillaries
favors imbibition by removing that portion of the fluid which
has already been absorbed and carrying it forward in the cir-
culation.

The question may now be asked, What influence the state
of the sympathetic nerve exerts upon the osmotic or absorptive
power of the blood-vessels of the conjunctiva. We know,
from Broussais, that the great sympathetic gives off throughout
its course three kinds of branches; the muscular, the visceral,
and the vascular. The latter are sent to the arterial and cap-
illary branches which supply blood to the different organs of
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the body, embrace the vessels, and form plexuses around their
coats. These arteries are furnished with nerve-twigs as often
as they pass by a ganglion or a plexus, while the veins and
lymphatics do not receive any nerve-supply from the sympa-
thetic nerve. How, in inflammation of a part, the arteries of
the part involved dilate, become thicker and larger, and pulsate
more strongly, while, on the subsidence of the inflammation,
they revert to their original size and state. All this is a mani-
festation of organic sympathy due to the action of the sym-
pathetic nerve. How, if the vessels are dilated and pulsate
more strongly, the blood must course through them more rap-
idly, and thus favor the process of imbibition. Hence we may
conclude that a solution of atropia is not only absorbed more
rapidly in such a case, but more of it is absorbed, and that
the characteristic effect upon the pupil ought to be produced
so much the more rapidly, provided that there are no posterior
synechise present. But in the class of cases under considera-
tion the pupil does not dilate, and hence we must look yet
farther for a satisfactory explanation. We now turn our at-
tention to the iris, and consider it with special reference to its
muscular action and nerve-supply. We know that the mus-
cular tissue of the iris is of the non-striated variety, and is
arranged in two different ways, with a more or less intimate
connection between them. Some of the fibres are arranged
in a circular direction around the margin of the pupil, form-
ing what is called a sphincter muscle of the iris, and these
fibres run very closely together. Other fibres run from the
external margin of the sphincter muscle in a radiating direc-
tion toward the periphery of the iris, but are arranged in
bundles or fasciculi, each fasciculus being separated by a
greater or less distance from the neighboring ones, the space
being occupied by elastic tissue. We know that the diminu-
tion in size of the pupil is a double act, consisting of a relax-
ation of the radiating muscular fibres and a contraction of the
circular fibres or sphincter muscle, while in dilatation of the
pupil the reverse is the case.

We know that the nerves of the iris are branches of the
ciliary nerves, and consist of three sets, viz.: 1. Pale fibres,
probably belonging to the sympathetic nerve, which run tow-
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ard the posterior surface of the iris and ramify probably in
the dilatator iridis or radiating muscle. 2, Fibres which run
on the anterior surface of the iris, which are its sensory fibres.
3. Motor fibres running to and in the sphincter muscle (Iwan-
off, Strieker’s “ Gewebelehre,” page 1047). In other words,
the ciliary nerves supply motor, sensory, and sympathetic
fibres to the iris. They all arise, with the exception of one
or two branches which come directly from the naso-ciliary
nerve, from the ciliary ganglion, which is situated on the ex-
ternal side of the optic nerve, about three-quarters of an inch
behind its entrance into the globe. This ganglion has three
distinct roots: one, the short or motor root, from the oculomo-
torius or third pair; another , the long or sensory root, from
the naso-ciliary nerve, which is a branch of the ophthalmic
branch of the trigeminus or fifth pair; the third, some fibres
of the sympathetic, coming from the carotid plexus out of the
cavernous sinus, through the superior orbital fissure, and gen-
erally reaching the ciliary ganglion itself, though sometimes
it is joined with the long or sensory root before the latter’s
union with the ganglion.

It is well known that the normal movements of the iris
occur in consequence of the irritation of the retina by the
light, the transmission ofthis irritation from theretina, through
the medium of the optic nerve, to the brain, and the reflex
action of the oculomotorius. If the optic nerve be divided
within the skull, the pupil dilates and remains so permanent
ly. Division of the oculomotorius produces the same effect.
Irritation of the motor oculi causes contraction of the pupil,
and irritation of the sensory branches of the trigeminus gives
the same result. Division of the trigeminus simply destroys
the sensibility of the parts supplied by it, but does not disturb
the relation existing between the optic nerve and the oculo-
motorius. A permanent contraction of the pupil has been
observed in animals when the sympathetic nerve has been di-
vided in the region of the third or fourth cervical vertebrae,
and this depends upon the fact that the radiating fibres are
paralyzed. A contraction of the pupil therefore follows, either
in consequence of an increased action of the oculomotorius and
the sphincter muscle, or in consequence of a weakened influ-
ence of the sympathetic nerve upon the radiating fibres.
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Dilatation of tlie pupil follows in consequence of the weak-
ened influence of the oculomotorius upon the sphincter, or in
consequence of the increased influence of the sympathetic
nerve upon the dilatator pupillse.

Paralysis of the oculomotorius or of the ciliary nerves al-
ways causes dilatation and immobility of the pupil, that is,
mydriasis. Atropine paralyzes the ciliary nerves, and irritates
the dilatator pupillse.

Now, it has been known for many years that division or
injury of the fifth pair of cranial nerves within the cavity of
the skull, or of its ophthalmic branch, is followed by an in-
flammation of the eye of the same side, which usually pro-
gresses to complete destruction of the organ. Immediately
after the operation or injury, the pupil contracts, and the con-
junctiva and cornea lose their sensibility. At the end of a
varying period, the cornea becomes slightly cloudy, and, by
the second day, the conjunctiva is already inflamed. The in-
flammation increases in intensity, and soon spreads to the iris,
which becomes covered with a layer of inflammatory exuda-
tion. The cornea constantly grows more opaque, and may
eventually ulcerate, and the contents of the anterior chamber,
and even the lens and vitreous humor, may be evacuated, and
the eyeball then collapses. We learn from Brown-Sequard
that the same thing occurs after section of the lateral half of
the spinal cord.

Now, in this form of trigeminal neuralgia or inflammation,
whichever it may be, the effect produced upon the cornea is
invariable and almost characteristic. The cornea is, as it
were, paralyzed, cut off from its nerve supply, and the process
almost invariably results in destruction of the cornea, unless
one plan of treatment be resorted to, and even then wr e do not
always succeed in staying the process of disintegration. The
plan consists in closing the eye by a bandage, which is kept
on continuously, and only removed to admit of an examina-
tion of the eye, the object being to protect the cornea from
the injurious influences of light and air, and floating dust.
Now, although the symptoms and course of this necrotic cor-
neal process are very different from those of the form ofkera-
titis considered in this paper, yet there is some slight resem-
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blance between them, and, the affection of the trigeminus being
closely connected with the corneal degeneration in the former
cases, I am inclined to think that there is a closer connection
between the same nerve and that form of corneal disease
which opposes the local effect of atropine. Ophthalmologists
observe every day cases of keratitis and kerato-iritis, in which
the opacity and thickening of the cornea are very marked, and
yet the pupil dilates readily under atropine, showing that the
osmotic power of the cornea still exists. Even in old cases of
corneal leucoma, where all signs of vascularity have long since
disappeared, the pupil dilates easily andrapidly when atropine
is instilled. Hence, in the class of cases under consideration,
I am inclined to think that the sympathetic twigs to the iris
play an important part in hindering the dilatation of the pupil
by atropine, and that, though the atropine does pass through
the cornea into the anterior chamber, or into the general cir-
culation by means of the conjunctival and corneal vessels, yet
once there, it fails in its specific action on the pupil, owing to
some abnormal condition of the sympathetic nerve. What
this condition is, whether an inflammation or an irritation,
and where localized, whether in the iris or farther back, I am
unable to say. It is also possible that the suspected diseased
condition of the sympathetic exerts some influence upon the
blood-vessels, thus retarding or even hindering the absorption
of the atropia. It is very much to be hoped that some eluci-
dation of this question may soon be furnished us, and, if this
paper may be the means of calling the attention of my fellow-
laborers in the field of ophthalmology more closely to the sub-
ject, I shall be more than satisfied.
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vol., 12mo. Cloth. Price, $2.00.
No. 8. THE CONSERVATION OF ENERGY. By Prof. Balfour Stewart, LL. D.,

F. R. S. 1 vol., 12mo. Cloth. Price, $1.50.
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PROSPECTUS.
D. Appleton & Co. have the pleasure ofannouncing that they have made arrangements forpublishing,

and have recently commenced the issue of, a Series of Popular Monographs, or small works, under
the above title, which will embody the results of recent inquiry in the most interesting departments of
advancing science.

The character and scope of this series will he best indicated by a reference to the names and subjects
included in the subjoined list, from which it will be seen that the cooperation of the most distinguished
professors in England, Germany, France, and the United States, has been secured, and negotiations are
pending for contributions from other eminent scientificwriters.

The works will be issued simultaneously in New York, London, Paris, and Lcipsic.
The International Scientific Series is entirelyan American project, and was originated and organ-

ized by Dr. E. L. Youmans, who spent the greater part of a year in Europe, arrangingwith authors and
publishers.

The forthcoming volumes are as follows ;

Prof. T. 11. Huxley,LL. D., F. R. S., Bodily Motion
and Consciousness.

Sir John Lubbock, Bart., F. R. S., The Antiquity
ofMan.

Prof.' Rudolph Virchow (of the University of Ber
lin), Morbid Physiological Action.

Dr. 11. Charlton Bastian, M. D., F. R. S., The
Brain as an Organ of Mind.

Prof. W. Tiiistleton Dyer. B. A., B. Sc., Form and
Habit of Flowering Plants.

Prof. W. Kingdon Clifford, M. A., The First
Principles of the Exact Sciencesexplained to
the Non-Mathematical.

Mr. J. N. Lockyer, F. R. 8., SpectrumAnalysis.
W. Lauder Lindsay, M. D., F. R. S. E., Mind in

the Lower Animals.
Prof. James D. Dana, M. A., LL. D., On Cepha-

lization; or, Ilead Domination in its Re-
lation to Structure, Grade, and. Develop-
ment.

Prof. S. W. Johnson, M. A., On the Nutrition of
Plants.

Prof. Austin Flint, Jr., M. D., The Nervous Sys-
tem, and its Relation to the Bodily Func-
tions.

Prof. W. D. Whitney, Modern Linguistic Sci-
ence.

Prof. A. C. Ramsay, LL. D., F. R. S., Earth
Sculpture.

Prof. Lacaze-Duthiers, Zoology since Cmier.

Dr. Henry Maudsley, Responsibility in Dis-
ease.

Prof. Michael Foster, M. D., Protoplasm anti
the Cell Theory.

Key. M. J. Berkeley. M. A., F. L. 8., Fungi;
their Nature. Influences, and Uses.

Prof. Claude Bernard (of the College of France),
Physical and Metaphysical Phenomena of
Life.

Prof. A. Quetelet (of the Brussels Academy of
Sciences), Social Physics.

Prof. A. De Quatrefages. The Negro Races.
Prof. C. A. Young, Ph. D. (of Dartmouth College),

The Sun.
Prof. Bernstein (University of Halle), The Physi-

ology of the Senses.
Prof. Herman (University of Zurich), On Respira-

tion.
Prof. Leuckard (University of Leipsic), Outlines

of Chemical Organization.
Prof. Rees (University of Erlangen), On Parasitic

Plants.
Prof. Vogel (Polytechnic Academy, Berlin), The

Chemical Effects of Light.
Prof. Wundt (University of Strasbourg). On

Sound.
Prof. Schmidt (University of Strasbourg), The

Theory ofDescent—Darwinism.
Prof. Rosenthal (University of Erlangen), Physi-

ology ofMuscles and Nerves.
Professors 11. Saint-Clairb Deville, Berihelot, and W urtz. have engaged to write, but have not

yetannounced their subjects. Other eminent authors, as Wallace, Helmholtz, Parks, Milne-Edwards,
and Haleckel, have given strong encouragement that they will also take part in the enterprise.
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