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: . _ (39) :
Although one may sccept in the genersl sense the neur-

one theory that the nervous system consists of innumerable
snatomically independent celluler units, the processes of
which exist in contiguity, but not continuity, with each
other, the mutual relstionship and interdependence of the
neurones is a proﬁlem es yet unsolved. This is specially
the case &s regards the peripherally placed neurones. The
object of the present investigation was to throw light upon
the question; snd the retinal neurones were selected for the
purpose of experiment, the plen being to sepsrste them from
‘their central connection by section of the optic nerves,
without interference with the vascular supply of the retina.

In the retine the peripheral neurones esre the cells of
the outer snd inner nuclear layers, and, although the small
size of these neurones renders them more difficult of ob-
gervetion then could be desired, yet the comperetive sim-
Plicity of their structure mekes the histological examina-
tion tolerably easy.

The cells of the ganglionic lasyer on the other hand are

conspicuous by their size snd structural definition, and al-
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though they are part of the neurones injured by section of

the nerve their condition was studied in each experiment.

AUTOGENY OF THE VISUAL PERIPHERAL SENSORY NEURONE:

The retina develops &8 a8 hollow outgrowth from the
primitive fore-brain, the stalk which connects these two
structures persisting as the optic nerve. %The ganglion cells
are the cells of the innermost cellular layer sand are in
connection with the optic nerve fibres which conduct stimuli
through the various stations of arborisation (corpora
quadrigemina, corpora geniculste externsa, and optic thalamus)
to reach the visual cortex.

The rotina, optic nerve end optic tract are thus devel-
opmentally pert of the central nervous systenm.

With regard to the relations of the retinal elements,
two views are held. According to the one which is advocated

by Barkerslz)

the bipolar cells of thé inner nuclear layer
are analagous to the spinal peripheral neurones of the
dorsel roots, the genglion cells of the retina corresponding
to neurones of the second order (i.e., the neurones of the
grey matter of the spinal cord).

One must not drive such & comparison too far, and the
alternstive view, that the ganglion cells of the retina are
analagous to the dorsal spinal ganglie is more generally

accepted. The bipolar cells of the inner nuclear layer are
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the peripheral sensory neurones which heve their peripheral
processes in oontact with the central process of the still
more peripherally situated cells of the external nuclear
layer.

It is the aim of the present investigation to follow
the fate of the neurones situated distal to the site of in-
Jury in the optic nervs.

Owing to limitations of space it is impossible to give
a critical review of the general literature bearing upon the
present research. A bibliography of the more essential of
the published works will be found in the Appendix. With re-
gard to the experiments performed by other workers, section
of the optic nerve has formed the subject of numerous pub-
lications. The results of these experiments are of 1ittle
or no assistance to us, since the purposes for which the in-
vestigations were instituted were other than the present,
and the histological methods - of the earlier workers at
least - were inappropriate. An exception, however, is to be

mede in the case of Birch-ﬂirschfeld‘e)

who published in 1900
the first of a series of retinal experiments, including sec-
tion of the optic mnerve.

The value of his work is enhanced by the fact that he
employed the Nissl method snd described the fine histologiec-
al appearances in minute detail so that his results have

been taken &s & guide in the present investigation. He cov-
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ered & wide field in his experiments, investigating the be-
haviour of the retina in the rabhbit under the influence of
different pathological conditions, viz., electricel and
thermal stimulation, section of the optic nerve and poison-
ing with various drugs (methyl alcohol, nicotin, quinine
eto. ).

The results of his optic nerve sections must now be
summarised more or less in detail.

His operations were performed as far back as possible
in the orbit in order to avoid injury to the vessels. In
some c&ses he operated from above, by means of a knob-point-
ed knife, and, although the operation was presctically blood-
less, the ophthalmoscope showed slmost immediate contraction
of the retinel arteries. In one cese he cut the nerve in-
tracranislly, close to the optic foramen.

| In his anstomicel investigation he found considerable
divergence from the normal 55 hours after operation, chrom-
atolyeis having commenced in the case of the ganglion cells.
The chromatin clumps had lost their sharpness of outlinse.
The nucleus was lerge, swollen, diffusely stained, and often
resting slmost upon the cell wall. The cells of the intermnal
nuclear layer were smsll, full of chromatin, and often ir-
regular in outline. The cells of the outer nuclear layer
were roundish, devoid of edge-crenation, and showed only

partial cross-striping. Cases examined et 5, 10 and 15 days
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after operation revealed still further advanced chromatolysis,
shrinking of the ganglion cell (shown by the increased peri-
cellular space) and its nucleus. The normal Hissl granules
had been replaced by a darkly staining, badly defined,
crumbling mess, or were altogether wanting, their place be-
ing tsken by vecuoles of different sizes. He emphasised
the fact that these vacuocles were sbsent from the control.

Valuable as are these results, it was felt that as his
attention had been chiefly directed to the ganglion cells,
while the object of the present investigation was to study
the peripheral neurones, & further series of experiments

was desirsble.



PART II - ©PRESENT INVESTIGATION

- e e - -

A. RESULTS OF EXPERIMENTAL SECTION OF THE OPTIC NERVE

(1)_0perative Technique:

The operation was performed with the usual aseptic pre-
cautions. The animal having been placed in & good light on
the operating bench, the eye to be operated upon (in.all
cases - except one - the right) was douched with tepid ster-
ile water. The conjunctiva was picked up in dissecting for-
ceps and was incised by a line parallel to the cornesl mer-
gin and situated about 4 m.m. from the latter. This incision
extended for sbout 1 ¢.m. on either side of a point opposite
the middle of the supra-orbital margin.

The wound was then deepened by gentle separation of the
conjunctive from the underlying structures, as far back as
possible. The superior rectus muscle was occasionelly divid-
ed, but in many csses this was not necessary. The "corneal”
flap of the wound was then grasped in fixation forceps, and
the eyeball rotated downwards. By gentle menipulation the
eye wag raised out of the orbital cevity (it was sometimes
necessary to divide the outer centhus &t this stage, if the

palbebral fissure were small!, turned sharply downwards and
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retained in this position by the assistent. In this way the
optiec nerve (which in the rabbit enters the scleras above the
horizontal meridiaen) came to 1lie high up on the wound &nd
the nerve, after a 1little careful dissection, could be
isolated. The dense tissue of Tenon's capsule which forms &
funnel-shaped investment for the nerve and its adnexse is
1@able to cause trouble &t this stage, the delicate vessels
being easily dameged in meking way through it. The nerve
appeared 88 & slender glistening white cord snd, having
been 1ifted up on the tenotomy hook, was divided far back
(i.e., eclear of the central vessels) by means of scissors
inserted, closed, and then opened merely enough to include
the nerve. When traction wes removed, the eyeball reesdily
slipped back into the orbital cevity. Hsemorrhage, when it
occurred, 88 & rule, took place a2t the stage of deepening
the original incision, i.e., in the region of the anterior
vessels of the globe. It was usually easily controlled by
pressure. The haemorrhage, which was met with when the
nerve was divided, was no doubt due to the inclusion of some
of the branches of the central artery, but was of infrequent
occurrence, and was soon controlled. In a few cases ulcera-
tion of the cornea ensued, being due either to slight abra-
sion at the time of operation or to an atrophic condition,
a8 the result of lesion of some of the long anterior ciliary

nerves. The ulceration subsided in a few days (under bor-
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aciec douching), leaving & small leucoma.

In a1l cases total and permesnent blindness of the eye
eppeared to follow from the operztion, slthough the difficul-
ty of estimsting the amount of visual perception in & rab-
bit mekes one reserved in any statement regarding the physi-
ologicel condition¥

The pupil which usually contrzscted to a pin-point at the
moment of division of the nerve, graduelly dilated, &nd re-
mained semi or fully dileted and inactive to light. Ophthal-
moscopic examination of the fundus never revealed more than
some slight narrowing of the retinsl vessels, with pallor
of the "medullasry rays" in the late stages.

The experiments recorded are those in which section of
the optic nerve was uncomplicated by injury to the retinal
vessels, or by lesting inflammetion. The cases in which
the results were considered vitiated, for any reason, were

re jected.

(2) Histological Methods:

In every case the seme treatment was asdopted for the

. control as for the experimental materisl.
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*NOTE: The method adopted was that of flashing the brightly
illuminated ophthelmoscopic mirror on to the eye in the
dark room. The response which, in the case of the con-
trol was immediste, slthough not very vigorous, and con-
eisted in twitching of the eyelids and shunning of the
light, was entirely absent in the operated eye
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Fixation: For successful demonstration of the Nissl
granules, the most satisfactory fixative was alcohol (50% -
765%). The tissue remeined in this from a half to seversl
hours, aécording to the size. Dehydration in several changes
of absolute 2lcohol. Clesring was least injurious when car-
ried out in cedar-wood oil. Other fixatives employed, with
less satisfactory results, were - HgClpy (saturated saline
solution), formol~saline (10% formaslin in normal seline
solution), and picro-formol, (pic. acid, aq. sat. sol. 75

pts., formol 25 pts., acetic acid 5 pts).

Steining: HNissl granules in every case were stained by
Toluidin blue, no counter stain being employed. (Methylene
blue snd Thionin did not yield such good results).

Other stains for general demonstration were haemalum

and eosin; and Weigert's rapid iron-heemetoxylin method.

Silver impregnation: The chrome-silver method of Golgi

was found to be unsuccessful in these experiments, slthough
e falr amount of success was obtained in the case of ox-
retina.

The method of Cajal (formula II) produced very beauti-
ful resultes in many ceses, but was seldom satisfectory in
control end experimentsl of the same case.

Cox's method of sublimete and bichromete impregnation

was not found satisfactory.
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Ehrlich's intre-vitem method (Dogiel's modificetion)
of methylene blue impregnation was employed successfully in
one or two cases, but was not of much practicel value in

these experiments.

(3) Experimental Details

Experiment I: Adult albino, 24 hours after operation.

No microscopic changes were discovered in the operative

eye.

Experiment II: Adult elbino, 48 hours (Fig. I)

Operetion practically bloodless. No inflemmetion en-
sued. Fixetion of retine in 50% alcohol, and in 10% Fomm-
8lin. Sections stained by Toluidin blue &nd by Weigert's
iron-haematoxylin method. Impregnation by Cajel's silver

method was unsuccessful.

Mcroscopic Exemination: The outer layers of the

retine showed no ebnormality in the operstive eye. The
nuclei of the rods showed the chromatin arranged in the
usual form of twin messes separeted by & considersble inter-
space - an arrangement which mey be described by the term
"eross-striping”. The fine serration of the edges of these
masses, due to the presence of fine strands of chrometin

pessing out to the cell membrene across the intervening
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space, for convenience of description mey be designated as
"cog-wheel™ merkings. In the operstive eye these festures
were as well merked as in the control. The larger and more
complex nuclei, generally looked upon as belonging to the
cones, showed no varietion from the normal, having the
typicel errangement of the chrometin (i.e., three or four
masses) with cruciform interspsce. They were much less
numeroug than the rod-nuclei. The cells of the internsl
nuclear layer were normel end showed the chromatin errsnged
in the form'of 8 loose tangled granuler skein or network.
| With regerd to the cells of the ganglionic leyer, e
certain smount of blurring of the outline of the Nissl
bodies wes met with in the operetive eye. Considerable
varietion in staeining power wes to be seen in the control,
exsmplee of cells in which the protoplesm wes deeply end
diffusely steined being feirly common. Most of the cells,
however, in the control showed & high degree of differentia-
tion of chrometin which was prscticelly never met with in
the operative.

The fect that one found in the normal meny cells ex-
hibiting the phenomens which, in the case of the cells of
the centrel nervous system sre usually classified as petho-
logical (viz., eccentric position of the nucleus, diffuse
steining of the protoplesm with blurring of Nissl bodies,

vacuolation, enlergement of pericelluler spasces) led one to
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the conclusion that such phenomen& must either be due to
artefacte or that they were themselves an expression of

pheses of functionsl eectivity.

Experiment III: Adult black and white rebbit. 48 hours.

Operetion precticelly bloodless. No inflesmmation en-
gued. KFixation in 10% Formol-ssline snd in Miller's solu-
tion. Steining by Toluidin blue and Weigert's iron-hsem-
loxylin method. |

Microscopic Examinstion: The genglion cells in both

retinee were frequently profusely vecuolsted, end pericel-
luler spaces were well-merked. The chrometin granules
showed 1ittle or no variation from the normel, but the num-
ber of atypicel cells (i.e., those which show diffuse stein-
ing of the protoplasm, vacuoletion etc.), wes grester for
the operetive then for the control. The outer layers were

unchanged.

Experiment IV: Adult albino. 72 hours.

There wes some heemorrhege early in the operstionm,
which wes essily controlled. No inflsmmetion ensued. Fixa-
tion in 50% a&lcohol. Steining by Toluidin blue and Heemalum

and Eosin. Silver prepsretions unsatisfactory.

Microscopic Exsmination: In the sections the line of

division of the nerve wes seen tq be behind the entrance of
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the vessels into the nerve. The genglion cells were on the
whole well-preserved, some of them showing fairly well-de-
fined chromstin bodies. There wes, however, evidence of a
certain smount of shrinking in the cells of the operstive
as compared with the control. In the cells of the latter
there was & cleer space sround the nucleus, whereas in the
operetive this spaece was often encrosched upon by the
shrinking of the cell so that there was a more or less dense
ring-like band of chrometin encircling the nucleus. The

cells of the outer layers showed no varistion from normal.

Experiment V: Adult black end white rebbit. 4 days.

(Pig. 11).

Operation without heemorrhege. No inflemmetion fol-
lowed. Fixation in 50% alecohol. Steining with Toluidin
blue. Silver impregnetion successful for the operstive, un-

successful for control.

Microscopic Examination: There was'on the whole no

greet sbnormality in the operative tissue. There were often
tolerably well-preserved cells in the ganglionic leyer, but
the occurrence of "normal” cells occﬁrred only in the con-
trol. Definition of the chrometin bodies wes not at any
time so sharp in the operstive &s it wes in the control and
there was evidence of condensation snd shrinkege in many of

the cells. The other layers were normal. The silver prep-
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arations in the operstive showed numerous fine vericosities
on the fibrils of the internal plexiform layer. The broad,
ribbon-like bands of the external lsyer were well demonstrat-

ed. The preparations of the control slso were successful.

Experiment VI: Adult bleck rabbit. 7 days (Fig. III).

There wee slight retrobulbar heemorrhage et time of
operation end slight trensient conjunctivitis ensued. At
the time of death the eye sppeared normel. Fixstion in 50%
elecohol and Maller's solution. ©Staining by Weigert's iron-
haemetoxylin method and Toluidin blue. Silver preparstions
were successful in both control snd operative, but no strik-

ing difference wes revesled.

Microscopic Examination: In the ganglion cells of the

operstive the chrometin granules were smasll and hed a tend-
ency to become broken up into fine dust. When the granules
wore large, they hed rather badly defined edges snd lacked
sharpness of definition. Occasionelly large fairly well-
preserved ganglion cells were met with, but they were never
80 large or well differentiated &s the large cells of the
control. The other layers were normel.

In the silver preparations the vericosities on the
fibrils of the cellular processes were most marked in the
operative, being zlmost absent in the control. The processes

of the "horizontel cells" of the internal nuclear layer were
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specially well demonstrated in the control.

Experiment VII: Adult aldbino. 8 days (Fig. III).

Operation bloodless. Fixation in 50% alecohol end
Miller's solution. Silver impregnetion successful in the
operative, faeiled for the control. Staining with Toluidin

blue &nd Weigert's iron-haemetoxylin.

Microscopic Examination: Well-preserved genglion cells

occurred much less frequently in the operative than in the
control. The cells of the operative were usually pale-stain-
ing, with finely divided chrometin. The pericellular spsaces
were more pronounced in the control then in the operative.
The outer retinal leyers were normel. In the silver prep-
aretions varicosities were occaesionslly met with in the fine
fibrils of the inner plexiform layer. The fibrile of the
externsl plexiform layer were seen to end in & rich an-
astomosis asround the cells of the external nucleer layer.

The protoplesmic processes of the genglion cells wers devoid

of varicosities.

Experiment VIII: Adult e&lbino. 3 weeks. (Fig. IV).

There was slight heemorrhage during the operetion and
8 corneel ulcer developed. This elesred up and, at the
time of death, only e smell scer remeined on the otherwise

heelthy looking cornea. Fixation in 50% alcohol. Steining
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with Toluidin blue, Haemelum end Eosin.

Microscopic Exsmination: In the control the number of

"aetypical™ genglion cells in this cese was considerable,
but at the same time there was & prepondersnce of quite
typicel cells. In the operative on the other hand one rare-
ly if ever met with a typical ganglion cell, the best pre-
served cell consisting usually of a peripheral ring of
smell bead-like granules surrounding &£ densely stained
nucleus. The outer leyers were normel.

(Sections stained with hasemelum and eosin showed the
presence of a considerable amount of inflemmetory exudate
with giant cells around the stump of the optic nerve. It is
probeble that the pronounced strophy of the genglion cells
in this case was psrtly due to the inflsmmetory conditions
and not solely to division of the nerve, although from the
fact that the outer layers were unaffected one did not con-

sider that the experiment wes to be rejected).

Experiment IX: Adult albino. 3 weeks. (Fig. V.)

Operstion almost bloodless. No inflemmation ensued.

Fixation in 50% alcohol, in sat. sol. HgCl,, and in 10%

2’
Formol-Saline. Staining with Toluidin blue.

Microscope Examinetion:

(1) Tissues fixed in HgClp. The genglion cells were
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smeller in the operative than in the control. The Nissl
grenules were elmost entirely absent from the operstive.
Vacuolation and enlargement of the pericelluler spaces oc-
curred with no greater frequency in the operative than in
the control. The outer layers were normel.

(2) Fixation in 50% alcohol. fThere was & general
tendency to clearer definition in fhe cells than ﬁas the
case in fixetion with HgCl,, but the seme relative aiffer-
ences existed between the operative and the control as in
the former. |

(3) Pixation in Formol-Saline. There were sppearances
of pronounced vacuolation in the ganglion cells both of op-
erative end control. There was less sharpness of intrenuclesr
definition than that obtained by employment of either of
the preceding methods, but the difference between the gang-
lion cells of the two retinae waes maintained &s in the fomm-
er. By the formol-seline method of fixstion one sew par-
ticularly well demonstrated the cells of the lnnermost
stretum of the internal nuclesr layer (Amacrin cells of
Cajal) which were arrsenged at intervels from one another,
ezch cell showing & well merked downgoing protoplasmic pro-
cess containing chrometin. ‘hese cells were slightly more
conspicuous in the operative than in the control, snd were

poésibly in connection with centrifugal fibres.

Experiment X: Smell white rabbit. 6 weeks. (Fig. VI)
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4 Operation prectically bloodless. Slight corneal in-
flammstion ensued which resulted in e smell leucome &t the
lower pert of the cornmea. At the time of death the eye
seemed otherwise normel.
Fixstion in 50% sleohol. Staining with Toluidin blue
end with Heemalum end Eosin. Silver impregnation unsuccess-

ful.

Microscopic Examinstion: In the haemalum and eosin

specimens the genglion cells of the operstive were seen to
be much reduced in size. The nucleus was often a8ll that
remained to represent the cell. These nuclei were irregular
in outline and were very densely stained. In the Toluidin
blue specimens the cell body wes diffusely stained, or the
chromatin wes in the form of dust-like particles. The

cell processes were attenuated and tapered off sharply close
to the cell body. The cells of the internsl and external
nuclear layer appeered normel, unless for the fect that oc-
casionally the cone nuclei in the operative appeered some-

whet smaller then in the control.

Experiment XI: Adult albino. 15 weeks. (Fig. VII).

There was préctically no haemorrhege during the opera-
tion. No inflsmmstion ensued. Fixetion in 50% alcohol, in
sat. sol. of HgClpy and in Formol-Saline 10%. Staining with
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Weigert's iron-haematoxylin, and Toluidin blue.

Microscopic Exemination:

(1) HgClp fixation. The genglion celle of the operat-
ive eye were very much shrunken and were diffusely stained.
Differentiation into granules was prectically never met
| with, the ground substance being always diffusely stained.
Vacuolation when present wes léss frequent in the operative

than in the control. Pericellular spaces were not well

cells of the outer nucleer layer, but "cross-striping" was

l seen. There was slight loss of "cogwheel" marking in the
| still present. Inner nuclear layer normsl.
|

(2) Fixation in 50% alcohol. Occasionally the operat-

ive ganglion cells showed indication of grasnuler structurs,

:
g
%
!
i
E
]
]

bhut at best the granules were smell &nd dust-like. The

pericelluler spaces were more conspicuous than in (1) and

! were of less frequent occurrence in the operative than in
| the control. Vescuolation wes rarely seen in either. The
cells with their processes were on the whole more sharply
outlined both in operstive and control than wes the cese
in fixation with HgCly,. Ko abnormality was to be made out
in the inner nuclear layer. The outer nuclear layer showed
slight loss of "cogwheel" mearking and "cross-striping"”.

(3) Fixation in Formol-Saline. Vacuolation wss rather

well-marked, but occurred on the whole with grester frequency



20
in the control. Staining was not so setisfactory for oper-

ative or control &s in (1) or (2).

Experiment XII: Adult Albino. 16} weeks. (Fig. VIII).

There waes 8light haemorrhage during the operation. Ho in-

flammetion ensued. Fixstion in 50% elcohol. Staining with
Toluidin blue, Heemalum and Kosin. Silver impregnetion was
highly successful in the control, but failed in the operat-

ive.

Microscopic Exemination: The ganglion cells in the op-

erative retina were much shrunken (although no enlargement
of the pericellular speces was visible). "Normal" ganglion
cells were entirely sbsent. Staining wes &s a rule very
diffuse, although occesionally & dust-like condition of the
chrometin occurred. In the latter cese the dust-like par-
ticles were met with in the centre of the cell and were
surrounded by & row of somewhet lerger bead-like chromatin
granules neer the cell margin. The cell processes were much
attenuated, being often unrecognisable. 7The cells of the
internal nucleer layer in the operative were perhaps paler
then in the control, and the cells which were described (in
Experiment IX) as being in comnection with centrifugal
fibres (amacrine cells) were particularly well marked. The
cells of the outer nuclear layer eppeared unchanged, unless

for a slight impairment of definition in the chrometin as
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compared with the control.
Silver impregnation was successful in the control, and
in this it is to be noted that the fibres of the plexiform

layers were devoid of varicosities.

Experiment XIII: Long-haired adult grey rabbit. 38

weeks. (Fig. IX)

Operation wes practicelly bloodless. FKFixation in HgClp
and 50% sloohol. Silver impregnation was unsuccessful.
Staining with Toluidin blue and Weigert's iron-haematoxylin.

(1) HgCly, fixation. (In the cese of the control beauti-
ful fixation of the ganglion cells was obtained by this
method, the Nissl granules being plumper and slightly less
well-defined than in alcohol fixation). ‘At some parts of
the retina the ganglion cells were practically non-existent.
At other parts of the retina they were represented, but only
by small cells diffusely stained, with eccentric nuclei; or
by pasler cells with fine dust-like particles of chromatin.
The processes of these cells were tapering and ended off
}sharply close to the cell. The internal nuclei were well-
preserved. "Amecrine" cells were not conspicuous in these
specimens. The cells of the external nuclear layer showed
well-merked "cross-striping" snd "cogwheel" arrangement, and
appeared almost normal.

(2) Formol-Saline fixation. Vacuolation was very pro-
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noznced, especislly in the genglion cells of the control.
Pericelluler sraces were no less pronounced in the control
thsn in the operative. The ganglion cells in the operstive
were elmost universelly shrivelled end diffusely stained.
Ccessionally & lzrge ghost-like cell wes met with. Owing
to somewhet pale stzining of the cells of the internal
nuelesr leyer ths "emecrine” cells were often conspicuous.
T*he cells of the external nuclesr layer were often lacklng
in the typicel features of cogwheel marking and cross-strip-
ing, but =z the zzme charzcteristics were met with in the

control the defect is probebly one of fixation only.

BOTB: Of the other experiments performed in this
series, three were rejsctsd sn zccount of severe haemorrhage
&t the time of opesretion, the nerve having been divided of
necessity rather bv1indly owing to diffieulty in isolating
it from the 88 jocent structures. Two experiments ended in
phthisis bulbi. Three ccses were discarded on account of
unsstisfeetory fizxution (plero-formol) and eight were lost
through the occurrence of incidental disease in the rabbits.

B P e

£ pumerical setimete of the cells of the ganglionie
leyer in the cese of the operative zs compared with the con-

trol appsared to be of some velue im furanishing a eczlecula-
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tion of the ganglion cells which had perished in the course
of the experiment. The method of carrying out the attempt
was the following:-

(1) As nearly as could be accomplished the same pert

of the retina was taken for control and operative.

(2) Owing to the difficulty in arriving at en idea of
what were cells in a state of perfect preservation as com-
paered with others less well preserved, the plan wae adopted
of including 211 the ganglion cells which were present and
could be recognised as such, with & view to finding if there

wore reduction in their number in the operative.

(3) Estimetion was made by means of the seye piece micor-
meter the linesl unit being .2 m.m. with ultimate calcula-

tion for 1 m.m.

- - - -
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Thus we see that throughout the series a considerable
reduction was the rule, a reduction which was a confirmetion
of the descriptive results given in the text. %That some dis-
appearance of cells had taken place is to be assumed from &
scrutiny of the table given sbove. When degeneration of the
ganglion cells took place the first to disappear were the
smallest cells. These cells were not always distinguishable
from the other cells of the ganglion and nerve fibre layer,
and even from small inflammetory cells (lymphocytes) so that
in the early cases one may find somewhet conflicting results,
e.g., in Experiment IV in which an increase in cells was ob-
tained. This increasse mey be explained by the fact that the
region of retina examined in the operative was not strictly
analagous to that of the control. In the later cases where
there was less probebility of the presence of inflammatory
cells, whafever error there might be in the inclusion of ex-
traneousrcells wes lessened, but always one was inclined to
meke one's enumeration somewhat larger then the actual, owing
to the difficulty of differentiating degenerated ganglion
cells from smell neuroglial nuclei and lymphocytes.

In the case of the control, however, such confusion was
not met with, since the ganglion cells were better defined

end more easily distinguished. In this way the numerical

results mey be taken as somewhat under-estimated, so that

the reduction obtained in the operative retins was even more
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substantial then it eppears.

(4) Discussion of Results:

Thus we see that as early as 48 hours after operation
certaln changes in the ganglion cells were to be recognised.
These changes consigted in a loss of perfect definition in
the chromstin granules, probably due to the fact that the
ground substance of the cell had taken up the stain to a
slight extent. Degenersation apparently did not progress
with extreme repidity, the condition not being much more
marked at 8 days than at 48 hours. (This is of significance
when compared with the early chromatolytic changes described
by Nissl and others in case of periphersl nerve section).

At 3 weeks, however, degeneration was definite and became
more pronounced with the lapse of time, till at 38 weeks
(the longest time allowed! degenerstion was practically com-
plete.

Owing to the large range of variability shown by the
retinel ganglion cells in the control eyes, one is diffident
about drawing conclusions regarding the significence of the
so-called "phenomene of degeneration”. Adopting, however,
as normal the appearances which occurred in the control with
the greatest frequency, one endeavours to estimate not only
the frequency with which the frankly sbnormal types occur

in the operative but also (which is of more importence)
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whether any "normal"™ cells exist in the operative.

Degeneration apparently attscks the medium and small
coells at an early stage, but my observations were throughout
the investigation chiefly confined to the large ganglion
cells. The smaller cells are especislly liable to accident
in the course of histological preparation, and are frequent-
ly of egbnormal appesrance in the control. In any case, how-
ever, one must neglect the condition obtaining in the smsller
cells owing to the difficulty in recognising the gradual
changes in any but the largest ganglion cells. f%he type of
normal cell, therefore, with which one mskes comparison is
the large multipolar ganglion cell in which the Nissl gren-
ules of various sizes are sherply stéined, snd are arranged
in somewhat concentric rows around the more or less central
nucleus. The nucleus contains numerous chromatin granules
and one or more nucleolli. The ground substance of the cell
body is unstained. Granules of chromatin are to be found
for & considerable distance along the protoplasmic processes,
vacuoles may or may not occur. (With regard to the occur-
rence of vacuoles Birch-Hirschfeld emphesises the fact that
in his cases vacuolation was confined entirely to the oper-
ative meterial. In the present series, vacuolation was
never more conspicuous in the cells of the operative than in
those of the control - in many cases less so).

In recapitulasting, therefore, one finds a&s the result
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of optic nerve section that degeneration hes set in as early
&s 48 hours and is evidenced by the absence of entirely
normal ganglion cells. Degeneration advences steadily and
is estimated by the complete absence of normal cells, as
well as by the progressive increase in the number of frankly
abnormal or degenerated cells. At a period of 38 weeks |
practically all the cells are atrophic.

Passing from the above degeneretion of the sensory
neurone of the higher or second order, one comes to & con-
sideration of the fate of the more peripheral neurones of
the first order situated in the outer retinal layers. Judg-
ing from all suthoritetive accounts the neurones of the
retinal layers are in intimete relationship with one another.
Birch-Hirschfeld described well marked changes in the nuclear
layers as result of optic nerve section. Thess changes con-
sisted, in the case of the inner nuclear layer, of reduction
in sige, irregularity of outline of the cell and condensa-
tion of chrometin. %The cells of the outer nuclear layer
showed rounding of cells, reduction in the size of the inter-
space tending to obliteration of the "cross-striping”, and
loss of chrometin of edges ("cogwheel" markings).

In the present series no essential changes in these
layers could be made out. In some casés pele-stsining of
the inner nuclei, or dense staining of the outer nuclei with

slight loss of definition might be described, but these con-
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ditions are manifest in the control with so much frequency
that their occurrence often gppears to be due to differences
of intensity of stain rether than to pathological factors.
'In fact one is often able to demonstrate from one slide in
the control differences of staining which, if they were to
ocecur in the operative es distinguished from the control,
might be looked upon as significant. (The fact, however,
that Birch-Hirschfeld mounted his control and operative sec-
tions upon the same slides probebly eliminated error in this
direction to & large extent).

More positive features than differences of steining

power ere those of reduction in size, and irregularity of

outline and loss of the discrete nzture of the chrometin
granules. In the present series practically no evidence of
such chenges was to be mede out. One mey therefore sesume
with fair confidence that the integrity of the outer neurones
in these experiments hes been preserved, &nd that the opera-
tion of section of their axon which produced serious dsmsage
in the cese of the higher neurone (connecting the orgen with
centrsl nervous cystem) was sccomplished by little or no dis-
turbence of the contiguous outer neurones. The siight loss
of definition met with in the outer neurones in Experiment XI
is compenseted for by the asbsence of this feature in Experi-
ment XIII (2 much lester period). Heving thus become sc-

quainted with the fects of degeneration in regerd to the
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neurones of the retins, snd having esteblished the point
that the peripheral neurones remein intect for such prolonged
periods efter separation from the centrel neurones, the ques-

tion arises whether they esre intrinsicelly more resistant

then the outer neurones. To determine this it was decided
to study the progress of post mortem changes in the retinal

neurones.

B. RESULTS OF AUTOLYTIC EXPERIMENTS:

(1) Genersl Remarks:

Most of the previous work done upon post mortem chenges
in nerve cells has been concerned with the post morten changes
in ganglion cells of the brain eand cord. In the following
experiments one sought to investigete the changes occurring
in the retinal neurones. |

Birch—Hirschfeigsgescribeﬁ post mortem changes in the
genglion cells of the retina. He used the sublimate-thionin
method snd found evidence of change as esrly as 2 hours
after death. There was slight folding of the nuclear mem-
brene and loss of definition in the Nissl granules. The
outer nuclear layer showed rounding off of the nuclei, espec-

ially of the rods, with commencing loss of "cross-striping”

and edge-crenation. After 5% hours the genglion cells



31
showed enlerged vacuoles, especislly et the periphery of the
cell. The chrometin wes still more or less in the form of
granules. The nuclei of the internal nucleer lsyer were
pertially degenerated. There was no evidence of "cross-
striping” invthe nuclei of the external nuclear leyer. After
5 hours there was desp staining of the ground substance with
blurring of the nuclear and cell-outline. After 7 hours the
Rissl granules had dissppesred and the ground substance no
longer steined deeply. The nucleus hed practically venished.
The outer nucleer layer showed rounding of its nuclei with
here and there & hint of "cross-striping". After 18 hours
the changes hed progressed further and 1ittle or no chrom-
ophilic substence remained.

In the foregoing experiments it ie not clear whether
some of the changes described were not due to putrefactive
conditions. 1In the present series, in order to eliminate
as far as possible the influence of micro-orgenisms occur-
ring in the surroundings, the following method of exemination
wag adopted. The enuclested eyebsll having been theoroughly
cleared of sll extrinsic structures (muscles, fat etc.) so
that & smooth contour might be obtained, the shortened stump
of the optic nerve was gresped in forceps and the eyeball
was plunged in melted paraffin (50°) for a few seconds. The
thin leyer of persffin which sdhered to the surface of the

eyebell rapidly congealed, and the naked nerve was easily
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covered by & drop of pereffin poured on its surfece. In
this way the eyeball wes sealed from the stmosphere by &
layer of sterile meteriel. The chenges therefore which would
teke place within the eyeball were presumebly those of
autolysis and not putrefaction. The "enveloped” eyes were

allowed to stend &t atmospheric temperature (or in one or
two cases at incubstor temperature) for the desired period.
When this had elepsed the layer of peraffin wes easily chip-
ped off and the eyeball treated henceforth in the same man-
ner as the control. In the ceses in which ox eyes were
used, the eyeballs were obteined from the slaughterhouse
with ag l1ittle delay ss possible, gnd were looked upon for
all practical purposes &s fresh. In the case of fhe other
animels (dog, cat, raebbit) the eyes were obtained in the
laboretory and fixation took plesce immediately after the
death of the animal.

(2) Experimentel Details:

Experiment 1: Ox eye, sutolysis for 16 hours &t room

temperature. Fixation in picro-formol solution (a fixetive
which was successful in the case of the ox-eye although
less setisfactory in the delicste rsbbit retins).

‘Sections stained by Weigert's iron-hsematoxylin method
showed merked disorgenisation of the rods &nd cones. The

"pelisade" arrangement of this layer was g£lmost unrecognis-
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able. Under low msgnificetion the other leyers of the re-
tina =zppeared practically unchanged when compsred with the
control. The external and internal nuclear layers were in-
tact and separated from one snother by the outer plexiform
laeyer (which was of spparently normal thickness). Under
higher magnification the cells of the external nuclear lsyer
were seen to be densely steined and somewhet smaller then
normal. %The "cogwheel" arrangement was still recognisable.
The cells of the internel nuclear leyer showed a reticulum
in the form of more or less redieting strands eround the
deeply stained central nucleolus, snd were on the whole
slightly less sherply defined than in the control. The in-
nermost cells of this layer ("centrifugsl cells") with their
downward-pessing processes were somewhet densely stained
end stood out in strong contrast to the more feebly steined
cells in the rest of the layer. The cells of the ganglionic
leyer were well preserved. Their processes stood out dis-
tinctly end the nuclear reticulum wes well defined.

There was some blurring of the edges of the chromstin
grenules of the genglion cells which were stained with
Toluidin blue. The fibres of Muller stood out distinctly
both as regards their nuclei and their fibrous expansions in
the nerve fibre layer.

Taken as & whole the changes which occurred in the ox-

eye &s the result of sutolysis for 16 hours are not well-
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marked &nd resolve themselves into:-

(1) Disorgenisation of the rods snd cones.

(2) S8light reduction in size of the rod and cone nuclei
with & tendency to diffuseness of staining, al-
though "cogwheel" wes still manifest.

(3) S1ight loss of prominence in the cells of the in-
ternal nuclear layer, with prominence of Miller's
fibres 2nd the centrifugal cells of the leyer

(4) S1ightly increased prominence of the protoplasmic
expensions of the ganglion cells which are thrown
into relief by the commencing disorgenisation of
the ground substance of the retina.

Experiment II: (Fig. XI). Ox-eye. Autolysis for 24

hours (room temperature).

A. Pixation in 50% slcohol. Staining by Weigert's
iron-heemetoxylin and Toluidin blue.

Upder a low power the layers of the retina still ap-
peared separate from one sanother. Under higher megnifica-
tion the rods &nd cones were distincfly disorganiced although
a "pelisade" formetion was still suggested. The nuclei of
the external nuclear layer showed a fsir smount of detsail,
but there was & tendency to blurring of the edges snd loss of
"cogwheel" merking.

The internel nuclei showed & well defined chrometin
network but there wes & tendency to enlasrgement of the
spaces between the threads end & genersl "rarefaction”.

Meny of these spaces eppesred full of fat. The nuclei of
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Mille¥s fibres were deeply stained. The ganglion cells both
in the iron-hsemetoxylin and Toluidin blue preparetions
showed commencing degeneration. There wes erosion of the
inner aspect of the cell, and clear fat-like bodies could be
discovered in many. There was & tendency to diffuseness of
steining, end the Nigsl granules had commenced to coalesce.
The processes were not so well—marked as in Experiment I
(picro-formol fixstion’.

Spaces which looked 1ike vacuoles were in all probabil-

ity fat-globules.

B. In snother specimen in which fixation was (1) by
Hg012 (sat. 80l.) and staired by Toluidin blue, practically
the same appesrances were obtained, viz:- the geanglion
cells were pele and had eroded inner margins. The cell
procescges were not well defined. The nuclei were well pre-
served. The outer end inner nuclear layers were not much
chenged. The rods and cones, however, were much disorganis-
ed.

(2) In the part of the same retine fixed in 50% al-
cohol the genglion cells showed rather more shrinkage and
diffuse steining than existed in (1). The externel and in-
ternal nuclear layers hed become approximaeted owing to the
collapse of the outer plexiform layer, and the cells of
these leyers showed diffuse steining.
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The discrepency which exists between B (2) and A may
be expleined by the fact that in the former a somewhet longer
interval had elapsed before the eye was transferred to the
leboratory, and that post morten changes hed already set in.
The difference between B (1) and B (2) probably lies in the
fect that, whilst fixstion in the one case was procured by
meanse of HgClp, in the other it wes by alcohol. The latter
reagent in our experience is the most satisfesctory fixative
for the Nigsl method in fresh tissue, but in the sutolytic
retina, where the ground substence is unduly fragile and
liable to shrinkage, the unfevoursble agpect of alcohol &s
& fixetive is more pronounced than is the cese in fresh, re-
sistant tissues. (One does not necessarily conclude from
this that in the case of easily damaged tissues corrosive

sublimete is to be preferred to alecohol).

C. Another sample of autolysis for 24 hours showed
8till more pronounced chenges in the outer layers - the 4if-
ferentiation between ﬁhe outer and inner nuclear layers hav-
ing become lost owing to the almost complete disappearance
of the outer plexiform layer. The genglionic cells, however,
exhibited practicelly the seme features &s in the other

specimens.

Experiment 1I1: (Fig. XII) Ox-eye. 48 hours. (room

temperature].
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Fixation in piero-formol solution. Steining in Toluidin
blue.

In the sutolytic retina the layers were seen to be well
differentiated, the plexiform layers being still recognis-
able.

’The leyers of rods and cones, however, were entirely de-
void of pelisesde structure. The external nucleil were dense-
ly steined but there was s8till indiceation of the chrometin
network ("cogwheel™). The cells of the internsl nuclear
layer also were deeply stalned, and the details of structure
were much more obscure than in the corresponding cells of
the control. %he genglion cells showed well-defined, dif-
fusely stained précesses which stood out z2gainst the surround-
ing tissue. %The Nissl granules which were to be observed in
the control, were sometimes scarcely indiceted in the auto-
lytic retina, their place being taken by diffusely stained
cell-contents.

Presorvation of the genglion cells in this specimen
wag on the whole little inferior to that in Experiment II,

a fact which showed thet sutolysis, even after 48 hours,
had produced mervellously little chenge in the ganglion

cells.

Experiment IV: Ox-eye. Autolysis for 24 hours at 37° C.

The "enveloped" eye was placed in the incubator for 24
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hours, after which fixation was carried out (at room temper-
ature) in pilero-formol solution. The control was left in
ricro-formol for 24 hours in the incubator, after which it
wag treated at room témperature. Staining by Weigert's
iron-heematoxylin method. In the control, by the picro-
formol method, the rods and cones sre well defined. The ex-
ternal nucleasr layer showed the usuzl ganglion reticulum
("cogwheel") etec. The nuclei and processes of the ganglion
cells were well stained and the retinal vessels with their
cepillaries passing obliquely across the inner layers were
particularly well demonstrated.

In the sutolytic retine the rods &nd cones as such were
no longer recognisable. The externsl nuélear layer wes very
much broken in outline, encroaching frequently upon the in-
ternal nuclear layer. The cells of the former were very
deeply stained and exhibited practicaglly no deteil of
structure. They were small and globular, the "cogwheel"
merking being sbsent. The internsl nuclei showed a fair
amount of structurel detail but were considerably less well
preserved than those of the control. The genglion cells
showed erosion of their inner edges. The nuclei ﬁere dense-
ly stained and fat-globules were present in the cell. Under
high magnification thers was & general tendency to deposi-
tion of fat in the fomm of fine globules. The cell processes

were conspicuous. Miller's fibres were reduced to the form
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of granular messes, their nuclei being densely stained and
devoid of detail.

Thue We find in this experiment that subjection to heat
has hastened the process of autolysis to & certain extent.
The condition of the supporting structures is as much sd-
vanced'as is the case in autolysis for 48 hours at atmosphere
temperature (as evinced by the condition of Miller's fibres)
and the degemeration of the nerve elements is likewise much
in advance of the condition found in esutolysis for 24 hours

at the lower temperature.

Experiment V: (Fig. XIII) Ox-eye. Autolysis for 72

hours &t room temperaturs.

Fixation in Muller's fluid. No control preparastion.
The rods and cones were reduced to an amorphous debris. The
retinel elements were fairly well differentiated into layers,
but there was encroachment of the external nuclear layer in-
wards et places. The nuclei of this layer were circular,
smell and densely steined, being devoid of &8ll detall ("cog-
wheel"” etc.).

The cells of the intermal nuclear leyer were not well
differentiated, only here and there was there an indication
of the usuel chrometin network. The nuclei of the blood
capillaries were to be .seen at places throughout the inner

layers. The nerve fibre layers showed indicetion of fibrous
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structure. fThe ganglion cells hed persisted well and ex-
hibited very fair nuclesr structure. (The granules of the
cell body were not brought out well by the fixative). Vaec-
uolastion (fat globules) was present in many of the cells.

miller'e fibres were scercely visible.

Experiment VI: (Fig. XIV) Ox-eye. Autolysis for 90

hours et room temperature. Fixetion in 50% alcohol. Stain-
ed by Toluidin blue and by Haemslum and Eosin. No control
preparation.

The external end internal nuclear layers were more or
less fused together and the normal stratification of the
retina was often lost to view. It was not always easy to
determine the layer to which the verious cells belonged,
since the cells of the nuclear leyer hed lost all internal
detail and appeared merely &s small round spherical homogen-
eous bodies. The ganglion cells were still recognisable,
and under low magnification appeared to show fairly good
preservation. They were, however, more rounded in outline
then normael, the processes having elmost entirely disappear-
ed. The nuclei were often eccentric and were densely stain-
ed. Uunder high power the ganglion cells were seen to con-
tain numerous fat globules, the whole cell having & "stippled™
appearance. There was occasionel evidence of Nissl granules

but these bodies, when present, were blurred and washed out
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at the edges. Occasionally & long distorted dendritic pro-
cess was seen in the degenersted ground substsnce. Here and
there one found & well preserveq nucleus showing the typical
chrometin network, the cell body of which was almost absent.
Erosin apparently always began on the inner aspect of the
ganglion cell. The capillary framework was in many places
perticularly well demonstrated, the vessel walls apparently
persisting for a considerable time.

In this experiment zutolysis had been allowed to go
on longer than in any of the others. We find in it that
collapse of the outer layers is almost complete; persistence
of the innermost layers (ganglion and nerve fibre layer) is
ﬁarked. Degeneration of all the "supporting" tissue evident-
1y occurred before that of the true nerve elements, & point
which emphesises the differentiation between these struct-
ures. Degeneration occurred from the periphery of the cell
inwards, the processes and cell body disappearing in meny
cases when the nucleus and central portion of the cell were
tolerably intect. The cases in which the processes of the
ganglion cells were conspicuous were to be explained by the
fact that the ground substance being much degenerated, the
comparatively resistant ganglion cells showed up with merked

distinctness.

Experiment VII: Rabbit eye. Autolysis for 18 hours.
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Room temperature. Fixstion in 50% alcohol. Stained with
Toluidin blue.

The externsal end internel layers were still fairly sep-
arate from each other by the externsl plexiform layer. The
rods end cones were no longer recognisadble, having entirely
lost their "palissde" arrangement. Miller's fibres were
prominent. The cells of the externel nuclear layer were
densely stained but often showed chromatin network ("cog-
wheel"” merking and "cross-striping”). The nuclei of the in-
ternal nuclear layer were "rarefied", the chromatin thresds
being attenuated and the interspaces enlarged. The genglion
cells showed well marked Nissl granules, but there wes a
blotchiness of the granules, especially of those at the
periphery of the cell. There was & ragged appearence of the
cell margins, which was not - es was the cese in the ox -
chiefly confined to the inner aspect. The nuclei of the
ganglion cells were somewhat densely stained, at others they
were "rarefied" with only an indication of the normal struct-
ure. On the whole the retina was well-preserved as compared

with the following two experiments.

Experiment VIII: (Fig. XV) Rebbit eye. Autolysis

for 24 hours &t room temperature. No control preparation of
this experiment was kept. Fixetion in 50% slcohol. Stained
by Toluidin bdlue and Weigert's iron-hsematoxylin.



43

The' rods and cones had practically disappeared. The
fibres of Miller in their outer segments were almost invis-
‘ible, but were well marked in the region of the nerve fibre
layer. The external nuclei showed slight evidence of cross-
striping. The externasl plexiform leyer was more or less
collapsed but showed occasional "cogwheel" markings. The
chains of chromatin, forming the network in the bipolar
cells, were broken up and the spaces between them enlarged
so thet the cells often eppesred devoid of contents. The
genglion cells were much eroded st the edges and were rare-
fied. Their nuclei were generally féirly well preserved,
but the cell-bodies were very fregmentary. Nisll granules

were almost completely ebsent.

Experiment IX: (Fig. XVI) Rabbit eye. Autolysis for

45 hours et room tempersture. Fixation in 50% alcohol.
Stained in Toluidin blue.

The retina hsd collapsed esg a whole and the portion
available for examinetion wes considerably reduced. The
differentiation into layers at places was completely lost.

The nuclei of the external nuclear layer occasionsally
showed cross-striping, but there wass no "cogwheel" to in-
dicete the network of chromatin. Miller's fibres were still
more or less existent. There was & general tendency to 4if-
fuse staining in the cellular elements. Rhe number of

recognisable genglion cells wes smell, their nuclei often
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being a&ll that was left to maerk their existence and the
cell body, if present, was much vacuolated. The processes
were almost non-existent. The nerve fibre layer was on the
whole well preserved. Owing to the grester delicécy of the
retina of the rabbit, the autolytic tissues were very lisble
to injury from technicel manipulation. The finer gradua-
tions between the fresh condition and the more pronounced
stages of sutolysis were not demonstrsble. As compared ﬁith
the ox-sye one observed that the fibres of Miller were more
resistant in the rabbit and the ganglion cells slightly

less so.

Experiment X: (Fig. XVII) Kitten's eye. Autolysis for

48 hours at room tempersture. Fixation in 50% elcohol.
Steined by Toluidin blue and by Heemalum end Eosin. (This
animel hed been ansesthetised for several hours and the eyes
were obtained about an hour after death).

In the control we found that the rods end cones showed
a slight fueion of their outer extremities. The nuclei of
the externsl nuclear layer were arrsnged in many tiers (from
4 to 6) the nuclei being elongated end rether densely steined.
The chromatin network wes very well demonstrated ("cogwheel"
and "cross-striping”). The internal nuclei were full of
chromatin arranged in a'fine network. The ganglion cells

showed discrete well stasined Nissl granules &rranged in con-
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centric lines earound the nucleus. The nucleolus was small
ené deeply stained. The processes of the ganglion cells
were often very conspicucus. The blood cepilleries were
seen passing along the inner border of the outer plexiform
layer, thelir endotheliasl nuclei being sometimes difficult
to distingulsh from those of the horigzontal cells of the
internsl nuclear layer.

In the sutolytic retina there was considersble collapse
of 211 the elements. The rods gnd cones were no longer vis-
ible. The nuclei of the external nuclear layer were rep-
resented by smsall circuler densely stained messes of chrom-
atin with elmost complete loss of detail. The nuclei of
the internal nuclear layer were devold of cell-body end
showed only slight evidence of & chromatin nuclear network.
The nuclei of Miller's fibres were often densely steined.
The ganglion celle hsd, &s a rule, rounded outer margins and
eroded inner margins. The protoplasm of the cell body head
& "gtippled" appearance. Nissl granules, when present, were
blurred in outline. The nuclei of the genglion cells often
appesred prascticslly normal, except for some wrinkling of
the nuclesr membrene. There was not much vecuolation in
any of the cells. Some cells appecred almost normasl except

for & slight loss of sherpness of detail.

Experiment XI: Kitten's eye. Autolysis for 90 hours.

(Room tempercture) Fixestion in 50% alecohol. Stained in
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Toluidin blue, 2nd in Haemalum and Eosin. (This animal hsaéd

been the subjéct of & prolonged metebolic experiment).

Control: Haemslum snd Eosin. The rods and cones were
somewhet disorgenised, and the external nuclei were densely
stained ehowing 1ittle internal deteil, although a "cross-
striping" was present.

The internal nuclei showed feir chrometin network in
the hgemelum and eosin specimens. The genglion cells showed
vacuolation (fet globules) in many of the cells, even where
there were typical appearances of Nissl granules and absence
of diffuse steining. The edge of the cells, however, were
often regged and the processes were short. The small type
of ganglion cell with eccentric nucleus and scanty proto-
plasm generslly showed well stained Nissl granules, although
there was often a "washed-out" appearsnce of the chrometin
which indiceted thet the cells were in & more or less ab-
normal condition.

In the sutolytic eye the appesrance were very different.
The rods and cones were invisible as such, and the various'
layers of the retina hed become fused. The externsl snd in-
ternal nuclei under low power view were not to be distinguish-
ed from one another, both being represented by small shrunken
densely stained spheres. Higher megnification did not re-

veal any differentistion of the chromatin into & net work.
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No Muller's fibres were to be found, and the nuclei of these
fibres were indistinguisheble from the others of the inter-
nal nucle&r lasyer. The genglion cells were much reduced in
number. When present, they were seen &8 large, somewhsat
spherical, isolated cells, having & very finely grenular,
densely stained nucleus. The processes had disappeared.
In some cells the inner masrgin hed eroded (as in the ox-eye).
Fat globules occurred frequently &nd Uissl greznules were
generslly ebsent. The nesrest spproesch to the normel con-
gisted in a very finely granuler condition of the cell proto-
plssm, with faintly outlined dendritic processes.

The preservation in this retina wes on the whole much
the same ss thet of the ox-eye for the seme period of

autolyeis. (Expt. VI).

Experiment XII: (Fig. XVIII) Dog's eye. riutolysis for

46 hours (room temperature). Fixatipn in 50% alcohol.

Steined by Toluidin blue, Thionin end Heemslum end Eosin.

Control: The preperations steined by Thionin showed
fairly well defined nissl grenules, but there was slightly
more stsining of the ground substence than wes the case in
Toluidin blue. In the lastter the granules stood out sharply
defined against the colourless beckground. The dendritic
processes of the genglion cells were excellently stained in

&1l the preparstions. The nucleus was somewhet more densely
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steined by Thionin then by Toluidin blue. Vacuolstion wes,
a8 & rule, ebsent. The blood capillaries sppeared conspicu-
ous a8 they crossed the internal nuclear layer to rezch the
external plexiform layer.

In the sutolytic eye the rods end cones had become com-
pletely grenuler end unrecognissble as & palisade structure.
The nucleer layers had become slmost fused, the outer plexi-
form layer being greatly reduced in bresdth. The external
nuclei were densely steined and exhibited practicslly no
structural detail (no "cogwheel" or "cross-striping”). The
"eentrifugal” cells of the internal nuclear layer were fair-
1y well preserved &nd showed considersble nuclear detail.
‘he "horizontel" cells 2lso were to be recognised. The
genglion cells showed erosion of the edges of the largest
cells. The differentiantion of the chromatin into grenules
weg lost, the ground substence being diffusely stained. The
nuclei were often diffusely stained &nd lacking in detail.
There was vacuolation, especially in the medium sized cells.
The cell processes were sometimes well preserved and stood
out sgainst the degenersted supporting elements.

On the whole, however, the genglion cells in this
specimen were well preserved, in meny the presence of fairly
typicel Nissl granules being demomstreble. Erosion of the
cells spparently begen on the inner aspect, i.e., at the

side towards the axis-cylinder, slthough the nerve fibres
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themselves were comparaetively resistant. It was the epi-
thelial-like elements of the retina (rods end cones) which
rerished early, the more purely nervous structures (nerve
fibres, genglion cells) being preserved for & considerable
time. The delicate terminals, however, of the external
rlexiform layer eerly succumbed, ellowing of fusion of the
nuclear layers.

The prineipel points to be noted in these experiments
ere orosion of the margin of the ganglion cell with diffuse
steining of the protoplesm, sbsence of definite Nissl gran-
ules eand degenerstive chenges in the nuclei. Shrivelling of
the cells took place gnd wes probsbly the ultimste fate of
all the cells, but one wes struck with the sbsence of marked
shrinking of the cells, when compared with the results of
Birch-Hirschfeld end others whose experiments were concerned

frequently with & shorter period of post morten degeneration.

(3) Discussion of Results:

It is seen from the foregoing that the esppesrances in
the retins which sre essociated with post morten chenges
are very different from those which occur ss the result of
operetive conditions during 1ife. We heve seen that the
ganglion cells which, in the case of section of their saxoms,
readily tend to degenerate, sre comparatively resistant to

post mortem chenges, cells which show tolerably good preserve-
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tion being found et a2 period of 90 hours after dezth (in
the case of the ox eye) 46 hours (in the casse of the dog),
end 45 hours (in the case of the rabbit). In the outer
leyers, however, we find degeneration setting in with con-
siderable rapidity in the direction of from without inwards.
The rods and cones are the first of all the elements to de-
generate, disappearing in the case of the ox before 16 hours
and in the rabbit before 18 hours, in the dog not entirely
disappesred at 46 hours. 7The nuclei of the rods and cones
begin to show degenerative changes about the seme time and
the nuclei of the inner nuclear layer somewhat later.

In the experiments described, the short periods given
for easch gnimel sre those at or gbout which the first def-
inite chenges were masde out. #or example, in the cese of
the ox, where the changes of 16 hours are defined, it is to
be understood that changes may occur at & period less then
thet but they sre so slight and show so little progression
that one hes not placed undue importence on their recurrence.
Seversl hours seemed to produce little effect on the cells
when the eye wes sesled from the stmosphere, end one's ob-
jeet was not so much to set a 1limit upon the onset of
changes as to investigete the various layers. In the case
of the rebbit retina it is true that changes set in before
18 hours, but they are not so pronounced and one has select-

ed the periods st which definite changes are to be observed.
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In the series described by Birch-Hirschfeld changes are
met with in a1l the elements as eerly ss 2 hours efter death,
and have ended in complete destruction &t 18 hours. The
difference between such results end those of the present
series in which well preserved genglion cells are met with
et & period of 45 hours (see Fig. XV) is probebly accounted

for by the fact thet in the former cese putrefection was not

excluded &8 & caussl fuctor wheress in the latter the pos-

sibility of its occurrence was reduced to & minimum.

- - -

I etk ek e
[
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PART 1III - CONCLUSIONS

- e -

- The renge of veriebility amongst the so called normal
ganglion cells. of the retina, is considersble, eand the dif-
ferences are so marked ss to lesd to the conclusion thet

the features described under the term chrometolysis are not

necessarily pathologiceal.

The smeller genglion cells of the retina seem to be
specially 1isble to changes, and abnormesl small cells are
prevalent in the control experiments. They are neglected in
the present investigaetion. The large multipolar cell, which
in the heslthy retins is of most frequent occurrence, ap-
resrs much more steble. This cell contzins & central nucleus
with one or more nucleoli, and shows when treated by the
aleohol - Toluidin blue method - sherply defined Nissl gran-
ules of different sizes srranged more or less cgoncentrically
around the nucleus, the ground substance being quite colour-
less. Departure from this type to any marked extent mey be

teken to indicate sbnormal changes.

It is the ebsence of truly normel cells in eny retina,

rather then the occurrence of isoleted sbnormel cells thet
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indicetes & pethologicel condition. When the number of
normal cells is nil, and thet of abnormel cells is excessive,

degeneration is feirly esteblished.

The grsdual sequence of chromelytic chenge (swelling of
the cell-body, eccentric position of the nucleus, diffuse.
gsteining of the protoplesm, vecuoletion etc.! is not demon-
streted by the retinal genglion cells. One is not elways
eble to demonstrate the changes between the first trace of
degeneration in & cell (loss of definition in the Hissl
granule) and complete atrophy. Almost normsl cells may be
found side by side with others in which there is diffuse
staining of the protoplasm and nucleus, or others in which
the cell is pale and contains smell dust-like particles.
Degeneration of any cell is indicsted by the early loss of
definition in Nissl granules and by the final or sirophic
stage of the process. Vacuoletion is met with in the con-
trol with st lesst &s much frequency es in the operative,
end probsbly does not represent & pathological condition in

vivo.

As & result of section of the optic nerve the fibres
of which constitute the axons of the genglion cells of the
retine, degeneration of the genglion cells sets in as early
a8 48 hours after operstion. Degeneration advances with

the lapse of time, is marked at 3 weeks and is complete at
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38 weeks, 21l the cells being atrophic. The gaenglion cells
are the centrsl sensory neurones of the retine and sre there-

fore seen to perish upon section of their central processes.

Practicelly no change teskes place in the cells of the
outer and inner nucleer layers which are the more peripheral-
1y situated neurones existing in contiguity with the genglion
cells. They are therefore seen to remain unchanged when
connection with the central neurones is severed, thus show-

ing that there is independence of such peripheral neurones.

The fact that these peripheral retinel neurones have no
special power of reéistance is illustrated by the series of
autolytic experiments in which degeneration was seen to oc-
ecur in’the reverse order from that of the optic nerve sec-
tion experiments. The layer of rods end cones with their
nucleil degenerate first, the inner nuclei being next to per-

ish, the ganglion cells being comparetively resistant.

In conclusion I wish to record my sense of great in-
debtedness to Professor D. Noel Paton under whose constant
supervision this work has been carried out; slso to Dr. G.
Herbert Clark of this Laboratory for assistance in the opere-
tions.

The photo-micrographs were taken by Mr. Richerd Muir,

Edinburgh. The camera lucida drawings are my own work.
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EXPERIMENTAL SECTION OF THE OPTIC NERVE IN A MONKEY

D e e

The following experiment wes not completed in time to
allow of the results being incorporated with the preceding
series, but one feels Justified in meking & note of the ex-
periment by reeson of its heving been performed on one of
the higher animals.

I have not come across any description of experimental
section of the optic nerve in the monkey which would bear
upon the present investigetion, and although the results in
this case were not uncomplicated, I feel it may be of inter-
est to record the history of the experiment. Two facts are
t0o be noted in connection with this experiment, viz:- That
it is somewhat difficult to obtain healthy apes for exper-
imental purposes, and also thet the operation of section of
the optic nerve in the small monkeys at my disposal is ex-
tremely difficult, the nerve being almost inaccessible ow-
ing to the depth of the orbitel cavity. One operation was
performed in the orbitsl cevity and resulted in buttonhol-
ing of the globe,and had to be discarded. In the present
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operation (Kraulein's) the nerve was approached from the
cranlel cavity, a portion of the temporal bone being removed.
In the menipulation of this difficult operation I was
esslgted by Dr. T. Graham Brown of the Physiological Depart-
ment, eand I gratefully acknowledge his help.

HISTORY OF EXPERIMENT:

| The animal was & small elderly female, badly nourishead.
Ether ansesthesis was used. Due antiseptic precautions be-
ing observed, & large wedge-shaped portion of the external
wall of the orbit was removed, and the optic nerve isolated
and divided far back in the orbital fossa. There was slight
haemorrhage after division of the nerve, but this was easily
controlled and appeared to come from the extrinsic vessgels.
There was slight contraction of the pupil after section.

Examination of the fundus showed little or no change in

the vessels of the disc (see Fig. 184) which shows that the
vessele of the retina remained full of blood. The animal
recovered from the ansesthetic immediately. THere was some
redness and effusion of the eyelid for a day or two after
the operation, but this condition pessed off and the eye
appeared normal except for the presence of ptosis which had
resulted from dragging of the eyelid into the wound on the

temple.

The animal did not appeer at any time much inconven-
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ienced by the operation, the left eye apparently being able
to do duty for both. UNine weeks later the eye looked clear
and healthy. There was still slight ptosis of the upper
eyelid. Ophthelmoscopic examinetion of the fundus with
homatropine showed extreme pallor of the disc. Vision in
the eye was nil. fThe animel was killed 25} weeks after op-

eration.

HISTOLOGICAL EXAMINATION:

The eyes were removed immediately efter desth and were
fixed with as 1ittle delay as possible. There was no sign
of phthisis bulbl in the operated eye. The cornea in each
was removed as well &s lens vitreous ete. The retine in
the operated eye appeared in parts considerably attenuated,

| especially towerds the ora serrata. The cup thus formed
wes in each cese divided into four parts and these were
treated by vaerious fixatives, the corr63ponding portions
being taken from both for the same fixetive. The fixatives
employed were (1) HgClp set. sol. (2) 75% alcohol.
(3) ebsolute eleohol ¢+ 0.75% of emmonia for silver impregna-
tion snd (4) Miller's solution. The tissues were embedded
in paraffin. Silver impregnation was unsuccessful in both
cases. In the sections fixed by HgClp and 75% elcohol
Poluidin blue was the stain employed. In (4) Weigert's

rapid iron haemetoxylin method was used. In the case of
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(2), i.e., the zlcohol material, the retine wes so thinned
out thet 1ittle could be made out from it. The observa-
tions were mostly taken from the material which was fixed
in HgClp.

As the retina of the monkey presents features somewhat
different from those of the rabbit a slight sketch of the
various elements may be outlined. LAs will be seen from
fig. 18a, the normel retina consists of three layers of cells -
the outer end inner nuclear layers and the layer of genglion
cells. The nuclei of the outer layer are in rows, three or
four deep, and sre oval or roughly spherical in outline.
Their chromatin is distributed in the form of 2 to 5 small
ragged masses irregularly grouped in the cell. The outer
layer therefore differs from the cross striped arrangement
met with in the rabbit.

The nuclei of the inner nuclear layer are arranged in
rows uniformly 3 deep. These nuclei are slightly larger
than those of the outer layer and stain less intensely.
Their chrometin is strewn somewhat irregularly throughout
the cell.

The ganglion cell layer contains numerous blood vessels
end smell glial cells. The genglion cells occur &t frequent
intervals and are seen to be of varying sizes. The most

conspicuous type are the large multipolar cells with more or
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less centrally placed nucleus. The inner plexiform leyer is
& Well developed closely granuler layer occurring between
the genglion cell layer and the inner nucleer layer. In
the outer plexiform layer two distinct strata esre to be
seen, viz:- & narrow inner band which is dense in character,
and a broader outer bend conteining large spaces traversed
by trabeculae which pass upwards to the outer nuclear layer.
Towards the region of the orz serrata these spaces are very

large and give the appearance of cysts.

OPERATED EYE: From the absence of any definite signs of inflam-
metion in the eyeball and no phthisis bulbi no undue loss of
nutrition such as would result from section of the ciliary
nerves etec., we would be justified in inferring that the
chenges produced in the retina were those resulting from
gection of the optic nerve alone. In maeny places the retina
is very attenuated, being reduced to the merest membrane.

At the parts, however, where the retina appears most intact
one is able to examine the vasrious lsyers and compare with
the corresponding layers in the control. In the outer
nucleer layer at these perts 1little or no change is to be
seen in the operated eye (fig. 18e). There is perhaps a
s8light loss of definition in the chromatin granules, but it
is not marked. Similarly in the case of the inner nuclear
layer practically no change is to be seen in the cells them-

selves as result of the experiment. There is, however, con-
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siderable thinning of the layer as & whole, the lsyer con-
gigting sometimes of only one row of cells. The ganglion
cells sre practically absent. When found they are atrophic
in the extreme. In this layer, however, many other cells
are seen, among which are the extruded cells of the inner
nuclear layer, and many neuroglial cells.

The blood vessels are of good calibre &nd full of bdlood,
which indicates that the blood supply of the retina has not
suffered (see fig. d).

The specimens which were fixed in Muller's fluid and

stained by Weigert's method, do not add anything to the above.

This case, while not entirely satisfsectory owing to the
thinning of the retina and age of the enimel concerned,
shows however in the well preserved perts of the retina sim-
iler features to those met with in the case of the experi-
ments in rabbits and may therefore be included with the lat-
ter as confirmetory of the general result of the investiga-
tion, viz:- thet the periphersl sensory neurone is capable

of independent existence.
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n " Wagenmann (53)

(2) DESCRIPTION OF PLATES:
Pig. I: Experiment II. 48 hours after section of the optic

nerve.

(a) Operetive. Tol. Blue. Photomic. X1000. showing gang-
lion cells somewhat diffusely steined. In the one
to the left the nucleus is eccentric. The outer
retinal layers zre normsl.

(b) Control. Tol. Blue. Photomic. X1000. showing large
ganglion cell with discrete chromatin granules, and
centrally plsced nucleus. The outer layers are not
geen.

(e) Operative. Tol. B. Drewing (cem. luc.) oil m.m. 1/12.
genglion cells selected from different fields to

show the best preservation. Note, diffuse stsining
in most of the cells. The cells are smsller than

in (4)

(d) Control. Tol. B. Drawing (e¢.1l.) o0il m.m. 1/12. dif-
ferent types of ganglion cells which occur normally,
(a) 18 a2 so called 'mormal' cell, (b) is & rsrefied
or 'ghost' cell, (c¢) shows the nucleus eccentric.
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Fig. II: Experiment V. 4 days after section of the optie

nerve.

(a)

(b)

(e)

(a)
(e)

(£)

(g)

(h)

Operstive . Tol. B. Photomic. X.700, showing large
ganglion cell with somewhat diffuse staining. The
outer lsyers are normal.

Control. Tol. B. Photomic X.500. Although under

Tower magnification then (&) the genglion cells
show much greater detail of structure. The outer
layers contrast rsther unfevoursbly with those of (&)

Operative. Tol. B. Drawing (c.l.) oil m.m. 1/12.
showing genglion cells from different fields. Most
of the cells are small and stain feebly The
chromaetin granulee sre dust-like. No quite normsl
cells appear. (compare control).

Control. Tol. B. Drawing (c¢.l.) o.i. 1/12. gaenglion
cells from different fields. (a) "normel" cell,
(b) small cell with eccentric nucleus end peripher-
ally-situated granules.

Operative. silver impreg. Drawing (c.l.) o.1i. 1/1R2.
showing (e ganglion cell, (b) bipoler cell from
inner nuclesr legyer. Staining wes less successful
then in control. Vericosities not well marked.

Control. & in (e) showing (a) ganglion cells with

"“optic nerve fibres, (b! "horizontal cell" from
outer plexiform layer. Note frequent varicosities
on the fibrils.

Operative. Tol. B. Photomic. x 95C. To show normal
outer layers.

Control. Tol. B. Photomic x 950. Outer layers com-
pare unfavoursbly with (g)

Fig. 1II: Experiment VII. 8 deys after section of the

optic nerve.

(a)

Operative. Tol. B. Drewing (c¢.1l.] o0.i. 1/12. geng-
1ion cells selected from different fields. Note,

pele steining, and dust-like condition of the
Nissl grenules
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(b) Control, as in (a) genglion cells from different

: elde illustreting various types of cell, some of
which are not "normal". Normel cells are frequent
in the sections, however.

(¢) Operstive. Tol. B. Photom. X.1000, showing outer
layers normel. Note well-merked "eross-striping”
and "cog-wheel" in the outer nuclear layer.

(d) Control. Tol. B. Photomic. X.1000, showing outer
1ayer? which ere if enything less "normal" than
in (e

{e) Operative silver impreg. Photomic. X800, shows
large ganglion cell with dendrite passing upwards
to inner plexiform lsyer. The axon becomes con-
tinuous with an optic fibre (below!.

(f) Operstive silver impreg. Drawing (c.1l.), o.i. 1/12.
showing genglion cells with their processes. Note

absence of varicosities.

Fig. 1V: Experiment VIII, 3 weeks efter section of the

optic nerve.

(a2) Operstive. Tol. B. Photomic ZX1000. INote the dif-
fusely steining ganglion cell with what sppears to

be the extrmded nucleus (above).

(b) Control, &8s in (a). Large typical genglion cell in
centre; small cell to the right, showing degenersa-
tion (eccentric extruded nucleus gnd rupture of

cell)

Fig. V: Experiment 1X, 3 weeks after section of the optiec

nerve.

(a) Operative. Tol. B. Photomic X400, shows smell geng-
Jion cells which sre somewhet diffusely stalned and
have feeble processes. The outer layers are
normal

(al) same, X1000
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(b) Control, as in (a). Showing normasl genglion cells
and outer layers.

(bl) Seme, X900.

(c) Operative. Fixetion 50% ele. Tol. B. Drawing (c¢.1.)
0.1, 1/12. Showing smell diffusely stained geng-
lion cells. The larger cells seen to the left
show a dust-like condition of the chrometin.

(d) Control, &s in (e). Showing sherply defined Nissl
granules in the genglion cells.

(e) Operetive. FKixzation in HgClpg. Tol. B. Drawing
{e.1.7 o.i. 1/12. genglion cells from different
fields. %he cells are smaller than in control and

heve grester tendency to diffuse staining. Ho
"normel" cells are to be found.

(£) Control, a8 in (e). Ganglion cells from different
Tields. These cells illustrate the atypical cells
often met with in the controls.

(g) Operative. Fixation in formol sesline. Tol. B.
Drawing (c¢.1.) o.i. 1/12. Genglion cells showing
somewhat diffuse staining. Vacuoles are frequent.
The cells are smsller than in (h).

(h) Control, as in (g). Genglion cells showing large
Nissl grenules. Vacuoles &are met with.

Fig. Vvi: Experiment X, 6 weeks after section of the optic

nerve.

(a) Operstive. Tol. B. Photomic. X1000. The ganglion
cell in the lower part of the field shows somewhat
diffuse staining. The outer layers sre precticsl-
1y normel, the nuclei ‘of the rods end cones show-
ing e well-merked "cross-striping” end "cogwheel"”
arrangement.

(b) Control. Tol. B. Photomic X500, showing typical
genglion cell to left. In the cell to the right
the nucleus is eccentric end the pericelluler

space is comspicuous.

(bl) Seme, X950. To show outer leyers with normal ap-
pearances.
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(e¢) Operetive. Tol. B. Drewing (c.l.) o.i. 1/12. TNote
e much diminished genglion cells sas cémpared with
control. Steining is diffuse or there is a dust-
1like condition of the grenules. (a) represents
the nearest spproach to & "normel" cell.

(d) Control, as in (c). Note large typical genglionm
cells (&) and (b), with etypical forms (c¢) end (d).

(e) Control. Silver impreg. Drewing (c.1l.) o.i.1/12.
Showing ganglion cells (a) and (b) with adjscent
optic nerve fibres. (e) represents the varicose
fidbres of the internal plexiform layer. (d) fibres
of the outer rlexiform layer with a2 large "hori-
zontel cell" in the centre.

Fig., VII: Experiment XI, 15 weeks after section of the

optic nerve.

(a) Operative. Tol. B. Photomic. X1000. Note the sol-
itary genglion cell heving & scenty ring of proto-
plasm around the centrally situated nucleus. 7The
cells of the inner nuclear layer are normal. The
cells of the outer nuclesr layer ere densely stain-
ed and show less definition than in the control,
but still show indication of "cross-striping" and
"cog-wheel" arrangement.

(b) Control, &8 in (a). Showing deeply stained ganglion
cells glterneting with others which tend to become
rerefied. Note well defined "cogwhael" merkings
of outer nuclear layer. In this case the slides
to be photographed were not from strietly the same
regions in both as will be seen from the marked
preponderance of genglion cells in the control,
but the points illustrated are borme out in &ll
the other sections exemined.

(¢) Operative. Fixation in Formol Seline. Tol. B.
Drawing (c¢.1.) o.i. 1/12. Showing ganglion cells
much diminished in size. Diffuse intense staining
is the rule. There is no vacuolation. Pericel-
luler speces not enlarged. No normel cells are to

be found.

(d) Control, as in (e). Genglion cells from different
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fields. Note vacuolation in (a) enlerged pericel-
luler space in (b).

(e) Operative. Fixation in 50% aloohol. Tol. B. Draw-
Ing 70.1.) o0.i. 1/12. Ganglion cells from dif-

ferent fields. HNote small size of cells, diffuse
staining and sbsence of vscuolation. Pericellular
speces occasionally seen (&).

(f) Control, zs in (e). Showing meny normel genglion
cells (&) with others (b) less typical.

(g) Operative. Fixestion in HgClp. Tol. B. Drawing
(¢.1.) o0.1i. 1/12. Showing differentiation even

less well marked than in (e)

(h) Control, es in (g). Differentiation less pronounced
then in (g). .

(i) Control. Silver impreg. Drawing (e.l.) o.i. 1/12.
(&) Ganglion cell with axon towards the right.
(b) Ganglion cell with optic nerve fibdbres in juxta-
position. (e) Group of cells, the large cell in
centre being & "horizontel cell"™ from the outer
plexiform layer, the cells on the right being those
of the inner nuclesr layer, those on the left from
the outer nuclear lsyer. Vericosities are nowhere

well demonstrated.

Fig. VIII: Experiment XII. 16} weeks after section of the

optic nerve.

(a) Operative. Tol. B. Photomic. X1000. Showing
shrunken genglion cell. The protoplasm is diffuse-

1y stained and the nucleus is somewhat eccentric.
The pericellular space is seen. Protoplasmic ex-
tensions are scarcely visible (compare (b)).

(b) Control, &8 in (). Showing "normel™ ganglion cell,
with well defined upgoing process.

(¢c) Operative. Tol. B. Photomic. X960. Showing outer

layers which appear normal.

(d) Control. Tol. B. Photomic. X950. Showing outer layers
which if anything compere unfavoursbly with (c)
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(e) Control. Silver Impreg. Photom. X700. Showing
large ganglion cell with well-stained processes.
The exon is seen passing out (below) to become con-
tinuous with an optic nerve fibre. No vericosities
are evident.

(£) Operative. Tol. B. Drewing (e.1l.) o.1. 1/12. Geng-
lion cells much diminished in size. The chrometin,
when grenular, is 1ightly stained and is in the
form of fine dust-like particles. Usually, how-
ever, there is a condition of dense diffuse stain-
ing of the protoplasm.

(g) Control, as in (f). Ganglion cells show large well
defined HNissl granules. A few rarefied cells may
be seen (a).

(h) Control. Silver impreg. Drawing (e¢.l.) o.i. 1/12.
owing successful staining of the fibrous struct-
ures in the various cells.

Fig. IX: Experiment XIII. 38 weeks after section of the

optic nerve.

(a) Operative. Formol saline fixation. Tol. B. Photomic
X1000. Showing shrunken hyaline ganglion cells
with eccentric nuclei. The chrometin is diffusely
end densely steined. Their pericellular spaces
are not enlarged. Note that although definition
of the chromatin in the external nuclear layers
is not well merked the corresponding elements in
the control show similar charscteristics.

(b) Control, as in (a). Note genglion cell showing large
well defined Nissl grenules. The cells of the
outer and inner nuclear layers show scarcely bet-
ter definition then those of the corresponding
layers in (2).

(¢c) Operative. Fixetion in HgClp. Tol. B. Drawing.
{c.1.) o.1. 1/12. Ganglion cells from different

.fields. Note the small size and absence of well
defined Nissl granules. There is wrinkling of the
nuclear membresne, pericellular spaces sre not en-
lerged.
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(d) Control, as (c). Shows various types of ganglion
cell. In (o) there is diffuse steining. Note
presence of large cells with well defined Nissl
grenules, & type never found in (c).

(e) Operative. Fixation in Formol Saline. Tol. B.
Drawing (c¢.1.) o.i. 1/12. Illustrates the condi-
tion of atrophy in the ganglion cells. Note
shrunken cells and lack of vacuolation. Pericel-
luler spaces not enlarged. Diffuse staining is
prevalent, practicelly no granuler structure being
indiceted.

(£) Control, as in (e) genglion cells from different
fields, showing large well-defined granules. Note
vacuoles and conspicuous pericellular spaces.

Fig. X: Ox eye, sutolysis 24 hours (room tempersture)

I (a) Autolytic Eye: Fixstion in 50% alcohol. Heemelum
and Eosin. Photomic. X700. Lerge genglion cell
showing granular condition of the chrometin. The
nucleus is somewhat eccentric. The protoplasmic
processes gre prominent. The cells of the exter-
nal snd internal nuclear layers are considerably
more degenerated than the ganglion cells.

(b) Autolytic Eye. Fixation in 50% elcohol. Tol. B.

' Photomie. X1000. Large ganglion cell with slight
erosion of the cell margin. There is still a fair
degree of granulasr differentistion, but the stain-
ing tends to be more diffuse than in control. The
nucleus is deeply steined end is central. Proto-
plasmic processes not indicated.

(c¢) Autolytic Eye: Fixetion in HgClp, Haemalum and
Eosin. FPhotomic X500. The nucleaer layers are still
separated from each other by the outer plexiform
layer. The cells of the nuclear lasyers are shrunk-
en and densely stained. The gaenglion cell to the
left snd below is somewhat ghost-like. The rods
and cones have lost their "palisede” structure.

(@) Autolytic Eye: Fixetion in HgClp, Tol. B. FPhotomic
T X700. Note the dense staining in the somewhat

shrunken cells of the outer and inner nuclear lay-

ers. The ganglion cells tend to become diffusely

gtained.
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{e) Autolytic Eye: Tol. B. Drawing (cem. 1.) o.i. 1/12.
Genglion cells selected from different fields.
Note their well preserved condition. The processes
are often conspicuous. Granular structure is well
marked. There is occasionally & tendency to pale
staining and vecuolation.

(£) Autolytic Eye: Tol. B. Drawing (e.1.) o.i. 1/12.
Ganglion cells selected from different fields. The
smaller cells show rather diffuse staining. The
larger cells are somewhat ghost-like.

(g) Same as (7T)

II Control of I. Tol. B. Drawing (cem. luec.) o.i. 1/12.
Showing different types of normal cells (&) rare-
fied cell with eccentric nucleus. (b) cell con-
taining discrete Nissl grenules and eccentric
nucleus. (e¢) cell which is profusely vacuoleted,
(d) smell cell diffusely stained.

Fig. XI: Ox eye. Autolysis 48 hours (room temperature)

(2) Autolytic Eye: Fixstion in piero-formol. Tol. B.
Photomie X1000. TLarge ganglion cell with conspicu-
ous processes and well defined Nissl granules.
Nuocleus and nucleolus still well preserved.

(b) Autolytic Eye: Fixetion in 50% alcohol. Tol. B.
Photomic. Showing disorganisastion of rods and
cones. The large genglion cell in the centre of
field is somewhet diffusely stained, but is still
‘grenular. The nuclear layers show degenerative
changes.

(e) Control of (b). Large genglion cell in centre of
field shows well defined Nissl granules. Outer
layers well differentiated.

Fig. XII: Ox eye. Autolysis for 72 hours (room temperature)

(a) Autolytic Eye: Fixetion in Muller's solution.
Weigert's iron heemelox. TFhotomic X5C0. The ex-
ternsl plexiform layer is almost obliterated. The
cells of the outer and inner nuclesr layers are de-
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generated (shrunken, densely stained!. Targe
ganglion cell at lower pert of field shows some-
what eroded edges snd densely stained nucleus.

(b) Autolytic Eye: Fixastion in 50% alcohol. Tol. B.
Photomic X1000. Lerge ganglion cell diffusely
stained, but still granuler. Note protoplesmic
process on left. The outer layers are not all
shown in this field.

(e) Autolytic Eye: Fixstion in 507 alecohol. Heem. and
eos. Photomis X1000. Geanglion cells with erosion

of cell margins, but otherwise faeirly well preserv-
ed.

Fig. XIII: Ox eye. Autolysis for 90 hours (room tempersture)

(a) Autolytic Bye: Fixation in 50% alcohol. Tol. B.
Photomic X1000. Showing fusion of external and in-
ternel nuclear layers (the cells of the two layers
are scarcely distinguisheble from each other)
Ganglion cells densely stained but still showing
indication of grenules. The nuclei are deeply
stained.

(b) Control of (8) Lerge ganglion cell with strong up-
going process. The nucleus is eccentrie. HNissl
grenules leck perfect definition.

(¢) Autolytic Eye: Tol. B. Drawing (cam. lue.) o.i. 1/12
Genglion cells from different fields. Staining is
somewhet diffuse end often intense. The cell mer-
gins sre eroded. Protoplasmic processes generally
wanting. There is still indication of graenular
structure.

Fig. XIV: Rebbit's eye. Autolysis for 24 hours (room temp.)

Tol. B. Photomic X1000. Showing ghost-like ganglion
cell with eroded edges. f%here is still evidence
of the protoplesmic extensions. The nucleus is
well preserved. Granular structure still visible
in these cells.



68

Fig. XV: Rabbit's eye. Autolysis for 45 hours (room temp.)

Fixation in 50% alcohol. Tol. B. Photomic. X1000.
Large ganglion cell with well preserved processes.
The nucleus is central and is in s state of good
preservation. Nissl grenules sre present, but
there is a tendency to diffuse staining. The cells
of the inner nuclear layer are degenerated, but
less 80 than those of the outer nuclear layer.

Fig. XVI: Kitten's eye. Autolysis for 48 hours (room temp.)

(a) Autolytic Eye: Fixation in 50% slcohol. Tol. B.
Photomic X1000. Large genglion cell with densely
stained but still granuler protoplasm. The nucleus
is well preserved. The cells of the outer and in-
ner nuclear layers are almost completely degenerat-
ed.

(b) Control of (a). Note the large typical ganglion cell
with up-going process. The cells of the outer and
inner nuclear layers present marked contrast to
those of (&). Note the elongated rod nuclei with
several horizontsl interspaces between the chrom-
atin messes.

(¢) Autolytic Eye: PFixation 50% alcohol. Drawing (cam.
Tuc.) o.1. 1/12. Ganglion cells from different
fields. HNote the well preserved cell-processes,
in (a) the stein tends to be diffuse.

(d) Control of (¢). Showing genglion cells from differ-
ent fields; (&) typical cell; (b) rarefied or
ghost-1ike cell; (c) cell with tendency to diffuse
staining of the protoplasm.

Fig. XVIII: Dog's eye. Autolysis for 46 hours (room temp.]

(a) Autolytic Eye. TFixation in 50% alecohol. Tol. B.
Photomic X500. Showing degenerested cells of the
outer and inner nuclear layers. These  layers are
still separated from each other by the outer plexi-
form layer. The large genglion cell below shows
erosion. of the inner edges and diffuse staining of
the protoplesm. Granuler structure still recognis-

able.
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(b) Control of (a). Note the large typical ganglion cell
with well marked Nissl grenules, central nucleus
qnd up-going process. The cells of the outer and
inner nuclear layers are well differentiated.

(c¢) Autolytic_eye: Tol. B. Drawing (cam. luc.) o.i. 1/12
Ganglion cells from different fields. In (&) there
is profuse vacuolation and the cell margins are

. eroded; (b) cell with well defined process; (c) al-
most normal cell, showing tendency to diffuseness
of stain.

(d) Control of (e¢): Ganglion cells from different filelds;
(a] typrical cell with well-defined Nissl granules,
central nucleus, end well marked process; (b} some-
what rarefied cell, with eroded margins.

Fig. 18: Monkey's Eye. 251 weeks after operation.

(a) Control: Fixation in HgClg. Tol. B. Photomic X500
showing the various elements of the normal retina.

(b) and (c) Control as in (a) X1000. Showing the ganglion

cells, egnd inner nuclei. The outer nuclei zare seen
at the upper margin of (b).

(d) Operative: Fixetion in HgClp. Weigert's Haematoxylin.
Photomic X300. Showing well-filled blood vessels
in the retins. ‘

{e) Operative: Fixation in HgCly,. Tol. B. FPhotomie X1000.
Showing absence of genglion cells. Note the much-
thinned inner nuclear layer, the cells themselves
being well preserved. The cells of the outer nuclear
layer also are practically normal.
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