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PART I - IHTRODUCTIOH

(39)
Although one may accept in the general sense the neur­

one theory that the nervous system consists of innumerable 
anatomically independent cellular units, the processes of 
which exist in contiguity, but not continuity, with each 
other, the mutual relationship and interdependence of the 
neurones is a problem as yet unsolved. This is specially 
the case as regards the peripherally placed neurones. The 
object of the present investigation was to throw light upon 
the question; and the retinal neurones were selected for the 
purpose of experiment, the plan being to separate them from 
their central connection by section of the optic nerves, 
without interference with the vascular supply of the retina.

In the retina the peripheral neurones are the cells of 
the outer and inner nuclear layers, and, although the small 
size of these neurones renders them more difficult of ob­
servation than could be desired, yet the comparative sim­
plicity of their structure makes the histological examina­
tion tolerably easy.

The cells of the ganglionic layer on the other hand are 
conspicuous by their size and 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 as a 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 and are in 
connection with the optic nerve fibres which conduct stimuli 
through the various stations of arborisation (corpora 
quadrigemina, corpora geniculata externa, and optic thalamus) 
to reach the visual cortex.

The retina, optic nerve and optic tract are thus devel-
opmentally part of the central nervous system.

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

(1*5)by Barker, the bipolar cells of the inner nuclear layer 
are analagous to the spinal peripheral neurones of the 
dorsal roots, the ganglion 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 a comparison too far, and the 
alternative view, that the ganglion cells of the retina are 
analagous to the dorsal spinal ganglia is more generally 
accepted. The bipolar cells of the inner nuclear layer are



the peripheral sensory neurones which have their peripheral 
processes in oontaot 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 nerve.

Owing to limitations of space it is impossible to give 
a critical review of the general literature hearing 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 little 
or no assistance to ud, 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

{8 )made in the case of Birch-Hirschfeld who published in 1900 
the first of a series of retinal experiments, including sec­
tion of the optic nerve.

The value of his work is enhanced by the fact that he 
employed the Hissl method and described the fine histologic­
al appearances in minute detail so that his results have 
been taken as a guide in the present investigation. He cov­



ered a wide field in his experiments, investigating the be­
haviour of the retina in the rabbit under the influence of 
different pathological conditions, viz., electrical and 
thermal stimulation, section of the optic nerve and poison­
ing with various drugs (methyl alcohol, nicotin, quinine 
etc.}.

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 cases he operated from above, by means of a knob-point­
ed knife, and, although the operation was practically blood­
less, the ophthalmoscope showed almost immediate contraction 
of the retinal arteries. In one case he cut the nerve in­
tracranial ly , close to the optic foramen.

In his anatomical investigation he found considerable 
divergence from the noxmal 55 hours after operation, chrom­
atolysis having commenced in the case of the ganglion cells. 
The chromatin clumps had lost their sharpness of outline.
The nucleus was large, swollen, diffusely stained, and often 
resting almost upon the cell wall. The cells of the internal 
nuclear layer were small, 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 at 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 Jlissl granules 
had been replaced by a darkly staining, badly defined, 
crumbling mass, or were altogether wanting, their place be­
ing taken by vacuoles of different sizes. He emphasised 
the fact that these vacuoles were absent 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, a further series of experiments 
was desirable.
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PART II - PRESENT INVESTIGATION

A. RESULTS OP EXPERIMENTAL SECTION OF THE OPTIC NERVE

(1) Operative Technique:
The operation was performed with the usual aseptic pre­

cautions. The animal having been placed in a 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 comeal mar­
gin and situated about 4 m.m. from the latter. This incision 
extended for about 1 c.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 
conjunctiva from the underlying structures, as far back as 
possible. The superior rectus muscle was occasionally divid­
ed, but in many caseB this was not necessary. The "corneal" 
flap of the wound was then grasped in fixation forceps, and 
the eyeball rotated downwards. By gentle manipulation the 
eye was raised out of the orbital cavity (it was sometimes 
necessary to divide the outer canthus at this stage, if the 
palbebral fissure were small), turned sharply downwards and



retained in this position by the assistant. In this way the 
optic nerve (which in the rabbit enters the sclera above the 
horizontal meridian] came to lie high up on the wound and 
the nerve, after a little careful dissection, could be 
isolated. The dense tissue of Tenon's capsule which forms a 
funnel-shaped investment for the nerve and its adnexae is 
liable to cause trouble at this stage, the delicate vessels 
being easily damaged in making way through it. The nerve 
appeared as a slender glistening white cord and, having 
been lifted up on the tenotomy hook, was divided far back 
(i.e., clear of the central vessels) by means of scissors 
inserted, closed, and then opened merely enough to include 
the nerve. When traction was removed, the eyeball readily 
slipped back into the orbital cavity. Haemorrhage, when it 
occurred, as a rule, took place at 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, 
as the result of lesion of some of the long anterior ciliary 
nerves. The ulceration subsided in a few days (under bor-



acic douching), leaving a small leucoma.
In all cases total and permanent blindness of the eye 

appeared to follow from the operation, although the difficul­
ty of estimating the amount of visual perception in a rab­
bit makes one reserved in any statement regarding the physi­
ological condition?

The pupil which usually contracted to a pin-point at the 
moment of division of the nerve, gradually dilated, and re­
mained semi or fully dilated and inactive to light. Ophthal­
moscopic examination of the fundus never revealed more than 
some slight narrowing of the retinal vessels, with pallor 
of the "medullary 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 lasting inflammation. The cases in which 
the results were considered vitiated, for any reason, were 
rejected.

{2) Histological Methods:
In every case the same treatment was adopted for the 

control as for the experimental material.

xjfOTE: The method adopted was that of flashing the brightly 
illuminated ophthalmoscopic mirror on to the eye in the 
dark room. The response which, in the case of the con­
trol was immediate, although not very vigorous, and con­
sisted in twitching of the eyelids and shunning of the 
light, was entirely absent in the operated eye



Fixation: For successful demonstration of the flissl
granules, the most satisfactory fixative wes alcohol (50$ - 
75$). The tissue remained in this from a half to several 
hours, according to the size. Dehydration in several changes 
of absolute alcohol. Clearing was least injurious when car­
ried out in cedar-wood oil. Other fixatives employed, with 
less satisfactory results, were - HgClg (saturated saline 
solution), foTmol-̂ saline (10$ formalin in normal saline 
solution), and picro-formol, (pic. acid, aq. sat. sol. 75 
pts., formol 25 pts., acetic acid 5 pts).

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

Other stains for general demonstration were haemalum 
and eosin; and Weigert's rapid iron-haematoxylin method.

Silver impregnation: The chrome-silver method of Golgi
was found to be unsuccessful in these experiments, although 
a fair amount of success was obtained in the case of ox- 
retina.

The method of Cajal (formula II) produced very beauti­
ful results in many cases, but was seldom satisfactory in 
control and experimental of the same case.

Cox's method of sublimate and bichromate impregnation 
was not found satisfactory.
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Ehrlioh's intra-vitam method (hogiel’s modification) 

of methylene blue impregnation was employed successfully in 
one or two cases, hut was not of much practical value in 
these experiments.

(3) Experimental Details

Experiment I: Adult albino, 24 hours after operation.
So microscopic changes were discovered in the operative

eye.

Experiment II: Adult albino, 48 hours (Fig. 1}
Operetion practically bloodless. So inflammation en­

sued. Fixation of retina in 50% alcohol, and in 10%> Foim- 
alin. Sections stained by Toluidin blue and by Weigert's 
iron-haematoxylin method. Impregnation by Cajal's silver 
method was unsuccessful.

Microscopic Examination: The outer layers of the
retina showed no abnormality in the operative eye. The 
nuclei of the rods showed the chromatin arranged in the 
usual form of twin masses separated by a considerable inter­
space - an arrangement which may be described by the term 
"cross-striping". The fine serration of the edges of these 
masses, due to the presence of fine strands of chromatin 
passing out to the cell membrane across the intervening
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space, for convenience of description may be designated as 
"cog-wheeltt markings. In the operative eye these features 
were as well marked as in the control. The larger and more 
complex nuclei, generally looked upon as belonging to the 
cones, showed no variation from the normal, having the 
typical arrangement of the chromatin (i.e., three or four 
masses) with cruciform interspace. They were much less 
numerous than the rod-nuclei. The cells of the internal 
nuclear layer were normal and showed the chromatin arranged 
in the form of a loose tangled granular skein or network.

With regard to the cells of the ganglionic layer, a 
certain amount of blurring of the outline of the Uissl 
bodies was met with in the operative eye. Considerable 
variation in staining power was to be seen in the control, 
examples of cells in which the protoplasm was deeply and 
diffusely stained being fairly common. Most of the cells, 
however, in the control showed a high degree of differentia­
tion of chromatin which was practically never met with in 
the operative.

The fact that one found in the normal many cells ex­
hibiting the phenomena which, in the case of the cells of 
the central nervous system are usually classified as patho­
logical (viz., eccentric position of the nucleus, diffuse 
staining of the protoplasm with blurring of Wissl bodies, 
vaouolation, enlargement of pericellular spaces) led one to
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the conclusion that such phenomena must either "be due to 
artefacts or that they were themselves an expression of 
phases of functional activity.

Experiment III: Adult black and white rabbit. 48 hours.
Operation practically bloodless. .No inflammation en­

sued. Fixation in 10$ Formol-saline and in Muller's solu­
tion. Staining by Toluidin blue and Weigert's iron-haem- 
loxylin method.

Microscopic Examination: The ganglion cells in both
retinae were frequently profusely vacuolated, end pericel­
lular spaces were well-marked. The chromatin granules 
showed little or no variation from the normal, but the num­
ber of atypical cells (i.e., those which show diffuse stain­
ing of the protoplasm, vacuolation etc.), was greater for 
the operative than for the control. The outer layers were 
unchanged.

Experiment IV: Adult albino. 72 hours.
There was some haemorrhage early in the operation, 

which was easily controlled. No inflammation ensued. Fixa­
tion in 50$ alcohol. Staining by Toluidin blue and Haemalum 
and Eosin. Silver preparations unsatisfactory.

Microscopic Examination: In the sections the line of
division of the nerve was seen to be behind the entrance of
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the vessels into the nerve. The ganglion cells were on the 
whole well-preserved, some of them showing fairly well-de­
fined chromatin bodies. There was, however, evidence of a 
certain amount of shrinking in the cells of the operative 
as compared with the control. In the cells of the latter 
there was a clear space around the nucleus, whereas in the 
operative this space was often encroached upon by the 
shrinking of the cell so that there was a more or less dense 
ring-like band of chromatin encircling the nucleus. The 
cells of the outer layers showed no variation from normal.

Experiment V: Adult black end white rabbit. 4 days.
(Fig. II).

Operation without haemorrhage. Mo inflammation fol­
lowed. Fixation in 50$ alcohol. Staining with Toluidin 
blue. Silver impregnation successful for the operative, un­
successful for control.

Microscopic Examination: There was on the whole no
greet abnormality in the operative tissue. There were often 
tolerably well-preserved cells in the ganglionic layer, but 
the occurrence of "normal" cells occurred only in the con­
trol. Definition of the chromatin bodies was not at any 
time so sharp in the operative as it was in the control and 
there was evidence of condensation and shrinkage in many of 
the cells. The other layers were normal. The silver prep­



14
arations in the operative showed numerous fine varicosities 
on the fibrils of the internal plexiform layer. The hroad, 
ribbon-like bands of the external layer were well demonstrat­
ed. The preparations of the control also were successful.

Experiment VI: Adult black rabbit. 7 days {Fig. III).
There was slight retrobulbar haemorrhage at time of 

operation and slight transient conjunctivitis ensued. At 
the time of death the eye appeared normal. Fixation in 50%

italcohol and Muller's solution. Staining by Weigert's iron- 
haematoxylin method and Toluidin blue. Silver preparations 
were successful in both control and operative, but no strik­
ing difference was revealed.

Microscopic Examination: In the ganglion cells of the
operative the chromatin granules were small and had a tend­
ency to become broken up into fine dust. When the granules 
were large, they had rather badly defined edges and lacked 
sharpness of definition. Occasionally large fairly well- 
preserved ganglion cells were met with, but they were never 
so large or well differentiated as the large cells of the 
control. The other layers were normal.

In the silver preparations the varicosities on the 
fibrils of the cellular processes were most marked in the 
operative, being almost absent in the control. The processes 
of the "horizontal cells" of the internal nuclear layer were
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specially well demonstrated in the control.

Experiment VII: Adult albino. 8 days (Pig. III).
Operation bloodless. Fixation in 50$ alcohol and 

Muller*s solution. Silver impregnation successful in the 
operative, failed for the control. Staining with Toluidin 
blue and Weigert’s iron-haematoxylin.

Mioroscopic Examination: Well-preserved ganglion 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 chromatin. The pericellular spaces 
were more pronounced in the control than in the operative.
The outer retinal layers were normal. In the silver prep­
arations varicosities were occasionally met with in the fine 
fibrils of the inner plexiform layer. The fibrils of the 
external plexiform layer were seen to end in a rich an­
astomosis around the cells of the external nuclear layer.
The protoplasmic processes of the ganglion cells were devoid 
of varicosities.

Experiment VIII: Adult albino. 3 weeks. (Pig. IY).
There was slight haemorrhage during the operation and 

a corneal ulcer developed. This cleared up and, at the 
time of death, only a small scar remained on the otherwise 
healthy lookihg cornea. Fixation in 50$ alcohol. Staining
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with Toluidin blue, Haemalum and Eosin.

Microscopic Examination: In the control the number of
"atypical” ganglion cells in this case was considerable, 
but at the same time there was a preponderance of quite 
typical 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 
small bead-like granules surrounding a densely stained 
nucleus. The outer layers were normal.

(Sections stained with haemalum and eosin showed the 
presence of a considerable amount of inflammatory exudate 
with giant cells around the stump of the optic nerve. It is 
probable that the pronounced atrophy of the ganglion cells 
in this case was partly due to the inflammatory 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 was to be rejected).

Experiment IX: Adult albino. 3 weeks. (Pig. V.)
Operation almost bloodless. Jtfo inflammation ensued. 

Pixation in 50$ alcohol, in sat. sol. HgClg, and in 10$ 
Formol-Saline. Staining with Toluidin blue.

Microscope Examination:
(1) Tissues fixed in HgClg. The ganglion cells were
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smaller in the operative than in the control. The Uissl 
grannies were almost entirely absent from the operative. 
Vacnolation and enlargement of the pericellular spaces oc­
curred with no greater frequency in the operative than in 
the control. The outer layers were normal.

(2) Fixation in 50$ alcohol. There was a general 
tendency to clearer definition in the cells than was the 
case in fixation with HgClg, hut the same relative differ­
ences existed between the operative and the control as in 
the former.

(3) Fixation in Formol-Saline. There were appearances 
of pronounced vacuolation in the ganglion cells both of op­
erative and control. There was less sharpness of intranuclear 
definition than that obtained by employment of either of
the preceding methods, but the difference between the gang­
lion cells of the two retinae was maintained as in the form­
er. By the formol-saline method of fixation one sew par­
ticularly well demonstrated the cells of the innermost 
stratum of the internal nuclear layer (Amacrin cells of 
Cajal) which were arranged at intervals from one another, 
each cell showing a well marked downgoing protoplasmic pro­
cess containing chromatin. These cells were slightly more 
conspicuous in the operative than in the control, and were 
possibly in connection with centrifugal fibres.

Experiment J: Small white rabbit. 6 weeks. (Fig. VI)
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Operation practically “bloodless. Slight corneal in­

flammation ensued which resulted in a small leucoma at the 
lower part of the cornea. At the time of death the eye 
seemed otherwise normal.

Fixation in 50$ alcohol. Staining with Toluidin “blue 
and with Haemalum and Basin. Silver impregnation unsuccess­
ful.

Microscopic .Examination: In the haemalum and eosin
specimens the ganglion cells of the operative were seen to 
he much reduced in size. The nucleus was often all 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 was diffusely stained, or the 
chromatin was 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 internal and external 
nuclear layer appeared normal, unless for the fact that oc­
casionally the cone nuclei in the operative appeared some­
what smaller than in the control.

Experiment XI: Adult albino. 15 weeks. (Fig. VII).
There was practically no haemorrhage during the opera­

tion. Ho inflammation ensued. Fixation in 50$ alcohol, in 
sat. sol. of HgClg and in Formol-Saline 10$. Staining with
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Weigert's iron-haematoxylin, and Toluidin blue.

Microscopic Examination:
(1) HgClg fixation. The ganglion cells of the operat­

ive eye were very much shrunken and were diffusely stained. 
Differentiation into granules was practically never met 
with, the ground substance being always diffusely stained. 
Vaeuolation when present was less frequent in the operative 
than in the control. Pericellular spaces were not well 
seen. There was slight loss of "cogwheel" marking in the 
cells of the outer nuclear layer, but "cross-striping" was 
still present. Inner nuclear layer normal.

(E) Fixation in 50%> alcohol. Occasionally the operat­
ive ganglion cells showed indication of granular structure, 
but at best the granules were small and dust-like. The 
pericellular spaces were more conspicuous than in (1) and 
were of less frequent occurrence in the operative than in 
the control. Vaeuolation was rarely seen in either. The 
cells with their processes were on the whole more sharply 
outlined both in operative and control than was the case 
in fixation with HgClg. Ho abnormality was to be made out 
in the inner nuclear layer. The outer nuclear layer showed 
slight loss of "cogwheel" marking and "cross-striping".

(3) Fixation in Formol-Saline. Vaeuolation was rather 
well-marked, but occurred on the whole with greater frequency
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in the control. Staining was not so satisfactory for oper­
ative or control as in (1) or (2).

Experiment XII: Adult Albino. 16̂ - weeks. (Fig. VIII).
There was slight haemorrhage during the operation. Ho in­
flammation ensued. Fixation in 50$ alcohol. Staining with 
Toluidin blue, Haemalum and iSosin. Silver impregnation was 
highly successful in the control, but failed in the operat­
ive.

Microscopic Examination: The ganglion cells in the op­
erative retina were much shrunken (although no enlargement 
of the pericellular spaces was visible). "Normal" ganglion 
cells were entirely absent. Staining was as a rule very 
diffuse, although occasionally a dust-like condition of the 
chromatin occurred. In the latter case the dust-like par­
ticles were met with in the centre of the cell and were 
surrounded by a row of somewhat larger bead-like chromatin 
granules near the cell margin. The cell processes were much 
attenuated, being often unrecognisable. The cells of the 
internal nuclear layer in the operative were perhaps paler 
than in the control, and the cells which were described (in 
Experiment IX) as being in connection with centrifugal 
fibres (amacrine cells) were particularly well marked. The 
cells of the outer nuclear layer appeared unchanged, unless 
for a slight impairment of definition in the chromatin as



21
compared with the control.

Silver impregnation was successful in the control, and 
in this it is to he noted that the fibres of the plexiform 
layers were devoid of varicosities.

Experiment XIII: Long-haired adult grey rabbit. 38
weeks. (Fig. IX)

Operation was practically bloodless. Fixation in HgClg 
and 50$ alcohol. Silver impregnation was unsuccessful. 
Staining with Toluidin blue and Weigert's iron-haematoxylin.

(1) HgClg fixation. (In the case of the control beauti­
ful fixation of the ganglion cells was obtained by this 
method, the Mssl 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 paler 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. "Amacrine" cells were not conspicuous in these 
specimens. The cells of the external nuclear layer showed 
well-marked "cross-striping” and "cogwheel” arrangement, and 
appeared almost normal.

(2) Formol-Saline fixation. Vaeuolation was very pro-
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menaced, especially in the ganglion cells of the control. 
Pericellular spaces were no less pronounced in the control 
thsaa in the operative. The ganglion cells in the operative 
were almost universally shrivelled and diffusely stained, 
©ccssionally a large ghost-like cell was met with. Owing 
to somewhat pal© staining of the cells of the internal 
nmelear layer the "amaerlne” cells were often conspicuous, 
the cells of the external nuclear layer were often lacking 
fm the typical features of cogwheel marking and cross-strip­
ing, hurt as the same characteristics were met with in the 
control the defeat is probably one of fixation only.

SOU; of the other experiments performed in this 
series, three were rejected on account of severe haemorrhage 
at the time of operation, the nerve having been divided of 
necessity rather blindly owing to difficulty in isolating 
it frm the adjacent structures. Two experiments ended in 
phthisis Mill. Three cases were discarded on account of 
naojsdtisf̂ ctcry fixation fpicro-formol) and eight were lost 
through the eeenrreflee of incidental disease in the rabbits.

I mwerieel estiffl&ie of the cells of the ganglionic 
layer iss the eeee of the operative as compared with the con­
trol eppe&red to he of sesne value im furnishing a calcula­
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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 he accomplished the same part 
of the retina was taken for control and operative.

(2) Owing to the difficulty in arriving at an idea of 
what were cells in a state of perfect preservation as com­
pared with others less well preserved, the plan was adopted 
of including all the ganglion cells which were present and 
could he recognised as such, with a view to finding if there 
were reduction in their number in the operative.

(3) Estimation was made hy means of the eye piece micor- 
meter the lineal unit heing .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 confirmation 
of the descriptive results given in the text. That some dis­
appearance of cells had taken place is to be assumed from a 
scrutiny of the table given above. 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 inflammatory cells (lymphocytes) so that 
in the early cases one may find somewhat conflicting results, 
e.g., in Experiment 17 in which an increase in cells was ob­
tained. This increase may 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 probability of the presence of inflammatory 
cells, whatever error there might be in the inclusion of ex­
traneous cells was lessened, but always one was inclined to 
make one's enumeration somewhat larger than the actual, owing 
to the difficulty of differentiating degenerated ganglion 
cells from small neuroglial nuclei and lymphocytes.

In the case of the control, however, such confusion was 
not met with, since the ganglion cells were better defined 
and more easily distinguished. In this way the numerical 
results may be taken as somewhat under-estimated, so that 
the reduction obtained in the operative retina was even more
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substantial than it appears.

(4) Discussion of Results:
Thus we see that as early as 48 hours after operation 

certain changes in the ganglion cells were to he recognised. 
These changes consisted in a loss of perfect definition in 
the chromatin granules, probably due to the fact that the 
ground substance of the cell had taken up the stain to a 
slight extent. Degeneration apparently did not progress 
with extreme rapidity, 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 JSissl and others in case of peripheral 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) degeneration was practically com­
plete .

Owing to the large range of variability shown by the 
retinal ganglion cells in the control eyes, one is diffident 
about drawing conclusions regarding the significance of the 
so-called "phenomena of degeneration11. 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 abnormal types occur 
in the operative but also (which is of more importance)
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whether any "normal” cells exist in the operative.

Degeneration apparently attacks the medium and small 
cells at an early stage, hut my observations were throughout 
the investigation chiefly confined to the large ganglion 
cells. The smaller cells are especially liable to accident 
in the course of histological preparation, and are frequent­
ly of abnormal appearance in the control. In any case, how­
ever, one must neglect the condition obtaining in the smaller 
cells owing to the difficulty in recognising the gradual 
changes in any but the largest ganglion cells. The type of 
normal cell, therefore, with which one makes comparison is 
the large multipolar ganglion cell in which the Mssl gran­
ules of various sizes are sharply stained, and are arranged 
in somewhat concentric rows around the more or less central 
nucleus. The nucleus contains numerous chromatin granules 
and one or more nucleoli. The ground substance of the cell 
body is unstained. Granules of chromatin are to be found 
for a considerable distance along the protoplasmic processes, 
Vacuoles may or may not occur. (With regard to the occur­
rence of vacuoles Birch-Hirschfeld emphasises the fact that 
in his cases vacuolation was confined entirely to the oper­
ative material. 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 recapitulating, therefore, one finds as the result
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of optic nerve section that degeneration has set in as early 
as 48 hours and is evidenced hy the absence of entirely 
normal ganglion cells. Degeneration advances 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 degeneration of the sensory 
neurone of the higher or second order, one comes to a con­
sideration of the fate of the more peripheral neurones of 
the first order situated in the outer retinal layers. Judg­
ing from all authoritative accounts the neurones of the 
retinal layers are in intimate relationship with one another. 
J3irch-Hirsehfeld described well marked changes in the nuclear 
layers as result of optic nerve section. These changes con­
sisted, in the case of the inner nuclear layer, of reduction 
in size, irregularity of outline of the cell and condensa­
tion of chromatin. 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 chromatin of edges {"cogwheel" markings).

In the present series no essential changes in these 
layers could be made out. In some cases pale-staining 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 appears to he due to differences 
of intensity of stain rather than to pathological factors.
In fact one is often ahle to demonstrate from one slide in 
the control differences of staining which, if they were to 
occur in the operative as distinguished from the control, 
might he looked upon as significant. (The fact, however, 
that Birch-Hirschfeld mounted his control and operative sec­
tions upon the same slides prohahly eliminated error in this 
direction to a large extent).

More positive features than differences of staining 
power are those of reduction in size, and irregularity of 
outline and loss of the discrete nature of the chromatin 
granules. In the present series practically no evidence of 
such changes was to he made out. One may therefore assume 
with fair confidence that the integrity of the outer neurones 
in these experiments has heen preserved, end that the opera­
tion of section of their axon which produced serious damage 
in the case of the higher neurone (connecting the organ with 
central nervous system) was accomplished hy little or no dis­
turbance of the contiguous outer neurones. The slight loss 
of definition met with in the outer neurones in Experiment XI 
is compensated for hy the absence of this feature in Experi­
ment XIII (a much later period). Having thus become ac­
quainted with the facts of degeneration in regard to the
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neurones of the retina, and having established the point 
that the peripheral neurones remain intact for such prolonged 
periods after separation from the central neurones, the ques­
tion arises whether they 8re intrinsically more resistant 
than the outer neurones. To determine this it was decided 
to study the progress of post mortem changes in the retinal 
neurones.

B. RESULTS OP AUT01YTIC EXPERIMENTS:

(1) General Remarks:
Most of the previous work done upon post mortem changes 

in nerve cells has been concerned with the post morten changes 
in ganglion cells of the brain and cord. In the following 
experiments one sought to investigate the changes occurring
in the retinal neurones.

(53)
Birch-Hirschfeld described post mortem changes in the 

ganglion cells of the retina. He used the sublimate-thionin 
method and found evidence of change as early as 2 hours 
after death. There was slight folding of the nuclear mem­
brane 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 Sj- hours the ganglion cells



31
showed enlarged vacuoles, especially at the periphery of the 
cell. The chromatin was still more or less in the form of 
grannies. The nuclei of the internal nuclear layer were 
partially degenerated. There was no evidence of "cross- 
striping" in the nuclei of the external nuclear layer. After 
5 hours there was deep staining of the ground substance with 
blurring of the nuclear and cell-outline. After 7 hours the 
Ifissl granules had disappeared and the ground substance no 
longer stained deeply. The nucleus had practically vanished. 
The outer nuclear layer showed rounding of its nuclei with 
here and there a hint of "cross-striping". After 18 hours 
the changes had progressed further and little or no chrom- 
ophilic substance remained.

In the foregoing experiments it is not clear whether 
some of the changes described were not due to putrefactive 
conditions. In the present series, in order to eliminate 
as far as possible the influence of micro-organisms occur­
ring in the surroundings, the following method of examination 
was adopted. The enucleated eyeball having been thoroughly 
cleared of all extrinsic structures (musoles, fat etc.) so 
that a smooth contour might be obtained, the shortened stump 
of the optic nerve was grasped in forceps and the eyeball 
was plunged in melted paraffin (50°) for a few seconds. The 
thin layer of paraffin which adhered to the surface of the 
eyeball rapidly congealed, and the naked nerve was easily
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covered "by a drop of paraffin poured on its surface. In 
this way the eyeball was sealed from the atmosphere hy a 
layer of sterile material. fhe changes therefore which would 
take place within the eyeball were presumably those of 
autolysis and not putrefaction, fhe "enveloped” eyes were 
allowed to stand at atmospheric temperature (or in one or 
two cases at incubator temperature) for the desired period. 
When this had elapsed the layer of paraffin was easily chip­
ped off and the eyeball treated henceforth in the same man­
ner as the control. In the cases in which ox eyes were 
used, the eyeballs were obtained from the slaughterhouse 
with as little delay as possible, and were looked upon for 
all practical purposes as fresh. In the case of the other 
animals (dog, oat, rabbit) the eyes were obtained in the 
laboratory and fixation took place immediately after the 
death of the animal.

(2) Experimental Details:
Experiment I: Ox eye, autolysis for 16 hours at room

temperature. Fixation in picro-formol solution (a fixative 
which was successful in the case of the ox-eye although 
less satisfactory in the delicate rabbit retina).

Sections stained by Weigert‘s iron-hsematoxylin method 
showed marked disorganisation of the rods and cones. The 
"palisade" arrangement of this layer was almost unrecognis­
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able. Under low magnification the other layers of the re­
tina appeared practically unchanged when compared with the 
control. The external and internal nuclear layers were in­
tact and separated from one another hy the outer plexiform 
layer (which was of apparently normal thickness). Under 
higher magnification the cells of the external nuclear layer 
were seen to he densely stained and somewhat smaller than 
normal. The "cogwheel” arrangement was still recognisable. 
The cells of the internal nuclear layer showed a reticulum 
in the form of more or less radiating strands around the 
deeply stained central nucleolus, and were on the whole 
slightly less sharply defined than in the control. The in­
nermost cells of this layer ("centrifugal cells") with their 
downward-passing processes were somewhat densely stained 
and stood out in strong contrast to the more feebly stained 
cells in the rest of the layer. The cells of the ganglionic 
layer were well preserved. Their processes stood out dis­
tinctly and the nuclear reticulum was well defined.

There was some blurring of the edges of the chromatin 
granules of the ganglion 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 a whole the changes which occurred in the ox- 
eye as the result of autolysis for 16 hours are not well-
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marked end resolve themselves into:-

(1) Disorganisation of the rods and cones.
(2) Slight reduction in size of the rod and cone nuclei

with a tendency to diffuseness of staining, al­
though "cogwheel" was still manifest.

(3) Slight loss of prominence in the cells of the in­
ternal nuclear layer, with prominence of Muller's 
fibres and the centrifugal cells of the layer

(4) Slightly increased prominence of the protoplasmic
expansions of the ganglion cells which are thrown 
into relief by the commencing disorganisation of 
the ground substance of the retina.

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

A. Fixation in 50% alcohol. Staining by Weigert's 
iron-haematoxylin and Toluidin blue.

Under a low power the layers of the retina still ap­
peared separate from one another. Under higher magnifica­
tion the rods and cones were distinctly disorganised although 
a "palisade" formation was still suggested. The nuclei of 
the external nuclear layer showed a fair amount of detail, 
but there was a tendency to blurring of the edges and loss of 
"cogwheel" marking.

The internal nuclei showed a well defined chromatin 
network but there was a tendency to enlargement of the 
spaces between the threads and a general "rarefaction".
Many of these spaces appeared full of fat. The nuclei of
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Mulleafs fibres were deeply stained. The ganglion cells "both 
in the iron-haematoxylin and Toluidin blue preparations 
showed commencing degeneration. There was erosion of the 
inner aspect of the cell, and clear fat-like bodies could be 
discovered in many. There was a tendency to diffuseness of 
staining, and the ffissl granules had commenced to coalesce. 
The processes were not so well-marked as in Experiment I 
(picro-formol fixation).

Spaces which looked like vacuoles were in all probabil­
ity fat-globules.

B. In another specimen in which fixation was (1) by 
HgClg (sat. sol.) and stained by Toluidin blue, practically 
the same appearances were obtained, viz:- the ganglion 
cells were pale and had eroded inner margins. The cell 
processes were not well defined. The nuclei were well pre­
served. The outer and inner nuclear layers were not much 
changed. The rods and cones, however, were much disorganis­
ed.

(2) In the part of the same retina fixed in 50% al­
cohol the ganglion cells showed rather more shrinkage and 
diffuse staining than existed in (1). The external and in­
ternal nuclear layers had become approximated owing to the 
collapse of the outer plexiform layer, and the cells of 
these layers showed diffuse staining.
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The discrepancy which exists between B (2) and A may 

he explained hy the fact that in the former a somewhat longer 
interval had elapsed before the eye was transferred to the 
laboratory, and that post morten changes had already set in. 
The difference between B (1) and B (2) probably lies in the 
fact that, whilst fixation in the one case was procured by 
means of HgClg, in the other it was by alcohol. The latter 
reagent in our experience is the most satisfactory fixative 
for the JJiasl method in fresh tissue, but in the autolytio 
retina, where the ground substance is unduly fragile and 
liable to shrinkage, the unfavourable aspect of alcohol as 
a fixative is more pronounced than is the case in fresh, re­
sistant tissues. (One does not necessarily conclude from 
this that in the case of easily damaged tissues corrosive 
sublimate is to be preferred to alcohol).

C. Another sample of autolysis for 24 hours showed 
still more pronounced changes in the outer layers - the dif­
ferentiation between the outer and inner nuclear layers hav­
ing become lost owing to the almost complete disappearance 
of the outer plexiform layer. The ganglionic cells, however, 
exhibited practically the same features as in the other 
specimens.

Experiment III: (Fig. 211) Ox-eye. 48 hours, (room
temperature).
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Fixation in picro-formol solution. Staining in Toluidin

"blue.
In the autolytic retina the layers were seen to he well 

differentiated, the plexiform layers being still recognis­
able.

The layers of rods and cones, however, were entirely de­
void of palisade structure. She external nuclei were dense­
ly stained but there was still indication of the chromatin 
network ("cogwheel”). The cells of the internal nuclear 
layer also were deeply stained, and the details of structure 
were much more obscure than in the corresponding cells of 
the control. The ganglion cells showed well-defined, dif­
fusely stained processes which stood out against the surround­
ing tissue. The Uissl granules which were to be observed in 
the control, were sometimes scarcely indicated in the auto- 
lytic retina, their place being taken by diffusely stained 
cell-contents.

Preservation of the ganglion cells in this specimen 
was on the whole little inferior to that in Experiment II, 
a fact which showed that autolysis, even after 48 hours, 
had produced marvellously little change 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 picro-formol solution. The control was left in 
pioro-foxmol for 24 hours in the incubator, after which it 
was treated at room temperature. Staining by Weigert's 
iron-haematoxylin method. In the control, by the picro- 
formol method, the rods and cones are well defined. The ex­
ternal nuclear layer showed the usual ganglion reticulum 
("cogwheel'1) etc. The nuolei and processes of the ganglion 
cells were well stained and the retinal vessels with their 
capillaries passing obliquely across the inner layers were 
particularly well demonstrated.

In the autolytic retina the rods and cones as such were 
no longer recognisable. The external nuclear layer was very 
much broken in outline, encroaching frequently upon the in­
ternal nuclear layer. The cells of the former were very 
deeply stained and exhibited practically no detail of 
structure. They were small and globular, the "cogwheel” 
marking being absent. The internal nuclei showed a fair 
amount of structural detail but were considerably less well 
preserved than those of the control. The ganglion cells 
showed erosion of their inner edges. The nuclei were dense­
ly stained and fat-globules were present in the cell. Under 
high magnification there was a general tendency to deposi­
tion of fat in the foim of fine globules. The cell processes 
were conspicuous. Muller's fibres were reduced to the form
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of granular masses, their nuclei being densely stained and 
devoid of detail.

Thus we find in this experiment that subjection to heat 
has hastened the process of autolysis to a certain extent.
The condition of the supporting structures is as much ad­
vanced as is the case in autolysis for 48 hours at atmosphere 
temperature (as evinced by the condition of Muller’s fibres) 
and the degeneration of the nerve elements is likewise much 
in advance of the condition found in autolysis for 24 hourB 
at the lower temperature.

Experiment V: (Fig. XIII) Ox-eye. Autolysis for 72
hours at room temperature.

Fixation in Muller’s fluid. Eo control preparation.
The rods and cones were reduced to an amorphous debris. The 
retinal elements were fairly well differentiated into layers, 
but there was encroachment of the external nuclear layer in­
wards at places. The nuclei of this layer were circular, 
small and densely stained, being devoid of all detail (’’cog­
wheel" etc.).

The cells of the internal nuclear layer were not well 
differentiated, only here and there was there an indication 
of the usual chromatin network. The nuclei of the blood 
capillaries were to be ,seen at places throughout the inner 
layers. The nerve fibre layers showed indication of fibrous
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structure. The ganglion cells had persisted well and ex­
hibited very fair nuclear structure. (The granules of the 
cell body were not brought out well by the fixative). Vac­
uolation (fat globules) was present in many of the cells. 
Muller's fibres were scarcely visible.

Experiment VI: (Fig. ZIV) Ox-eye. Autolysis for 90
hours at room temperature. Fixation in 50$ alcohol. Stain­
ed by Toluidin blue and by Haemalum and Eosin. Uo control 
preparation.

The external and 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 various cells belonged, 
since the cells of the nuclear layer had lost all internal 
detail and appeared merely as 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 normal, the processes having almost entirely disappear­
ed. The nuclei were often eccentric and were densely stain­
ed. Under high power the ganglion cells were seen to con­
tain numerous fat globules, the whole cell having a "stippled” 
appearance. There was occasional evidence of Nissl granules 
but these bodies, when present, were blurred and washed out
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at the edges. Occasionally a long distorted dendritic pro­
cess was seen in the degenerated ground substance. Here and 
there one found a well preserved nucleus showing the typical 
chromatin network, the cell body of which was almost absent. 
JBrosin apparently always began on the inner aspect of the 
ganglion cell. The capillary framework was in many places 
particularly well demonstrated, the vessel wallB apparently 
persisting for a considerable time.

In this experiment autolysis 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 
marked. Degeneration of all the "supporting” tissue evident­
ly occurred before that of the true nerve elements, a point 
which emphasises the differentiation between these struct­
ures. Degeneration occurred from the periphery of the cell 
inwards, the processes and cell body disappearing in many 
cases when the nucleus and central portion of the cell were 
tolerably intact. 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 marked 
distinctness.

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

The external and internal layers were still fairly sep­
arate from each other hy the external plexiform layer. The 
rods and cones were no longer recognisable, having entirely 
lost their "palisade” arrangement- Muller1s fibres were 
prominent. The cells of the external nuclear layer were 
densely stained but often showed chromatin network ("cog­
wheel” marking and "cross-striping”). The nuclei of the in­
ternal nuclear layer were "rarefied", the chromatin threads 
being attenuated and the interspaces enlarged. The ganglion 
cells showed well marked Hissl granules, but there was a 
blotchiness of the granules, especially of those at the 
periphery of the cell. There was a ragged appearance of the 
cell margins, which was not - as was the case 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) Rabbit eye. Autolysis 
for 24 hours at room temperature. Ho control preparation of 
this experiment was kept. Fixation in 50# alcohol. Stained 
by Toluidin blue and Weigert’s iron-haematoxylin.
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The* rods and cones had practically disappeared. The 

fibres of Mflller 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 external plexiform layer 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 that the cells often appeared devoid of contents. The 
ganglion cells were much eroded at the edges and were rare­
fied. Their nuclei were generally fairly well preserved, 
but the cell-bodies were very fragmentary. Msll granules 
were almost completely absent.

Experiment IX: (Fig. XVI) Rabbit eye. Autolysis for
45 hours at room temperature. Fixation in 50% alcohol. 
Stained in Toluidin blue.

The retina had collapsed as a whole and the portion 
available for examination was considerably reduced. The 
differentiation into layers at places was completely lost.

The nuclei of the external nuclear layer occasionally 
showed cross-striping, but there was no "cogwheel" to in­
dicate the network of chromatin. Muller*s fibres were still 
more or less existent. There was a general tendency to dif­
fuse staining in the cellular elements. The number of 
recognisable ganglion cells was small, their nuclei often
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being all that was left to mark 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 greater delicacy of the 
retina of the rabbit, the autolytic tissues were very liable 
to injury from technical manipulation. The finer gradua­
tions between the fresh condition and the more pronounced 
stages of autolysis were not demonstrable. As compared with 
the ox-eye one observed that the fibres of Muller 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 temperature. Fixation in 50# alcohol. 
Stained by Toluidin blue and by Haemalum and Eosin. (This 
animal had been anaesthetised 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 fusion of their outer extremities. The nuclei of 
the external nuclear layer were arranged in many tiers (from 
4 to 6) the nuclei being elongated and rather densely stained. 
The chromatin network was 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 stained ffissl granules arranged in con-
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centric lines around the nucleus. The nucleolus was small 
and deeply stained. The processes of the ganglion cells 
were often very conspicuous. The “blood capillaries were 
seen passing along the inner border of the outer plexiforra 
layer, their endothelial nuclei being sometimes difficult 
to distinguish from those of the horizontal cells of the 
internal nuclear layer.

In the autolytic retina there was considerable collapse 
of all the elements. The rods and cones were no longer vis­
ible. The nuclei of the external nuclear layer were rep­
resented by small circular densely stained masses of chrom­
atin with almost complete loss of detail. The nuclei of 
the internal nuclear layer were devoid of cell-body and 
showed only slight evidence of a chromatin nuclear network. 
The nuclei of Muller’s fibres were often densely stained.
The ganglion cells had, as a rule, rounded outer margins and 
eroded inner margins. The protoplasm of the cell body had 
a "stippled" appearance. Hissl granules, when present, were 
blurred in outline. The nuclei of the ganglion cells often 
appeared praotioally normal, except for some wrinkling of 
the nuclear membrane. There was not much vacuolation in 
any of the cells. Some cells appeared almost normal except 
for a slight loss of sharpness of detail.

Experiment XC: Kitten’s eye. Autolysis for 90 hours.
(Boom temperature) Fixation in 50$ alcohol. Stained in
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Toluidin blue,* and in Haemalum and Eosin. (This animal bad 
been the subject of a prolonged metabolic experiment).

Control: Haemalum and Eosin. The rods and cones were
somewhat disorganised, and the external nuclei were densely 
stained showing little internal detail, although a "cross- 
striping" was present.

The internal nuclei showed fair chromatin network in 
the haemalum and eosin specimens. The ganglion cells showed 
vacuolation (fat globules) in many of the cells, even where 
there were typical appearances of ilissl granules and absence 
of diffuse staining. The edge of the cells, however, were 
often ragged and the processes were short. The Bmall type 
of ganglion cell with eccentric nucleus and scanty proto­
plasm generally showed well stained Hissl granules, although 
there was often a "washed-out" appearance of the chromatin 
which indicated that the cells were in a more or less ab­
normal condition.

In the autolytic eye the appearance were very different. 
The rods and cones were invisible as such, and the various 
layers of the retina had become fused. The external and 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 magnification did not re­
veal any differentiation of the chromatin into a net work.
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Ho Muller1 b fibres were to "be found, and the nuclei of these 
fibres were indistinguishable from the others of the inter­
nal nuclear layer, The ganglion cells were much reduced in 
number. When present, they were seen as large, somewhat 
spherical, isolated cells, having a very finely granular, 
densely stained nucleus. The processes had disappeared.
In some cells the inner margin had eroded (as in the ox-eye). 
Fat globules occurred frequently and Hissl granules were 
generally absent. The nearest approach to the noraal con­
sisted in a very finely granular condition of the cell proto­
plasm, with faintly outlined dendritic processes.

The preservation in this retina was on the whole much 
the same as that of the ox-eye for the same period of 
autolysis. (Expt. VI).

Experiment XII: (Fig. XVIII) Dog's eye. Autolysis for
46 hours (room temperature). Fixation in 50$ alcohol.
Stained by Toluidin blue, Thionin and Haemalum and Eosin.

Control: The preparations stained by Thionin showed
fairly well defined Hissl granules, but there was slightly 
more staining of the ground substance than was the case in 
Toluidin blue. In the latter the granules stood out sharply 
defined against the colourless background. The dendritic 
processes of the ganglion cells were excellently stained in 
all the preparations. The nucleus was somewhat more densely
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stained by Thionin than by Toluidin blue. Vaeuolation was, 
as a rule, absent. The blood capillaries appeared conspicu­
ous as they crossed the internal nuclear layer to reach the 
external plexiform layer.

In the autolytio eye the rods and cones had become com­
pletely granular and unrecognisable as a palisade structure. 
The nuclear layers had become almost fused, the outer plexi­
form layer being greatly reduced in breadth. The external 
nuclei were densely stained and exhibited practically no 
structural detail (no "cogwheel" or "cross-striping"). The 
"centrifugal" cells of the internal nuclear layer were fair­
ly well preserved and showed considerable nuclear detail.
The "horizontal" cells also were to be recognised. The 
ganglion cells showed erosion of the edges of the largest 
cells. The differentiation of the chromatin into granules 
was lost, the ground substance being diffusely stained. The 
nuclei were often diffusely stained and lacking in detail. 
There was vaeuolation, especially in the medium sized cells. 
The cell processes were sometimes well preserved and stood 
out against the degenerated supporting elements.

On the whole, however, the ganglion cells in this 
specimen were well preserved, in many the presence of fairly 
typical Mssl granules being demonstrable. Erosion of the 
cells apparently began on the inner sspect, i.e., at the 
side towards the axis-cylinder, although the nerve fibres
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themselves were comparatively resistant. It was the epi­
thelial-like elements of the retina (rods and cones) which 
perished early, the more purely nervous structures (nerve 
fibres, ganglion cells) being preserved for a considerable 
time. The delicate terminals, however, of the external 
plexiform layer early succumbed, allowing of fusion of the 
nuclear layers.

The principal points to be noted in these experiments 
are erosion of the margin of the ganglion cell with diffuse 
staining of the protoplasm, absence of definite Mssl gran­
ules and degenerative changes in the nuclei. Shrivelling of 
the cells took place and was probably the ultimate fate of 
all the cells, but one was struck with the absence of marked 
shrinking of the cells, when compared with the results of 
Birch-Hirschfeld and others whose experiments were concerned 
frequently with a shorter period of post morten degeneration.

(3) Discussion of Results:
It is seen from the foregoing that the appearances in 

the retina which are associated with post morten changes 
are very different from those which occur as the result of 
operative conditions during life. We have seen that the 
ganglion cells which, in the case of section of their axons, 
readily tend to degenerate, ere comparatively resistant to 
post mortem changes, cells which show tolerably good preserva­
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tion being found at a period of 90 hours after death (in 
the case of the ox eye) 46 hours (in the case of the dog), 
and 45 hours (in the case of the rahhit). In the outer 
layers, 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 
disappeared at 46 hours. The nuclei of the rods and cones 
begin to show degenerative changes about the same time and 
the nuclei of the inner nuclear layer somewhat later.

In the experiments described, the short periods given 
for each animal are those at or about which the first def­
inite changes were made out. For example, in the case of 
the ox, where the changes of 16 hours are defined, it is to 
be understood that changes may occur at a period less than 
that but they are so slight and show so little progression 
that one has not placed undue importance on their recurrence. 
Several hours seemed to produce little effect on the cells 
when the eye was sealed from the atmosphere, and one's ob­
ject was not so much to set a limit upon the onset of 
changes as to investigate the various layers. In the case 
of the rabbit retina it is true that changes set in before 
18 hours, but they are not so pronounced and one has select­
ed the periods at which definite changes are to be observed.



In the series described by Birch-hirsehfeld changes are 
met with in all the elements as early as 2 hours after death, 
and have ended in complete destruction at 18 hours, fhe 
difference between such results and those of the present 
series in which well preserved ganglion cells are met with 
at a period of 45 hours (see Fig. ZV) is probably accounted 
for by the fact that in the former case putrefaction was not 
excluded as a causal factor whereas in the latter the pos­
sibility of its occurrence was reduced to a minimum.



PART III - COKCLUSIOHS

The range of variability amongst the so called normal 
ganglion cellB of the retina, is considerable, and the dif­
ferences are bo marked as to lead to the conclusion that 
the features described under the term chromatolysi8 are not 
necessarily pathological.

The smaller ganglion cells of the retina seem to be 
specially liable to changes, and abnormal small cells are 
prevalent in the control experiments. They are neglected in 
the present investigation. The large multipolar cell, which 
in the healthy retina is of most frequent occurrence, ap­
pears much more stable. This cell contains a central nucleus 
with one or more nucleoli, and shows when treated by the 
alcohol - Toluidin blue method - sharply defined Nissl gran­
ules of different sizes arranged more or less concentrically 
around the nucleus, the ground substance being quite colour­
less. Departure from this type to any marked extent may be 
taken to indicate abnormal changes.

It is the absence of truly normal cells in any retina, 
rather than the occurrence of isolated abnormal cells that



indicates a pathological condition. When the number of 
normal cells is nil, and that of abnormal cells is excessive, 
degeneration is fairly established.

The gradual sequence of chromalytic change (swelling of 
the cell-body, eccentric position of the nucleus, diffuse 
staining of the protoplasm, vaeuolation etc. ) is not demon­
strated by the retinal ganglion cells. One is not always 
able to demonstrate the changes between the first trace of 
degeneration in a cell (loss of definition in the itfissl 
granule) and complete atrophy. Almost normal 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 small dust-like particles. 
Degeneration of any cell is indicated by the early loss of 
definition in Dissl granules and by the final or atrophic 
stage of the process, vaeuolation is met with in the con­
trol with at least as much frequency as in the operative, 
and probably does not represent a pathological condition in 
vivo.

As a result of section of the optic nerve the fibres 
of which constitute the axons of the ganglion cells of the 
retina, degeneration of the ganglion cells sets in as early 
as 48 hours after operation. Degeneration advances with 
the lapse of time, is marked at 3 weeks and is complete at



38 weeks, all the cells being atrophic. The ganglion cells 
are the central sensory neurones of the retina and are there­
fore seen to perish upon section of their central processes.

Practically no change takes place in the cellB of the 
outer and inner nuclear layers which are the more peripheral­
ly situated neurones existing in contiguity with the ganglion 
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 retinal neurones have no 
special power of resistance is illustrated by the series of 
autolytic experiments in which degeneration was seen to oc­
cur in the reverse order from that of the optic nerve sec­
tion experiments. The layer of rods end cones with their 
nuclei degenerate first, the inner nuclei being next to per­
ish, the ganglion cells being comparatively resistant.

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

The photo-micrographs were taken by Mr. Richard Muir, 
Edinburgh. The camera lucida drawings are my own work.



ADDENDUM

EXPERIMENTAL SECTION OF THE OPTIC NERVE IN A MONKEY

The following experiment was not completed in time to 
allow of the results being incorporated with the preceding 
series, but one feels justified in making a note of the ex­
periment by reason of its having 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 investigation, 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 
to be noted in connection with this experiment, viz:- That 
it is somewhat difficult to obtain healthy apes for exper­
imental purposes, and also that 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 orbital cavity. One operation was 
performed in the orbital cavity 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 
cranial cavity, a portion of the temporal bone being removed.

In the manipulation of this difficult operation I was 
assisted by Dr. T. Graham Brown of the Physiological Depart­
ment, and I gratefully acknowledge his help.

HISTORY OF EXPERIMENT:
The animal was a small elderly female, badly nourished. 

Ether anaesthesia was used. Due antiseptic precautions be­
ing observed, a 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 vessels. 
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. 18d) which shows that the 
vessels of the retina remained full of blood. The animal 
recovered from the anaesthetic immediately. There was some 
redness and effusion of the eyelid for a day or two after 
the operation, but this condition passed 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 appear at any time much inconven-



ienced by the operation, the left eye apparently being able 
to do duty for both. Nine weeks later the eye looked clear 
and healthy. There was still slight ptosis of the upper 
eyelid. Ophthalmoscopic examination of the fundus with 
homatropine showed extreme pallor of the disc. Vision in 
the eye was nil. The animal was killed 25J- weeks after op­
eration.

HISTOLOGICAL EXAMINATION:
The eyes were removed immediately after death and were 

fixed with as little delay as possible. There was no sign 
of phthisis bulbi in the operated eye. The cornea in each 
was removed as well as lens vitreous etc. The retina in 
the operated eye appeared in parts considerably attenuated, 
especially towards the ora serrata. The cup thus formed 
was in each case divided into four parts and these were 
treated by various fixatives, the corresponding portions 
being taken from both for the same fixative. The fixatives 
employed were (1) HgClg sat. sol. (2) 75$ alcohol.
(3) absolute alcohol * 0.75$ of ammonia for silver impregna­
tion and (4) Muller's solution. The tissues were embedded 
in paraffin. Silver impregnation was unsuccessful in both 
cases. In the sections fixed by HgClg and 75$ alcohol 
Toluidin blue was the stain employed. In (4) Weigert's 
rapid iron haematoxylin method was used. In the case of
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(2), i.e., the alcohol material, the retina was so thinned 
out that little could he made out from it. The observa­
tions were mostly taken from the material which was fixed 
in HgClg.

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. As will be seen from 
fig. 18a, the normal retina consists of three layers of cells - 
the outer and inner nuclear layers and the layer of ganglion 
cells. The nuclei of the outer layer are in rows, three or 
four deep, and are 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 chromatin is strewn somewhat irregularly throughout 
the cell.

The ganglion cell layer contains numerous blood vessels 
and small glial cells. The ganglion cells occur at 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 layer is 
a well developed closely granular layer occurring between 
the ganglion cell layer and the inner nuclear layer. In 
the outer plexiform layer two distinct strata ere to be 
seen, viz:- a narrow inner band which is dense in character, 
and a broader outer band containing large spaces traversed 
by trabeculae which pass upwards to the outer nuclear layer. 
TowardB the region of the ora serrata these spaces are very 
large and give the appearance of cysts.

OPERATED EYE: From the absence of any definite signs of inflam­
mation in the eyeball and no phthisis bulbi no undue loss of 
nutrition such as would result from section of the ciliary 
nerves etc., we would be justified in inferring that the 
changes produced in the retina were those resulting from 
section of the optic nerve alone. In many 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 various layers and compare with 
the corresponding layers in the control. In the outer 
nuclear layer at these parts little or no change is to be 
seen in the operated eye (fig. 18e). There is perhaps a 
slight 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 a whole, the layer con­
sisting sometimes of only one row of cells. The ganglion 
cells are 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 and full of blood, 
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 satisfactory owing to the 
thinning of the retina and age of the animal concerned, 
shows however in the well preserved parts of the retina sim­
ilar features to those met with in the case of the experi­
ments in rabbits and may therefore be included with the lat­
ter as confirmatory of the general result of the investiga­
tion, viz:- that the peripheral sensory neurone is capable 
of independent existence.
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(2) DESCRIPTIONS' OF PLATES:
Fig. I: Experiment II. 48 hours after section of the optic

nerve.

(а) Operative. Tol. Blue. Photomic. X1000. showing gang­
lion cells somewhat diffusely stained. In the one 
to the left the nucleus is eccentric. The outer 
retinal layers are normal.

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

Operative. Tol. B. Drawing (cam. luc.) oil m.m. 1/12. 
ganglion cells selected from different fields to 
show the best preservation. Uote, diffuse staining 
in most of the cells. The cells are smaller than 
in (d)

(б) Control. Tol. B. Drawing (c.l.) oil m.m. 1/12. dif­
ferent types of ganglion cells which occur normally,
(a) is a so called ’noimal’ cell, (b) is a rarefied 
or ’ghost’ cell, (c) shows the nucleus eccentric.
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Fig. II: Experiment V. 4 days after section of the optic

nerve.

Operative . Tol. B. Photomic. 2.700, showing large 
ganglion cell with somewhat diffuse staining. The 
outer layers are normal.

(k) Control. Tol. B. Photomic 2.500. Although under 
lower magnification than (a) the ganglion cells 
show much greater detail of structure. The outer 
layers contrast rather unfavourably with those of (a)

Operative. Tol. J3. Drawing (c.l.) oil m.m. 1/12.
showing ganglion cells from different fields. Most 
of the cells are small and stain feebly The 
chromatin granules are dust-like. Bo quite normal 
cells appear, (compare control).

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

(e) Operative, silver impreg. Drawing (c.l.) o.i. 1/12.
showing (a) ganglion cell, (b) bipolar cell from 
inner nuclear layer. Staining was less successful 
than in control. Varicosities not well marked.

Control. as in (e) showing (a) ganglion cells with 
optic nerve fibres, (b) "horizontal cell" from 
outer plexiform layer. Bote frequent varicosities 
on the fibrils.

(g) Operative. Tol. B. Photomic. x 950. To show normal 
outer layers.

(k) Control. Tol. B. Photomic x 950. Outer layers com­
pare unfavourably with (g)

Fig. ill: Experiment VII. 8 days after section of the
optic nerve.

Operative. Tol. B. Drawing (c.l.) o.i. 1/12. gang­
lion cells selected from different fields. Bote, 
pale staining, and dust-like condition of the 
Bissl granules
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(k) Control, as in (a) ganglion cells from different

fields illustrating various types of cell, some of 
which are not "normal". Uormal cells are frequent 
in the sections, however.

1°) Operative. Tol. B. Photom. 2.1000, showing outer 
layers normal, .tfote well-marked "cross-striping" 
and "cog-wheel" in the outer nuclear layer.

(d) Control. Tol. JB. Photomic. 2.1000, showing outer 
layers which are if anything less "normal" than 
in (e)

Operative silver impreg. Photomic 2800, shows 
large ganglion cell with dendrite passing upwards 
to inner plexiform layer. The axon becomes con­
tinuous with an optic fibre (below).

Operative silver impreg. Drawing (c.l.), o.i. l/lE. 
showing ganglion cells with their processes, note 
absence of varicosities.

Fig. IV: Experiment VIII, Z weeks after section of the
optic nerve.

Operative. Tol. B. Photomic 21000. note the dif­
fusely staining ganglion cell with what appears to 
be the extraded nucleus (above).

Cb) Control, as in (a). Large typical ganglion cell in 
centre; small cell to the right, showing degenera­
tion (eccentric extruded nucleus and rupture of 
cell)

Fig. V: Experiment 12, Z weeks after section of the optic
nerve.

Operative. Tol. B. Photomic 2400, shows small gang­
lion cells which are somewhat diffusely stained and 
have feeble processes. The outer layers are 
normal

(a1) Same, 21000
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Control. as in (a). Showing noimal ganglion colls and outer layers.

(I)1) Seme, Z900.
f®) Operative. Fixation 50$ 8lc. Tol. B. Drawing (c.l.) 

o.i." 1/12. Showing small diffusely stained gang­
lion cells. The larger cells seen to the left 
show a dust-like condition of the chromatin.

(cU Control, as in (c). Showing sharply defined Hissl 
granules in the ganglion cells.

Operative. Fixation in HgClg. Tol. B. Drawing 
(c.l. ) o.i. 1/12. ganglion cells from different 
fields. The cells are smaller than in control and 
have greater tendency to diffuse staining. Ho 
,Tnormalfl cells are to he found.

(f) Control, as in (e). Ganglion cells from different
fields. These cells illustrate the atypical cells 
often met with in the controls.

Operative. Fixation in formol saline. Tol. B. 
Drawing (c.l.) o.i. 1/12. Ganglion cells showing 
somewhat diffuse staining. Vacuoles are frequent. 
The cells are smaller than in (h).

(h) Control, as in (g). Ganglion cells showing large 
Mssl granules. Vacuoles are met with.

Fig. VI: Experiment 2, 6 weeks after section of the optic
nerve.

(a) Operative. Tol. B. Photomic. 21000. The ganglion
cell in the lower part of the field shows somewhat 
diffuse staining. The outer layers are practical­
ly normal, the nuclei of the rods and cones show­
ing a well-marked "cross-striping” and "cogwheel” 
arrangement.

(b) Control. Tol. B. Photomic 2500, showing typical
ganglion cell to left. In the cell to the right 
the nucleus is eccentric and the pericellular 
space is conspicuous.

(b1) Seme, X950. To show outer layers with normal ap­
pearances.
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(o) Operative. Tol. B. Drawing (c.l.) o.i. 1/12. Note

the much, diminished ganglion cells as compared with 
control. Staining is diffuse or there is a dust- 
like condition of the granules, (a) represents 
the nearest approach to a "normal” oell.

(d) Control , as in (o). Note large typical ganglion
cells (a) and (b), with atypical fozms (cT and (d).

Control. Silver impreg. Drawing (c.l.) o.i.1/12. 
Showing ganglion cells (a) and (b) with adjacent 
optic nerve fibres, (c) represents the varicose 
fibres of the internal plexiform layer, (d) fibres 
of the outer plexiform layer with a large "hori­
zontal 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~ganglion cell having a scanty ring of proto­
plasm around the centrally situated nucleus. The 
cells of the inner nuclear layer are normal. The 
cells of the outer nuclear layer ere densely stain­
ed and show less definition than in the control, 
but still show indication of ’bross-striping" and 
"cog-wheel" arrangement.

(fc) Control, as in (a). Showing deeply stained ganglion 
cells alternating with others which tend to become 
rarefied. Note well defined "cogwheel" markings 
of outer nuclear layer. In this case the slides 
to be photographed were not from strictly the same 
regions in both as will be seen from the marked 
preponderance of ganglion cells in the control, 
but the points illustrated are borne out in all 
the other sections examined.

(c) Operative. Fixation in Formol Saline. Tol. B.
Drawing (c.l.) o.i. 1/12. Showing ganglion cells 
much diminished in size. Diffuse intense staining 
is the rule. There is no vaeuolation. Pericel­
lular spaces not enlarged. No normal cells are to 
be found.

(d) Control, as in (c). Ganglion cells from different
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fields. Hote vaeuolation in (a) enlarged pericel­
lular space in (b).

Operative. Fixation in 50% aloohol. Tol. B. Draw­
ing (c.l.) o.i. 1/12. Ganglion cells from dif­
ferent fields. Uote small size of cells, diffuse 
staining and absence of vaeuolation. Pericellular 
spaces occasionally seen (a).

Control, as in (e). Showing many normal ganglion 
cells (a) with others (b) less typical.

(s) Operative. Fixation in HgClg. Tol. B. Drawing
(c.l.) o.i. 1/12. Showing differentiation even 
less well marked than in (e)

(k) Control, as in (g). Differentiation less pronounced 
than in (g).

(D Control. Silver impreg. Drawing (c.l.) o.i. 1/12.
(a) Ganglion cell with axon towards the right.
(b) Ganglion cell with optic nerve fibres in Juxta­
position. (c) Group of cells, the large cell in 
centre being a "horizontal cell" from the outer 
plexiform layer, the cells on the right being those 
of the inner nuclear layer, those on the left from 
the outer nuclear layer. Varicosities are nowhere 
well demonstrated.

Fig. VIII: Experiment XII. 16-J weeks after section of the
optic nerve.

(a) Operative♦ Tol. B. Photomic. X1000. Showing
shrunken ganglion cell. The protoplasm is diffuse­
ly stained and the nucleus is somewhat eccentric.
The pericellular space is seen. Protoplasmic ex­
tensions are scarcely visible (compare (b)K

(b) Control, as in (a). Showing "normal” ganglion cell,
with well defined upgoing process.

(c) Operative. Tol. B. Photomic. X950. Showing outer
layers which appear normal.

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

Operative. Tol. B. Drawing (c.l.) o.i. 1/12. Gang­
lion cells much diminished in size. The chromatin, 
when granular, is lightly stained and is in the 
fora of fine dust-like particles. Usually, how­
ever, there is a condition of dense diffuse stain­
ing of the protoplasm.

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

(h) Control. Silver impreg. Drawing (c.l.) o.i. 1/12. 
Showing 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 
Z1000. Showing shrunken hyaline ganglion cells 
with eccentric nuclei. The chromatin is diffusely 
and densely stained. Their pericellular spaces 
are not enlarged. Note that although definition 
of the chromatin in the external nuclear layers 
is not well marked the corresponding elements in 
the control show similar characteristics.

Control, as in (a). Note ganglion cell showing large 
well defined Nissl granules. The cells of the 
outer and inner nuclear layers show scarcely bet­
ter definition than those of the corresponding 
layers in (a).

(c) Operative. Fixation in HgClg. Tol. B. Drawing.
(o.1.) o.i. 1/12. Ganglion cells from different 
fields. Note the small size and absence of well 
defined Nissl granules. There is wrinkling of the 
nuclear membrane, pericellular spaces ere not en­
larged .
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Control, as (c). Shows various typos of ganglion 
cell. In (a) there is diffuse staining. Hote 
presence of large cells with well defined ifissl 
granules, a type never found in (c).

(e) Operative. Fixation in Formol Saline. Tol. B.
Drawing (c.l.) o.i. 1/12. Illustrates the condi­
tion of atrophy in the ganglion cells. Note 
shrunken cells and lack of vaeuolation. Pericel­
lular spaces not enlarged. Diffuse staining is 
prevalent, practically no granular structure being 
indicated.

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

Fig. X: Ox eye, autolysis 24 hours (room temperature)

I (a) Autolytic Bye: Fixation in 50$ alcohol. Haemalum
and Eosin. Photomic. X700. large ganglion cell 
showing granular condition of the chromatin. The 
nucleus is somewhat eccentric. The protoplasmic 
processes are prominent. The cells of the exter­
nal and internal nuclear layers are considerably 
more degenerated than the ganglion cells.

(b) Autolytic Eye. Fixation in 50$ alcohol. Tol. B.
Photomic. X1000. Large ganglion cell with slight 
erosion of the cell margin. There is still a fair 
degree of granular differentiation, but the stain­
ing tends to be more diffuse than in control. The 
nucleus is deeply stained and is central. Proto­
plasmic processes not indicated.

(o) Autolytic Bye: Fixation in HgClg, Haemalum and
Eosin. Photomic 2500. The nuclear layers are still 
separated from each other by the outer plexiform 
layer. The cells of the nuclear layers are shrunk­
en and densely stained. The ganglion cell to the 
left and below is somewhat ghost-like. The rods 
and cones have lost their "palisade’1 structure.

(d) Autolytic Eye: Fixation in HgCl$>, Tol. B. Photomic
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 
stained.
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Autolytic Eye; Tol. B. Drawing (cam. 1.) o.i. 1/12. 
Ganglion cells selected from different fields, 
ifote their well preserved condition. The processes 
are often conspicuous. Granular structure is well 
marked. There is occasionally a tendency to pale 
staining and vacuolation.

(f) Autolytic ISye: Tol. B. Drawing (c.l.) 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 (f)
II Control of I. Tol. B. Drawing (cam. luc.) o.i. 1/12. 

Showing different types of normal cells (a) rare­
fied cell with eccentric nucleus, (h) cell con­
taining discrete Mssl granules and eccentric 
nucleus, (c) cell which is profusely vacuolated,
(d) small cell diffusely stained.

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

fa) Autolytic Eye: Fixation in picro-formol. Tol. B.
Photomic X1000. large ganglion cell with conspicu­
ous processes and well defined Mssl granules. 
Nucleus and nucleolus still well preserved.

(h) Autolytic Eye: Fixation in 50$ alcohol. Tol. B.
Photomic. Showing disorganisation of rods and 
cones. The large ganglion cell in the centre of 
field is somewhat diffusely stained, "but is still 
•granular. The nuclear layers show degenerative 
changes.

(o) Control of Cb). Large ganglion cell in centre of 
field shows well defined uissl granules. Outer 
layers well differentiated.

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

(a) Autolytic Bye: Fixation in Muller's solution.
Weigert’s iron haemalox. Photomic X500. The ex­
ternal plexiform layer is almost obliterated. The 
cells of the outer and inner nuclear layers are de­
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generated (shrunken, densely stained). Large 
ganglion cell at lower pert of field shows some­
what eroded edges and densely stained nucleus.

(b) Autolytic Bye: Fixation in 50$ alcohol. Hoi. B.
Photomic Z1000. Large ganglion cell diffusely 
stained, hut still granular. JJote protoplasmic 
process on left. The outer layers are not all 
shown in this field.

(c) Autolytic Eye: Fixation in 50$ alcohol. Heera. and
eos. Photomic Z1000. Ganglion cells with erosion 
of cell margins, hut otherwise fairly well preserv­
ed .

Fig. ZIII: Ox eye. Autolysis for 90 hours (room temperature)

(a) Autolytic Bye: Fixation in 50$ alcohol. Tol. B.
Photomic Z1000. Showing fusion of external and in­
ternal nuclear layers (the cells of the two layers 
are scarcely distinguishable from each other) 
Ganglion cells densely stained hut still showing 
indication of granules. The nuclei are deeply 
stained.

(h) Control of (a) Large ganglion cell with strong up- 
going process. The nucleus is eccentric. ITissl 
granules lack perfect definition.

(c) Autolytic Bye: Tol. B. Drawing (cam. luc.) o.i. 1/12
Ganglion cells from different fields. Staining is 
somewhat diffuse and often intense. The cell mar­
gins are eroded. Protoplasmic processes generally 
wanting. There is still indication of granular 
structure.

Fig. ZIV: Rabbit's eye. Autolysis for 24 hours (room temp.)
Tol. B. Photomic Z1000. Showing ghost-like ganglion 
cell with eroded edges. There is still evidence 
of the protoplasmic extensions. The nucleus is 
well preserved. Granular structure still visible 
in these cells.
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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 © state of good 
preservation. Rissl granules are present, but 
there is a tendency to diffuse staining. The cells 
of the inner nuclear layer are degenerated, but 
less so than those of the outer nuclear layer.

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

(a) Autolytic Bye: Fixation in 50$ alcohol. Tol. B.
Photomic X1000. Large ganglion cell with densely 
stained but still granular protoplasm. The nucleus 
is well preserved. The cells of the outer and in­
ner nuolear layers are almost completely degenerat­
ed.

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

(c) Autolytic Bye: Fixation 50$ alcohol. Drawing (cam.
luc.) o.i. 1/12. Ganglion cells from different 
fields. Rote the well preserved cell-processes; 
in (a) the stain tends to be diffuse.

(d) Control of (c). Showing ganglion cells from differ­
ent fields; (a) typical cell; (b) rarefied or 
ghost-like 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. Fixation in 50$ alcohol. Tol. B. 
Photomic X500. Showing degenerated cells of the 
outer and inner nuclear layers. These layers are 
still separated from each other by the outer plexi- 
form layer. The large ganglion cell below shows 
erosion, of the inner edges and diffuse staining of 
the protoplasm. Granular structure still recognis­
able.
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Control of fa). Uote the large typical ganglion cell 
with well marked Uissl granules, central nucleus 
and up-going process. The cells of the outer and 
inner nuclear layers are well differentiated.

Autolytic eye: Tol. B. Drawing (cam. luc.) o.i. 1/12
Ganglion cells from different fields. In (a) there 
is profuse vacuolation and the cell margins are 
eroded; Cb) cell with well defined process; (c) al­
most normal cell, showing tendency to diffuseness 
of stain.

Control of (c): Ganglion cells from different fields;
iTaV typical cell with well-defined Jtfissl granules, 
central nucleus, and well marked process; (h) some­
what rarefied cell, with eroded margins.

Fig. 18: Monkey's Eye. 25̂  weeks after operation.

Control: Fixation in HgClg. Tol. B. Photomic 2500
showing the various elements of the normal retina.

Cb) and (c) Control as in (a) X1000. Showing the ganglion 
cells, and inner nuclei. The outer nuclei are seen 
at the upper margin of Cb).

Operative: Fixation in HgClg. Weigert’s Haeraatoxylin.
Photomic X300. Showing well-filled blood vessels 
in the retina.

(0' Operative: Fixation in HgClg. Tol. B. Photomic 21000.
Showing absence of ganglion cells. lote the much- 
thinned inner nuclear layer, the cells themselves 
being well preserved. The cells of the outer nuclear 
layer also are practically normal.



FIG. 1



‘io

FIG. £



a

F IG . 2



**
V*

A -J
" fCL/ •-*'

FIG. 3



FIG. 3



Cb)

FIG. 4



'

Cb) 
FIG. 5





fk,
c/

fj*

f Si| m f

( c )

id

w

$«kv<

(VW*'

(d)

V-,
*

#•
(15

f.v; • \*v

\ >';r-

(0}

QJ*
Z 'y

,.,-r?'
'■M,J

(g)

<£

a

ff;

H rw./’

■©> •

1) vi

(h)

FIG. 5





affil W
• •

.

FIG. 7



A

or
o

#

^ v
/ V

/  Vfa-j
*s * *

S '
V fw ;&A~'
iiB

i c )

A

(d)

/ 2

f i g . 7





FIG. 8





V . -: v;V »
■* . * jtet.Sstor-it

( G ) <d)
FIG. 10



FIG. 10







FIG. 13



FIG. 14

FIG. 15



FIG. 16



>■

FIS. 17



FIG. 18



FIG. 18


