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-:I] NTRODUCTTIO N:-

Several considerations have induced the writer to spend much
time upon the investigation of the inflammatory exudates inta the eye,
and into the vitreous body of it in particular.

Although the cqrnea has been for many years now a favourite
grdund whereupon histologists Lave experimented and investigated the
phenomensa of inflemmation, comparatively 1ittle work has been done in
regard to the changes to be seen in the vitreous body in the process
of Cyclitis. |

OBJECTS OF THIS RESEARCH.

Looking at this subject, however, primarily from a histological
standpoint, it appeared that, in the vitreous body, on opportunity
is ohtained of observing the inflammatory exudate in an unaltered state
and of seeing what its vpowers and ohjects are.

In particular, the writer has heen anxious to ascertain whether
or not the process of cell proliferation termed "Karyokinesis® occurs
with any degree of frequency in acute inflammatory processes, and ,
also,whether or not the prolifaration of the fixed cells of a part is
necsssary for the successful cicatrisation of an exudate.

Looking at the subject, in the second place, from a clinical
point of view it appeared that»a study of th= process, in varioué
stages, should enable a more accurate diagnosis and prognosis to he
made, as giving a clearer understanding of the true nature of the changes
which are going on in the interior of an eye.

These subjects appsared to be susceptihle of more accurate
investigation in the case of the exudate into the vitreous body than

elsewhere, for several reasons.
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(I) The tissue into which-the exudate is poured is perfectly transpar-
ent, so that any -exudate formed may be readily examined.

(2) The adult vitreous body contains no fixed cells in ﬁhe normal
state, or, at all events, so few that they may be discounted, so that
if any cell matter is seen, it may be accepted that it hss migrated
into its present position.

(3) The tissues are easily prepared, and, what is of greater importance,
may be obtained perfectly fresh.

(4) 1he tissues may be obtained at various stages of the process, and
from cases in which the eyes have besen rsuoved on account of changes
the result of closely similar causes.

Setting ouf, then, with these objects in view the writer hsas,
during the past four yvears, investigated meny cases of Cyclitis obtain-
ed in the course of his work at the Eyve Infirmary.

Having,then,stated the object of this enquiry, hefore going more
deeply into the subject, it has been considered advisable to sketch,
briefly, the clinical history of an imaginary typical case of Cyclitis,
and to follow out its pathological and histological characters in a
similar manner, in order that the nature of the process may be more
clearly comprehended by all.

CLINICXL HISTORY OF CYCLITIS.

Let it be supposed that a chip of metal enters an =sye, close to
the margin of the cornea, and passes backwards through the base of the
iris into the vitrsous body}in which 1t becomes lodged.

The eye, if not too seriously damaged by shock, speedily shows

signs of the presence of an irritant, by its reaction. The conjunctiva
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becomes injected and the sclersal vesséls'become'tortuous.Irritability
to light, photophobia and lachrvmation soon become evident. Pain is
early preseﬁt, due,prohably,to var}ous causes such as the movements of
the eye and eyellids, irritating the fresh wound, orAto the actual pre-
sence of a sharp substance in the evehall. Deep ciliary injection soon
appearsyeven as early as the twenty fourth hour.

The wound has probably closed by thris time, but is not firmly
healed for many davs.

The tension of the globe hecomes increased, snd pain is more
marked, especially at night, and is accompanied by great te.idernsss of
the eye. The pain is markedly circumorbital in character, and is
difficult to alleviate. The aqusous humour is turbid.

At a variable time, from tke fourth to the eighth day, if the
media are clear enoush to allow it, a vellowish reflex is seen beking
the lens. The anterior chamber, which is at first shallow, soon he-
comes deep and ultimately deeper than is nprmal. The tension of the
globe 1is now stationary or tending to fall and will soon bscome sub-
normal. The pain, at this stage, is almost entirely gone. Pressure on
the eyeball, however, hrings out the fact that the ciliary region is
very tender at some spot, and this, with the presence of sngorged
vessels in the scleral group, indicates that the eye is in great danger
of becoming atrorhic.

The tension of the eye continues to diminish slowly, and, owing
to the pressure of the four rectus muscles, the eyeball comes to assume
8 somewhat square aépect. This, in turn, is followed by diminution in

the bulk of the eye, and depression of the cicatrix of the original
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wound.
The eye is now in the condition which is termed Phthisis Bulbi,
and the whole process has occupied perhaps three months.

PATHOLOGICAL REVIEW OF CYCLITIS.

The courses of events, then, in this eye which has led to such
complete destruction is somewhat as follows.

Owing to the presence of an irritant in the eyve great increase
of vascularity has taken place, with formation of an exudate consisting
of cell =lements in a coagulable fluid.

The parts directly injured are united by this exudate. Thus the
jris is adnrerent to the corneal wound, oving to the présence at both
the posterior surface of the cornea and the anterior surface of the
iris, of an oiganic substance which, it may bhe assumed witkL fair
accuracy, is adresive. The whole uveal tract, iris, ciliary body and
chorioid, becomes congested and gives rise to an exudate of similar
charascters to that in the anterior chamhera. This exudate soon
begins to undergo changes, termed for convenience "formative,' and
what was a semi-Tivid substance becomes a solid, which is, for a
period continually becoming less in bulk, (cicatricial contraction)
so that tke parts to which the exudate is adherent are drawn together.
(Fige (1). ' ‘

Thus the exudate which has been formed behind the lens, is
adherent all round its periphery to thé ciliary hody, and,by its con-
traction,first draws the lens backwards and then pushes it forwards;
Tt at the ssme time, being adherent to the ciliary body, it draws
this centrally and separates its posterior part’from the sclera,

drawing ferwards, in doing so, both retina and chorioid.
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Again, the vitreous hody having been permeated by this self-
contracting fluld, shrinks towards its points of most firm attach-
nment, namely, the lens and ciliary body, and ultimately disappears
more or less completely. The contraction of the vitreous body is,
most frequently, soon followed by separation of the retina, its
suﬁport 5eing withdrawn, and it is frequently the case that the
retina is firmlv adherent to, and involved in,the mass of cicatricial
tissue which has been slowly accumulating behind the ciliary body
and lens.

During this period, haemorrhages‘from the displaced bloodvessels
in the retina and elsewhere may take place, and may more or less
comrletely mask the appearances.,

Lastlv, whilst the above mentioned changes have been going on,
instertitiél formation of exudate, results, by contraction, in the
destruction of the delicate structures and diminution of vascularity,
and thus the stage of diminished intraocular tension is arrived at,
and is closely followed by shirinkage of the globe.

As would naturally be expectedyit hecomes very evident, at an

early stage in the investigation of this subject, that there is a
very wide degree of difference in various cases, as regards the date
of the different stages of the process, after receipt of injury.
It mey be explained, here, that it was, in the majority of cases
Cyclitis of traumatic origin which ceme unger observation, as Cyvclitis
of other origin does not often give cause for removal of an eye until
a late stage has been attained.

The diversity above mentioned has been attributed to variations

of the Intensity of the irritent on the one hand, and of the resistive
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rower of the tissues on the other.

To these same causes was attributed a certain variation in thre
histological characteristics of,the'process which was also noticed
early ih tre investigation.

So well marked, indeed, was this difference that the writer
was at first inclined to divide the inflammatory processes seen into
classes which depended for their cdistinctions on histological char-
acteristics. Subsequent investigation of tke subject, however, hLas
led to the conclusion that,as many cases partake of the characters of
different types,such a differentiation would be likely to lead to
confusion rather than.elucidation of the subject. Eack case seems to
have its own characteristics as regards cell elements, fibrovs tissue,
etc., almost entirely independent of the date of onset of sSymptoms,
but few being met with which were quite typical of one particular
class.

Hence the subject Las heen dealt with as a whole, as an average
of cases seen, and where deemed n=ceszary, special changes have been
treated as such, and indication of the stage of the process at which
they are likely to occur, has been given.

HISTOLOGICAL CHANGES.

Turning now to the investigation of the histological ckanges
seen in suck an eye as that under consideration, it is to be noticed
that it is extremely rarely that an sve is removed at an earlier date
than the eighth day after the receipt of injury, as the loss of such
an eye csnnot weil be certsain hefore this time. Hence the earliest

changes can only rarely he seen in the human suhiect. Of course many
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eyes are removed within two or three days of the date of injury,
but;ds a rule,suchAeyes are so serioﬁsiy damaged that the repsarative
process 1s delayed.

During the course of some work, Lowever, for a different
purpose, opportunity of examining the eyves of animals in ah early
stege of Cyclitis presented itself, and in this way it has been pozsible
to make comparatively satisfactery ohservations on this subject.

CHANGES IN AN WARLY STAGE OF CYOLITIS.

The earliest recognisable change, then, is, as would be ex-
pected, dilation of the vessels of the uveal tract within the sphere
of influence of the irritant, whatever it mayv be. This may be seen
to take place within twélve hours of the injury. A few hours later,
multinuclear cells may be seen on the surface of the ciliary hody and
the iris, and lying in the angle of the anterior chamber.

The origin of these cells is, Goubtless, vascular, their
arpearance on the surface bheing the result of opening up of natural
channels in the epithelial covering.

The exudation bhoing liberated at all points from what mav be
considered a free surface into a fluid or semifluid medium, muchk of
it is at first carried away by the natural circulation of fluids in
the eyve, and passing through the pupil goes to form a more or less
fluid mass which accumulates in the anterior chamber as hypopyon.

HYPOPYON.

This is found to consist of multinuclear cells, finely granular

leucocytes, in a medium which is fluid but coagulabhle.

)

he cnagulum formed is composed@ of a denze network of delicate
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fibrillae, which join at varying angles, and very frequently have

small globules at the points of junction. In this fibrinous network
the cells are caught and detained. The degree of fluidity of the
hypopyon seems to depend largely upron the provortion of cells to fibrin,
the more cellular exudates being more fluid.

FProm its situation in tre angls of tre anterior chamber the
hypopyon 1is quickly removed, so far as can bhe seen, hy bresking down
of the fibhrinous network, and by either bresking up of the cells or
by their escape hv passage tkrough the spaces of Fonfana into the canal
of Scklemm, and thence into the circulation.

In the posterior chamber, however, the exudate which remains
there 1s not so readily d¢isposed of, and muci of it may remain and
generslly does s0, to hecome organised.

Furtber hack along the ciliary body, where the exudate formed
passes into the syace in which the Tibres of ﬁhe lens ligament 1lie,
the tendency to organisation is even greater, and it is kere that the
first formed fibrous tissue is usually found even as early as the
eighth day of the process.

The cells liberated from the pars ciliaris retinae pass with the
natural current into the vitreous body, along its antsrior part
to-wards the posterior pole of tie lens, in a hackward direction deeper
into tke substance of the vitreous itself of in a backward and outward
direction along the anterior part of the retina.

In this waq,a more or less dense white cloud is for@ed in the
anterior part of the vitreous body, which increzses hoth in sige and in

density as the process of cell nmigration advances.
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Attention has been called above to the fact that as early as the
eighth day, it is seen that fibrous tissve 1s developed in close
approximation to the ciliary body and from the exudation itself.s This
rrocess of fibrous transformation continues to advance throughout the
whole course of the affection and extends in all directions in which
the exudate is being formed. The process of fibrous transformation
is regarded as of high importance and will he considered further at
a later stage.

CELL MIGRATION FROM THI CILIARY BODY.

It has been seen that cellular exudate is found in the vitreous
body, then, and it must be shown that these cells do really migrate
into the positions in whjch they are found, that is, to skow that
they are not produced by jroliferation of fixed cells in the vitreous
hody.

THE VITREQUS BODY.

The writer's experience of the examination of the histological
structure of the vitieous body has been fairly extensive, including
as it has the vitreouz of man at various ages from three months
upwards, that of the ox, skeep, pig, dog, cat, frog and some varieties
of birds =snd fishes, Further, several different means of fixation
of tissues have been used, such as formaline in fluid and vapour which
is the quickest, osmic and chromic acids, perchloride of mercury,
Mitller's fluid, alcokhol and freezing (in ice and salt.)

ihe only means which has been found reliable as demonstrating
the existence of any structure in the vitreous body are alcohol (70%)

and freezing.,



(10)

The only structure shown by even these last methods was only
distinguishable as a microscopic ohject, and consisted of the existence
of indefinite septa which seemed to pass in a radial direction from
the centre towards the anterior, and, to a2 less distinct degree, towards
the posterior part of the jelly-like substance.

A distinct central canal was never seen, nor has the existence
of fixed cells been demonstrated, although staining,by different staing
in varving strengths and exposures to them, has beeﬁ resorted to.

The statements regarding the passage of exudate from the ciliary
body into the central canal made by MacGillivray (¥Wo. 15) have not
been verifiedyalthough the subject has been carefully investigated.
According to the writer's eiperience, when the exudate seems to take
the form of a cone whose apex is at the optic nerve entrance, this
fact is due to shrinkage of the whole vitreous hody to this skape,
whichk considering the connections of this latter,is a natural one.

Taking it for grantec then that, if there are any fixed cells
in the vitreous bhody, they are extremely difficult to demonstrate,
it may be assumed that if cells are found in any considerable quantity
in this situation, they have gained entrance to it from the exterior.

As will be seen later, however, there are not only large
numbers of cells found in the vitreous body, hut also several varieties
of cells. Hence, this assumed migration of cells must be accepted as
an element in the inflammatory process.,

THE ORIGIN OF THE CELLS.

The next subject for investigation, tken, must be the origin of

the cells which are found in the vitreous hody in cases of Cyclitis.
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It has been shown above that in the very early stage of (yclitis
multinuclear cells were found lying, in considerabie numbers often,
upon the surface of the ciliary bhody. Similar cells are found in the
sulei hetween the ciliarv processes, on the posterior and anterior
surfaces of the iris, and in the anterior chamber.

1t may with fair reason be aésumed that all the cells thus
found, kave a common origin so far as the nature of the origin is
'concerned. By this 1is to be understood that,being the result of a
single csuse, these cells are either the result of migration from
from blecodvessels,of proliferation of fixed cells or of hoth these
processes combined, and notgeach according to its situation when first
seen, the result of some special method of production.

It may here be mentioned that the endothelial cells on Des-
cemets' membrane show no signs of proliferation in, at all events,
the early stages of Oyclitis. (¥Wote) %his subject will be alluded to
more fully later on.

LOCAL OR HAEMIC ORIGIM.

Two views only reauire to be conzidered in regard to tke origin
of the migrating cells.
(1) That whick supposes that they are of local origingderived from
the proliferation of fixed cells in any situastion near the site of
appearance, and,
(2) That which supposes that they are derived from the blood
vessels, by migration.

At the beginning of the investigation the writertwas inclined

to the oprinion that a large proportion of the leucocytes found were
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the direct result of the proliferation of the endothelium covering the
ciliary body, and more especially of the non-pigmented internal layer
of the pars ciliaris retinae..

Further investigation of the subject, however, induced him to
ahandon this view in favor of the haemic origin of the cells.

The reasons which seemed to point to the local origin of the
cells were as follows,.
(1) Whilst, &g is seen in the photographs of hleachked sections of
the ciliary region, large numhers of cells were accumuloted on the
surface of the endothelium and many were seen lying hetween, andéd often
apparently, in the endothelial cells, hut few WereAto bhe found out-
gide this layer of non-pigmented cells or in the interstices of the
pigmented layer..
(2) Whilst the non-pigmented layer was frequently found to bs much
broken up, it was vary rarely found that, except in advanced cases,
the pigmented laver was much cisturbed.
(3) There was rarely seen any distinct accumulation of cells
round or near the blood vessels in the ciliary body, such as is scen
in other situations as the conjunctiva, the retinagsetc., when cells
of haemic origin are migrating from the vessels.

ihe reasons which, on the other hand, point to the haemic
origin of tke cells, and which weighed more heavily thran the pre~
ceding, were as follows.
(1) The nuclei of the cells composing the non-pigmented layer
were only very rarely seen in a state of active proliferation, although,

as above sesn, leucccvtes were found in abundence in the interstices



of the layer and close to the nuclei of the =2ndothelial cells.,

(2) Large number of leucocytes were found in the interior of the
vitreous, which contained pigment granules, and, also, pigment

granules were found free internal to the pigmented layer, indicating
apparently that the leucocytes had to some extent broken up the pig-
mented layer in forcing o passasge throughk it..

(3) 1he accumulation of leucocvtes on the surface of the ciliary
body and hetween the c21ls of the epithelium, might be the result of
delay in transference of the cells through the laver of fibrous tissue,
which is early formed on the suyface of the ciliary hody.

(4) It is seen that,in other situations,where there is a discharge
of leucocytes from an epithelial surface, the cells composing the
epithelial layer are rarely fouhd in a state of proliferation, even
though large numbers of leucocvtes may be escaping through its inter-
stices to the surface, so that it is quite invalid to assume that throse
escaping leucocytes are of local origin.

(5) Lastly, whilst it is admitted that endo?helial and epithelial
cells do frequently proliferate and give rise to cells whick are
multinuclear leucocytes, when such proliferation is going on it is a
very manifest change and can easily bhe recognised.

In the case,for instance,of the proliferation of the endothe-
lium on Descemet's membrane, as has been so ably demonstrated in recent
vears bv Dr. Reid, the change in the cells is a very manifest one.

Now, as we have seen, this is not so in the case of the ciliary
hody, in the early stages. Hence it may be concluded that the large
majority of the leucocytes found on the surfacs of the ciliary body

are of haemic origin and have escaped from the vessels in the ciliary
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body, which,in point of fact,are usually found to-cdntain such
leucocytes in large numbers, and have migrated into their new position.

This migration is prohably acéelerated or facilitated by the
existence of perforations in the membrane of Bruch in this sitgation,
as can be demonstrated microscopically. |

VARIOUS KINMDS OF CELLS.

It has been seen ahove thot there are in the early stages
of the Cyclitie exudate, multinuclear c=1lls of various origin, but
there are zlso cells which pressnt different appearances. These
first appesr about the seventh day and are large mononuclear
leucocytes of oval or irregular shape. They are much less
numerous than the multinuclear variety. Thev may be found lving in
the spaces, which are usually distended (by oedema) between the layers
of the pars ciliaris retinae; and even outside tre pigmented laver
close to the hvaline membrane of fruch.

No single origin can be definitely assigned to these ceils,
as they may be seen in the blood vesszls in the ciliary hody andialso,
in close relationship with fixed cells in the stroma of the ciliary
body which are manifestly in a state of active prciiferation.

It is probahly the case that they are of cusl origin, as the
fixed cells of the ciliary hocy ¢o proliferate, even at a compara~
tively early stage in the inflammatory process.,

Whatever mzy be their origin, howevef, they have heen closely
associated with th2 change firom the fibrinous state to the fihrous
concition of the exudate, 25 will he sean when discussing the

individurl cell =2len=snta.
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FIBROSIS OF THE EXUDATE AND ITS CONSEQUENCES.

As above noted fibrous transformation or fibrosis of the
exudate begins on the surface of the éiliary hody at s comparatively
early stage, but it does not interfere, to any great extent at least,
with the continuance of the accumulation of cells in the vitreous
body.

This fact is ¢due to several éonsiderations, the most important
of which are as follows.

(1) The area of exudation surface tends to increase at a greater
pace than does the advance of fibrosis.

(2) The fibrous membrane becomes vascular and in this way partici-
pates in the formation of the exudate.

(3) The cells composing the exudste themselves proliferate and
thus assist in the formation of new exudsate.

As these facts are of considerable importance in connection
with the histological process which is going on, they may be looked
into more fully here.

RAPIDITY OF EXTENSTON OF AREA OF EXUDATION.

As there is a free surface, as it may be considered, 211 round
the ciliary body, and as there are currents in the vitrenus bhody
which convey in various directions the fluids which enter it, if an
irritent capable of diffusion enters and causes Inflammatory disturbance
in the vitreous body, its action will not long remain local.

The extension of the area of irritation and exudation, then,
derends upon the currents from the ciliary body and in the vitreous

bhody. If,in the early stégesathe ciliary body is only in part in-
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fluenced, the distribution of the irritant will soon set up irrita-
tion in other parts, until not only the whole of the ciliary body and
iris, but even the anterior part of the retina'will participate in
the inflammatory process. 'The endotkelial lining on the membrane

of Jacob is seen to proliferate, sending off large epithelial cells
into the vitreous body or into the spoce which frequently exists
between them.

Put the retina itself may be affected, leucocytes may be seen
leaving the engorged vessels in the fibrous laver and accumulating
around them in groups and ultimately passing out into the vitreous or
into the fluid behind 1t, if it he skrivelled.

Thus, there is a greatly extended area of exudation even at a
comparatively earlv stage in the process, and at a period when the
process of fibrosis is confined to the surface of the ciliary body and
nlong the fibres of the lens ligament.

FOEMATION OF BLOODVESSELS IN THE EXUDATE.

This second consideration is of great importance and interest
in so far as it gives an instance of the powers of new formation of
bloodvessels, which seem to follow an exudate through an almost un-

broken endothelisl membrane.

]

he means bv which this new formation of bloodvessels takes
place is not clear. That there are normally, minute apertures in the
newbrane of Bruch at its anterior part, through which,in the first
instance,cells of haemic and other origin may pass, andyin the second,

through which hlood vessel loors may he protruded from the distended
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vessels in the vascular layer of the ciliary body, can hardly be
denied.

Sueh solutions of continuity can be seen microscopically, and
througk them it may be that the glands of the ciliary body protrude
outwards as the photograph shows.

Capillary loops may surround the base of these glands or may
not (the writer has not been able to demonstrate this) but, at all
events, it is probabhle that, with the demond for an increase of
nourisktment in the vitreous body, capillary loops developed frqm the
ciliary body pass out at an early stage into the vitreous chamber
and take part in the formation of new exudate..

The presence of bloodvessels in the fibrous layer at an carly
stage, sav the tenth day, can easily be demonstrated, hut in later
stages the vessels are of large size and are present in large numhers,
penetrating, often, to a considerable cdepth into the vitrecus exudate.
From these new formed bloodvessels cells can be seen to migrate in
congiderable numbers thus assisting the frrmation of the exuvdate in
the vitreous hody.

In later stagesyas will be seengthe vessels play an important
part in the removal of the exudate.

CELL PROLIFERATION IN THE EXUDATE.

Thisylast mentioned consideration, is the activity of the cells
which compose the exudate, hoth fibrinous and fibrous, in dividing,
often with what may be considered to be almost violent rapidity, and
sending off a progeny which passes forwards and, ultimately, like its
parent, will proliferate.

The proliferation of the cells which form the exudate is a very
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large and important element in the production of new cell matter,
anéd is by no means confined to one set of cells.
Before going on to describe the means by which this proliferation
takes place, however, a few words may be said regarding the condition
of the eye when the exudate into the vitreous body is fully
c¢eveloped.

THE FULLY DEVELOPED EXUDATE.

In the fully formed exudate there is usually a certain
arrangement of the cell elements into lavers, which is of some im-
portance.

In order to undsrstand complstely this arrangement,it may he
well to enumerste the various structures and layers seen in a section,
in radial direction, through the ciliary bhody, aithough the photo-
graphs may give a fair idea of them.

From outside passing inwards, then,we find the sclerotic and,to
the inner side of it,the outer layers of the ciliary body with the
ciliary nerves superposed at intervals. The ciliary body is composed
of lavers of fibrous and muscular tissue, and has on its inner surface
a rich vascular laver, whichyin turnglies closely applied {10 the mem-
brane of Bruche. 7To the inner side of this latter lies the pigmented
léyer of the endothelium of the ciliary hody and it is often found
spaced out, as it were, by oedema. krurther in we come to the non-
rigmented layer of the encdothelial covering.

These.two layers, which compose the pars ciliaris retinae, are
often broken up and pushed arartgas seen in the various photos which
represent these lavers in an sarly and a late stage of Cyclitis, ané

occasionally a laver of fibrous tissue is aeveloped between them.
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Internal to the non-pigmentsed layer is found a modgrately dense
laver of fibrous tissue, which, again, passes by fairly abrupt
transition into a thiek laver of loose fibrinous exudate.

Passing still more deeply into the vitreous body sand still well
defined from tke layer of fibrinous exudaté, is a laver of dense
cellular exudate, which, as will bhe seen; consists of cells of
various kinds, in a fibrinous network.

Now it may be understood that the thickness and extent of
these lavers of exudate in the vitresous body will depend largely
upon the nature and intensity of the inflammatory process;

In some cases, the masses of deposit, which have somewhat the
appearance of clouds, may be of quite limited extent and may be quite
close to the ciliarv body, thousgh not in contact with it.

In other cases, the whole vitreous hody may be occupied by
exudate, leaving a translucent laver close to the ciliary bvody.

The lens may or may not be infiltrated according as it has or
has not been injured.

Iven at this stage that cicatricial contraction which has taken
rlace has caused separation of the posterior part of the ciliary
body, and distortion of tihe iris and lens.

THE CELL ELEMENYS IN THE EXUDATE.

To return now to the consideration of the arrangement of the
cell elements in the exudate, it 1s found that, in the layer of
loose fibrinous exudate which lies in an intermediate position, there

are very few multinuclear cells in this advanced stage.
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In the early stage they were numerous, as ahove noted, bhut
have now passed more deeply into tke vitreous body, leaving in their
place, apparently,'a comparatively small number of rounded or oval
cells of(medium)size. Thease are the mononuclear cells noticed before
as being seen first sbout the seventh day, and which hLave been
associated with the process of fibrosis. (Fibroplasts)

It will be noticed that this fibrinous laver lies close to the
fibrous layer, and that it is at its outer margin that fibrosis is
advancing.

THE PROCESS OF FIBROSIS.

The conversion of fibrinous into fibrous matter is evidently
undertaken, from its beginning,by mononuclear cells which never pene-
trate into the exudate further than the fibrinous layver.

The changes seen are somewhat as follows.

From being simple 1ounded mononuclear cells, the fibroplasts,
as they have been termed, become cigar shaped_br & very nmuch elongated
oval. 7The longer axis of the oval is usually found to be parallel

with the advancing edge of the fibrous layer. Yow it is seen tkat in

the neighbourhood of this elongated cell the fibrinous strands become

- condensed, as it were, round the cell itself,

A much elongated double cone is thus produced by the en-
swathing of the cell in fibrin.

This is at first opague and granular,but soon hecomes translu-
cent and tekes on a form which is indistinguishable from that of an
ordinary fibre of fibrous tissue.

The sction of the nucleus in this matter is evidently all im-

portant, but whether it has the power of transforming the fibrin
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into protoplasm, which considering the appearances is prohable, or
converts the fibrin, by feeding on it as it were, into protoplasm,
cannot be definitely determined.

In the inner part of the fibrinous laver, it has been seen
that there are hut few csll elements. Passing inwards towards the
centre of the vitreous, however, a layer is come to in which great
cellular activity is going on.

“his is a2 mass of cell matter of varving kinds, in a matrix
consisting of fibrinous strands which form septa passing in various
directions and dividing the exudate into loculi,

The cells are of several variéties, five of which may be
mentibned. |

CELL FORMS IN THE EXUDAYE.

(1) A Multinuclesr Cell wrkose protoplasm is finely granular, and

which is seen actively engaged in proliferation.

(2) A Mononuclear Cell of medium size, which is seen to undergo

division.

(3) A Large Epithelioid Cell, which is occasionally seen undargoing

division.

(4) A Small Round Mass of Nuclear Matter, probably a young cell.
(5) A Large Mass of more or less ill-defined protoplasm without
nucleus.,.
These varietiecs of cells may be accounted for briefly as follows.
The first is a leucocyte which has migrated from a vessel or is the

result. . of the civision (in situ) of the nucleus of a mononuclear
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cell, | | .

The second 1sa.1ymphocytew&ﬂch may be either of vascular
origin, derived from the budding of other exudation cells, of from
the budding of fixed cells in the ciliary body.

The third is derived frém the internal surface of the retina,
the membrane of Jacob.

The fourth is a bud from the proliferation of some other cell
in the exudate, varies greatly in size and can be followed through
various stages.

This variety is found most ahundantly in the most advanced
portipn of the cellular mass.

The fifth,and last,cannot properly be termed a cell at all,
as it is merely the protoplasmvof a cell, the nucleus of which hsas
passed out, either as a whole or in fragments, more or less numerous.

Such protoplasmic masses are usually found in large numbers
in the less advanced and middle regions of the cellular mass, and
are manifestly undergoing degeneration, the less advanced masses bheing
always extremely indistinct, only a vague outline remaining, before
they finally disappear in the fibrinous laver. They have been termed
®chost Nells,'

CELL PROLIFERATION IN THE EXUDATE.

Allusion has beesn made several times to the subject of pro-
liferation of the exudation cells, and to this subject we now turn,
having delayved giving any detailed description of the process in its

varyving characters until the nature of the mature exudate was explained.
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Four distinct varieties of activity of the nucleus have been
observed, and it is to be noted, as especially interesting, that the
method termed Karyokinesis is not amongst them.

Gemmation or budding, fission, firagmentation of the nucleus and
total emigration of the nucleus, have been frequently seen, but in no
instance has Karyokinesis heen observed in any stage.

Remark will he made later regarding the non-appearance of
Karyokinesis, and in the meantime a few words will be devoted to each
of the methods of proliferation which are so well illustrated in this
form of inflammatory exudate.

It is of course impossible to observe the actual process of
nuclear division, etc., but although the process cannot be followed
out in any one cell, the various stages of the change are so frequently
seen in any one section, that but little imagination is required to
enable an observer to arrange them in order and form a series.

Similarly.it would occupy too much space if a very complete
series of photographs of the various stages of the processes were re-
produced, hence only a few instances have heen shown.

Yeking, however, first Gemmation, even the four photographs

gshown, will, 1t 1s imagined, show so much of the process that but
1ittle doubt can remaln that the complete process is somewhat as
fonllows.
GEMMATION.

The first evidences of change are seen in the nucleus, the

protorlasm remaining, so far as can bhe seen, inactive.
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First, witkout any previous manifest alteration in the cell,

a fine notech appears in some position on the edge of the nucleus.
This notch gradually spreads more deeply into the substance of the
nucleus, &snd is seen as a curved line of lighkt, which extends,ultim-
ately, across a small portion of the usually spherical mass.

The appearance is as if a small 114 were being 1ifted off the
pole of the nucleus, at this stage. Later, however, it is manifest
that, by extension of the notch, a small spherical portion of nuclear
matter is serarated from the parent, leaving a cup-shaped depression
in this latter.

In this cup-shoped depression the daughter cell lies completely
enclosed within the protoplasm of the parent.

From this position the new formed nucleus ultimately departs,
passing straight out throughk the protoplasm, and tsking with it, it
may be, & small portion of protoplasm to act as a protective envelope.
It at once comes within the sphere of influence of he irritant and
passes outwords and onwards, huilding up for itself, as it goes,
from the nutrient fluid surrounding it, a thicker protoplasmic laver.

This new formed cell at first has the appearance of a small
lymphocyte, hut soon gains bulk and,ultimately, like its predecessor,
if necessary gives off a progeny which shall repeat the process ahove
described.

The motker cell can,apparently,give off a large number of buds,
indeed 2 nucleus can give off, as has been seen, more than one bud at

a time.
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FISSION,

The ﬁérent or primary cell may divide by simple division of the
nucleus into equal parts, each portion taking‘a share of the protoplasm
with 1it.

FRAGMENTATION 0} THE NUCLEUS.

In this process the whole of the nucleus is divided into small
masses, of spkerical shkepe, with great rapidity. Each of the small
portions passes out from the protoplasm leaving what is virtually an
empty husk. 7Their departure is ﬁrobably almost simultaneous, és many
of these little nuclear masses may he seen lyving outside a parent
protoplasm husk in the fibrinous networke.

MIGRATION OF THE NUCLEUS.

Lastly, as seen in the photographs, the nucleus of a cell may
téke a worm like shape end project itself into a new space entirely,
or may, apparently, project itself partially out of its protorlasm,
and in thiz new position a small portion may be cut off and remein as
a8 separate nucleus, the parent retracting into its protoplasm.

In the former instance an empty husk is left as in the last des-
cribed method.

It is hardly necessary to remark that the empty rrotoplasmic
husks left, are the Ghost Cells ahove describhed.

The appearances yrresented hy these masses of empty cell proto-
plasmgbeing many and differing somewhat widely, gave rise to consider-
able conjecture when at first they were seen, hut subsequent study of

the suhiect has estsblished the correctness of the views taken of it.
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Considering the vaét numbers of these bodiesteen,as the
photographs show,they must remain visible for a considerable time.
after being left by the nucleus and before heing csisintegrated,as they
eventusally are. Further, they are always more fresh or natural looking
near the advancing edge of the proliferating zone, and more faded or
ghost-1like near the horder of the fihrinous laver of exudate.

This subject forms matter for much interesting speculation,
indicating as it cdoes that the protorlasm of a cell is a purely passive
agent, and,also,that the position of maximum activity in an exﬁdation
is constantly changing.

| This latter statement is supported hy the fact that, in the most'
advanced edge of the exudatidn zone, it is, almost entirely, new
formed cell matter which is found.

From the foregoing it will be evident, then, that cell prolifer-
ation in the exudate is very active, and that it is a higﬁly important
part of the function of an inflammatory process.

It provides, tkat, in the front rank of. whot may be compared,
net inartly, to an army advancing into s hostile country, young and
active units are constantly present, and, further, it assures that
rapldity and prohably endurance will be present when it is urgently
required.

Butyas the urgency of the case in point, in many instances, if
not all, depends upon the proxiﬁity and virulence of micro-organisms
in the tissues, it may be well to turn aside to the investigation of

thie presence of organisms in the exudate.
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MICRO-ORGANISMS IN THE EXUDATE.,

It is not difficult to demonstrate the presence of organsims in
the exudate, and, by comparison of sections, to ascertain the position
which they occupy.

Thus, they have usually beeh found in the more advanced portions
of the exudate.

It is usually micrococci, staphylo-or streptococci, which are
found, but occasionally a somewhat doubtful bacillus has been seen.
The bacteriological investigation of the subject has not, however,
been closaly followed out, as the information to be derivzd from
the knowledze of th2ir presence is solely connected with th2ir
influence on ths exudate.

From the facts, then, that organisms found in the exudate
are usvally found in the advanced edge only, and that they are
usually found,in considerable numbers, in the interior of cells, it
may be concluded that the cell activity is intimately connected
with the removal of the organisms.

Further, it is only rarely that the presence of organisms can
be shown in the ciliary hody or Choroid, and thken, also, it is in
the interior of cells, and often of cells in hloodvessels, that
they are found.

FUNCIION OF YHE EXUDATE.

fhese various appearances, then, have leé to the adoption of
certain views regarding the function of the exudate, in this inflamma-

tory process, as being those which hest satisfy the reculrements of



(28)

First: The migration of cells from one position to another is not a
passive but an active response to a definite demand which is'chemio-
taxis. |

Second:Thig chemiotaxis is a very well defined c2ll for a purpose which
is probably dual. In the first instance active proliferation is
required, and in the second, active phagocytosis.

Third: It is highly probable that the mature cell is not ahle to

move with the same rapidity as young cells are,.and, also the mature
cell has not the same power of resistance as young cellse

Fourth: As living protoplasm is to be pushed forward into tke neigh-
bourkood of, sand, indeed, into close proximity end contact with noxious
matters, be they animal, vegetable or chemical, it is necessary that
this protoplasm should possess the maximum activity end resistive power
when first brought into sucl contact.

Fifth: The cells of the exudate having these functions, the fluid and

5‘CL‘“"“‘*f-*"‘*'—"semi-so].idl(,ng__a.jc_,q;;e)ac‘c as a support and a nourishing medium.
Before going any further,the absence of evidences of Karyokinesis
may be inquired into.

KARYOKINESIS NOT SEEN IN THE EXUDATE.

The absence of this type of cell proliferation may be readily
explained if it be accepted, that it is a less rapld method of Givi-
sion than the others, and, also, that it may be a sexual process, the
other types being asexual. |

The writer has had abundant opportunities of examining inflamma-
tory exudates as in pneumonia, pleuritis and corneitis, and, although

he has investigated, in the case of the cornea esrecially, many sections
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in regafd to thié sﬁbject during the past four vears, no instance of
undoubted or even doubtful KaryokineSis has come under notice in an
acute inflammatory process. Only once, indeed, has the process been
seen in the true corneal tissue, and that in & case of very slow form
of inflammatory change.

All the various modes of division may be seen in the cornea
(acutely inflamed), and several varieties in other situations in
which a similar change is advancing.

Again, in the epitkelium on the anterior surface of the cornea,
in the ordinary state, Karyokinesis is frequently seen. In the crse,
however, of rapidly growing epithelium, which is extending over a
cut surface as a protective agent, as was beautifully shown at a
demonstration in the early part of 1900,by Dr. Reidygto occur within a
very few minutes, no instance of Karvokinesis was seen.

Here, then, is an instance in which cells whick under ordinary
circumstances do show, but when required to reproduce with great
rapldity do not show Karyokinesis.

May it not then, with these various facts in support, be
contended that tke process of Karyokinesis is not sufficiently rapid
for the exigencies of the case?

Leaving this part of the inquiry now, we will turn to the in-
vestigation of the means by which the exudate is removed and a further
supply stopped.

THE CESSATION OF EXUDATION.

As would be expected, the formation of exudation will not

stop suddenly bhut more or less gradually, and the cessation will de-
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pend upon the removal of the cause.

In this way, when all the irritant(and‘its source)has been
removed (or enclosed in a protective envelope) the demand for new cells
will cesse. Then the vessels will begin to contract; diapedesis
will be lesszened and ultimétely wi*l be checked.

But the proliferation of the exudate itself will not he stopped
so abruptly, and many new formedé cells endowed with the power of rapid
prolifseration will be formed. The chemiotactic attraction will he
wanting, however, and,consequentlysartivity will be no longer recuired
and no longer shown. |

There will still, however, he & considerable hulk of cell
matter lyving unoccupied, as it were, and the process of removal of
this must now bhe investigated.

THE ABSORPTTON OF THE EXUDATE.

It has been seen that the areasover which the exudate is
formed and over which it is spread are both large,snd also that, even
at an early stege in the inflammatory process, change is going on in
the exudate, whick results in its sssuming a more stable form.

Now as it is largely with this same change, or fibrosis of the
exudate,that we are now concerned,it is important that the positions
in which the exudate is found 3hould be again enumsrated.

SITES IN WHICH THE EXUDATE IS DEPOSITED.

First, then, the posterior surface of the ciliary body,from the
iris to the retina, is covered with a dense mass of more or less

completely cicatrized fibrous tissue.



(31)

Rackwards from the ciliary body, & mass of exudate, likewise
undergoing fibrosis, is found to pass round the posterior surface of
the lens.

Extending further hackwards still,the exudate in thé vitreous
body iz found to reach a greater or less distance, according to the
intensity of the irritant, presumably.

From the ciliary hody again,backwards and outwards along the sur-
face of the retina, a considerable hulk of the fibroplastic mass may
extend even to the equator of the sye.

T"he position in which the largest mass of the tissue ié
accumulated is Jjust behind tke ciliary hody, where, owing to cica-
tricial contraction, the ora serrata has been drawn forward, and the
mass of exudate lving over it is hrought up to incresse the bhulk..

In close proximity to the fixed tissues, however, fihrosis
ksas been going on, bhut in the central parts of the vitreous body the
exudate is entirely fibrino-cellulzar.

It is with increasing difticulty, as can be understood, that
nourishment is conveyed to this central area, at this stage. Much of
the vitreous body has heen destroved and the remainder is useless as
a circulating medium. |

Moreover it is from the cilisry hody that nourishment is to
come, and as is seen,this region is cut off, to & large ekteng by
fibrous tissue, which is now conkracting on itself and occluding

the vessels which fermerly acted as a source of supply.

o

Hencey it 1s seen that many of the cells of the vitreous

exucate undergo fattv degeneration, =3 seen in ones of the rhotographs.
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The protoplasmic mattzr degenerates and the nuclei, which have
probabl& undergone proliferation, are left to assist in the-proééss
of cicatrization by fibrosis.

Fibrosis advances rapidly all round the mass of exudate and large
distended hloodvessels may be seen, but the circulation is sluggish
in them.

Fatty éegenefaﬁinn of the tissue goes on,as seen in the photos,
and it is many weeks, even months, hefore tle mass comes to & state
of iest.

All fatty debris must be removed; all superfluous cells taken
away, until ultimately the fibrous tissue is hard and firm like
cartilage,possessing little or no vascular suvplve.

Muctr: variety is seen, however, by one who sees many cases of
Oyclitis in later stages.

Thus, if tke amount of cellular matter in the vitreous hody is
large, cicatrization go2s on all round it and ultimately a so0lid mass,
of spherical shape, white color and great firmness, remeins in the
centre of the much contracted vitreous body.

Again, if the vitreous body has been almost entirely replaced
by exudate, it is frequently the case that this, containing as if
probably does, much noxious matter which is heing removed, cannot be
got rid of in such a simple manner, but sets up a secondary irritation,
which causes ernsion of the coats of thes eve, and in this wsy, hy
perforation of the glohe, finds an exit 8s pus.

In extrenme cases,Where the irritation has from the first heen

of verv high intengity)the inflammatnry process spreads to all the

n

tis

£

uss of the evebrllyand ths exudate, by degeneration, forms pus,



which can only be removed by perforation of the sclerotic or opening
up of the original wound. Such a case is termed panophthalmitis,

In all cases of cyclitis, then, it is seen that a certain
amovnt of fihrous tissue may be left to contract to a quieséent state,
after the inflammatory svnptoms have passed aﬁay, and in tLis re-
maining fihrous tissue another and most interesting change may take
place.

OSSIVICATION OF THE EXUDATE.

This change has heen recognlzed for nearly a century now, and

consists in the formation of true hone in the exudate.

This 1s ossification as distinct from calcification. In hoth
cases there is a deposition of lime salts in thes tissues,hut whereas,
in tha former, such salts are acted upon by living cells, in the latten
they remain inert and pas:ive in an amorphous or crystaliine mass.

Both the forms of deposition are found more or less commonly
in the eve after inflammatory changes, hut the one is common in sit-
uations where the other is rare.

In the cornea, for instance, lime salts are frequently deposited
and may assume the crvstalline or the amorphous form, but tone, the
result'of organic influence on the salts, does not form.

In the situations where bone is most frequently developed,
simple calcification is not found. In the lens, however, we have
a common meeting ground where calcification is verv common znd bone is
occasionally developed.

Calcification is o mere mechanical deposition of lime salts,
but hone is a transformation of the tissue winich is formed after in-

flammatory changes have subsided.
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The formation of bone in the eye is to be regarded as entirely
separate from the formation of hone plates iﬁ the sclerotic, as it
occurs in certain fishes and reptiles, and is not an ossification
of a cartilaginous plate such as is found in the sclera of some
birds. |

¥or is to be compared with the formation of plates of bhone
in tendons, etc., which are in direct continuity with thé periosteum.

¥inally, it is to be distinguished from the ossification of

secondarv ;iowthks of tumors whick are growing in connsction with

bhones,

The process here dealt with is practi¢ally an ossification
of a cicatrix, and so far as can he ascertained, the fofmation of
trus hone in a cicatrix elsewheregand which is certainly unconnected
with periosteum, 1S unxnown.

fwo rases are known in which bone has been developed in a
cicatrix which has replaced hlood clots, after an extensive bruise
to a limb, one of which may be quoted here.

During the avening of January 13tk, 1899, Mr. Zve showed to

>

the Clinical Society of London a case in which a large plate of

hone was developed in the substance, arparently, of the Vastus

Externus muscle, ana was separated from the femur by a distinct

intervel. Thris was tks sequel to the formation of an extensive

blood clot in tre thigh, following a kick from a horse. Mr. Zve ex-

presseﬁ the opinion that this was an instance of ossification of

fibrous tissue derived from the organization of a hlood clote.

The second case has not bheen puhlished,so far as can be found,

but was in meny respects similar to that quoted.
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Now, in this interesting caseythere is a possible source of
osteohlasts, in that the periosteum might have been ruptured, so that
a single or multiple centre of ossification might have been the
starting point of the osseous change.

In the case of ossification of the fibrous tissue deponsit in
the eye, however, there is no ocuestion of direct connection with
hone or periosteum, yet some definite cause must exist to explain the
comparative frequency' of the occurrence.

A possible source of explanation is suggested in the'facts that
a direct prolongation of the brain is exposed to danger of injury,
both by contraction of the fibrous tissue in the eye, and by external
agency. Further, so far as is possible, all the great nerve centres
are preserved from such injury in bony cavities. Hence, it may be
the case that, in the instance under consideration, the means of
protection being within easy reach, and still, until copverted, a

source of danger, this fibrous tissue is converted into hone for a

similar reason.

Again, the fact that the fihrous tissue developed in the eve is

igi e some
lying in close proximity to & higkly vascular membrane, may have s

influence in bringing about the change of condition.

Wowever. no mattsr what may be the actual cause of the transforma-
~ - o ’ +. - .y

tion, it is exceedingly difficult to explain the determining cause, Or

. ' the eye.
in other words, in what way osteoblasts are conveved to

i i i 5 not uncommon
For, even acdmitting that calcification of cicatrices is .

ace lisked
the conversion of this mineral matter into hone is only accomp

i . iformly present
by the intermediation of specialized cells which are uniformly p
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in such cases.

In the case under discussion, then, It must be admitted that
the process of formation of hone is undertaken in answef to a definite
demand, and that the necessary osteoblasts are either brought to the
eye from some other situation, by the circulation, or are formed
locally.

As regards the actual formation of hone, the writer has come
to the conclusion that the process is somewhat as follows.

THE FORMATION OF THE BONE,

In close proximity to a hloodvessel, and probebly from it, min-
ute granules, of spherical siape, appear at some point in tiie mass of
fibrous tissue. These granules gradually inérease in hoth size and
number. 7Trose which were first formed coalesce, whilst neﬁ ones re-
main for a time separate. These globules show by their reaction to
acids that they are composed of lime carbonate, and by their coalescence
form s mass of what seems at first to be inorganic lime salt.

The mass,thus formed, is homogenous in appearance, of consider-

ahle density and stains with great readiness. Its edges are ragged

and terminate in globules which diminish in size as they are further

from the mass.

At an early stage, long delicate fibres and occasionally

stellate corpuscles, ﬁay be seen 1ying between the globules and rad-

iating from the msss into the surrounding tissue. These are evidently

comparable to the osteogenetic fibres and osteoblasts.

~ o 1 a4
The more advanced portion of the mass thus formed, edrly

encloses the hloodvessel from which it may he said to have originated,
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and soon shows a marked change in structure. Formerly dense ang homogen-
ous, it soon exhihits a fine striation, as iz indicating an arrange-
ment in layers round the somewhat irregular cavity in which the blood-
vessel lies. This cavity becomes more open and its limits are well

defined.

At a somewhat later stage it is seen that the spaces are lined

with osteohlasts which are regularly arranged, and in the lumen
of the tube, as such spaces really are, hesides the bloodvessels, fat
and often fatty crvstals in sheaves are found.

In the completely formed bone the cavities tend to opren up even

more, and the striation'which was before seen hecomes bhetter marked.
At this stage it can he clearly ssen that there is a definiie arrange-
ment of the bone corpuscles along the margins of the layers, and of
the whole structure around tke hloodvessels.

The growing end of the hone continuess to be ill defined, and

consists usually of a series of fibres which pass outwards into the

surrounding fibrous tissue.

Round the fihres, it is apparent that the cells which are about
to enter into the formation of the hone, arrange themselves in
columns; and,as the process advancesglit seems as if the fibres and

cells are both surrounded by the calcareous deposit.
It is of interest to notice this fact regarding the cells of

. 'e“
the fibrous tissue, as such a conversion into bone corpuscles surely

Indicates a certain power of adaptation as regards functional activity.

We have thus seen that there 1s formed in,connection with, and

| iss icatrix in the
Probably,hy conversion of,the fibrous tissue of the cicatrix




(38)

eye, true bone, and it only remains to be mentioned that‘this ossi-
fication is by no means rare.

Indeed, the comparative frequency of occurrence of ossification
in the eye in a certain class of cases, is remarkablej during six vears'
work as pathologist in the Eye Infirmary the writer has examined over
six hundred eyes and Las found that bone was devsloped in over fifty
of them.

Now a large proportion of thess eyves examihed (600) were removed
in early stages of Cvclitis or on account of other diseases in which
no fihrous tissue is developed in the eve, so0 that, if one takes only
thdse eves which have been rendered lishle to the conversion of fibrous
tissue into hone, the percentage will be found to be not far from
fifty-five or sixty.

As regards the age of the patients in whosé eves hone has heen
developed, it is interesting to note that, althougl for various
reasons, the a?erage is over forty, many quite young persons of either
sex are éo affected.

The youngest patient whose éye,in thé writer's experience,

Las contained bhone was aged twelve, whilst the_oldest ﬁas seventy-seven.,

The shortest period which has elapsed hetween the date of
injury and the discovery of bone was eight vears, and the piece of
bone found was of almost microscopic dimensiong~1 M.M. long and .50
M.M. thick only.

1t has, thus, bheen seen that the formation of hone in the
cicatrices in the eve is a comparatively common occurrence, that it

occurs in both old and young subjects and in hoth sexes.
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Yow, as before remarked, the formation of hone in cicatrices
in other situations in the body, if it does occur at ali, is of
extreme rarity, may we not, then, argue, with good reason, that there
js a special reason in the case of the eye for its development.

Having, then, followed out in a comparatively brief manner
the main features of the process termed Cvelitis, and having dwelt
at some little length upon some features which appeared to he of
special interest, the writer is willing te acknowledge thaf.the
subject is by no mesans exhausted.

Much cduld have heen added on a number of branches ol this
wide subject andéd the whole might have beeﬁ entered into in fuller
detail.

As,'however, it was originally intsnded to let the ophthal-
'mological side of the subject remain, to some degree, in the back-
ground, ané to bring forward the histological details, it was
considered trat enough has been said regarding the experiences and

finéings which are the result of these investigations.
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~: SUMMARY AND LITERATURE:-

It is to be fegretted that, so far as can be found, there is
no literature dealing with the whole subject chosen for investigation
here.

It is true that a moderate amount of work has been done upon
the subject from an ophthalmological point of view, including clinical
observations upon Cyclitis with a few notes upon the principal
features of the exudate, and a considerable hulk;of literature upon
the subject of "Ossification of the Eye," as it has beeh tefmed.

The subject ofvthis investigation, however, has hardly been
dealt with in detail in any work, and thus it has been more than
usually difficult for the writer to obtain assistance from the com-
parison éf‘his results with those of others.

The best recent text books in Ophthalmology give but a cursory
glance at the histological processes involved.

Thus Fuchs (1), says that The exudate consists of fibrinous
strands with cells in varying proportions, whilst the subject is
similarly briefly dealt with by the writers of the article on the
subject in ¥orris and 0liver's (2) work on Ophthalmology.
Weichselbsum (3) refers to the subject briefly and gives an illustration
in many respects similar to one of the‘writer's photographs.

Indeed the various works, Histological, Pathological and
Ophthalmologicaly to whieh an observer would turn for assistance, show
that no detailed research has been made in this subject.

The first point which has been found to be dealt withy,in

looking over the literature of the subject, is the origin of the
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leucocytes which are founé on the surface of the ciliary body.

Thus, Haensell (4) says that proliferatioh of the cylinder
cells of the pars ciliaris retinae takes place by indirect division.

Again, Alt (5) says Mlore frequently we see that these lavers
( the uveal and retinal layers of the ciliary body) take an active
part in the formation of the ciliary membrane, especially fhe rétinal
part of the ciliary body." And ithe cvlinder cells of this layer
proliferate and begin to grow out into ‘long spindle cells, and finally
into long connective tissue.fibres. " |

This, then, is aprparently in line with the opinion at first
jnclined to but subsequsntly rejected in favour of the haemic origin
of the cells.

The iatter part of Alt's view above‘quoted, could not, however,
~ be accepted at all.

Regarding the occurrence in the exudate of tubules, sometimes
pigmented and at other times hot so, considerable prominence has
been given to it by various writers.

The writer has only seen such tubules (non-pigmented) once
(see photo), and was satisfied that thevy were, in this case at all
events, the result, as Collins (6) has suggested,of proliferations
and " hyperplasia' of the glends associated with his name and situated
in the pars ciliaris retinae.A

At all events such structures are by no means essential, bhut
are rather accidental in the formation of the ciliary exudate.

Structures resembling tubules, but the result of oblique

sectiohs being made of the ciliary processes, are often seen.



(42)

Hamilton (7) remarks upon the occurrence of proliferation of the
endothelium of the peritoneum in inflammatory conditions of that
membrane.

The subject of the early transformation of fib:inoustinto
fibrous tissue is of interest as indicating, possibly, an attempt
to protect the ciliarv body, a3 well as ths fact that all necessary
conditions are present at an early stage.

Turning now to the subject which is regarded as of most interest
and importance, namelv, the proliferation of the leucocytes which compose
the exudate, it 1s seen that it has not been very fully investigated.

¥or many years it has been contended for and against, and
the halance has been gradually turning in favour of the view that the
cells which compose ihflammatnry exudates do proliferate. |

Hamilton (Ibid) thinks that it is probable that many of the
cells, which compose the exudate in croupous pneumonia, may he
of such origin.

Hohnfeldt (8) remarksyin his work on abscess formation, that
fragmentation of the nuclei was seen in the central area, but that
karyokinesis was not seen in either the leucocytes or the connective
tissue corpuscles.

Several writers regard this process of fragmentation of nuclei
as an €vidence of degensration, but it might as well be taken to be
a sign of great stimulation of a living cell.

The protoplasm may, and G0es degenerate, when left by the
nucleus, but the process of fragmentation is seen,in the class of
case ﬁnder consideration, so frequently associated closely with

evidences of great vital activityithat the weight of evidence is
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rather against the assumption that the nuclel are degenerating.

Regarding othsr evidences of proliferation of cells in the exudate,
evidence of such great activity in inflammatory conditions of the
cornea is so abundant, that, here as there, there is no doubt but that
the process is one of high importance in the production of the exudate
and the maintenance of the state of activity required of it.

The absence of Karyokinesis has heen commented upon at some
length before, and it is only to bhe noted here, that it has been con-
tended that many cases of suppozed direct division have proved really
to be indirect. The precautions which have been taken, however, in
the preparation of tissues and staining of sections, render it somewhat
improbahle that the true nature of the process has heen overlooked.

The presence in the exudate of large numbers of rounded masses
of protoplasm without nuclei (Ghost Cells) iz of interest. ¥o refer-
ence to the occurrence of similar structures in tke exudate in other
situations has been found. This may be attributed to various facts.
The condition of transyarency, as found in the vitreous, is absent
elsewhere; degeneration of such bodies and subsequent removal may be
more rapid elsewhere, owing to differences of vascularity of parts.

The staining affinities of the bodies are indifferent, which
fact renders them in either new or old condition, liable to oversight,
as also,it may be mentioned, difficult to pkotograph. .

It is imagined that even indistinctly as they are showm
in the photographs, the various considerations of gize, relations,
position and appearance in various states being taken into account,

it will be difficult to account for the presence of such bodies in any
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more satisfactory msnner than that given.

The evidences of motility of the nucleusgas shoﬁn in the
rhotographs, are also of interest, and are of frequent occurrence in the
exudate, especially in the advanced portions.

Generally spesking it mayv be concluded from the appearances
seen, that the activity of the leucocyte is by no means restricted
after the passage into a new sphere, but'rather increased, possibly
by the intervention of new conditions and by the presence of an irri-
tant.

Furfher jt is clear that the role of the leucocyte in the
exudate is a many sided one, including phagocytosis, production or
proliferation and repair, so far as it is possible, of the tissues.

Adami (9) concludes from various appearances that “7re new growth

to replace the tissue destroved bv the irritant proceeds in the main

from the fixed cells of the tissueq

Regarding the process of ossification of the fibrous exudate,
the opinion Las been hefore expressed, that the osteoblasts may be
derived from specialization of the connective tissuebcorpuscles.

Twelve vears ago, unknown to the writer, this view had been
-taken by Dr. Reid (12), who says "The connective tissue corpuscle
seems to be transformed into the bone_corpuscle.'

Although much has been written on the subject of ossification,
and many cases havs heen recorded of its occurrence, fhe early stages,
or what seem to be such, of the process have bsen but little investi-
gated.

This may. be accounted for by the fact that centres of ossifica-
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tion are naturally_difficult to find, and that, although bone may be
present in the eye in masses varying in size from a microscopic point
to complete conversion of the contents of the sclerotic, as in one
case which the writer has seen, unless it is formed hy accident, when
it occurs in small particles its presence is not sought.

The first writer who seems to have seen the true relationship
of the process In its pathological aspect, was MacKenzie,(;l), who
pointed out that hone was usually found in the eye only after the oc-
currence of long continued inflammation.

Hoene (12) remarks upon the subject that an embryonai tissue
is 1aid down and undergoes fibrous changes, after whichk bone is de-
posited,

Had this subject been more fully grasped when the occurrence
or non-occurrence of ossification of the lens,iris,retina and vitreous,
was being discussed by Knapp (13), Alt and others, the possibility of
such changes would have been seen at once.

Alt (Ibid) records a case of hony deposit in the lens cavity
within the crumpled lens capsule, De Wecker‘(14), ossification in
the retina, and the writer has seen bone formed within the limits
of the iris, lens and retina.

Regarding the actual process of hone formation, it is admitted
that the method described &bove may not be the only one possible.

Alt thinks that ossification of the chorioid or,as Le savs,
near the inner surface of the chorioid, vervy frequently has for its
origin the vitrsous hodies (verrucose excrescence) on the lamina

vitrea.
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In conclusion, as regards the whole subject dealt with here, it
may be the case that, although there is an apparent diversity of
appearance between the changes seen in the exudate into the vitreous
body in Oyclitis, and therse seen in inflammatory exudates elsewhere,
the diverszity is more apparent than real. The nature of the tissue
into which the exudate is thrown, must have a very powerful influence
upon the amount of detail seen. |

Thus, in the case of pleuritic exudate the resemblance is
strong, whilsf in pneumohia it is not so stroné.

In corneitis, on the other hand,there is,in many of the varieties

seen,no apparent resemblance at all, only close Iinvestigation of the

’
process revealing the fact that the fibrinous matrix is the chief
element of difference, the cells behaving in much the same manner
in the various processes.

So, indeed, it may be, and probably is, the case that
different forms of the inflammatory process, catarrhal, fibrihous

and purulent, are only different in degree, the changes involved

being muck alike.



- $HISTOLOGICAL METHODS FEMPLOYED:=-

Herdening and fixing of the tissues has been carried out by
the use of chromic and acetic acids, as in Flemming's Solution,
without osmic acid, and by Formaline, in 5% Sol.

The Pormaline gives the best results in the preservation of
the vitreous body and its exudate.

Bleaching has heen accomplished by the use of Euchiorine‘
Solution,made by adding to one dram of Chlorate of Potassium three
drams of strong Hydrochloric acid, shaking in a stout stoppered
bottle, and_theﬁ adding thfee ounces of water,

Sections, after fixing in any medium, are steeped in the fluid
for twenty-four hours and then washed for six hours in,running
water.

Décalcifying has been carfied out in the Chromic acid
solution with 10% of Hydrockloric acid added. |

vVarious stains and mountants have been used according to the
requirements of the case.

gections have been cut in gum, except when bone was being
exomined, when celloidin was preferred, on account of the liability
of the bone to fall out, if gum be used.

A Catheart's microtome was used in the first and a Jung's in
the second instance.

Photography has been carried out by the use of Zeiss' apo-
chromatic lenses and projection eveplecess

Most of the sections photographed have been stained with

Ehrlich's Haematoxylin Solution.
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T0e Is
Cyclitis: 14 days dufation. Section  radial
througk anterior segment of the eye.
To show, the cornea and sclsrotic ahove, the iris and
ciliary body with thickening of the pars ciliaris
retinae in middle distance, an® the smpty lans capsule
and a large mass of exudation into the vitresous at
the lower part.
The fibrous laver of exucdate is clearly visible as $s also

th

<D

variation in density of the fibrinous and cellular layvers.

X 9 diams.
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NOS, 2 & 3.

(No. 2) Cyclitis: Several vears' duration. o show
the corneo-scleral junction and sclerotic to the
right, the ciliary body much contracted and drawn
from the sclerotic. o the left is seen above
rart of the distorted lens, pushed forwards by
e mass of -dense exudate, to the posterior surface
of which the retina much folded and tightly com-
pressed is adherent. X 14 diams,

(No. 3) Cyclitis: 1 month's duration. To show the cil-
liary body slightly separated from the sclerotic,
with a mass of moderately dense exudation ad-
herent to its posterior surface.

The exudation is fibrous and is freely vascular.
: X 40 diams.
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Yoe (4 )

Y0 (5. )

No.(6.)

V05, 4y D & 6.

Cyvelitise 16 davs cduration.

Section of the posterior part of the ciliary
hodve To ziow s3light infiltration of the
eiliary hody, great cisturbance of the
epithelial lavers.

The pigmented laver is thickened snd
irregular; the non-pigmented laver is very
muck thickened and infiltrated, the outllnes
of the cells being entirely lost. On the sure
face of this laver lies a lsver of fibrous
tissue and behind this a laver of fibrinous
exudate. Pigment granules are seen in the

"non=pigmented laver and also in the fibrous

layvsr. X 100 diams.

Cvelitise 20 days duratione
ihe pars ciliaris retinae in cvclitis to show
the hreaking up of the lavers of epithelium;
ths pigmented to a lssg, the non-pigmented to a
greater degree, The twn lavers are separated
by & thin leyer of exudate.
Theye is a layver of mrderately danze fibro-
cellular exudation in the vitreous hody.

: X 1n0 diamse.

Cyclitis: 16 days duration.

Section hleacked by Euchlorine to show
sccumulation of leucocytes on the surface of

the pars ciliaris retinae.

There is comparatively 1ittle alteration of -
the pigment layex.

The ciliary hody (welowd) is somevikat infiltreted
snd there isa layer of fibrousz tissue in the
vitreous hodye
L 100 diamme




igjg

»'



No. (7)

No. (8)

| Noe (9)

NoSe 74 8!;—_:9 & 10.

Cyclitis:? Same specimen as Wo. 6.

To show that there ig 1ittle alteration in the
naclei of the non-pigmented laver of the pars
ciliaris retinae, slthough there are gbundant
leucocvtes passing up to the surface hetween
the cells.

" This section shows also & few fibroplasts in

the free exudste.
To the left below is seen a gland dipping down
through the basement membrane. The whole tissue
is evidently opened up as it were by oedems.

X 300 diams.

oyelitiss 18 days duration.

Seation through the exudate in the vitreous body,
to show the junctlion of the fibrinous end
fibrous 1syers.

The condensatien of the former as it approaches
the latter is well merked. X 350 diams.

Cyclitis: . Same section as No, 8

7o show the stratification ef the fihrinous
~ 3myer with fibroplasts becoming elongated and

lying parellel to the directiom in which the

f£i%res are to be placed.
~,E&a vagoularity of the exudate is manifest.

X 200 diems.

Oyelitiss 4 month's duration.
Oirestricisl chenges sre going on in the ,
Aates The pars ciliaris retinee is broken
} st its layers driven apart.

plgmented as well as the non-pigmented

¥ 15 daiaturved.

+ ¥he easdate sesn is fibvre-cellmlar.

; b 4 W diama.
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No.

No.

(11)

(12)

No. (13)

No.

(14)

NoS.11l,12, 13 & 14.

Cyclitis: 18 davs duration.

To srow proliferation of the cells near the
ciliary processes, with hyperplasia of the
glandular structurss resulting in the forme-
tion of tubules. X 350 diams.

Cyclitis: 20 davs duration.

Te shew the inner surface of the retina near
the ora serrata, with the vitreous body
separated from it and infiltrated.

Nwmerous large Epithelioid cells are seen
lving on the retina and adherent to the
vitreous hody. X 120 diams.

Oyclitis: Same case as o. 1l2.
Showing tke inner surface of the retina and
the adjacent vitreous bhody.
Both structures are infiltrated, to & con-
siderable degree, by cells of various kinds,
and leucocytes can be seen passing out of the
vessels apparently, in the reting.

X 150 diams.

Cyeclitis: 18 dayvs duration.

The exudate in the vitreous body, to show
the existencs of fine fihrinous septa, and
cells of various kinds, large epithelloid,
small round cslls, etc.

Takxen from the junction of the fibrinous
with the cellular part of the exundate.

X 170 dlams.
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No.

(15)

(16)

(17)

(18)

+08. 15, 16, 17 & 18.

Nyclitis: Same case 46s Wo. 14.
ihe exudate in the vitreous hody, to show a
strongly marked fibrinous s2ptum with many fine

. septa and a portion of the more cellular

part of the exudate. Various kinds of

cells can bhe seen, and many "Ghost Cells®
are dimly distinguishable. :
X 100 diams.

Cyclitis: Part of No. l4.

9o show a variety of cell forms, the dimness

of outline of the Ghost Cells being well marked on
account of the position from which the section

is taken. X 300 diams.

Cyclitis: 20 dayvs duration.

1o show the more highly cellular part

of the exudate. Large numhers of "Ghost
Cells® are seen much more distinctly than in
the last photo. Comparatively few

nucleated cells are s2en.

X 300 diams.

Cyclitis: Part of No. 16. v
High power view of the exudate near the
junction of the fibrinous and the cellular
parts. 1The "Ghost Cells" are more dis~
tinctly seem, whilst the nuclear activity
is evidenced by the number of free nuclel ssea,
and the varieties of shapes which they take.

X 850 diams.

/
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Xo. (19)

No. {(20)

‘NOSo 19 &3 200

Cvelitisse Part of Yo. 1b.
1o show a high power view of the fibrinous

- pnetwork with its snclosed Ghost Cells,

etce.

Instances of nuclear activitv are seen.
X 6004

Cyclitise 18 cays duratione

From photos chosen from the region of
the exudate shown in Yo. 14, te show
stages in the process of Gemmation.
(a.) Cells with one and two nuclei.
(b.) One nucleus shows a lateral groove.
(c.) Groove opened out; daughter cell cut
cup shaped depression in parent.
(d.) Parent left in protoplasm.

X 750,

off;
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ne (21)

TOe (22)

Qvelitis: same position as last.

¥our photos to s00wW appsarances of nuclei indicatiﬁg

motility and fission.

(a) Nucleus assuming a wormlike form, pushing

a head from one space into another, possibly

a mode of migration.

(note) The middle of the nucleus is at a

1ower level than either extremity, and is

narrowed.

(b.) More marked instance of the same process.

Here the neck is verv narrow and the head

very sharply defined.

{(c.) Instance of a nucleus pushing out a head

in a definite cirection and the neck being

narrowed cdown until ihe head is left free.

The parent nucleus has a rounded head

at the extremity opposite trat at which the

gaughter is heing sent off, probshly indicating

that another bud 1is going to bs cast off hiere.

(d.) Showing a complately formed and seyarate

nucleus, below ané above an clder nucleus.

regarding which there are two points for

consideration. It is flask shaped, 2 long,

thin vrocess heing rusnsd out ahove, whilst below,

an oval ligkt spot is se<n. 1lhe significance

of such a light area is grubtful, hut it is fre-

guently seen and is probably the cup-shaped

depression or sear from which the last daughter

cell has been liberated. 'ihe free nuclsus is

veryv probably the davghter cell last sent off.
X 750 diams.

oyclitise 2% months duration.
The exudate into the vitreous body undergoing
degeneration shows swelling of ths protoplaam
and migration of nuclei.

X g20 diams.
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0. (23)

o, (24)

Y0 (25)

Yo. (26)

Cyeclitis: same case as No. 22.
To show fibrous transformation of the exudate
late stage with fatty degeneration of the
included callular matter.

X 100 diams.

Cyclitis: 3% months duration.

The fibrous tissue formed by fivrosis of

the exudate, with longtitudinal sections

of large new formed hloodvessels.

There is no fatty Gegeneration going on

now, snd the tissue is becoming quisscent.
X 300 diams.

Cyelitis: 17 years duration.
To show complete bone formed in the curve of
the displaced ciliary body.

X 10 diams.

Cyclitis: 11 vears duration.
Earlv stage of ossification taking place
in the curve of the displaced ciliary
bhody.
The more advanced portion hears nome
yesamhlonce to hone, ths 1ess advanced portion
is opaque, granular and ragged.
X 20 dians.

in &




24

25

r#.<%>/"1.72:
T # f.:'Ni.
a # V

(y *
B X



M0S. 274 28 & 294

T0e(27.) Cyclitiss Same section as Mo. 26,
70 show the nature of the growing edge of the
hone. Calcareous particles of varlous sizes

are seen in large numbers.

X 1B0 diams.

Mo. (28s) Bycliﬁis: Duration uncertain.
To show the nature of the connections of
the growing bone with the surrounding tissues.
Fibres are sean spreading out in fas-1lke
form, 8nd flbrous tissue cells are arranged

in rows between the fibres. X 150 dismse

Y04 2%) cvelitiss 12 vesrs duration.
"o show again, the naturs of the connections

of the bhone with the surrounding tissues.

A hend of fibrous tissue is seen passing
into e cavity at ths extremityv of a piece of
hon®e The cavitv is partislly lined with

osteoblasts. The free end of the bone

terminates in a strand of fibres hetwaen

which the cells are becoming arranged in rows. /

!
!

/

X 150 diamga
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No. 304

Oyclitis: 13 vears curation.

To show the structure of the'fully formed

bons. A large cavity lined with osteoblasts,
and containing vascular channelg and fine
fivrous tissus, is seen surrounded by bony
lamingddy The boné corpuscleg are ssem arranged

in rows and indicate the laminee.
X 150 diams.
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Cyclitis? Part of Vo. 88.

To show the osteoblasts arrengsé rewmd the
cavity, and the bbne soypuscles lying in
lacuntig.

X 360 dlsms.







