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PREFACE TO THE FIRST EDITION.

Tuis work has been published in response to
oft-repeated demands. In it will be found in
essence the instruction which I have been
accustomed to give in my Microscopic Course,
and an account of the methods which I have
found to be most generally useful

It was originally my intention to have in-
corporated 1t in a larger work on the Patho-
logical Histology of the Eye. I have, however,
been invited by Professor Orth to undertake
that portion of his 7Zext-Book on Pathological
Anatomy which deals with the eye. A
technical treatise like this would be out of
place in such a work; it i1s, therefore, pre-
sented as a separate volume,

FEvery ophthalmologist who uses the micro-
scope knows that the eye, in virtue of its
peculiar form and composition, demands treat-
ment differing in many respects from that
suffictent for organs which are more consistent
and uniform in structure, and the precise rela-
tion of whose parts it is less important to pre-
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serve. There are, moreover, certain processes
which are adapted for the demonstration of
ocular structures solely. Further, the technique
involved in the division of the bulb calls for
special consideration.  Many important points
are not discussed in the various excellent hand-
books on microscopic work, and, although much
is to be learned from these regarding general
methods, the eye, as a rule, is treated briefly.
Here, for the first time, an attempt has been
made to collect such matter as may prove
specially useful to the ophthalmologist. [ am
well aware that many workers may possess
more valuable information on certain points
than it has been my fortune to acquire. Per-
haps this book may contribute to a general
knowledoe of what i1s most serviceable. Any
suggestion will be gratefully received.

At all events, this work is not a mere com-
pilation ; the methods described have in almost
every instance been tested by myself.

Since the work is intended for students, I
have purposely omitted many modifications of
methods ; it is sufficient to know a few processes
thoroughly.

R GREEFE

BerLin, August, 13g8.



PREFACE TO THE SECOND
EDITION.

Tue early demand for a second edition shows
that this modest work has served its purpose,
and been accorded a kindly reception. [ wel-
come, therefore, the opportunity [ am afforded
of making certain alterations and additions
which have been suggested by my friends.
For these suggestions [ am grateful, and I
shall still be pleased to receive  such.

[n other countries also my efforts appear to
have been appreciated. The book has been
translated into Japanese, while English and
French editions are in course of preparation.

In the second edition the work 1s consider-
ably larger. This increase in size was unavoid-
able, but [ have striven to be brief, and to
maintain the simple character of the work.
The critics will bear in mind that 1 have made
no attempt at a complete treatment of the
subject.  Those who desire fuller information
must resort to the original authorities.  The
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references to these are somewhat more numer-
ous than in the first edition, but are still incom-
plete. Nor does the second special portion of
the work aim at giving a full account of the
anatomy of the eye. It is rather a series of
exercises by means of which the finer technique
and the anatomy of the organ may be learned.

RoOGREBF

BeErLiN, October, 1q00.



FRANSLATORS PEEFACE.

IN these pages | venture to present to English
readers the teaching of my former master, Pro-
fessor R. Greeff. While endeavouring to give
a faithful rendering of the original text, I have
not hesitated to amplify the descriptions of the
processes, where a fuller account seemed to con-
duce to a clearer apprehension of the author’s
meaning.

AUGH WALKER.

Grascow, April 1901
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1.
GENERAL PART,.
EQUIPMENT.

THE equipment of a small laboratory suitable for the
microscopic examination of the eye does not, as 1s
often supposed, involve great trouble or expense.
The oculist finds his chief work in the practice of his
profession, but it is a matter for regret if he confines
his attention to this solely. The organ with which he
deals 1s so small that he ought surely to embrace every
opportunity of becoming acquainted with its finer
microscopic structure, and thus be able by anatomical
and pathological examination to demonstrate the
necessity for the operative treatment he may have
undertaken.

It 1s impossible for every one to become an expert
in staining methods, and in many cases the results
attamned must fall short of those of the professional
anatonust. The aim of this work, however, 1s to show
that a satisfactory examination of an eye can be made
without elaborate instruments or numerous re-agents.
On the other hand slavish adherence to a single method
1s reprehensible.  The greatest sinners in this respect
are our supermodern confréres, who rush to what is
newest, who recognise nothing but this, and who to-

I
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day scoff at what a year ago they were wont to laud as
best. It is much better to learn a few methods of
staining thoroughly, and then to study the tissues
themselves rather than waste time over non-essential
details. Each works best with the agents most familiar
to him. This is a secret which, if known, would settle
many a dispute.

Microscope.—In the first place a reliable microscope
is essential, and in the choice of this excessive economy
as well as excessive extravagance should be avoided.
If it 1s not convenment to purchase everything at once,
a good stand should in any case be chosen—one
capable of having fitted to it all that may eventually
be necessary. Good work can be done without an
oll-immersion lens, and this can be procured subse-
quently. The favourite mnstruments (in Germany)
are those of Zeiss and Leitz. The Zeiss microscopes
are the more expensive; the author has found those
of Leitz equally satisfactory if the lenses are care-
fully selected. When expense is a consideration,
Leitz's Stand IIb may be procured. This stand can
be inclined at different angles, and 1s provided with an
Abbé condenser, an iris-diaphragm, and a nose-piece
for three objectives. The most suitable eye-pieces
are No. I. (40 mm.) and No. III. (30 mm.); the most
suitable objectives, No. 3 (13 mm.) and No. 6 (4.4 mm.).
Such an instrument costs 47 or £8. A good oil-
immersion lens, ;% (2.1 mm.), costs £5 more. A
micrometer eye-piece 1s useful for the exact measure-
ment of objects. Excellent instruments may be pro-
cured from Beck, Swift, Watson, and Powell &
I.eland, of London.
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Microtomes—/A microtome 1s also necessary, and
this should be simple i construction. Complicated
instruments are expensive, and are at the same time
more difficult to keep clean. A good knife and care-
ful imbedding are the main requsites for the produc-
tion of thin sections. Microtomes, of which there are
numerous models, are usually so constructed that the
knife 1s moved horizontally on a slide backwards and
forwards, the object being fixed during cutting, and
being elevated after each stroke by means of a screw-
arrangement through a distance which corresponds to
the thickness of the section desired. The elevation of
the specimen 1s accomplished in one of two fashions.
Either the object-holder is raised by being advanced
along an inclined plane, or, and this is in the opinion
of the author preferable, the holder 1s directly ele-
vated by means of a nucrometer-screw. The snuple
microtome manufactured by Schanze of Leipzig can
be recommended. It costs about 435.

[f exanminations have to be undertaken with the ob-
ject of establishing an immediate diagnosis, a freezing
apparatus is indispensable, and every microtome
should admit of being ftted with this.

The ordmary s/ide 1s too narrow. A convenient
size 1s that measuring 32 by 62 mm. Cover-glasses,
20 sq. mm., are employed for smaller sections; and
those, 25 sq. mm., for sections of the complete bulb.

The mounted specimens should be kept in simple
cardboard cases, and should be placed horizontally to
prevent the Canada balsam from running.

With the aid of a set of scales the commoner stain-
ing solutions can be produced at small cost. A
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milligramme of error 1s of no consequence. Reliable
stains can be obtained in powder from the laboratory
of Dr. G. Grubler, Leipzig. Solutions which are difft-
cult to prepare should be procured ready for use.

When the tissue 1s to be imbedded in paraffin an
incubator 1s required, and this, as will be shown here-
after, can be utilised for other purposes.

[astly, there should be provided a broad section-
hifter, scissors, two teasing-needles, a platinum needle,
a graduated cylinder for measuring hquids, and several
shallow vessels of different sizes. These last ought to
have flat bottoms to avoid their being easily upset.

Drawing Apparatus.—Some form of drawing ap-
paratus 1s useful not only for those who have no talent
for drawing, since by means of it errors mn shape and
relative size are avoided. Till lately Abbé’s drawing
camera was the best devicee. The drawing-surface,
which 1s placed at the level of the stage, is reflected
by a mirror and double prism situated above the eye-
piece. The image formed by the objective 1s seen
through an aperture in the silvering of the prism.
Still more convenient 1s Leitz's drawing eye-piece.
This consists of a prism attached to an eye-piece. The
upper part of the microscope is inchined 45°, and the
surface of the table behind the microscope 1s reflected
to the eye by two total reflections at the surfaces of
the prism. A special drawing table is thus unneces-
sary.

The two mstruments just mentioned are adapted for
the drawing of microscopic sections. For projection
and for the drawing of large specimens such as sec-
tions of the complete bulb Edinger’s apparatus can
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be highly recommended. It projects the image of the
preparation directly on to the drawing-surface, so that
it is visible to the by-standers. The apparatus is,
therefore, suitable for the demonstration of specimens.
Edinger’s instrument has been adapted for photo-
oraphic purposes by Nieser. The maker 1s Leitz.

ON PROCURING MATERIAL,

Difficulty is often experienced in procuring material.
Eyes removed from the living subject furnish the most
suitable tissues for anatomical and pathological re-
search. If 1t 1s important that the topographical rela-
tions of the parts be preserved, the eye must be
hardened, and it should be at once transferred to the
hardening medium, since a few seconds after removal
diffusion of the intraocular fluids sets in, and the cor-
neal epithelium begins to dry. The diseases to which
the eye 1s subject do not, as a rule, necessitate enucle-
ation ; and, moreover, in these times treatment 1s be-
coming more and more conservative. Further, eye
diseases rarely prove directly fatal. As a consequence
many diseases escape pathological examination; in-
deed, there are numerous affections which are well
known clinically, but which have never been submitted
to anatomical investigation.

Still greater difficulties are experienced in procur-
ing normal specimens of the human eyeball. Eyes
taken from the dead body soon undergo changes which
render them unsuited for minute examination. The
most valuable material for this purpose has hitherto
been furnished by eyes enucleated on account of small
tumours, for in these the greater portion of the globe
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may be quite normal. Occasionally a healthy bulb 1s
removed by the surgeon in resection of the upper jaw.

Both opportunity and resource are required in ob-
taining from the dead body organs exhibiting patho-
logical processes; and these when obtamned are more
serviceable for the study of pathology than for that of
normal histology. Pathologists, unfortunately, do not
always take into account the disadvantages under
which ophthalmologists rest, and often give with a
orudge material which 1s of httle value to themselves.
Those anxious to obtain such specimens should be
constant 1n attendance in wards devoted to general
diseases and to affections of the nervous system ; and
should there examine the patients, and study the
ophthalmoscopic appearances of the eyes. Special
attention should be paid to cases which are likely to
have a fatal termination. In this way changes are
often discovered in the eye which are the result of the
oeneral disease, and also accidental conditions, such as
anomalies of refraction, which are of interest and value
when so studied.

But even after such discoveries are made, 1t 1s diffi-
cult to obtamn the organs at the conclusion of the
post-mortem examination. The removal of the eye
produces disfigurement which should be avoided.
There are several ways of averting this.

When, as 1s often the case, only the posterior por-
tion of the globe 1s desired for exammation, the fol-
lowmg procedure 1s adopted: The brain having been
removed, access to the eye 1s obtained by breaking in
the roof of the orbit in front of the optic foramen.
The splinters of bone are picked away, and one
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blade of the scissors is pushed into the bulb, which
1s then completely divided along its equator, the
optic nerve being meanwhile held by means of for-
ceps. The scissors should cut deeply so as to include
and sever the retina, and not tear 1t from 1ts attachment
at the optic papilla, an accident which may occur in
unskilful hands. The anterior portion of the globe
thus remains z#n situ, and if, after removal of the pos-
terior hemisphere, the cavity of the orbit 1s stuffed with
cotton wool, minute nspection from the front fails to
disclose the shightest dishgurement.

When the brain has not been examined the removal
of the fundus is somewhat more difficult. The method
then employed 1s as follows: The eye is enucleated
in toto, divided in the manner just described, and, the
space behind the lens having been firmly packed with
wool, the anterior segment 1s replaced. - From without
the wool 1s mvisible, and the reposition can be effected
so as to leave no trace of disturbance.

Should the entire bulb be required, one of two de-
vices may be adopted. After enucleation the orbit is
packed and the eyelids closed by a stitch nserted at
the mmner canthus; or, preferably, an artificial eye is
ntroduced. These eyes are readily obtained from
patients who discard them, since they become rough,
and are rarely worn longer than a year. Eyes made of
celloidin, and therefore practically unbreakable, are
also suitable for this purpose. They can easily be in-
serted by the servitor, and, if desired, removed before
the body 1s taken away. Celloidin eyes should form
part of the equipment of every post-mortem theatre.

The bulb having been procured, a thread is passed
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through the end of the optic nerve or through the
stump of a muscle, and the specimen 1s suspended 1n
a vessel containing a plentiful supply of Miiller's or
other smitable hardening fluid. The liquid is absorbed
and the globe quickly resumes 1its spherical shape.
Or, otherwise, the floor of the vessel 1s covered with
cotton wool to prevent flattening when the eye 1s
soft.

ORIENTATION OF THE EYEBALL,

It has become customary, for purposes of descrip-
tion, to compare the bulb with the earth, and 1t would
be well if this convention were generally adopted. Re-
ferences based on this comparison exclude entirely
those misunderstandings which are apt to arise In
anatomical accounts of the direction of planes, etc.
T he eye 1s considered to possess an anterior and a pos-
terior pole, and to be divided by the equator mto an
anterior and a posterior hemisphere. Sections made
parallel to the plane of the equator are styled Equa-
tortal Sections; those parallel to the plane of a
meridian, Meridional Sections. In the case of the
latter 1t 1s necessary to specify the meridian concerned.
When 1t 1s stated that horizontal meridional sections
are to be made, or that the eye 1s to be divided into
sections parallel to the horizontal meridian, there can
be no mistake. To express the same meaning others
employ the term, Horizontal Axial Sections. Vague
terms such as “radial " afford no definite information
This word 1s unnecessary even n descriptions of the
iris (¢f. Kallius, Ergebnisse der Anatomie und Entwick-
lungsgeschichte, vol. viii., 1898).
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It is of advantage to know the position the bulb
occupied in the orbit before proceeding to divide it.
Sections can then be made parallel to the horizontal
meridian or in any other direction desired.

It will be shown that it 1s possible to determine the
different planes and axes, even after the eye has been
enucleated and hardened. It is, however, preferable
to mark the position of the eye in the orbit before enu-
cleation. This can be simply done by touching the
upper border of the cornea with nitrate of silver pre-
vious to the operation. Or, immediately after the eye
has been removed, a thread may be passed through
the tendon of the Superior Rectus muscle.

EXAMINATION OF FRESH TISSUES.

The examination of tissues in the fresh state 1s at
present practised little, certainly less than it deserves.
In the case of the eye, more often than in that of any
other organ, there 1s a tendency to omit this examina-
tion, and to first harden the healthy or diseased globe ;
because attempts to divide it previous to hardening are
apt to disturb the topographical relations of the parts
and to spoil the specinen. Nevertheless something
must be said in favour of examining certain tissues
while fresh. The excellent works of Virchow, H. Miil-
ler, Sattler and many others, show how much instruc-
tion can be derived from the study of fresh specimens.
Many advantages are lost by hardening. A glioma
retine presents in the hardened and stained prepara-
tion a picture quite different from that which it affords
in the fresh condition. Every intraocular tumour
should be examined in its natural state. Only then
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can a proper conception of its appearance in the living
subject be gamed. The individual cells, moreover,
reveal their structure better in the recent condition than
when hardened, shrunken, and closely packed together.
I'inally, as in the case of tumours, it 1s often important
to establish a diagnosis immediately after the extirpa-
tion or exploratory puncture. The examination must
then be made while the tissue 1s fresh, since the harden-
ing process, even under the most favourable circum-
stances, occupies several days.

Fresh tissues must be prepared to some extent
before they can be submitted to microscopic examina-
tron.

Division of Fresh IEyeballs—If mternal structures
are to be examined in the fresh condition the bulb
must be opened at once. In practice this 1s by no
means easy, since the globe collapses immediately an
incision 1s made. The most suitable method of pro-
cedure 1s as follows: The bulb 1s held between the
fingers of the left hand, and a sharp kmife 1s appled
to it in the equatorial region so as to cut through its
membranes for a short distance. The globe 1s now
quite soft, and, having been carefully taken up with
forceps, should be placed mn a vessel three to four
cm. deep containing physiological salt solution, 0.0
per cent. Here 1t 1s held with the forceps applied to
the margin of the incision, and the division is com-
pleted by smipping it with sharp scissors around the
equator. If it 1s undesirable that the freshly opened
eye come into contact with liquids, it may be held in
a towel during the process. Division of the eye along
the equator into an anterior and a posterior half is to
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be preferred, because by this method dislocation of the
lens and destruction of the specimen are avoided. If,
however, it 1s desired to cut the bulb along a meridian
(into an upper and a lower half), the division should
be commenced at the posterior pole, the scissors and
forceps carried forward on either side, and the anterior
structures (lens, iris, cornea) finally severed by one
strong smip. After the removal of the portions re-
quired (usually small particles) the hemispheres can be
hardened. (See also p. 35.)

Examination of Liguids—It may be desirable, es-
pecially when pathological changes are present, to
examine hquids from the interior of the eye, ¢.g., sub-
retinal exudations. ‘These contain an abundance of
cells, elements which have suffered fatty degeneration,
and often cholestearin crystals. The last can be well
seen only i the fresh specimen, since they are dis
solved by the hardening solutions. Further, it may be
necessary to examine subchorioidal exudations, the
vitreous and vitreous opacities. These are removed
from the eye by means of a platinum loop, and a drop
of the fluid is transferred to a slide, protected with a
cover-glass, and placed under the microscope.

These liquids can also be put up in the form of
cover-glass preparations such as are used in bacterio-
logical examinations.

Cover-glass Preparations—A thin layer of the
hqud 1s taken up and smeared on a cover-glass by
means of a platinum loop. After being allowed to dry
thoroughly, the glass is drawn slowly three times
through the flame of a spirit lamp. Some drops of
a staming solution are then transferred to the cover-



12 GUIDE TO THE MICROSCOPIC

olass by means of a glass rod, and left there for 1-3
minutes. The preparation 1s next washed in water
and dried on a thick pad of blotting-paper. It 1s then
placed aside until the water has evaporated, and hinally
the cover-glass is mounted on a shde with Canada bal-
Sam.

Examination of Tissues—In the case of soft tissues,
e.z., cliomata, it is sufficient to draw the blade of a
scalpel over the surface of the tumour, or still better
over the surface of a section, and to examine what
adheres to the blade in some “indifferent” medium.
[For this purpose there 1s nothing better than the hqud
of the eye itself, aqueous or vitreous. Failing these,
0.0 per cent. salt solution may be employed. The more
widely the cell mass 1s spread out, and the less of it
taken, the more instructive 1s the specimen. Only a
drop of the medium should be added; otherwise the
cover-glass does not remain fixed, and the cells exhibit
continuous movement.

Teased Preparations—Tissues of firmer consist-
ence, ¢.¢., sarcomata of the chorioid, have generally to
be teased before they can be examined microscopically.
A very small piece of the tissue should be removed
with forceps and scissors, placed on a shde in a drop
of an indifferent liquid, and teased into fine shreds by
means of two strong needles.

Sometimes the tissue 1s so wesistant that it can be
resolved into 1its constituent elements only after treat-
ment with a Macerating or Dissociating Medium. To
this end the pieces are laid for 24 hours in 30 per cent.

alcohol, or for 2 or 3 days in a small quantity of
Miller's flmd.
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Sections—Hard tissues in the fresh condition are
most conveniently cut with a sharp razor while held
between two pieces of hardened liver. Those accus-
tomed to use a double-bladed knife may prefer to
employ this. The freczing microtome gives very
beautiful and very thin sections of tissues which do not
fall to pieces when thawed. The tunics of the eye
unfortunately do not belong to this class.

The piece to be sectioned must not be more than
2 to 4 mm. in thickness, or 1t does not freeze equally
throughout. It 1s placed with as smooth a surface as
possible upon a metal plate, against the under surface
of which an ether spray plays. The spray should not
be worked strongly or continuously, but intermittently,
so as to give the ether time to evaporate. It 1s well
to keep the preparation pressed hghtly against the
metal plate by means of a scalpel till it 1s frozen hard.
Sometimes 1t 1s advisable to wet the plate with water
before laying the tissue on it. The sections are ex-
amined 1 water.

Quite fresh tissues always suffer considerably in the
freezing and thawing. On the other hand, the freezing
microtome produces very beautiful sections of tissues
which have been shghtly hardened. For this purpose
formalin 1s now recommended. Collen (Centralblait
fiir allgem. Pathol. und path. Anatomie, 1895, p. 449)
advises that the pieces be placed in a 10 per cent.
aqueous solution of formalin for 2 hours before being
cut. This method possesses the advantage that the
red blood corpuscles are not disintegrated by the freez-
ing and thawing.

The following are the stages in the process:—
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1. Sections are made from the [rozen tissue.
These are placed in 50 per cent. alcohol for
three minutes.
3. They are transferred to absolute alcohol for
1 minute.
They are immersed in water for a minute.
Next they are stained in haematoxylin.
They are washed in water.
They are treated with alcohol (containing, if
necessary, 1.5 per cent. hydrochloric acid).
3. Next they are counter-stained with eosin.
0. They are dehydrated in g5 per cent. alcohol,
and then 1n absolute alcohol.
10. They are cleared 1 o1l, and mounted 1in Canada
balsam.

Lo

O\ 4

et |

Tissues removed from Miiller's fluid may, after being
washed for a short time 1n water, be cut with the freez-
ing microtome, without being imbedded.

Specimens which have been hardened i spirit must
be thoroughly saturated with water. It 1s well to leave
them in this for twenty-four hours, sice the tissue does
not adhere to the metal plate unless every trace of
alcohol has been removed.

The Stawing of Fresh Preparations 1s accomplished
by placing a drop of the staining solution on the
shde at the edge of the cover-glass, the stain being
drawn under the glass by means of a piece of blotting-
paper applied at the margin opposite the drop.

Hematoxylin 1s not suited for this purpose, and
L6ffler’s methylen blue, or picrocarmine, should be em-
ployed.
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METHODS OF HARDENING AND FIXING,.
1. Havdening in Alcolol.

The essence of the hardening process consists in the
extraction of water from the tissues, and n the coagula-
tion of the albumen they contain. These changes are
brought about with remarkable rapidity by means of
alcohol. Hence it follows that loose tissues which con-
tain much water and little albumen shrink greatly in
alcohol. The eye is a tissue of this nature, for it
contains much liquid and httle albumen. The wvitre-
ous, even mn a normal eye, contains only a small
quantity of albumen, and after the most careful harden-
ing shrinks to a thin layer behind the lens. If,
therefore, strong alcohol be employed, the shrinkage
1s intense; and not only does the vitreous shrink,
but also the entire bulb with its protective membranes.
Consequently entire bulbs should not be brought
directly into alcohol. It is preferable to “fix” the
tissues in solutions of certain salts in a manner ex-
plained hereafter, and to complete the hardening with
alcohol. In cases of tuberculosis and in those where
this 1s suspected, the rule does not apply. The bacilli
of tuberculosis and similar diseases (anthrax, leprosy,
etc.) stan better when the hardening is accomplished
by alcohol from the first. At all events it should be
borne in mind that the staining of tubercle bacilli may
not be successful if the tissues have been treated with
Miiller's fluid.

If, then, alcohol be chosen as the hardening medium
it should be first employed dilute, and only gradually



16 GUIDE TO THE MICROSCOPIC

increased in strength. In this method the following
1s the procedure : —

I. The eye 1s placed m
Alcohol, 50 per cent., for 24 hours.

o OO - > i
" ;O T T "
" 7.5 . .. o
A 80 ,, i -
" Qo b b »
» 05 5 3 1
" absolute i !

2. Section of the bulb.

3. The parts are again placed in absolute alcohol
for one day:.

4. They are imbedded in celloidin.

A bulb, however, that has been so treated is vsuaily
considerably distorted.

Alcohol, when employed directly, possesses the fur-
ther disadvantage of removing the colouring matter
of the red blood corpuscles so that only the “ shadows "
of these are left.

Small pieces of firm tissue, ¢.g., portions of a tumour
or segments of the optic nerve, may be hardened with-
out injury in alcohol. But even for these it 1s not
advisable to employ strong alcohol at first, since this
leads to coagulation of the albumen in the peripheral
zones, and prevents penetration to the deeper parts.
The centre of the tissue therefore remains soft. To
avold this such pieces are placed in

Alcohol, 80 per cent., for 2 days.
" QU " " 1
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Alcohol, g6 per cent., for 2 days.
.3 absolute, 8 "
Section of the bulb, imbadding, etc.

2. Hardening in Miillev's Fluid.

Miiller's fluid is much used for fixing the tissues of
the eyeball, and i1s in many cases a most suitable
medium. It 1s a favourite practice to place in it bulbs
which do not require to be examined at once, and
which are not to be treated by any special method.
It possesses the advantage that tissues hardened in it
are adapted for taking up most nerve-stains: 1t should
be used if it 1s intended to demonstrate the medullary
nerve sheaths (Weigert, Pal). On the contrary, it
should not be employed for tuberculous tissues, since,
after being exposed to it, bacilh do not stain well.

Miller's fluid, by destroying the structure of the
nucleus, prevents the demonstration of Karyomitosis ;
and the almost universal use of this agent hitherto may
explain the lack of attention paid to nuclear division
in the past. On the other hand it preserves the colour
of the red corpuscles, so that blood in the vessels and
extravasations are rendered prominent by their yellow
appearance,

Muller's flud penetrates the tissues deeply. The
external form of the bulb 1s therefore maintained.
Still, even when it is used, there is great shrinking of
the vitreous, and almost always artificial detachment
of the retina.

The practice of incising the bulb before placing it
in the fixing fluid is bad, for it causes mutilation of the

eye and offers no advantage. This applies in the case
=
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of Miiller's and almost every other fixing fluid, with
the exception, perhaps, of osmic acid, which possesses
only slight penetrating power. Clinical experience
shows how easily the cornea and sclera are permeated
by chemical substances (e.g., atropm): experiments
teach the same lesson. A bulb which has lain for
even a few minutes in Miiller's fluid shows when cut
that all its membranes have been permeated. The
vitreous alone presents difficulty. Incision of the
membranes and injections with a hypodermic syringe,
however, are equally ineffective in producing uniform
saturation, and are likely to do more harm than good.
Eyes taken from the dead body show how permeable
their tunics are, for although greatly collapsed, when
placed in Miiller’s fluid or when suspended 1n this by a
thread, they quickly absorb the liquid and become
tense. No better results are obtained from 1njections.

The following rules must be observed to obtain
thorough fixation of the tissues : —

The bulb should be placed in the fixing flud 1m-
mediately after enucleation, otherwise diffusion outward
of its contents begins, rendering it flaccid and de-
stroying its original form (¢f. Helmholz, Physiolo-
gische Optik., 1st edition, p. 0). The cornea also,
being no longer moistened, begins to dry. During
fixation an exchange of fluids takes place, those of the
eye passing out and Miiller's passing m. lo ac-
celerate the process and obtain a satisfactory result
an abundance of the hardening medium must be em-
ployed. The vessels used should be of such a size as
to contain a quantity of liquid equal to at least O or 8
times the volume of the eyeball.
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For the first four or five days the liquid should be
changed daily, in fact till it no longer becomes turbid.
Then the bulbs can be left undisturbed for a consider-
able time.

Miiller’s fluid is easily prepared. [t consists of : —

Bichromate of potash . : 10 to 12.5
Sulphate of soda . : . 5
Distilled water : ; . 500

Albuminate of chromium is formed.

The minimum time for hardening a bulb is six weeks
at ordinary temperatures, or fourteen days in an mcu-
bator at a temperature of 30° to 40° C.

The vessel containing the eye should be kept in the
dark to prevent the deposition of chromic salts in the
tissues.

After fixation 1s complete the bulb must lie for one
day 'In running water or in water frequently changed.
This removes any excess of chromium, which would be
njurious to the staining process. DBut see “ Staining
of Medullary Sheaths.”

The hardening 1s completed in alcohol gradually
increased n strength.

The process is as follows : —

1. Muller's fluid, 6 weeks or longer.
2. Washing in running water, 1-2 days.
3. Hardening in alcohol.

Alcohol, 70 per cent., for 24 hours.

1] 80 1] 1] 3]
” 90' " 1] 3
1 96 1" " 1

i absolute "

2}

"r,'-l
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4. The bulb 1s now divided.

5. The pieces are again placed in absolute alcohol
for 24 hours.

6. Imbedding, etc.

Hardening in pure chromic acid (!5 to !5 per cent.
aqueous solution) 1s less to be recommended, since 1t
renders the tissues, especially the retina, very brittle.

3. Hardening in Evlitzki’s Fluid,

Erhtzki’'s flud acts in the same way as Miiller's.
[t 1s composed of : —

Bichromate of potash : : . 50
Sulphate of copper . . : : [0
Distilled water . } : ! 2 T000

This re-agent unfortunately tends to produce
shrinkage and cause deposits, and is therefore not
very suitable for minute examinations. It possesses
the advantage, however, of fixing much more quckly
than Miiller’s fluid. About 10 days suffice for a com-
plete bulb at ordinary temperatures, or 4 days in the
incubator (40° C.). Then follow thorough washing
in water and further hardening in alcohol.

The author has often employed this flmd, and the
results have usually been satisfactory.

4. Hardening in Corrosive Sublimate.

Corrosive sublimate 1s i many cases an admirable
hardening medium. It fixes the nucle: and the karyo-
kinetic figures excellently. There 1s no better method
of fixation for the demonstration of these. (See
“ Heidenhain's Method.”) The nucle1 stain particularly
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well, while the cell bodies are usually only feebly
brought out.

Corrosive sublimate possesses only slight penetrat-
ing power. [t 1s employed as a concentrated aqueous
solution of about 1 in 20. Boiling water dissolves
1 part of sublimate in 7.5. Some authors employ a
0.5 per cent. salt solution nstead of water. Others
add acetic acid to the mixture.

N.B.—Acetic acid, on account of 1ts penetrating
power, 1s recommended as an addition to almost all
preserving media, especially to the chromic salts.

The uncut bulb remains in the fluid for 12-24 hours,
or 1f placed in the incubator for 2-3 hours. Longer
immersion renders the tissues too hard.

The bulb 1s then washed i running water for 24
hours in order to remove the sublimate.

The hmdLmng 1s completed n alcohol <rr;1dua,l]_‘,
creased in strength.

Thorough removal of the sublimate is most impor-
tant, because mercurial precipitates appear black, and
may easily be confused with the pigmented structures
of the eye. It is well, therefore, to perform the sec-
tion of the bulb while it lies in alcohol, and to add to
the alcohol a few drops of tincture of iodine, or of a
solution of 1odine and iodide of potassium, till a wine-
red colour results. Should there still be any mercury
in the preparation it is extracted, and forms iodide of
mercury, so that after some hours the solution becomes
colourless. The alcohol is renewed, more tincture of
1odine added, and so on till a wine-red colour remains
permanently. Pure alcohol is then employed, and this
is gradually increased in strength till the stage of ab-
solute alcohol is reached. Now follow imbedding, etc.
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5. Hardening in Picvic Acid,

For small and delicate specimens, and in particular
for embryonic tissues, picric acid 1s employed in the
form of a concentrated aqueous solution. In this the
pieces remain for 24-48 hours, and are then trans-
ferred, without being washed in water, to 70 or 8o
per cent. alcohol. The next stage 1s the extraction
with alcohol of the picric acid, since it interferes with
the staining. To attain this object the alcohol 1s re-
newed till it no longer shows a yellow tinge. This may
take a considerable time.

0. Ham’mz}fg 212 Picrvic Acid Sublimate.

Preferable to pure picric acid for fixing delicate
tissues 1s a mixture of picric acid and corrosive subli-
mate. Equal parts of saturated aqueous solutions are
taken. Although more suitable for small pieces, entire
bulbs can be hardened in it.

Bulbs are placed in the mixture for 24-30 hours.

Small pieces are placed in the mixture for 10-20
hours.

Thorough washing in running water for 1 day.

Alcohol, 70 per cent., etc.

The mercury must be removed by means of 1odine
in the manner explained in section 4. This 1s accom-
plished in a comparatively short time. To get rid of
the picric acid, which 1s a much more tedious process,
it 1s necessary to change the alcohol several times.

7. Hardening in Formalin.
Formalin (Schering) or Formol (Hochster Farb-
werke) 1s an aqueous solution containing about 40 per
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cent. of the gas formaldehyde (HCHO). Blum was
the first to use it for microscopic work. It 1s a clear
liquid with a pungent odour. Although allied to al-
cohol formalin is remarkable not so much for its power
of extracting water as for the rapidity with which it
fixes the tissues without destroying the form of the
bulb. In this respect it is one of the most excellent
hardening media at our disposal. The eyeballs should
not, however, lie too long in formalin if it 1s intended
to prepare microscopic sections, for in no other flud
do sclera and lens become so hard. It must, there-
fore, be avoided, if the lens is to be examimed. On
the other hand, since formalin possesses the property of
maintaining the shape of the bulb, 1t 1s an excellent
fluid to use when specimens are being mounted for
the museum. IFurther, formalin preserves the trans-
parency of the cornea ; this 1s of importance when the
preparation is intended to be used for macroscopic
demonstrations. The lens, however, becomes very
opaque in formalin, the action of which on cornea and
lens 1s thus the reverse of that of other hardening
media. When treated with formalin the tissues retain
their colour, and take up most stains well. Weigert's
stain for the medullary sheaths can be appled to
nerves hardened in formaln. Further, formalin has
been recommended 1 recent tunes as a substitute for
osmic acid 1n Golgi's method.

A 10 per cent. aqueous solution of formalin 1s used,
2.¢., a mixture consisting of one part of the commercial
liqud and nine of water. Formalin fixes still better
when diluted with salt solution instead of water. The
formula 1s:—
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Formalin . . : : : ; 100
Chloride of sodium . i 1 ; 6
Distilled water . : : : . T,000

In this the bulb remains 12, or at most 24 hours.
Washing in water i1s unnecessary, the subsequent har-
dening in alcohol following immediately. The strength
of the alcohol must be very gradually increased, other-
wise shrinking 1s apt to take place.

Another advantage attached to the use of formalin
is 1ts rapid action.

Ortl's Formalin-Miiller Mivture—Orth has sug-
gested a mixture of formalin and Miiller’s fluid, which
can be highly recommended. The following 1s the
procedure : —

The bulb 1s laid for 2 or 3 days mn a mixture of
Miiller's flmd (4 parts) and pure formalin (1 part),
plenty of the reagent being taken. Fixation 1s carried
out i the dark, since formalin undergoes chemical
changes when exposed to light and air.

Thorough washing, 12-14 hours, in running water.

Completion of the hardening process in alcohol
gradually icreased in strength.

[f 1t 1s desired to stain the medullary nerve sheaths,
the tissue 1s not washed, but 1s transferred to pure
Miiller's fluid for a few days, and then treated with
alcohol of gradually increasing concentration.

8. Hardening in Osmic Acid,

Osmic acid was first employed by Max Schultze in
the form of a 1-2 per cent. solution; by means of it
he made lus classical investigations into the retina.
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At present pure osmic acid 1s seldom used, but it is
an ingredient of many mixtures required for special
methods, ¢.g., those of Marchi, Golgi, etc., which will
be described later. Osmic acid can also be used in the
form of vapour for fixing purposes.

The following rules should be observed when osmic
acid 1s employed : —

Osmic acid 1s decomposed by light ; it ought, there-
fore, to be preserved in dark glass bottles, and, since
it 1s very volatile, these must be securely stoppered.
In any case, however, it does not keep well, and solu-
tions should be freshly made. The vessels used
should be absolutely clean. The solutions must not
be brought into contact with iron; platinum needles
are employed. Long exposure in osmic acid renders
the tissues brittle. 1t is the most rapid fixing medium,
but, since 1t has little penetrating power, the pieces to
be treated are chosen as small as possible. Diminer
has succeeded mn hardemng complete bulbs in Flem-
ming’s solution, and has secured specimens exhibiting
the retina fixed in its position and free from folds. To
obtain this result large incisions, extending into the
vitreous, are made along the equator of the eyeball.

Osmic acid exhibits the body of the cell well, but
the nuclear stain i1s sometimes defective. The karyo-
mitotic figures, which stain more intensely than the
nuclei, are very prominent.

Finally, osmic acid renders [at globules very dark,
a property which 1s of value in the study of albu-
minuric retinitis, etc.

It should be noted that tissues hardened in osmic
or other acids do not stain well with haematoxylin.
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A suitable stain 1s a 1 per cent. watery solution of
safranin (14-24 hours).

Methods of Using Osmic Acid.

(a.) Pure Osmic Acid—The solution does not keep
well and so ought to be freshly prepared by the worker
himself. The acid occurs in commerce 1n the form of
yvellow crystals sold in sealed glass tubes, each con-
taining !5 or 1 gramme. One of these tubes is placed
in a clean bottle provided with a glass stopper. The
tube 1s then broken, and the required quantity of dis-
tilled water 1s poured over the crystals. Care should
be taken to avoid the vapour, which is very poisonous.

Pure osmic acid 1s usually employed for ixing the
retinal elements, especially the rods and cones.

Fixation in I7-2 per cent. solution. Small bulbs are
treated as a whole ; larger ones are bisected through
the equator. The process lasts 6-24 hours. Washing
in distilled water, which should be frequently changed,
for several days.

Teasing.

Staining 1s usually unnecessary:.

Mounting in glycerine.

(See “ Examination of Retna.”)

(b.) Mixtures containing Osmic Acid —QOsmic acid
1s employed most frequently as a fixing medium in
the form of Flemming's Solution. This consists of : —

’ - chromic acid, 1 |, I

Aqueous solution of osmic acid, 2 per cent. 4
5
I

(zlacial acetic acid
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The tissues remain in this for 1-3 days, not longer
or they become brittle.

Washing for 3-6 hours in distilled water.

Further hardening 1n alcohol, 50, 6o, 80, QO per cent.,
in each 24 hours.

Absolute alcohol, 2 days.

Celloidin.

Staining with safranin.

For Hermani's Solution, a mixture of osmic acid
and chloride of platinum, and for the use of osmic acid
in the Methods of Cajal, March, etc., see later.

(c.) Osmic Acid in Vapour Form—The zoologist
frequently employs the vapour of osmic acid to fix deli-
cate tissues rapidly and safely. Ranvier recommends
it for fixing the retina.

9. Hardening tn Nitric Acid.
Benda proceeds as follows : —

Nitric acid, 10 per cent. solution, 24 hours.
. Without being washed the tissue is placed in
Muller’s fluid, 1 part 1

— 48 hours,
Distilled water, 2 parts)
Miiller's fluid
Distilled water
. Miiller’s fluid, 2 parts )
il 1 48 hours,

Distilled water, 1 part
5. Washing in water, 24 hours.
0. Further hardening in alcohol.

L

e

|
i{:qual parts, 48 hours,

The ordinary nuclear stains are not suited for tissues
so treated.
The stains of Heidenhain or Benda should be used.
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By these the nuclei and karyokinetic figures are par-
ticularly well displayed. Benda's method of hardening
renders the tissues very brittle, and 1s not suitable for
large specimens. Benda stamps out small pieces of the
ocular tunics with an ron punch.

Nitric acid 1s, after osmic acid, the best medium for
the demonstration and isolation of the retinal elements.
It possesses this advantage over osmic acid, that it pre-
serves the natural colour of the retinal pigments, the
yvellow pigment of the macula lutea and the coloured
globules found in the cones of many animals, etc.

Altmann recommends weak solutions (3-315 per
cent.). In this the formed elements are fixed, and de-
marcated from the soluble albuminates which surround
them.

The hxing process lasts 6-10 hours.

Rapid, but thorough, rinsing.

Alcohol, 8o per cent., for a short time.

Sections are made, or the tissue is teased in glycerine.
(hee  Relima )

10. [Hardening in Chloride of Platinum.

1. Aqueous solution of platinum chloride,
I per cent. (Merkel) . : . ' 50
Aqueous solution of chromic acid, 1 per
cent. ; ; . ; : : 50
Distilled water ; . : ; . 300
The specimen is exposed to this mixture
for 24, or at most 48, hours.
2. Washing in running water, 24 hours.
3. Completion of the hardening process in

alcohol gradually increased in con-
centration.
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This solution fixes and hardens quickly, and pre-
serves the topographical relations of the parts. Hae-
matoxylin is the best stain.

11. Hardening in Hermann's Solution.

Hermann's solution is a mixture of platinum chloride
and osmic acid. It consists of :—

Solution of platinum chloride, 1 per cent. . 135
Solution of osmic acid, 2 per cent. . : 4
Glacial acetic acid : : : 1

Small objects are hxed for 1-4 days, and then thor-
oughly washed in running water.

IFurther hardening in alcohol, etc.

Hermann’s solution preserves the nuclear and proto-
plasmic structures excellently.

Stainng with safranin or gentian-violet.

WASHING.

The bulbs or pieces of tissue must be thoroughly
washed after most of the hxing processes, and this is
best accomplished m running water. Only i the
case of a few reagents, ¢.¢., formalin and, under certain
circumstances, picric acid, is this unnecessary.

The eyeball 1s placed m a tall vessel under a water-
tap. A piece of rubber tubing 1s led from the tap
to the bottom of the vessel. 'Ihe stream must not fall
simply on the surface of the water, but must be so
directed that the whole of the water i1s constantly re-
newed. Nor must the stream be too violent, else the
preparation 1s washed away. If the specimen is light
and floats it 1s well to cover the mouth of the vessel
with gauze.
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When several specimens have to be washed simul-
taneously, the vessels may be placed close together,
and the water led from one to another by means of
small glass siphon-tubes.

COMPLETION OF THE HARDENING PROCESS IN
ALCOHOL.,

After the eyeballs or pieces of tissue have been
fixed and washed they should always undergo further
hardening in alcohol. To prevent shrinking they are
not placed in pure alcohol at once, but are transferred
to weak alcohol, the strength of which 1s gradually n-
creased. According to the result desired this process
1s conducted more or less slowly. In general the
bulbs are placed in:—

1. Alcohol, 70 per cent., 24 hours.
Z. = 30 = DAL
3 " 90 T 24
4 S OO 24,
5 * absolute, 28

The last stage is carried out in the exsiccator. See
P 38 -
The bulb may remain in any of these alcohols as
long as 1s desired, the alcohol acting as a preserving
medium.

DivisioN oF THE HARDENED EVEBALL.

It has been said that the eyeball is placed unopened
fn the fixing medium, unless this is osmic acid. It
must, however, be cut into pieces before being im-
bedded. This operation 1s best performed when the
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eye has attained its maximum degree of firmness, vzz.,
after it has lain in absolute alcohol for one day. The
lines of section depend on the position which the seg-
ments are intended to occupy in the celloidin block.
At the outset it may be remarked that no method 1s
less practical than that of bisecting the bulb along the
horizontal meridian. Every one, possessed of even
slight experience, knows that, especially in the case of
large specimens, the first few and the last few sections
are lost. Consequently, if the bulb be bisected hori-
zontally, in whatever way 1t 1s mounted, whether with
the cut surface above or below, many of the most
valuable sections, those which pass through the papilla,
macula, and pupillary area, are nevitably lost. More-
over, if this method be adopted, since the vitreous sinks
towards the sclera, sections affording a complete view
of the centre of the eyeball cannot be obtained. It is
best, therefore, to cut the bulb into three, or in some
cases into five, discs : unless in special circumstances
the lines of the section should be horizontal.

Orientation of the Bulb—The horizontal meridian
1s easily recognised from the form of the cornea, which
1s over-lapped by the limbus conjunctiva: to a greater
extent above and below than laterally. This diameter
of the cornea 1s, therefore, somewhat longer than the
vertical, the circumference forming an ellipse with its
major axis placed horizontally.

A further indication of the position of the eye 1s
gained by noting that the entrance of the optic nerve
lies almost in the horizontal meridian and slightly in-
ternal to the posterior pole.

There only remains the determination of the superior
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and inferior aspects. If the cornea has not been
marked, a piece of thread may be tied to the tendon of
the Rectus Superior muscle after enucleation; or,
simpler still, the side to which the eye belongs is noted.
The eyeball must then be so held that the optic nerve
lies internal to the posterior pole, in order to recognise
which 1s the superior aspect.

The position which the eye occupied in the orbit can
also be determined by observing the tendons of the
oblique muscles, which are both inserted towards the
outer side of the globe. The tendon of the inferior
oblique 1s more fleshy and attached nearer to the optic
nerve than that of the superior.

When the eyeball 1s cut mto horizontal discs, the
papilla, macula and pupil are found in the middle seg-
ment 1n the same plane. This plane should be care-
fully guarded in opening the eye, and gradually cut
down upon with the microtome.

The hard lens occasions some difficulty during the
division, since the almost empty cavity of the vitreous
affords 1t no support, and the easily ruptured zonula
alone holds 1t in position. IHence, if the section 1s
made from the corneal aspect, it usually happens that
the lens, instead of being cut, recedes before the knife
and 1s dislocated into the cavity of the vitreous. It is
therefore important, in performing the section, to place
the cornea fiirmly on the table, and to cut from above.
In this way the lens is supported by the 1ris, and it
in its turn by the cornea.

The division 1s carried out with a thin sharp razor
applied in steady and continuous sweeps to the eye.
To avoid cutting in to the table, the section of the cor
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nea should be completed with scissors, or the bulb may
be rested on a piece of soap or on a cork.

The middle segment (2) is examined first. It 1s
mounted horizontally. The upper and lower segments
may be similarly arranged, but in this case the micro-

Fig.1.

d. -

Right Bulb.

F16. 1.—Method of dividing the Eyeball.
1, Upper, 2, Middle, 3, Lower segment; 4, Papilla; 5, Macula;
6, Discarded corners. ab, Surface by which the middle segment is
fixed to the block. ed, Surfaces by which the upper and lower seg-
ments are fixed. The thin lines indicate the direction of the microtome
cuts.

scopic sections become more and more tangential as
they approach the poles. This is sometimes confusing
to the beginner, especially if little folds are present. [t
1s better, therefore, to remove the two corners (6) of
these segments, and to mount the central portions

3
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vertically. Sections are thus obtained perpendicular
to the tunics of the eye.

In special cases, e.g., where there 1s a fungiform
tumour of the chorioid, i1t may be necessary to divide
the bulb in a different manner. If it is cut in such a
way that mcisions are made across the head of the

Flg?: L.

*-._\‘_.

@iy

A d.

-
.

/=
b.

F1G. 2.—Method of dividing the Eyeball to exhibit Origin of Tumour.

tumour, the origin of the growth is not demonstrated,
and isolated portions are shown lying in the cavity of
the vitreous.

Thus the section should not be made, as in Fig. 2,
vertically along aé, nor yet in the direction c¢d, for in
both of these cases it would cross the summit of the



EXAMINATION OF THE EYE. 35

tumour. It should be made i the plane of the
diagram, that 1s, perpendicularly to the base of the
tumour. If the exact site of the tumour has not been
noted by means of the ophthalmoscope, 1t 1s still pos-
sible to discover this in the hardened eye, palpation
of the walls of the globe revealing mcreased resist-
ance over the seat of the tumour.

[n other cases, again, the method must be modified
to suit the circumstances.

The eyeball, either fresh or hardened, 1s often frozen
before being divided. Such a procedure is advocated
by Priestley Smith (O phthalinic Review, March, 1883).
The eye, previously hardened in Miiller’s fluid, 1s placed
in a gutta-percha bag, the surface of which has been
smeared with o1l to prevent adhesion, and frozen solid
by imrmersion in a vessel containing a mixture of two-
thirds pounded ice and one-third salt. The vessel
should have an opening n its floor to allow the water
to drain away: a small flower-pot 1s suitable. The
eye remains in the freezing mixture for at least half
an hour. It s then cut with a sharp table-kmfe n the
desired direction. It i1s more difficult to perform the
section with a thick-backed blade like that of a razor.
If necessary the lines of the ncisions can be marked
out 1n k.

Leber has devised a very useful instrument in the
shape of a guillotine, with which the bulb can be
divided 1n any direction, ¢.g., through the centre of the
cornea and the middle of the optic nerve. The only
objection to the apparatus is its high price (Report
of the 22nd Ophthalmological Congress, 1892, p. 211).

Method of Dividing the Oplic Nerve—In conclu-
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sion, a few words must be said regarding the method
of section to be followed in examination of the optic
nerve. The intraocular end of the nerve 1s usually
cut longitudinally. Farther back in the nerve cross-
sections are made. If the case 1s one of partial atrophy,
for instance, atrophy of the papillo-macular bundle, it 1s
important to trace the course of the fibres. These, as
1s well known, change their position as they pass along
the nerve. A guide 1s then necessary to show how the

F16. 3.—Method of marking the Quter Aspect of the Optic Nerve,

individual sections were situated in the nerve. If a
considerable length of the nerve 1s to be examined, it
should, before being placed in the fixing fluid, or at all
events before being severed from the bulb, be incised
with a sharp knife along its outer aspect. The outer
margin of every section can now be recognised by the
gap n 1ts dural sheath (Fig. 3, ).

Further, it 1s necessary to divide the nerve into pieces
5-7 mm, long, and this should be done before it is



EXAMINATION OF THE EYE. 37

placed in Miiller's fluid, because small pieces harden
better and are more suitable for mounting. To pre-
vent confusion the author does not sever the nerve
completely. A small bridge of dura 1s left undivided
so that the segments remain connected. The whole
1s then hardened and placed in celloidin, and the con-
necting links are not divided till the pieces are ready
to be placed in the block. In this they are inserted in
order, the most anterior being taken first. The an-
terior end of each segment should be placed uppermost.
Thus the fibres can be traced along the whole course
of the nerve without difficulty.

When 1t 1s desired to examine the contents of the
imtervaginal lymph space, ¢.¢., 1n cases of cerebral tu-
mour and choked-disc, the nerve must be ligatured
before being divided.

IMBEDDING PROCESSES.

There are two methods of imbedding, each of which
has its advantages and disadvantages: 1. Imbedding
in Celloidin (or Photoxylin); 2. Imbedding in Paraf-
fin.

[For various reasons the celloidin method 1s preferred
for the eye. Sections, so large as those of an entire
human bulb, can hardly be cut in parathn. Further,
the appearances charactenistic of many pathological
changes are destroyed by the high temperature m-
volved m the paraffin process. On the other hand,
when paraffin i1s used, much thinner sections can be
obtained, and 1t 1s easier to get these in series. Paraf-
fin is, therefore, employed for small pieces of delicate
tissue.
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1. THE CELLOIDIN PROCESS,

The pieces of the eyeball must be thoroughly de-
hydrated before they can be imbedded in celloidin.
Heremn lies the secret of good imbedding. If this is
properly performed, better results are obtained with
the simplest cutting apparatus than can be got with
the most complicated and expensive microtome when
the imbedding 1s defective. A sharp knife 1s also
essential.

Dehydration 1s carrned out in absolute alcohol.
This, however, takes up water from the atmosphere,
and after a time loses in concentration. To get over
this difficulty Exsiccators have been devised. Of these
there are various forms, but the simplest and most
convenient 1s, in the opinion of the author, constructed
as follows: A wide glass vessel provided with a
ground-glass stopper 1s taken, and i 1t there 1s placed
a wire support on which the tissue to be dehydrated
rests. A layer of roasted copper sulphate 1s spread on
the floor of the vessel so as to form a layer under the
alcohol. Any water present in the alcohol sinks ow-
mmg to its higher specific gravity, and unites with the
powder which has a great affinity for it. Thus the
tissue, which lies in the upper layers of the alcohol,
escapes contact with the water. The copper sulphate
when exhausted becomes green in colour, and must
then be dried and roasted afresh.

The bulb remains in the exsiccator for 24-28 hours,
and 1s then divided into pieces suitable for imbedding.
During the process it i1s exposed to the air and is
touched with moist hands, consequently, after being
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divided, 1t must be replaced for 1 day in the exsiccator.
The pleces are then taken up with forceps and
transferred to a thin solution of celloidin.

Celloidin 1s manufactured by Schering, of Berln,
and sold in the form of soft semi-transparent tablets or
shavings. One-third of a tablet, or a corresponding
amount of shavings, 1s cut mto small pieces, and
dissolved i 500 grammes ol a mixture consisting
of 2 parts of anhydrous sulphuric ether and 1 part
of absolute alcohol. The mixture should be stirred oc-
casionally with a clean glass rod. After 24 hours the
upper portion 1s carefully decanted into a second vessel,
and constitutes the “thin"” celloidin. The remainder
1s the * thick ” celloidin.

Photoxylin—This new substance 1s used for 1m-
bedding mn exactly the same manner as celloidin. It
occurs in commerce n the form of wool, which, being
very explosive, 1s scheduled under the Dynamite Act.
[t can be obtained also in the form of a syrup.

[t possesses certain advantages over celloidin: (1)
It dissolves immediately; (2) it is more transparent,
so that the preparation 1s better seen when mounted ;
(3) 1t 1s less deeply stained by hamatoxylin.

Since the wool takes up water from the air, it must

e dried for a tune in the incubator. It dissolves
readily in a mixture of alcohol and ether, and should
be added to thus gradnally, till the solution 1s of the
desired consistence. A thin and a thick solution are
prepared as in the case of celloidin.

The pieces ol the bulb remain 4 days or longer n
thin celioidin, and for the same time n thick celloidin.

Now they are ready to be mounted.
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Preparation of the Celloidin Block.

T'he tissue having been saturated with celloidin
must be set upon a firm support. Wood 1s unsuitable,
as 1t contains colouring matter which finds its way into
the preparation and has a deleterious influence on the
nuclear and diffuse stains. Nor can cork be recom-
mended, since 1t contamns an acid which 1s mjurious to
the tissues. It is better to employ Stabilit, a material
which can be procured from the electrical depots. It
can be trimmed to the proper shape with a saw. There
are two methods of procedure : —

1. A strip of paper 1s fastened round the piece of
stabilit by means of thin celloidin, thus forming a small
box. The upper edge of the paper should be a little
higher than the surface of the specimen when this 1=
in position. Some thick celloidin 1s then poured into
the receptacle so as to close all chinks and to form a
viscous layer on the floor. The preparation having
been placed in the box by means of a hifter, adjusted
suitably for cutting and pressed firmly mnto the layer
on the floor, the receptacle is completely filled with
thick celloidin. The ether must now be allowed to
evaporate {1ll the celloidin attains the consistence of
soft wax. If this takes place quickly, the surface of the
mass becomes hard and evaporation from the deeper
parts 1s hindered. The ether should consequently be
allowed to evaporate slowly. Tlus 1s effected by
“ partial covering,” the preparation being placed under
a bell-glass slightly raised at one side from the table
on which 1t rests by means of the handle of a teasing-
needle. As soon as the celloidin has attained the
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requisite consistence, which may be judged by finding
il it no longer takes on the impress of the finger point,
the block is transferred to 70 per cent. alcohol. The
evaporating stage lasts for 4-12 hours, the time re-
quired depending on the quantity and thickness of the
celloidin and on the extent to wlich air 1s admitted.
In the alcoho! the celloidin becomes milky and attains
the consistence suitable for cutting.  After a few hours
the paper 1s removed and the superfluous celloidin cut
off. Henceforth the preparation must not be allowed
to dry, but must be preserved i 7o per cent. alcohol.

2. The tissue is placed in a shallow vessel and thick
celloidin 1s poured over it. The vessel i1s partially
covered, and the ether allowed to evaporate very
slowly, the process lasting, 1f necessary, even for
several days. The more gradual the evaporation, the
finer the preparation. Ilere agan, as soon as the
celloidin has attained the consistence of soft wax, the
tissue 1s cut out and placed on a piece of stabilit which
has been smeared with thick celloidin. The jont 1s
allowed to harden in the air for about 5 minutes, and
the block 1s then transferred to 70 per cent. alcohol.
Sections may be made after a few hours.

On Cutting Celloidin Sections.

Preparations imbedded in celloidin are cut with the
microtome.  The knife should be tightly screwed to
its carriage. Whereas in cutting paraffin sections
the blade 1s placed at right angles to the tissue, in
cutting celloidin sections it should be adjusted obliquely
so as to pass with 1ts whole length through the block.
The more perfect the imbedding, the more obliquely
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should the knife be set. The object should be firmly
secured 1n the holder of the microtome, and levelled so
that its surface lies in the plane of the knife. Care
must be taken that all the screws are tight. After each
section 1s cut, the knife and the tissue are moistened
with a brush dipped in 7o or 80 per cent. alcohol. The
sections should, in fact, swim on to the kmte. They are
preserved till stammed in 70 or 8o per cent. alcohol

Staining.

Hardened preparations require to be stained. Stains
are selected which affect the different elements of a
cell in a different degree, and render one element more
prominent than the rest. The oldest and still the most
mmportant stains are those which exhibit a special
affinity for the nuclei of all cells present in the section.
Hence their name—Nuwuclear Stains. Of these haama-
toxylin and carmine will be described 1mmediately.
The nucleus having been stained, the protoplasm can,
il desired, be brought nto relief by means of another,
the so-called Comtrast Stain. Stains which have a
diffuse action are selected for the latter purpose.
Since the nuclear stains are mostly employed in tne
form of aqueous solutions, the sections are immersed
in water for a short time before being placed in them.
If, however, alcoholic staining solutions be employed,
this 1s unnecessary. After being removed from the
staiming solution the sections are washed thoroughly
i water to get nd of any superfluous colouring matter.
(See “ Nuclear Stamns and Double Stains.”)

Having been stained and washed, the section is then
cleared, and mounted on a slide. It must, however, be
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thoroughly dehydrated before being treated with the
clearing agents, as these are not miscible with water.

Delrydration.

Dehydration is carried out by means of alcohol.
Since the section 1s apt to become wrinkled when
transferred directly from water into strong. alcohol,
it should first be immersed in weaker spirit, 80 to o
per cent. 1t 1s next placed upon the shde by means
of the section lifter, and dried with blotting-paper.
Alcohol, g0 per cent., i1s then poured over it. It would
be preferable to employ absolute alcohol, but this 1s
inadmissible, because 1t would dissolve the celloidin
which holds the parts of the section together.

Clearing in Oil.

The section 1s now saturated with an essential oil
which clears it. Thereafter it 1s carefully examined
to determine whether 1t 1s perfectly transparent. 1f
any water 1s left owing to incomplete dehydration, it
separates in the form of microscopic drops, which ap-
pear like white clouds to the naked eye. Should this
occur the section must be treated with g0 per cent.
alcohol once more.

Clove Oi/ may not be used, since 1t dissolves cel-
lowdin.

Qil of Turpentine possesses the same disadvantage.
Admissible are—

Oleum Origant Cretici, and

Oil of Bergamot—This last is the least sensitive to
water.

All oils are more or less mnjurious to the staining ;
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the sections, therefore, should be left in them for only
a short time, and the o1l should be dried off by means
of blotting-paper.

The best substitute for the oils 1s Xpfo/. It, how-
ever, 1S very sensitive to water, and requires thorough
dehydration of the section. If the celloidin 1s to be
retained, the dehydration 1s carried out in g0 per cent.
alcohol, and, since xylol does not clear from this grade,
the section is first treated with Carbol-Xylol. This
consists of—

Pure carbolic acid crystals . :
Xylol : : : : : . 3

[t acts rapidly.

After being cleared the section 1s covered with a
drop of Canada balsam, and protected with a cover-
olass.

Recapitulation,

The following 1s a synopsis of the various stages in

the preparation of the stained celloidin section:—
1. Fixing, e.g., in Miiller's flmd, 6 weeks.

. Washing in running water, 1 day.

3. Completion of the hardening process 1n al-
cohol : —

bnd

Alcohol, 70 per cent,, 1 day.

Y 80 S 3
= OO0 3 "
& 00 ; 9
f: absolute (exsiccator), 2 days.

. Division of the bulb.
5. Exsiccator, 1 day.

I
P
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6. Thin celloidin, 4 days.

5. Thick: 5 4

8. Mounting on the block ; partial covering ; slow
evaporation.

0. Alcohol, 70-80 per cent., 6 hours or longer.

10. Section-cutting with the microtome under ;o
per cent. alcohol.

11. Water, 1 minute.

12. Staming ' (heematoxylin, carmine, ctc.).

13. Washing i water.

14. Alcohol, 8o per cent., in a staining dish.

15. Drying with blotting-paper, on the shde.

10. Alcohol, gb per cent.

17 Carbul-xy]ol.l or oil.

18. Xylol. )

19. Canada balsam.

Serwal Cellotdin Sections.

1. To Weigert belongs the credit of describing a
method whereby serial sections can be obtained from
material imbedded mn celloidin.  This method has been
modified to advantage by Obregia (Neurol. Centralbl.,
18go, No. 18).

Several strips of silk paper are procured shghtly
broader than the width of the sections. A flat plate 1s
placed near the microtome, and covered with a thick
layer of blotting-paper moistened with 80 per cent.
alcohol. The paper strips are arranged on the blot-
ting-paper, glossy side upwards. Each section, as it
1s cut, 1s removed {rom the knife, on which it lies in
spirit, by applying one of the strips of silk paper to
the section and drawing it to the left along the blade
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of the knife. The next section 1s taken up on the
same strip to the right of the last, and so on, till the
sections extend the length of the shde to be used.
While each section 1s bemng cut, the strip of paper 1is
laid on the moist plate, the side with the sections being
uppermost. In this way a series of strips 1s prepared
and arranged n order on the plate.
Obregia employs two solutions:—

Solution A.

Solution of candy sugar in distilled water,

of syrupy consistence (difficult to make) 30
Alcohol, go per cent. : 1 i i)
Syrupy solution of dextrin . : 10

This mixture 1s poured over a sheet of glass of suit-
able size so as to form a thin film, just as if a photo-
graphic plate were being prepared. The film 1s
allowed to dry in the air for about half an hour. The
strips carrying the sections are then pressed upon the
surface of the film to which they adhere, and the paper
1s removed. Several strips can be so applied.

There 1s now poured over the sections, so as to form
a uniformly thin layer,

Solution bB.

Photoxylin . . : . . . §
Absolute alcohol . : : : . 100
Ether . : . : . : e

This 1s allowed to settle, and the clear liquid 1s de-
canted. ;
The plate 1s placed in a horizontal position, and ex-
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posed to the air il the milky appearance around the
sections disappears. [t 1s then mmmersed in water,
where the sugar dissolves and the photoxylin film be-
comes detached. The film can be stamed as desired.
After this the film is cut into suitable pieces, and
mounted in Canada balsam under large cover-glasses
or sheets of mica.

2. The simplest, and for most purposes the most
convenient, method of obtaining serial sections mn cel-
loidin 1s as follows. A large circle of blotting-paper
1s placed on a plate, and moistened in the manner just
described. The upper margin of the circle 1s marked
(1). Commencing from the mark the strips bearing the
sections are arranged on the blotting-paper in the form
of a spiral. They may be numbered, although this 1s
unnecessary. When the circle 1s complete, the paper
is transferred to a flat vessel provided with a closely
fitting id. The floor of the vessel i1s covered with
weak alcohol sufficient to keep the blotting-paper
moist without, however, allowing the sections to float.
A second spiral 1s simularly prepared, numbered (2),
and placed above the first, and so on till the process i1s
completed. The sections are thus arranged in order,
and can be stamed when convenient.

When tliis method 1s adopted it is not compulsory
to finish the work at one sitting, and, moreover, every
section need not be examined. It 1s often sufficient to
take every fourth or sixth section, and to thus gain a
general 1dea of the object. Afterwards sections can be
inserted at any place where this is necessary:.

The sections are stained singly in vessels placed in
a row, Leber has devised a plate with circular de-
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pressions, aftes the style of an egg-tray, which is very
convenient for arranging and staining serial sections,
and which can hold as many as 300 of these. (Berickt
dev Heidelberger oph. Gesellsch., 1892.)

Large sections, such as sections of the complete
bulb, may be removed from the knife on separate
pieces oi blotting-paper, and placed one above the
other in a tall vessel. The papers can be numbered
if this 1s desired. The subsequent procedure 1s as
detailed above.

2. THE PARAFFIN PROCESS.

Imbedding in paraffin possesses two great advan-
tages. In the first place, very thin sections can be
obtained ; and secondly, continuous serial sections can
be produced without difficulty. But 1t 1s not without
its disadvantages. Most preparations are unable to
resist the high temperature mmvolved in the process,
so that almost all workers prefer to use celloidin.  Fur-
ther, 1f parafin 1s employed, large sections, ¢.¢., sections
of the complete bulb, are difficult to cut. Finally, in
it the delicate structures of the eye, such as the con-
nective tissue of the optic nerve, are prone to shrink.

At the same time, when 1t 1s desired to submit small
sections to minute examination, parafiin should be
chosen, and beautiful results can be obtained by careful
working.

Paraffin penetrates the lens with great difficulty and
should not be used for this or for a thick sclera.

Two parafhns of different melting-point, a soft and
a hard, are used. They are mixed m proportions that
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depend on the temperature of the laboratory. When
this 1s low, a larger proportion of soft paraffin is taken ;
when the temperature 1s high, the hard parafin should
be in excess. In general equal quantities of the two
kinds are used. These are placed 1n a suitable vessel,
and slowly melted in the incubator at a temperature
which should not rise higher than a degree or two
above the melting-point of the mixture.

The author usually takes a Soft¢ Parajffin whose
melting-point lies between 40° and 42° C,, and a Hard
Paraffin whose melting-point lies between 52° and
54° C. The temperature of the incubator should be
somewhat higher, 60° or at most 62° C., and 1s kept
at this point by means of a Regulator.

The pieces of the hardened bulb must be thor-
oughly dehydrated in absolute alcohol.

They are now saturated with an /ntermediate Fluid.
As such xylol may be recommended, and, if this is
chosen, the immersion should not be of longer duration
than 4-6 hours, or the ftissues are rendered too
brittle. Chloroform (24 hours) may be used, or tur-
pentine, cedar oil, etc.

When the structures to be treated are very hne, the
transition from alcohol to the intermediate fluid should
‘be gradual so as avoid violent diffusion currents
and shrinking of the tissue. This 1s prevented by
putting the heavy intermediate fluid into a test tube,
and carefully pouring a column of absolute alcohol over
it. The specimen 1s then gently lowered mto the
tube, and lies on the interface between the fluids.
When thoroughly impregnated by the heavier fluid 1t
sinks to the bottom. Then the alcohol i1s poured off,

4
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and the tissue left for a few hours in the pure inter-
mediate fluid.

The next step 1s to pour the flmd and tissue into a
staining-glass, and to add some pieces of soft paraffin.
The glass 1s covered, set aside, and left till the paraffin
1s dissolved.  Then the cover i1s removed, and the glass
placed in the mmcubator so that the intermediate fluid
evaporates. The specimen 1s now transferred to the
mixture of soft and hard parafin, a few hours’ immer-
sion in which suffices to saturate it.

After this the tissue 1s ready for [méedding. An
imbedding frame 1s formed by placing two L-shaped
metal bars on a sheet of glass, or a small paper box 1s
made. In either case the surfaces should be brushed
with glycerine to prevent the paraffin from adhering.
The tissue 1s placed mm the receptacle, its position care-
fully noted, and the melted paraffin 1s poured in. The
parafin must be quickly cooled in order to secure
homogeneous consistence. With this end in view it
1s placed i water. The paper or frame having been
removed, and the block trimmed, the specimen is ready
for cutting.

The stages mm imbedding a small, 6-g mm. long,
piece of retina are as follows : —

A. Saturation with the Intermediate Fluid,

The tissue 1s thoroughly hardened and placed in—

1. Absolute alcohol, 10 minutes. This stage 1s re-
peated with fresh alcohol

2. Absolute alcohol #) : :
“well mixed 10 minutes.
Xylol. K . %)
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3. Absolute alcohol 1

* twell mixed, 10 minutes,
X}FIDI : : . 5)J
4. Xylol-parafiin mixture with xylol in excess, 15
minutes.

5. Xylol saturated with paraffin, 15 minutes, or a
few minutes in the incubator.

These solutions are kept ready for use mn well-
stoppered vessels. The absolute alcohol should be
frequently renewed.

0. Mixture of hard and soft paraffin contamned
a small porcelain vessel, 1-2 hours in the n-
cubator, at 60° C.

Larger peces of tissue, which, however, should not
be more than a few milhmetres in thickness, are left
in each of the first five solutions for 30 minutes, and 1n
paraffin for 12-24-30 hours.

B. lmbedding.

The tissue can be imbedded 1n a staming-dish which
has been breathed upon, or one of the receptacles de-
scribed above may be used.

Adjustment of the specimen |

Covering with paraffin I

Solidification, a few minutes.

Trimming the block.

Mounting the specimen on a firm support by heat-
ing the under surface of the block with a hot
spatula.

quickly performed.
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On Cutting Paraffin Sections.

The paraffin block is trimmed into the shape of a
cube, and mounted on a piece of wood, or on a metal
support such as is provided with the Schanze micro-
tome. The support is now securely clamped in the
object-holder. The knife should be fixed at right
angles to the paraffin block. The sections are cut dry,
and as thin as possible. The knife 1s adjusted so that
only 1its edge comes into contact with the block, and is
carried quickly through the parafin. If the sections
tend to curl up into little rolls, they may be prevented
from so doing by gentle pressure of a fine brush held
in the left hand, or by breathing on the knife and
surface of the block. Much depends on cutting the
sections at a proper temperature. If this i1s too low,
the sections crumble ; 1if it 1s too high, they are apt to
become folded on themselves. In the former case the
knife may be warmed or the microtome placed near
the fire; in the latter the block may be surrounded
with a piece of gauze moistened with ether. The sec-
tions, as cut, are arranged along the back of the knife.

If serial sections are desired the block should be
trimmed to the shape of a triangle so that the apex of
one section adheres to the base of the next. Long
ribbons can be obtained 1n this way.

Fixing to the Slide.

The sections must now be mounted on slides 1in
order that they may not be injured in the subsequent
manipulations. In most cases it 1s sufficient to spread
upon the slide a drop of water containing a trace of
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alcohol, and to lay the section or sections on this. The
slides may then be placed in the incubator (30°-35° C.)
for 12-24 hours, or warmed (without melting the paral-
fin) over a flame till the water has evaporated. If the
incubator 1s at too high a temperature, the shides may
be laid on the top of it for 24 hours. When the tissue
has been hairdened in chromic acid, Miiller's fluid, or
osmic acid, the sections require to be hixed to the shde
more firmly. For this purpose P. Mayer recommends
hltered white of egg mixed with an equal quantity of
glycerine ; to this may be added a trace of thymol or
a few grains of salicylate of soda, to prevent the de-
velopment of fungi. A small drop is spread m a thin
layer on a shde, and on this the section is laid. There-
after the shide 1s warmed, etc.

Staining.

The paraffin requires to be removed belore the sec-
tions are stained. This is accomplished by immersing
the slide in a tube of xylol for one or two minutes.
The sections are next treated with—

Absolute alcohol, to remove the xylol.

Alcohol, go per cent.

Water (omitted if alcoholic stains are used).

Staining fluid (carmune, haematoxylin, etc.).

Water.

Alcohol, go per cent.

Absolute alcohol.

Xylol.

Canada balsamn.

The re-agents are poured over the section as it
lies on the shde.
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The process 1s thus similar to that followed in the
case of celloidin, the only difference being that the
binding substance, the paraffin, must be removed, and,
since the xylol employed for this purpose is not mis-
cible with water, the sections must be treated with
absolute alcohol. Further, absolute alcohol, which
ought to be avoided in the case of celloidin, may be
used to complete the dehydration of the sections. Of
course a counter stain may be employed if desired.

3. MOUNTING IN GLYCERINE.

Glycerine 1s a clearing agent, and, since it does not
evaporate or change its chemical constitution, 1t 1s
adapted for mounting permanent preparations. It 1s
less suitable for fresh material as it renders this too
transparent. On the other hand, it 1s a very good
medium to adopt for the examination of unstained
sections of hardened tissue. It possesses the advan-
tage of being less highly refracting than Canada bal-
sam. Unstained sections are thus more apparent in
glycerine than in balsam. Again, it is chosen for
mounting sections which must not come nto contact
with alcohol after having been stained. Lastly, it 1s
used for mounting very fine tissues or particles, e.g.,
teased preparations, which cannot undergo the manipu-
lation of staining, dehydration, etc. It is thus adapted
for mounting the rods and cones and other retinal
elements which have been hardened and isolated in
osmic or nitric acid.

The sections may be transferred directly from water
or salt solution into glycerine.

The teasing should be performed in glycerine. Pure
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glycerine is generally employed, more rarely diluted
glycerine (10 parts of glycerine to 50 of water). If
it 1s mntended to preserve the preparation for any
length of time, the cover-glass must be securely fixed to
the shde so as to exclude the awr. This 1s accom-
plished by ringing the cover-glass with cement. Any
superfluous glycerine about the edge of the glass 1s
removed by means of a rag moistened with absolute
alcohol. The margms of the cover may then be sealed
by drawing the wick of a newly extinguished wax
taper along them. A better method, however, 1s to
paint the margins of the cover-glass with a layer of
glycerine-jelly, and over this to apply a coat of asphalt
varnish or Krénig's cement.

Beale recommends a jelly consisting of equal parts
of 1singlass and glycerme. The cement may be pur-
chased from the dealers.

NUCLEAR STAINS AND DOUBLE STAINS.
HAEAMATOXYLIN.

Heaematoxyhn, the colouring matter of the Brazilhian
campeachy wood (logwood), 1s found commercially in
the form of crystals. It 1s the best and most certain
nuclear stain. At the same time its action is shghtly
diffuse. The nucler are stained dark blue, the proto-
plasm pale blue. Hematoxylin is very sensitive to
acids, and 1s, therefore, not suited for staining tissues
which have been hardened in them. Freshly prepared
solutions act slowly; after a few days their power of
staining 1ncreases, but in course of time again de-
creases. Solutions of haematoxylin do not, as a rule,
keep well. Fungi develop and prove troublesome when
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they come mnto contact with the sections. Conse-
quently the staining solution should be filtered before
use.

Previous to being transferred to the staining solu-
tion the sections are immersed for a short time in
water, and after being stained they are thoroughly
washed (for a quarter of an hour, or better still for
several hours) to prevent subsequent darkening.
Beautiful results are obtammed by employing a very
dilute solution (a few drops of the staining fluid in a
olass of water), and leaving the section in it for
perhaps 24 hours. The process 1s as follows: —

Immersion in water, for a few minutes.
Staining.

Washing, best for a considerable time.
Alcohol, 8o per cent.

Alcohol, gb per cent.

O1l (not clove oil).

7. Canada balsam.

bd =
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Hamatoxylin readily overstains, that 1s to say, sec-
tions become too dark if immersed unduly long n the
staining solution. They must, therefore, be examined
from time to time in water. It 1s impossible to state
how long the staiming process should last. This de-
pends not only on the solution employed but also on
the method by which the sections have been prepared.
An immersion of !5-10 minutes is usually sufficient.

There are many formula for heematoxylin solutions ;
only the most common are here mentioned.

1. Alum-Hematoxylin (Boehmer). — This 1s the
oldest and most generally used solution. It is pre-
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pared in the following manner. Two solutions are
kept 1in stock—

1. A solution of 1 gramme of hzmatoxylin n
30 c.cm. of absolute alcohol.
2. A 1 per cent. solution of ammonia-alum.

Some days before the stain 1s required the hama-
toxylin solution is added to the alum solution till a
bright violet colour 1s obtained. The violet colour
changes to blue on exposure to the hght, and the stamn
1s then ready for use.

2. Delafield’s Hematoxylin—The following solu-
tions are mixed and exposed to the light and air in an
unstoppered bottle for 4 days, and then filtered—

1. A solution of 4 grammes of crystalline hama-
toxylin in 25 c.cm. of absolute alcohol.

2. 400 c.cm. of a concentrated solution of am-
monia-alum.

To the mixture are added 100 c.cm. of glycerine and
100 c.cm. of methylic alcohol; after 2 days the whole
1s filtered.

Delafield’s hamatoxyln stamns more ntensely and
quickly than Boehmer’s, and is at present much in
favour. It can also be apphed i a dilute form with
good results. For the rest it behaves like alum-
haematoxylin.

3. Hemalaun (P. Mayer)—One gramme of ha-
matein 1s dissolved by heat in 50 c.cm. of go per cent.
alcohol, and mixed with a solution of 50 grammes of
alum mn 1 hitre of distilled water. A crystal of thymol
1s added to preserve from fungi.

Haemalaun pessesses some decided advantages. In
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the hirst place, i1t 1s ready for immediate use ; secondly,
it acts very quickly; and thirdly, overstaining is not
apt to occur. Heaemalaun 1s, therefore, a favourite
stain in some laboratories.

4. Ehrlick's Acid - Hematoxylin. — This consists
of : —

Water : : : : 100
Absolute alcohol . . : 100
Glycerine . : , : 100
Glacial acetic acid . : : 10
Haematoxylin ; . : 2

Alum 1n excess.

The mixture 1s filtered, and ripened by exposure to
light until it acquires a dark red colour. It 1s said to
keep for years, if preserved in a well-stoppered bottle.

Heidenhain's Iron Haematoxylin—See " Demon-
stration of the Karyomitotic Figures.”

Benda's Sulphate of Iron Hematoxylin—>See do.

Weigert's Hematoxylin—This 1s not a nuclear
stain. It 1s employed to demonstrate the medullary
sheaths.

TREATMENT OF QVERSTAINED SECTIONS.

Sections which have been overstained i haema-
toxylin and so become too dark can be cleared up by
various methods :—

1. The stain may be partially redissolved in a 1 per
cent. solution of ammonia-alum. The section remains
in this for several hours, till the blue colour becomes
bright violet, and is then thoroughly washed.

2. The depth of the stain may be reduced by placing
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the section in % per cent. solution of hydrochloric
acid, and thereafter washing it for 12 hours.

3. The following 1s an excellent method by means
of which a pure nuclear stain i1s obtamned. It 1s em-
ployed by the author when he desires specially fine
sections for demonstration, or when 1t 1s mtended to
photograph, or make drawings of, the specimen. A
contrast stain may be added with advantage. In
successful cases the nucler appear blue, while all else 1s
pale (e.g., the celloidin, which 1s always a disturbing
element). The pale elements readily take up a con-
trast stain such as eosin. The procedure 1s as fol-
lows : —

. Overstaining with haematoxylm for at least half

an hour.

2. Washing in water for a short time.

3. Immersion in weak nitric acid (one drop of
strong nitric acid added to a watch-glass of
water) till the section becomes red.

4. Immersion in weak lLiquor Potass® (one drop,
etc.) till the section becomes bright blue.

5. Washing in water.

—

The section must now be exammed m order to
determine whether 1t 1s sufficiently differentiated or not.
The celloidin 1s decolourised first, the protoplasm next,
then the nuclel, and finally the karyokinetic figures of
the nucleus. If the differentiation 1s not sufficient, the
section 1s placed once more in the nitric acid solution,
and the process is repeated till the nuclei alone are pro-
minent. This 1s conveniently determined by examina-
tion under the microscope, but the proper depth can
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also be estimated by the naked eye. Thus the celloidin
should be decolourised, also the sclera, which contains
few nuclei. On the other hand two distinct blue lines
ought to be wisible in the retina corresponding to its
nuclear stains. In conclusion, it should be noted that
the sections must be thoroughly washed n order to pre-
vent subsequent decolourisation.

A contrast stain may be added if desired.

Differentiation can be performed in the same manner
by means of—

Acidulated Spirit—This consists of : —

Concentrated hydrochloric acid : I
Alcohol, go'per cent. = . ; W e

DOUBLE STAINING WITH HAMATOXYLIN.

A double stain consists of a preliminary stain and a
secondary or contrast stain. It is important to choose
for the former a good nuclear stain, for the latter
a diffuse stain which colours the protoplasm and
formed tissue elements differently.

1. Hematoxylin-Fosin—The preliminary staimming
1s carried out with an ordinary hzematoxylin solution,
and should not be too intense.

The nuclear stain 1s more precise if the section is
overstained and then differentiated in mitric acid and
caustic potash mn the manner just described.

After being removed from the staining solution (or
the Liquor Potassa) the sections should be thoroughly
washed.

A few drops of a concentrated aqueous solution of
cosin are added to a watch-glass of water. The sec-
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tions remain in this till they become faint rose-red (1-5
minutes).

They are rinsed 1n water containing a trace of eosin.

[Losin, unlike hiematoxylin, is very feebly held by the
tissues and 1s immediately extracted by liquids which
do not already contain some of it. Hence a trace of
it 15 added to the water and to the various alcohols
with which the sections are treated.

Alcohol-(eosin), 80 per cent.

Alcohol-(eosin),. g0 per cent.

On1l, or carbol-xylol and xylol.

Canada balsam.

The contrast stamming can also be carried out in
alcohol. A few drops of the concentrated aqueous
solution of eosin are added to the 8o per cent. alcohol,
and the sections are stained in this. Then they are
transferred to stronger alcchol, o1l, Canada balsam.

The following stamns have been recommended in
place of eosin, and yield even more beautiful results : —

2. Orange G.— An anilin dye. A concentrated
aqueous solution 1s prepared, and used diluted with
water or alcohol.

3. Aurantia 1s employed in the same manner.

4. Acid-Fuchsin—This is used like the others of
the series, but, unlike them, 1s not removed by wash-
ing, so that care must be taken not to overstain.

TRIPLE STAINING.

et
-

Van Gieson's Stain :—

Hardening in Miiller's fluid or otherwise.

2. Imbedding in celloidin. Section-cutting.

. Prehminary staining in Delafield’s or Boehmer’s

B
.

L]
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haematoxylin. It 1s better to overstain the sections
(half an hour), and not, as was originally recommended,
to keep them in the heematoxylin for only 3-5 minutes.

4. Thorough washing in water.

5. Staining for a minute or two in a mixture consist-
ing of a saturated aqueous solution of picric acid to
which a few drops of a saturated aqueous solution of
acid-fuchsin are added before use. The depth of the
fuchsin stain may, if necessary, be lessened by immers-
ing the sections in a solution of picric acid.

0. Washing for a minute or two.

7. Alcohol, 8o per cent. and gb per cent.

8. O1l, Canada balsam.

Van Gieson’s method 1s of the greatest importance.
[t ought to be employed whenever it 1s desired to con-
trast two different tissues sharply. Epithelium and
endothelium stain a brownish-yellow, and stand out
in brilliant relief against the bright red connective
tissue. It 1s unsurpassed for demonstrating the con-
nective tissue of the optic nerve in its normal and
pathological conditions. The nucler are coloured
violet, the axis-cylinders red, and the medullary sheaths
yellow.

[I. Biondi-Heidenhain Method :—

1. Hardening in corrosive sublimate.

2. Imbedding. The method was originally intended
for paraffin sections, but it can be applied to celloidin
sections provided these are thin. Otherwise the
celloidin, which 1s also affected by the stain, proves a
disadvantage.

3. Stamning n a weak solution for 6-24 hours. The
stain consists of—
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Saturated aqueous solution of orange

G. (8 :100), filtered . ; , 100
Saturated aqueous solution of acid-

fuchsin ; ; : : : 20
Saturated aqueous solution of methyl-

oreen : : : : . 50

These solutions should be made up separately, and
allowed to stand for a few days in presence of excess
of colouring-matter. The stain can also be procured
from Gribler, ready for use. One part of the mixture,
diluted with 100 parts of distilled water containing 2
drops of acetic acid, 1s employed. The solution 1s
known to consist of the proper proportions, if a drop
placed on blotting - paper leaves a mark which 1s
bluish-green m the centre and orange towards the
margin. [f the margin 1s red, too much fuchsin 1s
present.

4. Washing for a minute or two mn go per cent.
alcohol.

5. Dehydration m absolute alcohol.

6. Xylol, Canada balsam.

Resting nucler stain blue ; nucler undergoing karyo-
mitosis and the fragmentary nucler of leucocytes, n-
tensely green ; protoplasm, fibrillar connective tissue,
and the coloured blood corpuscles, red.

The method 1s adapted for staining tissues abound-
ing 1n leucocytes. It has been used for the normal
retina, and Bimbacher has discovered that the frog’s
retina reacts differently to this stain, according as the
animal has been kept in the dark, or in the Light, before
the removal of the eye.
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CARMINE.

Carmine 1s one of the oldest and most popular of
stains. It 1s principally a nuclear stain, but it also
tinges the protoplasm of the cell body. It acts more
slowly than hamatoxylin; its solutions keep better,
and are not so sensitive to acids. For tissues which
are difficult to stain hamatoxyln is preferable.

Only one or two of the following solutions need be
kept : —

1. Alum-Carmine or Grenacher's Carmine—This
stains the nuclei cherry-red, and is almost purely a nu-
clear stain. Overstaining does not readily occur.

2-5 grammes of powdered carmine are boiled for
17-1 hour with 100 c.em. of a 5 per cent. solution of-
ammonia-alum. The solution 1s filtered when cool.

IFor use 3 or 4 c.cm. are filtered into a watch-glass.

Staining, 10 minutes to 2 hours.

Washing in water for a few minutes.

2. Borax-Carmine (alcoholic solution).—3 grammes
of carmine and 4 grammes of borax are dissolved 1n
03 c.cm. of water. The solution 1s allowed to stand
for 1 or 2 days, and then mixed with 100 c.cm. of
70 per cent. alcohol. The mixture 1s again set aside
for several days, stirred occasionally, and finally 1s
filtered.

Since this 1s an alcoholic solution, the sections are
transferred to it from the 70 or 8o per cent. alcohol
in which they are preserved, without previous im-
mersion in water.

Staining for !, hour or longer. Overstaiming does
not occur.
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Differentiation in acidulated spirit for about the same
time.

Alcohol, 7o per cent.

Alcohol, g0 per cent., etc.

The celloidin is hardly tinged by this stain. The
nucler become bright red, the protoplasm remains
pale. Borax-carmine is highly recommended.

It 1s also very suitable for staining tissues in bulk.
Thin sections of delicate structures should be subjected
to as few manipulations as possible. Hence 1t is con-
venient, mstead of staining the individual sections, to
stain the tissue en masse before placing it in the mi-
crotome. This method 1s applicable only in the case
of small objects. These are stained for 1-3 days in
borax-carmine, and are then washed in acidulated
spirit, which 1s to be changed every '; hour so long
as it becomes coloured.

3. Borax-Carmine (aqueous solution)-—8 grammes
of borax are rubbed up with 2 grammes of carmine
and added to 150 c.cm. of distilled water. After 24
hours the Liqud is decanted and hltered.

Immersion of the sections in water for a few minutes.

Stamning, I; to several hours.

Acidulated spinit, for the same time.

Alcohol, 70 per cent., etc.

4. Lethia-Carmine. — 3 grammes of carmine are
added to 100 c.cm. of a saturated aqueous solution of
hithium carbonate.

Staining for 2 or 3 minutes.

Differentiation in acidulated spirit.

This stain acts very quickly and intensely.
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DOUBLE STAINING WITH CARMINE.

1. Alum-Carmine—Picric Acid —Prelimmary stain-
ing with alum carmine, 10 minutes to !5 hour.

Washing in water for a few minutes.

Staining 1n a 3-5 per cent. aqueous solution of picric
acid for 2-5 minutes. Some prefer an alcoholic solu-
tion. \

Washing for a short time in water tinged yellow
with a trace of picric acid.

Alcohol, 70 per cent,, etc.

2. Picrocarmine—Double staining 1s accomplished
in this solution mn the following manner:—

Powdered carmine : : ) 1
Liquor ammon. fort. : : : 5
Distilled water . - = . 5

The carmine 1s carefully dissolved by stirring, and
then there 1s added—

Saturated aqueous solution of picric acid 50

The mixture 1s allowed to stand in an open vessel
till the ammonia has evaporated, and 1s then fltered.

Staining, 1 hour or longer.

Washing in 1 per cent. hydrochloric acid-glycerine
tinged yellow by a trace of picric acid, for the same
time.

Washing in pure water containing a trace of picric
acid.

Alcohol. Oil. Canada balsam.

Orange G. or Aurantia may be used as a contrast
stain after carmine,
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SAFRANIN.

Safranin, one of the anilin dyes, is an mmportant
stain. It is employed principally for tissues which
have been hardened in osmic acid or Flemming's solu-
tion, and which consequently do not take up hama-
toxylin and carmine well.  With such material safranin
produces a good nuclear stain.

Safranin ; ; : : : 1
Absolute alcohol . . . . 100
Iistilled water . ; : o 10K

The safranin i1s dissolved mm the alcohol, and the
water 1s then added. This muxture 1s kept in stock,
and the sections are stained i 1t for 1 hour, or better
still for 24 hours.

They are then washed n absolute alcohol for 5-10
minutes. Red clouds of stain are given off, and wash-
ing 1s continued till the celloidin 1s colourless.  Acidu-
lated spirit can also be used for differentiating, but in
this case the chromatin of the nucleus alone remains
coloured.

O1l or xylol.

Canada balsam.

SPECIFIC METHODS OF STAINING.

[t has been pointed out that the older stains are
adapted for the demonstration of all the nucle1 present
in the tissue. In recent times, however, the art of
staining has been elaborated, and methods have been
discovered which act in a specific manner on definite
elements without affecting others. There is quite a



68 GUIDE TO THE MICROSCOPIC

number of these methods, and they are of great value
to the ophthalmologist.

1. Weigert's Stain jfor the Medullary Sheatihs.

By this method the medullary sheaths of the nerve
libres alone are rendered bluish-black.

1. For the success of the process, which gives beauti-
ful pictures of degenerative changes in the optic nerve,
it 1s indispensable that the tissues should be hardened
from the first in Miller's or Erlitzki’'s fluud; tissues
prepared otherwise are unsuitable. (For the exception
formed by formalin, see below.)

The tissues are not washed after leaving Miiller's
fluid, but are transferred directly to alcohol.

2. Imbedding in celloidin.

. The celloidin block containing the tissue 1s placed
for 24-48 hours in a saturated aqueous solution of
acetate of copper diluted with an equal volume of
water. This stage 1s best carried out n the mcubator.
The preparation takes on a permanent bluish-green

L |

colour.

4. The block 1s placed in alcohol, 70 per cent,, for at
least 24 hours.

5. Sections are made.

6. The sections are stained for '4-24 hours in We:-
gert's Haematoxylin, which consists of—

Hazmatoxylin ; ; + I
Absolute alcohol . : ; 10
Distilled water : . . T

Saturated aqueous solution of
lithinm carbonate . . I
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The solution of lithium carbonate 1s not added to
the hazmatoxylin till the sections are ready to be
stained, since the mixture does not keep well.

7. Washing in water.

8. Differentiation in the following solution :—

Borax . . . : : 4
Ferricyanide of potassium . 5
Distilled water . ‘ . 200

No rule can be given regarding the length of time
during which differentiation should be continued, since
this depends upon the tissue and the thickness of the
section. The sections are left in the solution till the
nerve fibres, so far as they are supphed with medullary
sheaths, appear dark violet, and the other structures,
e.g., the sheaths of the optic nerve, become bright
brown or colourless. If in the case of thick sections
the differentiation 1s slow in appearing, the sections
should be placed m alcohol for 24 hours, and once
more passed through the ferricyanide solution.

9. Thorough washing in water for 2 or 3 days.

10. Alcohol.

11. Xylol.

12. Canada balsam.

The medullary sheaths appear bluish-black, the de-
ogenerated portions bright brown. Thus, in cases of
Multiple Sclerosis, bright foci of degeneration are fre-
quently observed in the optic nerve, and i Tabes with
partial atrophy of the nerve certain strands may be
recognised as affected.

N.B—When the tissues have lain too long in alco-
hol, they become greenish and do not react well to
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Weigert's Stain. In such cases they should be left
g ik
for a few hours in 1; per cent. solution of chromic acid

before being 1mbedded.
Formalin can be employed for hardening, the process
occupying only 4 or 5 days. The tissue 1s placed n

Bichromate of potash . : 5
Chrome-alum : : . 2
Distilled water . . . 100
Formalin, 10 per cent. . T

Or the pieces may be hardened in formalin, and then
placed m the chromic mixture for 4 days.

2. Pal's Stain jor the Medullavy Sheaths.

Pal's method 1s a modification of Weigert's. [t is
simpler and possesses this advantage, that it may be
[ollowed by a nuclear stan.

1. Hardening in Miiller’s fluid.

2. No washing.

3. Completion of the hardening process in alcohol.
4. Imbedding n celloidin.

5. Sections are made.

0. Staining for 24 hours in Weigert's solution of

hamatoxylin to which a few drops of a saturated solu-
tion of lithium carbonate are added before use.

7. Washing in water contamning a few drops of a
1-2 per cent. solution of hithium carbonate, till the sec-
tions appear deep blue.

8. The sections are now placed in !} per cent.
solution of permanganate of potash for perhaps 20-
30 seconds, till the non-medullary substance of the
nerve appears yellow. This solution keeps badly, and
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should therefore be specially prepared or diluted from
a concentrated solution as required.
0. Further differentiation n

Oxalic acid ; . ; I
Sulphite of potash . : I
istilled water : : . 200

The medullary substance should now become dark
blue while the sheaths and rest of the tissue are de-
colourised. If this does not happen after a few
seconds, the section 1s returned to No. 6, then to
7, 8, g, etc, and these stages are repeated till the
desired effect 1s obtained. The sections may be ex-
amined under the microscope to determine when the
non-medullary substance has become colourless. Then
the process is mterrupted. The fibres of the ciliary
nerves possess medullary sheaths, and therefore appear
dark blue.

10. Thorough washing i pure water..

11. Alcohol.
12. Xylol
13. Canada balsam.

In longitudinal sections of the optic nerve the me-
dullary sheaths are seen to disappear gradually at the
level of the lamina cribrosa. The retina of the rabbit
contains for the most part medullated nerve fibres, and
these react to the stains of Weigert and Pal.

A contrast stain with carmine may be added.

3. Marchi's Method.

Marchi's method (see Marchi, Revista speriiientale
di frematria e di med. legale, 1887, xii., and Singer
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und Munzer, Beitrage sur Kenntniss der Selnerven-
kreuzung, L V., Band der Denkshrifien der mathnaturw.
Klasse der kaiserl. Academie der Wissenschaften zu
iVien, 1888) possesses the remarkable and valuable
property of staimng the medullary sheaths of degener-
ated nerves or the products of their disintegration deep
black, while the medullary sheaths of the normal
nerves are only tinged grey. There is no better
method for demonstrating recent and slight degenera-
tive changes in the optic nerve, chiasma, bramn, etc.

The tissue must be in no way compressed or crushed
while being removed from the body.

The optic nerve zn fofo 1s placed for at least 8 days
(if necessary as long as three months) in Miiller’s flmd.

Pieces, which should be as small as possible, are then
placed i a {reshly prepared mixture of—

Miiller's fluid
Osmic acid, I per cent. . , I

b

for 5-8 days.

Thorough washing in running water, 12-24 hours.

[Further hardening n alcohol.

[mbedding 1n celloidin.

Section-cutting.

Onl.

Canada balsam (best melted by means of heat with-
out any solvent).

When degeneration has taken place, the medullary
sheaths break up mto fatty globules which are black-
ened by osmic acid.

The degenerated sheaths accordingly appear black,
and the medullary substance 1s arranged in chains of
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olobules. The medullary sheath of a normal nerve
appears bright yellow or varies from pale grey to olive
in colour. In rare cases solhtary black drops may be
seen between the medullary sheath and the sheath
of Schwann.

Of course any fat in the tissue is stained black by
the osmic acid.

On the surface of the sections of the optic nerve
there 1s always a plentiful deposit of black masses.
These, however, extend for only a short distance into
the nerve.

Singer and Minzer found that in the rabbit, after
division of the optic nerve or enucleation of an eye,
dark globules appeared in the divided nerve and n the
opposite tract within the space of two days.

On the fourth day these globules were more evident,
but still few in number.

After the seventh day true Wallerian degeneration
was present in the nerve and tract.

The degeneration appears simultaneously through-
out the whole course of the nerve. The chiasma pre-
sents no obstacle. The optic nerve degenerates
somewhat more slowly than the peripheral nerves.

In the rabbit degeneration of the optic nerve 1s not
distinct after three weeks.

In the case of the pigeon degeneration takes place
still more slowly, and after five weeks is only as [ar
advanced as 1t 1s 1n the rabbit after three.
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4. Stavming the Ganglion Cells—Nissl's and Other
Methods.

Nissl's method 1s an excellent one for demonstrating
the finer structure of the nerve cells. Both normal
structure and commencing degeneration are rendered
evident. By means of this method Bach found certain
brightly stained granules in the ganglion cells of the
normal retina. They occur throughout the whole of
the cell body, and are arranged, in part regularly, in
part iwrregularly, in the almost unstained ground mass.

On the other hand, in degenerating cells, e.g., those
of a detached retina, the granules are smaller and are
grouped rather towards the circumference of the cell
When degeneration is advanced the granules are no
longer visible (Bach, von Graefe's Awrchiv, vol. xli.,
[1I.,, p. 62; and A. Birch-Hirschfield, von Graefe's
Avctaw, vol. L., 1., p. 166).

Nissl's Method —Nissl has described two processes,
both equally good.

A. 1. Small pieces of fresh material are hardened in
alcohol gradually increased in strength. Formalin may
also be used.

2. The pieces are mounted on a support by means
of fish-glue or gum without being imbedded. Imbed-
ding in celloidin 1s also permissible.

3. Sections are made by hand or with the micro-
tome (30 w thick).

4. These are stained mm 14 per cent. solution of
methylen blue, which is heated in a watch-glass over
the flame of a spirit lamp till bubbles begin to rise
(65°-70° C.). The solution consists of—
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Methylen blue B. patent 3-75
Venice soap in fine shavings I.75
Distilled water : . ) . 100

5. Each section 1s differentiated
Anilin o1l : : : : : 20
Alcohol, go per cent. . : . 200

till large clouds of stain are no longer given off.  This
solution should be kept in a dark bottle and protected
from the lght.

6. The section is transferred to a shide, dried, cleared
with oil of origanum or cajeput, again dried, and satu-
rated with benzine.

7. A thin solution of colophonium i benzine 1s
poured over the section.

8. The benzine 1s driven off by holding the shde
over a flame.

0. A cover-glass 1s apphed.

N.B.—After being differentiated the section can be
mounted in Canada balsam m the usual fashion.

B. Stages 1, 2, 3, of the alternative process are
similar to those of A.

4. The sections are stained in a concentrated aque-
ous solution of basic fuchsin, which 1s held over a
flame till steam begins to rise.

5. Washing in absolute alcohol, 1-2 munutes.

0. Clove o1l, t1ll clouds of stain cease to be given olflf.

7. Canada balsam.

Held's Modification of Nissl's Method gives a
double stamn, erythrosin being employed to demon-
strate the protoplasm mn which Nissl's chromatic gran-
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ules are imbedded (Arckiv fiir Anatomie, vol. 1, 1895,
P 390).

Birch-Hirschfeld treats the retina in the following
manner (vor Graefe's Arckiv, vol. 1., p. 175).

T hionin-Erythrosin Stain :—

i. Imbedding in parafin. The sections are fixed
to the shde.

2. Stamning m a 1 per cent. solution of thionin for
about 10 minutes.

3. Rinsing 1in water. 7.

4. Held’s solution of erythrosin is poured over the
section,

Pure erythrosin : 2 . , I
Distilled water : . . . 1ED
Glacial acetic acid . : . 2 drops

5. Rinsing in distilled water.

0. Alcohol. Oil. Canada balsam.

Nissl's granules are stained blue, thionin being a
specific stain for them, the interstitial substance bril-
hant red.

5. Wewgert's Stain for the Neurogiia.

This 1s the best method for demonstrating the neur-
ogha although it 1s not easy to carry out. It yields
beautiful results with the optic nerve. Its application
to the retina i1s more difficult. The fibres of the zon-
ule of Zinn are also coloured. (C. Weigert, Beitrige
sur Kenntniss dev normalen menschilichen Neuroglia.
Frankfurt a.M., Diesterweg, 1895).

1. Fixation of the tissue mm Weigert's neurogha-
mordant (chrome-alum—copper oxide). The pieces
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must not be more than 14 cm. in diameter. They le
in the fluid for 8 days, and 1t 1s advisable to keep this
warm by placing it on the incubator. The fluid 1s
changed on the second day. The tissue should be as
fresh as possible.

The mordant consists of—

Chrome-alum : : : : 25
Water . . . ; ; . 100

The chrome-alum is dissolved by heat, and while the
solution 1s boiling the flame is put out, and there is

added, first—

Ordinary acetic acid ; : : 5
then—
Powdered neutral acetate of copper . 5

the whole being stirred with a glass rod. After cool-
ing there 1s added—
Formalin : , : : : 10

2. Thorough washing in water. Further hardening
m alcohol.  Imbedding mn celloidin.

3. Sections are made, and these are mmmersed n
14 per cent. solution of permanganate of potash for 10
minutes, carefully washed in water, and then placed
the reducing fluid.

4. The sections remain in the reducing fluid 2-4
hours, where they become decolourised. The reducing
mixture consists of—

Chromogen (Hochster Farbwerke) . 5
Formic aad . . . . , 5
Water : ; : : : . 100

Before use 10 c.em. of a 10 per cent. solution of or-
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dinary photographic sodium sulphite are added to
every 9o c.cm. of the filtered reducing flud.

5. Staining (modified fibrin method). This is carried
out on the shde. The section 1s first drnied, then the
stamn 1s poured over i1t. Staming takes place very
quickly (one minute). The stain consists of a satu-
rated solution of methyl-violet in 8o per cent. alcohol.
This should be saturated while hot, and decanted when
cold. To every 100 c.cm. of this are added 5 c.cm. of
a § per cent. aqueous solution of oxalic acid.

The sections are dried and treated with 1odine, a
saturated solution of 10dine 1n a 5 per cent. solution of
10dide of potash being poured over them.

7. They are thoroughly differentiated in equal parts
of amlin o1l and xylol.

8. The amlin-xylol 1s now removed by means of
pure xylol.

0. Canada balsam.

The preparations keep better 1f they are exposed to
dayhght for a dayv or two after being mounted.

6. Stains for Elastic Fibres.

In recent years quite a number of methods have
been devised for demonstrating elastic fibres by means
of selective stains.

A. The best known, and till lately the most popular,
method 1s the Orcein Process of Unna-1 aenzer.

1. Hardening mm any of the common media; for-
malin seems most suitable.

2. Section cutting.

3. The sections are stained for 12-24 hours in the
following solution—
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Orcein . : ; : ; : 0.5
Absolute alcohol . . ; . 40
Distilled water . : : . 20
Hydrochloric acid ; . drops 20

4. Differentiating in—

Concentrated hydrochloric acid . 0.1
Alcohol, g5 per cent. . . . 200
Distilled water ; , : : 5.0

5. Rinsing in water. Dehydrating in alcohol. Oil
Canada balsam.

The elastic fibres are stained brownish-red.

B. The recently published Method of Weigert de-
monstrates admirably the rich network of elastic fibres
present in the tissues of the eye. It yields complete
and extremely beautiful pictures. Moreover, it 1s
simple (Centralblatt fiir allgem. Pathologie und pathol.
Anatomie, 1898, Nos. 8, 9).

The process i1s successful with material prepared in
most of the hardening flmds. It is specially so when
alcohol has been employed; but Miiller's fluid, Flem-
ming's fluid, corrosive sublimate, etc,, may be used.

A mixture contamning equal parts of—

Aqueous solution of fuchsin-rubin 1 per cent.
< & resorcin .3

1s prepared, and 220 c.cm. are placed in a porcelamn
vessel and brought to the boiling point. To this are
added 25 ccm. of liquor ferri sesquichlorati (Ph. G.
II1.) and the whole is boiled for 2-5 minutes. A de-
posit 1s thrown down. The contents of the vessel are
allowed to cool, and are then filtered. The filtrate is
rejected, and the filter paper is left till all the hquid
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has drained away. The paper i1s now placed in the
dried porcelain vessel and boiled with 200 c.cm. of g4
per cent. alcohol. The liquid 1s once more allowed to
cool, again fltered, and after removal of the paper
made up with alcohol to 200 c.em.  After the addition
of 4 c.cm. of hydrochloric acid the staining solution 1s
ready for use.

The sections are placed in the solution for 20 min-
utes-1 hour. They are then dehydrated in alcohol,
cleared 1in xylol, and mounted in Canada balsam.

The elastic fibres appear dark blue or almost black
on a bright background. The nucler can be rendered
evident by means of carmine, and if a diffuse orange
stain 1s added the sections are very beautiful.

Liguor Ferr:t Sesquichlorati 1s prepared as fol-
lows : —

One part of iron is dissolved in 4 parts of hydro-
chloric acid ; and then there are added for every 100
parts of won dissolved, 260 parts of hydrochloric acid
and 135 parts iof nitric acid.

7. Demonstration of Karyomitotic Figures.

Miller's fluid destrovs the chromatin threads, and
should not be employed when it 1s desired to demon-
strate the structure of the nuclei. It may be of import-
ance to display this, e.g, in the repair of epithelal
tissues or in the case of rapidly growing tumours. The
tissues should be placed as soon as possible after death
or after excision of the eye in a quickly acting fixing
fluid, and the pieces should be small to admit of rapid
fixation. Osmic acid as contamned in Flemming's solu-
tion can be hghly recommended, the staining being in
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this case carried out with safranin (See p. 67). The
resting nuclei are left pale, while those which are i the
act of dividing are deeply stammed. Or Benda’s Method
may be adopted. (See below.) Corrosive sublimate
with subsequent staining in heematoxylin exhibits the
mitotic figures well. Perhaps the best methods are
those of Heidenhain and Benda.

Heidenhain's [ron-Hematoxylin Method —When 1t
is desired to demonstrate the finer constitution of the
cell, such as the centrosome, the achromatic portion of
the nucleus, etc, the following 1s the procedure :—

1. Fixing n a saturated solution of corrosive subli-
mate. Removal of the sublimate by means of 1odine.
[mbedding. The sections should be as thin as pos-
sible.

2. The sections are mordanted mn 1145 per cent.
solution of ferric-alum, (NH,),Fe,(SO,),, for */,-24
hours,

3. Rinsing 1n water.

4. Stamning in 4 per cent. solution of hamatoxylin
purissimum (Griibler) for 12-18 hours, The 1ron-
hamatoxyhn 1s deposited in the interior of the sections,
staining them a deep black.

5. Rinsing in water.

0. The overstained sections are again treated with
the ferric-alum solution, which removes the stain, first
from the protoplasm and then from the resting nuclej,
so that at last the karyomitotic figures are almost the
only structures which are stained. -Finally these also
are dacolourised. The sections must therefore be
examined from time to time under the microscope, so

that the process of differentiation may be interrupted
6
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at the moment when the resting nucler have become
pale, and the karyomitotic figures, on the other hand,
are still dark. Differentiation proceeds pretty quickly.

7. Washing in tap water.

8. Alcohol. Oil. Canada balsam.

The nucler and the nuclear structures appear deep
blue or black. Heidenhain’'s Method 1s specially
adapted for the demonstration of the nuclear struc-
tures. It can however be recommended as an excel-
lent nuclear stain for general use.

For the demonstration of the finer structures of the
cell (centrosome, achromatic spindle, etc.) Heidenhain
prefers paraffin sections, 3 u thick. These are fixed
to the slides by means of distilled water, and the subli-
mate 1s extracted with iodine.

Preliminary staiming with a weak aqueous solution
of Bordeaux R.

Rinsing 1in water.

Mordanting.

Rinsing, etc.

The stain with Bordeaux can also be applied after
the heematoxylhin (Archiv fiir mikrosk. Anatomie, vol.
xhii, 1894, p- 423).

Benda's Iron-Hematoxylin Method :—

1. Hardening in corrosive sublimate, FFlemming's
solution, or nitric acid.

2. Section cutting.

3. The sections are placed for !5-24 hours or longer
in [Liquor Ferr1 Sulfurici Oxydati. (The Liquor con-
sists of sulphate of iron 8o, water 40, sulphuric acid 135,
and nitric acid 18. It contains 10 per cent. of iron.

Bolles Lee.)
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4. They are washed 1n three changes of tap-water.
5. They are stamed in 1 per cent. solution of hae-
matoxylin till they become deep black. This, as a
rule, takes place quickly.
Pure powdered hematoxyln . I
Distilled water . : : . 100

6. They are differentiated in 30 per cent. acetic acid
till, as in the last method, only the active nucler are
left stained.

7. Washing. Contrast staining if desired.

8. O1l. Canada balsam.

This method 1s similar to Heidenhain's and produces
a good nuclear stain even in the case of resistant
tissues. The nuclei become almost black. If differ-
entiation 1s carried farther, the karyomitotic figures
remain deep black to the last and stand out m bold
relief.

DEMONSTRATION OF DEFINITE SUBSTANCES AND
TISSUE ELEMENTS.

1. Fat and Fatly Degeneration.

Normally the eye 1s imbedded in a thick cushion of
fat, the retrobulbar fatty tissue. Each cell of this tissue
consists of a large fat globule surrounded by a thin
protoplasmic membrane in which 1s imbedded a fat-
tened nucleus. Fat 1s found also under the skin of the
lids, under the conjunctiva, etc.

Tumours consisting of fat cells are sometimes de-
veloped from the connective tissue around the eye,
and more frequently from the fat itself (L:pomata).
Thus of comparative common occurrence 1is the
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Lipoma Subconjunctivale, which 1s usually situated on
the upper and outer aspect of the bulb, between the
Rectus Superior and the Rectus Externus muscle.

Fatty degeneration 1s a condition different from, and
not to be confounded with, this Lzpomatosis. In 1i-
pomatosis the increase in the quantity of fat 1s derived
from without; n fatty degeneration the increase of
fat 1s not due to a deposition of this in the tissue, but
results from disintegration of the albumen of the cells.

Fatty degeneration 1s, therefore, always associated
with atrophy of the organ. It occurs in epithehal
cells, e.g., the pigmented epithelium of the retina; and
also in connective tissue elements, ¢.g., the cells of
intraocular tumours. The cells affected contain oil
droplets, and, when the process 1s advanced, the proto-
plasm of the cell 1s replaced by a mass of detritus con-
sisting of variously sized globules and granules of fat.
In connection with old mnflammatory changes i the
interior of the eye, especially in old exudations, large
vesicular cells are frequently found which are quite
filled with fatty granules (fat-granule cells). These
are generally migratory corpuscles which have taken
up the fatty products of degenerative processes. [t
should be remarked that when they occur in the chori-
oid they usually contain granules or crystals of pig-
ment. These are the cells which by their aggregation
form the white patches characteristic of Albuminuric
Retinitis.

When fatty degeneration attacks complete -cell
groups the change can be recognised with the naked
eye. The areas affected present a greyish-white,
glassy or opaque appearance. A large Glioma Re-



EXAMINATION OF THE EYE, 35

tina;, when laid open in the fresh state, exhibits de-
generated patches which often coalesce to form
peculiarly shaped figures. The only change with which
these might be confused 1s that due to calcareous de-
ogeneration.  Virchow remarks that the two conditions
can be distinguished by touching the spots with a
needle ; the fatty areas are soft, the chalky yield a
orating sensation.

The microscopic examination can be easily made 1n
the fresh specimen, either single cells or sections being
selected. The fatty granules in the interior of the
cells are colourless, bright, and possess a dark contour
and clear centre. Themwr behaviour towards reagents
1s as follows :—

1. They are unaffected when treated with acetic acid.

2. They resist the action of dilute caustic potash
and soda (1-3 per cent.).

3. They are stained black on the addition of 1 per
cent. osmic acid.

4. They are dissolved by chloroform and ether. To
obtain this reaction the preparation must first be thor-
oughly dehydrated in absolute alcohol, then exposed
for a considerable time to the solvents, agam washed
n alcohol to remove these, and hnally examined in
salt solution.

5. When treated with 1odine-violet they assume an
intense violet colour,

Alcohol should not be employed for hardening, since
it gradually dissolves fat. If Miiller's fluid 1s used the
fat granules, although preserved, coalesce nto larger
drops. The fat-granule cells are thus altered in ap-
pearance, and look hke vesicles.
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1. Osmic Acid possesses the valuable property of
rendermg black even the smallest particle of fat.
When, therefore, it 1s desired to demonstrate fat or
fatty degeneration 1n a preparation, the hardening
flmid employed should be one of those containing
osmic acid. This 1s the case when a retina 1s being
examined for signs of albuminuric retinitis. Pure os-
mic acid (1-2 per cent.) 1s seldom taken; Flemming’s
solution 1s more switable. The eye i1s opened by two
or three short incisions in the equatorial region 1n the
manner already described. It 1s fixed for 2-3 days n
the dark. Longer exposure to the action of the solu-
tion renders the tissues too brittle.

The eye 1s then washed for 24 hours in running
water. If the washing 1s not thorough, the alcohol
may extract the uncombined osmic acid, and this may
be deposited as black specks giving the appearance of
fat where none exists.

Hardening 1n alcohol, 30, 60, go, g0 per cent., 24
hours 1n each.

Imbedding in celloidin.

The sections are stained with safranin.

They are then washed, dehydrated rapidly in abso-
lute alcohol, cleared in oil, and mounted in Canada
balsam.

The o1l used for clearing must not be allowed to act
on the section for a lengthened period, and must be
carefully removed as soon as the process 1s complete.
O1l of turpentine and xylol should be avoided as far
as possible, because they tend to dissolve the fat which
has been acted on by osmic acid. For the same reason
xylol-balsam 1s not chosen for mounting, but solid
Canada balsam melted by warming over a flame,
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IFat which has been exposed to the mfluence of
osmic acid 1s quite insoluble mn alcohol, chloroform,
and clove ol

2. Sudan I11., a red powder belonging to the diazo
group of colouring matters, 1s a rehable stain for
fatty tissue. It has recently been strongly recom-
mended. A saturated solution made with ordinary
alcohol stains in a few minutes. The preparation i1s
then washed mn alcohol and mounted m glycerine.

Large drops are stained bright red, small drops
yellow or orange-red.

Hardenmmg and fixing solutions which dissolve fat
must not be employed. Miiller's fluid and glycerine
are practically the only media admissible. 5Sections
may be cut with the [reezing-microtome, whereas the
paraffin and celloidin processes must be avoided. Ab-
solute alcohol, which dissolves fat, cannot be used for
dehydrating. The clearing oils and Canada balsam
are also prohibited.

2. Calcareous Degeneration.

Petrification 1s a process characterised by the de-
position in the tissues of certan salts. These are
usually carbonates or phosphates of calcium. The
tissues attacked are already necrosed as a result
of degenerative or chronic mmflammatory changes.
Thus areas which have wundergone fatty de-
generation and have not been absorbed are fre-
quently affected. Petrification occurs 1 cells as
well as in the ground substance. It begins with the
deposition of calcareous granules or masses. These
are most common m the chorioid, where they form
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plates with sharp margins. They are of almost uni-
versal occurrence in shrunken eyes of old standing;
the areas may be confluent so that the chorioid forms
a calcareous shell Deposits are also found in the
cornea, the lens, and in intraocular tumours, especially
gliomata, 1f these are not early removed. Necrosed
ganglion cells may show signs of calcification. The
process may even go on to Ossification, the formation
of true bone with lamellee and canaliculi. In this con-
dition, however, there 1s a deposition of salts in a
ground substance which has replaced the original tis-
sue. In Petrification, on the other hand, there i1s no
alteration in the structure of the tissue. Calafied
areas are often evident to the naked eye by their white
aspect. When ‘touched with a needle they yield a
grating sensation. Calcification 1s often not detected
until the mounted specimen 1s being cut with the mi-
crotome. Such tissues must be decalcified. See p. 121.

Calcareous deposits when viewed by reflected light
are white and ghttering, resembling fat; examined by
transmutted light they are intensely dark. When a
5 per cent. solution of hydrochloric acid 1s allowed to
flow in from the edge of the cover-glass, the calcium
salts are dissolved, the carbonates with the evolution
of bubbles of carbonic acid gas, the phosphates with-
out.

Alum-hamatoxylin is by far the best stain for sec-
tions which contain, or have contamed, lime salts. The
chalky portions stain dark blue, sometimes with a tinge
of red. It 1s remarkable that tissue from which the
salts have been removed stains almost equally in-
tensely, provided the process of decalcification has not
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lasted too long. A similar staining reaction 1s given
by tissues which have been deprived of fat, e¢.g., gh-
omata, and by the corpora amylacea found in the op-
tic nerve. Larger calcareous areas are, however,
readily recognised by their homogeneous appearance,
and still more by their contour which 1s usually sharp
and angular.

According to Leutert the shghtest trace of lime can
be demonstrated by the following process:—

I. Staining celloidin  sections 1 a concentrated
alcoholic solution of haeematoxylin, 14 hour.

2. Washing in tap-water, 4 hour.

3. Further stamming in 1 per cent. aqueous solution
of safranin.

4. Rinsing n water.

5. Differentiating and dehydrating in alcohol. Oil
Balsam.

Lime 1s stained a deep steel blue, nucler red. The
preparations do not keep well.

3. Cholestearin.

Cholestearin Crystals are generally present in masses
of fatty detritus. In the eye they are often discovered
floating in the degenerated vitreous, in the anterior
chamber, and in subretinal and subchorioidal exuda-
tions.  Suspended 1n the aqueous or vitreous, they
present the appearance of minute glittering points.
When a fresh eyeball affected with detachment of the
retina or degeneration of the vitreous is opened, it is
astonishing how often these crystals are present in the
iquid evacuated. If numerous they are readily seen
with the naked eye as small scintillating dots. Under
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the microscope they appear as thin transparent rhom-
bic plates, often notched at the angles.

When a few drops of a 30-40 per cent. solution of
Sul phuric Acid 1s allowed to flow in under the cover-
glass characteristic changes of colour take place. The
plates become orange, then a beautiful rose-red, and
finally are dissolved.

Treated with Lugol's Solution (1odine 1, 1odide of
potassium 2, water 100), the crystals become dark
brown, and on the further addition of a trace of sul-
phuric acid the colour changes to bright blue.

Cholestearin is soluble in alcohol and ether. Hence
it follows that, owing to the long exposure in these
liquids demanded by the paraffin and celloidin pro-
cesses, the crystals are, as a rule, no longer visible in
hardened and stained sections. Characteristic gaps,
however, indicate that they have been present, and
these spaces when once recognised can hardly be mis-
taken.

4. Mucoid Degeneration.

The normal epithelium of the conjunctiva, like that
of other mucous membranes, contains cells filled with
mucin. These resemble goblets, and have been styled
Goblet-cells. Mucin 1s a transparent substance formed
from the cell protoplasm. During secretion the cell
swells up, and the protoplasm 1s reduced to small
oroups of granules. When the contents of a goblet-
cell have been discharged, the cell may resume its
original shape, or it may perish.

In pathological conditions of the conjunctiva the
goblet-cells are largely increased in number, e.g., n
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chronic conjunctivitis ; in trachoma, here especially n
the gland-like depressions; and on the surface of
papillomata Wagenmann, von Gracfe's Archiv, vol.
xl, p. 2, the author having observed a similar case),
carcinomata, etc.

Detached cells may be examined while fresh. Mu-
cin swells up readily in water; it is coagulated in the
form of threads or streaks by acetic acid.

Fixation 1s best performed m formalin or corrosive
sublimate. Thereafter the mucous cell contents can be
coloured with a simple solution of hamatoxylin. By
this they are stained dark blue, but the flattened nucleus
is, as a rule, readily recognised lying against the wall
in the deeper part of the cell. Mucin 1s not stained by
carmine or eosin: when these stains are used the
goblet-cells appear as bright spaces in the epithelium.
On the other hand, it 1s particularly well stained by
acid-fuchsin (van Gieson’s stain), safranin, and methy-
len blue.

Hoyer strongly recommends 7 /4ionin for staining
mucin. Fixation in sublimate.

The following 1s the Method of Leedham Green :—

The tissues are removed from the anmumal 1m-
mediately after death, and placed in a saturated solu-
tion of corrosive sublimate for 2-8 hours, the period
depending on theiwr thickness and consistence. They
are then transferred to 80 per cent. alcohol. lIere
they are treated with iodine till the sublimate 1s re-
moved. Next they are dehydrated and imbedded n
paraffin or celloidin. The sections are fixed on shdes,
and stamned with a weak solution of thionin (2 drops
of a saturated aqueous solution of thionin to 5c.cm.
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of distilled water). The staining process lasts §-1§
minutes, till the sections have assumed a dark colour.

Rinsing 1n alcohol, go per cent.

Alcohol, absolute or g6 per cent,, for a few minutes.

Clearing m an etherezl oil. Canada balsam.

The mucin of the goblet cells 1s stained a bright
reddish violet, the rest of the tissue bright blue.

Unfortunately this stain is not permanent.

The author inds a weak solution of hematoxylin
quite as satisfactory.

1. Green, “ Ueber die Bedeutung der Becherzellen,”
von Graefe's Archiv, vol. x1., L., p. 3.

2. Hoyer, Arclav fiir makrvosk. Anatomze, vol. xxxvi.,
139g0.

3. Wagenmann, “ Papillom der Conjunctiva,” von
Graefe's Archiv, vol, x1., 1., p. 250.

5. Hyaline Degeneration.

Hyaline material was separated by von Reckling-
hausen from the large group of colloid substances.
It resembles amyloid substance, being an insoluble
albumimous body, and 1s found in tissues whose nutri-
tion has been impaired.

Hyaline degeneration occurs very frequently in the
eyeball as a natural change mn old age, but also after
any form of chronic mflammation. In an excellent
paper FFuchs instances hyaline degeneration as attack-
ing the most diverse structures of the eye. It is found
in the arcus senihs and in the primary transverse
opacity of the cornea known as Keratitis Bandelette.
It 1s especially comimon in the hyaloid membranes
(Descemet’s membrane, membrana vitrea of chorioid



EXAMINATION OF THE EVE, 93

and ciliarv body, lens capsule). These membranes may
not only become diffusely thickened, but may also
exhibit local deposits, the so-called “ glands” of the
membrana vitrea of the chorioild and of Descemet’s
membrane.  Von Reckhnghausen instances these
“olands " as types of hyaline degeneration. Among
senile processes of the same nature are thickening of
the supporting fibres of the retina, and the hyaline
changes which occur in the connective tissue of the
cihary processes and n the walls of the blood-vessels
in that region. Also of a hyaline nature are the
globules of Morgagni, which are separated from the
lens fibres in senile cataract. IHyaline degeneration has
likewise been found in the optic papilla. Berlin de-
scribes hyaline masses as occurring in the nfltration
of Sclerosing Keratitis, and Hess has seen a similar
change in the epithehal cells in Filamentous Keratitis.
Hyaline concretions are common in old corneal opaci-
ties (Atlas of Wedel-Bock). Vossius has given an
exhaustive account of hyaline degeneration of the
conjunctiva.

The characteristics of the hyaline substance are,
according to von Recklinghausen, as follows :——

1. It possesses a homogeneous structure and high
refracting power.

2. It resists most reagents, being insoluble in strong
acids and alkalies.

3. It is readily stained by carmine and picrocarmine,
less so by hamatoxylin. Eosin and acid-fuchsin tinge
it deeply. It does not give the iodine-reaction with
1odine, although its appearance resembles that of the
amyloid substance.
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The tissue may be hxed in formalin, Miiller's fluid,
'sublimate, alcohol, etc.

1. Berlin, von Graefe's Archiv, vol. xxxiii., 111,

2. Fuchs, von Graefe's Archiv, vol. xxxvii,, 111, p.
 50.

3. Hess, “Fadchenkeratitis,” von Graefe's Awrchiv,
vol. xxxwiii,, [11.; and =xxix,; 1L

4. Kerschbaumer, von Graefe's Arcliv, vol. xxxiv.,
[11., p. 24.

5. Von Recklinghausen, Handbuch der allgem. Path-
ologie, p. 405. 1883.

6. Vossius, “ Die hyaline Degeneration der Con-
junctiva,” Ziegler's Beitrage zur path. Anatomze, vol.
v 1800

7. Wedel und Bock, Pathologische Anatomie des
Auges, p. 43. Vienna, 1386.

6. Amyloid Degeneration.

Amyloid degeneration 1s a peculiar process which
frequently attacks the connective tissue of the vascular
system ; 1t 1s progressive in character. It leads to the
deposition of an albuminoid body (amyloid substance)
in the affected parts. These as a consequence increase
mn bulk, and present under the microscope a peculiar
homogeneous appearance. When well advanced the
morbid change is recognisable with the naked eye,
the degenerated tissue being semi-translucent and re-
sembling the fat of fried bacon (Ziegler).

The amyloid substance usually occurs in homogene-
ous shining patches. It was discovered by Virchow,
and received its name because it gave with iodine a
reaction similar to that obtained with starch.
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Amyloid degeneration is found in a typical form
in the conjunctiva, where it results in the formation of
large tumour-like masses. This affection was first
described by von Oettingen in 1871, later by Raehl-
mann and Kubli, and very fully in a valuable contribu-
tion of Vossius. It is generally a sequela of trachoma,
but the author has observed it as an independent
affection. The tarsal conjunctiva, the fornices, the
scleral conjunctiva as far forward as the limbus, the
plica semilunaris, and the caruncle, may all be at-
tacked.

The “waxy” appearance 1s at once detected when
one of the nodular masses i1s cut open.

The firm consistence of the tissues allows sections
to be made m the fresh condition ; or the examination
may be performed after hardening m Miller's fluid,
formalin, sublimate, or alcohol.

The amyloid substance 1s stained a rose colour by
haematoxylin-eosin, a brilhant red or brownish-red by
van Gieson’s method.

Amyloid substance exhibits certain specific reac-
tions : —

1. fodine Reaction (Virchow):—The sections are
placed for 3-6 minutes in Lugol's Solution diluted
with 3 parts of distilled water. They are then washed,
and examined in glycerine. The degenerated areas
are stained brownish-red, while the unaffected tissue
remains bright yellow. The brownish-red colour is
rendered still more brilhant if 25 per cent. of glycerine
1s added to the 1odine solution.

This stain i1s not so permanent as that obtained by
the next process.
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2. lodine and Sulphuric Acid Reaction (Lang-
fzans) :—If a section, which has been stained with iodine
in the manner described, be treated with a 1 per cent.
solution of sulphuric acid, the amyloid substance is
tinged a darker brown, or becomes wviolet, blue, or
greenish, according to the length of time the degenera-
tion has been n progress.

3. Methyl-violet Reaction :

(1) Staiming for 3-15 minutes in a 1-2 per cent.

methyl-violet solution.

(2) Washing in water containing 1 per cent. hydro-

chloric, or 2 per cent. acetic, acid.

(3) Thorough washing in water.

(1) Mounting m glycerine.

The preparation keeps for a considerable time if
the cover-glass 1s ringed. Canada balsam is not ad-
mussible.

The waxy material becomes purple-red, the rest of
the tissue blue.

Gentian-violet Reaction :— This gives almost the
same reaction as methyl-violet. The procedure 1s
identical.

Reactions 3 and 4 are not absolutely characterstic.
Under certain circumstances other tissues, such as mu-
cin, young cartilage, etc, are stained purple-red.

5. Methyl-green Reaction :—This is employed in the
same manner as methyl-violet. The waxy material
stains violet, the nucler and the rest of the tissue
green.

6. lodine-green Reaction :—Sections of fresh or har-
dened tissue are stained for 24 hours in a solution
of iodine-green in distilled water (1-300).
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They are then washed in water and mounted in gly-
" cerine.

The tissue affected stains a reddish-violet, the rest
of the section green.

7. Thionin Stain (Kantorowicz):—Staining in a con-
centrated aqueous solution of thionin, § minutes.

Washing in distilled water.

Drymg on the shde with blotting-paper.

Dehydrating and clearmg m anilin oill—xylol (2 :1).

Pure xylol.

Canada balsam.,

The amyloid parts stain bright blue or lilac, the un-
affected parts bluish or violet.

8. Method of Birch-Hirschfeld :—

(1) Staming for 5 minutes in a 2 per cent. alcoholic

solution of bismarck-brown.

(2) Rinsing in absolute alcohol.

(3) Washing in distilled water, 10 minutes.

(4) Stamning m a 2 per cent. solution of gentian-

violet for 5-10 minutes.

(5) Washing mn acidulated water (10 drops of acetic

acid to a watch-glass of water).

(0) Thorough washing in pure water.

(7) Mounting in levulose.

The degenerated tissues are stamed a brilliant red,
and stand out i bold relief against the rest of the
tissue with 1ts brown nucler.

Amyvloid substance 1s best distinguished from other
semi-transparent material, ¢.g., hyalin, by means of
Virchow's 1odine-reaction.

The 1odine reaction is also obtamed with :—

A. Corpora Amylacea-—Amvloid degeneration pro-

7
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per 1s an affection in wlhich the morbid change occurs
diffusely throughout the organ. But m addition to
this general form there i1s a local one, characterised
by the occurrence of circumscribed foci of degenera-
tion, or of amyloid concretions. These localised
changes are found n the prostate, in the bram, and
in the optic nerve, etc. Indeed, they are sometimes
found in the otherwise normal optic nerves of old
people, especially in the intracramial portion of the
nerve and in the chiasma. The patches are usually
more numerous if ascending degeneration be present,
and are found as far back as the corpora geniculata
externa and the optic thalami. They vary in size, and
are spherical homogeneous structures lying between the
nerve fibres. lodine in the form of Lugol's solution
stains them brown or violet, the rest of the tissue yel-
low. Acds produce a similar reaction. Carmine
stains them red, hzmatoxylin blue.

B. Beselin and von Hippel have reported the dis-
covery of concretions resembling amyloid substance
in old corneal scars. When the tissue is fixed in Miil-
ler's fluid, and the sections are stained with haema-
toxylin, alum-carmine, gentian-violet, acid-fuchsin (van
(Gieson), thionin, or Weigert's fibrin stain, the deposits
become yellow. Gabbet's method for tubercle bacill
(Carbol-fuchsin, 2 minutes; mixture contaming 2 per
cent. of methylen blue and 25 per cent. of sulphuric
acid, 1 minute) stains the greater part of the masses
brilliant red; and the background blue. When treated
with a solution of i1odine, one portion of the deposit
becomes markedly mahogany-brown, another part only
straw-coloured.
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1. Beselin, “ Amyloid in der Cornea eines staphy-
lomatosen Auges,” Archiv fiiv Augenheillennde, vol.
xvi,, p. 130. 1886,

2. Von Hippel, “Ueber das Vorkommen homogener
Gebilde mit Amyloid-Reaction in Hornhautnarben,”
von Graefe's Archeo, vol. xli., 111,

3. Kubli, “ Die klinische Bedeutung der sogen.
Amyloid-tumoren der Conjunctiva,” Arciev fiir Au-
genheilfunde, vol. x.

4. Raehlmann, “ Zur lL.ehre von der Amyloidde-
ceneration der Conjunctiva,” Arclev fiir Awugenfierl-
rkunde, vol. x.

5. Virchow, Virchow's Awrchiv, vol. vi., viil., Xi., Xiv.,
XV,

6. Vossius, “ Ueber amyloide Degeneration der Con-
junctiva,” Ziegler's Beitrage zur pathol. Anatome, vol.
iV, Pi 335. 1330

7. fbrin.

Just as blood and lymph coagulate, so also mflam-
matory exudations on the mucous surfaces may co-
agulate and form large masses of fibrin.  Such mem-
branous masses are found on the surface of the
conjunctiva under certain conditions. The normal
aqueous humour contains no fibrinoplastin, and so
1s mcapable of coagulation. It becomes coagulable
after puncture of the anterior chamber, and fibrin
may then be found between the ciliary processes and
their detached epithelium, also in the anterior and
posterior chambers. Coagulation in the aqueous is,
however, better seen n the eye of the rabbit, where,
alter puncture, a distinct fibrinous membrane may forr
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in the anterior chamber and subsequently disappear.
This so-called “lenticular or gelatinous exudation”
sometimes arises in the course of violent iritis. In
eyes which have been destroyed by irido-chorioiditis
it 1s common to find hbrinous reticula in the vitreous,
under the retina and chorioid, between the lamelle
of the lamina suprachorioidea, and in the anterior
chamber. Leber found fibrin mn the cornea after hae-
morrhages.

Fibrin stains well with acid amlin dyes, e.g., picric
acid, eosin, acid-fuchsm, etc. Double staining with
haematoxylin and eosin 1s often very successful. WlHen
the eosin stain 1s somewhat intense, the network of
fibrin 1s exquisitely depicted, the fibrin being rose
coloured. Van Gieson’s stain 1s also suitable ; it col-
ours fibrin a brilhant red. Sublimate 1s the best fixing
medium.

Weigert's Spectfic Fibrin Stamn :—

1. Hardening i alcohol, sublimate, or formahn.

2. The sections are stained for §-15 minutes m a
concentrated anilin water solution of gentian-
violet.

N.B—The solution should not be made up till 1t 1s
about to be used. It is prepared by adding s5-c.cm.
of anilin o1l to 100 c.cm. of water, and shaking these
thoroughly in a vessel for several minutes. The li-
quid is then passed through a moistened filter. The
filtrate should be clear and free from globules of oil,
and should not become cloudy when shaken. A con-
centrated alcoholic solution of gentian-violet 1s then
added to the anilin water tll this 1s saturated. Satu-
ration is indicated by the appearance of an iridescent
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metallic-looking film on the surface of the hqud. Ior
00 ccm. of anilin-water 10-12 c.em. of the gentian-
violet are required. This stain does not keep long.
3. Washing in 0.0 per cent. salt solution.
4. Thorough drymng with blotting - paper on the
shide.
5. LLugol's Solution 1s poured over the preparation.
0. Drymg with blotting-paper.
7. Decolourisation in

Anilin oil . . . . >
Xylol . : ; : ; I

8. Removal of the anilin oil by means of pure xylol.

0. Canada balsam.

In this way the fibrin is stained an intense blue
colour ; everything else, except bacteria, 15 decolour-
1sed.

I. Baumgarten, “ Ueber eine eigenthiimliche Horn-
hautveranderung,” von Graefe's Archiv, vol. xxix., I11.

2. Greeff, “ Befunde am Corpus ciliare nach Punction
der vorderen Kammern,” Arckiv fiir Augenheillunde.

3. Leber, “ Die Fibringerinnung in der Hornhaut,”
von Graefe's Archiv, vol. xxxv., 11

4. Vossius, von Graefe's Archiv, vol. xxxv., 11, and
Zieeler's Beitrage, vol. v.

5. Wagenmann, “ Experimentelle Untersuchungen
tiber den Einfluss der Circulation,” von Graefe's Archiv
vol. xxxvi., IV.

6. Weigert, *“ Ueber eine neue Untersuchungs-
methode des Centralnervensystems,” Centralblatt fiir
die medicin. Wissenschaften. 1882.

7. Weigert, PBeitrage sur Kenntniss der novmalen
menschliclien Neuroglia. Frankfurt, 1895.

)
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8. Iron in the Interior of the Eye.

When pieces of iron are present in the interior of
the eye for considerable periods, the metal 1s dissolved
and deposited throughout the organ. Leber suggests
that the iron 1s dissolved by carbonic acid, carried away
as a bicarbonate of the suboxide of iron, and again
precipitated in an msoluble form under the influence of
the oxygen mtroduced to the tissues mn the blood.
Bunge gave the title S:derosis Bulbz to the condition
m which the cornea, 1ris, etc, are stained brown by
rust. The lens is the structure most frequently at-
tacked.. In recent times the condition of Siderosis has
been thoroughly mvestigated by E. von Hippel. He
has shown that the brown discolouration of the cornea,
iris, and lens, cannot with certainty be ascribed to the
presence of foreign particles of iron 1n the eye, because
the same appearances can be produced by the iron con-
tained in the blood. There are therefore two kinds
of Siderosis, Xenogenous Siderosts, due to the presence
of a foreign body consisting of wron, and H@matoge-
nous Siderosis, occurring as a result of hamorrhages
and due to the 1ron normally present in the blood.

Iron may be demonstrated by two different reac-
tions : —

1. Perls’ Reaction (Berlin Blue) :—

The bulb should be hxed in alcohol or formalin.
According to von Hippel, the reaction 1s obtained
with sections which have lain for years in Miiller's
fluid, although it appears more slowly.

Imbedding in celloidin.

The sections are placed in a 2 per cent. aqueous
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solution of ferrocyanide of potassium for a few
minutes.

They are transferred to a !5-1 per cent. solution of

hydrochloric acid.

They are then washed.

The examination is made in water, alcohol, or gly-

cerine.

Ol

Canada balsam.

Tissues which have been kept in Miiller's fluid for
long periods, since they are more difficult to stain, are
treated by von Hippel as follows : —

The sections are placed for 12-18 hours mn a mix-
ture of equal parts of a 10 per cent. solution of ferro-
cyamde of potassium and chemically pure hydrochloric
acid, which 1s well diluted with distilled water.

They are then carefully washed in tap-water. DBer-
lin blue 1s dissolved slowly by distilled water.

The section can now be stamned with alum-car-
mine.

They are dehydrated, cleared in o1, and mounted
in Canada balsam.

Pigment containing 1ron 1s stained a fine blue colour
by this method, and the reaction 1s so exact that mis-
takes cannot anse. Iron mstruments must not be em-
ployed. The normal pigment of the eye, even when
it 15 displaced as in retinitis pigmentosa, does not give
the reaction. T'he siderosis 1s most apparent in certain
oroups of cells, vzz, in the epithelium covering the
cihary processes (the pars ciharis retina), in the retina,
and m the epithelium under the lens capsule.

After intraocular hemorrhages the retinal pig-
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ment epithellum under certain circumstances takes up
iron which has resulted from the disintegration of hee-
mogoblin (von Hippel) ; and Leber states that 1t 1s pos-
sible in this way to distinguish between cells derived
from the pigment epithelium, and those derived from
the pigmented cells of the chorioidal stroma. Thus
when haxmorrhages have occurred i an eye alfected
with a tumour of the chorioid, the pigment epithelium
and its derivatives in the detached retina and pars
ciliaris are found to contain a very large amount of
iron derived from hamoglobin. The stroma cells do
not take up wron under these circumstances, and con-
sequently do not give Perls’ reaction.

2. Quincke's Sulphide of Ammonium Reaction :—

(1) The sections are placed in a freshly prepared

solution of sulphide of ammonium till they
acquire a dark green colour, 10-20 minutes.

(2) They are rinsed in water.

(3) Alcohol.

(4) Oal

(5) Canada balsam.

The iron appears m the form of dark green gran-
ules. |

The sections may be stained with alum-carmine
either before or after treatment with the sulphide.

I. Bunge, “ Ueber Siderosis bulbi,” Verkand!. des
tntern. med. Congresses su Berlin, vol. iii.  189o0.

2. Gruber, “ Ueber Rostablagerung in der Horn-
haut,” vern Graefe's Archiv, vol. x1., 11.

3. Hertel, *“ Anatomische Untersuchungen eines
Falles von Siderosis bulbi,” wen Graefe's Archiv, vol.
sl Tl
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4. Von Hippel, “Ueber Siderosis bulbi, etc.,” von
rraefe’s Archiv, vol, x1., 1.

(rae _

5. Leber, “ Ueber Aderhautsarkome und die Her-
kunft ihres Pigmentes,” von Gracfe's Archiev, vol. xliv,,
BEE

. Perls, “ Nachweis von Eisenoxyd,” VVirchow's

6. Perls, “ Nacl I l
Archro: vol. ¥xxix

7. Quincke, “ Ueber directe Eisenreaction,” Awrcliv
fitr exper. Pathologie, vol. xxxvii.

9. Copper.

Copper in the mterior of the eye can be demon-
strated in sections by means of Perls’ reaction (ferro-
cyamde of potassium and acetic acid). The 1mpreg-
nated tissues are coloured brown owmg to the
precipitation of ferrocyanide of copper.

R. Schmudt, * Ueber den Nachweis von Kupfer in
den Geweben des Auges,” von Graefe's Archiv, vol.
®lvi.. L1,

10. Mercury.

Considerable attention bas been paid to the detec-
tion of mercury in the tissues of the eyeball since the
deeper affections of the organ began to be treated
with subconjunctival injections of sublimate.

Stuelp has shown that the chemical processes
hitherto employed for this purpose are not reliable.
A certamn method for the detection of mercury has,
however, been found in /“Zectrol ysis.  Stuelp proceeds
as follows : —

[f the aqueons i1s to be examined, it is mixed with
a few drops of a weak solution of hydrochloric acid ;
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while if 1t be the vitreous, lens, chorioid, or retina, the
tissue 1s divided nto small pieces, and allowed to stand
in a weak solution of hydrochloric acid for 24 hours
before bemng placed mn the circmt. The acidulated
fAwd thus obtamed 1s placed in a glass tube, A, the
lower end of which 1s closed by a porous membrane
of parchment paper. :

The cell, A, with its contents 1s immersed in a
second cell, B, which contains a weak solution of sul-
phuric acid, the level of the liquid in each cell being
the same. A small gold plate attached to a platinum
wire 1s suspended in A, and a similar plate of platinum
attached to a platinum wire 1s placed in B. The two
plates should be as close together as possible, separ-
ated from each other by the membrane only. The
conductor attached to the gold plate 1s carried to the
negative (zinc) pole, and that attached to the platimum
plate to the positive (carbon) pole, of an element. The
circuit 1s then closed.

Any mercury which may be present in the liquid in
A 15 deposited on the gold plate. After 24 hours the
gold plate i1s washed in distilled water, dried, and
placed m a chemically-clean glass tube. The ends
of the tube are sealed by heating, and the portion of
the tube where the plate 1s lying 1s gently warmed in
a spirit lamp. The mercury on the plate volatilises,
and 1s deposited on the colder portions of the tube in
the form of minute drops. With a magmfyimg-glass
these can be recognised as globules of mercury.

If, however, the quantity of mercury 1s very small
the followmg method should be adopted.  After being
heated the tube 1s hiled at one end, and opened so that
the gold plate can be removed. A small granule of
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crystalline iodine is placed in the tube, and this is again
sealed. The tube 1s then warmed over the site of the
iodine. The vapour of 1odine unites with the mercury
to form red 1odide of mercury, and on cooling the super-
fluous vapour condenses in the form of bluish-blaclk
crystals.

I. Stuelp, “ Wird nach subconjunctivalen Subli-
matinjectionem Quecksilber ins Augeninnere resor-
birt?” Arclv fiir Augenfierlfunde, vol. xxxi., 1895,

2. Addario, “ Ueber den Nachweis von Quecksilber-
oxyd, etc.,” von Graefe's Archiv, vol. xlviii., 11., p. 375.

STAINS WHICH DO NOT ACT SIMILARLY ON ALL
CELLS.

In recent years there have been discovered certain
peculiar methods of staining, or rather of impregnation,
which, unlike those hitherto known, do not act in the
same manner on all the cells contained mm a section,
but which as if at random pick out a limited number
of cells from the general mass. The cells selected
are, however, displayed in their entirety. Only in
this way has it become possible to study the form of
cells which he densely packed together. If all the
cells with their processes were rendered equally dis-
tinct, the confusion resulting would prevent the recog-
nition of any detail. These methods have in the
case of the retina and optic nerve yielded pictures
astonishingly complete. The cells are revealed even to
their finest processes, and appear as if drawn diagram-
matically. The sections should be pretty thick so as
to show not only the cell processes which lie in the



106 GUIDE TO THE MICROSCOPIC

plane of the section, but also those which extend verti-
cally into adjacent planes.

The new epoch dates from the discovery of two new
methods, which are due to Camillo Golei, of Pavia, and
. Ehrlich, of Berlin. With these names should be
associated a third, that of Ramdn y Cajal, of Madrid,
who, by his modification of Golgt's method, rendered
it applicable to wider fields of investigation and
brought 1t into the general favour which it now enjoys.

These two methods, so different m their technique,
are remarkable for the similanty of their results.

1. Golet's Method.

The publication of Golgi's method and the results
attaimable by means of it dates from the year 1875.
[t was only slowly, however, that its importance was
recognised, and that i1t came to be so widely adopted
as 1t now 1s. Golgl's principal work appeared in
1835. His researches were directed mainly to the
study of the nervous elements in the spinal cord of
fully-grown animals; and it was not till Ramdn vy
Cajal began to apply the method to the central
nervous organs of young ammals and embryos that
the value of Golgi's discovery was fully appreciated.
Cajal, moreover, deserves credit for his successful
investigations into the structure of the retina.

Golgi described two methods, viz., the Bickromate
and Corrosive Sublimate Method, and the Bichromate
and Nitrate of Silver Method. The latter has been
developed in three forms. These are described as
the Slow Method, the Mixed Method and the Rapid
Method. At present the Rapid, often wrongly called
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Cajal's Method, is the one almost universally employed.
The other methods may, therefore, be dismissed with a
short description.

Bichromate and Corrosive Sublimate Method,

Small pieces of tissue, e.g., portions of the optic
nerve, are hardened for at least 2 months in a 2 per cent.
solution of bichromate of potash, which 1s to be re-
newed from time to time. The duration of the 1m-
mersion is important for the subsequent impregnation.
A small piece is therefore removed from the hxing
solution every 10 days, and placed in a 0.35-0.50 per
cent. solution of corrosive sublimate, which 1s renewed
daily for the first 10 days, and thereafter once every
5 days. The impregnation 1s complete after 2 months,
and the pieces are then ready for cutting.

Bickroniate and Nitrate of Silver Method.

In his later researches Golgi employed mtrate of
silver instead of corrosive sublimate.

Slow Method —Small pieces of tissue are hardened
in Muller's fluid for 2 months, and are placed for
24-48 hours in a 0.75 per cent. solution of nitrate of
silver. They are then quickly imbedded and cut.

Mixed Method.—This is a combination of the slow
and rapid methods. The tissues are stored in the
bichromate solution, passed into the osmio-bichromate
mixture of the Rapid Method, and subsequently im-
pregnated with silver.

Rapid or Chrome-Osmium-Silver Method.

Golgl’s method demonstrates nerve. fibres, ganglion
cells, and neuroglia. These structures appear dark
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brown or black on a bright yellow background. The
tissues should be taken from the anmmal immediately
after death, and the pieces must not be larger than
I c.cm.  Usually they are chosen not thicker than 3
or 4mm. They are placed at once in the osmio-
bichromate solution, which consists of—

Solution of osmic acid, 1 per cent. : I
Solution of bichromate of potash, 3.5
PEL N CENTE R ; ; : - : 4

The precautions necessary in the employment of
osmic acid ought to be observed.

The solution must not be used too sparingly. For
a piece of tissue 5 mm. m diameter at least 10 c.cm.
are taken. The solution should be freshly prepared.
The pieces remamm in 1t for 24-48 hours or longer,
and are kept in the dark. They are then removed by
means of a platinum needle, dried on blotting-paper,
and placed m a

Solution of nitrate of silver, 0.75-1 per cent.

Brown clouds of chromate of silver are immediately
oiven off. The solution 1s renewed, and the pieces of
tissue are left n 1t for about 24 hours, or longer if
necessary.

The pieces must then be sectioned without delay.
This can be convemently carried out if the tissue 1s
held between two pieces of elder-pith or hardened lver,
simce the sections are to be thick. Or the tissue may
be superficially imbedded mn parafin. A hot needle is
applied to the surface of a cube of paraffin, and the
tissue i1s placed in the cavity so formed. The author
nsually employs celloidin.  The pieces are placed for
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about 2 minutes m 80 per cent. alcohol, for the same
time in absolute alcohol, and agamn for an equal period
in thin celloidin.  They are next mounted on a block
by means of thick celloidin, immersed i 80 per cent.
alcohol, and are ready for cutting 5 mimutes later,

Each section 1s examined i alcohol as it 1s cul.
Worthless sections are cast aside.  Those in which the
impregnation has been successful are transferred for
a minute to absolute alcohol, next for a minute to
clove oi1l, and then dipped for a second m xylol
to remove the clove oil which would ultimately prove
injurious. They are hxed to a cover-glass by means
of a thin layer of dammar. The cover-glass must not,
however, be applied to the slide directly, since exclu-
sion of air leads to destruction of the preparation.
In order to protect the tissue from dust the cover is
rested on two shps of glass which are glued to the
shde, the side of the cover carrying the section being
under.

If 1t 1s found that the sections are not well impreg-
nated, the tissue should be removed from the block,
and the process repeated begmning with the osmic
acid solution. This is Cayal’'s Method of Doudle [ini-
pregnation.

Golgi’'s method 1s best learned by practising on the
optic nerve, the delicate neurogha cells of which are re-
latively easy to demonstrate. Short pieces of a fresh
nerve should be chosen, and their sheaths should
be removed. They are left in each of the fluids
not longer than 12 hours. The sections should be
thick, and cut parallel to the course of the nerve fibres.

Cajal's Roll Method—The retina yields beautiful
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pictures, but 1s much more dificult to handle. It
1s best to detach 1it, and cut it into strips, which are
rolled round a thin rod of elder-pith. To prevent the
roll from unwinding it 1s dipped for a moment mto
a thin solution of celloidin. Then 1t 1s transferred to
the osmio-bichromate solution.

Formalim-Bichromate Mixture—Recently 1t has
been discovered that formalin can be employed in-
stead of osmic acid which is costly and difficult to
manipulate. Small pieces, not more than 5 mm. in
diameter, are placed in—

Formaln, 4 per cent. . : : ! I
Solution of bichromate of potash, 3 per
cent. : : : . : : 4

Here they remain 3 days, and are then transferred

EO—
Solution of nitrate of silver, 0.75-1 per cent.

for 3 days.

The subsequent treatment 1s identical with that of
the Rapid Method.

All the structures are never demonstrated in the
same section. Miiller's supporting fibres are first 1m-
pregnated, the ganglion cells later.

2. Elrliclk's Tntra Vitam Methylen Blue Method.

Beautiful results are obtained by this method with
different portions of the eye, and more especially with
the retina. At first Ehrlich used a ' per cent. solu-
tion of Griibler's rectihed methylen blue in normal
salt solution, which was filtered and injected into the
veins of the animal immediately after death. The
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colouring-matter 1s absorbed principally by nervous
plexuses and ganghon cells. Other cells, however,
and endothelium are affected.

The animal dies as a rule before a complete nerve
stain has been obtained, if the colouring solution 1s
injected during life. It 1s, therefore, better to perform
the injection immediately after death. When 1t 1s
desired to colour the tissues of the eye, a 4 per cent.
solution of methylen blue 1s mjected into the carotid
artery. The procedure 1s the same as that for inject-
ing the blood vessels. The injection 1s stopped when
the tension m the vemns 1s considerable. To avoid
spasm of the blood vessels, which would prevent the in-
jection from reaching the head, the solution should be
warmed m a water-bath. The organs, now coloured
blue, are removed from the body. The stain 1s -
tensified by exposing the preparation to the air for
some time. Continued exposure causes it to fade.
T'he preparation should, therefore, be exammed under
the microscope, and hxed quickly when the maximum
effect has been obtained.

The method 1s naturally rarely applicable to the
human subject. IFor tlus reason and on account of its
greater simphcity Dogiel’'s modification of the method
1s a marked mmprovement.

S. Meyer recommends the introduction of the methy-
len blue by means of subcutaneous injections, each
of 2 c.cm, at intervals of 1 to I3 an hour. The solu-
tion should be saturated and used at a temperature
of 3;°C. Death follows after 3-0 injections.

Dogiel's Process—Dogiel showed that the tissues
of the recently enucleated eye could be impregnated

8
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equally well if the colouring fluid was allowed to reach
them from their margins.

In the case of the retina the procedure 1s as follows
(Arcliev fiir mikrosk. Anatomie, vol. xl., p. 34).: For
successful stamning 1t 1s requsite that the examina-
tion be made immediately, at all events not later than
3 or 4 hours, after the removal of the eye.

The organ 1s divided in the equatorial region into
an anterior and posterior half. The posterior half
1s again divided, most conveniently by meridional
incisions, mnto three or four pieces.

A segment of retina 1s now carefully detached with
forceps from the chorioid, and transferred along with
some vitreous to a large slide. On this it 1s spread
out, the nerve fibre layer being uppermost, and
covered with more vitreous to prevent drying during
the examination.

A few drops of | per cent. methylen blue solution
aré¢ placed on the preparation, or rather apphed to its
margins.

Staining of the nervous elements begins at the cir-
cumference very soon, usually in the course of 15 or
20 minutes. Progress 1s watched under the micro-
scope. The axis-cylinders stamn hrst, then the cells.
Several hours may elapse before the nervous elements
of all the layers are coloured.

The process can be hastened by placing the shde in
the mcubator at 35°9-40° C,, and examuning every five
minutes to determine when staining is sufficiently ad- |
vanced. The methylen blue solution is applied to the
margin of the tissue from time to tume.

So far all 1s simple. [t 1s, however, most important
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to mterrupt the process at the right moment, and to
fix the stam. Herein les the difficulty. If staiming
1s carried too far the capillaries become filled with the
methylen blue, and fnally so many structures are
coloured that it 1s no longer possible to distinguish
incdividual cells.

Dogiel fixes in this manner. The vitreous cover-
ing the specimen 1s removed, and the surface of the
retina 1s moistened with a saturated aqueous solution
of ammonium picrate. The preparation 1s now placed
under an mverted watch-glass and left protected from
the air till next day. The fixing solution is then re-
placed by a mixture of equal parts of chemically pure
glycerine and water, and a cover-glass 1s apphed.
To prevent pressure the glass rests on a circle of thick
paper placed around the tissue. The paper should be
saturated with glycerine.

After one or two days the preparation has usually
attained such a degree of transparency that, by focus-
sing, the branching of the nervous elements in the
different layers of the retina can be clearly distin-
oumshed.

Apathy (Zetschr. fur wissenschafil. Milroskopie,
vol. xix.) has improved the method of fixation essenti-
ally by adding to the picrate of ammonia a few :lmpa
of strong liquor ammomae. The preparation is
mounted m a solution of gum arabic and sugar.

Kallius (Anatomische Hefte, vol. m., Heft 10, 1804)
directed attention to the fact that tissues treated with
Apathy’s fixing fluid could, when quit::l{l}: dried in the
incubator at a moderately high temperature, be
mounted in Canada balsam under a cover-glass. In
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this way he has secured excellent specimens which,
as the author can testify, have kept well for a long
time.

Bethe has introduced an admrable method of fix-
mg. It possesses, amongst other advantages, that of
allowing the stained pieces of tissue to be imbedded in
paraffin or celloidin and cut with the microtome. Small
preces are stained 1n the usual way mm a watch-glass or
on the shde (Dogiel).

Bethe proceeds as follows : —

1. After staiming 1s complete, the excess of colouring-
matter 1s washed away by salt solution.

2. The tissue 1s transferred to the hxmng flmd. In
the case of the retina, however, it 1s better, after re-
moving the vitreous, to leave the tissue on the shde,
to pour the fixing fluid over 1t, and then to protect it
from the air.

Bethe recommends as a hxing flmd—

Molybdate of ammonia . : I gramme
Distilled water . : . 10 €I
Peroxide of hydrogen . : I c.cm.
Strong hydrochloric acid : 1 drop

This solution does not keep longer than eight days.
[t should be used as cold as possible, and preserved
in a vessel surrounded by ice. It 1s applied in the
cold state for 2 or 3 hours, and after this can be left
to act a httle longer at the ordinary temperature of

the room.
3. Washing for '/,-2 hours to remove the molybdate

of ammonia.
4. Dehydration as quickly as possible with cold
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alcohol, 80 per cent. It is important that the alcohol
should be cooled in ice or snow, otherwise it extracts
the colouring matter. The tissue may be left for
several hours in the cold alcohol, where 1t undergoes
further hardening.

[t is now dehydrated in absolute alcohol, imbedded
in parafin or celloidin, and sectioned.

The natural blue tone of the stain 1s preserved by
Bethe's method of fixing, whereas, after Dogiel’s fixa-
tion process, the blue becomes dark violet.

INJECTION OF TISSUES.
1. Blood VVessels.

[njections of colouring-matter are employed to
demonstrate the distribution of blood vessels and lym-
phatics. The author has had little practice in these
processes, the application of which to the eyeball 1s
peculiarly difficult. Only a few ophthalmologists are
skilled in this department of histology, and the litera-
ture of the subject 1s scanty.

The material used for injection 1s generally a solu-
tion of gelatine i which 1s suspended the colouring-
matter. This may be either red or blue. The
solution 1s mjected into a blood vessel by means of a
good syringe, under uniform, and not too high, pres-
sure lest the wvascular walls should be ruptured.
Cannula of different sizes are required. The cannula
1s tied into the trunk of a blood vessel, and the nozzle
of the syringe is set into the distal end of the cannula.
Care should be taken that no air is injected.

The animal 1s allowed to bleed to death, and the
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injection is then performed without delay. If the
animal 1s small 1t 1s injected fas a whole by intro-
ducing the cannula into the left side of the heart or
into the aorta. In the case of larger animals, if it 1s
desired to nject only one of the afferent arteries,
some of the other vessels require to be hgatured; or
pressure forceps are applied wherever the injection
mass appears mn a wound or 1ssues from a ruptured ves-
sel. The mjection process 1s continued till the organ
becomes coloured, or till the mass has been escaping
from a vein for some time.

The masses employed may be cold, the colouring-
matter being suspended i water or glycerine. It 1s,
however, better to use warm masses. These latter
contain gelatine which solidifies on cooling. In this
case not only the mass but also the body of the animal
must be mamtained at a temperature of about 40° C.
The mnjection 1s therefore carried out in a warm bath.

Only a few of the numerous injection masses can
be noticed here. Many of them can be purchased
ready for use from the firm of Griibler mn lL.eipzig, and
elsewhere.

A. Red Masses.

. Warm Gelatine-carmine—This is, according to
Bohm and Davidoff (Lekrbuck der Histologie), pre-
pared in the following manner: 1. A paste 1s made
by rubbing up 4 grammes of carmine with 8 c.cm. of
water. To the paste a solution of ammoma 1s added
till the whole becomes dark cherry-red and transpar-
ent. 2. sogrammes of hne gelatine are placed in
distilled water for 12 hours, and allowed to swell. The
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gelatine is then compressed with the hands, and melted
in a porcelain vessel at a temperature of about 70° C.
The melted gelatine 1s carefully added in small quan-
tities to the carmine paste, the whole being stirred
till a complete mixture of the two fluids 1s obtamed.
The mass i1s allowed to cool to 20° C, and there 1s
added, drop by drop, a 25 per cent. solution of acetic
acid till the cherry-red colour begins to change to a
brick-red opaque tint, the stirring being continued.
Next the mass 1s filtered through flannel, while still
warn.

[I. Cold Carmine Mass (Kolliwanir).— Carmine, 1
oramme, 1s dissolved in a little water contammg 15
drops of concentrated ammonia solution, and diluted
with 20 c.em. of glycerine. To tlus there 1s added a
nixture of 30ccm. of glycerine and 1 gramme of
ordinary salt. The whole 1s diluted with an equal
quantity of water.

B. Blue Masses.

. Berlin Blue Mass (Thiersch)—Four solutions
are prepared : —
.. A cold saturated solution of sulphate of iron.
A cold saturated solution of red prussiate of po-
tash.

b

. A cold saturated solution of oxalic acid.
4. A solution of gelatine in the proportion of 2 to 1.
In a porcelain vessel 15 grammes of No. 4 are mixed
with 6 cem. of No. 1. In a second vessel 30 grammes
of No. 4 are mixed with 15 c.cm. of No. 2, and to the
mixture are added 12 c.cm. of No. 3. The contents
of both vessels are brought to 30° C,, and the liquid

s
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i the first 1s added to that in the second, drop by drop,
stirring being continued all the time. Then the whole
of the deep-blue mass 1s heated to 75°-100° C., and
filtered through flannel on a hot water filter. (v. Kahl-
den, Zechnik der histol. Untersuchung.)

II. Cold Blue Mass—1 gramme of Berlin blue 1s
dissolved in 20 c.cm. of water.

After warm injections the body of the animal 1s
placed m cold water to hasten the solidification of the
mass. IThe organs are then excised, and 1mmersed
in 80 per cent. alcohol.  When cold injections are used,
the organs are transferred directly to spirt, and cut
into suitable pieces after a few hours.

The sections must be preserved from contact with
acids and alkalies.

2. Injections by Puncture.

In this process the lymphatic spaces and vessels are
filled with colouring-matter. The method 1s applicable
to the eye, and demonstrates well the lymph spaces
of the cornea. A small pointed syringe 1s pushed mnto
the tissue to be mjected, and it 1s left to chance to
determme what spaces are opened. The injection is
performed under a low and constant pressure. Cold
aqueous solutions are most suitable for the purpose.

The lymphatic spaces m the cornea are well ex-
hibited when Berlin blue is injected by means of a
hypodermic syringe nto the posterior layers of the
cornea. Berlin blue possesses the advantage of not
staming the corneal tissue. Tangential sections are
made from the back of the cornea,
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DECALCIFICATION.

It is often necessary to decalcify the tissues of the
eye- before sections can be made with the microtome.
It is rare to find a shrunken and atrophic bulb in which
there 1s not a deposit of calcareous material. This 1s
most commonly situated in the chorioid, and not only
calcareous plates but even true bony formations may
be present. Similar deposits are found n the cornea,
in the capsule of the lens, in intraocular tumours, etc.
When a bulb contaming these 1s incised, the passage of
the knife causes a grating sound, and the calcareous
parts can be recognised if pricked with a needle.
Such tissues require to be decalcified.

The eye must be well hardened before being placed
in the decalcifying fluid in order to prevent alteration
of the soft parts. The hardening 1s best performed
in Miiller's fluid, which itself has a shght decalcifying
action. Indeed, when the deposit is not extensive, 1m-
mersion in Miiller’'s flmd for a month 1s sufficient to
remove the lime salts. The action of this medium may
be hastened and increased by the addition of a small
quantity of nitric acid, and by changing the mixture
every 8 days.

The following solution, recommended by Haug, 1s,
in the author’s opinion, the most suitable for the tissues
of the eye :—

Nitric aad . ; . ; : 15
Absolute alcohol . L , . 300
Distilled water , : : . 150

Chloride of sodium . : . I
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A large quantity of the flud 1s employed, and it
should be renewed several times.

The time required for the complete removal of the
calcareous matter varies with the extent of the deposit
and with the size of the pieces. When the bulb 1s m-
cised the seat of the deposit is noted, and the spot
examined from time to time by pricking it with a
needle or by making an incision over it. When de-
calcification 1s complete and the grating sound 1s no
longer elicited, the tissue is at once removed from the
flmd. Several days are required as a rule.

The pieces are now washed for 1-2 days, and then
hardened 1n alcohol gradually increased in strength.

If the condition 1s not detected till the tissue 1s 1m-
bedded, the celloidin must be redissolved in equal parts
of absolute alcohol and ether and decalcification then
proceeded with.

BLEACHING.

For the minute examination of the posterior layers
of the iris, the pigment epithelium of the retina, the
cihiary body, etc, 1t 1s often necessary to remove the
pigment. so as to render the tissues transparent and
admit of their being stained. This process 1s carried
out when the Dilatator Pupillae is being investigated.

Mr. Greffith of the Royal Westminster Ophthalmic
Hospital adopts the following method :—

1. The eye having been hardened i Miiller's fluid
n the usual manner 1s bisected, and portions of the
ciliary region or other parts requiring investigation
are left soaking mn a stream of running water for 24
hours.
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2. The tissue 1s next placed in the bleaching solution
—-cuchlorine—for 48 hours, z.¢., till bleached.

3. It 1s then washed in running water for another
24 hours.

4. It 1s further hardened in alcohol of gradually in-
creasing concentration.

The bleaching solution 1s made as follows: One
oramme of chlorate of potash is placed 1 a glass-
stoppered bottle, and shaken up with 2 c.cm. of strong
hydrochloric acid.  Distilled water 1s now added so as
to make 300 c.cm., and the maxture 1s shaken from
time to time. It should be kept in the dark, since
exposure to light causes chlorine gas to be evolved,
and renders the solution mert. (See " A Contribution
to the Anatomy and Physiology of the Ins,” 1rans-
actions of the Eighth [ntern. Ophth. Congress, Edin-
burgh, 1894.)

When, however, tissues are decolourised 1n bulk,
shrinking and displacement of the parts are apt to take
place.

A preferable method is, therefore, that of Zegpold
Miiller, by which the sections are bleached individu-
ally. (“Ueber Entfirbung des Pigmentes in mikros-
kopischen Schnitten und eine neue Untersuchungs-
methode des accommod. und nicht accommod. Auges,”
Wiener kitn. Woclkenschr., viii., p. 59. 1895.) The
celloidin sections are placed m 10 per cent. alcohol,
next m pure water, and are then exposed in peroxide
of hydrogen to sunlight for 48 hours, till they are
sufficiently bleached. Unfortunately this renders them
very brittle, although they stain well.

Chloride of lime or chlorine water may be employed
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mstead of peroxide of hydrogen, but they possess the
same disadvantage.

E. Fick (Centralblatt fiir Physiologie, Bd. ix., No.
19, 1895) recommends a saturated solution of bichro-
mate of potash with the addition of one-third of 1its
volume of dilute sulphuric acid. In a cold solution
the bleaching 1s accomplished in about three-quarters
of an hour; if carried out at a higher temperature n
the course of a few minutes.

Grunert (Archio fiir Augenhetlfunde, Bd. xxxvi., p.
333) recommends the process of A. Alfiert. The -
dividual sections are bleached. They are transferred
from water to a solution of permanganate of potash
(1 i 2000), in which they remain for at least 24 hours.
[f they are exposed to sunlight less time 1s required.
As soon as they have acquired a brown colour they are
placed in a solution of oxalic acid (1 in 300), in which
they become fully bleached within a few seconds.
This method appears to be the most satisfactory.

The duration of the immersion n the two solutions
depends upon the quantity of pigment present in the
tissue. After the sections have been thoroughly
washed 1n water, they can be stained as desired. They
are, however, very fragile, and must be carefully moved
with the section-hfter and not with a needle. Such
sections are more difficult to stain, and should remain
longer than usual in the solutions. The most suitable
stain 1s Heidenham's Iron-hematoxylin. With this
Grunert has obtamned excellent results.
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PRESERVATION OF THE BULBS AND MACROSCOPIC
PREPARATIONS,

When the eyeball is kept too long m Miiller's fluid
the tissues are rendered less susceptible to stains, the
lens becoming hard, etc. The same remarks apply to
most of the fixing media, and especially to formalin.
After being fixed the bulbs should, therefore, be pre-
served in strong (go per cent.) alcohol, which 1s re-
newed from time to time, till it no longer becomes
turbid.  In this they are left unopened, or they may be
divided previously.

There are several excellent methods of preserving
the eyeball for macroscopic demonstration or for the
museun.

1. Gelatine Method of Priestley Swmith.'

This 1s an admirable method. The eye is well har-
dened and, having been frozen, 1s bisected. One half
may be reserved for microscopic examination. The
other half 1s treated as follows: It 1s placed, if neces-
sary, in a 2 per cent. solution of chloral-hydrate in
order to remove the colour imparted by Miiller's fluid,
the solution ‘being changed every 2 or 3 days until it
1s no longer tinged.

It 1s then placed successively i glycerine solutions,
10 per cent., 25 per cent, and 50 per cent., remaining
in each 24 hours or longer. These steps are neces-
sary in order to prevent shrinking of the tissues when
the specimen 1s imbedded 1n the jelly.

The half of the eyeball is placed in a specimen jar
which is partly filled with melted jelly, the concavtty
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of the eye being upward. When every interstice is
hilled the eye 1s turned over, care bemg taken to ex-
clude air bubbles. The presence of these can be as-
certained by holding the jar over a mirror. If the
specimen tends to float in the jelly, it may be main-
tamned 1n position by means of a pin passed through a
strip of card laid across the mouth of the jar. When
the jelly has become hard, the jar is filled, and

F16, 4.—Priestley Smith’s Jar as modified by Treacher Collins.

after a time inverted over a sheet of opal glass. Open-
shaw leaves just sufficient jelly to cover the specimen,
and “when the jelly has become sufficiently firm to
support 1t, a disc of white enamel glass (cut to fit
loosely the interior of the jar) 1s dropped flat upon
the surface of the jelly. ‘The jar 1s then filled with
jelly.  When the jelly 1s quite set, a cover of common
glass 1s applied by means of black cement, a mixture
of gutta-percha, 4 parts, and pitch, 1 part.”
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The jelly consists of : —
Best French gelatine (Coignet & Co,,

Paris) . ; : : : : I
Glycerine : : : : : 3
Water : : : : : : 3

The gelatine 1s allowed to swell up in the water, and
is then melted by gently heating. The white of one
egg is added, and the whole boiled thoroughly and fil-
tered warm through flannel. Lastly the glycerine 1s
added, and a trace of carbolic acid or thymol. The jars
are procurable from Messrs. Osler, Broad Street, Bir-
mingham. Treacher Collins in order * to show up more
of the details of the specimens, and also to add to their
general effectiveness, cements a plano-convex lens
on the jars by means of Canada balsam.”

Nettleship employs for imbedding—

Glycerine : . ; : ; 250
Gelatine : : : . . 250
Creosote : : , : : I

The mterstices of the eyeball are flled with the
mass, and the specimen 1s enclosed 1n an air-tight jar.

Instructive preparations can be simply made by
placing a thick section of the eyeball on a disc of opal
glass, pouring a httle glycerine jelly over it, and finally
laying gently on the top a plano-convex lens, taking
care to exclude all air bubbles, much in the same way
as one lays a cover-glass on a microscopic speci-
men.

2. Dry Method.

The bulb 1s fixed and hardened in alcohol in the
usual manner. It is then divided suitably, and the
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parts, having been thoroughly dehydrated, are soaked
in o1l of turpentine for at least 8 days, till they become
transparent. They are now removed from the tur-
pentine and placed in a vessel partially protected from
the air, so that the turpentine evaporates slowly.
When the specimen 1s dry, i1t will keep for an indefinite
length of time ; it only requires to be protected from
dust.

When examined with a lens, preferably a binocular
lens or a binocular microscope, the cihary body, the
spaces of IYontana, and the zonule of Zinn, present
pictures of great beauty.

Hyrtl's Method —Hyrt] pierced the optic nerve, con-
verting 1t into a tube along which the contents of the
eye were expressed. The globe, now reduced to
cornea and sclera, was then inflated and dried. The
method 1s only of historic interest, since the specimen
reveals nothing but the size of the organ.

3. Preservation in Formalin.

IFormalin possesses the property of maintaining the
transparency ol the cornea. It 1s, therefore, suitable
for preserving specimens exhibiting affections of this
structure and of the anterior chamber, or those in
which it is desired to examine newly formed vessels in
the cornea.

Preparations showing the latter are easily produced.
The cornea of a rabbit, if infected with pathogenic
aspergillus spores, 1s soon mvaded by new vessels,
which run in from the hmbus. The eye 1s then enu-
cleated, and divided through the equator. Or the
cornea 1s excised in tofo, stained with eosin, and im-
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bedded in Canada balsam. Under a low power the
delicate network of vessels i1s revealed (Straub, Ar-
cluv fiir Augenhetlkunde, vol. xxxvii., p. 2).

Formahn renders the lens opaque.

It 1s suitable for preserving specimens of almost
every kind. If, however, the tissues are intended for
microscopic examination, they should not be left un-
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F16. 5.—Jar for Museum Specimens,

duly long in formalin, because they become too hard
for cutting with the microtome.

For demonstration purposes the eyeball, after being
hardened and divided, is enclosed in a jar with flat
sides (See Fig. 5).

The preparation is first placed in distilled water for
a few minutes, whether it has been hardened in alcohol

9



130 GUIDE TO THE MICROSCOPIC

or formalin. Some fine gelatine 1s dissolved in water
at a gentle heat, and by means of this the preparation
1s fastened with its back to the posterior wall of the
jar. As soon as the gelatine has become solid, the
vessel is filled to the top with alcohol, or with a 3 or 4
per cent. solution of formalin. The upper margins of
the jar are coated with gutta-percha cement, and the
Iid 1s warmed and applied so as to exclude air. A
clasp for the label 1s fastened to the cover.
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11.
SPECIAL: PART.

METHODS FOR SPECIAL TISSUES.

The individual structures of the eyeball still call for
special consideration.

CORNEA.
Layers of the Cornea.

The surface of the cornea i1s covered by a trans-
parent Stratified Pavement Epitheliwm. The super-
ficial cells are flattened. Those of the middle layers
are rounded or polygonal, and possess protoplasmic
processes connecting the surfaces of adjacent cells
(prickle-cells). Those of the deepest layer, basal cells,
are clongated and cylindrical. Between the epithelial
cells there 1s a system of lymphatic spaces, but these,
as a rule, are not visible. They become very apparent,
however, when the corneal epithelium 1s swollen and
cedematous. The prickle-cells are then pushed aside
so that their processes become evident, and between
them, as well as between the other cells, the lymphatic
spaces can be seen. ,

The second layer of the cornea is called Bowmian's
Membrane, and 1t must be looked upon as the upper-
most layer of the substantia propria. It is composed



132 GUIDE TO THE MICROSCOPIC

of condensed fibrille of connective tissue, and there-
fore does not belong to the group of elastic mem-
branes.

The Substantia Propria, constituting by far the
greater part of the cornea, consists of a connective
tissue ground-substance with cellular elements and
nerves. The ground-substance is arranged in lamel-
lze, which lie one above another. The lamelle them-
selves are made up of small bundles of connective
tissue fibrillee held together by fine but strong cement
substance. A few oblique bundles unite neighbour-
ing lamellee. Between the lamella 1s the lymph-canali-
cular system discovered by von Recklinghausen. The
canaliculi exhibit dilatations, the Lacune. At farly
definite intervals cells are found in these lacuna, and
a knowledge of these 1s of the first importance to the
pathologist, since they have played a prominent part
in the investigations into the nature of Inflammation.
Two kinds of cells occur in the cornea. 1. The Cor-
neal Corpuscles, discovered by Virchow, and by Cohn-
heim appropriately called Fived Corneal Cells to
distinguish them from the second variety. They are
flattened and star-shaped, with numerous long pro-
cesses. They lie in the lacuna, and send their pro-
cesses along the canaliculi to join the processes of
neighbouring cells. A lacuna contains usually only
one cell, and this does not quite fill the space. 2.
There are also found in the canalicular system, as von
Recklinghausen has shown (Virchow's Archiv, vol.
xxiil., p. 157) so-called Migratory Cells, although
small numbers under normal conditions. These are
round cells which have found their way into the cornea
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f[rom the marginal capillary loops, and are mdistin-
guishable from the round cells found in other organs.
They are smaller, and in the recent condition more
highly refracting, than the fixed cells, and, unlike these,
exhibit amceboid movements which enable them to
change their shape and position.

The most posterior layer of the cornea 1s the A/em-
brane of Descemet, 1t is a strong, elastic, homogeneous
layer, presenting 1n transverse sections bright highly
refracting striz. It is very resistant. When ulcera-
tion has destroyed the anterior layers of the cornea,
the Membrane of Descemet may for a considerable
time alone prevent rupture; when fnally it does
yield, or when 1t 1s pierced m injuries of the cornea,
it behaves like an elastic structure, the margins of the
opening retracting and becoming curled on themselves,

The posterior surface of Descemet’s membrane is
covered by a delicate but close mosaic of Folygonal
FEndothelial Cells, which pass over on to the Ligamen-
tum Pectinatum Iridis and the anterior surface of the
IT1S.

Cross Sections through the normal human cornea,
Staining with hamatoxylin.  Differentiating. Coun-
terstaining with eosin or orange G.

Tangential Sections.—In these the epithelial cover-
ing 1s visible at the margins owing to the curvature
of the cornea.

Corneal [pithelimmn.
Epithelial Cells.—The form of these cells is best

exhibited i teased preparations. The cornea of a
call or pig should be selected, because in these animals
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the epithelial layer i1s more pronounced than in man.
The cornea 1s removed and placed in a Macerating
Solution, e.g., a 10 per cent. salt solution, Miiller's
fluid, or 30 per cent. alcohol (Vossius). On the second
day the uppermost layers can be removed in the form
of a thin pellicle; on the third day the deepest layers
can be detached by gentle rubbing with a cataract
needle. The examination 1s made in water or glycer-
ine, the mass resolving itself into its individual cells.
These are very varied in shape. (Cf. Vossius, von
Graefes Archiv, vol. xxvii., IIL., p. 237.)

Karyokinetic Figures can be demonstrated in the
corneal epithelium of the calf, and in that of other
ammals after injury to the cornea.

Stlvering of the Epithelial Cells—Surface view. The
surface of a frog’s cornea 1s rubbed with a pencil of
mtrate of silver till it becomes dull white. The head
of the amimal 1s then removed and exposed in a vessel
containing water shghtly acidulated with acetic or
formic acid. The cornea becomes dark brown after
17-1 hour, the time depending on the intensity of the
illumination. It i1s next excised and spread out on
a shde, radial cuts being made through the margins
if necessary. It i1s then mounted in glycerine. In this
way a Positive Silver Image is obtained. The proto-
plasm of the cells varies in colour from lLght to dark
brown. The cell boundaries stand out clearly, the in-
tercellular substance being unstained. (Cf. Sattler,
Archiv fiiv mikroskop. Anatomie, vol. xxi., 1832.)

The corneal epithelium possesses a well marked /-
tevcellular Lymplh Systeme. This is very prominent
when the cornea 1s cedematous (Glaucoma, Panopthal-
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mitis, Iridocyclitis, Haziness of the Cornea), the
prickle-cells becoming separated by the elfusion of
lymph so that their processes are easily recognised.
Between the deeper cells drops of liquid may often be
seen arranged tn the form of a rosary.

Leber has suggested a method whereby this condi-
tion 1s artificially produced. He injects oil of turpen-
tine into the superficial layers of the substantia propria,
whence it finds its way into the spaces between the
epithelial cells. For microscopic purposes tangential
sections are made from the cornea, either while this 1s
fresh, or after it has been hardened for a few days
in Miiller’s fluid. The sections should include a very
thin layer of the ground-substance which serves to
protect the epithelium from the turpentine which now
oozes out. The sections are then carefully rinsed,
and placed for a short time 1n a 1 per cent. solution of
osmic acid. In this the turpentine acquires a dark
colour, thus revealing its distribution between the cells.
(Cf. Leber, von Graefe's Archiv, vol. xxiv., 1., p. 265 ;
IFuchs, vol. xxvii,, I11., p. 66.)

Corneal Fibrille.

[Lamelle of the substantia propria can be re-
solved into very delicate fibrille when the cement
substance has been dissolved.  Small pieces of
hardened cornea are placed for 24 hours or longer in
a concentrated solution of picric acid, and then teased
as finely as possible with two needles. Alcohol. Oil
Canada balsam. Staimning 1s unnecessary, but can be
carried out if desired.
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Corneal Cells and Lacunce.

These can be readily demonstrated in the fresh con-
dition, often, indeed, better than n silver preparations.
The complete cornea of a small animal or a portion of
a large cornea 1s removed with the utmost care, all
crushing and stretching being avoided, and placed n a
glass cell along with some aqueous fluid. A cover-glass
is applied, and the margin of this 1s brushed with o1l to
prevent evaporation. Thus treated the preparation
keeps for 24 hours. M. Schultze recommends the
slide to be placed on a warm stage (30°-40° C.). In
the frog’s cornea the migratory cells become visible
after 10 or 15 minutes, and if the stage 1s warm their
movements are more active.

After about an hour the lymph-canalicular system
and the fixed corneal corpuscles are distinguishable.
(Waldeyer, Gracfe-Saemisclt's Handbuckh, 1st edition,
vol, i.)

Fived Corneal Corpuscles.

(@) Ranvier's Gold Chliloride Method. — Ranvier
(Lehrbuch der list. Technik) has employed chloride
of gold to demonstrate the fixed corneal corpuscles.
The result of the treatment is that the corpuscles with
all theiwr processes present delicate pictures tinted dull
red, while the substantia propria of the cornea remains
colourless. These are " positive 1images” as opposed
to the “negative images” produced by the silver
method 1n which the substantia propria 1s impreg-
nated, while the lymphatic spaces and their contents
are unstained.
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i. The juice of a fresh lemon is expressed, and fl-
tered through flannel. Small cornez, removed [rom
the animals immediately after death, are placed mn this
in toto. The cornea of a frog or of a small mammal,
such as the guinea pig or rabbit, is left in the juice for
about § minutes. Larger corne® remain longer.

2. The cornea 1s then washed for 1 minute in about
5 c.cm. of distilled water.

3. It is placed in 10 cem. of a 1 per cent. solution
of chloride of gold, and kept m the dark for 15
minutes.

4. It 1s transferred by means of a glass lhifter to
10 c.cm. of distilled water, and washed for a few min-
utes.

5. It 1s next placed in 50 c.cm. of water containing
2 drops of acetic acid, and exposed to the hght. The
reduction process lasts 2 or 3 days, and 1s controlled by
examination under the microscope. The hxed corneal
corpuscles, and sometimes also the nervous fibrilla,
are 1mmpregnated.

0. When reduction is complete the tissue 1s placed
in 70 per cent. alcohol, and left in the dark for 24
hours.

Thin lamellze are detached from the posterior surface
by means of a scalpel and needle, and mounted in
dammar varmsh. Or, the cornea having been 1m-
bedded 1n celloidin, tangential sections are made with
the microtome. The corneal corpuscles, like the lymph
spaces, are arranged most regularly towards the back
of the cornea. The most beautiful pictures are, there-
fore, obtammed from this region. |

(b)) Drascl's Method—Drasch’s method also yields
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excellent preparations of the corneal corpuscles (Stohr,
Lelrbuch der Histologie). The cornea is removed from
the amimal, not immediately after death, but 12-2.
hours later, the body being meanwhile kept in a cool
place. Small pieces, about 6 mm. square, are taken
and placed 1n the dark for one hour in a mixture of—

Solution of gold chloride, 1 per cent. 5 c.cm.
Distilled water : : ! S e et

During this period the mixture should be stirred from
time to time with a glass rod. The pieces are then
transferred by means of a glass section-lifter to 30 c.cm.
of distilled water, and remain in this in the dark for 8-
16 hours, after which they are placed in a mixture of—

Formic acid . ; : . -5 C.CIm:
Distilled water . : . : . Zhic.em:
and exposed to daylight. When reduction is com-
plete, the pieces are of a dark violet colour, and are
then hardened for 6 days in alcohol gradually increased
i strength. Tangential sections are made and
mounted i dammar varnish.

Lymph-Canalicular System.

(@) Silvering of the Cornea.—Negative Images,
Stricker’s Method.

The cornea of a fresh eye, e.g., a frog’s, is exposed
for a moment to the vapour of boiling water. The
epithelium can then be easily scraped away. The sur-
face of the cornea 1s next cauterised with mtrate of
silver. It 1s not, however, always necessary to remove
the epithelium ; the silver may be apphled to the sur-
face of the cornea while this 1s still intact.
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The eye 1s washed in distilled water. ,

It is then placed in 50 c.cm. of distilled water contam-
ing 2 drops of glacial acetic acid, and exposed to
sunlight for 24 hours, till it has become brown.

The cornea is removed and divided, and the pieces
are hardened 1n alcohol gradually increased in strength.
Tangential sections are made. As in the gold method,
the most beautiful pictures are obtained from the pos-
terior layers of the cornea, where the canaliculi and
spaces are more regularly arranged. The ground-
substance appears bright or dark brown; the lymph-
atic canals and their contents are colourless.

Thin cornez from small amimals can be mounted
as a whole, a few radiating incisions being made so
that they lie flat. In the case of large cornem, lamel-
lee are removed [rom the posterior surface, or thick
sections are cut.

(0) Puncture fnjections with Berlin Blie.

(¢) Leber's Method.—The fresh cornea of a frog, or
a part of the cornea of a larger amimal, 1s placed in a
1 per cent. solution of ferric sulphate. After a few
minutes it 1s removed and, the epithelium having been
gently stripped from its surface, again returned to the
liquid for 5 minutes. It 1s then washed, and placed in
a 1 per cent. solution of ferrocyamde of potassium, in
which 1t acquires a blue colour. It is once again
washed in water, and examined in glycerine, or har-
dened in alcohol.- The lymph spaces appear as colour-
less gaps in the field of the blue ground substance.
(Cf. von Graefe's Archiv, vol, xiv,, 111, p. 300.)

(&) Altmann’s Corrvosion Metlods.—These methods
are based on the circumstance that fats hardened with
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osmic acid withstand the action of Eau de Javelle
(solution of hypochlorite of potash) for a long time.
They yield Corrosion Preparations. Olive oil 1s in-
jected m the manner already described into the cor-
neal spaces. Pieces of the cornea are then hardened
m osmic acid, and cut into sections with the freezing
microtome. The sections are placed 1n a concen-
trated watery solution of hypochlorite of potash till
the tissues are dissolved, and only the dark casts of the
lymphatic spaces are left in the form of black strands.
The sections must be carefully handled since they are
very brittle. (Awchiv fiir mikroskop. Anatomie, vol,
XVEL,P.oq7L 1879.)

Altmann's Oil-lmpregnation Method is a similar
process. The cornea should be as fresh as possible.
[f thin, 1t may be treated as a whole; if thick, it
should be divided into two parts. The tissue 1s placed
for 8 days i a mixture of

Olve o1l . 2
Absolute alcohol I
Sulphuric ether : : 2 A I

The pieces are then washed in running water for a
few hours, hardened in osmic acid for 24 hours, and
treated with Eau de Javelle diluted with an equal
quantity of water, till all the tissue 1s dissolved.

Corneal Nerves.

(@) Colnleint’s Gold Chliloride Method—Cohnheim
introduced the gold method, employing it for the de-
monstration of the corneal nerves,
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. A mixture consisting of : —

Solution of chloride of gold, 1 per cent. 8§ c.cm.
Formic acid : : : : . ZCOm

is placed in a test tube, and heated over a flame till
it boils up three times. It 1s then poured into a watch-
glass and allowed to cool.  I'resh pieces of the cornea
are placed in this, and left in the dark for about half
an hour.

2. They are washed for a few minutes in a watch-
glass mn distilled water.

3. The pieces are then exposed to daylight in a mix-
ture of—

Formic acid . : . : 10 C.ChL
Distilled water . : : 40 c.cm.

Here reduction goes on, and the pieces become
gradually dark violet, the process lasting 2 or 3 days.

4. The pieces are next placed in about 30 c.cm. of
70 per cent. alcohol, and left in the dark for 24 hours.

5. They are transferred to the same quantity of go
per cent. alcohol, and kept mn the dark for several days
to prevent further reduction.

Cross sections may be made. Tangential sections
are, however, to be preferred. In these latter, on ac-
count of the curvature of the cornea, the epithelium
and the subepithehal nervous plexus are well dis-
played at the margins.

N.B—Steel instruments must not be brought into
contact with gold solutions. All mampulations ought
to be carried out by means of glass or wooden lifters.

(b) The Golgi-Cajal Method yields beautiful pictures.

(¢) Elrlich's Intva Vitam Mellylen Blue Method is
also suitable,
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Elastie Fibres.

These are present at the margin of the cornea.
They may be stained with Orceznn or by Weigert's
Method.

Desceinet's Endothelinm—This can be stripped off
1 the form of a pellicle after maceration of the cornea
in 10 per cent. salt solution or 1 30 per cent. alcohol.
Stamning and mounting.

Cell Boundaries of Descemet's Endothelium.

Ranvier employs silver nitrate to demonstrate these.

1. Pieces of the cornea are placed m !5 per cent.
solution of nitrate of silver till they begin to lose their
transparency.

2. They are washed n distilled water.

3. They are transferred to a 2 per cent. solution of
acetic acid, and exposed to sunlight till they become
brown.

4. They are again washed in distilled water.

5. IKxamination in glycerine, or hardening in alcohol
of gradually increasing concentration.

Inflanimation of the Cornea.

The centre of a rabbit’s cornea is punctured with
an infected needle. After a few hours migratory leuco-
cytes may be seen making their way from the marginal
capillary loops towards the wound. The longer the
examination 1s delayed, the more numerous are the
cells found i the section. Hardening in corrosive
sublimate. Staiming with heematoxylin.

The immigration of leucocytes 1s still more active
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ii a small cavity, made in the centre of a rabbit’s
cornea, 1s filled with a culture of virulent staphylococci,
¢.g., from a phlegmon. The eye 1s enucleated after
18-24 hours. Tangential sections are made, stained
with Delafield’s hematoxylin, and differentiated. The
inhltrating migratory cells contain, in the case of the
rabbit, in nearly every instance eosinophilous granules.
Some of the cells are oval, others are i the form of
elongated spindles. (Cf. O. Schandigel, vorn Gracfe's
Archiv, vol. xln., p. 392.)

Incised Wounds of the Coriea.

If the centre of a cornea has been perforated and
the tissue 1s examined at various intervals afterwards,
it 1s possible to observe the peculiar inward growth of
the epithelium, the apposition of the lamelle, and the
curling of Descemet’s membrane.

Newly Formed Blood Vessels in the Corncea.

Straul’'s Method —See page 128,

IRIS AND CHORIOID.

The layers of the iris are best studied in meri-
dional sections through the anterior half of the eye.
Staining should be performed with carmine, since,
especially in the case of a dark 1ris, the blue colour of
haematoxylin does not offer sufficient contrast to the
pigment. A layer of endothelium can be demonstrated
on the anterior surface of the iris (I'uchs). A fresh
eye 1s taken and the sclera 1s divided behind the ciliary
body. The anterior portion of the sclera and the cor-
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nea are then detached so that the iris 1s fully exposed.
The specimen 1s now rinsed in water, and stained by
drops of a 1 per cent. solution of nitrate of silver.
Having been shghtly hardened in weak alcohol, the
iris 1s separated at i1ts msertion. The posterior pig-
ment layer 1s now brushed away, and after thorough
dehydration the iris 1s mounted in dammar with its
anterior surface uppermost. (Fuchs, " Beitrige zur
norm. Anatomie der menschlich. Irs,” won Graefe's
Archiv, vol. xxxi., 111.)

Special interest attaches to the posterior layers of the
iris. These can only be studied in the eyes of albino
amimals and of embryos; otherwise the iris must be
depigmented in the manner already described. (See
page 122.) The Dilatator Pupillee and the double epi-
thelial layer on the posterior surface should be exam-
mmed. The aspect of the latter varies according as the
pupil 1s dilated or contracted, just as the appearance
of the epithelium lining the bladder 1s influenced by
the degree to which the organ 1s distended (Grunert,
Greefl).

The pupil is contracted by most hardening media,
and 1t i1s not easy to fix it in the condition of mydri-
asis. 1o secure this Heine recommends that the eye
be fixed in Flemming's solution in the incubator at a
temperature of 40° C. (L. Heine, “ Physiol.-anat.
Untersuch. u. d. Accommodation des Vogelauges,”
von Graefe's Awvchiv, vol. xlv., III.; Grunert, “ Der
Dilatator Pupillee d. Menschen,” Arcluv fir Augen-
hetlleunde, vol. xxxvi., p. 319.)

Nerves.—The extremely delicate network is best
demonstrated in the eyes of albmo rabbits by the
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Ehrlich-Dogiel Methylen Blue Method. The eye 1s
enucleated 1mmediately after death, and a small
quantity of 4% per cent. solution of methylen blue is
injected into the anterior chamber by means of a
hypodermic syringe. After 3-5 minutes the bulb 1s
bisected along its equator. The iris is then carefully
detached from the limbus cornea, spread out on a slide,
and divided into four segments. It is now advisable
to pour a few drops of the staiming solution over the
specimen, and to place it in the incubator at 37° C.
for 10 or 15 minutes. The maximum effect 1s by this
time usually obtained, and the staining process must
be interrupted. (See page 115.) (Andogsky, “Zur
Frage iiber die Ganglienzellen der Iris,” Awchiv fiir
Augenheilunde, vol. xxxiv., p. 87.)

Cross-Sections of the Chorioid. Staining with
carmine.

Teased Preparations.—The chorioid is teased, and
the pieces preserved in glycerine diluted with water.
In this way may be exhibited the pigment epithelium,
the branched pigment cells of the stroma, elastic fibres,
pieces of the lamina vitrea and portions of larger ves-
sels and capillares.

Pigment Cells,

The pigment cells can be beautifully demonstrated
by excising a piece of hardened chorioid, and mount-
mg 1t unstained. Alcohol. Oil.  Canada balsam.
The inner surface with the pigment epithelium is
placed uppermost. On focussing the microscope for
the upper layer the delicate hexagonal cells of the

pigment epithelium are seen, on focussing more deeply
10
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the branched pigment cells of the stroma in the inter-
vascular spaces and the large blood vessels. Isolated
hexagonal pigment cells are wusually found at the
margin, and one of these should be examined with the
oll-immersion lens. The pigment consists of small
rod-shaped crystals.

Vessels of the Clorioid.

These are best studied from their outer aspect.
A hardened eye 1s incised around its equator. The in-
cision should mvolve the sclera only; this structure
is then dissected off as far as the ora serrata in front
and the optic nerve behind. The fibres of the supra-
chorioid layer should not be torn away, but carefully
divided with scissors. In this way the Vena Vorticosa
are exhibited.

Sattler has investigated the finer structure of the
chorioid, and published a very full account of this
(*“ Ueber den feineren Bau der Chorioidea,” wvon
Graefe's Archiv, vol. xxii, p. 1). Specially interest-
ing 1s the view of the IFirst Endothehal Layer which
lies between the chorio-capillaris and the layer of
medium-sized blood vessels. This layer can, according
to Sattler, be demonstrated in a piece of chorioid
stained with haematoxyln, after removal of the outer
vascular layers with their pigmented stroma, by plac-
ing 1t on a shde with the membrana vitrea lowermost.
The microscope (high power) 1s now focussed for the
mner surface of the membrana vitrea, which can be
recognised by the remains of the retinal pigment cells
adhering to it. When the tube 1s gradually raised the
following structures come nto view, the grating-like
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configuration on the outer aspect of the membrana
vitrea, then the contours and the nucler of the capil-
lary vessels, next the pale oval nuclei of the cells form-
ing the First Endothehal Layer (Sattler's Membrane).

LLENS.

Formalin of the usual strength should not be em-
ployed in the preparation of the lens, since 1t renders
it much too hard.

In the form of a weak (2 per cent.) solution, how-
ever, formalin may be recommended. In this the
lens remains for 2-4 days, and 1s then further hardened
in alcohol of increasing concentration. The lens fibres
swell up in sublimate solutions.

The lens must not remain too long i Miiller’s fluid,
or 1t becomes quite hard and brittle.

When 1t 1s of no importance to maintain the shape
of the lens, it may be hardened from the first in
alcohol.

It should be observed that parathn imbedding 1s not
adapted for the lens.

The terms employed in the description of the lens
are similar to those applied to the globe itself. The
lens 1s thus said to possess an equatoi, various meri-
dians, an anterior and a posterior pole, and an axis.
It 1s better to speak of equatorial and meridional
sections, and to avoid loose expressions such as cross
and longitudinal sections.

The following layers are distinguished : —

1. The Lens Capsule.

This 1s a homogeneous elastic membrane which en-
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velopes the lens completely. It i1s' thicker n
front than behind, and thickest of all at the margin of
the anterior surface. When lacerated the capsule re-
tracts like an elastic band, the margins of the wound
curling with the outer surface inward. The capsule
1s very resistant to reagents, and persists unchanged
for long periods in various pathological processes.

2. The Endothelium of the Lens Capsule.

This 1s a single layer of flattened cells, which lie
beneath the anterior portion of the lens capsule,
extending outward towards the equator. - When
examined in the fresh state in a drop of aqueous the
cells are seen to be bright and finely granular. They
exibit a large nucleus and one or two nucleoli. The
contours of the cells are polygonal, mostly hexagonal,
so that a surface view presents the appearance of a deli-
cate mosaic. Towards the equator the cells become
more slender and elongated, and pass gradually mto
nucleated lens fibres. The equatorial transition zone
is called the Lens Whor/. This is indistinct in old age.

The Capsular Endothelium 1s very liable to undergo
changes. It 1s often found to be altered in the old,
probably as a preliminary stage in the formation of a
cataract, while the lens fibres are still unaffected. The
changes are still more marked when the lens 1s cata-
ractous as a result of experiments or otherwise. The
cells over a considerable area are often degenerated,
the protoplasm swelling up and becoming coarsely
granular and vacuolated. The nucleus exhibits similar
changes. These changes can be best demonstrated
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by tearing off shreds of the capsule with the adherent
endothelium, and staining with carmine. (Hess,
“ Ueber Naphthalinveranderungen,” Ophkth. Gesell-
schajt, 1887 ; Schirmer, “ Studie uber Maturation der
Cataract,” von Graefe's Archiv, vol. xxxiv., 1., etc.)
Karyomitosis can be demonstrated, especially n the
equatorial region, after injuries. This 1s apparent
after 20 hours, and most evident after 4-6 days. (Kiri-
bucki, “ Experimentelle Untersuchungen tber Cata-
ract,” von Graefes Archiv, vol. 1, 1.) The cells show
a great tendency to prohferate and form plexuses of
spindle-shaped elements (Capsular Cataract).

3. The Lens Substance.

This consists of fibres, Fibre Lentis. The hbres
are ribbon-like and of almost the same width through-
out their length. In cross-sections they are seen to be
hexagonal. The peripheral fibres are broader and
thicker than the central. Around each there 1s an
extremely thin layer of cement-substance, which ap-
pears as a thin black line if the section i1s immersed
for a short time 1n a weak solution of nitrate of silver
(1 1n 800-1000).

The lens fibres abut against one another in certain
planes radiating from the axis. The edges of these
planes form on the anterior and posterior surfaces the
Lens Stars. In the new-born child each star has three
rays ; in the adult the figure is more complicated. The
rays are rendered very prominent by immersing the
lens, as soon as removed, 1 a solution of silver nitrate,
1 1 500. They then appear as black lines on a brown
ground. In many animals the lens star is simpler than
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in man. (Friedenberg, “ Ueber die Figur des Linsen-
sternes,” Awrchev fiir Augenheill., vol. xxxi.)

A thin layer of hqud 1s often found between the
capsule and its epithelium. In hardened preparations
this Subcapsular Layer 1s coagulated in the form of
minute granules, or appears as a fine network of fibril-
le. Morgagni's globules occur in this layer in old
lenses.

There 1s a similar layer of nutrient flmd between
the endothelium and the lens fibres, the Subendothelial
Layer, (See also, Carl Rabl, Ueber den Bau wund die
Entwicklung dev Linse. Leipzig, W. Engelmann, 1900.)

ZONULE,

The Zonule or Suspensory Ligament of the lens
does not, as was once supposed, consist of membranes
or lamellze enclosing the so-called Canal of Petit, but of
a large number of fine radiating fibres (Fibrae Zonu-
lares). Most of the fibres spring from the intervals
between the ciliary processes, and some of them can
be followed backward over the orbiculus almost as far
as the ora serrata. The fibres which arise farthest
back pass mainly to the anterior surface of the lens,
while those which are inserted into the posterior surface
of the lens have their origin in front towards the pos-
terior chamber. The two sets of fibres cross each
other near the cihiary processes. There are also inter-
mediate fibres between the anterior and posterior main
bundles ; these pass to the equator of the lens. The
zonule 15 thus formed exclusively of fibres enclosing
intercommunicating intervals which maintain a con-



EXAMINATION OF THE EYE. 151

nection between the posterior chamber 1n front and the
spaces in the vitreous behind.

Demonstration of the Zonule,

A survey of the zonule 1s obtained as follows: A
hardened bulb 1s divided along the equator, and the
vitreous removed by means of forceps and a brush.
The cornea and sclera are detached close to the root
of the iris in front. The 1ris 1s then excised. When
the preparation 1s exammed from the front by trans-
mitted hght and with the aid of a magnifying-glass,
fibres can be seen stretching between the summits of
the cihary processes and the equator of the lens. lFrom
behind it 1s observed that the main body of the fibres
passes back between the cihary processes, leaving the
summits of these free from attachments.

If the scissors are now passed from behind and made
to divide the zonule close to the summits of the pro-
cesses, the lens can be removed surrounded by a ring
of fibres. These are rigid as a result of the hardening,
and enclose an annular prismoidal space, the base of
which corresponds to the equator and to the margins
of the two surfaces of the lens.

Meridional Sections should be made first, and they
should be fairly thick. The fhbres are seen to occupy
a triangular area between the lens and the ciliary
processes. They are arranged more closely at the
anterior and posterior boundaries, but intermediate
ibres are also visible. Further, in such sections the
crossing of the fibres 1s demonstrated.

The structure of the zonule 1s, however, best recog-
nised in Cross-Sections through the fibres and the ciliary
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processes. Numerous fine points are visible between
the processes, and in front of and behind these. The
points are the cross sections of the fibres.

RETINA.

The human retina i1s a perfectly transparent mem-
brane, about ¥ mm. in thickness. It is very instruc-
tive to cut into a fresh eye and to allow some vitreous
to escape ; the retina is then found detached and float-
ing freely in the vitreous. It has, therefore, no sub-
stantial connection with the tissue behind, and 1s kept
applied to the chorioid only by the normal tension of
the wvitreous. In its fully developed condition the
pigment epithelium 1s firmly adherent to the chorioid
and has no attachment to the retina proper. FIFrom
a developmental point of view, however, the pigment
epithelium belongs to the retina.

The retina 1s firmly united with the chorioid at two
places only : first, at the papilla ; and secondly, around
the ora serrata. This connection is evident not only
in a fresh eye which has been opened, but also in
pathological conditions, exudations, etc.

Boll discovered, in 1870, that during hife the retina
possessed a purplish-red tint, and that this was due to
a purple colouring-matter contained m the outer seg-
ments of the rods. The pigment at once becomes pale
when exposed to dayhight. Hence it is seldom seen in
eyes removed from the dead body.

Visual Purple.—This 1s very evident in fishes like the
bream, which possess a white chalky tapetum. If the
fish 1s kept in the dark for some time before being
killed, and the eye 1s then removed and divided along
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its equator, the retina appears as a rose-red membrane,
which soon becomes pale and cloudy in daylight. The
colour is maintained longer, if the posterior half of the
eyeball 1s at once transferred to a weak solution of
formalin. In other animals with dark chorioids the
reddish tinge 1s less apparent.

Further, the area corresponding to the highest acuity
of vision, and its neighbourhood (macula lutea) pre-
sent a yellow appearance due to a pigment which 1s
diffused through all the layers of the retina. Thas
colour persists for a considerable time after death.

Colour of the Macula Lutea—This is best demon-
strated 1n an eye removed from the dead body. The
-bulb 1s divided along the equator, and the portion of
retina around the papilla removed and placed on a
slide under a cover-glass. Even with the naked eye,
and still more clearly under a low power of the micro-
scope, the Fovea Centralis 1s recognisable as a bright
depression devoid of blood vessels and surrounded by
an intensely yellow ring.

Coloured Globules are found in the retinm of many
birds and reptiles. They lie at the junction between
the outer and mner segments of the cones, lending to
the retina the appearance of a delicate variegated
mosaic. To obtain a view of these a fresh piece of
retina should be removed from the eye of a pigeon or
fowl, transferred to a shide, and examined under a
high power.

Cross-Sections of the Relina.

The eye 1s hardened zn# Zoio 1n formalin, sublimate,
Muiller’s fluid, or other medium. It 1s then laid upen,
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and a small portion of the retina, a few mullimetres in
diameter, 1s removed and imbedded in paraffin. /See
page 50.) Celloidin sections are too thick. Staining
with hematoxylin-eosin.

Three rows of nucle1 are seen clearly in a section so
prepared. The outermost row, the owter nuclear layer,
contains six or seven layers of nuclei ; the intermediate
row, the znner nuclear layer, is only about half as thick ;
the innermost row, the layer of ganglion cells, contains
throughout the greater part of the retina only a single
layer of nuclei. These three rows of nucle1 correspond
to three layers of nerve cells (Neurons), the relationship
beiween which has only lately been established by the
researches of Ramdén y Cajal. :

The following layers can be distinguished in a cross-
secticn of the retina :—

[. Pigment epithelium.

[I. Layer of rods and cones.
[II. Membrana limitans externa.
[V. Outer nuclear layer.

V. Outer plexiform layer.

VI. Inner nuclear layer.
VII. Inner plexiform layer.
VI1II. Layer of ganglion cells.
[X. Layer of nerve fibres.
X. Membrana limitans interna.

[. Pigment Epithelium.

This 1s a single layer of polygonal, usually hexa-
gonal, cells, which when viewed from the surface
appear as a delicate mosaic. (For the method of de-
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monstrating these see page 145.) The elements are
separated from each other by a delicate layer of colour-
less cement substance (Neurokeratin). The individual
cells are best studied in teased preparations which have
been hardened in 1 per cent. osmic acid. Each cell
consists of an outer non-pigmented zone, a basal zone,
and processes. The outer zone contains the oval
nucleus. With an oil-immersion lens the pigment
present in the basal zone and processes can be recog-
nmsed m the form of minute crystalline rods. In the
human retina the processes are short; in that of the
frog and the bird they are very long. When the
retina of a frog, which has been kept in the lLight
for some time before being killed, 1s examined, the
processes are found to be full of pigment particles and
extended so as to surround the rods and cones and
almost reach the external limiting membrane. On the
other hand, when the frog has been kept in the dark,
the processes and pigment crystals are found to be
retracted towards the basal zone.

II. Layer of Rods and Cones.

This layer exhibits many variations in the different
vertebrata, and lends to each retina its characteristic
appearance. The rods and cones are not complete
cells.  Each 1s prolonged through the limitans ex-
terna to become connected with one of the nuclei of
the outer nuclear layer and ends finally, the rod as a
small knob, the cone as a flat dendron, in the outer
plexiform layer.

The rods and cones are too closely packed together
n sections to admit of their being seen in their en-
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tirety. Moreover, they often become distorted in the
hardening process.

[solation of the Visual Cells.

The retinal elements can be 1solated in several ways.

(. Fresh Preparations—The eye is removed {rom
the animal immediately after death, and divided along
the equator. A small portion of the transparent re-
tina 1s excised and placed on a shde mn a drop of
vitreous fluid.  The tissue 1s protected by a cover-glass
rested on small pieces of wax or on a paper ring sur-
rounding the piece of retina. The various elements,
rods, cones, etc, are then found to be i1solated. In op-
tical cross section the former appear as small, the
latter as larger, circles.

2. The best method for completely isolating the
visual cells 1s the Osmic Acid Method ntroduced
by M. Schultzee A small eye, eg., a frog's, is
excised and placed at once in a 1 per cent. solu-
tion of osmic acid for 12-24 hours. Thereafter
it 1s macerated for 1-2 days in several changes of
distilled water. A larger eye, e.g, a human eye,
should be divided along the equator; the posterior
hemisphere 1s treated in the osmic acid, and 1s then
macerated for at least two days. Only absolutely
fresh material can be employed. Small pieces of the
retina are removed by means of forceps and placed
on a shde in a drop of glycerine. If permanent pre-
parations are desired the cover-glass must be cemented.
(See page 55.) Exammation under a ligh power
shows the various retinal elements isolated. Complete
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visual cells may be seen. The remainder of the har-
dened retina may be stored, and will keep well for years
in the solution recommended by Merkel (von Graefe's
Archiv, vol. xx.). The solution consists of equal parts
of absolute alcohol, glycerine, and water.

3. G. Stort and Engelmann employ the method
suggested by A/tmann. The bulb is hardened in a
3-3.5 per cent. solution of nitric acid for 6 hours;
washed for a short time in running water; and then
divided through the equator. Small pieces of the
retina are placed on a shde in a minute quantity of
water or diluted glycerine so that they adhere to the
glass, and are hacked with a sharp razor. (Altmann,
Archiv fitr Anatomie und Physiologie, p. 219, 1881
Genderen Stort, von Graefe's Archiv fiiv Ophithalmologie,
vol sxxii,.; L. p. 230

11I. AMembrana [Linmitans FExterier.

In cross sections of the retina the external limiting
membrane appears as a sharp line, separating the
layer of rods and cones from the outer nuclear layer.
Specimens treated with 1odised serum (tincture of
iodine 1, pericarchal or amniotic fluid 100) or by Golgt’s
method show that the membrane is formed by the
apposition of the outer ends of the sustentacular fibres
of Miiller. The membrane 1s fenestrated, the round
apertures corresponding to the rods and cones. The
surface view has, therefore, the appearance of a grat-
ing. The larger apertures correspond to the cones,
the smaller to the rods.
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IV. Outer Nuclear Layer.

The outer nucler vary very considerably in size in
different animals, being largest in amphibians and rep-
tiles, very small, on the other hand, in fishes and
mammals. They are the nuclei of the wvisual cells.
The peculhar arrangement of the chromatin in these
nuclei, different n different animals, produces the
ribbed appearance which they often present in the
human retina. This 1s best demonstrated by harden-
img i Flemming’s solution and staining with safranmn.
[t can, however, be seen in sections stained with hama-
toxylin (oil-immersion lens).

V. Outer Plexiform Layer.

This was formerly called the outer molecular layer,
since 1 cross sections of the retina it has a finely
oranular appearance. The granules are transverse
sections of fibrils which here form a dense reticulum.
This altered conception of the anatomical structure
is due to the application of Golgi’s method in the
examination of the retina. The outer plexiform layer
contains the endings of the wvisual cells and the rich
arborisations of the bipolar cells of the next layer.

V1. Iuner Nuclear Layer.

Three sets of cells can be distinguished n this layer.
Most externally situated 1s the layer of “ horizontal ”
cells. These are particularly well seen in cross-sections
of the retina of the fish, when stained with hzma-
toxylin. Next to these 1s the large mass of nuclei
belonging to the “bipolar” cells. The bipolar cells
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are spindle-shaped, one process passing mto the outer
plexiform layer, the other into the inner plexiform
layer. They serve to connect the visual cells with the
large ganghion cells of Layer VIII. The mnermost
nuclei belong to the flattened branched cells, called
“spongioblasts ” by W. Miiller, and “amacrine cells”
by Ramon y Cajal

VII. Iuner Plexiform Layer.

This resembles the outer plexiform layer. It con-
sists of a dense reticulum of fibrils derived from the
cells in the adjacent layers.

VIIIL. Layer of Ganglion Cells.

T'his consists of a single layer of cells unless in the
region of the macula lutea, where there are several
layers. The presence, then, of more than one stratum
of ganghon cells 1s an indication that the section be-
longs to the neighbourhood of the macula lutea.

The morphology of the ganglion cells and their
branched processes i1s demonstrated most clearly by
Golgi's method. (See page 108.) Surface views of the
retina prepared by Ehrlich’s process are also of aston-
ishing beauty. (See page 112.) The finer structure of
the ganghon cells in their normal state as well as n
pathological conditions 1s of great interest, and should
be investigated by means of Nissl's stain or one of its
modifications. (See page 74.)

The ganglion cells are separated from one another
by the fibres of Miiller and by small oval neurogla
cells.
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| X. Layer of NervelFibres.

The distribution of the nerve fibres in this layer
has been investigated very fully by Michel m surface
preparations hardened in Miiller’s fluid (Ueber die
Ausstrahlungsweise der Opticusfasern in der mensch-
licken Retina. Wiesbaden, J. F. Bergmann, 1875). The
distribution and the structure of the individual fibres
can also be clearly distinguished in pieces of the re-
tina treated with methylen blue. The axis-cylinder
consists of fine fibrillee united by a small amount of
interfibrillar substance. (Dogiel, “ Ueber die nervSsen
Elemente in der Netzhaut des Menschen,” Archiv fiir
mekrosk. Anatomie, vol. xxxviii,) .

X. Membrana Limitans [nterna.

This 1s formed by the expanded bases of Miiller’s
supporting fibres.
There are still certain portions of the retina which

possess histological pecularities and so call for further
examination. These are the ora serraia and the macuia
lutea.

Ora Serrata,

The retina does not cease at the ora serrata, but be-
comes somewhat suddenly reduced to a single layer of
cylindrical epithelial cells, which are prolonged forward
over the orbiculus and cihary processes, and, becom-
ing flatter, cover the posterior surface of the mis. At
the margin of the pupil this layer of cells representing
the retina proper is reflected to become continuous
with the prolongation forward of the pigment epi-
thelium. These two layers form the Pars Ciliaris
and Pars [ridica Retine.
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Macula Lutea.

The macula lies about 4 mm. to the temporal side
of the optic papilla and a little distance below the
horizontal meridian. It is usually elliptical in shape,
with its longer axis placed horizontally. The yellow
colour of the macula and the thickening of the
ganglion cell layer in its vicinity have already been
referred to. In the centre of the macula the retina is
greatly thmned, all the layers, with the exception of
that formed by the visual cells, being absent or very
much reduced. In this way a depression with sloping
sides is formed—the Fovea Centralis.

The structural relations of the various retinal ele-
ments are best displayed by means of Golgi's method.
(See page 108.) The retina 1s extremely difficult to
handle, but the beauty of a successful preparation re-
pays the trouble expended. The tissue must be fresh.
The eye of a large animal should be selected. Cajal’s
roll method followed by double impregnation, etc.
Several rolls are taken and exposed in the reagents
for different periods; some are likely to be successful.

Comparative Anatomy.

The structure of the retina 1s surprisingly uniform n
all vertebrates. The layers are always the same un-
less in the Petromyzon and in a few members with
rudimentary eyes. The main differences are found in
the form and number of the rods and cones, due to the
peculiarity of each animal’s vision.

The retina of the mammal resembles most closely
that of the fish, the only difference being that in the

latter there are fewer elements and as a consequence a
[



162 sUIDE TO THE MICROSCOPIC

simpler structure. In birds and amphibians the retina
i1s distinguished by having the outer nuclear layer
thinner than the inner. The opposite 1s usually the
case.

OprTIC NERVE.

The method of dividing the optic nerve, and of in-
cising the dura along its outer aspect so as to afford
a guide 1n the localisation of the sections, has already
been described. (See p. 36.) Miiller’s fluid 1s the most
generally useful hardening medium, permitting the
employment of most stains unless those for tubercle
bacilli. When it is desired to demonstrate recent de-
ogenerative processes Marchi's fluid should be chosen,
while the distribution of the neuroglia is displayed by
the methods of Golgi and Weigert.

Imbedding in paraffin cannot be recommended, the
high temperature required producing shrinking of the
connective tissue.

The course of the optic nerve is divisible into the
following segments : —

The optic radiation.

The optic tract.

The chiasma.

The intracramial portion of the nerve.

The intracanalicular portion.

The intraorbital portion—

(@) In front of the entrance of the central blood-
vessels.

(/) Behind the entrance of the central blood-
vessels.

I'he intraocular portion—

' (a) The medullated scleral portion.
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(6) The lamina cribrosa.
(¢) The papilla.

Each of these parts exhibits histological peculiarities
which require to be specially examined.

The intraocular portion is studied in longitudinal
sections stained by Van Gieson’s method which dis-
plays admirably the distribution of the connective
tissue. Some of the sections should be treated by
Weigert's method to show the medullary sheaths.
These cease at the level of the lamina cribrosa.

A few millimetres behind the bulb transverse sec-
tions should begin to be made. These also are stained
by Van Gieson’s method. The dural, arachnoidal, and
pi1al sheaths can be distinguished surrounding the stem
of the nerve. The pial sheath gives off septa which
pass mto the nerve and divide it into compartments,
these being again subdivided into smaller spaces by
secondary septa. This frame-work carries the nutri-
ent blood vessels, the central vessels being contained
in a stout bundle of connective tissue in the middle of
the nerve. The connective tissue exhibits a few
spindle-shaped slender nuclei. The medullated fibres
are surrounded by the penetrating septa, and between
the fibres oval nuclei belonging to neuroglia cells may
be distinguished.

Between the pial sheath and the peripheral nerve
bundles there 1s a narrow zone displaying a fine mesh-
work of neurogha fibrils and devoid of nerve fibres.
This 1s the Newuroglia Mantle of Fuchs, and was at
one time mustaken for an atrophic condition (Peri-
pheral Atrophy).

Retrobulbar fatty tissue, muscular fibres, and ciliary
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nerves and vessels, are seen around the section of the
Nnerve.

The entrance of the central vessels 1s met with far-
ther back. At this level the cross-section of the nerve
has a remiform cutline. The vessels are accompanied
by a thick offshoot of connective tissue.

Behind the entrance of the central vessels the con-
nective tissue stroma 1s much more scanty.

The nerve i1s embraced by the periosteum in its
mtracanahcular portion.

Beyond the optic foramen the dura leaves the nerve.

At the chiasma horizontal sections stammed with
hamatoxylin and eosin or by Van Gieson’s method
are instructive. The nerve fibres are here no longer
divided into bundles by septa. Only a few delicate
strands of connective tissue are found projecting nto
the peripheral parts of the chiasma. The nerve fibres
are, however, to some extent divided into groups by
rows of neurogha cells. In sections stained so as to
exhibit the medullary sheaths the decussation of the
nerve bundles can be clearly seen.

The anatomical relations of the nerve fibres are dif-
ferent in the lower amimals and, as a rule, simple.
The arrangement found 1n fishes, although varied, 1s yet
the simplest. The complete decussation can usually
be recognised with the unaided eye. In the pike the
right nerve crosses over the left, umon taking place
only between the pial sheaths; in the herring the
rigcht nerve passes through a shit in the left; i the
carp both nerves split into two portions which cross
like two fingers of the right and left hands.

[n birds and reptiles the decussating portions of the



EXAMINATION OF THE EVE. 165

nerves are separated mto a smaller or larger number
of leaves, which intercross like the clasped fingers of
the two hands. Vertical sections through the middle
of the chiasma have thus a zig-zagged outline. This
is well seen in the frog.

Comiparative Anatomy.

This is very interesting. The greatest variations
are found among the fishes. In the optic nerve of the
petromyzon there is an axial column of cells continu-
ous with the cells in the retina. The nerve fibres are
grouped around this column. The nerve of the pike
1s a compact cylinder of hibres, the blood vessels run-
ning parallel with these. In most of the bony fishes
branched trabecul® of connective tissue penetrate the
nerve stem but do not reach the opposite side. The
nerve thus acquires a ribbon-shaped structure. The
simplest case of this kind 1s seen in the sturgeon,
whose optic nerve 1s S-shaped 1n cross-section.
In the sole, salmon, whiting, etc, there are several
folds. The carp’s nerve is in the form of branched
compound processes. The division of the hbres into
distinct bundles begins to appear in the eel and the
Cobitis Fossilis.

In the larval stage of the amphibians a strand of
neuroglia cells 1s present on the dorsal aspect of the
developing optic nerve. These are remains of the
epithehal optic stalk; at a later stage they occupy a
more central position in the nerve. In fully developed
specimens of Salamandra Maculata the optic nerve
consists of parallel rows of neurogha cells separating
1solated bundles of nerve fibres.
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In the turtle the nerve fibres are arranged so as to
form a trench which 1s occupied by a process of connec-
tive tissue carrying the blood vessels. The neurogha
cells are distributed throughout the sections, but are
most closely packed in the centre of the nerve.

Neurogha septa are present in the reptiles. The
cells forming these are arranged in longitudinal rows,
and communicate with each other by means of their
NUIMErous pProcesses.

In the serpents processes derived from the pial
sheath separate the fibres of the optic nerve into dis-
tinct bundles. In the centre of each bundle there 1s
a row of neurogha cells surrounded by the nerve fibres.

The nerve 1s ribbon-shaped 1in most birds.

In mamimals connective tissue septa are always pre-
sent. The higher an animal stands in the class, the
more numerous are the septa, and the more complete
the separation of the nerve hbres into distinct bundles.

In the optic tract trabecula are absent, there being
only a thin (30 u in thickness) covering over the fibres.
These latter are still medullated.

[n the newly-born child the fibres in the orbital por-
tion of the nerve are, as a rule, destitute of medullary
sheaths. These are not fully developed till the ninth
or tenth week.

Demonstration of Elastic Tissue.

The method of Unna or Weigert is adopted for this
purpose. The sheaths of the nerve contain an abun-
dance of this tissue. The lamina cribrosa 1s composed
mainly of elastic fibres.
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Neuroglia,
Golgt's Method—The dural sheath should be re-

moved, and a portion of the optic nerve, two or three
millimetres in length, placed for 12-24 hours in the
osmio-bichromate mixture, and for the same length of
time in the silver solution. This procedure 1s usually
successful. It is best to take the optic nerve and chi-
asma from a newly killed animal, ¢.¢., a pigeon.

Weigert's Method —There is an extraordinary in-
crease of neurogha i the optic nerve when 1t 1s
atrophied.

Isolation of the Nerve Fibres.

The nerve bundles are composed of groups of nerve
ibres. IEach nerve fibre, again, consists of an axis
cylinder surrounded by a thin sheath of myelin.
Varicosities are often found on the nerve fibres. These
are probably produced artificially in the removal of the
sheaths. In the optic nerve the fibres do not possess
a neurillemma or sheath of Schwann, the nucleated
membrane which surrounds the myelin sheath in most
nerve fibres; the myelin 1s in direct contact with the
neurogha. The calibre of the fibres varies greatly,
some having a diameter of 10u, while others are
infinitely slender.

[t 1s not easy to obtain isolated portions of the
nerve fibres of any considerable length, since the
myelin sheath crumbles very readily and the axis
cylinders are easily torn. The best preparations are
obtained by macerating pieces ol fresh nerve in a wealk
(s's-75 per cent.) solution of chromic acid, or in a 10
per cent. salt-solution ; or by hardening the pieces in
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osmic acid, macerating in water, and then teasing them.
Medullated nerve fibres are well demonstrated in thick
sections treated by Golgi’s method; for non-medul-
lated fibres the methylen blue method of Ehrlich is
most suitable.

Corpora Amylacea.

Homogeneous spherical bodies, 15-25 p in diameter,
are often found inside the bundles of the optic nerve.
They occur also in other parts of the nervous system,
and are called Corpora Amylacea. They are usually
present 1n large numbers in atrophied nerves, but they
are found not uncommonly in normal nerves. Their
favourite seat 1s the chiasma and its neighbourhood,
or the optic tract. They are always present in cer-
tain ammals, e.g., the cat and the dog. lodine stains
the corpora amylacea yellow, iodine and sulphuric
acid colour them a beautiful violet. They are stained
deep blue by hamatoxylin, and yellowish or red by
van Gieson’s mixture.

Recent degenerative processes are studied in speci-
mens treated by Marchi’'s method (See page ;1)
Suitable tissue 1s obtained by dividing the optic nerve
or enucleating one eye.

Atrophic nerves exhibit an increase in their support-
ing tissue (sclerosis). This 1s well shown in cross-
sections stained by van Gieson’s method. Weigert’s
stain for the medullary sheaths displays the changes
in the nerve fibres.

In cases of Neuritis Retrobulbaris Centralis and
where there has been amblyopia due to tobacco or
alcohol, the papillo-macular bundle is found to be
atrophied close behind the globe.
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Held’s stain, 75. | Neuroglia, Weigert's stain for, 76.
Hermann's solution, 2g. i Nissl's method, 74.
Hoyer’s stain, gI. | Nuclear stains, 42.
Hvaline d{:gem:ratmn g2. |
Hydrogen, peroxide of, 123, | OBREGIA, 435.
Hj. rtl’s method, 128. Qils, 43.

 Oil-cast method, 140.
IMBEDDING processes, 37. Upenqhaw 126.
Incubator, 40. | Optic nerve, 35, 162,
Indifferent medium, 12. Orange G., 61, 66.

Injection processes, 117. | Ora serrata, 160,



Orcein, 7g.

Orientation of the eyeball, 8.

Origanum, oil of, 43.
Orth’s mixture, 24.
Osmic acid, 24.
Ossification, 88.
Overstained sections, 583,

PaL’s stain, 70.

Parafthn, imbedding 1n, 43.
Perls’ reaction, 102.
Photoxyhin, 39.

Picric acid, 2=.

— — sublimate, 22.
Picrocarmine, 14, 66.
Pigment cells, 145, 154.
Platinum chloride, 25.
Preservation of eyeball, 125,
Priestley Smith, 35, 125.
Puncture, injection by, 120.

QUINCKE'S reaction, 104,

RANVIER, 136.
Retina, 152.
Rods and cones, 155.

SAFRANIN, 20, 67.

Salt solution, 1o0.

Sattler, 146.

Schultze, 156.

Serial sections, celloidin, 45.

INDEX, 171

Siderosis, 102,

Silver methods, 134, 138, 142,
Singer and Minzer, 73.
Shides, 3.

Stabilit, 4o0.

Staining en masse, 65.

| — of fresh tissue, 14.

| Stains, nuclear and double, 55.
Straub, 129.

Stricker, 135,

Sublimate, hardening in, zo0.

TEASED preparations, 12.
| Thionin, 76, 91, 97.
: Triple-staining, 61.
 Turpentine, 43, 128, 135.

Uxna-TENZER, 78,

VisuaL cells, 156.
— purple, 152.

|
| WasHING, 2g.

|"u'-.*'ﬁigert’5 stain for elastic fibres,
| 79- o

| — stain for fibrin, 100.

| — — — medullary sheaths, 68.

| — — — neuroglia, 76.

|
| XvLoL, 44. -

ZONULE of Zinn, 150.
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