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PREFACE TO THE SECOND EDITION.

IN preparing this edition I have endeavoured to
meet the requirements of students, and of prac-
titioners who desire to keep up their histological
work. Those methods are selected which have
been found to work well in practice, and it has
been thought better to describe a few in detail
rather than give a short account of many similar
methods.

I have again to express my obligation to the
various instrument makers for the illustrations of
microtomes, &c.; to Dr. Fearnley, of Bradford,
for the description of his method for injecting
blood vessels, and to Messrs. Macmillan and Co.

for permission to copy figures 10 and 11.
W. S. COLMAN.

Wimpole Street, W.
Sept., 1896.
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SECTION CUTTING AND STAINING.

CHAFPTER 1.

APPARATUS REOQUIRED.

w

ProsasLy there 1s nothing more perplexing to a
beginner than to decide what apparatus is re-
quired. If he consult a price list, it is difficult
for him to tell which articles will be necessary,
and which will be either luxuries, or required
only for special investigation.

In the following account of requisites, those
only will be described which it is useful to have
always at hand. They will be found sufhicient
for ordinary work, but for special investigations
a more elaborate equipment will be required.

All staining and other reagents should be made
as far as possible by the worker himself, accord-
ing to the directions given in later chapters.
This should at any rate be done at first, as the
knowledge thus gained will prove invaluable. It

I




2 Section Cutting & Staiming.

will also effect a great saving if articles that are
used in any quantity, such as methylated spirit,
distilled water, &c., are bought by the gallon, and
not in small quantities.

Almost all the processes described here can be
carried out without the use of a fully equipped
laboratory, in fact, in an ordinary room. The
only furniture required 1s a firm table, and a
cupboard and shelves for storing reagents.

The following should also be procured :—

Jars or bottles, with well fitting stoppers or
corks, to contain the tissues while being hardened.
They should not hold less than two ounces.
Empty drug bottles which can usually be ob-
tained from druggists for a few pence, serve very
well.

Smaller bottles should also be procured for
keeping -specimens in spirit after they have been
hardened until one is ready to cut sections. After
sections have been cut from a portion of the
specimen, the rest should be preserved, in case
it is wanted for further investigation. Each speci-

men must be labelled, with a name or a number

corresponding to a reference in the note-book,




Apparatus.

and a large number of specimens may then be
kept in the same jar. The best way to label them
is to write the name or number on a piece of
vegetable parchment in ordinary ¢“marking ink,”
and warm it until the writing is black. The little
label should then be fixed to a corner of the piece
of tissue with a stitch or by a_fine pin, and it may
be identified years afterwards. The importance
of keeping tissues, sections, slides,  &c., dis-
tinctly labelled cannot be too strongly im-
pressed on the beginner. The name, date, and
other particulars should be invariably written on
the label at the time. At first the student will be
inclined to neglect this, as he will recognize his
pieces of tissue and sections so readily merely by
their shape and general appearance. DBut as time
elapses and similar specimens accumulate, he will
find it most difficult or even impossible to identify
one from the other.

A number of 1 oz. and 2 oz. stoppered
bottles for staining reagents.

The stopper of these should be fitted with a rod.
This is done by simply heating the lower end of
the stopper and the upper end of a piece of glass

B2
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4 Section Cutting & Staining.

rod of suitable length in a blow-pipe, until they
are plastic, and then pressing them together.

Watch glasses.—At least a dozen watch-
glasses, in which to perform the operations of
staining, clarifying, &c. Those with a flat bottom
should be employed as they are less easily upset
than the others.

Plenty of filter papers.

Both coarse ones, for use in the manufacture of
reagents, and small fine white ones (2% inch) for
filtering the staining fluids immediately before
using them, should be procured. Before using
them a few drops of alcohol or distilled water
should be placed in thcm_h_to saturate the paper.
This not only allows the fluid to pass through
more rapidly, but prevents a portion of it being
wasted through being absorbed by the pores of
the paper.

Several needles mounted in handles.

They must be kept very bright and smooth, and

care must be taken that the point does not get

turned up.
A large and small funnel.

Several pipettes consisting of pieces of glass
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tube with an internal diameter of 1" and about
ten inches long, drawn out almost to a point at

one end.

Section lifter.—This instrument 1s required
for transferring sections from one reagent to
another, or from oil of cloves, &c., to the slide.
The most convenient form is Woodhead’s, made
of thin sheet copper, which allows the blade to
be bent at any angle to the stem. The stem or
handle is about six inches long, and continuous
with, and at an angle to it, a flat blade about 3 in.
square with the corners rounded off. Larger ones
can be obtained for mounting sections of large
size, e.g., kidney, medulla oblongata, &c. The
surface of the blade should be brightly polished,
and kept scrupulously clean.

Ordinary dissecting forceps.

One or two scalpels.

A pair of fine scissors.

A razor or other instrument for cutting sec-
tions.

A smooth oil stene for keeping the razors and
knives properly sharpened.

A spirit lamp for warming the staining fluids.
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A few test tubes.

A minim measure.

Scales and small weights.

A gross of ground glass slides 3 x 1 in.

Half a gross of ground glass slides 3 x 1} in.

Half an ounce of thinnest coverslips, % in. dia-
meter.

Ouarter of an ounce of thinnest coverslips, 11 in.
diameter.

Microscope.—This is not the place for a de-

scription of the microscope as an optical instru-
ment, but some hints as to the selection of one
may be found useful.

Showy microscopes with much brass work
should be avoided, simplicity of construction
being a great recommendation. The microscope
should have a large heavy base, either of the
horse-shoe or tripod pattern, large enough to afford
a firm base when the microscope is tilted.

Mechanical stages are unnecessary and they
add greatly to the expense, and very little to the
utility of the instrument for ordinary histological
work. Binocular arrangements also are of little

use for this purpose.

g
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Apparatus. 7

The microscope should be provided with a
coarse and fine adjustment, which should
be most carefully tested before purchasing the in-
strument. They should work freely and smoothly,
and the slightest turn in either direction should at
once alter the focus.

There should be a reversible mirror, one
side being concave and the other plane. The
concave surface is the one usually employed, the
plane surface being chiefly used in conjunction
with the sub-stage condenser for the examination
of micro-organisms. There should be an eye-
piece of moderate magnifying power. Very
powerful eye-pieces do not reveal additional de-
tails, but merely enlarge the image, and with it
any defects that may be produced there by faults
in the objective. Eye-pieces II. and IV. of most
makers will be ample for most requirements,

Objectives.—These are the most important
parts of the microscope, and the student will be
well advised if he spends a little extra money to
secure good lenses.

Most objectives and stands are now made with

a universal thread, so that any objective will fit
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any make of stand. Many workers provide them-
selves with a cheap stand such as that supplied
by Leitz, and then fit it with lenses by Zeiss, or
other first class maker.

The most useful lenses are the 1 in. low power
lens, and % in. or } in. high power, or No. 3 and
No. 7 of Continental makers, or Zeiss's A and D.
A 1 in. lens will also be found very useful.

For minute work, such as bacteriology and
blood investigations, higher powers will be re-
quired, % or ;% immersion lenses. These
objectives come extremely close to the object, and
very thin cover glasses must be employed. In
order to avoid the refraction caused by the rays
traversing the air between the coverslip and lens
some immersion fluid is placed between the two.
With some lenses water is employed, but usually
an oil having the same refractive index as glass is
used, and the one most generally employed is cedar
oil (Zeiss prefers the oil from the species Juniperus
virginiana). A spot of oil is placed with a rod
just over the object to be examined and the objec-

tive carefully lowered by the coarse adjustment

till it comes in contact with the droplet of oil.

—_—




Apparatus. 9

The focussing should then be managed with the
fine adjustment only.

When the section has been examined the oil
must be removed from the lens. For this purpose
a soft silk handkerchief or a special piece of
chamois leather may be employed, and used very
gently. If all the oil cannot be removed, the

handkerchief may be moistened with a little abso-

F16. 1.—Double or Triple Nose-piece.

lute alcohol, and the lens hastily wiped. The
alcohol must not be allowed to remain in contact
with the lens as it is a solvent of Canada balsam
with which the lenses are often cemented in
position.

Double or triple nose-piece (fig. 1).—This

mechanical arrangement is placed on the lower
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end of the tube. Two or three objectives of dif-
ferent magnifying power are attached to it. The
nose-piece rotates round a central pivot in such
a way that the objectives can successively be
brought accurately into position above the object
on the stage. It is, therefore, a moment's work to
replace a high power objective by a low power
one and wvice versa, It is an extremely convenient
time-saving appliance, and by its use the risk of
dropping and injuring the objectives when screw-
ing them on and off frequently is avoided. Those
whose microscopes are not already fitted with this
appliance can easily have one fitted on at a cost of
about a sovereign.

Substage condenser.—This mechanism for
concentrating light on the object is a necessity for
bacteriological work. The most convenient form
is Abbe’s illuminating apparatus (fig. 2).

This consists of a system of short focus lenses
which collects the light received by the mirror,
and throws it on the object. The amount of
light received from the mirror is controlled by

an ‘iris diaphragm,” the aperture of which can

be dilated or contracted by moving a small lever
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at the side. It can be fitted on to most micro-
scope stands, but it is better to get a stand in the
first instance which is constructed to carry one.
The cost of a microscope varies from two
guineas to two hundred. There are many ex-

cellent microscopes in the market, and of these

Fi6. 2.—Abbe’s Illuminating Apparatus.

several may be mentioned which the writer has
found to work satisfactorily.

Of the cheaper student’s microscopes the ¢ Star™
microscope made by Messrs. R. and ]. Beck, of
Cornhill, E.C., will be found a safe investment,
It may be obtained with coarse and fine adjust-

ment, nose-piece, and 1 in. and 1 in. objectives,
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for about £5. Those who require a better instru-
ment will find Beck’s ¢ Pathological 7 microscope
fitted with nose-piece, Abbe's illuminator, &c., for
£16, meet all requirements.

Leitz of Jena, supplies two good and cheap
microscopes for £3 10s. and £5. They are not,
however, of uniform excellence, and they should
be carefully tested by some competent judge Dbe-
fore the purchase is completed. Leitz immersion
lenses are cheap, and often extremely good, but
should be carefully tested beforehand, as their
quality is not quite uniform. The microscopes
can be obtained from Mr. A. Frazer, Teviot Place,
Edinburgh.

The ¢ Bacteriological” microscope, made by
Messrs. Swift, of Tottenham Court Road, is one
with which no one can be disappointed. It is sold
with Abbe’s condenser, triple nose-piece, ! in.,
and a % in. immersion objective, for just under
£20. DBoth stand and lenses are turned out in
Swift's first-class style, and those who can afford
the initial outlay will not regret it. Or the stand

may be purchased, and the objectives and acces-

sories added singly from time to time.
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Among Continental makers, excellent micro-
scopes for histological work are turned out by
many makers. Zeiss's lenses stand deservedly
high in reputation, as no faulty Zeiss lens ever
leaves the works, and their optical properties are
nearly perfect. For this guarantee, however, the
purchaser has to pay somewhat higher prices, but
the money is well invested. Zeiss’s agency is at
29 Margaret Street, Regent Street, W.

Reichert, of Vienna, sells microscopes and lenses
which are modelled on the lines of those of Zeiss,
and though cheaper are often equal to them in
excellence, but the quality is not quite uniform.
His instruments can be obtained through any
optician, but his agent in this country is Mr. A.
Frazer, Teviot Place, Edinburgh.

Before buying a microscope the student should
obtain an illustrated price list from any of the
firms mentioned above, and, having selected an
instrument, he should test it very carefully, or
better get some experienced friend to test it for
him, before deciding to purchase it. Delicate test
objects such as diatoms, scales of butterfly’s wing,

or a stained specimen of micro-organisms should
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be employed. The coarse and fine adjustments
should be tried. They should work freely and
smoothly and without any delay. The definition
of the lens must be tested with the fine objects
mentioned. The field should be quite flat, i.c.,
every part should be in focus at the same time,
and the definition should be perfectly sharp and
accurate, and the test objects without double con-
tour. The field should be totally free from pris-
matic colours. If there is a halo of colour around
the objects it indicates a defect in the optical
properties of the objective, and another should be
selected.

A microscope must always be treated with the
greatest care. Jars and falls tend to slightly
loosen and shift the lenses, and to permanently
impair its optical properties, Dust must be most
carefully excluded. This is best eftected by keep-
ing the instrument under a glass bell jar when not
in use. The lenses should be wiped as little as
possible, and when it is necessary, very soft
chamois leather should be employed. The micro-
scope must be kept in a dry room, or the brass

work will soon tarnish and the steel parts will

tend to rust.
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CHAPTER 11.
HARDENING PROCESSES.

For the satisfactory examination of tissues it is
necessary that they should be ¢ hardened” in
certain fluids. The object of this is to give the
specimens greater consistence, so that thin sec-
tions may be more readily obtained and more
safely manipulated, and also to “fix” the tissue
element as far as possible in the same relative
position as in the living body. The hardening
process also acts on the protoplasm of the cells,
and prevents their swelling up when placed in
water, and in the various staining fluids.

The fluid used must be one which will not itself
injure the specimen, and which can be thoroughly
removed by washing, so that it may not interfere
with staining operations. The specimens should
be kept while hardening in wide mouthed bottles,

on the bottom of which a little cotton wool or tow

has been laid. This allows the hardening fluid to
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come freely in contact with the under surface of
the pieces of tissue, and prevents their being flat-
tened against the hard glass bottom.

The hardening fluid requires changing occasion-
ally. This should always be done at the end of
twenty-four hours, in order to get rid of any de-
posit of blood, &c., that may have accumulated.
Besides this, the tissue when placed in the fluid
contained a good deal of water which will have
diluted it and consequently an early change is
desirable. Afterwards the fluid requires to be
changed only as often as it becomes turbid, or any
deposit occurs, usually about once a week.

While hardening, specimens should be kept in a
cool place, as warmth favours changes in the
cells, &c.

In manipulating the portions of organs, forceps
should always be used and these with great gen-
tleness. The specimens should never be impaled
with needles, or unsightly holes, which may even
be mistaken for pathological appearances, will
appear when a section is examined under the

microscope.

[t requires some practice to know when the
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tissue is sufficiently hardened. The object aimed
at 1s to make them not really hard but tough. It
is almost unnecessary to add that in testing this
with the fingers the utmost gentleness must be
observed, or serious damage may be done to the
tissue.

When the tissue is sufficiently hardened the
hardening fluid must be thoroughly dissolved out,
This is most quickly effected by placing the
specimen in a basin into which cold water from a
tap is constantly running. The tissue may then
be removed (forceps always being used and never
the needle) and placed in an imbedding medium
as subsequently directed; or, if it is not to be cut
at once, into equal parts of methylated spirit and
water, in which it may be kept indefinitely, the
fluid being changed if it becomes at all cloudy.

It is unnecessary for ordinary work to have

more than the following hardening fluids :(—
Muller’s fluid :—

Potassium Bichromate 21 grms. ... 3} drachms.
Sodium Sulphate. . 1 grm. ... 1} drachms.
WatEEtor s 0 0 TG 8 ek DL

Two drachms of carbolic acid are sometimes

c




18 Section Culting & Staining.

added to each pint of the fluid but as a rule it is
not necessary.

Miiller's fluid is the most generally useful of the
various fluids employed, for the following rea-
s0ns i— |

1. It causes very little shrinking of the elements
of the tissue, and hence may be employed for most
delicate objects, e.g., the retina and embryos.

2. In consequence of its not making the tis-
sues shrink, it does not squeeze the blood out of
the vessels and where the organ has been con-
gested before death, we may, by using Miiller’s
fluid, preserve a natural injection of the capillaries.

3. There is comparatively little danger of over-
hardening the tissue and rendering it brittle.

4. Sections of organs hardened in Miiller’s fluid
are usually firm and easy to manipulate. They do
not tend to curl up or adhere to one another as
much as those hardened in spirit.

5. It readily permeates the tissues, and hence
large portions of organs, or even the entire organ
may be satisfactorily hardened in it.

6. It is very cheap. A gallon can be made up

for about eightpence.
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The fluid has however certain slight draw-
backs ;—

1. The hardening process is a slow one occupy-
ing four to eight weeks.

2. The fluid gives a permanent dingy colour to
the tissue. This does not cause any inconvenience
for microscopic purposes, but it is a disadvan-
tage when it is intended to preserve the rest of
the specimen, as a naked eye preparation. In
such cases the organ should be hardened in spirit,
carbolic acid, or formal.

Miiller's fluid can be used for almost any tissue.
It is especially useful for those which contain a
large quantity of fluid, or of blood, and is essential
for nerve tissues which it is intended to stain by
Pal's method (p. 8g).

To harden a specimen in it at least twenty times
the bulk of fluid must be employed.

The fluid must be changed on the third day, and
afterwards about every week as may be required.

Methylated spirit is a very useful hardening
agent. It hardens in one to three weeks accord-
ing to the size of the tissue and the quantity of
spirit used. Its disadvantages are i —

c2



20 Section Cutting & Staining.

1. It is more apt to overharden than Miller’s
fluid.

2. It causes a great deal of shrinking of the
tissue and thus squeezes much of the blood out of
the vessels.

It is most useful in hardening tissues containing
much epithelium, e.g., kidney, epithelioma, &c.

Spirit is also frequently employed to complete
the hardening by Miller’'s fluid and to preserve
tissues after they have been hardened.

About ten or fifteen times the bulk of spirit
should be used for one of the tissues. The fluid
should be changed on the third day and after-
wards as required.

Muller’s fluid and spirit.—This is a useful
combination for many purposes. Itismade thus:—
Miller's fluid, three parts; methylated spirit, one
part.

The fluid must be allowed to cool after mixing
before being used, and if necessary filtered. It
will harden specimens satisfactorily in three
‘weeks.

Muller’s fluid and formal.—Is an ex-

tremely useful mixture made by adding one part
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of formal to nine of Miiller’s fluid. It hardens in
a much shorter time than Miiller’'s fluid and
causes very little shrinkage.

Absolute alcohol.—Used as a hardening
agent where the tissues are to be examined for
micro-organisms, and for specimens to be stained
by Nissl's method (p. 101). A cheaper and equally
effective hardening medium is made by dehydrat-
ing methylated spirit by adding one ounce of
fused carbonate of potassium to each pint of
methylated spirit, and decanting.

Small pieces must be used. The depths of the
block should not exceed £ inch. The fluid should
be changed on the third day. Hardening will be
completed in about ten days or even earlier.

Osmic acid.—For rapidity of action, and for

rapid fixing of all the tissue elements in their

natural position osmic acid is one of the best
hardening reagents we possess.
Its disadvantages as a hardening agent are :— I
1. Its expense.
2. Its irritating and corrosive vapour,
3. The fact that only small pieces of tissue can

be hardened in it, since the external surface is
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very rapidly hardened and thus the fluid is pre-
vented from penetrating into the centre of the
lump.

It is most frequently used as a hardening agent
for very delicate structures, such as the retina, or
embryos, or for fresh sections of brain (p. g3).

The acid itself may be procured in sealed
tubes, each containing one gramme. These should
be broken in a bottle under sufficient distilled
water to make a one per cent. solution. The
bottle containing it should be covered with brown
paper to exclude the light. For hardening pur-
poses small pieces of the tissue, not much larger
than a pea, should be placed in the acid, the one
per cent solution being diluted with five to ten
volumes of distilled water. The tissues may be
left in this for from three to five days. They
must then be thoroughly washed in distilled
water and may afterwards be preserved in methy-
lated spirit.

Both the hardening and the subsequent washing
must be carried on in the dark.

Osmic acid is also a most valuable staining

reagent (see p. 81).
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Carbolic acid (5 per cent.).—May be used
to harden almost any tissue, but is particularly
useful for hardening nervous tissues such as brain
or spinal cord which are afterwards to be pre-
served as museum specimens. It does not dis-
charge the colour of a specimen so rapidly as
spirit,

Three or four times the bulk of fluid should be
used. It requires changing at the end of twenty-
four hours, and again at the end of the first
week.

Saturated aqueous solution of corrosive sub-
limate is one of the most convenient hardening
reagents for small pieces of delicate tissue, ¢.g.,
embryos. It hardens them in a few days. When
they are sufficiently hardened the mercurial salt
should be removed by washing first in methy-
lated spirit for a few hours and then in running
water.

Formal.—An aqueous solution containing
about 35 per cent. of formaldehyde. It 1s a
rapid hardening agent, causes very little shrink-

age of the tissues, and does not discharge the

colour of the specimens as much as alcohol. Tor
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hardening formal should be used as a two to five
per cent. solution in distilled water. It may also
be used as a ten per cent. solution for mounting
museum preparations, but there is some tendency
for a cloudy deposit to form on the glass after a
time. It is the most suitable hardening agent at
our disposal for eyes. It rapidly fixes the tissue
elements, but does not cause much contraction.
It may also be used for hardening the brain and
spinal cord. Large quantities of fluid must be
used for the latter purpose and it must be fre-
quently changed. As soon as they are sufficiently
hardened they should be transferred to methy-
lated spirit.

Marchi’s fluid.—This consists of :—

Maller's Hudd. .. o e s e 20pAELS

Osmic acid solution (one per cent.) 1 part,

It is used for hardening specimens as a pre-
liminary to Golgi's method for staining nerve
cells (p. 97), and also to complete the hardening
of sections of spinal cord, &c., before employing
Schifer's modification of the Weigert Pal haema-
toxyline method (p. 91).

It is also used as a stain for recently degener-
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ated nerve tracts and fibres, especially after ex-
perimental lesions.

The fluid has little penetrating power, and
therefore tissues must be cut into small pieces,
about £ inch cube. It is not necessary to place
them in this fluid at once on removal from the

body, but the preliminary hardening must be in

Miiller's fluid and not in alcohol, &c.

SPEcIAL HARDENING REAGENTS FOR RaPID Fixa-

TioN IN ORDER To STtUuDY CELL STRUCTURE.

1. Alcohol.
2. Flemming’s solution (modified by Iried-

mann) :—
Osmic acid (one per cent.) 3 C.Ca (N XXX. )
Glacial acetic acid ... .. 2c.c. (Mxx.).

Chromic acid (one per cent.) 42 c.c. (3].)

Small pieces should be hardened in this fluid
for twelve to twenty-four hours, and then washed
and transferred to alcohol for some days before
staining.

3. Nitriec acid.—A ten per cent. solution in

distilled water. It hardens the tissue in three to
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four hours, and should be followed by 7o per cent.
alcohol, the hardening being completed in absolute
alcohol.

In using any of these methods it is necessary
that the tissue be removed from the body during
life or immediately after death. They are em-
ployed for revealing the changes in the cells and
their nuclei in rapidly growing or inflamed tissue,
for studying karyokinesis in cancer cells, and in-
vestigating the appearance of nerve cells and
gland cells at rest, when actively employed and
when fatigued ; and they are also most useful in

preparing specimens of the ¢ parasitic bodies’

which have been described in many cancer cells.

DEecaLciFving FLuiDs.

Used in the preparation of bone, tooth, osseous
tumours, &c. The two best fluids for general use
are :—

Chromic and nitric fluid.—This is made
as follows:— |

L . - "
Chromic acid 1 gramme ... 45 grains.

Nitric acid 2 grammes ... 1% drachms.

Water . 200c.c. .o I pint.
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If the bone is not very compact the fluid may
be used diluted with an equal quantity of water,
A large quantity of fluid should be used, and
like all decalcifying fluids, it should be frequently
changed.

As soon as the specimen is sufficiently flexible,
it should be thoroughly washed in running water
for some hours, and then transferred to spirit until
it is convenient to cut sections.

Yon Ebner’'s solution :(—

Hydrochloric acid 1 gramme ... 14 drachms,
Common salt 10 grammes .,, 2 ounces.
Waterto . . 100c.cC. e, I DINE,

It is a very useful decalcifying agent, but causes
the fibrous elements to swell up rather more than
chromic and nitric fluid. A large quantity of the
fluid must be used, and it should be changed daily.
It must be very thoroughly washed out in running
water when the decalcification is completed.

Bleaching solution (eau de Javelle).

(1) ¢ Chloride of lime ” (bleaching

powder). : : o (20 RO

Water : : . v 100 oo Bh OF.

Shake up well.
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(2) Carbonate of potassium . zo.. 2 oz.
Water : : : . 100 ... 24 oz,
Mix the two solutions. Allow them to stand for
an hour and filter.
It is used chiefly for clearing vegetable sections
but may also be used for sections containing a
large quantity of pigment. It is particularly useful

in decolourizing sections of * madura foot” due to

the presence of a black fungus.
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CHAPTER III.
SecTioNn CUTTING.

Embedding of sections.—Defore sections are
made the tissues require to be embedded in some
fluid, which will permeate their interstices, and is
capable of being rendered firm so as to support
the most delicate parts when the knife passes
through the tissue.

The most generally useful substances are:—
(1) gum, (2) celloidin, (3) paraffin or wax.

Gum.—Picked colourless gum arabic 2 parts,
cold water 3 parts.

Leave with frequent stirring until dissolved.
Add ten drops of carbolic acid to each ounce
of the mucilage.

Specimens are thoroughly freed from all trace
of the hardening fluid by washing in water, and
the tissue is then placed in the gum solution for at

least twelve hours, or if enough carbolic acid be

added, it may be left there for an indefinite time.
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When frozen, gum forms a firm non-crystalline
mass, which supports the tissue on all sides. It
must not be frozen too deeply, or it becomes hard
and rather brittle and is apt to injure the razor,
If this have occurred the surface can be softened
sufficiently by breathing gently on it,

After cutting in gum, the sections are gently
removed from the knife into distilled water by a
soft camel’s hair brush, and left there for an hour
or two, until the medium is entirely dissolved out.
They may then be stained and mounted, or they
may be put away in spirit for an indefinite time,
and then stained and mounted.

Celloidin is for many purposes almost an
ideal embedding medium. (1) It has great pene-
trating power ; (2) it can be made of an admirable
consistence for cutting purposes ; (3) after sections
are made it allows them to be very freely mani-
pulated without fear of injuring them: (4) and
being perfectly transparent and homogeneous in
thin sections, it does not require to be removed
from a section before mounting. It is insoluble

in water, and in weak spirit; slightly soluble in

alcohol of more than go per cent. strength, and
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very readily soluble in ether, or in a mixture of
alcohol and ether. The last solvent is the one
commonly employed.

The embedding solution is made thus :—

Take some pure celloidin (** Schering’s,” sold in
boxes containing an ounce of shavings, is very
cood) and pour on it about eight times its volume
of a mixture of equal parts of absolute alcohol and
ether. Allow this to stand all night until the cel-
loidin is dissolved. The solution should be made
about the consistence of ordinary mucilage.

It is also convenient to have a thinner solution
made by using double the proportion of alcohol
and ether. DBoth solutions should be kept in wide
mouthed stoppered bottles, and the stopper should
be well greased with vaseline as an additional
obstacle to the evaporation of the volatile ether.

Before embedding a specimen it is necessary to
dehydrate it thoroughly for twelve to twenty-four
hours in absolute alcohol. It should then be placed
in a mixture containing alcohol and ether for an
hour or two, and afterwards transferred to the

thin solution of celloidin for twenty-four hours,

and then to the thick solution for the same period.




32 Section Cutting & Staining.

The celloidin penetrates slowly and in the case
of nerve tissues and other delicate structures it
is wise to give the full allowance of time for
the different steps. When the tissue has been
thoroughly permeated by the celloidin, it is gently
removed from the celloidin and placed in position
on a piece of cork of suitable size for clamping
in the holder of the microtome. Celloidin is
painted round the object so that it is supported
on every side. It is then left exposed to the air
until the surface has become firm, when the cork
is placed, with the tissue downwards, in methy-
lated spirit. The cork floats but the tissue and
celloidin remain submerged. At the end of
twenty-four hours the celloidin will have become
semi-opaque and opalescent, and of the same
consistence as hard boiled white of egg. When
it is impossible to wait so long, rapid hardening of
the celloidin may be secured by immersing it in
methylated chloroform in place of spirit, but the
slower method gives more uniformly satisfactory
results.

Pieces of tissue embedded in celloidin may

also be cut on a freezing microtome, After
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the celloidin has become firm by immersion in

methylated spirit, the tissue with the celloidin
round it may be cut off the cork, washed in water
to remove the alcohol, and then soaked for an
hour or two in gum, placed on the plate of an
ether spray microtome, frozen and cut in the
usual way.

Subsequent staining operations are conducted
in the same way as for sections cut by hand or
in gum. As celloidin is only slightly stained by
h@ematoxylin, alum carmine, borax carmine, &c.,
it is not necessary to remove it from the sections,
but it exhibits so intense a staining reaction with
aniline dyes that it is necessary to remove it by
treatment with alcohol and ether either before or
after the staining operation.

The sections after staining may be mounted in
Farrant’s solution (p. 59), or in Canada balsam
(p. 61). If the latter medium is employed, the
section should be clarified, after dehydration in
alcohol, by means of oil of bergamot, or oil of
origanum, instead of oil of cloves, as the latter
dissolves out the celloidin and causes the section

to break up.




34 Section Cutting & Staining.

Celloidin is most useful for cutting sections of
the coats of the eye, of the internal ear, and of
bone marrow. It should always be used for the
- Weigert-Pal heematoxyline method of staining the
nervous centres, as it protects the section from
being injured by the transference from one fluid
to another which is repeatedly required during the
process. The stain is completely discharged from
the celloidin by the decolourising solution used
(p- 90).

Parafin.—Paraffin is a very convenient em-
bedding medium for delicate structures, as very
thin sections can be obtained and the paraffin
need not be removed from the section until the
latter is safely on the slide. It is unsuitable for
large sections. Staining operations are not easily
carried out after cutting in paraffin, and it is better
to stain the blocks of tissue in bulk before em-
bedding. The best stains for penetrating are
borax carmine (p. 75), alum carmine (p. 76), and
Kleinenberg's h@matoxyline (p. 70). The tissue
must be left in them for four to ten days.

Various kinds of paraffin are employed. It is

usual to keep two kinds, one ¢ soft,” melting at
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110° F., and another ** hard,” melting at 140° I,
A mixture of two parts of the hard and one of the
soft will be found most generally useful. In
winter a large proportion of the soft variety and
in hot weather a larger proportion of the hard may
be required. A paraffin mass which is always
available has been suggested recently by Dr,
E. E. Batten, who employs an ordinary white
candle, composed of paraffin and wax, If the
mass is found to be too hard, it can easily be made
of a suitable consistence by adding a little paraffin
with a low melting point.

To prepare a piece of tissue for embedding in
paraffin, it should be stained, washed in distilled
water, and as much moisture as possible removed
by blotting paper. The block is then dehydrated,
first in methylated spirit for several hours, finally
in absolute alcohol. It is taken carefully by
means of forceps from the alcohol and placed in
xylol for an hour or two according to size. Super-
fluous xylol is removed from the surface, and the
tissue placed in the melted paraffin. This will set
round the cold tissue at once, but soon melts
again and must be kept at a temperature just

D2
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above melting point for one to four hours, accord-
ing to size. The tissue is then transferred to a
mould (which can be easily made of paper), about
half an inch cube, and melted paraffin poured
round it until the mould is full. The mould may
be made by folding a piece of paper to form a box
about half an inch cube, or a small pill box may

be used. Another convenient method is to place

FiG. 3.

two L-shaped pieces of lead in contact with each
other so as to enclose a space of suitable size as in
the diagram (fig. 3). The tissue i1s now hermeti-
cally sealed, and can be kept indefinitely if it is
not convenient to cut it at the time. To prepare
it for cutting, all superfluous paraffin is trimmed
away with a warm knife, and the block is fixed on

a piece of wood, cut so as to suit the clamp of

the microtome, by melting the lower end of the
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paraffin block with a hot needle or wire and press-
ing it down on the wood.

When sections are cut they may be transferred
singly to the slide (which should be lightly
smeared beforehand with a saturated solution of
celloidin in oil of cloves), or they may be cut so
that the back of one section of the paraffin block
adheres to the front of the next, and in this way
a continuous delicate ribbon of serial sections is
obtained. The ribbon is broken up into lengths
of about two and a half inches and transferred to
the slide, on which several ribbons may be placed
side by side, and so a large number of sections
kept in the order in which they are cut. A mark
should be made on the slide to indicate where the
series begins, and each slide should be numbered,
so that the exact position of each section in the
series can be recognised at once.

Before mounting, the parathn must be removed
from the sections, This is easily done on the
slide in the case of single sections and of ribbons.
If the sections are curled, a little warmth will

make them unbend and lie flat. The slide is

warmed over a spirit lamp until the paraffin just
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melts, The sections will keep their places owing
to the celloidin beneath. Xylol is then allowed
to flow over the slide from a pipette, until the
paraffin has been completely dissolved, which can
be ascertained by glancing at the sections under
the low power of the microscope. The slide is
placed in an almost vertical position to let the
xylol drain off, excess is wiped off from the edge
of the slide with blotting paper, a drop of Canada
balsam solution (p. 61) is run on the slide, and a
cover-glass of suitable size is applied.
Microtomes.—After a large amount of prac-
tice, persons with a fair amount of manual dex-
terity may acquire sufficient skill to be able to cut
very satisfactory sections of specimens embedded
in paraffin, &c., by hand. In the Pathological
Laboratory of a large German University, until
quite recently the use of a microtome was pro-
hibited by the Professor, who is himself a most
distinguished histologist. The amount of time
expended before one acquires the necessary skill,
and the cheapness and great convenience of the
modern microtome have combined to throw hand
cutting into the background, and some form of

microtome is now almost universally adopted.

|
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Of these there are a very large number in the
market, each having special advantages, and often
special drawbacks. A few of the more generally

useful only will be described. We have micro-
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F1G. 4.—Cathcart’s Ether Spray Microrome.
A, B. Wooden frame and supports. (C. Glass runners.
G. Screw for raising the zinc plate H. J. Ether bottle.

L.. Tube from air bellows.
tomes for cutting in gum frozen by ether spray or

ice, and those intended for cutting in paraffin or

celloidin.

Cathcart’s ether spray microtome (fig. 4).—
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This, or its more recent modifications (se¢ later),
is perhaps the most useful and economical micro-
tome for the purposes of the student. Its prime
cost is low, it is small and portable as well as
being clean and inexpensive to work with.

It consists of an oak frame which can be firmly
clamped on to a table. On this frame are two
narrow parallel supports about two inches high,
which are covered by strips of plate glass, and
serve as smooth rests along which the razor may
glide in making sections. DBetween them is a
brass well and in this a zinc plate firmly fixed
in the horizontal position, which is almost at the
level of the glass runners. It is capable of being
raised or lowered through about £ inch by means
of a screw with a very fine and accurate thread,
This screw is turned by a large milled wheel
beneath the microtome. Just beneath the zinc
plate are two small tubes, one connected with an
india-rubber bellows, the other with a bottle at
the side which contains ether. As the air issues
from the first tube, it passes over the open end

of the second, and thus draws the ether out and

makes it play on the zinc plate, and at the same

il i
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time causes it rapidly to evaporate, and so reduces
the temperature of the zinc plate.

In cutting sections with this microtome the
tissue is taken out of the gum and placed on the
zinc plate. The bellows are then worked until
the gum on the zinc plate is completely frozen.
The plate should be lowered by means of the
screw until the surface of the piece of tissue is on
a level with the glass runners. These and the
razor should then be wetted with water. The
razor being held firmly in the hand is pushed
along the glass runners in a rather oblique direc-
tion. The plate should then be raised by turning
the screw below through a very small arc, another
section taken off and so on. Sections are care-
fully removed from the razor to a vessel of water
by means of a soft wet camel’s hair brush. The
needle should never be used for this purpose.

If the specimen is very delicate, and likely to be
spoiled by being curled up on the knife, the latter
should be kept cold by frequently dipping it in a
vessel containing lumps of ice in water. The gum

will then remain frozen after cutting, and support

the tissue better. Iach section should be at once
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transferred to a glass slide from the knife, washing
it off with a stream of ice water from a pipette.

The knife that is used may be an ordinary
razor, with the edge ground straight. It requires
to be held steadily with both hands. As this is
rather inconvenient, Dr. Sheridan Délépine sug-
gested the employment of a crdinary plane iron
such as is used in a carpenter’s plane. This only
requires one hand, and the other can be kept on
the head of the screw beneath to raise the plate
at once after each stroke of the knife. Its dis-
advantages are that it is rather heavy for pro-
longed working, and that it is less easy to “set”
than a razor.

A. T'razer has recently introduced a valuable
improvement in the Cathcart microtome (fig. 5).

In this the brass frame carrying the zinc plate
and ether spray tubes is surrounded by a brass
cylinder, in which it fits accurately, and is pushed
up as desired by turning the screw beneath the
instrument. This brass frame and with it the
zinc plate, &c., can be easily drawn altogether out

of the outer tube, and replaced by a second brass

well, which exactly fits its place and can be raised
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I'16. s.—Frazer's Modification of Cathcart’s Microtome.
5

A. Microtome arranged for ether spray. B. Cylinder with
clamp for holding object embedded in celloidin, &c. to replace
ether spray apparatus. I
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by the screw as desired, In this is a small toothed
clamp which can be screwed up so as to hold a
piece of wood carrying a piece of tissue embedded
in paraffin. Sections can also be cut in celloidin
with this instrument, but as oblique strokes with
the knife cannot be made, it is impossible to get
very thin sections. The combined microtome can
be obtained for a guinea from Frazer, 22 Teviot
Row, Edinburgh.

There is another modification which is more
generally useful, and at the same time more ex-
pensive than the original model. In this, instead
of glass runners to support the knife, there is a
Hat glass plate about eight inches square suffi-
ciently large to allow of “Swift's plough” (fig. 6)
being used for the purpose of cutting sections.
This instrument consists of a triangular brass
frame, supported on three legs, each of which is
a screw, tipped with ivory. There is one screw
in front and two behind. DBeneath the plate, and
held in position by the posterior screws in front,
and a little clamp behind, 1s a razor with the edge

directed forwards. The edge can be raised or

depressed by turning the anterior screw, on which
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the frame is supported. DBefore sections are cut
the edge of the razor should be brought down to
the level of the tissue, taking care that all the legs
are equal in length. The plough should then be
firmly grasped with both hands, (the index finger
of one hand being left free to turn the anterior
screw) and pushed rather obliquely through the
tissue. The edge of the razor is then slightly
lowered by turning the screw through a very
small angle, and another section made, and so
on. With a little practice very thin uniform
sections may be made with great rapidity.
Another useful ether spray microtome is that
made by Jung of Heidelburg. The knife swings
round a pivot, and there is an ingenious
ratchet arrangement which works synchronously
with each swing of the knife, to raise the tissue
automatically the requisite distance for the next
section to be made, The exact thickness of the
sections can be graduated with great nicety by a
simple contrivance. The instrument can be ob-
tained in this country for about £2. It works satis-

factorily, but, with practice, the student will get

equally good results with the cheaper ¢ Cathcart.”
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Williams’ ice freezing microtome (fig. 6). r

This consists of a round mahogany water-tight
box provided with an exit tube below, and covered

with a strong plate glass lid. Firmly fixed in

the centre of the floor of the box is a stout brass

Fig. 6.—Williams' Ice Freezing Microtome, with Swift's
plough.

pillar surmounted by a brass disc which fits into
a hole in the centre of the glass lid, so that its
surface is on a level with that of the lid.

To use it, the box is filled with alternate layers
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of pounded ice and salt; the lid is then put on and
fixed by means of a lateral screw. The tissue to
be frozen is gently removed from the gum and

placed on the brass disc and plenty of gum

painted round it. It should then be covered with

F16. 7.—Schanze Microtome (see text).

a tin cap for a few minutes until frozen. Sections
are made with a Swift’s Plough (p. 44).
Schanze microtome (fig. 7) is the pattern

used in the Leipsic laboratories. It consists of a

S .
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heavy iron frame with a large base. The knife is
carried in a clamp which slides along the full
length of the instrument, gliding upon two smooth
plates of iron which are arranged at an angle to
one another. The knife must be moved very
steadily and gently, as when using a long blade
vibrations are easily set up which prevent good
sections being obtained. The surfaces of con-
tact must be kept scrupulously free from dust,
and lubricated with equal parts of olive oil and
castor oil. There are several object holders,
which can be removed and interchanged, one
connected with an ether spray apparatus, another
suitable for holding an object embedded in paraf-
fin, and a third for grasping an object embed-
ded in celloidin. When celloidin is employed, a
specially long knife must be used, and it must
be fixed very obliquely in the clamp. Thke
object holder is raised by a fine screw worked
by a large brass toothed wheel. There is a
ratchet arrangement, by which the object may
be raised automatically any desired distance,

after each stroke of the knife. It gives most

satisfactory results with celloidin and paraffin.
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(Messrs. R. and ]J. Beck are the agents). Its cost
is about £ 5.

Becker’'s microtome is made on exactly the
same principles as the Schanze. The modifica-
tions are that the carrier glides on glass plates
mstead of iron ones, and that instead of the whole
surface of the carrier being in contact with the
plates, there are a few smooth ivory buttons only.
Friction is thus reduced to a minimum, and very
uniform sections can be obtained. The price is
the same as that of the Schanze.

Frazer has introduced a ‘*student’'s sliding
microtome " on the same principle as the Schanze
which costs about £ 3.

The Cambridge Rocking microtome.—
This instrument, as made by the Cambridge
Scientific Instrument Company, or the slightly
modified form made by Messrs. Swift (fig. 8), is
the best instrument for cutting sections of small
objects embedded in parafin. Ribbons of serial
sections can be obtained from it with greater ease
and certainty than with other microtomes. This
microtome differs from those which have been
previously described in that the knife is fixed,

E
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Microtome,

Fic. 8.—Swift's Modification of the Cambridgze Rocking
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while the object is moveable. The microtome
consists of an oblong heavy metal stand. A long
bar is arranged so that it rides in see-saw fashion
on two strong vertical pillars arising from the
frame. One end of this bar is hollow, and re-
ceives the piece of wood carrying the tissue em-
bedded in paraffin, which is firmly clamped in
position. This end is depressed by means of a
strong spiral spring. In order to raise it there
is an arrangement by which the other end of
the bar is depressed by a cord which revolves
round a pulley, When the handle is turned,
the tissue is raised, and when the cord is relaxed,
the spring pulls the tissue firmly and steadily
down. The razor, which must have a straight
edge, 1s fixed firmly by screws, with its edge
upwards at the end of the microtome. The object
is then adjusted so that in its descent a thin slice
is taken off by the razor. There is an ingenious
arrangement by which the depression of the bar
to raise the section pushes it a little further in the
direction of the razor. The distance can be
graduated from ;3; to gg4o inch. The actual
working of the machine is therefore very simple.

E2
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The position of the block containing the tissue to
be cut having been adjusted so that the razor just
cuts it, the free end is depressed by means of the
pulley. This also pushes the section a little be-
yond the razor, The strong spring then draws
the tissue steadily past the edge of the razor, and
a thin section is left on the blade. This may be
at once transferred to a slide, or if the paraffin
be of the proper consistence, another cut may be
made, when the two sections should adhere by
their edges, and so by repeating the movement a
continuous ribbon may be obtained. If there is
difficulty in obtaining a good ribbon, it will usu-
ally be got over by taking a little soft paraffin and
attaching it by means of a hot needle to the lower
end of the paraffin block. The cost of the instru-
ment is about £ 5,

Fresh sections.—Although these are not so
satisfactory as hardened specimens for accurate
histological work, it is often very useful to make
them both in the post-mortem room where an
immediate opinion of the nature of the tumour
or diseased organ i1s desired, and also in the

operating theatre. With a little practice sections
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may be cut, stained, and mounted, within ten
minutes of the removal of the specimen from the
body. In this way important information may be
afiorded to the operating surgeon, and in not a
few cases it has caused the proposed treatment to
be entirely altered. Thus, in one case, a supposed
chronic periostitis was shown to be a sarcoma,
and the limb was amputated. In another, a sup-
posed sarcoma of the thigh was found to be a
gumma, when a portion was removed and micro-
scopically examined.

A portion of the specimen should be placed
without any preparation on the zinc plate of the
freezing microtome, and some gumn painted round
it. It is then frozen. The serum in the tissues
is not in sufficient mass to injure the knife when it
is frozen. The knife should be wetted with, and
sections transferred to, either pericardial serum,
or 4 per cent. solution (70 grains to the pint), of
common salt, neither of which causes the cells to
swell up as plain water does. They should be
carefully floated out on a glass slide, an operation
which requires much more patience than in the

case of hardened sections, as fresh sections are
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less coherent and also more sticky, so that the
edges tend to curl up on the knife, &c. They
should then be examined, one unstained, simply
mounted in salt solution; another stained with
picrocarmine and examined in the saline solution ;
and a third stained in picrocarmine, mounted in
Farrant's solution, and preserved. The last usu-
ally gives the best results, the picrocarmine stain-
ing becoming quite brilliant after a week. The
glycerine, however, is apt to make the sections
shrink a good deal, and the weight of the cover-

glass tends to break up the unhardened section.
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CHAPTER 1V.
SecTioN MOUNTING.

1. By flotation.

In this method the section whether stained or
unstained is placed in a bowl of water, or normal
salt solution (p. 53). A clean slide is then intro-
duced into the water at an angle of about 60° a
little more than half of its length being submerged.
The section is then brought up by the needle and
floated as far as possible into position on the slide.
One corner is then fixed by the needle, and on

gently withdrawing the slide the section should lie

flat. If any folds are left no attempt should be
made to smoothen them out with a needle, but the
slide should be re-immersed until the folded part
of the section is under water. It should then be
gently withdrawn, when the fold will disappear.
This manceuvre must be repeated in different

directions until the section lies quite smoothly
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on the slide. Stained and unstained sections are
floated out in this way before being mounted in
Farrant’s medium, and unstained sections pre-
vious to staining in picrocarmine.

2. By transference with a section lifter.

This method is employed in mounting in Canada
balsam in order to transfer the section from the
clarifying agent (p. 63) to the slide. The lifter is
polished, and insinuated under the section. The
section .lming held in position by the needle is now
raised from the fluid, excess of which is removed
by holding the section in position with a mounted
needle, and tilting the lfter so as to allow it to
drain off.

Removal of air bubbles from sections.—
When sections contain many air bubbles, the best
plan is to leave them in methylated spirit for a
time. The bubbles then coalesce and escape from
the section.

For delicate structures and for fresh sections
the transference to spirit, and the subsequent fly-
ing out of the section when returned to water are
risky, and the best method of treating these is to

put the vessel containing them under the receiver
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of an air pump, if one is available, and slightly
exnausting the air.

The most frequent cause of air bubbles in
mounted specimens, however, is the employment
of cover-glasses which have not been thoroughly
cleansed. Proper cleansing is best effected by
placing the covers when bought in a shallow wide
mouthed stoppered bottle containing strong nitric
acid, and leaving them in this fluid for twenty-four
hours. The acid should then be drained off and
water run through the vessel from a tap, until the
washings no longer give an acid reaction with
litmus paper. The water should then be drained
off, and the glasses covered with absolute alcohol.
They can be removed one by one and rapidly
dried as required. With cover-glasses properly
cleansed in this manner, not only will air bubbles
be avoided, but the covers will be dried much
more easily with the cloth, and fewer will be
broken in the process.

Another very frequent cause is the transference
of air bubbles with the mounting medium on the
glass rod. This occurs especially if the rod be

fused to the stopper. The proper bottles to use,
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both for Farrant’s medium and balsam are ‘ bal-
sam bottles” which have no stopper, but the
mouth is closed by a glass cap which fits accu-
rately (fig. 9). A short glass rod is attached to
the cap, and is used to transfer the medium to the

slide.

Fi16. g.—Balsam bottle.

Treatment of folded sections.— The fold-
ing may be due :—

(1.) To the section having creased through
being cut with a knife whose surface was not
perfectly smooth. This is best remedied by
placing the section in methylated spirit for a
minute, and then transferring it to a bowl of

clean water, when the section will rapidly rise to
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the top, and spread itself out flat on the surface of
the water, in consequence of the alcohol rapidly
diffusing out at the edges into the surrounding
water.

(2) To the section containing a large amount of
fat, as in those of the skin and subcutaneous
tissue. The fat may be removed from the fat cells
without materially altering the appearance of the
section. This is done by dehydrating the section
in alcohol, and then transferring to a watch glass
containing ether or chloroform to extract the fat.
The tissue should be washed free from ether in the
alcohol and then transferred to the bowl of water,
and allowed to float out. This process does not

interfere with subsequent staining operations.

MounTIing MEDIA.

Farrant’s solution :—
Gum Arabic (picked, colourless) 1
Glyeerine . . . & « = = . reqghal pares.
WMater N ol el e G G b
In making this solution the best gum arabic

must be used, and only the clearest pieces of this.
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““ Powdered gum acacia” should be avoided, as
though it looks white it often yields a brown
mucilage, and besides is frequently adulterated
with starch, &c.

The glycerine and water should be mixed and
the gum arabic added., The mixture should be
allowed to stand for some weeks, with frequent
stirring until the whole of the gum is dissolved.
Then allow it to stand for a week or two longer
in order that the dirt may subside, and the bubbles
rise to the top. The scum should be removed and
the clear fluid decanted from the sediment into a
‘“ Balsam bottle” (p. 58) containing a few drops
of a saturated solution of arseniate of sodium and
a small lump of camphor.

If properly made it is an extremely useful
mounting reagent. It does not clarify the tissues
too much, and in consequence of its containing
gum it dries at the edges and cements the cover-
glass more or less firmly in a week or two. If
this is not the case the medium contains too much
glycerine and more gum must be added to com-
pensate for this. This drying at the edge pre-
vents any further evaporation while the glycerine

keeps the section permanently moist.
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The camphor and arseniate of sodium prevent
the formation of fungi. Sections preserve their
original appearance in this medium for many
years. After a long time they are apt to become
a little cloudy and granular.

Unstained sections should always be mounted
in Farrant’s medium, as the Canada balsam pro-
cess renders them quite transparent. It is suita-
ble for almost any tissue stained or unstained, but
sections of the nervous centres require to be
mounted in Canada balsam, owing to the opacity
of myelin when mounted in glycerine.

Canada balsam solution :—The medium is
made thus :(—

The ordinary Canada balsam which 1s of a
treacly consistence 1s heated gently in a water
bath for some hours, to drive off turpentine and
other volatile oils. It i1s then allowed to cool to a
yellow vitreous mass. Take of

Dried Canada balsam . .
Kylel « + . .+ &« &

Leave till dissolved, stirring occasionally,

tcclual parts.

Unless the solution be perfectly clear, it must

be filtered through a very thin paper, previously
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wetted with xylol. If the medium be too thick
more xolol should be added, if too thin, the xylol
should be allowed to evaporate until the medium
is of the consistence of a thin syrup.

If the medium 1s made too thin much annoy-
ance will be caused by its evaporating at the edge
of the cover-glass, leaving an air-space, which
will increase daily until the section is left quite
dry. This should be remedied by putting another
drop of balsam at the edge of the coverslip
and allowing it to run in and displace the air. A
ring of cement should be put on as early as pos-
sible afterwards.

The bottle in which the balsam is preserved
must be very carefully dried before being filled
and then rinsed out with absolute alcohol, and
afterwards with xylol. Turpentine or benzol are
often used instead of xylol in the preparation of
the medium, and in the same proportion, but the
latter is less apt to dissolve out the aniline
colours from the sections.

To mount sections in Canada balsam they must
be transferred first to a watch glass containing

absolute alcohol or an alcoholic solution of some
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staining reagent, ¢.g., eosine (p. 72) and left in it,
no attempt being made to spread it out, until it is
perfectly dehydrated, 7.e., in about two minutes.
It should then be transferred to the clarifying oil
on a mounted needle, or on a section lifter, which
must be perfectly dry as any spot of moisture that
gets on to the section will resist the clarifying
action of the oil, and will cause unsightly opaque
areas when the section is mounted. Even breath-
ing on the section on its way to the clarifying
agent will prevent uniformity of clearing. Should
white spots appear in the section while in the oil
it must be taken out with as little oil as possible,
and again dehydrated in absolute alcohol.

The process of clarifying must be performed
in some medium in which Canada balsam is readily
soluble, and which is also readily miscible with
alcohol. Those most frequently employed are oil
of cloves, xylol, oil of bergamot, oil of cedar, and
origanum oil. The first named has always been
much used because of its agreeable odour, its
cheapness, and the ease with which it can be
obtained. DBut it has the disadvantage of dis-

solving out many important staining reagents,

—
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especially eosine and the various aniline colours.
In addition as it dissolves celloidin, sections cut in
this medium tend to fall to pieces when trans-
ferred to oil of cloves, and one of the other oils
(which have no solvent action on celloidin) should
always be employed with celloidin sections. Oil
of bergamot is the most generally useful, but
rather expensive. Where there are special reasons
for employing other dehydrating agents, they will
be indicated in the special directions for particular
staining methods in Chapters VI. and VII.

As soon as the section is plunged into the oil,
the alcohol rapidly diffuses out, so that the edges
of the section fly out with it, and the section floats
quite flat on the surface of the oil. When it is
completely clarified (in about a minute), as shown
by its sinking in the oil, it should be transferred
to the slide by the section lifter, and the oil
drained off. IExcess of oil may be removed by
pressing gently on the section with a flat piece of
filter paper folded several times. If carefully per-
formed this manceuvre will not injure the section,
but it requires practice.

If the tissue is very delicate, and likely to be
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injured by changing from one wvessel to another,
or if it is larger than the section lifter will con- |
veniently carry, it should be floated out on a glass
slide, and, as much water as possible having been
removed by blotting paper, should be dehydrated
by adding a little alcohol from a pipette once or
twice. Most of the alcohol should then be re-
moved by tilting the slide, and before the re-
mainder has evaporated, some oil of cloves or I
bergamot should be added from another pipette. I
The section will float on the oil at first, but the
latter will gradually come through and appear on
the top of the section. When this occurs the
clarification is complete, and the oil may be run
off by tilting the slide and the section mounted in r
Canada balsam.

The cover-

Cementing of cover-glasses.
glasses may be cemented down to prevent their
shifting and spoiling the specimen. If the cover-
glass be circular, a Shadbolt’s turntable should be
used. It consists simply of a horizontal heavy
brass disc, rotating easily on a pivot. There are a
number of circles traced on the disc concentri- I
cally. The slide is then fixed on the disc by |
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means of the clips, so that the circumference of
the cover-glass corresponds to one of the circles.
The disc is then rotated and the cement applied
to the edge of the cover-glass with a brush.

Many materials are employed. The most suit-
able are:—(1) Canada balsam, which is almost
colourless and transparent and looks very neat.
(2) Gold size. (2) Marine glue,.

When these are dry a finished appearance may
be given to the slide by laying on a ring of zinc

white. This is made as follows ;—

Oxideofzine . . . . . 3 drachm.
Benzole . . . . . . . |lmlf aIl ounce
Gum dammar . . . . . ) of each.

Preservation of sections.—They should be
kept flat, and preserved from both light and dust.
Very useful cardboard trays are now sold by
almost all dealers in boxes made to contain
twenty-four dozen slides for about eight shillings,

or suitable cabinets may be constructed by a

carpenter,
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CHAPTER V.,

(FENERAL STAINING METHODS.

MucH information may be obtained from un-
stained sections, and 1n most cases one section
should be examined unstained, but the speci-
mens mounted in this way are so transparent
that it is difficult to study the details of the
tissue. They are therefore usually prepared by
treating them with some staining reagent, not
merely to render them less transparent, but also
to *“differentiate "’ the elements of the section, by
staining one part more deeply than another, or of
a different colour. Thus haematoxyline stains the
nuclei and rapidly growing parts of the tissue,
leaving the formed material, as a rule, much more
lightly tinted. Methyl violet again stains healthy
tissues blue, and parts affected with waxy de-
generation a red-violet colour. By combining
stains also much differentiation of the tissue ele-
ments may be obtained. Sections should be

F2
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stained with several reagents, as their effect on
individual specimens varies a good deal.

The following are the most useful stains for
general purposes (—

Logwood.—This or its purified principle
hzematoxyline is the most useful general stain.
The haematoxyline itself is preferable, giving more
constant results, and less diffuse staining.

For general staining purposes the following
formula will be found to give excellent results :(—

Hzematoxyline. Schuchardt’s formula—

() Hematoxyline ... 3grms. ... 30 grs.
Absolute alcohol ... 16 c.c. .. 2% drms.

(b) Pure alum: .. .. 3 €rms. .. 30 grs,
Distilled water 100 c.C. e DDEE

Add (a) to (D) drop by drop and with constant agita-
tion. Keep for some days exposed to diffuse day-
light until its colour is so deep that it will not
transmit the light. It should then be filtered, and
a crystal of thymol added. It will not give very
satisfactory staining reactions at first, and should
be allowed to ripen at least a month or six weeks
before using. It improves as a dye with every

month that it is kept. Whenever haamatoxyline
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has been made up with alum as in the above
formula, an abundant reddish-brown precipitate

forms after some time. This in no way interferes

with the activity of the solution, but it must
always be filtered before being used.

Barrett’s formula.—Introduced by Dr. W.
H. Barrett, of Belfast. It gives almost as good
results as the above. It is made from ordinary
English extract of logwood, and is considerably
cheaper.,

The extract should be dried, and finely pow-
dered, and then extracted with absolute alcohol

for several days.

Powdered extract of logwood 2 grms, 11 drms.

Absolute alcohol R . 7 2 1. I DZ.

Filter and add slowly to

Benzoate of sodium ... 1 grm. ... 36 grs.
AVARY: sun  wwsc wan wow  TEBTIDL  sus 36.0L5
Distilled water ... ... 100cc. .. 10 0zs,

The strength of the solution will vary with
different samples of logwood and must be esti-
mated by trial. This solution is comparatively

cheap and is useful for class purposes.

R RRRRRRRRRRRRRRRRRRITI=

——




Mo o |

70 Section Cutting & Staining.

Ehrlich’'s heematoxyline.—This very use-

ful nuclear stain is made as follows :—

(@) Hematoxyline ... 2grms.... g grs.
Absolute alcohol ... 100 c.c. ... 2 ozs.

(b Glycerine ... ... rooc.c. ... 2 0Zs.
Dastilled water ... 100c¢.c. ... 2 0zs.
Alom ... ... ... I20grms.... 2} oZs.
Glacial acetic acid  5c.c. ... 24 mins.

Add (a) slowly to () with constant agitation.
Allow to ripen in sunlight for two months be-
fore using. It may be employed as a rapid stain

undiluted but far better results are obtained by
using a weak solution, a few drops to a watch-

glass full of distilled water, and staining slowly
for from half an hour to two hours. The solution
improves by keeping. If after a time the staining
becomes diffuse it is an indication that the acetic
acid has evaporated, and a few drops more should
be added.

Kleinenberg’s haematoxyline.—This for-
mula differs from the previous one in being an
alcoholic solution. The calcium chloride is added
because it " sets up diffusion currents between the

alcohol in the material to be stained and the alco-
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holic staining solution, so enabling the latter to
penetrate more rapidly ” (Squire). It is much
used in staining embryonic specimens in bulk
before embedding in paraffin, and was strongly

recommended for that purpose by Foster and
Maitland Balfour,

Various formula have been given from time to
time. That advised by Squire (Methods and
Formule, p. 25) can be accurately made up with-
out much difficulty.

(@) Crystallised calcium
chloride: .. wee  Gu 200ETS: e 1 oz.
Instilled wafer ... o I0CE: w2 dmmWs,

) B e e mas  oseee O ETMS. s 32 BFS.

Distilled water ... ... 16c.c. ... 170 mins.
Mix and add
Rectified spirit ... 240 LGy wisr O OZS;

Allow it to stand and any excess of calcium
sulphate, &c., to separate. Filter and add

Hamatoxyline ... 2%grms. ... 25 grs.

A little thymol should be added as a preser-
vative.

In making up these solutions care must be

taken that only distilled water is used, and that all
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the vessels employed have been previously rinsed
out with it, otherwise precipitation of the haema-
toxyline will occur.

Should sections be overstained in haematoxyline,
this may be remedied by washing it in a half per
cent. solution of acetic acid, until sufhcient of the
stain is discharged, but the staining is more diffuse
than if the happy mean had been hit in the first
instance.

Hematoxyline stains the nuclei of the cells a
beautiful violet colour, and also tints, more or less
lightly, the cell protoplasm and the fibrous ele-
ments. It also stains the axis cylinders of nerves,
and is much used in special staining of the nerve
centres as will be described later, (pp. 88-91).

The stain is permanent. Sections may be
mounted either in Farrant’s solution, or in Canada
balsam, the latter being preferable.

Eosine.—Much more satisfactory results are
obtained from the commercial eosine (an amor-
phous orange powder used in dyeing and in the
manufacture of red ink), than from the pure
crystalline form.

It may be used as an aqueous solution (34 per
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cent.) or as a solution in absolute alcohol ({4 per

cent.). Sections stained in the former should be
rapidly passed through a one per cent. solution of |
acetic acid in order to *fix" the stain, and then
washed in distilled water.

It is a very transparent stain, and the most
delicate details of a section stained with it are
perfectly visible.

It stains the nucleus but slightly, while it stains
the cell protoplasm and fibrous tissues and especi-
ally muscular tissues a beautiful rose colour.

It will be seen, therefore, that it stains those

parts which are left unstained by hazmatoxyline, |
and wvice versdi., This complementary action is
applied in the following method.

Double staining with eosine and hee-

matoxyline.—Sections having been stained in
hzmatoxyline in the ordinary way, are washed in I
distilled water, and dehydrated in a solution ..i
(about 1 in 1500) of eosine in absolute alcohol, i
They should remain in this for about two minutes,
and then be passed through oil of cloves and
mounted in Canada balsam in the ordinary way. |

i

This method gives extremely useful and beauti-

=
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ful results with almost all tissues, and is superior
to picrocarmine for differentiating the tissue ele-
ments. Thus, the nuclei are stained violet, the
cell protoplasm a much paler and warmer violet,
the fibrous tissues pink, and red blood corpuscles
orange or brick red.

The alcoholic solution of eosine is also used as
a contrast stain after staining for micro-organisms
with blue or violet dyes.

Carmine.—It is made as follows :—

Carmine (best) . 3 o o  §drachm.
Strong ammonia 2 . . Idrachm.

Distilled water . 100 . . 6 ounces.

Rub the carmine with a little water in a mortar,
add the ammonia, when the liquid will turn black.
Gradually add the rest of the water, rubbing it up
all the time. It should be bottled, allowed to
stand for a few days, and then filtered, and a piece
of camphor put in the bottle.

Lithium carmine resembles closely am-
monia carmine in its staining effects. It is usually
a matter of individual preference which is em-

ployed.
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Carmine . ! ; 2% grms, ... 104 grs.

Saturated aqueous solution

of lithium carbonate 100 <c.c. ... 2 o0Zs.
Dissolve and filter.
Sections may be sufficiently stained in either of
these fluids in from three to five minutes, but

more satisfactory results are to be obtained by

diluting with twenty times the bulk of distilled
water, and leaving sections to stain for twenty-
four-hours.

After staining in carmine the sections must be
passed through a half per cent. solution of acetic
acid, in order to fix the carmine in the tissues, as

otherwise the water will dissolve the stain out.

Borax carmine—

(ot Borax . . 4 grms. . . 3 drachms.
Carmine . . 2 grms. . . 14 drachms.
Distilled water 100 c.c. . . 5 ounces.

Dissolve with the aid of heat and add slowly

to (0). .
(b) Alcohol . . 7oc.c. .« 3% ounces,
Distilled water 30 c.c. . . I ounce.

Allow to stand for a fortnight. Filter, and add

a lump of camphor.
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To use it, place sections, or the tissue in bulk,
in it for from four to twenty-four hours, according
to size, and then transfer to alcohol (seventy per
cent.) containing a drop to the ounce of hydro-
chloric acid, for twenty-four hours, and then wash
thoroughly in water. The tissue may then be
placed in gum if it is to be frozen, dehydrated in
alcohol if paraffin or celloidin is to be employed.

Its advantage is that it is very diffusible, and so
can be used to stain tissues in bulk. It takes a
considerable time to stain sufficiently deeply, but
there is little fear of overstaining.

It stains nerve-cells and axis cylinders brightly,
and also the connective tissue, bringing a sclerosed
patch out very prominently.

Alum carmine:

Alum five per cent. solution
in distilled water . . . 100c.c.... I 0Z.
Pure carmine . . . . .1Igrm. .. 4% grs.
Boil for twenty minutes. Filter. Add a few
drops of carbolic acid.
In using this reagent it should be filtered into a
watch glass, and the sections placed in it for at

Jeast an hour. There is no fear of overstaining,
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and they may be left all night. After they have
been stained they must be thoroughly washed in
water to remove the alum, otherwise numerous
crystals of it will be seen in the field when the
section is mounted. Sections may be mounted in
Farrant’s solution or in Canada Dbalsam. The
staining effect improves very much after the sec-
tion has been kept a few days.

[f desired its staining action may be comple-
mented by dehydrating it in an alcoholic solution,
either of eosine (1 in 1500) or of picric acid, and
then clearing up in oil of cloves, and mounting in
Canada balsam.

By itself it gives a stain very like that of haema-
toxyline, only warmer, It picks out the nuclei
and axis cylinders of nerves, stains cell proto-
plasm slightly, and the fibrous elements scarcely
at all.

It may be used for the same purposes as hama-
toxyline. The colour is less attractive, and not so
deep as that of the latter, but as it does not over-
stain sections, even when left in it for a week, it is
a very convenient stain for general purposes.

It is particularly useful as a contrast stain
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for sections of brain and spinal cord, after the
Weigert-Pal hematoxylin process (p. 33).

Ammonia-picrocarmine was formerly very
iargely used as a staining reagent. Its place has
now to a large extent been taken by lithio-picro-
carmine.

In its preparation the best carmine must be
used.

[t 1s made as follows :—

Carmine . . . . . . . . . 1part,
Liq. ammon. fort. . . . . . 3 parts.
Distilled water h WEE e s & 2EEThe:

Dissolve with gentle heat, and add

Cold saturated aqueous solution

of picricacid . . . . . 200 parts.

Bring the mixture to the boiling point, and then
place in a shallow vessel, covered with a glass
plate, and leave it in full sunlight for a month or
more. Filter, bottle, and add six drops of car-
bolic acid to each ounce of the mixture., It will
keep indefinitely and improves with age. It re-
quires filtering from time to time, as a gelatinous

crimson mud tends to deposit from the solution.
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Lithio - picrocarmine. — Prepared as fol-

lows :(—
Carmine . . . . + .2'GgFrMs.%.. 10 grs.
Saturated solution lithium

carbonate . . . . . I00C.C. .. 1 0OZ
Dissolve, and add

Saturated solution picric

acld . « « « ¢ « » 250G .. 22 0Z

Add a few drops of carbolic acid to each ounce.

It should stand a day or two in sunlight and
then be filtered. It improves by keeping.

It should be kept in a stoppered bottle with a
glass rod fused into the stopper.

When sections are to be stained they are to be

floated out on a clean glass side as described on

page 55. The slide should then be tilted to allow
the water to drain off, and superfluous moisture
round the section removed by a soft rag, or blot-
ting paper. A drop or two of the stain should
then be transferred to the shide, which should be
left lying quite flat for about ten minutes. Unless
the room is very warm it is advisable to heat the

slide very gently over a spirit lamp, as this causes
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the tissues to stain more brightly and more

rapidly.

The excess of the picrocarmine should be
allowed to run off the slide, and the latter wiped.
Some of the stain should, however, be left on the
section, as its effects go on increasing, and are
often not fully seen until a few weeks have
elapsed. They should be mounted in Farrant's
medium. As a rule those mounted in Canada
balsam do not give such good results. Should
there be special reasons for using this medium,
as in mounting spinal cord sections, &c., they
should be dehydrated after staining in picrocar-
mine in an alcoholic solution of picric acid (one
part of a saturated alcoholic solution to five of
alcohol), before clarifying in oil of cloves, as other-
wise the alcohol will dissolve out the picric acid,
and much of the differential staining effect will be
lost. The nuclei should be stained a bright crimson,
the protoplasm of the cells yellow, or a dull pink,
the fibrous elements a bright pink, red corpuscles
green, and all dead material, ¢.g., caseous matter,
bright yellow. It also stains nerve-cells, and the

axis cylinders of nerve fibres very brightly. It is.
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however, a rather uncertain dye. The results are
most brilliant in the case of fresh sections,

Osmic acid is invaluable for staining fatty
particles in the cells,

For ordinary use the one per cent. stock
solution (p. 21) should be diluted with ten
times its bulk of distilled water, and sections
stained in 1t all night in a dark cupboard, or
the watch glass containing them may be placed
inside a small box.

The sections must be washed theroughly in
plenty of water. If desired they may be stained
subsequently in picrocarmine or methyl violet if
waxy degeneration also be present. Sections
should be mounted in Farrant's solution, as
Canada balsam usually gives disappointing re-
sults.

It demonstrates the most minute fatty particles
in degenerating cells, &c., staining them black.
It may be employed to demonstrate the globules
of fat blocking up the vessels in fat embolism,

It stains the myelin sheaths of nerves black,
and will be again referred to when speaking of

methods of staining the spinal cord.
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Nitrate of silver is employed for staining the
intercellular cement of epithelial cells. It stains
this substance a deep black, while the rest of the
tissue takes on a brown colour. Itisused as a
half per cent. solution in distilled water, and
kept in a stoppered bottle carefully covered up
with brown paper. To use it take some epithelial
tissue, ¢.g., the omentum from a recently killed
animal, or a section of some epithelial tumour,
immediately after excision. Wash thoroughly in
distilled water to remove all chlorides, and then
place in a watch glass containing the silver solu-
tion. Keep this in the dark for half an hour and
then wash thoroughly in plenty of water. The
section should be mounted in glycerine or Far-
rant’s medium and kept from the light or it will
become too darkly stained.

Chloride of gold is employed to demonstrate
the peripheral terminations of nerves. It can only
be employed within the first half hour after the
tissue has been removed from the living body.
The pieces of tissue must be small and may be
stained in bulk, sections being subsequently made.

A half per cent. solution in distilled water is
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employed. The tissue is transferred to this on its
removal from the body, until it becomes lemon
coloured. It is then exposed in a one per cent.
solution of acetic acid to a strong light until it
assumes a purplish tinge, which takes from two
hours to two days. Sections should be mounted
in Farrant’s medium. It stains the cells of the
tissue, and nerve cells reddish purple, and nerve
fibrils, especially the terminal ones, rather more
violet. This is very well seen in the cornea.

It is useful sometimes for clinical purposes to
excise a portion of muscular tissue and examine
the nerve endings by this method. Unfortunately
the stain 1s somewhat uncertain in its action.
Better results are obtained by Sihler’s chloral
haematoxyline method (p. g2).

Methyl violet.—A very satisfactory solution
may be obtained ready made in the ‘ telegraphen
tinte,” prepared by Leonhardi, of Dresden, as re-
commended by Woodhead. It may also be used
as a one per cent, solution in distilled water, a
few drops of carbolic acid being added to pre-
vent the growth of fungi.

It is a very useful selective stain. It gives

G2
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two reactions, red violet, and blue violet. Thus
it stains the matrix of hyaline cartilage blue
violet, but the cells red wviolet. It has also a
most important pathological application, as it
picks out any parts which have undergone
“waxy”’ or “lardaceous”™ degeneration, stain-
ing them red violet, but the rest of the section
blue wviolet.

About ten drops of a one per cent. solution
should be filtered into a watchglassful of water,
and the sections stained for about five minutes.
They must then be passed through a half per cent.
solution of acetic acid and washed thoroughly
for some time in a large quantity of water till no
more colour comes away.

[f these steps are not taken with care, the dye
will diffuse out after the section has been mounted,
blurring all details and spoiling the appearance of
the section.

Sections may be mounted in Farrant’s solution
(to which a spot of formic acid may be added): if
mounted in Canada balsam the sections must be
overstained as both the alcohol and oil of cloves

rapidly dissolve out the dye.
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Safranine.—Employed as a freshly made
saturated solution in aniline oil water warmed to
60° C. (140° F.). Filter into a watch glass. Stain
for not more than a minute. Dehydrate in alcohol
which will remove much of the stain, clarify in oil
of cloves or origanum cil. Mount in balsam.

Another method is to stain for about ten min-
utes, and then leave for a minute in Gram'’s iodide
solution. The sections are then washed in alco-
hol, dehydrated, clarified in oil of cloves, and
mounted in balsam. By these methods the stain 1s
withdrawn except from certain elements, ¢.g., those
undergoing colloid or calcareous degeneration.

A quarter per cent. watery solution is some-
times employed as it stains nucleoli and actively
dividing nuclei very brightly, while the rest of
the cell 1s stained faintly. It may be employed to
study karyokinesis in the cells of a rapidly grow-
1ng cancer.

Ehrlich-Biondi stain.—This stain has been
much employed for staining specimens of blood,
for studying karyokinesis, and for investigations
on the supposed parasitic bodies found in cancer

cells.
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It is prepared by mixing saturated aqueous
solutions of the following aniline dyes, slowly and

with constant agitation :—

Solution of Orange G . . . . 100 parts
- Kubins « =« = =24 A0 &
5 Methyl Green OO . . B0

finally add

Distilled water . . . . . . . 70

Filter from the copious precipitate which forms.
The solution must be made up frequently as it
does not keep well.

Sections may be stained rapidly for half an hour
or an hour, but better results are obtained by
diluting the fluid with twenty volumes of water,
and staining all night. Sections should be washed

in water and then passed rapidly through absolute

alcohol and xylol and mounted in Canada balsam.
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CHAPTER VI.

SPECIAL STaiving MeTHoDs.—SpPEcIAL METHODS

FOR STAINING THE NERVE CENTRES.

1. FFor staining nerve fibres.

Three methods (two of which are modifications
of the first) are employed far more often than any
others. By these methods the myelin coating is
stained. Tissues must have been hardened pre-
viously for many weeks in Miiller’s fluid, or some
other bichromate solution. They are then over-
stained in a solution of hamatoxyline, and the
section treated with a suitable bleaching reagent,
when the colour is discharged from all the tissue
elements except the nerve fibres., This method
displays not merely the nerve fibres in the white
matter, but also the fine network in the grey
matter of the brain and spinal cord. Degenerated
fibres are left unstained and so degenerated tracts
shew up as unstained spots on a dark back-

ground. The sections may be subsequently



88 Section Cutting & Staining.

stained with alum carmine or eosine to shew
the cells and neuroglia.

Weigert’'s method.—The piece of cord to be
cut after prolonged hardening in Miiller's fluid is
transferred without washing to absolute alcohol
and dehydrated preparatory to embedding in
celloidin (p. 30). When sections are cut they are

transferred at once to Weigert's hamatoxyline

solution :—
Hzmatoxyline . . I . . 4 grains,
Alcohol . . . . . 10 . . 45 minims.

Distilled water . . 100 . . 1 ounce.
They are stained in this for twenty-four hours
or longer, until they are quite black.
The stainmg will take place much more rapidly
if the fluid be kept at 100° F. in the incubator.
After staining they are transferred to Weigert's

differentiating solution :—

BOrax = @ &« # = 2 & % w w TDDOLE,
Potassium ferricyanide 25 . . . . 200 grs.
Distilled water . . 100 . . . . I pint,

They are left in this solution for several hours,

until the ground work becomes nearly decolour-

1sed.,

—
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Sections will sometimes stain more satisfactorily
if they are treated, according to Weigert’s original
directions, for a few hours with a half saturated
solution of acetate of copper. If the hardening in
Miiller's fluid has been sufficiently prolonged, this
step is usually superfluous.

Pal's modification of \Weigert's method.—
By this method quicker and more complete de-
colouration of the neuroglia, nerve cells, &c., is
obtained. Sections are prepared in exactly the
same way as in Weigert's method and then trans-
ferred to Weigert's h&matoxyline. Pal recom-
mends that this solution be diluted to half the
strength and a few drops of a saturated solution of
lithinm carbonate added. The writer finds the
results equally good if the ordinary Weigert solu-
tion be employed.

When the sections have been thoroughly stained
they are washed in distilled water and placed in
a three-quarter per cent. solution of permanganate
of potassium. The time required in this solution
depends on the time the specimen has been in
Miller's fluid. It should not be less than half a

minute, and in very thoroughly hardened speci-

—

——

——
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mens, five minutes may be allowed with advan-
tage. In this solution the sections will become of
an opaque brown colour. They are washed in
distilled water, and transferred to:—

Pal’'s differentiating solution.

Potassium sulphite . . 1 grm. ... 40 gr.
Ozalicacid « &« & «+ TEINk o 40 Er.
Distilled water . . . 200cc. ... I pint.

They are kept in this for one to five minutes,
according to the depth of staining, until the white
and grey matter are clearly defined and the brown
colour is completely discharged. If the brown
" stain does not readily clear up, the section should
be returned to the permanganate solution for
about half a minute, and again treated with
‘““ Pal's solution.” This manceuvre may be re-
peated several times. As soon as the sections
are thoroughly differentiated they are transferred
one by one to a large wvessel of water and
thoroughly washed. The blue stain of the hee-
matoxyline becomes brighter during the washing
process. The sections may be mounted at once,
but more beautiful results will be obtained if they

are stained in alum carmine for 24 hours. They
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should then be washed, dehydrated in alcohol,
clarified in oil of bergamot, and mounted in
Canada balsam.

The very prolonged hardening in Miiller's fluid
which is a necessary preliminary for this method
led to the introduction of :(—

Schafer's modification of Pal's method.—
In this method hardening in Miiller's fluid for
three or four weeks is sufficient. The sections
are made exactly as in the previous metheod, and
transferred to Marchi’s fluid (p. 24) for six hours.

They are washed and stained all night in the fol-

lowing :—
Hematoxylinn . ¢ & & + & T i 4 grs
Afeahiel oo oo s at e e e sy DO we 4% N

Acetic acid (2 per cent. aqueous
EOIEONY 0 e e e e BDO L 1 02
The subsequent processes of differentiation,
bleaching, &c., are exactly the same as in Pal's

method.

Osmic acid.—Employed with fresh and also
with hardened specimens to demonstrate the me-
dullary sheath. Much the best results are ob-

tained with the former. The nerves, or small
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pieces of the central nervous system are placed
in half to one per cent. solution of osmic acid as
soon as possible after death and kept in the dark
for about a week. The tissue must be very
thoroughly washed in running water to remove
all traces of osmic acid, and then stained for a
couple of days in borax carmine to demonstrate
the nuclel and axis cylinders. Sections may be
made in gum, or the tissue may be teased with
needles and then mounted in Farrant. Embed-
ding in celloidin, and mounting in balsam are
inadvisable, because the ether tends to dissolve
out myelin, and the clarifying oil to render it too
transparent.

2. Intra - muscular ramifications of
nerves .—

Sihler’s chloral heematoxyline method.
—This method reveals the intra-muscular nerve-
endings, and also brings into prominence the curi-
ous ‘ muscle spindles” which Sherrington has
shown to be connected with the posterior nerve
roots, and which are believed by some to be the
end organs subserving muscular sense.

A piece of muscle is taken as soon as possible
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after death, or from an amputated limb, and slices
cut about one-tenth of an inch thick with the
freezing microtome. Transfer for twenty-four
hours to the following solution :—

Aceticaeid . . . . . .%. . . 1part,

Gxlyeerine & 5 4 W 4w o8 & s o5 T ow

One per cent. aqueous solution of

chloral hydrate. . . . . . . 6 parts.

The tissues swell up in this fluid and become
translucent and gelatinous in appearance. They
are now placed in pure glycerine until saturated
as shown by their sinking to the bottom of the
dish., This usually takes several days. They
may now be stained in the following solution :—

Ehrlich’s ha#amatoxyline (p. 70) . . 1 part.

Grlyesrine " « =« & w 5 & & o« s X e

One per cent. aqueous solution of

chloral hydrate. . . . . . . 6 parts.

They may be left in this from three days to a
week with little fear of overstraining. Portions
may then be teased with needles, and mounted in
glycerine, or the stained tissue may be pressed out
into a sufficiently thin layer by squeezing it forci-

bly between two glass slides.
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Motor and sensory nerve endings.
These are best stained by the chloride of gold
method (p. 82).

Specimens must be taken from the body im-
mediately after death. The method is therefore
useless for the post-mortem room, but may be
used for tissues removed by operation. Small
pieces of tissue must be employed and must be
stained in bulk, sections being made subsequently.

[For motor nerve endings the muscle of a frog or
human muscle from a limb just amputated may
be taken. Specimens should be prepared after
staining by teasing in preference to making sec-
tions. Mount in Farrant.

Sensory nerve endings may be conveniently
studied in the cornea of a recently killed frog or
rabbit, or in a freshly extirpated human eye.-
Tactile end organs may be studied in the lip or
finger tips, taste buds in the papilla foliata of the
rabbit’s tongue, and Pacini’s corpuscles are well
seen in the mesentery of a thin cat.

3. Staining nerve cells.

Bevan Lewis’s aniline blue-black me-

thod :—This method is the best for demonstrating
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the wealth of nerve cells in the fresh cerebral
cortex. The solution of aniline blue-black should
be of the strength of 1 in 400, about a grain to the
ounce. A piece of the cerebral cortex with pia
mater attached, should be removed as soon as
possible after death by parallel cuts about } inch
apart, and perpendicular to the surface of the
convolution, placed on the plate of the freezing
microtome and just frozen—not too hard or the
tissue will be brittle and will also injure the edge
of the razor. As soon as a good section is ob-
tained the razor should be plunged into a large
bowl of cold water to detach the section, which is
at once floated on a glass slide, and osmic acid
solution, + per cent. allowed to flow over it from a
pipette. This will fix the tissue elements in about
two minutes. The section is again floated off into
the bowl of water and thoroughly washed to free
it from the osmic acid. It is then stained either
on the slide, or in a watchglass, with the aniline
blue-black solution for an hour in the cold, or half-
an-hour if the solution is slightly warmed. The
dye is thoroughly washed away with distilled

water, excess of moisture wiped off the slide with
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blotting paper, and the section allowed to dry
under a glass bell jar. It is not practicable to de-
hydrate by means of alcohol as it would cause
sudden shrinking of the tissues., When the sec-
tion is dry a drop of Canada balsam is applied
and it is covered with alcchol in the usual way.
The nerve cells and their processes are stained a
deep slate colour, as are the nuclei of the connec-
tive tissue cells, while the ground work of the
neuroglia is faintly stained and of a neutral grey
tint. This method gives beautiful results both
with normal and morbid specimens.

Various other aniline dyes, indulin, methylene
blue, gentian violet, have been employed in the
same way, but none of them give such good or
uniform results as aniline blue-black.

Hardened specimens may also be stained with
aniline blue-black, but the results are not to be
compared with those obtained by the fresh method.
The stain is usually diffuse, but this can be im-
proved by placing the sections for 1-2 minutes in
a 2z per cent. solution of chloral hydrate in dis-
tilled water after staining.

Golgi’'s metallic stains for nerve cells.



e
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Golgi introduced the methods of producing a
metallic deposit of mercury or silver in the nerve
cell, revealing both the cell and its processes.
This method has been very fruitful in discoveries,
especially in the hands of Ramon y Cajal,
4 Kollicher, Van Gehucten and others. It gives

best results with embryonic tissues. To ensure
good results it is important that the tissue be re-
moved immediately after death. Sections of
brains removed some hours after death usually
give disappointing results.

There are several methods now in vogue, all
slight modifications of Golgi's original methods.

Silver nitrate method.—Small pieces not
more than a quarter of an inch cube, are trans-
ferred straight from the body to a large quantity
of Marchi’s fluid (p. 24) and kept in it for about a
week, or longer in the case of adult specimens.

On removal from DMarchi's solution the tissue

should be washed for a few seconds in distilled
water, and then placed in a large quantity of a 2
per cent. solution of nitrate of silver solution in
distilled water for at least a week. The lump of
‘ tissue becomes of a brick red colour owing to a

H



98 Section Cutting & Staining.

coating of silver chromate. On removal from the
silver solution the tissue should be washed in
methylated spirit for a few minutes and the
incrustation of silver chromate brushed off. - Sec-
tions may be cut in gum and celloidin; or they
may be fixed on a cork with celloidin or spirit
varnish and cut without embedding : very thin
sections are not required. Dehydrate in alcohol,
clear in xylol, and mount in balsam. Goodall
advises a mixture of pyridine and xylol for clear-
ing, and mounts in strong xylol-dammar solution,
without a cover-glass.

Very careful attention to details and much
practice are required before uniformly good results
can be obtained. The results are extremely
beautiful and well repay the labour expended on
them. The cells and their processes appear black
on a yellowish ground.

A method has been employed for deepening the
colour of the stain, but the writer has no experi-
ence of it. Kallus (Zeitsch. f. Wiss, Mikr., 1893,
477) dilutes an ordinary hydrokinone developing
solution (prepared as for developing an ordinary

photographic plate) with about ten times its
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volume of distilled water. Just before using a third
part of absolute alcohol is added. Sections which
have been through the silver process when placed
in it become grey or black in a few minutes, and,
after washing in methylated spirit, are transferred
to a 2o per cent. aqueous solution of hyposulphite
of soda for a couple of minutes and then washed
very thoroughly in distilled water for twenty-four
hours. They are then dehydrated and mounted
in balsam.

Buckley's modification of the silver
method.—Described in Brain, Winter number,
1895.

The method is applicable to specimens that
‘have been hardened in Miiller's fluid. Thin slices

are cut in the usual way, and then immersed in

Bichromate of potassium, 3 per
cent. solution . . . . . 5 parts

Osmic acid, 1 per cent. solution 1 part

for three to five days. Excess of bichromate is
removed from the sections by blotting paper, and
they are transferred to the freshly prepared staining

mixture :(—
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Phospho-molybdic acid
(10 per cent.) . . 1 minim . 2 drops.
Nitrate of silver (1 per
eent) -« « = Iounce . Hoec.c.
which must not be filtered. Stain for several
days.

The sections should be cut at once after removal
from the staining solution. It is claimed that the
minute details of structure of the cell processes
are better shewn by this method.

Corrosive sublimate method.—This me-
thod is similar in its mode of action to the last,
mercury being deposited in the cell instead of
silver. It is rather less certain and requires more
. practice. It seldom stains uniformly. One cell
will be found exquisitely stained while those in its
vicinity are unaffected.

Small pieces of cortex are hardened for several
weeks in Miiller's fluid, or other bichromate solu-
tion, and are then transferred direct to a one-half
per cent. aqueous solution of corrosive sublimate,
in which they should be left from three to six
weeks., Shorter periods will only give disappoint-

ing and inconstant results. Sections should be
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cut, if possible, in gum. They may be mounted
in Farrant, or dehydrated and mounted in balsam.
Tal has proposed to render the effect sharper by
transforming the deposit of mercury into mercuric
sulphide, by treating the sections with a solution
of sulphide of sodium, which he prepares by satu-
rating a ten per cent. solution of caustic soda with
sulphuretted hydrogen and then adding an equal
quantity of fresh soda solution. They are stained
in this for a few minutes and then thoroughly
washed.

By this method the pyramidal cells and their
delicate processes appear as black opaque objects
on a light ground. The neuroglia cells with their
fine delicate processes are often also beautifully
stained.

Nissl's aniline method.—This method is
complementary to Golgi's method. The latter im-
pregnates the cell rendering it opaque and shewing
its form with great definiteness.

Nissl's method stains the protoplasm without
greatly reducing its transparency and allows us to
study details of cell structure. Small portions of

tissue, removed as soon as possible after death, are
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hardened in alcohol. Sections are then cut, pre-
ferably in gum, as celloidin is inconvenient owing
to its staining so deeply with aniline dyes.

Sections are transferred from alcohol to a one-
half per cent. aqueous solution of methylene blue,
which is heated in a watch glass till it steams
freely, but short of the boiling point. Stain for
about a quarter of an hour and allow to cool.
Transfer the sections to a mixture containing one
part of aniline oil and ten of absolute alcohol, and
move them about till no more colour comes away.
Transter the section to a slide with a section lifter.
drain, and dry well by pressing folded filter paper
carefully on the section. Allow some origanum
oil to flow over the section and remove excess of
this by pressure with blotting paper. Moisten
with benzine,” and add a drop of colophonium
resin dissolved in benzine. The slide 1s warmed
cautiously till the benzine is driven off and the
colophonium liquefied by heat alone, and then the
coverglass is applied.

Magenta and other aniline dyes may also be
employed in a similar manner.

* The student will bear in mind the danger of working

with benzine near a naked light.
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CHAPTER VII.

SPEcIAL METHODS FOR STAINING MICRoO-

ORGANISMS AND Broob.

I't is impossible, within the limits of this work, to
attempt any adequate description of the modern
methods of bacteriological investigation. Some of
these are very lengthy and complicated, and re-
quire much skill and practice before good results
can be relied on. DBut those who do not desire to
make a special study of bacteriology may often
require to examine for the presence of organisms
in sections, or in various excretions, and it is
hoped that they may find the following short de-
scription of special methods sufficient for their
purpose. For more elaborate work they must
consult one of the many excellent textbooks on
the subject.

The student should provide himself with the
following dyes in powder:—

Methylene blue.
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Gentian violet.

Methyl violet.

Fuchsine.

Bismarck brown.

The following solutions of these dyes are used :—

1. Saturated alcoholic solutions which may be
kept in stoppered bottles.

2. One per cent. aqueous solutions. These
must be freshly made each time of using.

In filtering either alcoholic or aqueous solutions
it is well to moisten the filter paper beforehand
with alcohol or water as the case may be,

The following special solutions will also be
wanted :--

Loffler’s methylene blue.—In this selution
a weak solution of caustic potash is employed as a
mordant :—

Saturated alcoholic solution of

methylene blue . . . . . 3 volumes.
Caustic potash, aqueous solution

T I0000% s % & & & & & Iorwolumes,
Filter.
This solution is perhaps the most generally use-

ful stain. It colours most bacilli and micrococci,
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and while rapid in its action rarely overstains. It
must be made up fresh on each occasion. It is
the best counterstain after staining tubercle bacilli,
&c., with fuchsine.

Ziehl’s carbol-fuchsine.

Carbolic acid (5 per cent. aqueous

solution) . . . . . . . . 10O volumes,
Fuchsine (saturated alcoholic solu-

HERY = = & v w = o = o L VOIRHBSE

The solution must be filtered immediately before
being used.

Gram’s iodine solution.— Sections are
placed in this solution after being stained with
aniline dyes. The iodine in some way fixes the
dye in the organisms, so that they are not de-
colourised along with the rest of the tissues.

It 1s made thus :—

lodine. . . . . 1grm. ... 1} grains.
Iodide of potassium 2 grms. ... 3 grains.

Distilled water . . 300c.c, ... 1 ounce.

Ten per cent. aqueous solutions of mitrie and
sulphuric acids should be prepared and may be

kept indefinitely.
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The following are the general methods of em-
ploying these reagents for the purpose of staining
organisms in sections. Special methods are re-
quired for special organisms, but one or two only
can be given,

Weigert’s method.—The sections must be
placed in a freshly made one per cent. aqueous
solution of methyl violet, gentian violet, fuchsine,
&c. The solution may be kept at the temperature
of the body in an incubator. The organisms will
often stain more readily if the section be passed
through a 1 in 2000 solution of corrosive sublimate
before putting it into the staining fluid. After
staining the section is washed in distilled water
and then in methylated spirit until it appears
almost decolourised. Some prefer to decolourise
the tissues by washing in a half per cent. solution
of acetic acid instead of methylated spirit. Prac-
tice is required before the correct time for de-
colourising is accurately estimated. The beginner
should float a section rapidly on the slide now
and then, put on a cover-glass and examine it
under a low power to see if the decoloration has

been carried far enough., A contrast stain may
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then be used, such as picrocarmine, after which
the section may be mounted in Farrant’s medium:
or a weak solution of another aniline colour may
be used as a counter stain, after which the section
is clarified in xylol, and mounted in balsam dis-
solved in xylol.

Gram’s method.—Place some aniline oil in a
test tube and add ten times its volume of distilled
water. Close the end with the thumb and shake
very thoroughly. Filter ninety drops into another
clean test tube, and add ten drops of a saturated
solution of gentian violet or some similar dye.
Filter the mixture into a watch glass. Stain
sections in it for from three minutes to half-an-
hour according to the temperature,—the shorter
time for the incubator at 100°, the longer when the
sections are stained at the ordinary temperature
of the room. Wash in distilled water, and
transfer to Gram’s iodine solution until they be-
come black, usually in a few minutes. They are
then decolourised in absolute alcohol. This often
takes some time. It may be hastened, as
Crookshank suggests, by placing the section in

clove oil, returning to alcohol, and so on.
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Ehrlich’s modification of Gram's method.
The contrast stain is here used first.

Stain the section (¢.g., that of a mitral valve in
a case of ulcerative endocarditis), in an alcoholic
solution of eosine (1 in 1500). Transfer to a
solution of some aniline dye, such as gentian
violet, dissolved in aniline oil water, exactly as in
Gram’s method. The section floats on the surface
and spreads out, owing to the alcohol diffusing
out. Stain for about twenty minutes. Wash the
section in water, and float out (p. 55) on a glass
slide.  Allow the water to drain off and add
Gram’s iodine slowly from a pipette so as not to
disarrange the section. When the section has
become quite black pour off the Gram's solution.
Remove all superfluous fluid from the slide with
blotting paper, and dry the section by carefully
and firmly pressing on it a folded piece of blotting
paper. If this is done with care the section
need not be injured in the least. Decoloration
1s effected on the slide with aniline oil, instead
of alcohol as in the preceding method. The slide
1s rocked about so that the colour may be evenly

discharged by the aniline. When no more colour
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comes away, the aniline oil is poured off, the sec-
tion clarified in xylol, and mounted in Canada
balsam.

As soon as the section 1s decolourised it may be
treated with a contrast stain, the most suitable
being alcoholic solutions of eosine or Bismarck
brown if a blue stain has been employed, or
methylene blue if fuchsine has been the first
stain used.

The following will be found the most useful

stains and contrast stains ;:—

STAINS. CONTRAST STAINS.
_ ; ,Plcrocarmine.
Gentian violet. ] :
) . IKosine.,
Methyl violet. b
Bismarck brown
Methylene blue. I _
Safranine.

Magenta.
} Methylene blue.

Fuchsine.
And wvice versa.

Much practice is required in using either of
the methods before one can judge accurately
how long to leave sections in the staining reagents
or decolourising agents, and the beginner must

not be discouraged if at first he is unable to obtain
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good results although he follows the book direc-
tions most minutely,

Ehrlich method for tubercle bacilli.—
Sections are stained for six to twenty-four hours
in a one per cent. solution of gentian violet,
methyl violet, methyl blue or fuchsine. They will
stain more rapidly if the staining fluid be kept in
an incubator at the body temperature. They
should be removed from the staining fluid, and
washed in distilled water, and then transferred
(preferably on a glass section lifter) to a ten per
cent. solution of nitric acid in distilled water until
they are nearly decolourised. They should then
be wvery thoroughly washed in distilled water.
They may then be treated with some suitable
contrast stain and mounted in Canada balsam,

Neelsen’s stain for tubercle bacilli.—
Sections are placed in Ziehl's carbol-fuchsine
solution (p. 103) which should be warmed for ten
minutes to half-an-hour. They are then decolour-
ised in a solution of sulphuric acid. Twenty-five
per cent. 1s the strength originally recommended,
but a ten per cent. solution does equally well and

injures the section less. They are then very
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thoroughly washed in a large quantity of water,
and afterwards may be treated with a contrast
stain.

Gibbes’ double stain for tubercle ba-
cilli.—

(1) Rosaniline hydrochlorate 2 grms ... 25 grs.

Methyl blue . . . . 1grm. ... 125 grs.

o

Triturate in a glass mortar,
(2). Ambneo . . . . . 3E€EC. . 37°5ELS
Rectified spirit . . . 15c.c. ... 33 drms.
Dissolve and add slowly to (1).
(3) Lastly add slowly to the mixture
Distilled water . . . 15c.c. ... 33 drms.
Some of the solution is filtered into a watch
glass and warmed. The sections are placed in it
and left for some hours, They are then washed
in methylated spirit till they are sufficiently de-
colourised, and then rapidly passed through abso-
lute alcohol and oil of cloves and mounted in
balsam and xylol. It is a very useful stain for
examining the sputum for tubercle bacilli.
In order to stain fluids, such as blood, pus, or
sputum, for organisms, a very thin layer should

be obtained by placing a little of the fluid between



112 Section Cutting & Staining.

two clean cover-glasses and pressing them to-
gether. They are then separated and allowed to
dry. The film is fixed by holding the cover-glass
in a pair of forceps, and passing it slowly through
the flame of a spirit lamp two or three times.
Films of pus should be ‘cleared’ after fixing by
placing them in a twenty per cent. solution of
acetic acid for three minutes.

For clinical purposes it i1s often necessary to
examine urine, faeces or vomited matter for bacilli.
Films are prepared in the usual way and allowed
to evaporate slowly, and then fixed by passing
through the flame, and then washed in distilled
water before staining. In the case of vomited
matter and feeces this i1s usually done without
difficulty. In the case of urine however it is often
difficult to get the urine to evaporate completely.
A syrupy layer remains, and if more heat be ap-
plied it decomposes and chars, and the products
cause precipitation of aniline during subsequent
staining processes. This may be partly avoided
by gently washing the film in distilled water
before staining.

Another plan is to mix the urinary deposit with
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a little gelatine free from organisms, such as that
in unused culture tubes. The gelatin is liquefied
by heat, and mixed with the deposit. Films are
made from this mixture, and allowed to set, and
then thoroughly washed in distilled water. The
film is then dried thoroughly, and the cover-glass
laid flat with the film uppermost, and a few drops
of the staining fluid filtered on to it. After it has
been stained sufficiently the stain is drained off,
and the slip gently washed. The film may then
be stained with some contrast stain in exactly the
same way as sections, again washed, dried be-
tween folds of blotting paper, and mounted in
balsam.

It is sometimes difficult to tell which is the side
of the cover-glass which bears the film. This is
readily done by holding the glass obliquely so that
light from a window 1s reflected from its surface.
The side which is coated appears dull ; while the

other is smooth and bright.

MEeTHODS oF ExaMINING BLoobD.

In all these methods blood is obtained by prick-

ing the skin of one of the fingers, or the lobule of

I




114 Section Cutting & Staining.

the ear, preferably the latter. The skin must pre-
viously be washed with soap and water or ether,
to remove any grease or epithelial scales. The
puncture should be made firmly so that blood may
escape freely. The finger or ear must not be
squeezed. Specimens must be made rapidly be-
fore red corpuscles have run into rouleaux. The
slides and coverslips employed must be scrupu-
lously clean, or it is impossible to get really good
films. They should be cleaned with nitric acid
and alcohol according to the directions on page
57.

Fresh specimens should be examined. The
coverslip is made just to touch the drop of blood
at one edge, so as to transfer a small quantity
only, and is at once lowered on to the slide with
the aid of a mounted needle. If slide and cover-
slip be perfectly clean the blood will spread out
into a thin film, the corpuscles lying quite flat. If
there be any delay, or if the cover-glass be not
quite clean the red corpuscles will run into masses
and the specimen will be useless for minute exam-
ination. Another specimen may be mixed with

a little of Ferrier’s solution (p. 129) before mount-
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ing. Permanent coverslip films may also be pre-
pared.

Here again the use of absolutely clean cover-
slips is essential, and the blood must be taken
immediately it escapes from the puncture. A
little blood is taken on a cover-glass which is held
horizontally. Another cover-glass is lowered on to
this and by its weight and by capillary attraction,
the drop of blood quickly becomes transformed
into a thin film. The two covers are separated
as soon as the film is formed by rapidly sliding
them off one another., This manceuvre requires a
little practice and dexterity. The movement of
the slips must be in an exactly parallel direction
otherwise the coating left will be uneven, just as
when two pieces of bread and butter are pulled
apart. Even with practice it is difficult to get
more than one good film, the lower being usually
best. There are four ways of fixing the film.

1. Exposure to osmic acid vapour.

The film while still moist is held over the mouth
of a bottle containing at least one per cent. solu-
tion of osmic acid. In a minute or two the fixa-
tion will be complete, and the film becomes of a

12
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dirty brown colour. It is then left exposed to the
air to get rid of all traces of osmic acid, and may
afterwards be stained as described below.

2. Treatment with saturated aqueous solu-
tion of corrosive sublimate (Muir's method).

The cover-glass on which the film has been
spread, is floated before the latter has time to dry,
film downwards on a saturated solution of corro-
sive sublimate in a watch glass for half an hour.
The cover-glass is placed in distilled water and

then in alcohol to remove excess of corrosive

sublimate, and then stained. A little care is re-
quired when washing the film to prevent it sliding

bodily off the cover-glass.

3. By drying and passing rapidly through the
flame of a Bunsen burner, exactly as in preparing
specimens of sputum, &c. (p. 111). This method
is handy for ordinary clinical purposes.

4. By keeping the coverslips at a temperature
ot about 200° F. (Ehrlich’s method).

Ehrlich uses for this purpose a strip of copper
about two inches wide and a foot long which is

supported on a retort stand in a horizontal posi-

tion. One end is heated by a Bunsen's burner
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beneath. The point in the copper strip at which
the temperature is at boiling point is readily ascer-
tained by dropping a little water on. The point
at which a drop of water assumes the spherical
state indicates a temperature there of 212° F.
The coverslips are placed an inch or two further
than this point, and kept there at a temperature

of about 200° F. for some hours.

Staining METHODS.

Fresh blood may be stained by mixing with
Ferrier's fuchsine solution :—

Fuchsing .- . . . ¢ . « « Igio.

Distilled water . . 5 & & & I5QCHE:
Dissolve and add

Alcohol (8o percent.). . . . s0c.c.

Neutral glycerine . . . . . 200c.c.

A spot of this solution is mixed with the blood
on a slide by means of a mounted needle, and
covered with a clean cover-glass. The red cor-
puscles are slightly stained, while the nuclei of the
white corpuscles are stained a bright crimson, and

the ¢ blood plates’ a deep pink colour.
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Stained preparations may also be obtained by
using Toison’'s fluid, which serves also for
diluting the blood in order to determine the exact
number of red and white corpuscles present by
means of Gowers' or the Thoma-Zeiss hamo-
cytometer. It is prepared thus :—

Glycerine . . & 30 €€ ... IOZ
Sodium sulphate . 8 grms. ... 2 drms.
Sodium chloride . 1 grm. ... 15 grs.
Methyl violet . . *25grm. ... 4 grs.
Distilled water . .160 c.c. ... 5Oz

It stains the nuclei and blood plates, but does
not alter the shape of the red cells. It requires to
be made up fresh occasionally as torulez are apt
to form and multiply in it.

Dried films may be stained with hamatoxyline,
picrocarmine, or any of the general stains. The
nuclei of the leucocytes may be stained rapidly in
a couple of minutes in a one per cent. solution of
methyl violet, washing in water, drying between
blotting paper and mounting in balsam. The best
method for general purposes is to stain with a
saturated aqueous solution of methyl blue for half

an hour or longer. Wash in water, and then

A ..-‘nﬁ'*
Batl
:
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stain for ten minutes in a half saturated aqueous
solution of eosine. In this way the eosinophile
granules of the leucocytes and the red corpuscles,
are stained by the eosine, while the nuclei of the
leucocytes are stained by the methyl blue.

Kanthack and Drysdale recommend that the
film should first be stained with a half per cent.
solution of eosine in 50 per cent. alcohol, then
washed, dried and fixed in the flame, and stained
for a short time in Loffler’s solution of methylene
blue (p. 104).

These films may be stained for micro-organisms

in the way described for cover-glass preparations

(p. 112),
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CHAPTER VIII.
InjecTIiON OF BLooD VESSELS.

InjecTiON Of blood vessels may be performed on
small animals, or on individual human organs
after removal from the body. The object is to
fill the vessels with a coloured fluid which will
solidify afterwards. It is possible in the same
organ to inject the arteries with a red medium,
the veins blue, and secretory ducts, such as bile
ducts, yellow or blue.

The most convenient basis for an injection mass
is gelatine, as its solutions liquefy at a tempera-
ture of about 100° F., and solidify a little below
that point, and when solidified cut readily, and do
not tend to become brittle. The various masses
are prepared as follows :—

Red injection mass (Woodhead's formula)
consists of gelatine softened by mixture with water

and coloured by carmine.
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(z)Carmine . . &« <« » s & 4 grms;
g, ammoniz B.P. .« ..+ & grms.
Distilled water . . . . . I150c¢.c.

Dissolve the carmine in the ammonia in a mor-
tar. Pour on the water. Mix thoroughly and
filter.

(2) Gelatine . . . . . . . 10grms.

Distilled water . . . . . j50c.c.

Allow it to stand in the cold water until the
water is absorbed and the gelatine has become
soft.

Warm (1) almost to boiling point over a Bunsen
burner, and add the gelatine slowly. Stir tho-
roughly and add a ten per cent. solution of acetic
acid until the solution becomes slightly acid.
This will be shewn by the mass assuming a
darker and duller colour. A little salicylic acid
may be added to preserve it.

Blue injection mass.—To the gelatine mass
(2) prepared as above, and liquefied by heat, add
instead of carmine

Soluble Prussian blue. . . . 5 grms.
Distilled water & &' & o o i 60

Every trace of alkali must be kept away from
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the mass during and after the preparation. Sec-
tions of injected organs should be mounted in
Farrant’s solution slightly acidulated with formic
or acetic acid. With every care, however, the
blue colour is apt to fade in the course of time.

Green injection mass. Robin's formula

(modified).
(1) Arseniate of soda (sat. sol.) . . . 8oc.c.
Glycerimess & *5 & 4. 4 » % 5 & @ 5

(2) Sulphate of copper (sat.sol.) . . . 40 ,,
Glyeenne. & = & & &= o« = & @ B2 i

Mix and add one part to three parts of the
gelatine mass made as for the red and blue in-
jections.

Method of injection.—In injecting the ves-
sels of tissues it is necessary that the organ or the
entire animal, as the case may be, shall be kept
during injection at a temperature well above that
at which the gelatine mass will melt, otherwise
the gelatine will “set™ in the arteries and will
never reach the capillaries. This warming is
effected by immersing the animal in a water bath.
The liquefied gelatine is forced into the artery by a

syringe or by air pressure. It is essential that the
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pressure be uniform and steady. This is so much
more easily managed with air pressure that this
method is strongly recommended to the beginner.
But, whatever method be adopted, perfect results
can only be obtained with certainty after long
practice. Sometimes too high pressure will be
employed and the vessels give way, at others the
injection may not reach the capillaries at all. The
most scrupulous attention to details is essential,

By far the most effective apparatus for injecting
is the modification of Ludwig’'s constant pressure
apparatus devised by Fearnley.* Although the
apparatus appears complicated, the various parts
are easily obtained and it would be easy to impro-
vise a substitute for the water bath.

The apparatus which is shewn in figures 10 and
11 consists of a bath deep enough to contain the
animal, and a vessel containing the injection fluid.
The bath is kept at a temperature of about 110°
by an ordinary Bunsen burner. A large Wolff's
bottle (20-40 0z.) with three necks, is fitted with
three india-rubber stoppers perforated by glass

tubes. Through the central stopper a glass tube

* ¢ Practical Histology,” (Macmillan & Co.).
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connected by a rubber tube, with an ordinary
Higginson's syringe, passes almost to the bottom of

the bottle. From one of the other necks a rubber

(Reproduced by permission of Messrs. Mac-

1G. 1c.—Fearnley’s arrangement for injecting blood
millan, from Fearnley's Practical Histology).

vessels,

tube passes to an ordinary mercurial manometer,
while from the third a tube passes to the flask

containing the liquefied injection mass, which is

i
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"

immersed in the water bath. This flask is also

firmly stoppered, and should be about half filled

s Injection

)

y

Apparatus (from Fearnley's Practical Histology).

F16. 11.—~Scheme shewing distribution ot pressure in Fearnle

with injection material. The delivery tube from
the large Wolff’s bottle should only just come
through the cork. Another glass tube passes
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down almost to the bottom of the flask, and is con-
nected by a rubber tube with the cannula inserted
into the artery. It will be evident from figure 11
that when water is pumped by the Higginson’s
syringe into the Wolff’s bottle the pressure there
will be raised (as indicated by the manometer).
This increase of pressure will equally affect the
air inside the bottle containing the injection fluid,
and the fluid will be forced out along the tube and
through the cannula into the artery.

Before using the apparatus a clamp should be
placed on the exit tube of the vessel containing
the injection fluid, and the pressure should be
raised to see that the apparatus is everywhere air-
tight. Any leaks should be sealed before the
actual injection is commenced.

If an isolated organ is to be injected, a cannula
of glass or brass should first be inserted into the
artery and securely tied in position. The organs,
if cold, must be soaked in water at 120° I. for
about half an hour and then transferred to a water
bath.

In the case of injecting an entire animal, such

as a rabbit, rat, or guinea pig, the injection is best

4

et
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made a few minutes after death. The animal
may be chloroformed, and then bled to death by
opening a large vein. As soon as death has oc-
curred incise the skin over the thorax in the
middle line. Cut through the costal cartilages
to the right of the sternum, and through the
junction of the manubrium and body of the
sternum., These incisions being for most part
through non-vascular parts will not lead to escape
of fluid during injection. The sternum being
forcibly raised towards the left, the pericardium
will be exposed and must be carefully divided.
An incision must be made into the left ventricle,
and a cannula passed up into the aorta and firmly
secured by a ligature passed round the aorta with
the assistance of forceps or an aneurism needle.
Any blood is cleaned away and the animal is then
placed in the water bath for about ten minutes
The tube from the bottle containing the injection
fluid is then filled by gentle pressure on the
syringe, and clamped when full. Its end is then
placed on the cannula and secured there by a

ligature. ~The pressure should be raised by

squeezing the syringe until the manometer regis-
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ters one inch. The clamp should then be removed

and the injection commenced., The pressure
should be raised very gently and constantly by
working the syringe, and the condition of the
gums, lips, and eyes of the animal observed. The
gums will soon shew a pink tinge. The best
indications are obtained by watching the effect on
the small vessels of the sclerotic. 'When these
are completely filled, which will be in about five
to ten minutes according to the rate at which the
air pressure has been increased, the injection may
be stopped. This result will be obtained, under
good conditions, before the manometer indicates a
pressure of five inches. The aorta should now be
ligatured, and the animal placed in cold water
frequently renewed until it is thoroughly cooled.
The organs may then be removed and placed in
methylated spirit and hardened. Sections are

afterwards cut and mounted in the usual way.
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CHAPTER IX.

DirecTIiONS FOR PREPARING INDIVIDUAL TISSUES.

Normal histology.—It cannot be too strongly
impressed on the beginner that a thorough mas-
tery of the normal appearances of tissues and
organs is absolutely necessary before attempting
to make an accurate study of morbid changes in
them. He should not be satisfied with examining
one specimen of an organ but as many as he con-
veniently can, in order to be fully acquainted with
the many deviations from normal which may exist
without actual disease. IHHe should therefore ob-
tain several animals, such as small dogs, cats,
rabbits, frogs, &c., and remove their organs with
all care, and harden them in the various appro-
priate fluids. He should also obtain specimens of
normal human organs from the post-mortem room,
Many normal tissues (skin, muscle, tendon, bone,
&c.), can also be prepared from a limb amputated
for an accident to a healthy patient, By prepar-

I
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ing specimens in this way he will not only become
the possessor of a set of slides illustrating normal
histology, but will find also that he has acquired
that proficiency in hardening and staining the
specimens which practice alone can give.

The following account of the method of pre-
paring different tissues is merely intended to indi-
cate the lines on which the beginner should pro-
ceed. After some practice he will be quite able to
select the modes of hardening and staining which
special circumstances or cases may seem to de-
mand.

The first part of these directions will refer to
the preparation of normal tissues, the second part
to morbid histology.

Blood.—For special methods of examination
see Chapter VII,

Blood crystals—Haemoglobin crystals,
obtained from the blood of an animal, or enough
may be collected at any operation. A little water
or a little ether is added to the blood which is
allowed to stand for half-an-hour after which a

drop is allowed to evaporate slowly on a clean

slide.
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Haematin crystals.—The student should
make himself thoroughly familiar with these, as
their presence affords positive proof of the exis-
tence of blood colouring matter in a stain,

To obtain them a drop of blood should be al-
lowed to dry on a slide. The dried blood is
scraped into a little heap with a small piece of
clean glass, and a drop of glacial acetic acid
added. As it evaporates minute reddish-brown
acicular crystals will appear,

Haematoidin crystals.—Obtained from the
site of a bruise, or an old hamorrhage, e.g., a
cerebral apoplexy or a ha&matocele.

Simple squamous epithelium,— (fndo-
theliwm).,  Carefully strip off the lining of the
parietal pericardium or parietal pleura, of a re-
cently killed animal, or spread out its omentum on
a piece of cork, and (1) stain the intercellular
cement with nitrate of silver (p. 82) so as to re-
veal the outlines of the cells. (2) Stain other
specimens with heematoxyline or alum carmine to
reveal the nuclei.

Stratified squamous epithelium.—Speci-
mens from skin of various parts, finger, groin, lip,

Kk 2
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tongue should be prepared. Harden in Miiller's
fluid.

Transitional epithelium.—Occurs in the
pelvis of the kidney, ureter and bladder. It is
very readily detached, especially if not hardened
immediately after death. Remove as early as
possible. If the bladder is taken it should be cut
open and pinned out as flat as possible. Harden
in osmic acid, or Miiller's fluid and spirit, Embed
preferably in celloidin.

Simple columnar epithelium.—Occurs in
many parts. It may be studied in the salivary
ducts, the intestine, kidney, &c., of any mammal.

Goblet-cells.—Seen abundantly among the
columnar cells of the intestinal glands, and in the
mucous glands of the mouth and of the cervix
uteri.

Stratified columnar epithelinm.—Occurs
only in the urethra, Harden the penis of a cat in
Miiller’s fluid, and cut transverse sections.

Ciliated epithelium.—Harden the trachea
of a recently killed cat in osmic acid or Miiller’s

fluid. DBeautiful specimens may also be obtained

from an ordinary nasal polypus, which should be
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put into hardening fluid immediately after re-
moval.

Stain all sections of epithelium in picrocarmine,
and in eosine and ha&matoxyline.

Ordinary areolar tissue.—Difficult to ob-
tain free from fat. It may be studied in the sub-
cutaneous tissue of the section of the cat’s penis
already made. A fragment of the tissue should
also be removed and carefully teased in a drop of
picrocarmine. Areolar tissue may also be studied
in sections of skin, and in the capsules of the
different internal organs.

Elastic tissue.—May also be studied in most
sections of skin. If the ligamentum nucha of a
large quadruped (horse, bullock), &c., is available
it yields the best specimens, or the human liga-
menta suybflava may be examined. Pin a piece
out on a piece of wood or wax. Harden in
Miller's fluid. Stain in picrocarmine. DBoth
. sections and teased specimens should be prepared.

Tendon.—Readily obtained from an ampu-
tated limb. Harden in Miller's fluid. Make
transverse and longitudinal sections. Stain with

eosine and ha&matoxyline.
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A preparation should also be made by teasing
a little of the fresh tendon in normal salt solution,
and staining with picrocarmine.

Retiform or lymphadenoid tissue.—Secen
in lymphatic glands and in the lymphoid follicles
scattered along the sub-mucous coat of the ali-
mentary canal.

Prepare sections in the ordinary way. Stain in
eosine and h@ematoxyline or in picrocarmine.

Some sections should also be prepared by pen-
cilling (i.e., dabbing with a camel’s hair brush) or
by shaking sections up in a test tube with water
or normal salt solution. By this means the leu-
cocytes are removed, and the structure of the
adenoid tissue itself becomes more evident.

Fat.—DBest studied in sections of skin and
subcutaneous tissue, or in the mesentery of the
cat. One specimen should be stained with osmic
acid and picrocarmine and mounted in Farrant’s
medium, and another in eosine and h@matoxyline
and mounted in Canada balsam,

Pigment cells.— Branched cells are best

studied in the living foot of the frog, where amce-

boid movements may be seen in them when the
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light falling on the retina is made to vary in inten-
sity. Permanent preparations are most conveni-
ently made from the pallium of the common snail.
The shell is removed, and the pallium snipped out
with the scissors. It is then pinned out flat,
hardened for a day in methylated spirit, and
mounted unstained in Farrant’'s medium. They
are also well seen in sections of the choroid coat
of the eye,

Hyaline cartilage.—Specimens may be ob-
tained from any joint, from the costal cartilages
of young animals, or from the thyroid cartilage
and tracheal rings. It may be hardened in spirit.
Stain with picrocarmine, eosine and hamatoxy-
line, and with methyl violet.

Elastic cartilage.—FPrepared from the epi-
glottis, or from the cartilages of the ear, e.g., of a
cat. Harden in spirit. Stain in picrocarmine or
in dilute fuchsin.

White fibro-cartilage.—Obtained from in-
tervertebral disc. Prepare and stain as for hya-
line cartilage.

Bone :(—

Unsoftened Bone.—Cut as thin a section as



136 Section Cutting & Staining.

possible with a fine saw. Rub the section with
the hand on a dry oil stone until it is as thin as
possible. Then cement it by Canada balsam
(liquefied by warming) to a piece of plate glass
and continue the rubbing process with this, exam-
ining it now and then with the low power to see
if it is thin enough. As soon as it is thin enough
it is washed off the slide with methylated spirit,
and washed to get rid of the fine bone dust. It
should then be transferred to turpentine and may
be mounted in balsam.

Softened bone.—Specimens may be obtained
from an amputated limb or from the femur of a cat.

Specimens should be decalcified in chromic and
nitric fluid, and the hardening completed in spirit.
In studying the process of ossification, ¢.g., in the
head of the humerus of a kitten, it is best to
embed the specimen in celloidin before cutting
sections, as the trabeculz of bone are very deli-
cate, and easily detached.

Very beautiful double staining effects may be
obtained with either picrocarmine, or eosine and

hzmatoxyline, and with eosine and methyl violet,

Bone marrow.—To obtain good sections of
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red bone marrow, take a piece of the clavicle or a
rib, or of one of the carpal or tarsal bones. De-
calcify in chromic and nitric fluid. Embed in
celloidin. Stain with eosine and logwood, eosine
and alum carmine, or alum carmine and picric
acid. Mount in Canada balsam. The various
cells present in bone marrow may also be studied
by squeezing some fresh marrow from a rib, and
making a cover-glass film, and preparing in
exactly the same way as is directed in the case
of blood films on page 116.

Tooth.—DBest cut i site from the jaw of a cat.
Decalcify in chromic and nitric fluid, and cut both
vertical and transverse sections. Stain in picro-
carmine, or eosine and hamatoxyline,

Developing tooth.—-Extremely good speci-
mens may be obtained from the jaw of a newly-
born kitten or puppy. Sections can easily be
made shewing a milk tooth and a developing per-
manent tooth by its side,

The enamel is dissolved by decalcifying fluids.
To study it a specimen of unsoftened tooth should
be made, according to the directions given for

bone.
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Striped muscle.—Should be studied in vari-
ous animals.

The leg of an insect such as a cockroach may
be hardened in osmic acid. One leg should be
hardened in a straight position so as to fix the
fibrils in the fully extended position, another
should be bent up so as to get specimens of re-
Jaxed fibrils.

Portions of muscle should be removed, and
teased on a glass slide in some staining fluid
such as picrocarmine, a tenth per cent. solution
of eosine or quarter per cent. of safranine.

Sections of amphibian and mammalian muscle
should be prepared to show their differences in
structure. The most convenient part to select is
the tongue, as a view of the fibres is obtained both
in longitudinal and transverse sections. Sections
should be stained in eosine and hmmatoxyline
which gives a beautiful effect. For special stains
for intra-muscular nerve endings see page gz2.

Heart muscle.—A portion should be teased
fresh in picrocarmine or eosine, another portion

hardened in Miiller's fluid, and sections made and

stained with eosine and hamatoxyline,
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Unstriped muscle may be obtained by teas-
ing a fresh portion of the muscular coat of the small
intestine of an animal, or by sections of the har-
dened intestine, bladder or uterus. Stain in picro-
carmine or preferably eosine and haematoxyline,

Nerves.—The special methods for staining
nerve tissues are detailed in Chapter VI. The
student must remember that the ordinary staining
methods are also applicable to nervous tissues.

Nerve terminations:—

Meissner's corpuscles,—Take the tip of an
index finger immediately after amputation. Place
part of it at once in chloride of gold solution, and
the rest in Miiller’s fluid until it is hardened.

Sections stained with chloride of gold should be
mounted in Farrant’s medium, The other sec-
tions may be stained in picrocarmine or eosine
and hamatoxyline,

Pacini’s corpuscles.—May be dissected out
on the smaller branches of the digital nerves, or
may be found in the mesentery of the cat. The
latter should be spread out on wood, hardened in
Miller's fluid, stained in hamatoxyline, and

mounted in balsam.
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Other forms of tactile corpuscles may be studied
in the tongues of frogs, ducks, or geese. A net-
work of nervous fibrils should be studied in the
cornea. Take the cornea of a newly killed frog
or cat and stain with chloride of gold (p. 82).

The end plates in which the nerves terminate
in muscle may be studied by placing specimens of
living muscle of some cold blooded animal into
chloride of gold solution, and staining rather
deeply.

Arteries.—Take a piece of the aorta, a piece
of some medium artery, as the renal or radial, and
harden in Miller's fluid. Stain in picrocarmine
and always in eosine and ha@matoxyline. Arteri-
oles are best studied in sections of the wvarious
organs. Thus they are seen in each Malpighian
body of the spleen, in the boundary zone of the
kidney, and so on. A longitudinal surface view
can also be obtained by staining and examining
the pia mater.

Veins.—Remove, harden, and stain in the
same way.

Capillaries.—May be very well seen in the
foot of the frog.
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Stun a frog by striking its head, or by chloro-
forming it. Fix it on a piece of card with a V
shaped notch at one end. Tie one of the hind
feet by means of threads attached to its toes so
that the web of the foot is gently stretched over
the V. The foot can then be readily examined
under a 4 inch objective. The foot must be
brushed from time to time with normal salt solu-
tion to keep it moist. The movement of blood in
the capillaries, &c., can then be studied for an
hour or two. After death the mesentery should
be spread out on a piece of wood, and hardened
for a few days in Miiller's fluid.

Stain with eosine and hazmatoxyline.

Lymphatics.—Commencement of lymphatics
in serous membrane. Stain a piece of cat’s omen-
tum in nitrate of silver (p. 8-2} for some minutes.
After washing keep in glycerine for about a week
and then stain in haematoxyline and mount in
Farrant’s medium.

Lymphatic glands.

The lymphatic glands
of the neck of the cat may be used. Harden in
Miiller's fluid. Stain in picrocarmine, eosine and

hzmatoxyline.



142 Section Cutting & Staining.

Skin and sweat glands.—Sections should
be made from pieces taken (a) from the sole, (4)
from the skin of the body, (¢) from the axilla of an
adult to study the pigment. Harden in Miiller’s
fluid. Stain in picrocarmine or eosine and hema-
toxyline.

Hairs and sebaceous glands.—Take a
portion of the scalp, or of the skin of a puppy.
Harden in Miller’'s fluid. Stain in eosine and
hematoxyline, and mount others unstained.

Hairs from wvarious parts of the body should
also be soaked for some hours in lig. potassa and
mounted unstained in Farrant’s medium. They

may be bleached subsequently by treatment with

eau de Javelle (p. 27).

Brain and spinal cord.—Must be removed
from the body with extreme care, all stretching or
squeezing being avoided. Harden slowly in
Miiller's fluid to which a fourth of its bulk of
water may be added.

The best staining reagents to employ are eosine
and hematoxyline, alum carmine or borax car-
mine, aniline blue-black, &c, Staining methods,
see Chapter VI.
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Eye.—Harden the eye of a recently killed
bullock, cat, or other animal in formal (p. 23),
puncturing the sclerotic in places to allow the
hardening fluid to penetrate. In about a week
make a horizontal section through the eye. The
anterior half (the lens having been removed) may
be satisfactorily cut in gum. Sections of the
crystalline lens are not very satisfactory. The
best way to get specimens of the fibres is to tease
a piece of the fresh lens of a fish (¢.£., a cod) in
a 44 per cent. aqueous solution of eosine. Wash
the eosine off the slide with } per cent. acetic
acid, and mount in Farrant’s solution.

The posterior half of the eye should be embed-
ded in celloidin, as otherwise it is extremely
difficult to get sections of the retina in its proper
relation to the other coats.

Mount some specimens unstained. Stain others
with the ordinary stains.

Decalcifying the temporal

Internal ear.
bone of a cat, dog, guinea pig, &c., in chromic
and nitric fluid. As soon as the bone is decalcified
complete the hardening of the soft parts in

methylated spirit, embed in celloidin, and cut
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sections in the longitudinal axis of the cochlea.
Owing to the extreme hardness of the bone in
adults it will be found best to use the petrous
bone of newly born animals,

The semi-circular canals will be most readily
studied in the temporal bone of fishes, or of birds,
e.g., the common fowl. They also must be cut in
celloidin, and stained in the ordinary way.

Nose and olfactory epithelium.—It is
difficult to obtain specimens from the human
subject, but very satisfactory preparations may be
made from the dog, or more conveniently in a new
born puppy where the bones are still cartilaginous.
Harden the latter in Miiller's fluid, decalcify adult
specimens in chromic and nitric fluid. Specimens
of ciliated epithelium, &c., will be obtained from
the lower part, and of the special olfactory epi-
thelium from the upper part. Stain in eosine and
hematoxyline.

Lungs.—Carefully remove the lungs of a cat
without injuring the bronchi or trachea. Intro-
duce a cannula into the trachea and gently inflate
the trachea with air. Ligature the trachea and

place the lung in Miiller's fluid, a weight being
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attached to keep the organ submerged. Harden
for about six weeks, and then make sections of the
various parts.

To demonstrate the endothelium of the alveoli,
inject instead of air, nitrate of silver. Allow it to
remain in for half an hour, then remove it by
washing, and harden in Miiller’s fluid.

Beautiful casts of the alveoli, &c., may be ob-
tained by placing a cat’s or human lung under the
receiver of an air-pump, and when the air is com-
pletely exhausted, injecting fusible metal into the
bronchus. The lung tissue is then removed by corro-
sion or by maceration. Portions of the casts should
be removed, fixed in a glass cell with a spot of
Canada balsam, and examined by reflected light.

Thyroid gland.—DBest obtained from a young
subject either human or an animal.

Harden in Miiller's fluid. Stain in picrocarmine
or eosine and hematoxyline. Also stain sections
in safranine, which stains the colloid material, and
also picks out any colloid formation in the cells
themselves.

Thymus.

Remove from a feetus or a very
young animal, and prepare in the usual way.

L
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Tongue.—That of the cat or rabbit serves

very well.

Ordinary transverse sections should be made,
and also sections through the -circumvallate
papillae in order to study the * taste buds.”

Salivary glands.—Those of a cat or dog do
very well.

Sections should be made from each of the three
glands.

Stomach.—That of the cat or dog should be
studied. The organ must be removed immediately
after death before any post-mortem digestion of
the coats has occurred. The stomach should be
opened, washed gently and pinned out flat, with
as little stretching as possible on a piece of wood,
and hardened in Miiller’s fluid.

Sections should be made (a) longitudinally
through the cardiac end to show the transition
from the cesophageal to the gastric mucous mem-
brane, (b) from a portion of the greater curvature,
(c) longitudinally through the pyloric valve.

Eosine and hematoxyline form the best stain
for the alimentary canal.

Intestine.—Prepare in the same way as the
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stomach. Make sections from (a) the upper part
of the duodenum to show Brunner's glands, (0) the
ileum, (¢) a Peyer’s patch, (d) the vermiform ap-
pendix, (¢) the colon.

Liver.—Make an injection of one specimen
with carmine and gelatin (p. 120). Harden in
methylated spirit. Others should be hardened in
Miiller's fluid and stained in the usual way.

Kidney, supra-renal, and pancreas.—

Same preparation as for liver.

Spleen.—Harden in Miiller’s fluid.

Mount one section unstained., Shake another
up with water in a test tube to shew the structure
of the pulp. Stain others in eosine and haema-
toxyline.

Bladder.—Must be removed and pinned out
immediately after death, as otherwise the epithe-
lium will be macerated off. Consequently it must
be taken from an animal, as a cat, Harden in
osmic acid. Cut in celloidin as the coats are very
apt to become detached.

Penis and testis.

Readily obtained from
dog, cat, or rat.
Stain with eosine and hematoxyline.

L 2
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Uterus, ovaries, and Fallopian tubes.—
May be obtained from the post-mortem room or
from the lower animals, Harden in Miiller’s fluid,
and make sections from the cervix, the body of
the uterus, the Fallopian tube, and the ovary.

Stain with eosine and hzematoxyline.

Embryeclogical specimens.— For systema-
tic work special manuals should be consulted.

Specimens should be hardened in osmic acid or
in Miiller's fluid, and cut in celloidin, or paraffin.

Cloudy swelling.—Specimens are obtained
from organs of subjects who have died in the early
stage of some fever. They should be always har-
dened in Miiller's fluid, as the appearances alter
if the tissue is kept in spirit for any length of time.

Fatty degeneration.—Prepare from patients
who have died of exhausting diseases, phosphorus
poisoning, &c.

Stain in osmic acid. Mount in Farrant’s medium
and keep in the dark,

Mucoid degeneration.—Study in goblet
cells of normal intestine or of ovarian cysts.
There are no satisfactory selective stains for

mucin.
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Colloid degeneration.—Occurs in the thy-

roid gland, in the tubules of the kidney in many
diseases, and the prostate of the old.

Stain in safranine.

Waxy or lardaceous degeneration.—
Best studied in liver, spleen, or kidneys, It should
be searched for in persons who have died from
a long illness, accompanied by suppuration, e.g.,
phthisis or bone disease. Mount one section un-
stained, stain another in methyl violet, a third in
a weak solution of iodine, and examine the latter
at once both by transmitted and reflected light.
The iodine stain is not permanent. Another sec-
tion should be stained in osmic acid, followed by
methyl violet, as waxy and fatty degeneration
frequently co-exist.

Hyaline degeneration.—Seen in the arteri-
oles of the spleen in some cases of typhoid and
diphtheria, The ordinary staining methods must
be used.

Calcareocus degeneration.— Occurs after
fatty degeneration in gummata and in atheroma-
tous arteries. It also occurs in the matrix of the

costal cartilages after middle life. Mount one
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section unstained and examine if possible with the
polariscope. Stain others in safranine,

Pigmentary degeneration. — May be
studied in brown atrophy of heart, nutmeg liver,
&c. It is also seen well in spinal and cerebral
nerve cells of the aged. Harden in Miiller’s fluid
and mount sections unstained.

It will be unnecessary to recapitulate the
methods for hardening the various diseased organs
as the directions for the normal organs hold good.
If the presence of micro-organisms be suspected,
harden in methylated spirit or absolute alcohol,
but as a rule both for diseased organs and tumours
Miiller's fluid will be found the most satisfactory
reagent for general use.

It sometimes happens, however, that it is incon-
venient to wait several weeks, until the Miiller’s
fluid has hardened the specimen sufficiently, be-
fore making sections. In this case the best plan is
to make fresh sections, or else to cut a slice about
one-eighth of an inch thick, and harden for about
three days in plenty of methylated spirit, or in
formal (p. 23).

Tumours.—Miiller's fluid should be employed,

unless a more rapid agent is required.
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Methylated spirit may be used in the case
of epithelioma, adenoma, &c., but for sarcoma,
myxoma, tumours containing cysts or much blood,

Miiller’s fluid yields by far the best results,
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———

HERBERT DAVIES, M.D., F.R.C.P.
Late Consulting Physician to the London Hospital, and formerly Fellow of
Queen's College, Cambridge.

HE MECHANISM OF THE CIRCULATION OF
THE BLOOD THROUGH ORGANICALLY DIS.

EASED HEARTS. Edited by ArTHUurR TEMPLER Davies, B.A,,
M.D. Cantab.,, M.R.C.P. Crown 8vo. 3s. 6d.

HENRY DAVIS, M.R.C.S. ENG.

Teacher and Administrator of Anmstheties at St. Mary's Hospital, and As-
sistant Anmsthetist at the Dental Hospital of London.

UIDE TO THE ADMINISTRATION OF ANAZS-
THETICS. Second Edition, fcap. 8vo, 2s. 6d.

DR. A. DUHRSSEN.

Privat Docent in Midwifery and Gynzcology in the University of Berlin,

A MANUAL OF GYNZCOLOGICAL PRACTICE FOR

STUDENTS AND PRACTITIONERS. Translated and
Edited from the fourth German edition, by Joun W. TavLor,
F.R.C.S., Surgeon to the Birmingham and Midland Hospital for
Women, &c.: and Freperick Epce, M.D. Loxp., M.R.C.P.,
F.R.C.S., Surgeon to the Wolverhampton and District Hospital
for Women. With 120 Illustrations, cr. 8vo, 0s. [Now ready.

ALEXANDER S. FAULKNER.

Surgeon-Major, Indian Medical Service.

A GUIDE TO THE PUBLIC MEDICAL SERVICES

Compiled from Official Sources. Demy 8vo, 2s. ‘
[Fust Published
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W. SOLTAU FENWICK, M.D., B.S. LOND., M.R.C.P.

Assistant Physician to the Evelina Hospital for Sick Children, &c.
THE DYSPEPSIA OF PHTHISIS: Its Varieties and
Treatment, including a Description of Certain Forms of

Dyspepsia associated with the Tubercular Diathesis. Demy 8vo,
6s. [Now ready.

J. MILNER FOTHERGILL, M.D.

I
INDIGEETIDN AND BILIOUSNESS. Second Edition,
post Bvo, 7s. 6d.

I1.
OUT IN ITS PROTEAN ASPECTS.
Post 8vo, 7s. 6d.
IIL.
HE TOWN DWELLER: HIS NEEDS AND HIS
WANTS. Post 8vo, 3s. 64d.

ERNEST FUCHS.

Professor of Ophthalmology in the University of Vienna.
EXTEOOK OF OPHTHALMOLOGY. Translated from
the Second German Edition by A. Duaxg, M.D., Assis-
tant Surgeon, Ophthalmic and Aural Institute, New York. Large
Svo, with 1go Illustrations, 21s.

PROFESSOR DR. PAUL FURBRINGER.
Director of the Friedrichshain Hospital, Berlin, &e.
TE}{TEDDK OF DISEASES OF THE KIDNEYS
AND GENITO-URINARY ORGANS. Translated by
W. H. GicBerT, M.D., Physician in Baden-Baden, &c. Vol. 1.,
demy Svo, 7s. 6d.

SIR DOUGLAS GALTON, K.C.B.,, HON. D.C.L,, LL.D., F.R.S,,

Formerly Secretary Railway Diepartment Board of Trade; Assistant Inspecter-
General of Fortifications, &e.

EALTHY HOSPITALS. OBSERVATIONS ON
SOME POINTS CONNECTED WITH HOSPITAL

CONSTRUCTION. With Illustrations, 8vo, 10s. 6d.
[Now ready.

JOHN HENRY GARRETT, M.D.
Licentiate in Sanitary Science and Diplomate in Public Health, Universities
of Durham and Cambridge, &c.

HE ACTION OF WATER ON LEAD: being an in-
quiry into the cause and mode of the action and its pre-
vention. Crown 8vo, 4s. 6d.
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ALFRED W. GERRARD, F.C.5.

Examiner to the Pharmaceutical Society.

LEMENTS OF MATERIA MEDICA AND PHAR-
MACY. With the New Official Remedies, 18go. Crown
8vo, 8s. 6d.

JAMES F. GOODHART, M.D. ABERD., F.R.C.P.
Physician to Guy's Hospital, and Consulting Physician to the Evelina
Hospital for Sick Children.

GN COMMON NEUROSES; OR THE NEUROTIC

ELEMENT IN DISEASE AND ITS RATIONAL
TREATMENT. Second Edition, crown 8vo, 3s. 6d.

JOHN GORHAM, M.R.C.S.

Fellow of the Physical Society of Guy's Hospital, ete.

OOTH EXTRACTION: A manual on the proper mode
of extracting teeth. Fourth edition, fcap. 8vo, 1s. 6d.

GEORGE M. GOULD, A.M., M.D.

Ophthalmic Surgeon to the Philadelphia Hospital, ete,

I
A NEW MEDICAL DICTIONARY. A compact concise
Vocabulary, convenient for reference, based on recent
medical literature. Small 8vo, 12s. 6d.

1.
POCKET MEDICAL DICTIONARY, giving the Pro-
nunciation and Definition of about 12,000 of the Principal
Words used in Medicine and the Collateral Sciences. 32mo,
48. nett.

LANDON C. GRAY, M.D.

Professor of Nervous and Mental Diseases in the New York Polyclinic ; Visit-
ing Phj’ﬁi[_‘.iﬂn to St El'li:l]':f‘ﬁ l'lmipital, Fod o
A TREATISE ON NERVOUS AND MENTAL DIS-
EASES FOR STUDENTS AND PRACTITIONERS
OF MEDICINE. With 168 Illustrations, 8vo, 21s8.

DR. JOSEF GRUBER.

Professor of Otology in the University of Vienna, &c.
ATEKT-BDDK OF THE DISEASES OF THE EAR.
Translated from the second German edition, and Edited
with additions by Epwarp Law, M.D., C.M. Epin.,, M.R.C,5,
ExG., Surgeon to the London Throat Hospital for Diseases ot
the Throat, Nose and Ear; and CoLeEmaN JEweLL, M.B. Loxbp.,
M.R.C.S. Exc. Second edition, with 165 Illustrations, and 70

coloured figures on 2 lithographic plates, royal 8vo, 28s.
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BERKELEY HILL, M.B. LOND., F.R.C.S.

Professor of Clinical Surgery in University College.

AN
ARTHUR COOPER, L.R.C.P., M.R.C.S.

Surgeon to the Westminster General Dispensary, &c.

SYPHILIS AND LOCAL CONTAGIOUS DISOR-
DERS. Second Edition, entirely re-written, royal 8vo, 18s.

NORMAN KERR, M.D., F.L.S.

President of the Society for the Study of Inebriety ; Consulting Physician,
Dalrymple Home for Inebriates, etc.

NEBRIETY: ITS ETIOLOGY, PATHOLOGY,
TREATMENT, AND JURISPRUDENCE. Third Edi-
tion, Svo, 21s. [Now ready.

F. CHARLES LARKIN, F.R.C.S. ENG.

Surgeon to the Stanley Hospital,
AMND

RANDLE LEIGH, M.B., B.SC. LOND.

Senior Demonstrator of Physiology in University College, Liverpool.
UTLINES OF PERACTICAL PHYSIOLOGICAL
CHEMISTRY. Second Edition, with Illustrations,
crown 8vo, 2s. 6d. netl.

J. WICKHAM LEGG, F.R.C.P.

Formerly Assistant Physician to Saint Barthelomew's Hospital, and Lecturer
on Pathological Anatomy in the Medical School.

A GUIDE TO THE EXAMINATION OF THE

URINE. Seventh Edition, edited and revised by H.
Lewrs Jones, M.D., Medical Officer in charge of the Electrical
Department in St. Bartholomew’s Hospital, With Illustrations,
feap. 8vo, 3s. 6d. [ Now ready.

EWIS'S POCKET MEDICAL VOCABULARY.
Second Edition, 32mo, limp roan, 3s. 6d.

WILLIAM THOMPSON LUSK, A.M., M.D.

Professor of Obstetrics and Diseases of Women in the Bellevue Hospital
Medical College, &c.

HE SCIENCE AND ART OF MIDWIFERY. Fourth
Edition, rewritten, with numerous Illustrations, 8vo, 18s.
[ Fust published.
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LEWIS'S PRACTICAL SERIES.

In Crown 8vo Volumes, with Illustrations.

et

THE TREATMENT OF PULMONARY CONSUMPTION.
By VINCENT D. HARRIS, M.D. Lond., F.R.C.P., Physician to the City
of London Hospital for Diseases of the Chest, etc., and E. CLIFFORD
BEALE, M.A., M.B., Cantab., F.R.C.P., Physician to the City of London
Hospital for Diseases of the Chest, ete. 105, 6d, [Naswr ready,

THE SURGICAL DISEASES OF CHILDREN AND THEIR
TREATMENT BY MODERN METHODS. By D'ARCY POWER,
M.A., M.B. Oxon., F.R.C.5. Eng., Demonstrator of Operative Surgery
at St. Bartholomew's Hospital, &c. 10s. 6d.

DISEASES OF THE NOSE AND THROAT. .
By F. de HAVILLAND HALL, M.D., F.E.C.P. Lond., Physician in
Charge of the Throat Department at the Westminster Hospital, &e. 1os. 6d.

PUBLIC HEALTH LABORATORY WORK.
By H. . KENWQOD, M.B., D.P.H., F.C.5,, Instructor in the Hy-
gienic Laboratory, University College, London, &e. 108 6d.

MEDICAL MICROSCOPY. :
By FRANK ]J. WETHERED, M.D., M.R.C.P., Medical Registrar to
the Middlesex Hospital., o=

MEDICAL ELECTRICITY. 1 _
By H. LEWIS JONES, M.A,, M.D,, F.R.C.P., Medical Officer, Electrical
Department, St. ]3arthnlumcn 5 III:J'-\."I-JHI.I f:ﬂ.cuml. Edition, 10s. 6d.

HYGIENE AND PUBLIC HEALTH.

By LOUIS C. PARKES, M.D., D.P.H. Lend. Univ., Lecturer on
Public Health at 5t. George’s Hospital, ete. Fourth Edition, 1os. 6d.

MANUAL OF OPHTHALMIC PRACTICE.
By C. HIGGENS, F.R.C.S., Lecturer on Ophthalmelogy at Guy's Hos-
pital Medical School, &c. Illustrations, 6s,

A PRACTICAL TEXTBOCK OF THE DISEASES DF
WOMEN. By ARTHURE H. N. LEWERS, M.D. Lond,,
Obstetric Physician to the London Hospital. Fourth E dition, 108, ['::!

ANESTHETICS: THEIR USES AND ADMINISTRﬁTIUH

DUDLEY W. BUNTON, M.D., B.5., M.R.C.P., Administrator
of)'ﬁnd_s;lhetn,s at University l:__ulh_w:_ ll«::-*,pua,t r..tr.. ‘-;u.m:d Edition, ss.

ON FEVERS: THEIR HISTORY, ETIOLOGY, DIAGNDSIS

PROGNOSIS, AND TREATMENT. By A. COLLIE, M.D. 8s.6d

HANDBOOK OF DISEASES OF THE EAR.
By URBAN FRITCHARD, M.D. (Edin.), F.R.C.5., Professor of Aural
Surgery at King's College, London, etc.  Third Edition.

A PRACTICAL TREATISE ON DISEASES OF THE KID-
NEYS AND URINARY DERANGEMENTS, By C.H.RALFE M.A,,
M.D. Cantab., F.R.C.P., Physician to the London Hospital. 10s.6d.

DENTAL SURGERY FOR GENERAL PRACTITIUNERS
D STUDENTS OF MEDICINE. By ASHLEY W. BARRETT
M B. Lond., M.R.C.5., L.D.5., Dental Surgeon to the London Huspltal
Second Edilion 38. Gd.

BUDIL‘I’ DEFDRMITIES AND THEIR TREATMENT.
EEEVES, F.E.C.8. Ed., Senior Assistant Surgeon and Teacher
nfyPra::ncal Surgery at the London Hospital, 8s. 6d.
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JEFFERY A. MARSTON, M.D., C.B., F.R.C.S., M.R.C.P. LOND.
Surgeon General Medical Stafl (Retired).

OTES ON TYPHOID FEVER: Tropical Life and

its Sequel@e. Crown 8vo, 3s. 6d.

WILLIAM MARTINDALE, F.C.S.

ANID

|
W. WYNN WESTCOTT, M.B. LOND.

HE EXTRA PHARMACOPCEIA, with the additions

introduced into the British Pharmacopeeia 1885 and 18go;

and Medical References, and a Therapeutic Index of Diseases
and Symptoms. Eighth Edition, limp roan, med. 24mo, gs.

A. STANFORD MORTON, M.B., F.R.C.5. ENG.

Assistant Surgeon to the Moorfields Ophthalmic Hospital, &c.

EFRACTION OF THE EYE: Its Diagnosis, and the
Correction of its Errors. Fifth Edition, small 8vo, 3s. 6d.

C. W. MANSELL MOULLIN, M.A., M.D. OXON,, F.R.C.S. ENG.

Surgeon and Lecturer on Physiology at the London Hospital, &c.

I
SPRAINS; THEIR CONSEQUENCES AND TREAT-
MENT. Second Edition, crown 8vo, 4s. 6d.

11.
ENLARGEM ENT OF THE PROSTATE: its Treat-
ment and Radical Cure. With plates, 8vo, bs.
[Now ready.

WILLIAM MURRAY, M.D., F.R.C.P. LOND.

Consulting Physician to the Children’s Hospital, Newcastle-on-Tyne, &c.
ILLUETRATIDNS OF THE INDUCTIVE METHOD
IN MEDICINE. Crown &vo, 3s. 6d.

WILLIAM MURRELL, M.D., F.R.C.P,

Lecturer on Materia Medica and Therapeutics at Westminster Hospital.

I.
ASSOTHERAPEUTICS; OR MASSAGE AS A
MODE OF TREATMENT. Fifth Edition, crown 8vo,
4s. 6d.

Il.
WH.&T TO DO IN CASES OF POISONING. Seventh
Edition, royal 32mo, 3s. 6d. [Now ready.
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G. OLIVER, M.D., F.R.C.P.
1

ULSE-GAUGING: A Clinical Study of Radial Measure-

ment and Pulse Pressure. With [llustrations, fcap. 8vo,

3s. 6d. [ Now ready.
II.

N BEDSIDE URINE TESTING: a Clinical Guide to
the Observation of Urine in the course of Work. Fourth
Edition, fcap. 8vo, 3s. 6d.
I11.
HE HARROGATE WATERS: Data Chemical and
Therapeutical, with notes on the Climate of Harrogate.
Crown 8vo, with Map of the Wells, 3s. 6d.

WILLIAM OSLER, M.D., F.R.C.P. LOND.

Professor of Medicine, Johns Hopkins University, &c.

N CHOREA AND CHOREIFORM AFFECTIONS.
Large 8vo, 5s. [Now ready.

LOUIS C. PARKES, M.D. LOND., D.P.H.

Lecturer on Public Health at St. George's Hospital, &c.

NFECTIOUS DISEASES, NOTIFICATION AND
PREVENTION. Fcap. 8vo, cloth, zs. 6d., roan, 4s. 6d.

R. DOUGLAS POWELL, M.D., F.R.C.P,,
Physician Extra-ordinary to H.M. the Queen; Physician to t]‘ll.‘._ Middlesex
Hospital; Consulting Physician to the Hospital for Consumption and
Diseases of the Chest at Brompton.

ISEASES OF THE LUNGS AND PLEURZAZE IN-
CLUDING CONSUMPTION. Fourth Edition, with
coloured plates and wood-engravings, 8vo, 18s.  [Now ready.

DR. THEODOR PUSCHMANN.

Public Professor in Ordinary at the University of Vienna.
ISTORY OF MEDICAL EDUCATION FROM THE
MOST REMOTE TO THE MOST RECENT TIMES.
Translated by Evan H. Hare, M.A. (Oxon.), F.R.C.S. (Eng.),
F.S5.A. Demy 8vo, 21s.

FRANCIS H. RANKIN, M.D.
President of the Newport Medical Society.

YGIENE OF CHILDHOOD: Suggestions for the care
ot children after the period of infancy to the completion of
puberty. Crown 8vo, 3s.
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SAMUEL RIDEAL, D.SC. (LOND.), F.I.C., F.C.8.,, F.G.S.

Fellow of University College, London.

1.
PR&CTICAL ORGANIC CHEMISTRY. The detection

and properties of some of the more important organic com-
pounds. 12mo, 2s. 6d.

11.

PR.&CTICAL CHEMISTRY FOR MEDICAL STU-

. DENTS, Required at the First Examination of the
Conjoint Examining Board in England. Fcap. 8vo, 2s.

J. JAMES RIDGE, M.D., B.8., B.A.,, B.SC. LOND.
Medical Officer of Health, Enfield.
ALCGH{}L AND PUBLIC HEALTH. Second Edition,

Crown 8vo, 2s. [Now ready.

e

SYDNEY RINGER, M.D., F.R.S.

Holme Professor of Clinical Medicine in University College; Physician te
University College Hospital.
A HANDBOOK OF THERAPEUTICS. Twelfth Edition,

revised, 8vo, 15s.

FREDERICK T. ROBERTS, M.D., B.SC., F.R.C.P.

Professor of the Principles and Practice of Medicine in University College
Physician to University College Hospital, &c.

I

THE THEORY AND PRACTICE OF MEDICINE.
Ninth Edition, with Illustrations, large 8vo, 21s,

[ Now ready.

II.
HE OFFICINAL MATERIA MEDICA. Second Edit.,
entirely rewritten in accordance with the latest British
Pharmacopaoeia, with the Additions made in 18go, fcap. 8vo, 7s. 6o.

ROBSON ROOSE, M.D., F.R.C.P. EDIN.

OUT, AND ITS RELATIONS TO DISEASES OF
THE LIVER AND KIDNEYS. Seventh Edition, crown
8vo, 4s. 6d.

IL.

ERVE PFPROSTRATION AND OTHER FUNC-

TIONAL DISORDERS OF DAILY LIFE. Second
Edition, demy 8vo, 18s,
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WILLIAM ROSE, B.S., M.B. LOND., F.R.C.S.
Professor of Surgery in King's College, London, and Surgeon to King's
College Hospital, &c.
N HARELIP AND CLEFT PALATE. Demy 3vo,
with I]]ustratiun'ﬁ bs.

BEHN.!'EHD ROTH, F. RCS
Fellow of the Medical Society of London.

HE TREATMENT OF LATERAL CURVATURE
OF THE SPINE. Demy 8vo, with Photographic and
other Illustrations, 5s.

DR. C. SCHIMMELBUSCH.
Privat-docent and Assistant Surgeon l]‘:‘:] ll’il;?t'. v. Bergmann's University Clinic
at Her i
HE ASEPTIC TREATMENT OF WOUNDS.

With a Preface by Professor Dr. E. von BERGMANN. Trans-

lated from the Second German Edition by A. T. Rake, M.B., B.S.
Lonp., F.R.C.S. ExgG., Registrar and Pathologist to the East
Ll::nnc]un Hospital for Ltuldren With Illustrations, crown 8vo, 5s.
[ Now ready.

e .

d. E. SHUTTLEWDRTH B.A., M.D.

Late Medical Superintendent, Roval Albert l'tutlumfur Idiots and Imbeciles
of the Northern Counties, Lancaster ; formerly Assistant Medical
()I-EL&r..l arhuﬂud Asylum,

MENTHLLY -DEFICIENT CHILDREN : THEIR

TREATMENT AND TRAINING. With Illustrations,

crown 8vo, 4s. [ Fust published.

ALEXANDER J. G. SKENE, M.D.

Profeszor of Gynacology in the Long Island College Hospital, Brooklyn.
REATISE ON THE DISEASES OF WOMEN.
Second Edition, with 251 engravings and g chromo-litho-
graphs, medium 8vo, 28s.

JOHN KENT SPENDEH MD LOND.

Physician to the Royal Mineral Water Hospital, Bath
HE EARLY SYMPTOMS AND THE EARLY

TREATMENT OF OSTEO-ARTHRITIS, commonly
called Rheumatoid Arthritis. 'With special reference to the Bath
Thermal Waters. Small 8vo, 2s. 6d.

JAMES STOCKEN, L.D.S. ENG.

Pereira Prizeman for Materia Medica ; Late Dental Surgeon to the National
Dental I-Inspll:a].

ENTAL MATERIA MEDICA AND THERAPEU-
TICS. Fourth edition, revised by LEsLiE M. STocKEN,
L.R.C.P., M.R.C.S., L.D.S.; and J. O. BurcHER, L.D.5. Ene.,

Assistant Dental Surgeon to Guy's Hospital. Fcap. 8vo, 4s.
[Now ready.




14 New and Recent Works published by

ADOLF STRUMPELL.

Professor and Director of the Medical Clinique at Erlangen.

TEXT-BOOK OF MEDICINE FOR STUDENTS

AND PRACTITIONERS. Second edition translated

from the German by Dr. H. F. Vickery and Dr. P, C. Knarp,

with Editorial Notes by Dr. F. C. SHarTuck, Visiting Physician

to the Massachusetts General Hospital, &c. Complete in one
large vol., with 119 Illustrations, imp. 8vo, 28s.

JUKES DE STYRAP, M.R.C.P.I.

Physi.:ia,n-Extraur:'!Enar;.r, late Physician in Ordinary to the Salop Infirmary;
Consulting Physician to the south Salop and Montgomeryshire
Infirmaries, etc.

1.
THE YOUNG PRACTITIONER: With practical hints
and instructive suggestions, as subsidiary aids, for his guid-
ance on entering into private practice. Demy 8vo, 7s. 6d. nett,

I
A CODE OF MEDICAL ETHICS: With general and
special rules for the guidance of the faculty and the public
in the complex relations of professional life. Fourth Edition,
demy 8vo, 3s. 6d. nett.
I11.
EDICO -CHIRURGICAL TARIFFS. Fifth edition,
fcap. 4to, 25. netl,
V.
THE YOUNG PRACTITIONER: HIS CODE AND
TARIFF. Being the above three works in one volume.
Demy 8vo, 10s. 6d. nett.

C. W. SUCKLING, M.D. LOND., M.R.C.P.

Professor of Materia Medica and Therapeutics at the Queen’s College,
Physician to the Queen’s Hospital, Birmingham, ete.

i
ON THE DIAGNOSIS OF DISEASES OF THE
BRAIN, SPINAL CORD, AND NERVES. With Illus-
trations, crown 8vo, 8s. 6d.
IT.
ON THE TREATMENT OF DISEASES OF THE
NERVOUS SYSTEM. Crown 8vo, 7s. 6d.

JOHN BLAND SUTTON, F.R.C.S.

Lecturer on Comparative Anatomy, and Assistant Surgeon to the Middlesex
Hospital.

LIGAMEHTS: THEIR NATURE AND MORPHO-
LOGY. Wood engravings, post 8vo, 45. 6d.
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HENRY R. SWANZY, A.M., M.B,, F.R.C.S.I.

Examiner in Ophthalmic Surgery in the Royal University of Ireland;
Surgeon to the National Eye and Ear Infirmary, Dublin, ete.

A HANDBOOK OF DISEASES OF THE EYE AND
THEIR TREATMENT. Fifth Edition, Illustrated
with Wood Engravings, Colour Tests, etc., large post 8vo, 10s. 6d.

ALBERT TAYLOR.
Associate Sanitary Institute; Chief Sanitary Inspector to the Vestry of St
George, Hanover Square, etc.
HE SANITARY INSPECTOR'S HANDEOOK.
Cr. 8vo, with Illustrations, s5s.

A. J. WALL, M.D. LOND., F.R.C.8. ENG.
Medical Staff of H.M. Indian Army (Retired List).

SIATIC CHOLERA: ITS HISTORY, PATHOLOGY,
AND MODERN TREATMENT. Demy 8vo, 6s.

E. G. WHITTLE, M.D. LOND., F.R.C.S. ENG.

Senior Surgeon to the Royal Alexandra Hospital for Sick Children, Brighton.

CONGESTIVE NEURASTHENIA, OR INSOMNIA
AND NERVE DEPRESSION. Crown 8vo, 3s. 6d.

SIR JOHN WILLIAMS, M.D., F.R.C.P.

FProfeszor of Midwifery in University College, London, &,
ANCER OF THE UTERUS: BEING THE HAR-
VEIAN LECTURES FOR 1386. Illustrated with Litho-
graphic Plates, royal 8vo, 10s. 6d.

E. T. WILSON, M.B. OXON., F.R.C.P. LOND.

Physician to the Cheltenham General Hospital, &c.
DISINFECTANTS AND ANTISEPTICS: HOW TO
USE THEM. In Packets of one doz. price 1s., by post
1s. Id. [ Fust thoroughly revised.

BERTRAM C. A. WINDLE, M.A.,, M.D. DUBL.

Professor of Anatomy in the Queen's College, Birmingham ; Examiner in
Anatomy in the Universities of Cambridge and Durham.

A HANDBOOK OF SURFACE ANATOMY AND
LANDMARKS. Illustrations, post 8vo, 3s. 6d.

OSWALD ZIEMSSEN, M.D.
Enight of the Iron Cross, and of the Pruszian Order of the Crown.
HE TREATMENT OF CONSTITUTIONAL SYPHI-
LIS. Post 8vo, 35. 6d.
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EWIS'S DIET CHARTS. A Huggeatne set of Diet Tables for
the use of Physicians, for handing to Patients after Con-
sultation, modified to suit Individual Requirements; for

" Albuminuria, Alcoholism, An®mia and Debility, Constipa-
tion, Diabetes, Diarrheea, Dyspepsia, Fevers, Gout, Nervous
Diseases, Obesity, Phthisis, Rheumatism (chronic); with
Blank Chart for other diseases. 6s. 6d. per packet of 100
charts, by post, 6s. 10ld.

EWIS'S FOUR-HOUR TEMPERATURE CHART. This form has
been drawn up to meet the requirements of a chart on
which the temperature and other observations can be re-
corded at intervals of four hours. They will be found most
convenient in hospital and private practice. Each chart
will last a week. Prices, 2o, 1s.; 50, 25.; 100, 38. 6d.; 500,
I45.; 1000, 25S.

HART FOR RECORDING THE EXAMINATION OF URINE.
These Charts are designed for the use of medical men, ana-
lysts and others making examinations of the urine of pa-
tients, and afford a very ready and convenient method of
recording the results of the examination. Prices, 10, 18.;
100, 7s. 6d.; 250, 155.; 500, 255. ; 1000, 40S.

LINICAL CHARTS FOR TEMPERATURE OBSERVATIONS, ETC.
Arranged by W. Riepen, M.R.C.S. Price 1s. per doz.,
7%, per 100, I55, per 250, 235, per 500, 50S. per 1000,
Each Chart is arranged for four weeks, and is ruled at the back for
making notes of cases; they are convenient in size, and are suitable
both for hospital and private cases.

EWIS'S CLINICAL CHART, SPECIALLY DESIGNED FOR USE
WITH THE VISITING LIST. This Temperature
Chart is arranged for four weeks, and measures 6 x 3
inches. 3os. per 1000, 16s. 6d. per 500, 3s. 6d. per 100,
1s. per 25, 6d per 12.

LEWIS‘S NURSING CHART. 25s. per 1000, 14S. per 500, 35. 6d.

pur 100, 2S. Per 50, Or IS. per 20.

*.* Mr. LEwIS is in constant communication with the leading
publishing firms in America and has transactions with them for
the sale of his publications in that country. Advantageous
arrangements are made in the interests of Authors for the
publishing of their works in the United States.

Mr. LEwis’s publications can be procured of any Bookseller in
any part of the world.

Complete Catalogue of Publications post free on application.

Printed by H. K. L euns, Gower Street, London, W.C.
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