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PREFACE.

————a

Trais compendium of methods for the preparation of
the human brain for mieroscopical examination and
museum purposes is published in the hope that it may
be of some service to those who are devoting attention
to cerebral pathology. The number of workers in this
particular field has greatly increased of late years;
especially in asylums for the insane is there occasion
to observe a quickening of interest in questions relating
to the morbid histology of the brain,

In the present work the brain alone is considered ;
it is proposed to deal with the methods employed in
the microscopical examination of the spinal cord and
nerves on a future ocecasion.

For many important references my acknowledgments
are due to the excellent “ Microtomist’s Vade-Mecum ”
of Bolles Lee. My friend and colleague, Dr. Maurice
Craig, has my best thanks for the Index—almost

entirely compiled by him—and for much assistance in
the revision of the proofs.

E. G.
December, 1893.







MICROSCOPICAL EXAMINATION
OF THE BRAIN.

I.—FRESH METHODS.

Freezing Method (Bevan Lewis)—To show structure
of Cerebral and Cerebellar Cortex.—Remove a piece
of brain (cortex and white matter) about 1§ cin.
by 1 em.; height, 5~8 mm. It should be as fresh as
possible. It is important to retain the pia mater, in
order that morbid conditiens in and beneath it may be
studied. If the piece of brain removed consist of
the adjacent portions of two gyri, the fold of pia
dipping into the intervening sulcus will be secured
with a section, and probably some of the surface (ex-
posed) pia also. Place the piece on an ether-freezing
microtome [Lewis, Cathcart, or other] with pia nearest
to knife ; thus a better chance of including the mem-
brane in the section 1s afforded. Freeze to the level
of the section-plate. The temperature of the room
should not be above 60 degrees, Fahr. The knife used
should have both surfaces hollowed, especially that
uppermost in cutting. Placed on a flat surface, the
back and edge should be on the same plane. Size,
6 inches by £ inch. [Made by Young, or Gardner, Sur-

B



2 MICROSCOPICAL EXAMINATION

gical Instrument Makers, Edinburgh.] Before use, the
upper surface of the knife should be prepared so that
water will lie upon it uniformly up to the edge as
follows :—Cover the surface with ether, aud plunge the
blade, so covered, into water. Repeat this two or three
times. The same purpose is effected by passing the
blade a few times through the white matter of the
brain. The knife is now ready for use. It may be
said here that 1t is quite possible to obtain good sections
with a razor, or even plane-iron. The knife described,
however, 1s a convenient length, and comes in useful
for cutting in wax also. Wipe the under surface on a
towel placed over the knee. Remove the unfrozen tissue
by a sweep of the knife. Cut sections by a pushing
movement. The best are obtained at the junction of
the frozen and unfrozen tissues. They should be very
delicate, and float on the blade. Float them on to the
surface of water kept at hand in a suitable vessel.
The kind used in Koch’s plate-culture process is useful.
Two such glass vessels, filled with water, should be at
hand. Take up the sections on a slide as soon as pos-
sible, and float up each section with osmic acid, $ per
cent. sol., drawing the fluid completely over it also.
The osmic acid is allowed to act about 1-1 min. ; its
action is fixative. Wash the section in water, to remove
excess of the osmium, and then stain, on the slide
(for very delicate and friable sections),* or in a porcelain
dish, using filtered aqueous solution of English anilin
blue-black (} per cent.). This is allowed to act about
one hour. Wash well in water (distilled finally).
Take up on slide, and allow the section to dry

# Taking care that the stain gets beneath the section.
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thoroughly on it, under cover. Drying hastened by
keeping the slide on the slant; and still more, by
placing it beneath a bell-jar with a capsule containing
strong sulphuric acid. When dry, apply a drop of
canada balsam ; cover. By this method nerve-cells—
and their processes, in considerable extent—and con-
nective-tissue-cells and nueclei are stained blue-black.
The stain is especially adapted for nerve-cells. The
neuroglia-matrix appears of a grey-blue tint (very faint,
unless the speecimen is diseased).

The method 1s a very important one for the study of
healthy cerebral cortex, and for the demonstration of
changes in nerve and connective-tissue-cell, and vas-
cular changes in the morbid brains of alcoholism,
general paralysis of the insane, and other varieties of
insanity.

By staining a section with picro-carmine as well as
anilin, connective-tissue and vaseular structures are
better shown than by the ordinary method. Stain on
the slide with picro-carmine, 10-20 minutes. Drain
off, and stain with anilin blue-black, 4 per cent. aq. sol.
This acts rapidly after picro-carmine has been used—
about 10-15 minutes required. Proceed as above.

Other anilins do not give equally good results with
the blue-black in staining fresh cortex; unlike the
latter they stain diffusely, not selectively. Hence it is
necessary to remove excess of dye. Aleohol is, of
course, prohibited for this purpose. Very dilute acetic
acid may be employed; it removes a considerable
amount of colour from the ground substance, but at the
expense of the merve-cells. The writer has obtained
fairly good results as regards these elements, with
dilute aq. sol. gentian, or methyl-violet, or dilute aq.

n2



4 MICROSCOPICAL EXAMINATION

sol. Leefller’s alkaline methylene-blue. Connective-
tissue nuclel and those of vessel-walls are brought out
much better by these dyes than by anilin blue-black—
as might have heen expected from experience with
hardened tissues. They are therefore useful when it is
desired to show abnormal vascularity of the cortex (as
in the case of general paralysis).

The fresh unstained section may be examined with
advantage. Colloid bodies, dilated and congested
vessels, perivascular exudates, miliary apoplexies, &c.,
show well. The first named (colloid bodies) are un-
affected by anilin blue-black, but stained by haema-
toxylin or osmie acid. By reflected light nodules of
miliary sclerosis can be seen as minute opalescent spots.

Congested capillaries are well shown in thin sections
mounted in physiological salt solution.

Fresh Sections of Central Medulla or Basal

- Ganglia (Lewis).—Cut on freezing microtome, as above,
and take up sections on slide. They may now be ex-
amined under a low power; medullated nerve-fibres
show well. If to be preserved, remove the water from
the section as quickly as possible and float up on osmie
acid, 1 per cent., which is drawn also over the surface.
Expose to this reagent 5-10 minutes under -cover.
Wash in water. Medullated fibres are stained by the
osmic acid. To stain the grey matter, place sections in
picro-carmine a few minutes. Wash off excess of

| stain, and float up the section with glycerine for 5-10

. minutes ; it is thus freed from much water. Drain off

| this glycerine and mount in pure glycerine, Farrant's or
Goadby’s solution, cementing down the cover-glass.

The broken-down, pulpy tissue from foci of softening

(blood-crystals, compound granule corpuscles, varicose

!




OF THE BRAIN. 5

nerve-fibres, &c.), is best examined fresh, pressed out to
a thin film between cover-slip and slide. The film may,
if desired, be submitted to the action of dilute osmie
acid (X per cent. for 1-2 hours in the dark), to stain
compound granules and nerve-fibres. Supplement the
procedure by hardening methods. The corpora amy-
lacea found about selerotic foci in the white matter are
well shown in similar preparations, or in fresh sections.
Iodine stains them blue-grey or blue-violet.
Dissociation—Preparations to show the Ganglion
Cells of Cortex (Lewis).—A piece of convolution,
stripped of its pia, and of convenient. size, is- held
between the thumb and second finger of the left
hand, the left index guiding the razor-blade, which,
saturated with spirit, 1s used to cut as delicate sections
as possible, vertically to the surface of the cortex.
Place the section on a glass slide and allow a few
drops of Miiller’s fluid to fall on it from a pipette.
Macerate in this a few moments. Then apply the
cover, arranged to cover the film by one-half its
diameter. Flatten out the section into a thin film
by pressing on the cover-slip by a mounted needle.
Rinse the slide in water to remove superfluous Miiller,
aud place it in methylated spirit for 30-40 seconds.
The cover ean now be removed without tearing the
film. Carefully wash the latter free from spirit by
water from a camel-hair brush. It is then stained as
1t lies on the slide with anilin blue-black 1 per cent.
aq. sol. When enough stained, lower the slide into
water gently and wash the film carefully. Dry, and
then apply a drop of chloroform to the specimen,

immediately afterwards mounting in balsam (chloro-
form or benzole solution).
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Dissociation—Preparations to show the Neu-
roglia (cells and ground substance) in the White
Matter* (Boll)—Thin sections of brain-substance are
thrown into a solution of osmic acid 0'1 per cent., and
left for twenty-four hours. Wash in aq. dest., and
transfer to concentrated sol. potass. acetate. Here they
remain an unlimited time. The sections are then either
teased or compressed strongly between cover and slide.

The nerve-fibres appear black, connect. tiss. cells and
tlieir processes unstained.

Same after Mierzejewski.—A portion of the white
matter about 1 cem. in bulk is placed in osmie acid,
1:300, for 12-24 hours. Slice off the hardened
exterior, and tease out a piece from the interior in aq.
dest. Stainwith piero-carmine and examine in glycerine.

For the same purpose (teasing of neuroglia), Gierke
recommends the following, as maceration fluids. Very
weak sol. of chromic acid or its salts; amniotic fluid,
iodized serum [see below], Ranvier’s one-third alcohol.
Most suitable of all is the liquid of Landois [see below].
Pieces are kept in it for 2-5 days; then for twenty-four
hours in ammonia-carmine solution, diluted one-half
with the same fluid. Tease in water; allow this to
evaporate, and when quite dry mount in balsam.

Teasing—for the demonstration of nerve and glia
cells—may also be practised after maceration in one
of the following fluids.f Use a very small piece of

* For showing the cells of neuroglia in teased out preparations,
quite fresh material is needed. Human brains as ordinarily obtained
are unsuitable ; isolation of the glia cells in such is very difficult.
The central nerve organs of ruminants are best adapted for these
preparations. :

+ The spinal cord is more commonly used for teasing purpo.es.
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tissue, say a cube 2-3 mm. (1.) Dilute alcohol (* one-
third” : ale. absol. 30, water 70). Macerate in this
1-2 weeks. (2.) Osmic aeid sol., 01 per cent., twenty-
four hours. After 7-14 days good preparations can
also be obtained. (3.) Miller's fluid (pot. bichromate
2-21 gram.,, sulphate of soda 1 gram., water 100 cem.):
dilute freely and use 24 days. Or (4) the Miiller may
be used for several days, until the tissue is rather firm ;
wash, place in abs. alcohol a day or two. Then for
several weeks in following solution: glacial acetic acid
200 eccm., creasote 20 drops, water 800 ccm. If too
soft after this treatment, place the tissue in pure
pyroligneous acid a few days (Stilling’s method).
(5.) Landois solution (sat. sol. neutral chromate of
ammonia 5 parts, sat. sol. phosphate of potash 5 parts,
sat. sol. sulphate of soda 5 parts, dist. water 100
parts). Macerate in this 1-5 days. Stain twenty-four
hours in ammonia-carmine diluted with one vol. of
macerating fluid. (6.) Zodized serwm (blood-serum 100
cem., tinct. iodi. 1 ccm., carbolic acid 2 drops). (7.)
Salt solution (0°75 per cent.). Tease in the last two
forthwith or after brief use (few minutes to an hour).
For teasing a dissecting microscope or lens is useful,
and a couple of mounted needles are requisite. Carry
out the process in a little distilled water on the slide.
The preparation may be stained by adding a little
carmine or fuchsin to the macerating fluid used, or
after teasing, by means of ammonia-carmine or agq.
sol. anilin blue-black, or this combined with picro-
carmine. In the latter case either allow the tissue
to dry sufliciently to adhere to the slide before staining,
or press a cover-slip upon it and run in the stain
between cover and slide. When stained separate the
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two, and remove excess of dye by blotting-paper.
Preparations, freed from excess of stain, are mounted
n glyeerine, or-—after drying—in balsam,

Vignal employs principally the following method in
examining nerve and neuroglia cells in embryonie
brain. A small piece of the tissue is placed in one-
third alcohol for twenty-four hours; minute portions
are then shaken up in about 12 cem. dist. water in
a tube. Piero-carminate of ammonia is then added (1
cem. of a 1 per cent. sol.) for staining; the elements
are allowed to settle. They are presently—when
sufficiently stained—taken up by a pipette, and placed
in about 12 cem. dist. water in a fresh tube, to which
1s added 1 cem. of osmic acid 1 per cent. The tube
is kept closed, and in about twenty-four hours fixation
is complete. Decant off the water and examine some
of the deposit microseopically, mounting in carbolic
acid sol. 1-1000:

For the examination of the smaller cerebral blood
vessels and the adventitial lymph space, teased-out
preparations of fresh brain, or of portions of brain
which have been macerated 2448 hours in a very
dilute sol. potass. biehrom. (or other of the macerating
fluids mentioned), are the most suitable. The fresh
preparations may be treated for a short time with
a weak sol. acetic acid (5 drops to 50 cem.
water) before staining. For staining, picro-carmine,
heematoxylin, and most analin dyes are suitable,
especially bismarck brown. Fresh preparations may
be mounted in dist. water or salt solution. Lowenthal
recommends that the cover should be sealed down by
balsam or dammar as soon as its edge i1s dry; pre-
parations then last for a long time. Preparations of
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macerated tissue may also be stained by any of the
dyes mentioned and mounted as above.

Many morbid conditions of cortical blood-vessels
are weall shown in fresh ether-frozen sections..

The blood-vessels coursing on the under surface of
the pia, and the branches given off by them to the
cortex, may be shown by the following procedure.
The fresh brain. may be taken, or a piece of cortex
and pia which has been slightly macerated in a
suitable fluid (see the macerating fluids given). Care-
fully strip off a small piece of pia; with it will be
taken the blood-vessels referred to. Place the whole
in some carmine stain. As good as any 1s Schweigger-
Seidel’s acid-carmine—ammonia-carmine slightly acidi-
fied by acetic acid. Wash out with HCL sol. 05
per cent. [Much used by Boll in his investigations.]
After staining examine in glycerine. Around the
vessels can be seen sheaths, here loosely, there closely
applied. [The vessels on under surface of the pia
are referred to.] In the space between sheath and
vessel-wall are lymph-corpuscles in varying number.
A marked excess of leucocytes 1s easily appreciated.
The investing membrane 1s the adventitial lymph-
sheath. Boll states that the sheath is best seen after
maceration in concentrated oxalic acid instead of the
ordinary chrome-solutions.

Small strips of fresh pia may also be stained by
some of the anilin dyes (bismarck-brown, methyl-
green, &c.), by weak osmic acid (}-% percent., to
show fatty changes in vessel-walls), and treated by
weak acetic acid (to bring out the nuclei of the vessel-
wall). The minute artevies and veins, and the capillaries
of the pia are well shown in such preparations, which
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are temporary. Mount, outer surface downwards, in
normal salt-solution or distilled water.

If the subject of arterial degeneration is to be
Investigated, it is advisable to examine the fine vascular
twigs passing to the basal ganglia and pons varolii
from the vessels at the base of the brain. Draw them
out by gentle traction upon the main trunk, snip off
with fine curved scissors, and float up in water on a
slide. Plugging of the vessels, degeneration of their
walls, and aneurismal dilatations can be thus seen.

Large cerebral arteries may be hardened by the
ordinary means, cut in gum, paraffin, or celloidin, and
sections stained by the ordinary dyes.

The dura mater can be examined in the fresh state
by cutting sections between two pieces of liver by
razor, or in a sliding microtome; or cut on the
freezing microtome. This is a useful way of ex-
amining pseudo-membranes. Mount in normal salt
solution or distilled water.  Sections can also be
treated by dilute acetic or osmie acid, and stained
by anilin and other dyes. As regards hardening and
subsequent processes preparatory to examination, the
membrane may be treated like other tissues. It is
well to pin it out on a piece of cardboard whilst
hardening.

It is sometimes necessary to examine for bacteria, as
in cases of tubercle of membranes er of brain, purulent
meningitis, or when foci of acute inflammation are found
(“ heemorrhagic encephalitis”). Cover-slip preparations
and sections of the tissue, hardened in alcohol, should
be made, and examined for organisms as usual. Of
exudates, cover-slip preparations can be prepared.
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IL—INJECTION OF CEREBRAL BLOOD-
VESSELS.

The two following injection-fluids may be recom-
mended for ordinary use.

Carter’'s Carmine Injection.,

Cormine (purs)il e & snlhad et e dr
Strong sol. ammonia . . . . . . 2 fl.drs
Glacial aceticiacid. . . . . . . 86 m
Sol. of gelatine® (1-6 water) . . . 2 ozs.
Digtilled water i) s 5 0et o e el 1k ozE

Dissolve the carmine in the ammonia and water,
filter after allowing to stand an hour. Add the acetic
acid, and stir well. Add the gelatine solution, stirring
thoroughly. The fluid ought to be slightly acid. The
gelatine is softencd before dissolving it by allowing it
to stand (cut up) in a little distilled water, which 1s
gradually absorbed. Some thymol or salicylic acid is
added to the fluid before it sets, for preservative
purposes.

Prussian-blue Injection.

Soluble Prussian-blue . . . . 2 grammes.
Best French gelatine (gold label) 7 grammes.
Distilled water . . . . . . 91 cem,

* Best French gelatine, gold label (Coignet’s).
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Dissolve the powder in half the water, rubbing it up
well in a mortar. In the remaining water the gelatine,
cut into small pieces, is allowed to swell up, this takes
some hours. It is then dissolved in the water by heat.
Add the blue solution, little by little, with much
stirring. Filter through fine flannel. Vessels coming
in contact with the solution should be rinsed out with
slightly acidulated water (‘2 per cent. HCl., Fearnley)
beforehand. The blue solution may either be filtered
before adding it to the gelatine, or—what is quicker
and equally satisfactory—it is allowed to stand until
undissolved particles have gone to the bottom, the
decanted fluid is then employed.

Reliable Prussian-blue is supplied by Gruebler.

Should a yellow injection fluid be required Hoyer's

Lead Chromate may be used. Make—

(«) A solution of gelatine in water (1:4). This
should be elear.

(b) A eold saturated solution of potass-hichro-
madte.

(¢) A cold saturated solution of sugar of lead.

The solutions may be kept ready prepared. Add (b) to
(@), mix well, warm almost to boiling, and gradually add
(¢), previously warmed. Equal volumes of the three
solutions are employed. Proceed with injection as soen
as the fluid is of suitable temperature.

Aqueous Sol. Anilin Blue-Black makes a very fine
fluid owing to the solubility of the dye. It may be
used as 4-1 per cent. sol. (stronger if the tint is
considered too pale) combined with gelatine & per
cent.

R —

B
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Silver-Nitrate.—An injection of this substance has
been recommended for the study of cerebral blood-
vessels. Asan aqueous solution, } per cent., silver-
nitrate has been long employed for injecting blood-
vessels in various parts of the body. Aecording to
Valenti :iand d’Abunde, a flaid of similar strength—in
any case, not exceeding 05 per cent.—forms the best
injection for the study of the vessels in the brain of
mammals. They remark that when stained gelatine
1s injected ‘the vessels, especidlly inembryoes, are dis-
torted from their normal position. The AgNO,, by
penetration into the walls, brings out the endothelial
lining of the vessels. Further, it is stated that the
perivascular lymphatic sheaths are shown in this way,
The best after-treatment is said to be 20 minutes’
exposure to direct light, followed by hardening in
alcohol.

The writer has employed the injection upon the brains
of freshly-killed adult rabbits. After exposure to light
fresh sections were cut from one hemisphere, the other
was hardened in alcohol. The fresh sections were
examined at once. The nitrate of silver was found to
have taken effect upon the vessels running from the pia
into the cortex, but for a short distance only. No small
vessels were mapped out. The sections from the
hardened hemisphere showed no silver-reaction.

If silver-nitrate is to be used for injecting the cerebral
blood-vessels the brain must be from an animal just
dead, as fresh tissue is'essential. It is best to kill the
animal and inject at once through the aorta (in the case
of a small animal), washing out the vessels with distilled

water before using the silver-solution. Inject from a
glass syringe.
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Alferow recommends the silver-salts of organic acids
(lactate, acetate, &c.), as giving better results than the
nitrate. The lactate solution is as follows :—

Lactate of silver, 1 part.
Dist. water, 800 parts.
Cone. sul. lactic acid, a few drops (10-15).

The free acid, according to Alferow, decomposes precipi-
tates formed by the action of the silver on chlorides
and other substances in the tissues, leaving intact the
| albuminate only.

: Taguschi’s Cold Injection of Japanese Ink.—The
' success of this injection when employed on other organs
renders it worthy of trial in the case of the brain; it
has not yet been tried, as far as the writer is aware.
Japanese ink is well rubbed up with water until a deep
black fluid is obtained, which does not run when dropped
on thin blotting paper nor form a grey ring around the
drop. Inject with the ordinary instruments. The organ
becomes quite black. Cut into small pieces and harden
in any way suitable. Prepare sections as usual. The
injection is very fine.

For the purpose of injection a brass syringe frequently
answers well, especially a stomach-pump pattern of |
suitable size, which has the advantage that no detach- |
ment for refilling is necessary. An objection to the |
syringe is the difficulty of maintaining an equable flow
with it. The piston should not be pushed but screwed
down, to ensure as much steadiness of pressure as pos-
sible. Again, the gelatine tends to set in the syringe.
To prevent this, dip the syringe from time to time in the
hot water surrounding the bottle containing the injec-
tion-fluid; the latter should be rather overheated, to
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allow for some cooling in the syringe. The instrument
is provided with cannulae of different sizes, and a stop-
cock removable from both syringe and cannula.

In removing a brain for injection the dura mater
should be left attached to the inner margin of each
hemisphere, and the lepto-meninges kept as intact as
possible. Should there be much atheroma of the basal
vessels the brain had better be discarded at once.

Place the organ in a basin of water sufficiently warm
to keep fluid the cireulating injection mass. The bottle
to contain the latter is kept in another basin of warm
water, placed alongside the first. An india-rubber tube
passes from this bottle to one nozzle of the syringe.
The other nozzle (the stomach-pump pattern is referred
to) communicates, through the stop-cock, with the
cannula. Proceed as follows:—Filter the injection-
fluid into the bottle through flannel wrung out of hot
water. Tie a cannula of suitable size into one of the
internal carotid arteries, placing clips upon the basilar
and other carotid. Push the stop-cock into the cannula
and fill both with injection fluid by means of a pipette ;
turn the stop-cock. The syringe is then filled, air being
expelled by holding the nozzle uppermost and forcing
out some of the injection. Allow a few drops to fall
into the stop-cock piece to fill it. Unite syringe and
stop-cock, turn the latter, and inject slowly. One
attempts to get as complete an injection as possible of
the capillaries of the pia. It must, however, be admitted
that the state of the pia, as regards injection, is no cer-
tain criterion of that of the subjacent cortex. Should
an escape of fluid occur by some accidentally-injured
surface-vessel this should be clipped if possible. In the
brains of the chronic insane it is only too common to
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get small scattered extravasations of the injected-fluid ;
but in healthier brains these are of course much rarer,
The injection of one hemisphere—or as much as is desir-
able through the carotid—being accomplished, that of
the other is performed, through its carotid, the vessel just
used being clipped.  Subsequently the basilar artery is
injected, or a vertebral artery, the other, and the carotids
being clipped. The amount injected varies aceording to
the state of the vessels; sometimes 20 ozs. is enough, at
other times—probably when the small cerebral arteries
are diseased—30 ozs. does not appear excessive. When
the process is completed the stop-cock 1s turned off, the
syringe withdrawn, and the brain remowved to cold water.
Here the gelatine quickly sets. Subsequent treatment
is commenced as soon as possible.

Fresh sections should be cut forthwith by the ether-
freezing method. The carmine injection (either this or
a yellow fluid should be employed in this case) forms |
an excellent contrast with the anilin blue-black of the |
nerve-structures. This method of examining injected
brains is very instructive, and worthy of much more
attention than it has received. As organs injected
with carmine are best hardened in alcohol—which pro-
duces much shrinkage of brain—there is the greater
reason for examining fresh in the present instance.
With Prussian-blue and anilin blue-black, subsequent
hardening in chrome-salts is quite suitable. Prussian-
blue sections are best cleared in turpentine and
mounted in turpentine-balsam, as turpentine preserves
the colour, which tends to fade. Yellow injection
masses also fade in time, whereas red ones are practi-

!t cally permanent. ;
l More reliable than the syringe for the purpose of
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injection is a continuous air-pressure apparatus,* the
prineiple of which is that the fluid 1s driven in con-
tinuously by compressed air. The compressing agent
is usually water. A large Wolff’s bottle («), with three
orifices, is employed. One orifice is connected by tubing
either with a water-tap or a large vessel holding water,
and capable of being raised or lowered at will. A second
orifice is connected with a mercury manometer, and the
third with the nearest orifice of another Wolff’s bottle
(b), containing the injection-fluid, and provided with
two orifices. The further one is connected by tubing
to the cannula inserted into the blood-vessel used for
injection. Bottle (b) and the brain are placed in a
water-holding trough, the water in which is kept at
a constant temperature by a Bunsen burner beneath,
regulated by a thermo-regulator. Fill the tube from (4)
with injection-fluid before attaching it to the cannula—
already filled. The corks of the bottles should be of
vuleanised india-rubber.

Air 1s driven from (a) by the water flowing into it ;
passing 1nto (b), the air forces the injection from that
vessel into the brain. The pressure exerted upon the
air in (@) is indicated by the manometer, and is regu-
lated by duly controlling the water flowing from the
tap, or by raising and lowering the water-receptacle
used. The pressure should commence at one-half inch
mercury, and be gradually increased to about 4 inches.

Very successful injections of cerebral blood-vessels
may be obtained in small animals (such as the rabbit)
from the aorta. After tying the cannula into the aorta
Just above the heart, clipping the arteries to the upper

* For an improved form of injection apparatus, see Middlemass
Journal of Pathology and Bacteriology, February, 1893,

C
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limbs, and the upper end of the thoraciec aorta, and
cutting across the jugular vein on each side, the entire
animal may be placed in warm water. Warm salt-
solution is first injected for a few minutes. The carotids
become tense, and the return flow can be seen issuing
from the cut jugulars. Then use carmine-injection.
When the ears, conjunctiva, gums, &e., of the animal
are deep-pink [the operation should not be hurried]
clips are placed on the aorta and jugulars, the injection-
tube is devached, and cold water substituted for warm.
The brain should be cut fresh. In this way a wealth of
fine vessels is shown. TUnstained sections should be
compared with others, stained with anilin blue-black
as usual.

INJECcTION OF CEREBRAL LYMPHATICS.

The puncture-method is the only one employed, and
is far from satisfactory. By thrusting the pomt of a
fine glass cannula into the substance of the brain, it is
possible to inject some of the perivascular spaces.
[These are not commonly regarded as lymphatics, but
it is convenient to refer to them in this connection.]
Proceeding after the method suggested by Boll, the
cranium and dura mater are removed to as small an
extent as possible, and a cold solution of Berlin-blue
(or other cold injection-fluid) is injected slowly into the
cerebral substance. In the course of this procedure an
irregular extravasation first appears ; then the fluid
spreads in the direction of least resistance—that is, 1t
follows the blood-vessels, spreading between them and
the brain-substance. The fluid further passes from the
perivascular channels into the epicerebral space, and
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sometimes a limited injection of the lymphatics of the
pia mater is obtained. Obersteiner injected the peri-
vascular spaces from the epicerebral space by thrusting
a glass cannula through the pia (in the neighbourhood
of a blood-vessel) a short distance into the brain-sub-
tance, and then raising the point until it came in
contact with the pia; the fluid was then injected
beneath the pia under a pressure of 20-30 mm.
mercury. Obersteiner states that the cornu ammonis
15 a particularly suitable part for injection purposes.

Boll obtained an injection of the lymphatic mesh-
work in the pia by inserting the point of an injection-
needle into the membrane. In this way also the
adventitial lymph-space of cortical blood-vessels can
be injected for a short distance, the fluid passing along
the vessels from the pia.

Taguschi states that he has injected lymphatics “in
the most different organs” by means of the cold injec-
tion of Japanese ink referred to above. The fine
character of this fluid is valuable for the purpose.
It may prove serviceable in the case of cerebral
lymphaties.
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IIT.—HARDENING METHODS.

Generalities on Hardening.—The tissue to he
hardened should be as fresh as possible.

If desired to harden large pieces, incise them as
deeply as possible in the less important regions, unless
there are special reasons to the contrary. Separate the
hemispheres at the corpus callosum, unless this is for
some reason undesirable,

As a rule, pieces of moderate size only should be
hardened. Use the fluid plentifully. Proportion of

_ fluid to tissue about 1 : 20.

Remove only the dura mater at first. It is often
recommended that the lepto-meninges should also be
removed, at a later period, when hardening has made
some progress. Practically it is quite sufficient to strip
them off here and there, at the least 1mportant sites.
A portion of brain from which sections are to be cut
should have the pia attached if possible, in order that
morbid conditions in and directly beneath the mem-
Lrane may be observed.

Lay ont organs in the hardening fluid upon cotton
wool. They should not be placed one above the other.

To prevent decomposition, keep the preparation in
a cool place, preferably an ice-safe. On the other
hand, the hardening is quickened by a temperature
higher than normal (about 30-35 degrees C.) Tissues
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can thus be prepared for cufting often in less than
one-half the time needed for hardening in the cold.
But it is doubtful if the results are equal to those
obtained by the latter method ; many think not.

Harden in the dark when solutions of the chrome-
salts are used, as light decomposes the latter in some
way.

The minimum of shrinking is secured by passing
from weaker to stronger solutions. Change betore
muddiness appears in the fluid.

Do not leave tissues in the solution wused for
hardening longer than is necessary for the completion
of the process; place them in a very weak solution of
the same reagent or in some preservative fluid. Brittle-
ness of substance indicates too prolonged or too rapid

hardening.
No water should come in contact with a piece of

brain which is to be hardened. Place direct from the
body into the hardening fluid.

Add a little camphor to the latter to prevent forma-
tion of moulds.

A statement by Honegger may be given here, to the
effect that quite old, over-hardened brains may be
rendered fit for cutting and staining (supposing no
decomposition to have occurred during or before
hardening) by placing them for several days in water
kept near the boiling point and often changed.

To Harden Whole Brain.—Hamilton’s Method is a
good one. On removing the organ, care should be
taken not to lacerate the brain tissue. Inject on re-
moval, with Miiller’s fluid* through each carotid and
one vertebral, tying the other. By connecting the

* See Teasing Metliods for its composition,
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injecting cannulae with the stop-cock of a tank
(raised to the height of about 4 feet) containing the
fluid, the injection may be continued for some days
(7-14). Replenish the tank every day. The brain lies
meantime in a suitable vessel, into which the injection
passes, after percolating slowly through the organ. The
first Miiller’s fluid is to be thrown away, but that
passing subsequently may be collected in an overflow
vessel and used again and again. When the injection
is complete the brain is allowed to lie in the Miiller till
hardening is finished—a period of some 3 months
(12 months and more not detrimental). Or, after 8-9
weeks, hardening may be hastened by cutting the organ
into slices $—1 inch thick, and placing these in spirit
for some days.

To Harden Cerebral Hemispheres.-—(Betz's Me-
thod.)—Divide the cerebrum into two along the median
line of the corpus callosum. Place each half into fol-
lowing solution :—Aleohol, 75-80 per cent., iodine
sufficient to produce a light-brown colour. After a few
hours remove the pia mater from the Sylvian fissure
and corpus callosum, also the choroid plexus if possible.
Keep the preparation lying in the iodine solution in a
cool place; add fresh iodine as soon as the liquid
changes colour. In 24-48 hours remove all the
remaining pia ; add one-half vol. of fresh iodine solu-
tion. Stuff all recesses and fissures with cotton wool
to fucilitate penetration. In 24-72 hours place the
hemispheres in fresh solution of iodine 1 alcohol, 70 per
cent, ; here they remain 10-14 days. Transfer to pot.
b chrom. sol. 4 per cent., and leave in this till suffi-
ciently hard. If much brown deposit forms during the
process, rinse with water, and change the solution.
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When ripe for cutting, the brain shows a fairly uniform
yellow-brown stain over the entire surface of the cut
hemisphere,

For brains not fresh more time and stronger aleohol
are necessary.

To Harden Cerebellum.—(Betz.)—The organ should
be fresh. Remove the membranes as far as possible.
Place in the iodised alcohol, as for cerebrum. By the
second or third day the remainder of the membranes
can be removed. Add fresh iodine as soon as the liquid
changes colour. The preparation remains in this solu-
tion 7-14 days more. Preliminary hardening is usually
complete by this time. Transfer to solution potass.
bichrom. 3-5 per cent., where it remains till fit for
cutting,

For pons and medulla the same fluids are used
though less time is needed.

The above processes are suitable for obtaining large
naked-eye sections. They are not adapted for exami-
nation of the cortex, interfering with subsequent
staluing,

To Harden Large Segments of Brain.—(Hamilton.)
—lice the brain into segments about inch thick
longitudinal or transverse, as desired. Leave the
membranes wn situ. Place the segments flat {not one
above the other) in a vessel padded with cotton-wool,
and containing the following fluid :Miiller, 3 parts;
methylated spirit, 1 part. In about three weeks
transfer to the following solution : ammon. bichrom.,
1 gram ; water, 400 cem. In this they lie one weck,
after which transfer to 1 per cent. sol. of the same
salt; use this for one week. Finally, place in 2 per
cent. sol. of the same; here the segments remain until
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fit for cutting. A solution of chloral hydrate, 12 grs.— 5i.
15 recommended for preserving them in. The method is
also very serviceable for ordinary pieces of moderate size.

Vassale (Rivista Sperimentale, vol. xvii, fase. iv)
hardens large segments satisfuctorily in a mixture of
Miiller’s fluid and cone. aq. sol. zine chloride (sufficient
of the latter added to cause the organ to float). In
a few weeks slices 3—4 em. thick may bhe cut, passed
through celloidin in the usual way (see “ Celloidin
Method ”), and microscopical sections made.

A cerebral hemisphere, cerebellum, or large segment
of brain may also be hardened very well by either of
the two methods next mentioned.

To Harden Pieces of Moderate Size.—[Methods
in use at W. R. Asylum; suitable for general pur-
poses. |

(e.) Remove a portion of brain, resembling as nearly
as possible the size and shape of the sections desired.
Place in methylated spirit, or in alcohol 80-90 per
cent. for 24-30 hours. (If, however, it is desired to
stain the medullary centre of a gyrus, or the intra-
cortical medullated meshwork, the piece should be
placed in chrome at the outset; a 1-2 per cent.
solution bichromate of potash, frequently changed and
gradually increased to 4 per cent) If any further
modification of size or shape be required the piece of
brain will be found in a suitable condition for cutting
on removal from spirit. Transfer from spirit to potass.
bichrom. sol., 4 per cent. Change weekly; 6-7 weeks
necessary for hardening. When hard, keep in a weak
solution of potass. bichrom. (3 per cent.), to which a
little camphor or carbolic acid may be added.

The preliminary use of aleohol serves to prevent
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maceration of the deeper parts of the tissue and to
hasten hardening.

(b.) Place the piece of brain in alcohol (as in [a]) for
twenty-four hours; transfer to Miiller’s Auid. Renew
this after three days, and in three days more substitute
a 2 per cent. sol. pot. bichrom. At the end of the
second week, change to 4 per cent. sol. pot. bichrom.
In another week replace by a sol. chromic acid, ; per
cent., which is gradually increased in strength. In this
hardening is completed. Or the chromic acid may be
added to the pot. bichrom. solution both in this and the
first method, to hasten hardening. Add 20-30 drops
of 1 per cent. sol. chromic acid to 500 cem. of the
bichromate solution.

It is also a good plan to supplement the use of
chrome-solutions by after - hardening in aleohol. It
carmine stains are to be employed afterwards, the
alcohol had better not be used.

Remove the tissue, which is already fairly firm, from
the chrome-solution to running water: here the excess
of chrome is removed (24 hours). Transfer to aleohol,
50 per cent. for a day, and gradually strengthen the
aleohol until 96 per cent. is reached. Keep the vessels
used in hardening in a dark room, so that formation of
deposits may be avoided. They should not be in alcohol
longer than necessary.

The washing process should be omitted if it is pro-
posed to stain the medullary sheaths of nerves after-
wards by Weigert's hematoxylin-method,which depends
upon the formation of a chromium lake in the myelin,
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OTHER FLumbs EMPLOYED FOR HARDENING PIECES OF
MopEraTE S1ZE, witH Mgruonps orF USE.

Potassium Bichromate and Chromic Acid.—Keep
the piece of brain in methylated spirit twenty-four
hours, and transfer to following solution: chromie acid
1 part, pot. bichrom. 2 parts, water 1,200 parts. Change
the liquid at the end of eighteen hours, and then once a
week. If the tissue is not ready for cutting at the
end of six weeks, place it in } per cent. sol. chromic
acid for a fortnight, and then in rectified spirit.

Ammonium Bichromate—After methylated spirit
—twenty - four hours — transfer to 2 per cent. sol.
ammon. bichrom, Change at the end of first, third,
and seventh days, and thereafter at the end of each
week for five weeks, using a 4 per cent. sol. for the
last fortnight. Finish in chromic acid solutions, if
necessary, or add chromic acid 4 per cent. to the
ammon. bichrom. solution.

This is preferred to the ordinary potass. bichrom.
solutions by some, on the ground that it hardens more
energetically, and preparations treated by it stain
better.

Erlitzky’s Fluid.—This hardens very rapidly. Many
state that the results are as good as with the ordinary
(slow-acting) reagents ; others believe them to be
inferior ; and amongst these is the writer. A piece
of tissue about 1 cm. by } em., and § em. in thickness,
is placed direct in the fluid, composed as follows :—

Pot. bichrom, 2'5 gram.
Cupri. sulphat., 0°5 gram,
‘Water, 100 ecm.
It is best to make this fresh each time; filter before
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use. In an incubator (38-40 degrees C.), hardening
is complete in 4-5 days; in the cold, 10-12 days.
Change the fluid every two days. Wash the hardened
tissues in running water till no more colour 1s given
off, then complete hardening in alcohols of increasing
strength : 70 per cent., 80 per cent., 90 per cent.—
twenty-four hours in each.

Erlitzky’s fluid produces more shrinkage of tissues
than the solutions of potass. bichrom. ordinarily used ;
also deposits in the tissues. The latter may be removed,
at any rate partly, by washing with warm water, or water
slightly acidified by HCIL, or by treating with chromic
acid sol. 0’5 per cent. before transferring to aleohol.

Use of Alcohol in Hardening.—Though the chrome-
salts have replaced aleohol as general hardening reagents
it must be allowed that the structure of the nerve-cells
is indifferently shown in specimens hardened in chrome.
For the demonstration of the nerve-cell and axis-cylinder
aleohol is much superior. Nissl was one of the first to
1nsist upon the superiority of aleohol for these purposes ;
upon the recognition of this fact is based his method of
staining the nerve-cell, described in the sequel. On the
other hand, when it is desired to investigate medullated
nerve-fibres the use of alcohol is quite contra-indicated,
chrome-solutions must be employed. Again, for the
fixation of cell-nuclei there are reagents superior to
alechol,

Three classes of hardening or fixing media are there-
fore required in the investigation of brain-structure as
at present carried out: chrome-salts for the nerve-fibres,
and for “general survey ” purposes; alcohol for the cell-
structure ; and some fixative-fluid for nuclear structure.
[Examples of the last class are given later.]
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Alcohol is used in the proportion of about 96 per
cent. Small pieces (1-2 cem.) of fresh brain are placed
in this. Change the fluid in about two days ; absolute
alcohol may then be used. The piece is ready for cutting
in 3—4 days. Fine structural details appear to be better
preserved by this plan than by that of passing from
weak to strong solutions. It is best to cut sections as
soon as the tissue is hard enough.

Osmic Acid (Exner’s Process: staining combined
with hardening).—Excise a portion of quite fresh brain
about 1 cem. in size. Place in ten times its volume of
osmic acid sol. 1 per cent. Keep in the dark. Change
the fluid after two and four days respectively. Suitable
hardening and staining is obtained in 5-10 days. Wash
well in water. For cutting sections, fix the tissue to a
piece of cork by means of celloidin solution or gum—
hardened by means of alcohol ; the cork can then be
held in the well or elamp of a microtome and sections
cut into alcohol. They must be very thin. Place them
as soon as possible in glycerine, and thence transfer to
slide. As they lie upon the slide add to the glycerine
a drop or two of strong ammonia (liq. ammon. caust.
1, aqua 50). Take up superfluous fluid with blotting
paper, and as soon as the ammonia has exerted its clear-
ing action adjust the cover-glass, Examine forthwith,
as the sections show to greatest advantage now. These
preparations are only temporary. With a view to pre-
serving them Exner surrounds the cover-glass with a
soluble silicate of glass (“ water-glass”). The brain-
structure swells up much with ammonia, so that the
diameter of the section becomes increased.

By this method the course of the medullated fibres
(stained dark-grey) in the cortex can be traced. It has
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practically been replaced by Weigert's method. [See
““ Staining Methods.”]

Ranvier conducts the process as follows:—Quite small
pieces of cerebral cortex are placed in osmic acid sol. 1
per cent. for about twenty-four hours. They should be
black throughout. Make thin sections. Place one on
a slide and cover with a drop of ammonia. The section
swells up and the medullated fibres become distinct.
Expose the section to the vapour of osmic acid (placing
it over the mouth of a bottle containing the reagent).
Remove in half hour or so. Mount in glycerine.

Marchi’s Method (Staining combined with harden-
ing).—This very important method depends upon the
staining of products of degeneration. Small pieces
in which there is reason to believe that degenerate
medullary sheaths are present [it is stated that the de-
generation must not be more than 2—3 months old ; the
method 1s principally used after experimental injury to
nerve-tracts], are hardened for eight days or longer in
Miiller, and then cut into quite small portions (1 cem.).
These are placed for 5-8 days in a mixture of two parts
Miiller’s fluid and one part osmie acid sol, 1 per cent.
(Marchi’s fluid). After thorough washing they are ready
for cutting. Pass through alcohol and imbed in celloidin
in the ordinary way; cut, dehydrate, clear, and mount
in balsam. A degenerate nerve-tract is indicated by
black myelin-clumps and detritus. Normal tissue is
light-brown, or a grey colour. Fatty changes in the
walls of blood vessels and in ganglion-cells are well
shown. The method affords a positive of the picture
furnished by Pal’s process (sez “Staining Methods ).
It is the best method of tracing degenerate nerve-
tracts.
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Double staining by carmine or other suitable dye is
possible.

Sublimate followed by Aleohol has been recom-
mended for ordinary hardening purposes. Pieces about
1 cem. in size are placed in a 7 per cent. aq. sol. of sub-
limate for 5-9 days, and then in aleohols, 50 per cent.,
70 per cent., 96 per cent., twenty-four hours in each
[Diomidoff]. Deposits of mereury are very liable to
occur in the tissues. These may be dissolved out by
prolonged washing in water, or in 5-10 minutes by the
use of Lugol. [Water 100 parts. Potass. Tod. 6 parts,
Todine 4 parts.—DBolles Lee.]

Or the sublimate-solution given under the Fixation-
Methods may be employed, in the manner there
described. With this solution deposits seldom appear
in the sections. The sublimate method produces more

shrinkage than occurs when chrome alone is used, from
the outset.

Sections are stained diffusely by the ordinary dyes—
anilin blue-black, hematoxylin, carmine. The only
method of getting a stain satisfactorily limited to the
cell-elements is to overstain in one of the anilin dyes
(other than anilin blue-black and anilin blue), and sub-
sequently differentiate in aleohol. This procedure
involves the risk of partially decolourising the body of
the nerve-cell. The writer has obtained good specimens
by means of Toluidin-blue [see “ Anilin Stains "], but is

unable to recommend the sublimate method for general
work.
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IV.—FIXATION-METHODS.

Sometimes it is necessary to examine the finest strue-
tures of the cortex (such as the structure of the
protoplasm of mnerve-cell, and that of the nucleus),
especially during developmental changes and in states
of inflammation. Under these circumstances some
method must be employed by which the parts can be
fixed in the state natural to them during life, and also
hardened, so as to prevent changes of form sub-
sequently. Fixation-Methods fulfil these conditions.
The tissues to be fixed must, of course, be as fresh as
possible—taken from a living animal, or within one-
half hour of death. Obviously, therefore, these
methods can only under exceptional circumstances be
applied in the case of man. For the study of the
nucleus (nuclear figures, nuclei in process of division)
rabbits, rats, cats, &e., at different periods of life may
be employed ; and the cortex should be examined after
experimental irritation.

The following practical points should be considered
in employing fixatives.

Tissues should be either from the living body or as
fresh as possible. As the fluid has to penetrate the
tissue rapidly, the latter should be thin (say 5 mmn.).
In superficies the object should be 1-2 em, about. If
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large objects have to be worked with, incisions should
be made, to allow penetration.

The quantity of fixing agent employed should be
many times the volume of the object.

The fluid should be changed if it becomes turbid.

Penetration is facilitated by heat. The incubator
may be employed.

After fixation, wash the tissue thoroughly in order
to remove, as far as possible, traces of the fixing
agent. In most cases water may be used for the
purpose,

After washing out, the tissue is commonly after-
hardened in alcohols of increasing strength.

The following are some of the fixing fluids which
may be employed, with their methods of use. [The
times given refer to fixing in the cold.]

Flemming’s Chromo - Aceto - Osmic Mixture.—
The subjoined modification by Friedmann gives good
results, It contains less osmic acid than the oviginal
mixture, and so is less liable to darken the ground
substance.

Osmium, 1 per cent. sol. . . . . L part.
Chromic Aecid, 1 per cent. sol. . . 7 parts.
Glacial Acetic Acid. . . . . . 03 part,

Pieces of tissue remain in this 10-24 hours; wash
for a short time in water, and harden subsequently in
spirit 2-4 days. Sections stain rather better when the
tissue has been some time in spirit.

Fol's Modification of Flemming .

Osmic Acid, 1 pereent. . . . . 2 parts.
Chromic Acid, 1 percent.. . . . 25
Glacial Acetic Acid, 2 percent. . . 8
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Pieces remain in this twenty-four hours or so, are
then carefully washed in water, and transferred to
alcohol 80 per cent., where they remain #$ill used.

Rabl’s Fluid.
Chromic Acid sol. 0:3 per cent. . 200 ccm.
Conc. Formic Acid . . . . . . 4-5drops.
Pieces remain in this 12-24 hours. Wash well in
water. Successive hardening in alcohols 30 per cent.,
60 per cent., 96 per cent.
Merkel’s Fluid.

Chromic Acid sol. . . : 4001
Platinic Chloride sol. . . . 1:400 | b
Pieces remain in this 4-6 days. Wash out with

alcobols of increasing strength, 50 per cent. to 70 per
cent,
Benda's Fluids,.
(o) Natrie Acid o . = . . . . 10 pazts

IVEA G S S 8 a2l Tt s IO el
(b)) Pob: Bichmera, " 3 a5 L L e
AT 1o R S R SR e

(b) is gradually increased in strength until the pro-
portion is pot. bichrom. 1 part, water 1 part. After
remaining 24 hours in () transfer directly (without
washing) to (), in which pieces remain 10-14 days.
Wash well in water. Alcohols of increasing strength
to 96 per cent.

This method is not adapted for embryonic structures,
but otherwise is very satisfactory.

Alcohol (96 per cent.).

Pieces remain in this 1-3 days. Keep, if not cut at
once (as they had better be), in aleohol 90 per cent.
D
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Nitric Acid (10 per cent. aq. sol.).
Pieces remain in this 1-3 hours. Wash. Alcohols,
70 per cent., 80 per cent., 90 per cent.—24 hours in each,

Sublimate Solution.
Sublimgte & <SSO CRUN T o,
Salt solution, 05 per ceut.. . . . 100 cem,
Dissolve by heat,

Pieces remain in this about 24 hours. Wash very
thoroughly in water. Pass through alcohols, 30 per
cent.,, 70 per cent., 96 per cent.—24 hours in each.
Unless thoroughly washed deposits of mercury occur
in the tissue.

Vignal, in his work upon the development of the
elements of the nervous system, found that in the
earlier phases of development Flemming’s mixture, and
other of the more commonly employed fixatives, gave
good results. But from the fifth to eighth month, and
in still later stages, all the reagents ordinarily employed
for the fixation of adult tissues proved useless. The
only method found to be satisfactory was the following :
Pieces of brain, 2-5 mm. in thickness, are placed in
one-third alcohol (Ranvier’s), being detached from the
knife by simple agitation in the fluid [no handling].
They remain in this twenty-four hours. They are then
cut into fragments about 3 mm. in thickness, and these
are placed in a solution of picrocarminate of ammonia,
1 per cent, for 2-3 days. This is then removed by
pipette, and replaced by osmic acid, 1 per cent.
sol., which is left in contact with the tissue for
twenty-four hours. Wash in water, then in alcohol
90 per cent.; absolute alcohol. Cut in celloidin.
Sections should be very thin. Mount in dammar.
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Tissues, fixed after the methods mentioned, may be
cut in wax or celloidin, according to the processes
deseribed in the sequel, and the gections stained with
safranin, gentian-violet, or heematoxylin. Other anilins
than those given may be employed, but the latter are
most commonly used. The hamatoxylin may be
Ehrlich’s, or some one of the solutions given in the
section on Staining; and the method of use is as there
deseribed. Safranin or gentian-violet is used as follows:
[A safranin suitable for staining nuclei should be
obtained of Griibler, or Miinder. For addresses, see
sectlon on “Staining.”] Make a coneentrated solution
in absolute aleohol and dilute with one-half water
[Flemming] or a mixture of equal parts conc. ale.
sol., and cone. aq. sol. (Babes). Stain 12-24 hours.
Wash lightly in water, and transfer to absolute aleohol—
strong spirit (95 per cent.) will do. The colour escapes
in clouds. When their formation is about to cease
(in case of safranin, the section becomes of a purple
hue), washing-out is stopped at once by transferring
the section to xylol. Here it is eleared. Mount in
xylol balsam. Tf the colour is insufficiently abstracted
by alcohol, acid-alcohol is momentarily used. (Cone.
HCL 1 cem., alcohol 70 per cent. 100 cem. Two or
three drops of this to a watch-glassful of alcohol.)
Transfer the section finally to absol. ale. before using
xylol. This should also be done when spirit has been
used for decolourisation.

Sections of tissues fixed in sublimate are usually
stained by the Biondi-Ehrlich method, The stain
requires careful preparation, and it is best to obtain
1t from one of the agents mentioned above. Stain
U-24 hours in the slightly diluted solution. Wash

D 2




a6 MICROSCOPICAL EXAMINATION

rapidly in alcohol, 90 per cent.; then successively in
abs. ale., xylol, xylol-balsam. Toluidin-blue also gives
good results, (See “ Anilin Stains.”)

For tissues fixed in alcohol, Rehm recommends the
following method of staining, as suitable for showing
nuclear structure. This is more difficult with tissues
fixed in alcohol than with those fixed by the other
fluids given above. Sections are brought out of
alcohol into a carmine-solution. Rehm has usually
employed a 1 per cent. sol, with lig. ammon.
caust. 1 cem. Here they remain about five minutes,
and are then fransferred to acid aleohol (mitric acid
1 cem., alcohol 70 per cent. 100 cem.), where they
remain 3-4 minutes. Wash in water, then in alcohol.
Transfer to cold aq. sol. methylene blue, 0-1 per
cent,, where sections lie not more than half minute.
Remove excess of stain in alcohol. Origanum oil,
mount in colophonium (benzole or xylol solution).
Sections appear a blue-violet. Ground-substance is
pale-rose, ganglion-cell bodies are blue, nerve-cell
nuclei red, the fibrils of the nuclear network appearing
distinctly—of this colour. Nueclei of connective-tissue
and blood-vessels are stained shades of blue and violet.

By the above method the structure of cell-nuclei in
particular may be examined. In human brain, affected
by various degrees of inflammation, and about the in-
flammatory foeci produced in the brains of animals by
irritants, changes in the nuclei of cells have been
described by various writers: karyokinesis, multipli-
cation of nuclei, increase of their chromatin. The
conditon first mentioned is especially difficult of
demonstration ; one often fails to observe it in cerebral
lesions theoretically well-adapted for the purpose, even
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when striet precautions have been taken in the pre-
liminary treatment of specimens.

Mention may here be made of the method of examin-
ing cerebral tissue after digestion, by means of acidified
solution of pepsin or alkaline solution of trypsin. Por-
tions of cerebrum and cerebellum, fresh, or hardened
by the usual means, are kept in the digestive fluid in
an incubator at 38 degrees C., for some days if fresh,
3-4 weeks if hard. Move them about in the flmd,
and change occasionally. Subsequently the pieces are
hardened (if fresh) and dehydrated, cut as usual, and
sections stained by the various dyes.

No important results have yet accrued from this
method of examination, as far as the writer is aware.

ecognising that the myelin obstructs the diffusion
of stains in mnerve-tissue, certain investigators have
endeavoured to “ demyelinise”—to dissolve the myelin
—as far as possible, before staining the axis-cylinder
and cells, in those cases in which a nuclear and con-
nective-tissue (as opposed to a myelin) stain is required.
The method appears to have been applied mainly to
spinal cord. Paladine hardens small pieces of tissue
in chrome-salts, as usual, and then boils them succes-
sively in a mixture of absolute alecohol and benzole, in
benzole, and in aleohol 96 per cent. The pieces remain
about one hour in each of these media. They are then
stained, dehydrated, and cut in celloidin. For stain-
ing, Paladino uses his iodide of palladium method. [See
“ Staining Methods,” where the process is again referred
to.] By this means, important observations have been
made upon the neuroglia—the framework of medullated
fibres, and the structure of the axis-eylinder. [Paladino:
Arehives italiennes de Biologie, t. xix, fase, i, 1893.]
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The tissues being properly hardened, the examination
may either be at once proceeded with, or, if that is
mconvenient, and they have been hardened in chrome-
salts, tissues may be kept till required in potass.
bichrom. sol. 0°5 per cent. It is especially desirable
that they should remain until used in weak chrome
solution if sections are to be stained by Weigert’s
haematoxylin process. Alcohol-hardened tissues, if not
cut as soon as ready—as 1s desirable—may be kept in
aleohol 90 per cent. Occasionally a preservative-fluid,
such as chloral (12 grs.—3i water) is used for keeping
hardened segments in. If sections are to be obtained
by the freezing method the hardened tissues may be
kept (after washing in water to remove spirit or excess
of chrome) in the gum and syrup mixture mentioned
below, for an indefinite time. If by the celloidin
method, they may be kept in the weak chrome solution
as usual, or in a thin solution of celloidin in alcohol
and ether.
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V.—IMBEDDING, INFILTRATION, AND
SECTION-CUTTING.*

To Obtain Sections from Large Pieces of Brain,
a Cerebral Hemisphere, or the Whole Brain.—
Simple imbedding may be employed, as described in
the sequel, for small objects. A specially constructed
well-microtome and knife will be needed [se2 Bevan
Lewis, Brain, Jan., 1882]. Cutting is done either
under aleohol or water, the microtome resting in a zine
or copper basin holding the fluid. Remove sections on
sheets of paper, on which they may remain during the
subsequent steps of preparation.

The organ may also be cut after the freezing methods
about to be described. A special microtome has been
devised by Hamilton [see Lext Book of Pathology, vol. 1,
p. 657, for eutting sections of entire organs, such as the
brain, in a frozen state. It is made by Gardner,
Edinburgh. The freezing mixture consists of snow
and salt. Soak the organ before freezing in his
freezing flnid “B” (v. wfra).

Bruce has also introduced a microtome for cutting
sections of the entire brain after freezing, made by
Frazer, 7, Lothian Street, Edinburgh. [See Journ. Roy.
Microscop. Soc., 1888, pt. 5, p. 837.] Gudden’s micro-
tome is also adapted for cutting the whole brain. (A
well-instrument for imbedding in wax, &c. Cutting

* Previously hardened tissues are alone referred to.

T —
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1s done under water. Supplied by Katsch, Munich.)
See also the method of Deecke (op. eit., 1888, p. 1051),
and Byron Bramwell, “ A Method of preparing Large
Naked-eye Sections of Brain.” Brain, Jan., 1888.

By means of the celloidin-process sections may be
cut from large sized pieces of brain.

To OpBTAIN SECTIONS FROM PIECES oF MODERATE SIZE.

The Freezing Method.—This may be deseribed as
the simplest and most generally suitable. Remove the
hardening fluid from the tissue, especially if spirit has
been used, by immersion in running water for 12-24
hours. When sections are to be stained by Weigert’s
h@matoxylin method the washing-out process should
be of short duration. Transfer to a mixture of mueci-
lage (B.P.) 5 parts and syrup (B.P.) 4 parts. If this
is found to freeze with too much difficulty, diminish
the proportion of syrup. In this mixture tissues
remain 24-48 hours or longer. As stated, they may be
kept in it indefinitely; add a few drops of carbolic
acid for each ounce of the fluid. Freezing may be
brought about by the ice and salt mixture or ether-
spray. Amongst the available microtomes are Cath-
cart’s (ether), Bevan Lewis’s (ether), Rutherford’s
(ether or ice-and-salt), and Williams’s (ice-and-salt,
with special knife). The knife described in the
Freezing Method may be used, or, with Cathcart’s
instrument, a plane iron. Remove the gum and syrup
from the exterior of the piece to be frozen and fix the
latter to the freezing-plate by gum-mucilage; also
paint round with the same. If Rutherford’s instru-
ment is employed gum is poured into the well, and the
tissue immersed in it and held with forceps until fixed
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by the freezing action of the surrounding ice. Smear
a little gum and syrup upon the part of the knife on
which sections accumulate. The mass should cut like
cheese. Sections are received into tepid water, where
they remain until the gum and syrup mixture is washed
out. (2—4 hours.) If not to be examined forthwith,
sections may be preserved in a mixture of glycerine and
water, equal parts, to which is added a drop or two of
carbolie, 1-20; or in weak spirit (methyl. spirit, 1 part;
water, 2 parts), after thoroughly washing out the gum.

To ensure against any risk of sections splitting up in
water the tissue may be imbedded in celloidin before
freezing in gum. The following plan [Hamilton] may
be employed. The piece of hardened brain is placed in
methylated spirit for 3—4 days; change daily. Transfer
to a mixture of abs. alcohol and ether equal parts;
here the tissue lies two days. Make a solution (syrupy
consistence) of celloidin in equal parts of alecohol and
ether. In this the tissue remains at least four days.
Place the piece now in a paper boat into which the
celloidin is poured; it hardens. Hardening can be
hastened, when it has already reached an appreciable
degree, by methylated spirit. When complete, the
piece of brain surrounded by the hard celloidin is
soaked in water twenty-four hours, and kept in
freezing-fluid “ A” or “B* (v. infra) for several days.
The fluid penetrates the tissue more quickly if a warm
chamber be employed. The piece is now ready for
freezing and cutting,

Hamilton’s Freezing Fluids.—D. J. Hamilton re-
commends the following fluids, by the Judicious
employment of which the integrity of the tissues
1s well preserved. In the first place make a syrup,
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28} arm. pure sugar to 30 com. water, Saturate whilst
boiling with boracie acid. Filter cold through muslin,
Next make a mucilage of gum acacia in cold water,
456 grm. of gum to 2,400 cem. water. Saturate whilst
boiling with boracic acid ; filter as before.

Fluid A.—Syrup, 4 parts; mucilage, 5 parts :
water, 9 parts. DBoil ; saturate whilst hot with
boracic acid.  Filter eold through muslin.

Fluid B.—Take of A 2 parts; and syrup, 1 part.

Fluid C.—Syrup, 4 parts ; mucilage, 5 parts.

These three fluids freeze with different degrees of
hardness. “A” is the easiest (freezes hardest), “C”
the most difficult to freeze. “A ” is sufficient for most
purposes, but ecertain delicate tissues likely to be
injured by ice may require “ B’ or even “C.” With
these there is no risk of injury during freezing.
Pieces should be allowed to soak in the fluid to he
used for freezing for a period dependent on their size ; in
any case, not less than one week. But hardened tissues
may be kept permanently in these mixtures, after the
hardening fluid has been washed away by water.

Section-cutting by the Sliding Microtome*—The
Celloidin Method.—If the tissue to be cut is of good
consistence after hardening is complete it is placed in
running water, supposing chrome has been employed,
until the excess of the hardening reagent is washed

* This instrument can be obtained from the following makers :—
Jung (Heidelberg) supplies the Thoma microtome; Becker (Gittin-
gen) ; Katsch (Munich); Reichert (Vienwva); Schanze (Leipzig).
All are obtainable from G. Koenig, Berlin, N,W. Dorotheen Strasse,
29. See his catalogue for comparison. These microtomes can be
procured adapted for ether-freezing as well.
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out: then dehydrated in alcohol. It is now mounted
on a cube of wood of suitable size and the latter is
fixed in the clamp of the sliding microtome. Fixation
is brought about through the medium of gum ; pour a
little on to one surface of the cube, apply the tissue to
it, and place the whole in methylated spirit for twenty-
four hours. A thick solution of celloidin serves equally
well ; to harden this use alecohol of about 80 per cent.—
after allowing the solvent to evaporate for a quarter-of-
an-hour or so. Or use an adhesive fluid made as
follows : Allow some gelatine to swell in water for
some hours, pour off the water, and mix together by
heat equal vols. of this gelatine and glycerine. Add a
little camphor to prevent decomposition, filter through
linen, and allow filtrate to set. The substance may be
kept in stock. At the time of use, take a small piece
of the jelly on the point of an old knife and lquefy
over a flame. Smear the liquid over one surface of the
cube of wood and adjust the preparation. Place the
whole in alecohol, where the jelly quickly sets very
hard [v. Kahlden].

If for any reason a good consistence for cutting has
not been obtained* (perhaps, for example, certain parts
have been softened by disease or hecome friable by long
keeping) the tissue—after washing out and dehydra-
tion as before mentioned—should be infiltrated by and
imbedded in celloidin.t [Prepared by Schering, Berlin,
and obtainable from manufacturing chemists.]

The Celloidin Method.—Make three solutions of
celloidin in a mixture of absolute alecohol and ether,
equal parts. The first should be thin, the second of

* Or if it is of some size.
t Collodion is equally effiracions and cheaper.
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the consistence of thick syrup, and the third rather
thicker than the second. The piece to be treated, after
thorough dehydration in absolute aleohol, is placed in a
mixture of absolute aleohol and ether, equal parts. It
lies at least two hours in this. The mixture is more
particularly to be employed with objects but slightly
permeable; for others it is not essential. Transfer
from this mixture to the thin solution of celloidin.
Here the tissue remains twenty-four hours, or as much
longer as one pleases. Transfer to the second, thicker
solution, for twenty-four hours. If there is no hurry
pieces may remain several days in each solution. In
considering the time needed the size of the piece has,
of course, to be allowed for. For cutting, fix the tissue
on a cube of wood of suitable size with the thickest
solution. Expose to the air for an hour or so, to allow of
evaporation, and then place the whole in alcohol, 80 per
cent. Here the celloidin is rendered sufficiently hard in
one or two days. The preparation, so fixed, may be kept
in alecohol of 70-80 per cent. until needed. Instead
of alcohol, pure chloroform may be used for hardening
the celloidin. It is sufficient to expose to the air for a
few minutes only before immersing in the chloroform,
which sets the celloidin in a few hours. By using this
in place of alecohol a greater transparency of the
celloidin appears to be secured.

To cut sections, fix the cube of wood in the clamp of
the microtome and adjust the knife to form an acute
angle with the preparation; the best position for the
particular case will be found by practice. Keep the
upper surface of the knife thoroughly moist with spirit
(about 80 per cent.) during cutting, also that of the
preparation. For removing the section from the kuife
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a piece of thin paper (toilet) is convenient. Float the
sections into spirit (80 per cent.)* Here they remain
until they are to be stained. Some prefer to work with
the whole microtome under spirit. The best plan 1s
probably to have a tray holding spirit arranged along-
side the block with its specimen, so that the latter is
immersed in spirit when cut.

Under quite exceptional eircumstances the sections
may be so brittle that it is advisable to “collodionise ”
them. Pass a camel-hair brush which has been dipped
in a very thin solution of celloidin (keep the solution
very thin) over the surface of the preparation; allow
the collodion to dry (a few seconds suffice); cut the
section.

In certain cases, especially when anilin dyes are to
be used, it is desirable that the celloidin should be
removed from the section (if the tissue is not too
friable) before staining. The section is transferred to
absolute alcohol for a short time, thence to a mixture
of abs. ale. and ether, in which it remains 10-15
minutes, or to clove-oil (momentarily), then back again
to abs. alcohol, and thence to water, After this it is
stained.

To Mount a Series of Celloidin-Sections.—This
Is occasionally necessary. Weigert’s process is very
satistactory. Proceed as follows :—Cut strips of toilet-
paper of about twice the width of the sections. Cut a
section, taking care that there is not sufficient alcohol
on the knife to cause the section to float. Soak one of
the strips in the alcohol in use and lower it, stretched,
on to the section lying on the knife. 'The section

* Abeolute alcohol dissolves celloidin,
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adheres to the strip and is removed with it. The first
one taken should be at the left end of the strip; the
remaining sections are taken in order, from left to
right. After each has been taken up, and also when
the paper-lifter has its proper complement, and whilst
other strips are in preparation, lay the strip, sections
uppermost, on a moist surface prepared by saturating
a layer of closet-paper—placed on several layers of
blotting paper—with alcohol. Take a number of glass
plates and spread out on each a thin layer of collodion;
allow 1t to dry, lay the paper slips, sections downward,
on the glass plates; press gently, the sections adhere
to the collodion. Remove the paper. Draw off excess
of alecohol with blotting paper, but do not allow the
sections to become quite dry. Now pour collodion
over them, and spread it out in a thin layer.

The plate can now either be put away in 90 per cent.
alcohol [this is better than the 80 per cent. usually
recommended ; there is less liability to cloudiness after-
wards] or brought into a staining fluid—for example,
Weigert’s heematoxylin (see “ Staining Methods ™). In
this the collodion becomes quickly detached from the
olass—especially if the incubator is employed—holding
the sections fast. Supposing Weigert’s hematoxylin
process to be followed, the sections are stained, differen-
tiated, and washed, as usual. Whilst in water cut the
series into the desired lengths for mounting. Then
dehydrate in alcohol 90-95 per cent., clear in a mixture
of xylol 3 parts, pure carbolic acid 1 part. Mount in
xylol-balsam. = Jp

It may here be mentioned that clove-oil dissolves
celloidin and therefore should not be used for clearing
celloidin sections, Besides the xylol-carbolic mixture
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any of the following clearing agents may be used for
such sections: origanum-oil, cedar-wood oil, bergamot-
oil, ehloroform, benzine, xylol.

Another method of mounting series of celloidin
sections is the following [Minot’s Shellac Method |:—
Sections are stained, and dehydrated thoroughly in
alcohol. Place them on the slide in the desired order,
keeping them covered with aleohol. Drain off the
alecohol slowly. Cover the sections with 10-12 per
cent. sol. refined shellae, and expose the slide at once
to 30-40 degrees C., until the shellac is dry. Clear
in clove-oil. Balsam.

In place of celloidin, photoxylin is now largely used.
It possesses all the merits of celloidin and has in
addition the advantage of greater tramslucency. In
the investigation of small and lightly-stained objects,
this is a point of importance. Photoxylin is stated to
be allied chemically to celloidin. Tt has the appearance
of fine, pure cotton-wool, is soluble 1n equal parts of
alcohol and ether, and is employed in precisely the
same manner as celloidin. [Obtain from Griibler or
Miinder].

The Paraffin Method of Infiltration. —— Objects
imbedded in and infiltrated by paraffin can be cut by
the sliding microtomes. In this case the knife is fixed
at right angles to the main body of the instrument,
and its movements are quick and of small amplitude.
A ribbon of fair length can thus be obtained. Special
instruments for cutting in paraffin are made by the
Cambridge Scientific Instrument Company (Cambridge),
and by Zimmermann (Leipzig—Minot’s instrument).
The latter can be obtained through R. Kanthack,
Golden Square, London,
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The paraffin method is as follows: The object should
be small. Pieces, 1 em. by 5 mm-~1 em. may be
taken. After hardening and, if chrome-solutions have
been used, washing out excess of chrome, dehydrate
thoroughly in abs. ale. (8-24 hours). Then place
in some medium which mixes alike with aleohol and
paraffin—for example, xylol, toluol, benzol, chloroform,
ess. turpentine, or cedar-wood oil (the last a very good
medium). Here the piece remains 4-6 hours. Transfer
to a mixture of cedar-wood oil (or other solvent above
mentioned) and paraffin about equal parts. Xeep in
thermostat at a temperature sufficient to maintain
fluidity of the mixture (4-6 hours). Transfer to pure
paraffin kept in a paraffin oven at a temperature as little
above the melting point of the paraffin as possible.
One or two changes of paraffin are advisable, in order
to get rid of the solvent. The melting point of the
paraffin is a very important matter, from the point of
view of section-cutting. Obtain two sorts of paraffin,
of different melting-points—high and low—and mix to
secure a mass of suitable consistence for cutting in
summer or winter, as the case may be. It should, of
course, be harder for the former than for the latter.
The paraffin of low melting point (soft) will melt
between 45 and 48 degrees C., that of high melting
point (hard) between 55 and 60 degrees C. For
summer a paraffin melting at 52-54 degrees C., for
winter a mixture melting at 48-50 degrees C. may be
used. [A imelting point suitable to the temperature of
the laboratory will be found by experience]. The
object remains in the paraffin-bath 4-5 hours. It may
be said here that the length of stay in the various
~ media depends on the size and permeability of the
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piece of tissue. When thoroughly infiltrated, fill a
pill-box of suitable size with the paraffin, having
previously smeared some glycerine round the sides and
bottom of the box to facilitate removal of the mass.
Fix the object at the bottom of the box in suitable
position, and then dip the latter, whilst the paraffin is
still quite fluid, in cold water nearly up to its brim.
It is important that the paraffin should set rapidly.
When the mass has thoroughly set, cut away the
surrounding card-board, and, with a scalpel slightly
warmed, shape out a cube containing the object. Cut
close up to the latter, leaving only a rarrow casing of
paraffin. The part of the object next to the bottom of
the pill box should be cut first; fix the end of the
block remotest from this to the holder of the microtome,
which has previously been smeared over with a layer of
paraffin., Fixing is performed by passing a warmed
metal section-lifter between the two paraftin surfaces
on its withdrawal adhesion is easily affected by slight
pressure. The block should be quite firm before cutting
is attempted. Fill up any small eavities which its
sides may present by means of a warm needle. Cut
ribbons of sections with the knife dry. The cutting of
ribbons is facilitated by smearing some paraffin of low
melting-point over the side nearest in cutting and that
opposite to it. If the paraffin is too hard a good way of
softening it slightly is to throw upon the block the
rays from a parabolic reflector, placed at a suitable
distance. “ Rolling” of scetions can, with care and
patience, often be prevented by flattening each section
against the knife, in process of cutting, with a spatula,
or by pressing gently with a camel-hair brush on the
upper surface of the block whilst the knife cuts through.
E
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It is frequently overcome by throwing the section as
soon as cut on the surface of warm water. Shortly
after removal from the water, sections may be dried
between two layers of blotting paper. They may be
kept as they are in a box until required for further
treatment. For subsequent treatment (see “Staining
Methods ™).

The rule is to nse celloidin for large, and paraffin for
small objects. For holding together parts loosened by
disease, and for fixation of morbid products—as exu-
dates—the celloidin method should be used. The
objection to the paraffin process for tissues of this
kind is that the imbedding paraffin has to be removed
before the sections can be prepared for exainination.
The only available procedure, supposing paraffin to be
used for such tissues, would be to fix the sections on
a slide by one of the methods in vogue, remove the
paraffin, and stain on the slide. In the writer’s ex-
perience the results are capricious and unsatisfactory
when diseased sections are stained in this way.

Apart from this, the celloidin process is betier
adapted for delicate structures, in which it is desired
to examine fine details and morbid changes than the
somewhat severe paraffin-infiltration process.

The preliminary staining of pieces en masse—one of
the main advantages of the paraffin method—the writer
is quite unable to recomimend in the case of diseased
cerebral tissue.

When, however, the object is merely to demonstrate
the general structure of the healthy cortex—as for class
purposes—the paraffin method may be employed, and
the tissues stained in mass, or as sections fixed to the
slide. But the practice of staining even healthy tissues
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(whatever their nature) in mass, is now very generally
regarded as unsatisfactory.

Simple Imbedding Method.—In this the following
media may be employed :-—

1. White wax and olive-oil, equal parts.

2, White wax and cacao-butter. Vary proportions
as desirable.

3. Paraffin, 5 parts; hog’s lard, 1 part.

That first mentioned is most commonly used. Equal
parts of wax and oil produce a mass of good consistence
for cutting at any temperature between 54 degrees
Fahr. and 66 degrees Fahr. For temperatures above
and below these the consistence is increased or
diminished by adding more wax or more oil respee-
tively. In practice, it is found that a good consistence
for cutting 1s obtained by keeping the mass warm in
the intervals of use; the tin-pot holding it may be
kept on a hot water pipe, or against a stove. Although
the heat 1s only irregularly applied in these ways, a
certain elasticity is conferred upon the wax mass, which
proves beneficial when the latter is ent.

In this method, Stirling’s well-microtome, or other
similar instrument, is employed. The knife should
have the characteristics deseribed under the Freezing
Method (fresh tissues), but it is well to have also a
second 1nstrument, of greater length and breadth, for
larger sized pieces of tissue. [See Appendix, Laboratory
Equipment.”]

The object to be cut, which must be of suitable size
for the well of the microtome, is first washed free from
excess of the hardening reagent, supposing chrome to
have been used, and then dehydrated in alechol. A

E 2



* oil must be used on the next occasion. But it may

.

59 MICROSCOIICAL EXAMINATION

few minutes to one-half hour suffice for the purpose.
It the imbedding mass is not already fluid from having
been warmed as suggested, it is now melted. The screw
of the well-microtome is then lowered sufficiently to
allow of proper imbedding. The melted mixture is
now poured into the well until it is full. At this stage
a small block of the solid mass is thrust down to the
bottom of the well, and left near its anterior boundary.
On it the piece to be cut is to be placed ; it must, there-
fore, be of such height that, when the piece is in sitw,
there is still a depth of 4-5 mm. of the imbedding
medium over the latter. These preparations made, re-
move the tissue from the aleohol, rapidly dry its surface,
and fix it upon the block mentioned. The upper surface
of the tissue should be well beneath the level of the
melted wax. The melted mass is now allowed to set.
When set, make a mark over the seat of the imbedded
tissue.

The mass contracts in setting. If notably, more

be usually fixed firmly in the well by proceeding as
follows: Force the mass out, and replace it with a piece
of blotting paper applied to the far side. Pour some
spirit over the whole; the paper swells, and the plug is
firmly fixed.

The wax may now be removed by sweeps of the
knife-blade down to the level of the tissue, raising the
plug meantime by means of the screw beneath the well.
All wax is then picked carefully away with a scalpel
from the front and sides of the tissue for a considerable
depth, leaving it supported posteriorly only. Whilst
cutting sections, the tissue is kept 1noistened with
spirit, and the upper surface of the knife flooded with
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the same. The spirit may be contained in a bottle
provided with a tap, arranged conveniently, s> that,
by turning the tap merely, the preparation and knife
may be covered with spirit.

Keep the section-plate free frem wax and seratches.
Sections are cut by a steady, continuous sweep of the
knife, from heel to point, away from the operator.
They are placed in spirit, where they remain till re-
quired for staining. [Not long, if Weigert’s haematoxy-
lin method is to be employed.]

It will be seen that both bv this method, as deseribeil,
and that in which the piece to be cut is simply fixed in
the clamp of the sliding mierotome, witbout preliminary
infiltration, good sections can only be obtsined from
properly hardened tissues.

If need be, however, pieces to be eut in wax may be
infiltrated by celloidin (in the manner already described)
beforehand.

Pieces may also be fixed to a cork, of suitable size,
by celloidin, or other means, and the cork pushed into
tke well of the micrctome. Wax, in this case, is dis-
pensed with.

When the necessary skill has been acquired, euttin g
in wax may sometimes be of service, where only a few
sections at a time are needed. A well-microtome may
occasionally be preferred to the instruments in ordinary
use at the present day, on the ground of economy. It
is quite unnecessary to point out the great superiority,
for all purposes, of the sliding microtome over the well
instrument,

Treatment of Sections.—The sections obtained by
the various methods deseribed will be in water (possibly
glycerine and water), or spirit, or enclosed in a film of
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piratdin. With the exception of the class last mentioned,
tuey may be simply washed in distilled water before
1mmersion in the stain. As regards the paraffin sections :
If the tissue has been stained em masse (v. infra), it is
merely necessary to fix the sections to the slide by one
of the methods given below ; melt the paraffin by placing
the slide for 5-10 minutes in the paraffin-oven (52 de-
grees O, or so), and then dissolve and remove it by
means of warm xylol (or toluol, turpentine, naphtha).
The sections, freed from paraffin, and cleared at the
same time by the solvent, are now ready for mounting
i balsam.

If the sections are to be stained they may either be
first fixed to the slide or freated separately. The paraffin
1s removed by xylol, xylol by absolute aleohol, and this
azain by water. Sections are now ready for staining—
the ordinary dyes (carmine, hsematoxylin, anilins),
may be used. Free sections may also be stained by
Weigert’s method. After removal of paraftin they are
placed in the acetate of copper solution for a few hours.
Rinse in spirit (aleohol 70 per cent.), and place in the
hematoxylin. With the Weigert-Pal method staining
tends to be faint. The writer has been unable to stain
even healthyseetionssatisfactorily by Weigert or Weigert-
Pal after fixation to the slide.

For staining en masse a piece about 1 em. square and
3 mum. thick should be taken. The following are some
of the stains available :—Anilin blue-black—a concen-
trated sol. in equal parts of alcohol and water. Stains
in 2-3 days. tBorax-carmine (alcoholic sol., Grenacher’s),
followed by acid-alecohol for one hour or so. Stains in
6—7 days. Logwood (Ehrlich’s); 2-3 days. Alum-
cochineal (Czdkor); 14-18 days. After staining, the
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tissue is dehydrated and passed through xylol (or other
solvent) into paraffin, infiltrated by the latter, and sec-
tions cut and treated as deseribed above.

[For staining en masse with Weigert's heematoxylin,
see description of Weigert’s heematoxylin process. ]

For fixing sections to the slide various media are em-
ployed, of which the following may be given.

Meyer's Albumen.—White of egg 50 cem., glycerine
50 ecm., salicylate of soda 1 grm. Shake well together
and filter into a clean bottle.

Clove-Collodion.—(Schillibaum’s Collodion).—One
part of collodion is shaken up with three or four volumes
of clove-oil.

Either of these should be spread in a #kin layer on a
slide and the sections fixed by light pressure. Place the
slide for 5—10 minutes in the paraffin oven, remove the
melted paraffin by warm xylol, and proceed as deseribed
above.

Altmann-Gaule Method.—In this the fixation de-
pends upon capillary attraction. The slide must be
carefully cleaned. Cover it uniformly with distilled
water and place the paraffin sections upon the layer of
water. Remove excess of fluid by filter paper and place
the slide in the paraffin-oven at 50 degrees C. for 24
hours.  After submitting the preparations for a few
minutes to a rather higher temperature, over the melt-
ing point of the paraffin, they may be treated as usual
(removal of paraffin, &e.). This method requires some
experience and is likely to result in failure at first.
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VI—STAINING METHODS.

The various stains* employed for demonstrating micro-
scopical structure in hardened brain may beconveniently
classed as follows :—

Ammonia-Carmine and Carmine Combinations
stain nerve-cells (the protoplasm of cell bodies) and
their nuclei, axis-cylinders, and connective-tissue strue-
tures generally. Ammonia-carmine is rather diffuse,
staining the ground-substance, but the other forms are
more precise, and might, in fact, be placed under the
next heading.

Nuclear Stains (especially Hematoxylin) pick out
the various nuclel present in brain-tissue, staining the
protoplasm of cell bodies lightly.

Stains Bringing Out Medullated Nerve-Fibres.

Anilin Stains (single and combined): Some stain
nerve-cells and their processes well, but most are nuclear
dyes.

Other Combination Stains serve to produce con-
trasts by staining different lissue elements different
colours.

Metallic Stains.

# All stains should be obtained from a reliable source. The pre-
parations of Griibler and Miinder are well known as reliable. The
price list of one of these agents should be kept. Addresses: Dr. G.
Griibler, Leipzig, Baiersche Strasse, 12. Agent—R. Kanthack,
Golden Square, London. Dr. G. Miinder, Mikroskopisch-chemisches
Institut, Gottingen, '
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Special Stains (miscellaneous): used according to
special methods.

The staining process may be accelerated by warmth ;
the incubator (T=38 degrees C.) may be used for the
purpose. Slow staining, however, is generally prefer-
able; and therefore, unless for some reason the dye
penetrates with difficulty, or there is necessity for
haste, it is better to stain at the ordinary temperature
of the room. The times given with the methods about
to be described apply to staining at the ordinary
temperature.

To prevent the growth of moulds add a little thymol
to the stock solution of stain, unless it contains a
considerable amount of absolute alcohol, when this 1is
unnecessary.

Filter all stains before use.

As a general rule it is best to use the stain in a
watch-glass, covered to prevent evaporation,

The results obtained with the carmine, heematoxylin,
and cochineal stains refer to sections from tissues
hardened in bichromate of potash, washed free from
excess of chrome by water, and after-hardened in alcohol
a day or two. [In the case of carmine, control-sections
from tissues not subjected to after-treatment with spirit.]

CARMINE STAINS.
The best carmine should be employed.
Ammonia-Carmine (Beale).

CRITONE. & o 5 =aw ow ' g w10 emains
Liq. ammon. fort. (B Py . . . . L drm.
Glycerine (Price’s) . . . . . 2 ozs.
BUCOROL. s e v e i L 1 oz.
Bistomation o G e sl e ey 2 0Ee,




e
Sy

— —

58 MICROSCOPICAL EXAMINATION

The carmine in small pieces is dissolved in the
ammonia by heat; boil for a few minutes. Leave
the solution exposed at least one hour, or until the
excess of ammonia has evaporated and the odour is
faint. Add the glycerine, water, and alcohol ; filter.
If in course of time the carmine begins to precipitate,
add a drop or two of liq. ammonize,

For use, dilute this solution with about seven times
its bulk of water, and filter. Twelve hours or longer
required for staining. Much depends on the length
of stay in chrome ; the older the preparations the longer
stalning required. It is a malter of trial. When
stained, remove excess of carmine by agitating in
water, and place the sections in dilute glacial acetic
acid (0-5 per cent.), or in following :—HCI (1 per cent.
sol.) 1 part, Sp. vini reet. 2 parts. They remain in
the dilute acid about 15 minutes, to remove diffuse
staining.  Wash in water, dehydrate in absolute
alcohol, clear in clove-oil (or creosote or origanum-
oil) ;* mount in canada balsam (benzole or chloroform
solution).

Simple Aqueous Ammonia-Carmine (Betz).—This
1s a solution of carmine in weak ammonia. Carmine
1s rubbed up with a little water until a thick syrupy
mass 1s obtained ; add ammonia, which brings about
solution of the carmine, and stir well. Dilute with
a large amount of water; filter. The filtered solution
is exposed to daylight (sun, preferably), in an uncorked
vessel of green glass, until a dirty red precipitate
appears. It is now filtered. Allow the filtrate to

% These are common clearing agents. Others may be used. See
“ Clearing Agents.”
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stand again, under similar conditions, and when the
precipitate again forms it is filtered off. Expose a
third time, and filter again if necessary. The fluid
is now ready. Keep in a corked vessel. During
exposure, a flocculent embrane may form on the
surface of the fluid; this probably indicates the
presence of a micro-organism. The fluid is, however,
none the worse. In fact, the chemical changes which
take place in the solution, and with which its merits
as a stain are connected, appear to be in part due to
the growth of an organism.

Stain for 1—1 hour, more if necessary. Proceed
subsequently as in last instance.

Hoyer’'s Dried Ammonia-Carmine is a useful pre-
pavation. Make an aq. sol. of ammonia-carmine as
follows :—Carmine 1 grm., liq. ammeon. fort. 2 ccm,
water 8 cem. Drive oft excess of ammonia by heating
in a glass vessel over a sand-bath. The solution 1s
allowed to cool and is then mixed with 4-G times its
volume of strong aleohol. A bright-red precipitate is
formed. This is filtered off, washed and dried. The
powder keeps for months. [Bolles Lee.]

A freshly prepared aqueous solution of this powder
1s employed for staining.

The following solution of Uranium-Carmine is
recommended for sections of tissues infiltrated by
celloidin, as it leaves the celloidin uncoloured :—

Sodic carmmnate . . . ., , . . gro i
Uzanium nmitrate . o« ¢ < ¢ o & grm. ik

lub up together. Add distilled water 100 cem. and
boil for half-an-hour. Filter when cool.

Chrome-hardening is necessary, but after-hardening
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in aleohol is permissible. Sections are left 15-20
minutes in the stain, but overstaining does not occur
1 twenty-four hours. Treat subsequently as usual.

With ammonia-carmine structures are stained of a
rose tint, or in different shades of red; nuclei are most
deeply stained, cell-substance less, and ground-substance
least of all.

CARMINE COMBINATIONS.

Picro-carmine (Ranvier).

Carmine . . ; .. 1'srm,
Liq. ammon. fort. . SN o G
WYher o oLa s s e o D com,

Rub the carmine up with the water, add the ammonia
to the fluid in a test tube; aid solution by gentle heat.
When dissolved and the solution cold, pour 1t into 200
cem. of cold sat. aq. sol. picric acid. Place the solution
in an open vessel, and with gentle warmth evaporate
to one-third of its bulk. Filter.

Hoyer states that a combination having all the
advantages of picro-carmine, “ without any of its
disadvantages,” is obtained by dissolving his carmine
powder in a concentrated solution of neutral picerate of
ammonia.

Soda-Picro-Carmine (Léwenthal)—Dissolve 1 grm.
caustic soda in 100 ccm. water; add 04 grm. carmine.
Boil the mixture for 10-15 minutes, and add 100 ccm.
water. Add sufficient 1 per cent. aq. sol. pieric acid to just
dissolve the precipitate it first throws down. The fluid
is allowed to stand 2—-3 hours, and then filtered several
times through the same filter paper. The solution
is apt to grow turbid with lapse of time.

——
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Stain sections for a few minutes to one hour in piero-
carmine. Pour off excess of stain from the section as
it lies on the slide; do not wash. Mount in glycerine,
clycerine-jelly, or Farrant’s solution, to which add 1-5
per cent. formic acid. This brightens the colour.
Sections improve after keeping some time in the
mounting medium.,

Sections may also be mounted as usual in balsam if
the precaution be taken to add to the water and alcohol
used in washing some solid pieric acid, which dissolves
readily in these media.

In a successful picro-carmine preparation the nerve-
cells are pink, nerve-cell nuclel deep red, connective-

tissue nuclei and nuclei of vessels rose, axis-cylinders
red, and myelin is yellow.

Borax-Carmine (aqueous solution).

CUamnines e ol el r 0:5 grm,
SUTARG  oonmpe o d e s St 2 s e 2 grm,
g dest; sl e SR s LN e

Mix together in a porcelain dish and heat to boiling,
Add dilute acetic acid (5 per cent.) till the colour

becomes rather like that of ammonia-carmine. Allow
to stand 24 hours. Filter.

Borax-Carmine (alcoholic solution— Grenacher).
Carmine
Tojor 1o PRPOR AT e S e T 4 grm.
Aq. dest. . . U T

§ moderat s b &7 =3 mrmn:

Dissolve slowly by allowing the mixture to stand,
with occasional sturing, 2-3 days. Then add an equal
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vol, of aleoliol 70 per ecent. Allow to stand 36 hours.
Filter.

Leave sections in either of these fluids } honr to
several hours; no fixed time can be stated. [Over-
staining practically impossible,] Then wash in acid-
alecohol (HCL fort., 1 ecm., alcohol 70 per cent., 100
cem.) for about one minute; this brightens the specimen
and renders the staining more selective. Wash in
water ; aleohol, elove oil, balsam, as usunal.

Neutral Borax - Carmine (Nikiforow). — Bail
together carmine 3 grm., borax 5 grm., and water
100 ecem. Add enough ammonia to dissolve the car-
mine. FEvaporate down to rather less than one-half
the original volume. Add dilute acetic acid until the
cherry-red colour changes distinetly; avoid adding
excess (if desirable, neutralize with ammonia). A
powerful direct nuclear stain.

With borax-carmine struetures are stained in shades
of red—the nuclei deepest, cell-bodies hghter, oround
substance but faintly stained.

Very suitable for staining in the mass.

Alum-Carmine (Grenacher)—Add }-1 grm. car-
mine to 100 cem. of 1-5 per ecent. sol. of common
or ammonia-alum ; boil for 20 minutes. When cool,
filter.

Stain two hours or more. Overstaining scarcely
possible. Wash in water; dehydrate, clear, mount, as
usual.

According to Upson, sections stain in a few minutes
if to every 5 cem. of the alum-carmine 1-3 drops of
phosphomolybdanic acid are added.

Alum-carmine stains nuclei a violet red, cell-pro-
toplasm a lighter red, ground suhstance very faintly.

- T
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Haug has lately recommended the following stain as
giving a particularly sharp and clear representation :—

GEEIOIIG, o o o0 or ok a st el T,
BT e o ot o W 230, Tak 3 e ey o L B
Ammonia-almns. 2l now g L 2orm

Rub up in a mortar and boil for half-an-hour or so
with lig. aluminis acetiei, 100 ecm. Decant. Filter in
twenty-four hours. Use in a few weeks. Stain slowly.
Wash in water,and proceed as usual. The fluid retains
its qualities for long.

Lithium-Carmine (Orth).

(BT (AR O R - i
Sat. aq. sol. lithium carbonate . . 100 cem.

The carmine is simply dissolved in the lithium solu-
tion. Stain as in the ease of borax-carmine. Sub-
sequent treatment (acid-alcohol, ete.) 1s also the same.

Nuclei are stained deep red, cell-bodies a lighter red,
and ground substance is only faintly stained. A very
good nuclear dye, usually successful even with speci-
mens difficult to stain. With such, if necessary, the
proportion of carmine may be inecreased to 5 per cent.

Picro-Lithium-Carmine (Orth).
The lithium-carmine sol. given above 1 part.
Sat. aq. sol. piericacid . . . . 2-3parts.

Mix together. If the resulting stain should be too red
or too yellow a little of the other eolour should be
added.

Stain 6-12 hours, longer if necessary. Proceed as
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with lithium-carmine. The results are the same, except
that the pieric acid stains the myelin of the nerve-
tubes yellow.

For preparations difficult to stain the following
(Haug’s formula) may be recommended. The solution
can be used directly after preparation. It is very
durable :—

Chrmime oS SN G e T,
Ammion, Ghlorat. . % . v 5 . 2pmm

Rub up in a mortar, Boil in 100 ccm. water. The
fluid is cloudy. After ecooling add by drops 15-20 cem.
lig. ammon. caust., and 0-:3-0-5 grm. lithium-carbonate.
The cloudiness disappears. Filter.

Sections stain rapidly in a few minutes. Differentiate
over-stained sections in acid-aleohol (se¢ Borax-Carmine)
Wash well in absolute alcohol. Proceed as usual.

NUCLEAR STAINS.

Heematoxylin.— Solutions kept for any length of
time decompose. An exception must be made m the
case of Ehrlich’s hematoxylin, which remains un-
altered and retains its staining power unimpaired for
years, Hamatoxylin stains should be allowed to ripen
for a few weeks, at any rate, before use.

Heematoxylin solutions easily overstain. Overstain-
ing is corrected by certain measures presently to be
mentioned.

Many formul® are in use, of which the following
may be given :—
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Hematoxylin (Bohmer).

(i) Hematoxylin erist. . . . . 1 part.
Alethel™, 2F SRR, Nt L ety
(@ AT 505 v Baatte s P o il o, 23 TBATE:
WWAEEE: o 5 o et v B20 PRATHE:

These two solutions may be kept in stock. Some
days before staining, add (i) to (ii) until a violet
colour appears (a few drops only necessary). The
solution is then allowed to ripen a few days.

Wash chrome-hardened sections well before placing
them in a hamatoxylin stain. It is not advisable to
pass them from aleohol into the stain, as a deposit 1s apt
to form. Wash in distilled water, or in 1-2 per cent.
alum, aq. solution beforehand.

A section should be removed from Béhmer’s stain
from time to time (after the lapse of a few minutes, to
begin with) to see if staining is sufficient. It may be
examined under a low power to judge of the appear-
ance of the nuclei—in the earlier attempts. The
section should not be too deep blue. If overstained,
place in 1-1 per cent. alum aq. sol. for from one to
several hours. After this treatment sections should be
thoroughly well washed in distilled water. Dilute
HCL may also be used to remove excess of stain (HCI.
fort., 1 drop; water, 40 cem.); in this the section
acquires a faint violet tinge. After a few seconds
remove to following solution :—strong ammonia, 1 drop ;
water, 100 cem. A brief stay in this neutralizes the
acid. Wash in water, and proceed as usual. The same
measures hold good in the case of overstaining with
other heematoxylin solutions.

If the section is properly stained, wash directly on

P
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removal from the stain in ordinary water; dehydrate,
clear, mount, as usual. (It is said that clove-oil is
prejudicial to the permanence of the haematoxylin
stain. If it is used in clearing, wash away by toluol
or other clearing agent indifferent to the dye. Or use
creosote or origanum instead.)

Hematoxylin (Delafield).—Take of sat. aq. sol
ammonia-alum, 400 cem. Add hsematoxylin erist, 4

gram., dissolved in 25-cem. of aleohol. Expose to light
~ and air in an unstoppered bottle for 3—4 days; filter.
Add glycerine and methyl-aleohol, each 100 cem.
Allow the solution to stand until the colour is dark ;
filter, and keep in stoppered bottle. Allow to ripen a
couple of months before use.

For staining, add water to a small quantity of the
dye until a dilute stain is obtained. Proceed as with
Bohmer’s stain.

Acid Hematoxylin (Ehrlich.)

Digh-water i i s 038 o s 10Fecm;
Abg, aleahiol: 0 o & v e i a et 10V eem.
Qlyeerine o & o s s om0 100 em;
(}lacial aceticaeld . . . . . . 10 cem.
Hematoxylin,. . « <« & .55 w0 2078,

Alum 1n excess.

Expose to light for 2-3 weeks; the colour darkens.
Keep in a stoppered bottle. The dye remains eflicient
for years.

Stain sections for 5-10 minutes; occasionally rather
longer is necessary. Wash in ordinary water; here
the section turns blue, Dehydrate, clear, mount, as

usual.
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In the case of this solution decomposition from pre-
cipitation of certain constituents (such as occurs with
ordinary alum-hematoxylin solutions) is prevented by
the addition of the acid.

Huug has lately recommended the following solution
as especially useful for preparations difficult to stain,
owing to the method of hardening, or other cause. It
stains rapidly :—

Hematoxylinextr. . . . . . . 1grm.
Dissolve in abs. aleohol. . . . . 10 cem.

Add above solution to 200 cem. lig. aluminis acetici.
At first the fluid is a deep violet, but in the course of
some weeks the colour ripens to a brown-black. To
hasten ripening add a few cem. sat. aq. sol. lithium
carbonate. The solution remains efficacious for long.

Stain sections thoroughly, and then remove excess of
colour by rapid use of acid-alcohol. [See Borax-
Carmine.] Wash well in water to remove the acid ;
the sections turn blue. Contrast—staining, if desired,
by means of ‘eosin, and especially with aq. sol.
erythrosin. Wash, dehydrate, clear, mount, as usual,

Hematoxylin stains in shades of blue (occasionally
red). All nuclei present are deeply stained, cell-bodies
more lightly.

Cochineual. — The following formule give good
results :—

Alum-Cochineal (Czokor).
Coctuneal i, S St bl o & o,
- dha R B R SR 1 gram.

are rubbed up together in a mortar and dissolved in

F 2

_
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100 cem. distilled water. Boil down to one-half the
volume. When cool filter several times.

Stain for twenty-four hours and more; overstaining
1s practically impossible. Wash in water, dehydrate,
clear, mount, as usual. Nueclei have a wviolet, cell-
bodies and processes a reddish tint. Ground substance
very lightly stained. (A very precise stain.)

Cochineal (Meyer; quoted by Bolles Lee). —
Macerate cochineal in coarse powder for several days
in 70 per. cent alcohol, taking 1 gram. cochineal to
10 cem. aleohol. Stir often. Filter before use.

Before placing a section in the stain pass it rapidly
through alecohol 70 per cent., and dilute the stain if
necessary with alcohol of the same strength ; also wash
afterwards in the same. Other fluids cause precipitates.
Wash in the aleohol till no more colour comes away.
Overstaining may be corrected by momentary use of
acid-alcohol. Sections may be stained in a quarter of
an hour or so; or longer in dilute solutions. After
washing in the aleohol, as advised, dehydrate, and pro-
ceed as usual.

Structures are stained red, the cell-nuclei most deeply.
The ground substance is more stained than in the case
of alum-cochineal—in other words, the stain is more
diffuse.

The Carmine combinations already gives(Picro-, Borax-,
Lithinm-, Alum-Carmine), may be again alluded to
here as nuclear dyes.

Several of the anilin dyes may be mentioned as
nuclear stains. At any rate, they act as such when
used upon chrome-sections. They cannot be relied on
for staining the protoplasm of the nerve-cell, as in the
processes of washing out and dehydration a variable
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amount of the colour is extracted from that substance.
Nuclei of nerve-cells and of connective-tissue are stained
by them, especially the latter. When employed upon
sections from tissues hardened in alcohol some of these
anilins stain the cell-protoplasm effectually.  [See
“Special Stains.”

Amongst those which might be placed with the
Nuclear Stains are Bismarck-brown, Gentian-, and
Methyl-violet, Victoria-blue, Dahlia, Methylene-blue,
and Toluidin-blue. [For methods of use, se¢ “ Anilin
Stains.” ]

STAINS FOR THE MEDULLATED NERVE-FIBRES.

Weigert’'s Method.—Harden tissues in potass. bichro-
mate solution or in Miiller’s or Erlicki's fiuids, finishing,
if desired, in alcohol. [See “ Hardening Methods.”] In-
filtrate with celloidin and fix on cork in the usval way.
[This is of course unnecessary if other imbedding media
are used.] The block is now placed for a day or two in
sat. sol. neutral acetate of copper diluted with an equal
volume of water—this solution is kept at about 37
degrees C. The tissues become green. The preparation
may then be kept till required in alcohol 80 per cent.
Sections, cut under alcohol, are placed in the following
stain :—

Hematoxylin o « .0« .Skl o Tomi
Alephall oo is ey el S A G
s RIS 0 B T S O (1

which is ready for usein 1-2 weeks. At the time of use
add sat. sol. lithium carbonate, a few drops to a watch-
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glassful of stain. Sections remain a varying time in
t;he stain, dependent on the nature of the tissue. About
2—4 hours for the medulla of brain, 24-36 hours for the
intra-cortical meshwork, Stamm-:r 18 expedited by the
incubator- -temperature (375 degleea C.)

On removing sections from the stain, rinse with water
and place in fﬂilﬂwmcr solution :—

Boragk: s £t S o),
Ferrieyanide of Putasmum ST N T
Waher e o e - e 200icon

Here sections remain until complete differentiation of
the grey and white matter is obtained. This part of
the process requires supervision. Remove from the
fluid when the grey matter becomes a light brown and the
white a deep violet. If thick sections do not become
decolourised properly in this solution they may be
transferred for twenty-four hours to aleohol and then
replaced in the ferricyanide. To avoid excessive de-
colourisation it is as well to subject sections to the action
of the differentiating fluid for varying lengths of time.
[ The same holds good for all modifications of Weigert’s
process. |

When properly differentiated, wash the sections, de-
hydrate in aleohol 96 per cent., and then merely momen-
tarily in abs. alcohol (to preserve the celloidin intact),
clear in origanum oil or xylol, preferably the latter,
mount in xylol-balsam.

Double-staining (picro-carmine or alum-carmine suit-
able for the purpose) may be carried out after the final
washing, if it is desired to show nuclei and cell-bodies.
But such contrast-staining had better be avoided when
tlie object is to show the finest nerve-fibres.
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Medullated nerve-fibres appear blue-black against a
brownish-yellow background.

The treatment with copper-solution may be deferred
until sections have been made, individual sections being
placed in the solution. This plan has the advantage
that other stains, to the use of which copper is pre-
judicial, may be used in addition to heematoxylin.

Recently Berkley has stated that the best results, as
regards staining fine nerve-fibres, are obtained by the
copper-hematoxylin process when the tissues have been
hardened in Flemming's fluid [osmic acid 1 per cent,
10 cem. ; glacial acetic acid 1 per cent., 10 cem. ; chromie
acid 1 per cent., 25 cem.; water, 55 cem.] Pieces 3-5
mm. thick and of moderate size are kept in the above
for thirty hours at 25 degrees C. Transfer without
washing to absolute alcohol for twenty-four hours.
Change twice. Imbed in celloidin or not. Sections are
washed in water and placed in the acetate of copper
solution for a night. Wash rapidly in water, and place
in a hematoxylin solution made as follows :—Boil 50
cem. dist. water well in a flask for some minutes, add
2 ccm. sat. sol. lith. carbonate, and continue boiling for
a minute or so. Add 15-2 cem. of a 10 per cent. sol.
of hzmatoxylin in abs. ale. Shake up. Cork, and allow
to cool.

In this solution sections remain 15-20 minutes at
40 degrees C. On cooling, wash in water, and treat
with borax-ferricyanide, and as usual after Weigert.

Weigert’s Earlier Method, which some consider
possesses certain advantages over the mewer one, is as
follows:—The tissues are hardened as before and im-
bedded in celloidin. Sections are cut into alcohol
From tlis they are passed into the heematoxylin solution
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l(kept at 35-40 degrees C.). Subsequent treatment, as
In the method first mentioned.

The finest nerve-fibres, however, are better brought
out by the copper method.

Staining “in toto” with Weigert’s Earlier
Method.—Beevor* got good results (“staining of the
finest fibres generally ”) in the case of the marmoset’s
brain by proceeding as follows :—The brain had already
been in methylated aleohol for 2-3 weeks by a mistake,
when it was put in pot. bichrom. sol. 3 per cent. After
a month in this it was cut vertically and laterally into
pieces about one-eighth inch thick, or less, washed in
methylated alecohol for 1-2 days, and then put into
Weigert’s hamatoxylin for four days, the fluid being
kept at 40-50 degrees C. for 3—4 hours each day. The
stain was about double the strength of the original,
thus—hwematoxylin 2 grm., abs. ale. 14 ccm., water
130 cem. The pieces of brain were then slightly
washed in water and put into borax-ferricyanide sol.
(water in the prop. of 100 ccm.); this was changed
until no more brown colour came away, and the
pieces were again washed in water. Subsequently
they were passed through alcohol, oil of cloves, and
oil of turpentine to paraffin. Sections were then cut
and mounted, the paraffin being removed by xylol.

With specimens hardened in bichromate and after-
wards in alcohol—in the usual way—DBeevor has not
had good results. Weigert also obtained imperfect
results with his method (presumably the earlier one)
as applied to pieces in bulk. The newer method—

® Brain, vol. viii, p. 239,
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with copper acetate—does nof appear to have been
applied in this way in the case of brain-tissue.

In addition to the method suggested by Berkley, a
areat number of modifications of Weigert’s process
have been introduced, some of which—those regarded
as important—are subjoined.

Weigert himself has modified his method in such
a manner that differentiation as performed in the
original method is dispensed with. Harden as usual,
and imbed in celloidin. Float the imbedded pieces
for twenty-four hours in the incubator in the following
solution :—

Neutral acetate of copper, sat.
sol. in the cold, filtered

Tartrate of soda solution 10 per
cent.

equal parts,

Then keep for 24-48 hours (latter for large pieces)
in simple aq. sol. neutral acetate of copper in the
incubator. Wash lightly in water; 80 per cent.
alcohol ; ent. Have ready Sol. A :—

Sat. aq. sol. lithium carbonate . , 7 parts.

Water 02 SINESEE SRS RS L 98 Dants.
and Sol. B :—

Hematoxyhin. ™. 000 00 o 1 part

Abg. aleohal o & . L0 - . . 10-parks

Just before use mix 9 parts of A with 1 part of B,
Leave sections in the mixture 4-5 hours (twenty-four
hours are not harmful). Wash in water, then in
alcohol 90 per cent, clear in anilin-xylol [2 parts
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anilin-oil, 1 part xylol], to be removed by pure xylol.
Mount in xylol-balsam.

Black staining (of medullated fibres) on a clear red
ground. Over-stained sections are treated by borax-
ferricyanide, as usual.

LPaneth first suggested that the stain should be made
with extract of logwood, which is much cheaper than
pure hematoxylin. Make following solution :—

Commercial extract of logwood . . 1 grm.
Absraleehel vl ol &0 0 o w10 nem,
s R e S T T

Filter. Add to the solution 8 drops conc. aq. sol.
lithium carbonate. Sections — prepared after the
original method—require 18-24 hours to stain in the
above at the ordinary temperature of the room, After
svaining, proceed as in the original method.

Kaiser has quite lately introduced the following
rapid process, essentially differing from Weigert's
method in the use of Marchi’s fluid in hardening and
of sesquichloride of iron as a mordant, in place of
copper acetate:—Small pieces of tissue are placed in
Miiller for three days; they are then cut into sections
of 1-2 mm. thickness and replaced in Miiller for
another six days. Transfer to Marchi’s fluid [Miiller
2 parts, osmic acid 1 per cent. sol. 1 part]; here the
sections lie for eight days. Wash, after-harden in
alcohol, infiltrate with celloidin. Cut sections. These
are treated for about 5 minutes with the following
solution :—

Liq. Ferri sesquichlor. . . . . . 1 part
Agdest, s i iwe e Rl e v L DRTD,
Spirit-rectifie. o s . me S =0 PEXGE:
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Wash in Weigert’s hematoxylin solution, and heat in

a fresh quantity of the same for a few minutes. The
ﬂmd must not be heated to boiling, on account of the
celloidin, Wash sections in water and differentiate as
in Pal's method (v. infre). Transfer momentarily to
water containing some ammonia, in order to neutralise
the oxalic acid. Wash, dehydrate, clear in xylol, mount
in xylol-balsam.

Medullated nerve-fibres appear dark brown or deep
black. This method gives satisfactory results, but
more extensive experience is needed to determine
whether these are consistently obtained.

Pal’s modification of Weigert's process is widely
employed. The Weigert-Pal method is as follows:—
Tissues are hardened in chrome-salts as in Weigert’s
method ; the copper treatment is omitted. Sections
are cut as usual. If these do not appear to contain
sufficient chrome (have, that is, a greenish tint), they
should be placed in pot. bichrom., 2-3 per cent. sol.
for twenty-four hours or so. After washing away
excess of chrome, transfer the sections to Weigert's
hematoxylin solution, to which lith, carbonate is
added, as usual. Here they remain 24-48 hours.
Wash in water; the sections should be a very deep
blue—almost black ; if they are not, add to the water
lith. carbonate sat. sol, in the proportion of about 4
per cent. Transfer to fresh aq. sol. permanganate of
potash, § per cent., where they remain 20-30 seconds.
Remove to the following differentiating solution :—

Oxalic deid pom, cauans e b - degmn
Sulphite of potassium . . . . . 1 grm.
A deshy Tt i e 200 cem



76 MICROSCOPICAL EXAMINATION

In a few seconds differentiation is ecomplete; the grey
matter is decolourised, the white matter has a blue-
black tint. If this result is delayed, sections may bhe
put back into the permanganate a few seconds, and
then replaced in the different. fluid. Move them about
in the latter. From this they are transferred to
distilled water and washed well. Exposure to a
strong solution of lith. carbonate (5-30 minutes) is
now advantageous. The staining is deepened and
rendered more preecise. Wash again; double-stain
with alum-, borax-, or picro-carmine ; wash, dehydrate,
clear in xylol ; mount in xylol-balsam,

Nerve-fibres black or blue-black ; all other structures
decolourised.

The sections are better suited for double-staining
than those obtained by Weigert’s method, as the non-
medullated tissues are quite decolourised.  This
advantage, however, is not secured without additional
risk ; unless considerable care is exercised differen-
tiation will be carried too far, and the finest intra-
cortical and tangential fibres decolourised.

The lithinm-carbonate solution, usually added to the
hematoxylin stain in these processes, need not be
employed until after the latter has acted. In this
case sections are removed from the hamatoxylin after
the lapse of the usual time, and placed in sat. aq.
sol. lith. earbonate (or in a 24 per cent. sol, used
for a longer period), until they are sufficiently dark.
Proceed then as usual. By following this plan the
same hmxmatoxylin solution may be repeatedly used.
Possibly the heematoxylin-lithium sol. may be employed
several times over. But the fact that it is quite opaque
renders it much less convenient to work with than the
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translucent plain solution, even if the supposition be
correct.

Lissauer suggested the following rapid method of
condueting Weigert’s process ; the writer has obtained
good results by it:—Sections as thin as possible are
cut from the organ hardened in Miiller’s fluid, and are
placed in a 1 per cent. sol. of chromic acid, which is
then heated until bubbles begin to form on the surface.
Wash lightly in water, and heat similarly in Weigert's
heematoxylin solution until bubbles form. Treat with
pot. permang. sol. and the differentiating fluid, as in
Pal’s process.

Schaefer's modification of Pal’s process is to be
strongly recommended. Pieces hardened in Miiller,
and afterwards in aleohol [no intermediate washing],
are imbedded in celloidin, and sections cut. These
are placed in water, and from this transferred to
Marchi's fluid [see “ Hardening Methods ], in which
they are left a few hours. Wash again in water, and
transfer to acetic-acid-hematoxylin, made by dissolving
1 grm. heematoxylin pur. in a little alcohol, and adding
to the solution 100 eem. of 2 per cent. sol. acetic acid.
Leave sections in this overnight. On removal, they are
quite black. Wash in water, and pass through pot.
permang. sol, Pal’s bleaching fluid, &c—as in the
original process.

Kultschitzky's Stain for medullated nerve-filires is
also a good one. Tissues are hardened in Miiller, or
better, in Erlitzky’s fluid, washed in water to remove
excess of chrome, and sections cut as usual. K. especi-
ally insists upon the fact that tissues can be washed
after the hardening in Erlitzky without detriment.
Thus excess of the hardening reagent is removed.
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This is an advantage over Weigert’'s process, The

sections are placed in the following stain for 18-24
hours :—

Sat. aq. sol. boracicacid . . . . 20 ccm.
Agedesli el % o0 B ihEkatees v B0 GET

to which is added heematoxylin, 1 grm., dissolved in
abs. ale. q.s. This solution is yellow when first made,
but in 2-3 weeks it becomes red, and may then be used.
Before use, acidify by adding to a watch-glassful of stain
2-3 drops acetic acid. More recently the following
simpler formula has been introduced. It 1s quite as
efficient :—

Hamgtoxylin, " =0 e & e e o
Abs.aleohol , . . . . . . gs ad solw

Add this solution to 100 ccm. of a 2 per cent. aq. sol.
acetic acid. Stain for twenty-four hours. After stain-
ing, place sections in following solution for 2-3 hours,
for differentiation :—

Sat. aq. sol. lithium-earbonate . . 100 ccm.
Ferricyanide of potassium, 1 per
dont: an: ok e e e oo, L0GCM.

Wash well in water, then in alcohol. Xylol, xylol-
balsam.

The medullated fibres appear deep blue, other tissues
faint yellow.

Wolters's Method (sometimes referred to as the
Kultschitzky-Wolters Method) is now largely used,
and highly recommended. It shows the finest nerve-
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fibres—amongst them the tangential fibres of the outer-

most layer of cortex—well.
Harden in Miiller, wash in alecohol. Cut in celloidin.

Place sections in Kultschitzky’s heematoxylin.

Hematoxylin (Gribler) . . . . 2 grm.
Abs aleahol = oo el o Eg.s ad: soliy:
Acetic acid, 2 per cent. aq. sol. . , 100 cem.

Here sections remain twenty-four hours in a paraffin
oven at 45 degrees C. At the end of that time they are
dipped in Miiller, and then differentiated after Ial
[pot. permang. sol., followed by the sulphurous acid].
Wash in water. Dehydrate, clear in xylol, xylol-
balsam.

An intense myelin stain is obtained. Nerve-fibres
are blue-black ; ganglion-cells yellow, or yellow-brown.

Kaes gets even better results with the above method,
by substituting Flemming’s mixture for Miiller. [Com-
pare Berkley’s method of conducting Weigert's process.]
The tangential fibres then show particularly well. To
retain with certainty the finest fibres, differentiate only
so far that the grey matter has a yellow tint.

Exner's Method. — For description of this, see
“ Hardening Methods.”

The Pal-Exner Method (which is said to furnish
permanent preparations) is as follows :—Small pieces
of quite fresh brain are hardened for 4-6 days in ten
times the bulk of osmic acid, 1 per cent. Fresh solu-
tion on the second day. Wash well in water, and then
in absolute aleohol, two minutes. Infiltrate with celloi-
din or paraffin in the usual way. Cut sections into
glycerine thinned with water (3 glycerine, 1 water).
Wash away the glycerine with water, and differentiate
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after Pal's method [10-15 seconds in pot. permang. sol.
Stop the sulphurous acid action when the medulla is
black and cortex deep grey]. Wash well. After-stain
with Magdala-red or picro-carmine. Dehydrate, clear,
mount, as usual.

ANILIN STAINS.*

Out of a large number of anilin dves employed by
the writer npon hardened sections of brain, it is sufficient
to give the following, as most of these dyes resemble
each other in action when used, at anyv rate, in the
manner described below. As will be seen, they are
chiefly nuclear stains.

In each case the action of the stain was examined
upen sections from tissues hardened in chrome-salts,
with short after-hardening in alcohol (the plan followed
with the stains already given), and upon others from
tissues fixed in sublimate, followed by alcohol. [See
“ Pixation Methods.”] As a general rule, sublimate
sections stained very much more quickly than chrome
O11€s.

It should be mentioned that comparatively recently
important results have been obtained with anilin dyes
upon tissues hardened in aleohol. [See methods of
Nissl and Rehm—deseribed later.]

The results with the single stains are first given, then
those obtained with some anilin combinations. Chrome
sections are first referred to, unless otherwise stated.

Anilin Blue-black.—The English preparation should

# The most important should be kept in stock. See the catalogue
of Griibler or Minder.
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be employed, in aqueous solution } per cent. Stain for
3-1 hour. Overstaining should be avoided, as the dye
can only be extracted to a slight extent. Wash, dehy-
drate in aleohol, clear with creosote or other agent
excepting clove-oil (which alters the colour in time),
mount in balsam.

With sections diffieult to stain, an aleoholic solution
[1—3 per cent., made with abs. alc., or good methylated
spirit] may be employed. It will stain such sections
when the aq. sol. fails, or acts exceedingly slowly. The
alcoholic solution also stains celloidin less deeply.

For the cerebellar cortex, Bevan Lewis recommends a
modified proceeding, as follows:—After staining with
the aqueous solution and washing in water, as usual, the
section is immersed for 20-30 minutes in a solution of
chloral bydrate, 2 per cent. Then transfer to the
following :—

Solution of chloral (2 per cent)
01l of cloves }
Aleohol q.s. to chs%ﬂlve Emd make a clear solution.

Add the alcohol by degrees, stirring, and avoiding
excess. During use, cover the watch-glass containing
the solution to prevent evaporation. The chloral re-
moves diffuse staining whilst the clove-oil clears the
section. Examine occasionally under a low power, and
when a satisfactory stain is obtained, wash the seection
with absolute alcohol ; elear with clove-oil, and mount
in balsam.

Anilin blue-black stains the nerve-cells with their
nuclel and processes, axis-cylinders, connective-tissue
nuclei, and those of vessels. The tint varies from blue-
grey to deep blue-black. Nerve-cell nuclei and axis-

G
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cylinders are stained deepest ; connective-tissue struc-
tures are not well stained, The basis-substance of the
cortex is pale grey.

With sublimate sections a diffuse stain results
very quickly. The dye cannot be recommended for
these.

This excellent stain has long been employed in this
country, and is now used more extensively than
formerly on the Continent, owing, doubtless, to the
recognition of the value of the English preparation.

Indulin.—This substance (as supplied by Griibler),
gives results very like those obtained with English
anilin blue-black ; the stain is, perhaps, rather more
blue. It may be used in precisely the same manner as
the last.

Nigrosin (Griibler).—The same remarks apply in
this case, both as regards the method of use and the
results. The latter, however, appear inferior to those
obtained with the English blue-black., [Nigrosin is
much used abroad.]

Anilin-Blue.—Use quite a dilute aqueous solution
(translucent in a thin layer on a slide). Stains in
5-10 minutes (very rapid). Proceed as with anilin
blue-black, Like that dye, and unlike most anilins,
anilin-blue does not wash out in alecohol. It resembles
blue-black in its affinity for nerve-cells, as opposed to
connective-tissue elements, but is inferior in being more
diffuse in action.

With sublimate sections the staining is far too
diffuse, even in a few minutes.

Toluidin-Blue—Employ an aqueous solution 0-25
per cent. ; the powder dissolves better if a little alecohol
is added. Stain for 24-48 hours, Sublimate sections
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parficularly suitable for thisdye ; they stain in half-an-
hour, but the longer period 1s advisable. The cortex
appears a uniform deep blue, the medulla a fainter
blue. Excess of stain is removed by water and then
by alcohol (first methyl. spirit, then absolute.) The
colour comes away in clouds. Presently these cease to
form ; the section is then at once transferred to xylol
Further extraction is thereby prevented; if the last
aleohol used was absolute the xylol clears the section
immediately. Mount in xylol-balsam.

The section has a light Llue or purplish tint. Con-
nective-tissue nuclei, including those of the wvessel
walls, are exceedingly well stained, also the nueclei of
nerve-cells, These structures are deep blue or puiple.
Nerve-cells of similar though lighter tint. Their
processes are stained about as well as in the case of
chrome-hardened specimens treated by the ordinary
dyes. The neuroglia basis is practically colourless.
The stain 1s chiefly a nuclear one. Very good results
are obtained with care.

With chrome-sections the results are not nearly so
good. There 1s more diffuse staining; the sharpness of
outline is absent.

Victoria-Blue.— Use sublimate sections. Stain
about forty-eight hours in a deep blue aq. sol
Sections are now uniform deep blue. Proceed as in
the case of toluidin-blue. Results are in general the
same, but the body of the nerve-cell—outside the
nucleus—is more easily decolourised than in that case,
and consequently the staining of the cell-body is
capricious. The removal from alcohol to xylol is
advisable before the formation of colour-clouds entirely
ceases. Consequently the neuroglia is not so well

G 2
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decolourised in this case as in the last. Chiefly a
nuelear stain.

With chrome the results are not so good ; staining is
more diffuse.

Safranin.—Obtain the most suitable variety for
staining nuclei, Make a deep red aqueous sol. (by
heat if necessary), or dissolve in equal parts of alcoliol
and water. Stain for 12-24 hours or more. Treat as
in the case of Victoria-blue. Acid-alcohol [HCL fort,,
1 eem. ; aleohol, 70 per cent., 100 cem. ; a few drops to
a watch-glassful of alcohol], is often necessary in
decolourisation. If used, wash well subsequently in
absolute aleohol.

It is especially adapted for staining nuclei generally.
[See “Methods of Staining after Fixation.”] Much
used in the study of nuclear figures. Commonly
employed upon tissues fixed in chrome-aceto-osmic
mixture,

After sublimate safranin is too diffuse. The results
are not good.

Dahlia.—Stain sublimate sections for about forty-
eight hours in a deep red aq. sol. Treat the over-
stained section as in the case of Victoria-blue. The
results are similar, except that the staining is red.
Chiefly a nuclear stain.

With chrome sections the results are praetically the

same.
Gentian-Violet.—Stain sublimate sections for about

forty-eight hours in a deep violet aq. sol. Proceed as
with Victoria-blue. Acid-alcohol may also be neces-
sary. The results are similar as regards the parts
stained, but the tint is violet. Fickle staining of the
body of the nerve-cell. A nuclear stain.
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Much the same results with chrome sections.

Methyl-Violet.—Stain sublimate sections for 2-3
days in a deep violet sol. [alcohol + water, aa]. Pro-
ceed as with Vietoria-blue. Acid-alcohol may be
necessary. The same parts stained—of a violet culour.
A nuclear stain.

With chrome sections the results are somewhat
inferior.

Methylene-Blue.—Stain forty-eight hours in a deep
blue aq. sol. Proceed as with Victoria-blue. Results
similar, except that the blue is of a different shade, and
nerve-cell nuclei do not stain so well. Chiefly a stain
for connective-tissue nueclel.

With sublimate sections much the same results.

Bismarck-Brown.—Stain from one to several hours
in a rather deep brown solution [alcohol + water, aa].
Proceed as with Victoria-blue. Excess of stain is not
so easily removed as in some cases. Connective-
tissue nuclel stain very well, including those of vessel-
walls (deep brown). Nerve-cells indifferently.

With sublimate sections .the staining is more
diffuse.

Congo-Red.—Stain 12-18 hours in a deep red sol
[alcohol + water, 8a]. Sections deep red-brown.
Wash in water and in aleohol. In the latter the colour
comes out to some extent. If the section is now
placed in acid-alcohol [HCL fort., 1 cem.; aleohol, 70
per cent, 100 cem.] the colour turns to a deep
brown-black, or purple. TLeave some hours in the
- acld-alecohol. "Wash, dehydrate rapidly, clear in xylol ;
xylol-balsam. Axis-cylinders in transverse and longi-
tudinal section are stained brown-black. Nerve and
connective-tissue cells of the same tint, or purplish.
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Ground-substance is light brown. The axis-cylinders
are particularly well stained in this way, hence the
method is especially applicable to transverse sections
of pons, medulla and cord.

The writer lit upon this process accidentally whilst
examining the action of anilin dyes. The same obser-
vation was made by Nissl (1886).  His procedure is as
follows:—DBichromate sectionsare passed through aleohol
95 per cent. into aq. sol. Congo-red, 5 : 400, where they
remain seventy-two hours. Transfer to alcohol, 95 per
cent.,, for 5—10 minutes, then to mnitric-acid-alcohol
(HNO,, 3 cem.; alecohol, 100 ccm.) for six hours.
Aleohol, clove-oil, balsam.

With sublimate sections the result is not good, a
diffuse stain being obtained.

Methyl-Green.— This dissolves out with such faci-
lity in water and aleohol that it appears to be of little
use for hardened tissues. From an abstract of the
original account it seems that Erlitzky adopted methyl-
green for staining tissues hardened in bis fluid. [See
“ Hardening Methods.”] An aqueous or alcoholic
solution, 1:5-2 per cent. was used, the former prefer-
ably. Sections were stained 12-24 howrs. It was
found to be a nuclear stain, especially bringing out the
nuclei of connective-tissue and blood-vessels.

For staining nuclei in fresh tissues methyl-green is
well known to be most suitable. For this purpose it 1s
commonly employed as a strong aqueous solution con-
taining about 1 per cent. of acetic acid. Wash out
with water slightly acidulated.

Certain anilin dyes make excellent confrast stains.
In this capacity they are used to stain the ground
substance of the cortex. [See “ Combination Stains.”]
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Eosin, Bengal rose, benzo-purpurin, and picric acid arc

examples.
Anilin Combinations.— These are numercus. It is

sutficient to mention some of the best, with the
methods of use.

Safranin and Anilin-Blue (Garbini).

(i) Anilin-blue (soluble in water) . 1 grm.

Abs. aleohol .. & . « t s & 1-2 cemn,
Digtewater & o % % e i 2 100Yeems
(ai)Safranin o ¢ @ ‘% e @ @ 3 g ologmmy
Aleohel % o % o Gl o pe LODecmy
Watery & i i a a' w9l o Alseemy

Chrome-hardened sections lie for about four minutes
in (i.), are then washed in water, and placed in ammonia
sol. (1 per cent.) until the colour has nearly disappeared.
Treat 5-10 minutes (until the colour has returned)
with HCL sol. 0'5 per cent. Wash in water and stain
in (ii.) 5-10 minutes. Wash. Dehydrate in alecohol ;
xylol, xylol-balsam.

Nerve-cells (extra nuclear parts) deep blue, cell-
nucleus reddish-blue (occasionally red, occasionally deep
blue), connective-tissue and vascular nuclei deep rose,
ground-work of cortex pale blue, medulla reddish-
yellow, including the medullary rays. Affords a very
good differentiation.

Biondi-Ehrlich Stain (Methyl-green, acid-fuchsin,
and orange).—Directions are often given for making
this, but the writer recommends its purchase from the
stain agents. It is generally employed upon sublimate
sections, which remain in the stain 6-24 hours, Dehy-
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drate and differentiate in alcohol; xylol, xylol-balsam,
The sections appear light purple.

Nerve-cells light violet, their nuelei deep violet, con-
nective-tissue nuclei green-blue, blood-vessels deep red
[under a low power as if injected], owing to staining of
the blood corpuscles, ground-work of cortex light red.
With chrome sections the results are the same, except
that the blood-vessels are not brought out as in the
former case.

The following mnay be mentioned in addition :—

Gentian-Violet and Eosin.—Stain chrome sections
in an aleoholic solution of gentian-violet diluted with
one half its vol. of water. Wash out with alcohol, and
acid-alcohol if further differentiation required. Stain
for a minute or two in fairly strong aq. sol. eosin.
Dehydrate rapidly in aleohol ; xylol, xylol-balsam.

OrHER COMBINATION STAINS.

When it is desired to contrast certain tissue elements
with others, combination stains are employed. No great
experience is needed to show that ingenuity and time
can be better employed than in increasing the number
of these combinations, for they do not promise to
promote our knowledge of cerebral structure materially.

The results now given apply to chrome sections
[tissues hardened in chrome salts, washed, and after-
hardened a day or two in alcohol].

Hematoxylin and Picric-Acid.—Stain in hema-
toxylin (Ihrlich’s or other), about quarter of an hour if
the former is used. Wash in ordinary water, expose a
few minutes to alecohol rendered yellow by addition of
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a few crystals of picric acid. The section changes from
blue to a dirty yellow, and a brownish colour is dis-
charged. Clear in xylol, mount in xylol-balsam.

Nerve-cells of a yellow tint, their nuclei a light violet;
connective-tissue nuclei and nuclei of blood-vessels deep
violet ; ground substance yellow—a somewhat different
tint to the nerve-cell, but not always properly differen-
tiated from it.

Carmine and Picriec Acid.—Stain in carmine, wash,
treat as in lasy case. The section changes from red to
reddish-yellow at the cortex; medulla yellow. Clear,
mount, as before.

Nerve-cells pink, deepest at the nucleus. Ground
substance of cortex a lighter pink. Connective-tissue
nuclei are not well stained. [Better brought out by
borax- or lithinm-carmine. ]

Hematoxylin and Eosin,— Stain in Ehrlich’s
heematoxylin, quarter-of-an-hour (or other formula may
be used), wash in ordinary water. Stain in weak aq.
sol. eosin a few minutes. The blue section changes to
a reddish-violet. Wash, dehydrate in aleohol ; xylol,
xylol-balsam.

Nerve-cells deep pink, their nuclei light violet; con-
nective-tissue nuclei and those of blood-vessels deep
violet; ground substance light pink. A very good
combination.

Hzmatoxylin and Benzo-Purpurin B.—Stain about
ten minutes in Ehrlich’s hematoxylin (or other may
be used). Wash in ordinary water. Stain in weak aq.
sol. benzo-purpurin B. for a few minutes. Wash;
aleohol, xylol, xylol- balsam.

Nerve-cells a red-brick colour, their nuelei light
violet; connective-tissue nuclei and those of Dblood-
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vessels deep violet; ground substance reddish-violet.
A very good combination.

Hematoxylin and Anilin Blue-Black.—Stain a
few minutes in hsmatoxylin solution and then a few
seconds in aq. sol. anilin blue-black 05 per cent.
Wash; alcohol, creosote or xylol, balsam.

By this combination a very rapid staining of cell-
elements is obtained. As anilin blue-black stains
nerve-cells more especially and h@matoxylin the con-
nective-tissue cells, all the cells in a section are well
shown. Especially suitable for cerebellar cortex, bring-
out well the granule-layer and cells of Purkinje.

Hematoxylin and Safranin—Stain very lightly
in heematoxylin, wash in water, stain in safranin
[safranin 1 grm., abs. ale. 100 ccm., water 200 ccm.].
‘Wash ; aleohol, xylol, xylol-balsam.

Nerve-cells and processes light red, their nuclel
violet ; nuclei of connective-tissue and blood-vessels
violet ; ground substance faint red; medulla and
medullary rays red; the latter are well shown. A
good combination.

Anilin Blue-Black and Picro-Carmine.—Stain in
picro-carmine i-% hour; when deeply stained, place
directly in the anilin solution (} per cent. aqueous),
merely draining off excess of picro-carmine. In about
ten minutes the section acquires a deep violet tint—
the action of the anilin is hastened by previous use of
picro-carmine. Wash, dehydrate in aleohol, clear and
mount.

Structures are stained in shades of violet. Nuclei
of blood-vessels are especially well shown. A very
good combination.

Picro-Carmine and Anilin-Green.—A good com-
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bination for the cerebellum. Stain in piero-carmine
11 hour in the incubator. Wash in water slightly
acidulated with acetic acid, then quickly in distilled
water. Transfer to aq. sol. anilin-green, about 1:1000.
Stain for 12—24 hours. Wash in water, then in aleohol,
till no further colour comes out; xylol, xylol-balsam.

Purkinje’s corpuscles and the structures of the
external layer of the cortex are pink, vessels also pink;
corpuscles of granule-layer deep green (some pink);
medullary cone green. On closer examination of last
named, axis-cylinders are deep-green, myelin a light
green. Hspecially good for low power view of cere-
bellar structure. The pink cortex with its prominent
Purkinje-cells contrasts strongly with the deep green
granule layer and light green medullary centre.

Carmine and Anilin-Blue (Recommended by Duval).
—Stain with carmine, wash, stain 4-5 minutes in follow-
ing solution :—Sat. aleoholic sol. anilin-blue 10 drops,
abs, ale. 10 cem. Clear in turpentine, without further
treatment with alcohol. Mount in balsam. Sections
are dark violet when removed from the anilin.

Nerve-cells reddish-violet (with axis-cylinders), blood-
vessels bluish-violet, connective-tissue nuclei blue. A
good combination.

Borax-Carmine and Picro-Carmine.—Sections may
be placed first in one and then in the other, or the two
stains combined. Adda few drops of picro-carmine to
a watch-glassful of borax-carmine. Wash and dehy-
drate in alcohol rendered yellow by picric acid erystals ;
xylol, xylol-balsam.

Results much the same as those with carmine-picric
acid, but nuclei are better stained.

Borax-Carmine and Indigo-Carmine.—-Stain several
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hours in Grenacher’s aleoholic borax-carmine, place in
acid-aleohol a few seconds, wash in water, then stain in
a deep blue solution of indigo-carmine in aleohol (10-20
hours). 'Wash, dehydrate, clear, mount.

Nerve-cells are blue, their nuclei pink, connective-
tissue and vascular nuclei red (occasionally violet). The
ground-substance is green-blue (occasionally reddish-
grey), medulla green.

METALLIC STAINS.

Much experimentation is now being carried on with
metallic stains, and highly important results have already
accerued from their use—especially in the case of nitrate
of silver; and further developments may be looked for
with much confidence. Especially in the case of persons
dying insane is there a field for the employment of
these stains, although it may be, in general, stated that
the best results are scarcely to be expected with such
tissues. These are obtained rather with the nervous-
system of young animals and embryoes.

The following are the principal metallic stains em-
ployed, with the methods of use:—

Silver Nitrate (Golgi-Cajal Method).—This 1s espe-
cially adapted for embryonic brains and the brains of
young animals. At the same time, good results may
also be obtained with adult tissues.

Take pieces of fresh tissue, quite small [say a cube
4-8 mm.]. Place at once in the following mixture, in

the dark :—

Pot. bichrom. 3 per cent. sol. . . . 4 parts.
Oamic acid, 1 5. 6 i o v lopaTh

The proportions of these two constituents may vary
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considerably. Use plenty of the solution (about 100
cem,). The tissue remains in this mixture for two
days ; occasionally three or four, or even eight days.
The time differs much according to the region of cortex
to be stained, according to the age of the animal [for
young embryoes, from 24—48 hours, for older animals,
longer], and according to the elements which it 1s desired
to stain—whether neuroglia, nerve-cell, or nerve-fibre.
Taking these structures in the order given, the duration
of stay in the mixture increases as one passes from the
first to the last (v. Lenhossék).

The once-used solution should not be again employed.
On removal from the mixture, wash the tissue for a
few seconds in water, or in already used silver solution.
Then place in silver nitrate solution. The strength of
this varies from -3 per cent. To it add formie acid in
the proportion of one drop to 200 cem. This prevents,
In a measure, the formation of deposits of silver.* Use
plenty of the silver solution. It need not be fresh each
time. The solution with contained tissue is kept in
an incubator at a temperature which varies with the
elements it is desired to stain. If these are nerve-cells
the temperature should be 25-28 degrees C., if neuroglia
cells, about 35 degrees C. Suspend the tissue in the
fluid by thread attached to the stopper of the bottle.

The silver solution is employed for 2-5 days, accord-
ing to the thickness of the tissue. Longer than six days
1s said to be undesirable [? true for adult tissues].
Deposits of silver crystals are apt to form on the tissue
and even in its interior, especially if penetration has

* Since writing the above, the author finds that v. Gehuchten,
who recommended this practice, now discards it as superfluous.
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been facilitated by an experimental injury to the cortex.
These are mainly avoided by smearing the surface of
the preparation with blood or celloidin solution before
immersion in the silver. Sehrwald employes a 10 per
cent. solution of gelatine in water; and various other
plans are adopted.

As a result of the action of the silver the tissue
becomes reddish-brown. Some recommend that a sec-
tion should be made from time to time to see if the
proper reaction (penetration) is being obtained. Hold
the tissue whilst cutting between two pieces of hardened
liver. If after several days in the silver solution reaction
is still insufficient, the tissue may be put back in the
hardening fluid 1-3 days, then returned to the silver.

On removal from the silver solution the tissue is
washed in spirit for a few minutes, and the superficial
deposit of silver is brushed off. If it is not of good
cutting consistence, place in absolute aleohol }—% hour.
Sometimes celloidin infiltration may be needed, as
when the tissue is from the cerebellum. If so, the
procedure should be very rapid—5-15 minutes, at
any rate, under one hour, in a solution of celloidin
(ale. + ether) of medium thickness. Otherwise fine
cell processes and the like delicate structures are
injured. Thorough infiltration is the less needed, as
with this method sections need not be as thin as is
requisite with ordinary methods [0-05-0-1 mm. = ap-
proximate thickness]. Usually the piece of tissue can
be cut without infiltration. In either case it is fixed to
a cork with gum arabic or celloidin, Place the whole
for a short time [no longer than necessary] in alcohol,
80 per cent., to harden the fixative,

Cut in a well, or sliding, microtome. Sections are
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received into spirit. Pass them rapidly through abso-
lute aleohol into a mixture of xylol and pure pyridin,
equal parts, This mixture clears effectually and keeps
sections elastic, whereas xylol alone produces brittleness
(Andriezen).* As soon as the sections are clear, transfer
to slide, remove excess of clearing agent by pressure
with blotting paper, and cover with thick solution of
dammar in xylol. Penetration of the dammar and
evaporation of the xylol is hastened by placing the
slide in the incubator at about 37 degrees C. No cover-
slip is applied. Experience shows that specimens spoil
‘even when the cover-slip is applied many days after
application of the dammar, The proecedure forbids
examination under the highest power, but this becomes
possible if the section is mounted on a cover-slip which
1s placed, preparation downwards, on two glass supports
fixed to the slide, Keep the mounted specimens in the
dark.

This important method requires much experience
and minute attention to details. Successful prepara-
tions fully reward the pains expended on their prepa-
ration,

The parts acted on by the silver appear black or
brown-black by transmitted light. These are: nerve-
cells with their processes and ramifications, glia-cells
and processes, These siructures are probably made
more evident by this method than by any other.
Blood-vessels are also shown, with the attached pro-
cesses of glia-cells, -

The silver does not act by any means uniformly over

* For further recent observations upon the technique of Golgi’s

method (silver), see the same author, Internat. Monatschr. J. Anat,
%. Phys., 1893, Bd. x, H. ii,
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a section, a statement particularly applicable to adult
tissues. The elements mentioned are usually brought
out only here and there. This isolation facilitates the
examination of individual elements.

Specimens are commonly said not to keep. At any
rate, they do not change for several months (over a
year). V. Lenhossék states that he possesses some
two years old which are unchanged in appearance.

Golgi’s own methods, as given recently by Sala, are as
follows :—After the detailed account of the Golgi-Cajal
process, a full deseription of these methods is unneces-
sary ; the solutions employed in the preparation of the
tissue differ somewhat in composition and method of
use from those used in the latter process, but subsequent
technic is much the same.

(a.) Slow procedure. Pieces of fresh brain not more
than 1-2 ccm. in size are kept for 20-30 days in 2
per cent. sol. potass. bichrom., changed frequently. Or,
after hardening in this solution 3—4 days, they are
transferred to a stronger solution—3 per cent.—for four
days. Increase the amount of the salt till 4-6 per cent
is reached, 30-50 days may be spent in hardening.
The tissues are then placed in aq. sol. silver nitrate,
0-75 per cent., for 2448 hours.

(0.) Quicker (or mixed) procedure. The object is kept
only 4-5 days in the bichromate, 2 per cent., solution
and then transferred to following mixture :—Osmic acid
1 per cent. sol., 2 parts ; potass. bichrom., 2 per cent. sol.,
8 parts. Here it lies 24-30 hours, and is then treated
with the silver solution (0-75 per cent.) as before.

Some claim to have employed Weigert’s hematoxylin
stain successfully in combination with Golgi’s silver
methods. Sections are carefully washed in water after
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the silver process, and then kept for twenty-four hours
in chromie acid solution, £ per cent. By this means
the chrome dissolved out in the silver bath is replaced.
They are then (without copper treatment) transferred
to the heematoxylin, and treated as usual.

Bichloride of Mercury [ Sublimate | (Golgi's Method).
—Portions of brain from 1-2 em. square, and about
0-5 em. thick, are placed in a large quantity of bichro-
mate of potassium solution, progressively raiced in
strength from 1-3 per cent. Miiller’'s fluid may be
used instead. Change the fluid frequently. Harden
for 20-30 days. Pass the plece of tissue direct from
the echrome solution to an aqueous solution of bichlo-
ride of mercury, 0:25-0:75 per cent.; it is uncer-
tain which strength is best. Here it remains at least
8-10 days, but the longer the stay in mercury the better
the reaction obtained [several months not detrimental].
The bichromate diffuses out into the bichloride solution,
which should be changed daily. Finally the tissue is

quite decolourised.
Fix the piece on a cork or wood block, and cut sections.

These must be thoroughly washed in water. Mount at
once in glycerine, or dehydrate, clear, mount in balsam.

The ganglion-cells with their processes and branches,
and the connective-tissue cells with their processes, are
stained black. Blood-vessels are also shown. Other
parts are unstained. The results are uncertain. Some-
times ganglion-cells, at other times glia-cells are stained,
and then only here and there in the section. The best
results are obtained with the cerebral cortex ; for cere-
bellum, the method is generally regarded as especially
unsatisfactory.

T'al gives the following modifieation of the above, by

61
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which a darker and sharper stain is obtained :—Sections
are placed after washing in a solution of sodium-sulphide
for a few minutes. This is prepared as follows :—100
grm, caustic soda are dissolved in 1,000 grm. water;
one-half of this solution is saturated with sulphuretted
hydrogen gas and added to the other half. Keepin a
well-stoppered bottle.

It is elaimed that the most satisfactory results are
obtained when the sublimate method is conduected as
follows :—The cerebral vessels of an animal just dead
are washed out with bichromate of potash solution
(25 per cent.). Small pieces of brain are then placed
in Miiller’s fluid (often changed), for 8-10 days; then
for twenty-four hours in a mixture of Miiller's fluid
8 parts, osmic acid sol. 1 per cent. 2 parts. From this
transfer to the sublimate solution. Preparations keep
best without a cover-slip.

Sublimate sections may be double-stained with some
suitable dye, or they may be stained after Weigert’s
haematoxylin process. Proceed as in the case of silver
sections similarly treated.

Flechsig conducts the sublimate method in the
following rather lengthy and complicated fashion:—
Harden in 2 per cent. aq. sol. bichromate of potassium
Impregnate with sublimate (same conditions as in
Golgi’s method). Cut sections, which are transferred
to alcchol 96 per cent. Stain 3-8 days at 35 degrees
C. in following solution :—

Pure extract of Japanese logwood . 1 grm.
Abkdleglhigl 8 o S S HiDeem,
Dist watier el e g el el SR e
Sat. sol. sodium sulphate . . . . 9 grm.

tartaricacid . . . & . Dgm

X3 1
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Each separate section is then placed in 3 ccm. of } per
cent. sol. of permanganate of potash, until the solution
loses its blue tint. Decolourise in the following
solution :—Oxalic acid 1 grm., potass. sulphite 1 grm.,
dist. water 200 ccm. Repeat the pot. permang., and
the decolourising fluid until all yellow colour has left
the section. Transfer to following mixture :—

Chloride of gold and potassium,
b peicent. goli= o N0 G s Y D arops.
Mg alenhyall Lo 2 SO 20N eemt

In which the section remains until the sublimate
deposits, which appear white by reflected light, have
become deep black, and the red-stained nerve-fibre
bundles have assumed a bluish tint. Wash rapidly in

Cyanide of potassinm, 5 per cent.
80k 1) s s vl et i aanrldgn:
i destille s vociliinesia 13 Vo 2licem,

The section must float on the surface of the solution.
Dehydrate in abs. ale., clear in lavender oil, mount in
balsam,

Ganglion-cells and their processes are deep black,
nerve-fibres carmine-red.

Obregia treats sections prepared by Golgi's method
[whether sublimate or silver] as follows:—The stain
obtained is from dark green to dark violet. Pass

sections from absolute alcohol to the following solution
of gold chloride :—

Chloride of gold 1 per cent. sol. 8-10 drops.
Alssalegholl oo v on L 10 cem,

This should have been made half-an-hour previously,
and exposed to diffuse light for that time. Place
H 2
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sections in this and remove to the dark. The silver
1s gradually replaced by gold, the mercury changed to
a gold-amalgam. The fluid is allowed to act 15-30
minutes, according to the thickness of the section;
longer does not hurt much. Wash rapidly in alcohol
50 per cent.,, then in distilled water, and in 10 per
cent. sol. hyposulphite of soda. In the last sections
remain 5-10 minutes, according to their thickness. If
it is allowed to act longer the staining is too faint, and
thus fine fibres are lost, Finally, thorough washing in
water, twice renewed. Sections may now be stained
in any way—as by carmine, hematoxylin, Weigert’s
hematoxylin. Dehydrate in alcohol, clear in creosote,
mount in dammar. A cover-slip may be used.

Ziehen’s Method. — Ziehen, referring to Golgi’s
silver method, says that it suffers from two dis-
advantages, apart from non-durability. In the first
place, the black staining of the cells covers all details
of their internal structure; in the second place,
medullated fibres are uunstained [Flechsig, however,
has combined Weigert’s hematoxylin method with the
silver method with good results.] Ziehen proposes to
overcome these defects by the following process:—
Small cubes of fresh brain-tissue are placed direct in
the following solution and there hardened (no chrome
used throughout) :—

Gold chloride 1 per cent. sol. . . . } Sd.
Sublimate 1 per cent. sol. .

Three weeks at least needed; some months—up to
five—better still. A gold-amalgam is formed in the
elements. Change occasionally. Preparations becowe
a metallic red-biown. Mount, without imbedding, on
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cork. Sections are cut into alcohol. Transfer to lugol
solution [see “Hardening Methods”; sublimate -+
alcohol process], diluted with water, 1:4. Or use
Tr. Todi, diluted with alcohol to the same degree.
Here they remain a varying time according to their
thickness. This is an important stage and demands
experience. By controlling the action of the iodine
staining can be practically restricted to the cell-
contour and to the nucleus and nucleolus—as far as
the cell-elements are concerned. The cell-body, in any
case, is almost translucent, and commonly of a faint
Llue-black tint. Wash in absolute aleohol. Clear in
clove oil; balsam.

In addition to nerve-cells, nerve-fibres—medullated
and non-medullated—and glia-cells and their processes
are stained, of a bluish-grey. More nerve-cells are in
general seen than with Golgi’s silver method. Metal
instruments should be avoided. The contact with the
knife used in cutting dees not seem harmful.

Gold.

Freud’s Method.—Sections of material hardened in
Erlitzky’s fluid (which may be followed by alcohol,
if desired), are washed in water and put for 3—5 hours
into aq. solution of chloride of gold 1 per cent. Wash
again in water and place for three minutes in a
solution of caustic soda 1 part, water 5-6 parts. After
dramning off excess of this fluid they are placed in
a solution of iodide of potassium, 10-12 per cent.,
where they remain 5-15 minutes. Here they assume
a reddish-violet tint. Wash in water, dehydrate [use
alcohols of increasing strength, to absolute], clear, and
mount in balsam. If objects stain easily, dilute the
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gold solution with one volume of alecohiol: a more
selective stain is obtained. Glass or wooden needles
should be used in the manipulations.

The results are very variable. When successful, the
preparations are instructive. One sees the bundles
of nerve-fibres radiating into the cortex from the
medullary centre, and in the cortex itself, under a
high power, a meshwork of fine fibrils of reddish hue,
sometimes dark blue or black. This can be traced far
up the cortex; in an outward direction. Nerve-cells
are often unstained, at other times sharply stained,
of a reddish colour. The reason of these variations is
unknown.* The ground substance is but slightly
coloured: in a good specimen.

Sections keep well for many months, at any rate.

Gerlach’s Method.—Harden quite small and fresh
pieces in an aq. sol. ammon. bichromate. Boll advises
that less than 1 per cent. be used at first. In a
few hours raise the strength to 1 per cent., and in a
couple of days to 2 per cent. Harden no longer than
necessary, as the gold reaction does not succeed well
after about the eighth day [Boll]. As soon as the
tissue 1s firm enough it may be cut into still smaller
pieces, and hardening thus hastened. Sections are cut
by hand (in the original method); as the tissue should
not come into contact with alcohol the piece may be
cut between two pieces of liver; these may be held
in the clamp of a sliding microtome. Wet the knife
with distilled water, and cut the sections into the
same. The thinnest are placed in a solution of double

* According to Freud, nerve-cells stain in the adult ; in the new-
born and in embryoes, only nerve-fibree.
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chloride of gold and potassium, 1:10,000, very shightly
acidulated with HCl. Here they remain twelve hours.
Use a small quantity of gold solution relatively to
the tissue [Boll] Next wash sections in HCL sol,
2 : 3,000, after which they are placed for ten minutes
in a mixture of 1 part HCL and 1,000 parts alcohol
60 per cent. Absolute aleohol, clove oil, balsam, as
usual.

The writer has had no success with this method as
applied to the absolutely fresh cortex of kittens. It
may be designated most uncertain. With human
brain as ordinarily obtained it is futile to expect
good results. Boll appears to have obtained good
specimens with the fresh brains of small mammals
[mouse, rabbit]l. From the statements of this writer
it seems that Gerlach himself obtained successful
preparations from the human cortex.

The method is said to demonstrate the nerve-fibre
bundles radiating from the white to the grey matter,
also networks of fine nerve-fibres in the cortex, medul-
lated and (still finer) non-medullated—the latter formed
by the prolongations of ultimate branches of nerve-
cells.

Possibly success is more easily obtained with embry-
oni¢c brain. The method is much more ecommonly
employed with spinal cord than cerebral cortex.

In an article upon gold-staining, Journal of Nervous
and Mental Disease, Oct., 1890, Upson observes that the
stain “is dependent upon the presence of extraneous
matters in the gold solution. Pure gold chloride dis-
solved in distilled water and carefully nentralised stains
little if at all. Tt is not too much to say that every
sectien which has been successfully stained by the older
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methods has been so by virtue of hydrochloric acid or
some other impurity accidentally present in the gold
solution. Commercial chloride of gold almost always -
contains hydrochloric acid, often also chloride of copper

; much better results may be obtained by
1dd1nfr substances designedly to the gold solution, and
these substances should be in general either acids, or
metallie salts, or both.” Upson gives the two following
methods of employing gold as a stain for mnerve-cells
and axis-cylinders. Very fine results are obtainable
when they are properly carried out, but there can be no
doubt that more skill is required than is requisite for
ordinary methods.

Upson’s Gold Methods.—The hardexuntr process is
alike in both methods. Small pieces are placed in
potass. bichrom. 2 per cent. sol. (dist. water). For the
first few days it is advisable to use a 1 per cent. sol.
Change often, and after some weeks increase to 2°5 per
cent. Hardening is carried out in the dark ; 1t must not
be overdone, as over-hardened tissue is of no use for
these methods. Wash rapidly, when hardened, in dist.
water. Transfer to alcohol 50 per cent. solution for
2-3 days, changing occasionally. Then to alcohol 95
per cent. solution. Here pieces remain until they
acquire a greenish colour (2—4 weeks). Change alcohol
often. The green, hard pieces are cut—without im-
bedding or in celloidin—into 80 per cent. aleohol. Here
the sections may remain some days; or they may be
stained at once. The latter is the better plan. The
staining methods are as follows:—

(i) Place sections in gold chloride 1 per cent. solution,
to which is added HCI1. in the proportion of 2 per cent.
Here they remain 1-2 hours; they acquire a yellow tint.
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Wash lightly in distilled water, and place in potassium
hydrate solution 10 per cent. [10 ccm., to which add
a trace of ferricyanide of potassium—a piece about the
size of a pin’s head, powdered.] This is freshly made
before use. Sections remain here +—1 minute. Washwell.
Transfer to 10 per cent. solution potassium hydrate for
half a minute. Wash again for a moment, and place in
the following reducing fluid, made fresh just before use.

sulphurpus aeld” = "o = oo o blegm
Tr. Todi. 3 percent. . . . . 10-15 drops

mix and add liq. ferri. chloride 1 drop.

Place at once in this, after washing. Here the section
quickly gets a fine rose colour. Remove then at once
to dist. water. Wash; abs. alcohol 5-10 minutes, clove
oil, balsam.

The addition of the ferricyanide of potassium to the
potash solution is not essential.

(1i.) Prepare following:—Sol. @.: To a certain quantity
of Tr. Iodine 3 per cent. add so much protochloride of
tin that the colour becomes white or yellow. Sol b.:
Sat. sol. phosphate of iron in dist. water.

The section is placed in following stain for two hours :

BB s e e 22l st
Chloride of gold 1 per cent.solution 5 ccu.
Sat. sol. ammonium vanadate . . 10 drops.

Wash in dist. water for a moment. Place in following
solution (fresh before use):— '

Potassium hydrate 10 per cent.solution 5 cem.

Ammonium vanadate . . . ., ., a trace.
Permanganate of potash 10 per cent.
ROIRIOEL s T T o o ol AT
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In this the section remains 1-1 minute. Wash
momentarily in dist. water, then place in the following
reducing fluid, freshly made before use :—

d1m Foluwkion, w - NS ESEETRS ST dnops,
B deshil, s N e .
Tron solntion, B0 R 8B dropi.
sulphurousincids.” o %k 2 . o 2icem.

On adding the acid a thick deposit ocecurs. At this
moment the reducing fluid is strongest, and the section
should just then be put in. It quickly assumes a
purple colour. When this appears remove at once to
distilled water, and proceed as in method (1.), [2.e., ale.,
oil, &c.]. A spatula of platinum or glass should be used.

Iodide of Palladium (Paladine’s Method).—Harden
pleces not more than 5—8 mm. thick in Miiller’s fluid,
or in pot. bichrem. 2-4 per cent. sol. Wash out excess
of chrome in running water. Dehydrate in repeated
baths of alcohol, absolute or 96 per cent Then dis-
solve away all the solubie portion of the myelin as
follows :—DBoil small pieces successively in a mixture
of abs. alcohol and benzole, in benzole, and in alcohol—
absolute or 96 per eent. The pieces lie for one hour in
each of these solutions. They are then placed in a
relatively large quantity of aq. sol. chloride of palla-
dium, obtained by addition to the water of hydrochloric
acid in drops, and agitation in a mortar, until the
palladium is quite dissolved. Strength—palladium,
1-2 parts ; water, 1,000.

Pieces remain in this solution till no further de-
cclourisation oceurs (3—4 days). Protracted immersion,
even beyond a week, is advantageous for the complete
impregnation of pieces, and the solution may be
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renewed occasionally. When. properly impregnated,
transfer to a solution of potassium. iodide, 4 per cent.
The quantity of liquid used is important, also the time
for which it is used, because the palladium iodide
formed is soluble in excess of potassium iodide. Use a
small quantity of fluid: only, and do: not change it.
The length of stay in this solution is from 1-2 days or
more—experience must decide. (It is as well first to
see the effect of a shorter stay—2-3 hours.)

The piece of tissue is now dipped successively in
alcohol of 80 per cent.and 96 per cent. for dehydra-
tion, and imbedded.. Celloidin is- better than parafiin
for this purpose, as the latter spoils the iodide of
palladium reaction in the superficial parts of the tissue.
Place in celloidin. dissolved in ether for a few days,
after dipping preliminarily in ether. Mount on block
and harden celloidin in aleohol, 50 per cent. Sections
are then cut. Dehydrate and clear as usual, and mount
in balsam dissolved in chloroform..

A brown-black or brown-yellow stain results.

By this method various details of the structure and
relationship of the neuroglia-cells, the structure of the
myelin sheath and of the axis-cylinder are brought
out. Paladino has been able to show a relationship
between the neuroglia and the skeleton of the myelin
sheath ; that the latter is a continuation of the former
and contains also glia-cells. The neuroglia, in fact,
according to Paladino, constitutes the framework of
the myelin, both in the white and grey matter. The
method also shows the meshwork formed by the
neuroglia around the nerve-cells, the fibrils of which
terminate on the surface of the cell. Interstitial and
nervous elements proper are shown contemporaneously.
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The method appears hitherto to have been chiefly
employed on the spinal cord.

Vassale®* and Colellat have employed Paladine’s
process with good results. At present it appears but
little known in this country.

Copper Sulphate (Monti's Method). — Pieces of
moderate size are placed in Miiller, or pot. bichrom.
sol., of ordinary strength, and allowed to harden slowly.
The tissue must not have gone into the green stage.
After hardening place in fﬂl]ﬂWlﬂg mixture :—

Miiller, or very concentrated sol. put_}

bichroms & = = . L aa.

Cupric sulphate, 20 per cnant sul .

Reaction begins in twenty-four hours and goes on
during some days. The length of stay must be decided
by experience. The piece on removal is cut, and
sections are put up in balsam, dammar, or glycerine.

The elements in which reaction has occurred are
yellowish-brown or blackish by transmitted, reddish by
reflected light. As in the mercuric and silver methods,
the different varieties of tissue-element are not stained

—

* Nuovi metodi d'indagine microscepica per lo studio di aleune
particolarita di struttura dei centri nervosi. Reggio d’Emilia, 1891.

+ Ricerche sperimentali e istologiche sulla degenerazione e sulla
rigenerazione dei ganglii del simpatico. Napoli, 1891.

The following references to Paladino’s work may be of service :—
Dei Limiti Preeisi tra il nevroglio e gli elementi nervosi del midollo
spinale : Boll. della R. Accademia Mediwea di Roma, Anno xix,
fase. 11.  Archiv. italiennes de Biologie, t. xiii, p. 484. 1)i un nuovo
processo per le indagine microscopiche del sistema nervoso centrale.
Rend. d. R. Accad. delle scienze fisiche e matematiche, Napoli, vol. iv.,
p.- 14, 1890. Della continuazione del mnevroglio nello scheletro
mielinico delle fibre nervose: Idid., fase. T-12, July-December
1892. Especially the first mentioned.
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at one and the same time. After periods of different
duration ganglion-cells, nerve-fibres, and glia-cells
respectively are stained. The method 1s recom-
mended especially for neuroglia-cells and nerve-fibres
and for the control of Golgi specimens. Further ex-
perience of it is needed.

Chloride of Zinc. — Magini has recommended
chloride of zinc for the histological study of the
brain, and gives the following method, which has
been as yet but little tested. He states that it is
adapted for the stndy of nerve-cells, including their
nuelei and nucleoli :—

Pieces 2-3 cem. in size are hardened in Miiller for at
least 2-3 months. Wash in distilled water, then place
in sol. of zinc chloride, 0-5-1 per cent. Here they lie
7-10 days. Renew the fluid every day. Sections are cut,
washed quickly in alcohol, half-cleared in creosote [see
“ Half-Clearing Methods "], and mounted in dammar.

STAINS USED ACCORDING TO SPECIAL METHODS,
AND OTHER (MISCELLANEOUS) STAINS.

Nissl’s Method of Staining Nerve-Cells.—Portions
of tissue as fresh as possible and 1-2 cem. in size are
placed, some in absolute alecohol, and some in nitric
acid, 10 per cent. solution. For subsequent treatment
of the latter pieces sce “Fixation Methods” (nitric
acid). - The former are removed from the alcohol after
twenty-four hours, fixed on cork by gum [see “ Section
Cutting ], and sections cut. These are passed from
aleohol into aq. sol. methylene-blue. [“ Methylenblau
patent B”] 05 per cent. The stain with contained
sections 1s heated in a watch-glass until the crackle of
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bursting bubbles is heard, not longer. After cooling,
sections are transferred to a mixture of anilin-oil anzii
alcohol 96 per cent. (20 : 200). This should not be too
old. Here they are agitated until no more clouds of
colour are given off. In this mixture differentiation is
br.mlght about. Remove section to slide and dry well
Wl_th filter paper (by pressure). Allow a few drops of
origanum oil to flow over it momentarily, drain this off,
and dry a second time with filter paper. Remove final
traces of origanum by means of benzine, and then allow
to fall over the section a drop of colophonium solution
(colophonium dissclved in benzine ; the consistence of
ordinary balsam). The slide is now drawn through the
flame of a spirit-lamp ; the benzine is set on fire. Allow
it to burn off* A cover-glass is mow placed over the
preparation, and the slide carefully warmed until the
colophonium is fluid and the cover-glass easily move-
able in it. Allow to cool.

By this method the structure of the nerve-cell body
is well shown. The staining is blue. For cell-nuelei
special fixative-fluids, as Flemming’s mixture, subli-
mate, and especially—aceording to Nissl—nitric acid
should be used. He states that if the latter fixative is
employed staining of the cell-body (by methylene-
blue) ean be secured at the same time that the nucleus
is shown by some heematoxylin stain—a result not
obtainable after fixation in other reagents.

Connective-tissue nuclei and those of vessel-walls
are also shown well by the method.

Rehm recommends that the methylene-blue solution

* Tt appears, practically, quite sufficient to produce evaporation of
the benzine by heating the under surface of the slide.
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(0-1 per cent.) be first heated and the section then
placed in it. This plan has the advantage that the
section does not go to the ‘bottom and roll up ; further,
it permits to some -extent, at any rate, differentiation
between nerve and counective-tissue cells, as the
former take up the warm stain much quicker than the
latter. By leaving .the section therefore in the warm
stain a short time  only (3-1 min.), a deep staining of
nerve-cells, as contrasted with faint staining of con-
nective-tissue cells is obtained. This differentiation 1s
accentuated by using 96 per cent. alecohol simply,
instead of anilin-alcohol, after the stain. Nerve-cells
then appear dark blue, connective-tissue cells greenish.
These colour-differences are better appreciated by the
yellow light of lamp or gas.

Nissl’'s method affords far more information concern-
ing the structure of the nerve-cell than is obtainable by
the ordinary methods (chrome-hardening, staining by
carmine or anilin blue-black). The granulations of the
cell-protoplasm are probably shown better by this than
by any other method. As pathological changes often
affect these fine structures quite early in a disease the
method permits the recognition of diseased cells earlier
than is possible with other methods, It should, there-
fore, be used in such cases as those dying in acute mania,
in which it is very often difficult, in fact, impossible, to
recognise pathological changes in the nerve-cells. More-
over, morbid states of the nuclei of the ganglion-cells are
indicated by the methylene-blue process; whereas normal
nuclei are unstained, diseased ones are deeply stained.

The method is not adapted for showing fatty and

pigmentary changes in the cell, owing to the pre-
liminary treatment by alcohol.
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Formerly Nissl stained with magenta instead of
methylene-blue, and this method also gives useful
results. It is as follows :—

Harden pieces in alcohol, as before, cut with or
without imbedding in celloidin. If the latter is used
mfiltration must be very short. TFine sections are
required. Place them in sat. aq. sol. magenta-red, and
warm the solution until a slight steam arises. Wash
in absolute alcohol. Differentiate in clove-oil till no
more stain is given off.

Nerve-cells with their processes are very distinet
The structure of cell-body and nucleolus is brought out,
the nucleus is not well shown. Vessels are well stained.
Ground substance almost completely -decolourised.

Rehm’s Method of differentiating Nerve from
Connective-Tissue Cells.—Small pieces of tissue are
hardened in aleohol (96 per cent. followed by absolute)
and imbedded in wax or celloidin, or fixed to a cork,
and sections cut into alecohol. These are placed in
warm (-1 per cent. aq. sol. methylene-blue for not
more than half-a-minute. Decolourise in aleohol 96
per cent. Decolourisation is sufficient when nerve-cells
appear a well marked blue, connective-tissue cells quite
pale. [This point must be decided in the earlier
attempts by microscopical examination.] Transfer to
following solution: fuchsin 0-1 grm., aleohol 96 per cent.
100 cecm. Here sections remain 4—1 hour. Wash in
aleohol until no more red clouds are given off (one
minute). Place momentarily in clove-oil, transfer to
slide, dry well with blotting paper (by pressure), mount
in chloroferm-colophonium or canada-balsam.

In a successful preparation nerve-cells are stained
blue — perhaps blue-red —all connective-tissue and
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vascular nuclei deep red. The nuclei of nerve cells
are unstained in a healthy specimen, though the
nucleolus may be blue. In pathological states red
granules are often seen in abundance in the nucleus of
the ganglion-cells. It is important that the staining in
methylene blue should be momentary as compared
with that in fuchsin.

A specimen not quite successful may be corrected as
follows :— Clove oil abstracts fuchsin, origanum oil,
methylene blue. If a section is too blue place moment-
arily in origanum ; if too red, in clove oil.

The same author recommends the two following
methods for the isolated demonstration of connective-
tissue cells and those of blood-vessels:—

(1.) Sections, prepared as before, are placed for some
minutes in cold aq. sol. eosin, 1 per cent., washed in
water, then in alcohol, and transferred to warm agq. sol
dahlia, 0-1 per cent., where they remain some minutes.
Differentiate in alcohol ; origanum oil, balsam or colo-
phonium.

Nuclei of connective-tissue and vessels dark Dlue,
other structures red.

(2.) Instead of eosin use nigrosin (aq. sol. 1 per
cent.), and instead of dahlia, fuchsin (0-1 per cent.
alecoholic solution). [n the latter sections remain half-
an-hour. Differentiate in aleohol; clove oil, chloroform-
colophonium.

Connective-tissue nuclei now appear red, other strue-
tures blue-grey.

Wolters’s Methods for Cerebrum and Cerebellum,

() For Cerebellum. — Harden small pieces in
Miiller’s fluid, remove excess of chrome by water, after-
I
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harden in alcohol. Cut sections in celloidin and place
them in following fluid :—
Vanadium chlorate 10 per cent. . . 2 parts.
Aluminium acetate 8 per cent. . . 8 parts.
This mordant having acted twenty-four hours, wash
m water (5-10 minutes), and place in Kultschitzky’s
hematoxylin for twenty-four hours at 45 degrees C.

Hematoxylin (Griibler) . . . . . 2gmm.
Alcohol abs. gs. ad. solv.
Acetic acid 2 per cent. sol. . . .100cem.

It is then recommended to dip the sections in
Miiller’s fluid and differentiate them according to Pal’s
process. Wash in water, dehydrate; xylol, xylol-
balsam.

Purkinje’s cells, with their protoplasmic processes
are well stained. Myelin sheaths of nerve fibres also
stained.

(b.) For Cerebrum and Cerebellum.—Place small
pieces in Kultschitzky’s hardening fluid [for compo-
sition, se¢ his method of staining neuroglia] for 12-24
hours, in the dark. Transfer to strong alcohol for
12-24 hours. Cut sections in celloidin and place them
in the above-mentioned mordant for twenty-four hours.
Wash in water ten minutes. Stain in the above
heematoxylin solution as before. Transfer sections to
80 per cent. acid-alcohol (aleohol 80 per cent. 200
parts, HCL fort. 1 part), and decolourise till a clear
bluish-red tone is obtained. [The necessary time must
be found by experience.] Remove acid by weak alcohol;
dehydrate (abs. ale.); origanum oil, balsam.

The pyramidal nerve-cells of cerebrum are stained
of a deep blue-black; their branching protoplasmic
processes may be followed a considerable distance
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upwards. The lateral processes, and meshwork formed
by them, are also well marked. @ The axis-cylinder
process can be traced to the white matter. Other
nerve-cells—with their processes—are also shown.
Only when decolourisation is insufficient is there any
colour left in the medullated nerves. Glia-cells also
stained.

In the cerebellum are stained: the ganglion-cells
with their protoplasmic and axis-cylinder processes, the
latter traceable to the central medulla.

The method 1s comparable to Golgi’s silver process
but is more certain, according to Wolter’s. A larger
number of elements also appear stained in a single
section.

Sahli’'s Method (for nerve-cells and nerve-fibres).—
Sections of tissue hardened in potass. bichromate solu-
tion to the degree required for Weigert’s hematoxylin
method (i.e., the tissue must have acquired a brown
colouration) are washed in water a few minutes and
then stained for several hours (6-12) in the following
solution :—

Sat. aq. sol. methylene-blue . . . 24 cem.
Borax 5 pereent.sol. . . . ., . 16 cem,
7T A i I R R )

Wash in water and then in alcohol until the grey
matter 1s differentiated from the white, clear in cedar-
oil, mount in balsam.

The nerve-tubes radiating outwards into the cortex
show well for a considerable distance, they are stained
d_eep blue ; gnnglmn-cells are greenish-blue ; connective-
tlsstle nuclei deep blue; ground substance light blue.

The outermost layer may easily be too much de-

I 2
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colourised if care is not exercised. In fact, the stain is
removed by aleohol as easily as most anilin dyes, and
therefore the preparation should be removed to cedar-
oil as soon as permissable.

Kronthal’s Method (for showing ganglion-cells).—
Remove with the point of a knife from the motor
cortex (upper end of ascending frontal gyrus) a piece
about the size of a pin’s head, place it on a slide, and
press out beneath a cover-slip to a thin film. A drop of
aq. sol. methylene-blue, 0-5 per cent., is placed at the
edge of the cover, and the latter gently raised, so that
the film is bathed by the penetrating stain. After
about one minute remove excess of stain by blotting
paper, and detach the cover from the slide in such a
manner that most of the preparation remains on the
cover. Allow the film—what remains on the slide may
also be employed—to dry in the air at the ordinary tem-
perature. When dry, cover with balsam,

A Detter plan is to rub the excised material between
two cover-slips ; these are then separated, and the film
allowed to dry sufficiently to procure adhesion to the
glass. Cover with the stain. In abont one minute wash
off excess, dry, and mount in balsam.

Ganglion-cells with their nuclei and processes, and
connective-tissue nuclei and blood-capillaries are shown.

Alizarin has been recommended by Benczur as a stain
for the central nervous system. Stain chrome-hardened
sections for twenty-four hours or more in concentr. sol.
of alizarin in alcohol. (A slow stain.) Sections then
appear of a brick-dust or reddish-brown colour. The
stain does not dissolve out much in water or alcohol.

Nerve-cells appear reddish-brown ; their nuclei, con-
nective-tissue nuclei, and axis-cylinders the same, but a
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darker shade ; ground substance a bright brown. The
interlacing nerve-fibres at the lower part of the cortex
also reddish-brown. Staining is rather faint.

The writer does not find that alizarin presents any
advantage over the commoner dyes.

Purpurin has been recommended by Duval as having
a special action on nerve-tissue, particularly spinal
cord. ‘Whilst the nuclei of connective-tissue and capil-
laries stain red, nerve-cells, their processes, and axis-
cylinders remain unstained. The writer hardened por-
tions of the fresh cortex of a cat in bichromate of
ammonia (2-1,000) as recommended by Duval, and
stained with purpurin. The selective staining referred
to was not obtained, although connective-tissue nuclel
came out well,

The purpurin solution is as follows (Ranvier, quoted
by Bolles Lee):—Alum grm. i, water 200 cem. Boil.
Add the purpurin rubbed up in some water, and boil
further. See that the purpurin is in excess. A satu-
rated solution of purpurin is obtained. Filter whilst
hot into 60 cem. of alcohol 90 per cent. The solution
keeps only a few weeks. Stain sections forty-eight
hours., Treat subsequently as usual.

Picro-Nigrosin is used by Martinotti as a stain for
the central nervous system ; it is said to give especially
good results with pathological tissue. Stain for 2-3
days in sat. sol. nigrosin in sat. sol. picrie acid in aleohol.
Wash out in a mixture of 1 part formic acid and 2
parts alcohol, until grey and white matter are clearly
differentiated. Dehydrate, clear, mount.

The writer does not find that this method presents
any advantage.

The two following staining methods are designed




118 MICROSCOPICAL EXAMINATION

especially to show axis-cylinders. They may be given
here, though more applicable to the case of the spinal
cord and peripheral nerves than of the brain.
Stroebe’s Axis-Cylinder Stain.—Harder in Miiller,
thereafter in aleohol, if desired, and cut sections as
usual. Stain in fresh sat. aq. sol. anilin blue for ten
minutes to one hour. Sections become blue-black. Wash
off excess of stain in water, then place in a small porce-
lain dish of absolute aleohol, to which have been added
20-30 drops of 1 per cent. solution of alkali-alcohol
(1 grm. caustic potash to 100 cem. aleohol). In the
alkali-alcohol sections turn of a light rusty colour,
clouds of reddish celouring matter issuing from them. -
As soon as these cease to form and the sections are of
a light red-brown colour, and transparent, differentiation
is complete (one to several minutes). Wash in distilled
water (five minutes) ; sections acquire a clear blue
tint. Contrast-staining is then performed in cone. aq.
sol. of safranin, diluted with an equal part of water,
4-3 hour. Place in absolute alcohol to remove excess
of safranin and to dehydrate ; sections now look red,
with a tinge of blue; xylol, xylol-balsam,
Axis-cylinders appear dark blue ; medullary sheaths,
cell protoplasm, ground - substance, and cell-nuclei,
various shades of red; the last-named sometimes re-
tain the blue colour.
The results are not to be obtained with certainty.
van Gieson’s Stain.—Harden in Miiller, as in last
case, and cut sections as usual. Stain them 3-5 minutes
in a hematoxylin solution (Delafield’s, or other alum-
hsematoxylin). Wash well. Stain in a mixture of sat.
aq. sol. picric acid, and sat. aq. sol. acid-fuchsin, suffi-
cient of latter to make a deep red fluid. Wash
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rapidly in water. Spirit, alcohol, origanum oil, canada-
balsam.

Axis-eylinders appear deep red, medullated sheaths
yellow; the glia is of a reddish tint, nuclei are blue-
violet ; any sclerosed tissue is intense red. Amyloid
material is stained a light red.

Kultschitzky's Stain for Neuroglia.—Rubin is the
stain employed in this method [“ Patent saures Rubin ”
from the Berliner Anilinfarben - Actiengesellschaft.
Griibler will supply]. Portions of brain are fixed in
the following [Kultschitzky’s hardening mixture]:—
A saturated solution of bichromate of potash and sul-
phate of copper in 50 per cent. alcohol, to which is
added at the time of use glacial acetic acid, 5-6 drops
to 100 eccm. The solution is carried out in the dark,
about twenty-four hours required. The time employed
in fixation depends upon the size of the object ; twenty-
four hours suffices for small objects, but for large ones
2-3 months may be taken. Fixation is carried out in
the dark. Transfer the object to strong aleohol, without
preliminary washing; here it hardens. Darkness is
unnecessary during this stage. When sufficiently hard,
pass through paraffin, as usual. Cut sections. These,

freed from paraffin, are placed in the stain, composed as
follows :—

Acetic acid sol,, 2 per cent. . . 100 cem,
Patent saures Rubin. SN T 20 e
Sat. aq. sol. piericacid . . . . 100 ccm.

The picric acid remaius in the nerve elements, and so
affords some contrast to the neuroglia. The stain acts
very energetically, usually a few seconds in it suffices.
Wash in 96 per cent. alcohol, changed once ; the rubin
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is almost insoluble in aleohol, and so is not extracted.
Remove all excess, and transfer to absolute alcohol.
Clear, mount in balsam,

The cells and fibres of the neuroglia are stained
reddish-violet. Other elements are but slightly stained.
If, however, the dye is used for more than a very brief
time nerve-cells and axis-cylinders become stained, of
a yellowish-red.

Sections must be very thin.

More recently K. has used the following stain :—

Alcohol, 96 per cent. ., . . .- 100 parts.
The above-mentioned rubin sol. . 3-5 cem.

With this the staining process is much lengthened (half
hour or more), but sections are less apt to break up.

Beneke's Method of Staining Neuroglia.—This is
based upon Weigert’s fibrin-method. In that method
a mixture consisting of anilin oil, 2 parts, xylol, 1 part,
is used as a decolourising agent. The former is the
acting constituent, the xylol merely controlling the de-
colourising action of the anilin oil. It has been observed
that various other tissue elements, as well as fibrin, are
stained by Weigert's method ; amongst these, Beneke
noted connective-tissue fibres. By varying the propor-
tions of xylol and anilin oil, various tissue elements
may be stained, which are not shown by the original
method. Beneke finds that, by systematie reduction
of the strength of the decolourising fluid (by inereasing
the proportion of xylol to anilin), connective-tissue in
various organs—including the brain—can be consis-
tently stained.

To stain the glia-cells and fibres, proceed as follows:—
Small pieces of tissue, which have been fixed in aleohol,
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are passed through paraffin as usual; sections are cut,
and fixed on the slide [by simple melting of paraffin ;
no adhesive material used]. Remove the paraffin, as
usual, and stain with anilin water gentian-violet, 10-20
minutes (10 parts anilin oil, shaken into a fine emul-
sion, with 100 parts water ; filter. To filtrate, add 5-10
drops cone. aleoholie sol. gentian-violet).

Pour off excess of stain, and treat for about one
minute with lugol, diluted to a port-wine tint.
(Lugol : iodine, 4 parts; KI, 6 parts; water, 100
parts.) Dry carefully with blotting paper (by pressure),
and pour on anilin-xylol (anilin oil, 2 parts; xylol,
3 parts). The violet colour comes away in streams.
As soon as the section is dehydrated and cleared, wash
off the anilin-xylol by pure xylol. This is the most
important stage of the process. To avoid undue de-
colourisation it is as well to pour xylol over the pre-
paration occasionally, whilst under the action of the
anilin-xylol, to ascertain whether it is dehydrated and
sufficiently decolourised. Mount in xylol-balsam. Pre-
parations are said to be permanent.

The glia-cells and processes, and the fine fibrous
meshworks found at various parts—as, for example,
between pia and cortex, and around the ventricles
—are stained blue-violet, occasionally reddish-violet.
Sclerosed arese are well shown. The nerve elements
proper, with exception of the nuclei of the nerve-cells,
are unstained.*

. * For a “Special Method” of staining the nervous system recently
introduced, see “ Addendum,” at the close of this work,
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VIL.—HARDENING COMBINED WITH
STAINING.

The object of this dual procedure is not merely the
saving of time, though at first sight it is not obvious
what other advantage it possesses over the ordinary
methods. In faect, the addition of the stain to the
hardening fluid seems to have been, in the first instance,
an empirical proceeding. It was hoped that in this
way a better staining of structures shown by the usual
process of staining after hardening might be obtained ;
also that some tissue elements not shown, or indiffer-
ently shown, by that process might be demonstrated.
In the writer’s experience, structures ordinarily seen
are no better shown by the dual procedure in question,
though they come out quite as well if proper care is
taken. This being so, the method commends itself on
the simple score of time. The writer has been unable
to make out by this method any further details of
structure. Some, however, state that the perivascular
lymph-sheaths and the pericellular lymph-sacs may be
seen considerably better in sections from tissues
hardened and stained simultaneously, than in those
stained separately after hardening. This result, to be
more precise, has been obtained with the cortex of the

cat.
Although the writer and others working in the
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laboratory at this asylum have failed to get good
results with the method in question up lo the present
(as far, that is, as the point last mentioned is con-
cerned), it certainly appears worthy of further trial.

No reliable procedure by which combined staining
and hardening can be obtained with, at any rate, some
degree of uniformity has yet been formulated. The
object, of course, is to have the tissue stained through-
out by the time that it is hard emough for cutting.
Usually one finds that the one process is complete
before the other. Nevertheless, a tissue which is hard
enough, though not stained uniformly throughout, may
repay examination. One of the stained aree may
show the perivascular and pericellular channels and
saccules which it is desired to demonstrate.

The following observations may be of service in
further trial of this method.

Erlitzky’s fluid is not likely to recommend itself as
the hardening reagent. It hardens so quickly that even
a strong staining fluid cannot penetrate the tissue in
time. For this the rapid induration of the outermost
layers of the cortex is, perhaps, especially responsible.
It 1s best to use Miiller’s fluid or a solution of a
chrome-salt (as pot. bichrom., 4 per cent.). These may
be preceded by methylated spirit, and the stain added
to the spirit as well as to the chrome solution.

Pieces to be treated should be small—1-11 cm.
square, and about 4 mm. thick. Examine a piece under
treatment from time to time, at any rate in the earlier

trials. Cut a thin slice off one of the sides to see if

the stain is penetrating. If hardening seems in
advance of staining, use a solution in which the per-
centage of stain is higher. If the reverse is the case,
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increase the percentage of hardening reagent. As re-
gards the stain to be used : ha&matoxylin alone appears
quite unsatisfactory; it penetrates badly when em-
ployed with chrome solutions. (Concerning the results
when aleohol alone is used in hardening the writer
has no reliable experience with this or other stain.)
Cochineal and carmine are precipitated in these solu-
tions. Anilin blue stains too diffusely, and the same
holds good for the anilin dyes as a class. Precise
staining, in their case, can only be obtained by
subsequent decolourisation (differentiation), either of
the mass or of sections, a procedure difficult to control,
especially in the first case.

Anilin blue-black appears to be the most suitable
stain to combine with a chrome solution. After much
experimentation, the writer obtained fairly good results
as regards general staining, as follows :—Pieces of fresh
brain of the dimensions given, were placed in absolute
alcohol 4-5 hours, and then transferred to the following
solution used freely :—anilin blue-black § gram. pot.
bichrom. sol., 4 per cent., 100 cem. In five days, as
not much more than the periphery appeared stained,
the pieces were transferred to a stronger solution of
anilin ; anilin blue-black, 1 gram.; pot. bichrom., 4
per cent. sol, 100 ccm. To this chromic acid, 1 per
cent sol. was added (15 cem.:80 ccm. of original
sol), as it was thought possible the tissue might be
stained before it was hardened. The whole was placed
at 35 degrees C. In seven days more the piece was
ready for cutting, and the stain appeared to have gone
through it. On examination, however, the staining was
found to be irregular; here and there the nerve-cells
and their nuclei were well stained, elsewhere but
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faintly. Connective-tissue nuclei and blood-vessels
(including perivascular sheaths) were no better brought
out than by the ordinary process, nor were the peri-
cellular sacs well shown. The tint was a very agree-
able, soft blue-black, rather darker than that seen when
separate, previously hardened sections are stained.

The above results were obtained with the cornu
ammonis and motor cortex of the cat. Equally good
results were got by the following method (human
motor cortex) :—Pieces, 14 em, square by 5 mm. thick,
placed in following solution twenty-four hours:—
methylated spirit, 2 parts; anilin blue-black, } per
cent. sol., 1 part. They were then transferred to a
mixture of pot. bichrom. 4 per cent. sol, 1 part, and
anilin blue-black, } per cent. sol, 2 parts. In one
month hardening and staining appeared complete, and
sections were cut. Although, however, the stain had
acted well on the cortex it had not penetrated
thoroughly into the medulla.

A combination of anilin blue-black and haematoxylin
may very possibly be found to penetrate more rapidly
and give better results than the simple anilin.
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VIIL—CLEARING AGENTS.

Under this heading it is only necessary to make a
few observations, as several commonly employed
clearing agents have been already mentioned in con-
nection with the staining processes.

The section should be thoroughly dehydrated in
absolute alcohol* before the clearing agent is applied.
This rule is not followed in the case of celloidin
sections, owing to the solvent action of absolute aleohol
upon celloidin.  Such sections are usually imperfectly
dehydrated (alcohol 95-96 per cent.) and cleared by
special means (mentioned below). Nikiforoff, how-
ever, states (what is the case) that celloidin sections
may be thoroughly dehydrated by a mixture of absolute
alcohol and chloroform, equal parts. This does not

dissolve celloidin.
The following clearing agents are in common use :—

Clove-oil.
Creosote.
Origanum-oil.
Bergamot-oil.
Cedar-wood-oil.

# Alcohol absolute enough for ordinary purposes is prepuredhn.s
follows :—Calcine some cupric sulphate ; when it has become white,

reduce to powder. Add a quantity of this to the alcohol ; the copper
is allowed to remain in the bottle. If it turns Llue, replace by fresh

(Ranvier’s plan).
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Xylol.
Naphtha.
Turpentine.

Sections become brittle if allowed to remain long in
clove-oil. On the other hand, it is powerful and rapid.
It dissolves celloidin, and therefore is avoided in the
case of celloidin sections. It causes Weigert’s stain to
fade, and also abstracts most anilin stains from sections,
and produces alterations in the anilin colours in course
of time. These disadvantages limit the use of clove-
oil.

For clearing sections stained after Weigert’s hema-
toxylin method xylol is generally used. It affects
neither the stain nor the celloidin with which the
sections are commonly infiltrated. [Origanum, berga-
mot, cedar, are also indifferent towards celloidin].

Sections stained by anilin dyes may be cleared with
xylol, as it is an indifferent body towards these colours.
As soon as the anilin-stained section comes into xylol
abstraction of the stain is at once checked. The
aicohol finally used for dehydration should be absolute
if xylol is to be used. Sections become brittle if left
long in the latter medium.. -

Other clearing fluids which have no effect upon
anilin dyes are cedar-wood oil, bergamot oil, and
turpentine.

For clearing sections imperfectly dehydrated—as a
series of celloidin sections dehydrated by alcohol 96
per cent.—a mixture of xylol 3 parts, carbolic acid
1 part [Weigert], is to be recommended. In the case
of anilin stains, replace the carbolic acid by anilin oil.
This mixture may be kept free from water by the
means recommended above for dehydrating alcohol
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For preparing objects for paraffin-infiltration cedar-
wood oil is one of the best media, owing to its power
of rapid penetration. Sections cut in paraffin may be
placed in naphtha, xylol, or turpentine, any one of which
will dissolve out the paraffin and clear the section at
the same time.

The Half-Clearing Method.—Sections only partially
cleared show various details of structure invisible in
wholly cleared ones  The half-clearing method and
the principle upon which it is based are as follows :—
Sections, stained or unstained, are treated with aleohol
which is short of absolute (methylated spirit or aleohol
94 per cent. is suitable). The alcohol only partially
dehydrates the section; certain tissue elements retain
water more obstinately than others. As the clearing
agent which 1s now applied 1s 1mmiscible with water
(or, at any rate, mixes very slowly with it), no clearing
action (or a slow action only), i1s exercised upon the
elements referred to. These, therefore, stand out in
relief, owing to the difference between the index of
refraction of their contained water and that of the
clearing agent.

The Henle- Merkel Half - Clearing Method is as
follows :—A section is placed in aleohol of about 94
per cent., in which it remains at least 10 minutes.
It is then withdrawn, and the alcohol rapidly removed
by filter paper or linen, until the preparation begins
to look dry. Transfer to xylol in a wateh-glass, and
in a few moments place on slide and mount in xylol
At first only axis-eylinders are visible, but presently
the ganglion-cells with their processes appear. Other
tissue-elements remain invisible. ~ The preparation
keeps for about six weeks in canada-balsam,

NSRS ——————
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Bevan Lewis places sections—unstained or stained
in carmine—saturated with spirit, on a slide. When
the spirit has nearly evaporated a drop of oil of anise
is allowed to flow over the section, and the clearing
watched under the microscope. At a certain stage a
sudden starting-out in relief of cells and nerve-fibres
is observed. If at this point a little balsam is dropped
upon the section the appearance referred to is fixed,
for some time. Instead of oil of anise, glycerine -
followed by mounting in glycerine jelly, may be
employed.

Greppin’s Method is as follows :—Sections of tissus
hardened in Miiller are placed for 5-10 minutes in
conc. aq. sol. safranin. Wash lightly, place on slide
and cover with a few drops 1-10 per cent. sol. caustic
soda. Adjust cover-slip. In -1 hour the preparation
clears up, and the medullated fibres (“even the finest
of the outermost layer of the cerebral cortex”), are
brought to view. The preparation keeps only 1-2
days.
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IX.—MOUNTING MEDIA.

The following are commonly employed :—

Glycerine* (Price’s.)

Glycerine jellyt (Rimmington’s).
Farrant’s solution.

Canada balsam.

Dammar varnish.

The first three are employed for mounting tissues
direct from water. Sections stained with picro-carmine
or osmic acid, and unstained preparations are usually
mounted in these media; Golgi’'s sublimate sections
often.

The last two are used after dehydration and clear-
ing,

%ﬂlen the first three media are employed it is
necessary to cement the cover-slip. With balsam and
dammar this is unnecessary.

# Tnstead of glycerine, levulose is often used. Tt preserves the
colour of carmine and coal-tar stains well. Sections are brought into
it out of water.

+ Formule for making this are given in works on general
histological technie. :
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Farrant’s Solution is made as follows :—

Glycerine . . : equal
Sol. arsenious acld (sat hy buﬂmg) t

- parts.
Water ; -

Mix well. Add about one-half the bulk of white gum
acacia; stir well, and cover the jar. Allow to stand
about three weeks, stirring daily. The gum is gradually
entirely dissolved. Filter through filter paper under a
bell jar (to exclude dust).

The fluid dries at the edge of the cover-glass and
so fixes this slightly to the slide—an advantage over
glycerine.

Canada-Balsam is prepared for use by heating
it gently until it becomes hard. The hard, vitreous
substance is then dissolved in benzole, chloroform, or
xylol, to a suitable consistence. Filter through fine
cotton wool.

It is customary to keep two balsam solutions, one
made with xylol—for use with sections cleared by that
reagent, the other with benzole or chloroform—for
sections treated Ly other clearing agents. Instead of
the two solvents last-named some prefer a mixture of
turpentine and chloroform, equal parts.

Dammar Varnish is used, generally speaking, for
the same objects as canada-balsam. Tt is believed
by many to give a. better definition of fine
details. It also sets quicker. Prepare by dissolving
+ o0z gum-dammar and 1 oz. gum mastic 1n 3 ozs.
benzole; filter. Or the solution may be made with
xylol.

Colophonium, dissolved in benzine, or chloroform,
is recommended by some, principally on the ground

K 2
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that it does not hecome yellow with time, as is notice-
able in the case of canada-balsam

CEMENTS.
Zinc-white Cement.

Gum-dammar

ik - pooe S oz
Oxide of zine (ﬁnely ground) R e I
Benzole ks SRE SRES T

Dissolve the dammar in the benzole, add the zine, and
strain through muslin.

Kitton’s Cement.

yyabe deats 0 6t e e i) e
S L e e e R eg,rts
Powdered litharge . . Pl

Mix and grind in mortar. Rub up with turpentine, and
add sufficient gold size to make a suitable mixture for
working with a brush. See that no gritty partieles
remain.

Before applying a cement, dry the slide well up to
the edge of the cover-slip. When Farrant’s medium
has been used, cementing should be delayed for two or
three days to allow the gum to set at the edge of the
cover. A ring of gold size, or thick gelatine solution,
is first run round the margin of the cover. In about
twenty-four hours, paint on the cement. A second ring
may be applied after the first is dried.

A good plan is to employ both the cements men-
tioned. Apply a coating of the lead cement, and a
second as soon as the first is dry. When the second
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is dry, run on a layer of gold size. When this is dry,
apply the zinc cement. In these manipulations a turn-
table is useful.

Apdthy recommends highly a cement made as follows:
Equal parts of hard paraffin (melting point = 60 degrees
C.) and canada-balsam are melted together in a porce-
lain capsule over a moderate flame, until the whole gets
a golden colour, and the odour of turpentine ceases to
be appreciated. On cooling, the mass sets hard. Warm
for use. Apply with a glass rod.
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X.—GENERAL PLAN OF PROCEDURE IN
MICROSCOPICAL EXAMINATION OF BRAIN.

Take out the brain as soon as possible after death.
Remove at once a piece of suitable size—usually from
the upper end of a central gyrus—and cut fresh see-
tions on the ether-freezing mierotome, according to the
method deseribed on pp. 1 and 2. Proceed subsequently
as there directed, examining sections unstained and
stained.

Other pieces should be placed in methylated spirit
twenty-four hours, thereafter to be hardened in
chrome salts (in the dark), according to Method I
or II. (See “ Methods suitable for General Purposes,”
pp. 24 and 25.) When hardened, wash out excess of
chrome in running water for a few hours before
proceeding to cut.

With some of these pieces, after-hardening in
alecohols of increasing strength may be adopted (p. 25).
In any case, the tissue will commonly need to be
dehydrated in aleohol before cufting. The subsequent
steps, now merely indicated, have been described in
their proper places. The tissue is infiltrated with
celloidin, or not, according to consistence and size,
fixed to a cube of wood, and cut in the sliding
microtome. The celloidin may be removed from the
sections, if this can be done with safety. Stain
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with anilin blue-black, earmine, one of the carmine
combinations (alum-, borax-, lithium-carmine), alum-
cochineal, or one of the combination stains (hema-
toxylin and benzo-purpurin, hematoxylin and eosin,
anilin blue-black and picro-carmine). Wash, dehydrate,
clear, mount, as directed.

Certain pieces—from which sections are to be taken
for Weigert’s hematoxylin process, or the Weigert-Pal
process—are placed direct from the body in 1 per cent.
sol. potass. bichrom., changed next day to 2 per cent.
solution, and gradually increased to 4 per cent. solution
(p- 24). Or they may be placed in Miller’s fluid, to
be exchanged, when the tissue is already fairly firm, for
4 per cent. sol. potass. bichrom., in which they remain
till hard enough. Subsequent washing in water should
be of brief duration, and may be omitted if the piece
is to be in aleohol for after-hardening. Imbed, or
not, in celloidin, as desirable, cut sections, and pro-
ceed according to the directions given (pp. 69 and 70).
When pieces are placed immediately, without the
preliminary use of spirit, in a weak chrome solution,
it is advisable that they should be thin, to ensure
proper permeation. A piece from a cerebral gyrus
may be {—1 em. thick. Bulky pieces should be incised
as freely as possible.

Instead of Weigert, or Weigert-Pal, one of the other
methods for medullated nerves may commend itself.

The sliding-microtome has been recommended above
for cutting hardened tissues, but these may be cut also
on the freezing microtome, after soaking in gum, acord-
ing to the directions given under Section-cutting (“ The
Freezing Method,” pp. 40 and 41).

A few pieces, 1-2 ccm. (freshness of tissue is in this
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case especially desirable), are placed in absolute aleohol,
and treated according to Nissl's method, or Rehm’s
modification of it (pp. 109-111).

It is further advisable to use one of the metallic
sta2ins whenever time permits. The Golgi-Cajal method
may be especially mentioned (pp. 92-93).
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APPENDIX.
MUSEUM SPECIMENS.

The ‘following are amongst the best methods of
preparing brain for museum purposes.

Giacomini’s Method.—Especially useful for showing
exterior of brain. Dissected preparations of interior
also show fairly well. If the brain is fresh it is at once
placed in sat. sol. chloride of zine. If the subject has
been dead some time, inject about 600 grms. of the
solution through the carotids, using slight pressure only
The brain floats in the zinc solution. It should be
turned frequently. After forty-eight hours remove the
lepto-meninges. The organ is kept in the zinc solution
4-6 months. It tends to sink. Transfer to methylated
spirit for fourteen days. Transfer to pure glycerine.
The brain floats at first, but gradually sinks. It may
remain 3-4 months in glycerine. On removal, wrap
loosely in a cloth, and allow to dry; when dry, paint
with paper-hanger’s varnish. (Mastich varnish 1s still
better). When no longer sticky the preparation may
be put in the museum, covered by a glass shade, from
the wooden bottom of which it is separated by a bed
of cotton wool.

Blood-vessels (eg., circle of Willis, showing abnormal
distribution or atheroma of vessels) may be passed
through the same process, and fixed on a glass plate.
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Giacomini preparations sometimes crack superficially,
and also shrink with the lapse of time. They may be
fairly well renovated by replacement in glycerine for
some months, after removal of the varnish by brushing
over with spirit.

Whitwell obtains preparations which resemble the
natural brain tint more closely than the ordinary
Giacomini ones, and are equal to the latter in other
regards, by using—in place of zine solution—carbolic
acid 1-20. The spirit and glycerine subsequently used
are slightly acidified by acetic acid. Proceed as in the
original process.

In the above account of Giacomini’s method it has
been recommended to employ the zine solution for a
period considerably longer than that usually given.
Experience shows that the prolonged use of zinc is
necessary to insure durability of the preparation.

Old spirit preparations may be utilised for this
method with much success. Place them in the zinc
solution and proceed as described, avoiding the spirit
after the zinc, as unnecessary.

Schwalbe’s Method (a modification of that originally
given by Fredericq).— This is more adapted for
portions of brain than for the entire organ. A hemi-
sphere, however, can be quite well treated. After
washing away the blood in water and placing cotton
wool in the sulei (to keep them open), the fresh brain
is placed in chloride of zine, saturated solution. Remove
the pia in a day or two. After hardening (3-5 days),
make any necessary sections. Transfer to spirit (about
fourteen days, to further harden and dehydrate). Dry
the surface, and place in oil of turpentine. A whole
hemisphere remains in this about eight days, smaller
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pieces a shorter time. Transfer to melted paraffin
(paraffin melting at 45-50 degrees C.) Keep the oven
at 60 degrees C. A whole hemisphere is kept in this
5-8 days. Preparations become rather yellow. On
removal, allow the superficial paraffin to run off ; cool.

The preparation appears like a paraffin model. There
is but little shrinkage.

Dr. A. W. Campbell (Rainhill Asylum), employs the
following paraffin method :—Place the brain, freshly
removed, in sat. ag. sol. bichloride of mercury for
forty-eight hours. Wash in water, transfer to methy-
lated spirit, and leave until firm and dehydrated (3-95
weeks). Remove, dry the surface carefully with a soft
cloth, and immerse in oil of turpentine for three days,
at a temperature of 45 degrees C. Transfer to melted
paraffin (soft variety), and keep in oven at melting
point of the paraffin 4-5 days. Remove, allow to cool,
and then carefully take away all paraffin from the
surface. Paint with spirit varnish.

Blackburn’s Method.—Harden the brain in Miiller
(five weeks) or Erlitzky’s fluid (a shorter time), wash
in water, pass through aleohols of increasing strength
(for dehydration), finishing in absolute alcohol. Then
transfer to a sat. sol. Japanese wax in chloroform.
Here the preparation remains till the aleohol is
thoroughly displaced by the chloroform ; change occa-
sionally. Transfer to melted Japanese wax, kept at a
temperature near the boiling point. Here the prepara-
tion remains till thoroughly infiltrated. The time
depends, of course, upon the size and density of the
piece. A hemisphere, after thorough dehydration,
may remain at least three days in each of the two
solutions last mentioned. Infiltration complete, remove
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the preparation, drain off the wax from the surface and
allow to cool. 'When cool, varnish. The surface may
be painted or lettered, if desired.

Flesch’s Method.—The brain is placed in water
for the removal of the blood (1-2 days); then in
methylated spirit, upon a thick layer of cotton wool;
turn daily. After four weeks in alcohol, transfer to
weak glycerine solution (glycerine and alcohol, equal
parts), two weeks; then to pure glycerine, four weeks.
Each solution contains sublimate in the proportion
1: 3,000. (Dissolve the sublimate in a little water,
and add this to each solution). Allow the organ to
dry. Varnish.

Lenhossék’s Method.—Harden the organ in aleohol,
Miiller, or zine. It must finally be placed in alcohol.
The sulei may be kept opened during hardening by
cotton wool. Allow the alcohol to evaporate from the
surface, and then paint on everywhere,in sulei and over
gyri, a solution of celloidin in alecohol and ether (equal
parts), of medium thickness. The celloidin dries in
ten minutes or so,and the organ 1s then placed in spirif,
where it is kept permanently, being only taken out for
demonstration. It can be exposed for about two hours
without risk, after which replacement in alcohol is
necessary.

FLUID PRESERVATIVE MEDIA.

(Especially for slices and portions of brain, for pons
or medulla, and for growths and other lesions of the
membranes).

Spirit.—Soak the tissue in a mixture of methylated
spirit and water, equal parts. Change until the liquid




OF THE BRAIN, 141

remains clear. A similar mixture may be permanently
used. _

Glycerine, to which is added some carbolic or boracic
acid, or thymol.— The preparation may be in glycerine
diluted with water about one half, until the liquid
remains clear.

Saturated Solution of Boracic Acid (suitable for
showing lesions of membranes, and for delicate tissues).—
Boil an excess, allow to cool, filter through paper. Change
the fluid till clear.

Grawitz’s Fluid (for same purpose as last).—Common
salt 150 grm., sugar 40 grm., saltpetre 20 grm., water a
litre. Add 3 per cent. boracic or tartaric acid, to render
acid. Change the fluid till clear.

Miiller’s Fluid followed by Glycerine.— Harden in
Miiller as usual. Transfer to glycerine. Here brain-
tissue turns dark green, and on slices of brain a good
differentiation of grey and white matter is obtained.
The preparation remains in glycerine an indefinite time.
On removal, wash lightly with water, and transfer to
spirit, in which keep. [Such preparations first shown to
writer by Dr. Whitwell, Menstone Asylum.]

If the preparation is put up in a glass jar, containing
the fluid preservative, it may be slung by fine thread to
a piece of cane (with slits for the thread) passing across
at the upper part of the jar.

If dishes are used the preparation may be fixed to
the bottom by plaster of Paris.

Membranes may be stretched on a slip of glass by
stitching their edges round its back.

It is probably best not to seal down covers of jars
containing preparations in fluid media. Fix the cover
down merely with a thick wmixture of wax and lard, and
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apply the metal ring to the margin. The cover is then
removable, and the fluid can be renewed from time to
time. '

Glycerine-Jelly as a Preservative Medium (for
healthy and diseased sections and pieces of nerve-tissue
in the fresh state, and portions of diseased cerebral
meninges and blood-vessels).—This is a very suit-
able preservative for many purposes. The writer
prepares it as follows :—Take best French gelatine
gold label) 8-10 grm., glycerine 25 cem., sat. sol.
boracic acid 75 cem. Dissolve the gelatine, cut up,
in the boracic solution by heat, add the white of an egg,
and apply heat until the albumen has thoroughly sepa-
rated out; add the glycerine. If the fluids are contained
in a flask (closed by a loosely-fitting plug of cotton
wool), and heat is applied to a basin of water in which
the flask floats, but little loss by evaporation occurs.
Filter through a hot water filter. The jelly should be
quite clear. It will be slightly yellow. If this is thought
undesirable less gelatine must be taken ; the proportion
given above is that used for culture-media, which remain
solid throughout the year in this climate, and show no
shrinkage for a very considerable period. A quantity of
the jelly may be kept in stock in a sterilised flask,
plugged by cotton wool. |

The preparations are put up in glass vessels. Petri’s,
Esmarch’s, or other dishes are suitable. The glass or
earthenware dishes mentioned in the list of apparatus
may be used for large preparations. Pour some of
the melted jelly into the vessel, let it set; arrange the
preparation on its surface, and cover with more jelly.
Air bells are removed by a camel hair brush. If a
fresh section of brain is to be mounted direct from
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the freezing microtome it may be floated off the knife
on to sat. sol. boracic acid ; the glass preparation vessel,
half-filled with set gelatine, is passed into the fluid
beneath the section, and the latter arranged with a
camel hair brush upon the jelly. Vessel and section
are then withdrawn, excess of fluid is run off, and
melted jelly (not too hot) poured in up to the brim,
care being taken to prevent floating of the section.

The covers of these vessels may be left unsealed,
fresh jelly being added from time to time; or they
may be sealed. The writer has sealed specimens rather
over two years old in which no appreciable shrinking
of jelly has occurred. Preparations may be tried in
both ways. For sealing, Kitton’s cement may be
employed in the first place. Put on two or three
coats, allowing each to dry before applying the next.
Then apply a layer of gold size, finishing with a
coating of zinc-white cement. [See “Cements” for
composition of above mixtures]. Finally paint over
with black bicycle varnish. The bottom and sides of
the vessel may be painted with the same; thus a good
back ground is afforded.

Lesions of the lepto-meninges—such as opacity,
hemorrhagic effusion, and adhesions of cortex ecerebri
to pia—may be well shown by mounting in a thin
layer of glycerine-jelly between two squares of window
glass. Air must be carefully excluded (a troublesome
matter). During the preparation the plates should lie
on a levelling tripod. Ome plate is first covered with
jelly and the membrane arranged on this; more jelly
is poured over the tissue, and the second plate then
brought down on the preparation, like a cover-slip over
a section. Fill in jelly up to the extreme edge of the
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plates. Cement the edges as already described. The
procedure needs practice.

These fresh jelly preparations keep well. At the
West Riding Asylum are some two years old, apparently
unaltered, except as regards blood tint; this has un-
doubtedly faded. The blood tint cannot be properly
preserved by any known process. But in certain of
these jelly preparations of lepto-meninges the blood
tint is better preserved than in preparations by any
other method which the writer is aquainted with.

Atheroma, and obstruction of blood-vessels, abnormal
arrangement of the vessels at the base of the brain, are
well shown in jelly preparations.

For mounting thick slices of hardened brain glycerine-
jelly is very suitable. The writer recommends Hamil-
ton’s method, which is as follows:—The brain is
hardened in Miiller which is subsequently soaked
out by steeping the organ in solution of sugar of
greater specific gravity than the Miiller, and changing
frequently until there is no further discolouration. A
slice of the brain is placed for at least a week in Hamil-
ton’s freezing fluid “B.” [See “ Section Cutting ; Freezing
Method.”] Freeze and plane down to the necessary
level in his large microtome. The slice is then stained
(not too deeply) in a mixture containing ammonia-
carmine 1 part, freezing fluid “A”™ 8 parts. After
washing lightly in water, transfer to a sol. of glycerine
1 part, sat. sol. boracic acid 2 parts. Here the slice
lies for 3—4 days. It is now ready for mounting.
Prepare a cell by fastening four strips of plate glass,
1 inch in breadth, by zinc cement (se¢ “Cements”),
to a piece of window glass. The cell is quadrilateral.
Cement is run in between the ends of the strips, so
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that the cell 'wall is complete. The cell is half-filled
with glycerine-jelly [the formula given before may be
adopted]. Remove air bells with a fine brush. Allow
the boracic -solution to run off the slice of brain, and
then slip the latter gradually into the cell. Fill up
with jelly as nearly to the top as pessible. Use a
levelling tripod. Allow to solidify overnight. Then
run some melted jelly aver the solid, and slip on a
cover of window glass, large enough to extend half-way
over the wall of the cell. ILeave the preparation to
cool, and then clean up the edges. Cement as follows :—
A strip of clay 1 inch hroad is placed round the
preparation, one-half inch from the edge. Into the
trough so formed pour melted asphalte, composed of
pitch, sand, and Archangel tar (1 part tar to 8 parts
pitch). The mixture is used at the lowest possible
temperature. The edge of the cover-glass is covered
with it also, for a breadth of one-quarter inch. When
the asphalte is hard and cold, remove the clay walls,
and clean the preparation.

If desired to show both sides of the tissue each
should be planed down in the freezer:; otherwise the
back of the preparation may be painted black. Cover
the asphalte and edges with paper.

Hamilton’s Gelatine - Potash Method for large
naked-eye sections of brain, should be included
amongst methods of preparation. The process is
lengthy, and for this reason is omitted here. [ See
Brain, July, 1883, and Zext-Book of Pathology, by
D. J. Hamilton, pp. 48-52],

I._esians visible to the naked-eye in microscopical
sections are shown very well by mounting the sections,
after staining, dehydrating, and clearing as usual, in

L
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balsam, between two strips of window glass. The
sections are arranged in a row; two parallel rows may
be made—the one showing the diseased, the other the
corresponding healthy sections. Sclerosis of gyri,
lesions of the internal capsules, hemi-atrophy of pons
and medulla, tract degenerations of the cord, &c.,
may be shown in this way. Sections may, of course,
be examined under the low-power also. Take a strip
of window glass, about 3 inches broad, and of
any desired length. Remove the sections from
the clearing fluid, and arrange them on the glass.
Remove excess of clearing fluid, and cover each section
well with balsam. The balsam is now allowed to dry
to a sufficient extent to prevent the sections from
moving during the subsequent procedure (some hours).
The glass slip is next covered with balsam to within
a short distance of its edge. Now cover with a second
slip precisely like the first ; make contact between the
slips, through the balsam, first at one end, then,
lowering the upper slip gradually, along the whole
length, so that the balsam is spread out evenly
between the slips. With a little practice air-bubbles
can be entirely excluded, and the space between the
slips completely filled with balsam. They are
practically in contact when the operation is complete.
Balsam exudes freely at the edges, so that it 1is
advisable that the slips should rest upon two glass
rods to prevent adhesion to the table. Leave the
balsam to dry under a belljar. When dry enough,
remove what has exuded by means of a cloth dipped
in benzole. When the balsam has thoroughly set,
clean up the slips, and place in the museum upon
suitable glass or wooden rests,
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Plaster Casts of Brain* may be made as follows
(the method has been some time in use at the West
Riding Asylum; it was first employed, the writer
believes, by Bevan Lewis):—Place the brain in a
suitable position in a basin, and pour over the surface
melted paraffin (hard quality), sufficiently warm to
ensure penetration into the sulei. If must not be
allowed to approach too closely the setting point; on
the other hand, too great heat must, of course, be
avoided. The pouring is done deliberately. Finally
the brain is completely hidden by solid paraffin, which
also fills in the space between it and the basin wall.
This procedure oecupies 4-5 minutes. As soon as the
paraffin is well set, cut through the portion surrounding
the brain down to the bottom of the basin in a
complete ring round the organ. Place the basin and
contents in cold water—the paraffin sets hard. Now
remove from the water, and turn out the brain covered
by its paraffin cap, using a strong scalpel for the pur-
pose. By a little shaking the cap can be separated
from the brain; from its inner surface numerous
ridges and processes are seen projecting ; these corres-
pond to sulei. A mould of the brain is thus obtained.
Fill 1t with good plaster of Paris, made up to the usual
consistence of a cast with water. When the plaster

* Instead of plaster of Paris the writer has lately used the glue
and treacle mixture known as *‘printer's roller composition,” and
obtained at the printer’s. This makes a eapital cast. The material
is poured (at a suitable temperature) into the paraffin mould, and
allowed to set. It can be shaken out of the mould readily. If
desired, traction can be made upon a piece of tape, previously arranged
in the glue whilst still liquid. By mixing some whiting with the giue
a tint nearly approaching that of the brain can be obtained.

L 2
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has thoroughly set, place the whole in water in a
saucepan, and heat. The paraffin melts away, leaving
a cast of the brain. The convolutions and sulei are
well mapped out, the under surface is quite flat. Any
little holes—sometimes such are seen: 1-2 wmm. dia-
meter—may be filled up with plaster. Expose the
cast to a gentle heat, to dry it. Subsequently it may
be painted of the same tint as a Giacomini preparation.

Abnormal disposition of gyri, difference in size of
hemispheres, Jocal atrophy and depressions, gaping
sulei, and other lesions may 'be represented with
aceuracy by this method.

Paraffin Casts of Interior of Skull.—Proceed as
follows :—Saw off the skull-cap. Remove the brain
and its membranes. Fill up the basal foramina with
clay. Saw a wedge-shaped piece of bone out of the
occipital region, but leave it @ sifu. Raise the body
into a sitting posture by rope aud pulley. Fill the
base with melted (hard) paraffin. Throw a piece of
strong tape transversely across the base so that some
projects a foot or so on either side. Trephine a hole in
the vertex of the skull and replace the skull-cap. Fill
up the space between skull-cap and base with clay, and
surround this part with a bandage spread with clay.
Pour in more paraffin through the trephine hole until
the cranial cavity is full. When the paraffin has set,
place the body horizontal, remove the skull-cap, and
the wedge-shaped piece of bone from the oceipital
region, and extract the paraffin cast. This 1s accom-
plished by a combination of pressure on the cast from
behind, traction on the tape, and tapping the base of
the skull on the cut surface of the bone and laterally.
After removal, cut off the projecting tape. [This is
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much the same process as that recommended by B.
Lewis for the estimation of cranial capacity.]

A cast of the skull-cap alone (as for the purpose of
showing a-symmetry), or of the base of the skull,
may be taken, in plaster or paraffin—preferably the
latter.

If skull-caps are to be preserved for the purpose of
showing anomalies or lesions, the following method of
preparing the bone may be recommended :—Soak for
several days in strong solution of caustic potash. The
soft parts can now be easily scraped off. Wash next in
water for several days; dry, and varnish. Place on a
guitable support.

In addition to the methods deseribed and recom-
mended above mention may be made of the follow-
Ing :—

Stieda’s Process. — This is a modification of
Giacomini’s method.—Place the brain in chloride of
zine, sat. aq. sol. ; leave here twenty-four hours. The
pia is now removed. Transfer to aleohol, 96 per cent. ;
change every 5—6 days. The brain is sufficiently hard
in 2-3 weeks. Transfer to turpentine, 2-4 weeks.
This penetrates the quicker the better the brain has
been dehydrated; at least two weeks needed. The
organ becomes again rather soft, but “transparent,”
and also acquires a brownish tint. Place in varnish
(so-called *drying-0il”) for two weeks. Remove, and
allow to dry thoroughly in the air. Experience shows
that much more shrinkage takes place by this method
than by Giacomini’s, and that a cheesy dryness of
portions of the surface quickly occurs, even when much
more time than recommended is spent over the process.
By stopping short of the varnish stage and leaving the
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brain permanently in the turpentine, the writer finds
that good museum preparations can be obtained.

Stieda suggests that thick slices of chrome-hardened
brain should be treated, for puiposes of demonstration,
with turpentine and varnish, as in his method.

Thoma’s Process for Preserving the Natural
Tint of Tissues.—Pieces not thicker than a finger
are suspended in one of the following fluids, which
may apparently be used indifferently :—

A. B.
Crystals of sulphate of soda. 100 grm. 60 grm.
Chleride of soditm.. ."+ - 2000 .. 100
Chloride of potassium. . . 100 ali .,
Nitrate of potash . . . . 10 , 1L
Water tomalke . . . < - 1 Litre 1 litre.

After 18-24 hours, brush off any superficial blood,
and place in spirit, which should be changed once or
twice. Keep in spirit. A preparation is obtained which
shows at least a considerable amount of the original
colour. After some months the red tint of hemoglobin
changes to the brownish-red of meth@moglobin. Not-
withstanding, preparations over four years old are said
to afford better demonstration—objects than can be
made by the ordinary methods (preservation in spirit
and other fluid media). The writer has tried Thoma’s
method with cerebal tissues and membranes, but with-
out any advantage. The original results appear to
have been obtained with spleen, liver, and kidney.

Thoma steates that the mieroscopical structure of
organs is well preserved by his fluid, and recommends,
in cases in which it is desired to preserve the red
corpuseles of bload in microscopical preparations, that
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Miiller’s fluid and other chrome solutions should be re-
placed by one of the following hardening fluids, which
interfere less with subsequent staining than do the
chrome solutions:—

C. D.
Crystals of sulphate of
soda « @« a 2 &« « 60grm. 50 grms
Sodium chloride . . 60 SR
Potassium chloride. . 20 ,, LTS
Nitrate of potash . . 10 i
Waterto « & o & i 1 litre 1 litre.

To Clean New Cover-Slips and Slides. — Place
them in strong nitric acid for an hour or so. Wash
very thoroughly in water, to remove acid. Then wash
in methylated spirit, two changes. Wrap in a clean
cloth, and leave in incubator (37 degrees C.) a few
hours. On removal the slides and covers are clean.
Rub over with a clean cloth immediately before use, or
—a better plan, especially for cover-slips-—place upon a
wooden board covered with wash-leather, and polish
with a strip of the same. There is then no risk of
fracture of cover-slips. Or the slides and covers may
be kept in spirit until required.

To Clean Used Covers and Slides. —Remove the
covers by soaking them and the slides in used xylol.
Scrape the slides free from the mounting medium, and
transfer the several glasses to used spirit, thence to a
mixture of spirit and hydrochloric acid (strong), equal
parts. In a few days place in following solution :—
Water, 2,000 parts; pot. bichrom., 200 parts; strong
sulphuric acid, 200 parts. Here the covers and slides
remain some hours. Wash well with water, and then
with changes of spirit. Dry, or keep in spirit,
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LABORATORY EQUIPMENT.

Supposing the laboratory to consist of four rooms,
one in which'the hardening of tissues is carried out,
a second—the antopsy-room, a third, serving as the
histological work-room, and a fourth, the museum—a
convenient distribution of the apparatus will be neces-
sary. The most important apparatus and instruments
required, together with general indications for their con-
venient distribution, are given below. [There is mno
intention of entering here into the structural details of
the laboratory. ]

In the Hardening: Room.

This room should be kept cool, and should contain
cupboards, so that hardening may be carried out in the
dark.

Several Winchester quart bottles of dark blue glass,*
for the hardening solutions.

Several large (two-pint), wide-mouthed, well stopped
bottles for chrome salts, or other solid reagent.

Some smaller sizes of the same, both stoppered and
corked.

Glass vessels, with glass cover and metal rim, for
holding hardening brain.

Some smaller sizes of same, for portions of brain,
cerebellum, medulla, and the like small organs. Mar-
malade pots are useful for this purpose.

Earthenware jars with earthenware lid and iron
clamp, are also useful for holding the hardening brain.

* Rither this tinted glass should be used or the bottles kept in tlie
dark when containing solutions of the chrome salts.
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Cord jars, 21 inches long and 2% inches in diameter,
with hook to cover.

Glass flasks of various sizes.

Nest of beakers.

Glass funnels, different sizes.

Filter stand with ring supports—different sized rings.

Hot-water filter.

Filter paper, different sizes.

Syphon bottle (holding several litres), for mercurial
and carbolic disinfecting solutions, with tube and
pinch-cock.

A large glass vessel for the zinec solution used for
hardening brain in Giacomini’s process—about 12 inches
diameter and 10 inches high. A glass shade of suitable
size, fixed upside down to a wooden support by plaster
of Paris, answers well..

One or two large Wolff bottles.

Squares of glass, various sizes, for covering vessels.

Indiarubber and glass tubing, various sizes.

Screw pinch-cocks.

Indiarubber and ordinary corks.

Nest of cork borers.

Distilling apparatus—one for water and another for
spirit—of copper.

Bunsen burners, a few. Also the rosette, and any
other suitable burners of Fletcher, Warrington.

. Foot-bellows, attached by rubber tubing to blow-pipe
[Fleteher].

An incubator, with Reichert or other regulator, and
thermometer, and suitable jet burners with mica
cylinders.

Paraffin oven, with regulator, thermometer, and
burner.
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A few copper dishes, with handles, for holding melted
paraffin with contained object.

Porcelain erucibles, different sizes.

Tin saucepan, for melting paraffin and wax,

Tripods, different sizes,

Ice safe.

Water bath.

Zinc saucepan, and some suitable copper utensil, for
boiling water in, cleaning slides in, &e.

Porcelain evaporating dishes, different sizes.

Stone mortar and pestle, two or three sizes.

Stone jar with glass tap, two; very convenient for
holding distilled water and spirit, near the work table.

Wire and ganze.

Specific gravity jars and bulbs (Sankey’s method).

Mercury manometer.

Brass syringe, with cannule of different sizes, and
clips for blood-vessels.

Glass syringe.

Levelling table, with spirit-level.

File, hammer, chisel, and other tools.

In the Autopsy Room.

The ordinary post-mortem apparatus and instruments
(use gramme weights).

Apparatus to facilitate sawing of the skull. This
consists of a steel cinglet which is screwed on to the
skull just above the level at which it is proposed to saw
the latter. A steel arch passes vertically from front to
back of the cinglet, over the head, and serves as a handle.
The bone is sawn at the lower margin of the cinglet.

Apparatus for raising the body into a sitting position,
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in order that a cast of the interior of the skull may be
taken. = This consists of leather straps which can be
buckled round the head and beneath the chin, and rings
attached thereto; also a suitable arrangement of ropes,
with hooks, and a pulley.

Tables comparing the metric and English systems,
and the Centrigrade and Fahrenheit scales. These may
be hung in a prominent position.

A table showing the average weights of organs in
grammes and ounces avoid.

Whitwell’s brain-slates for recording lesions [ Daniels-
son & Co.]. This method is a great improvement on the
ordinary one (diagrams on gum-backed paper). Instruc-
tions issued with the slates.

Thermometer, for recording temperature of room.

Millimetre rule (Zeiss supplies), for measuring depth
of cortex, &e,

Steel tape measure (centimetre and inch).

Ether-freezing microtome. The autopsy—or the
hardening—room is an appropriate place for this, as
the temperature is suitable for ether-freezing. Bevan
Lewis’s instrument may be used (Gardner, Forrest Road,
Edinburgh), or the ether-freezing apparatus of Cathecart
(A. Fraser, 7, Lothian Street, Edinburgh), or Jung
(Heidelberg). Rutherford’s ice-freezing instrument has
also been adapted for ether (Gardner, Edinburgh). The
materials required for Lewis’s fresh method should be at
hand, namely : bottle of ether, spray apparatus, a couple
of circular glass vessels for water, about 10 inches
diameter and 4 inches high (as used in Koch’s plate
culture method), aq. sol. anilin blue-black, } per cent.;
osmic acid, # per cent. sol. (in green glass or covered
bottle), two pipettes with indiarubber balls attached—
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for dropping these solutions on the sections, a camel
hair brush, a couple of mounted needles, slides. Also
a covered wooden case, with rests, upon which the
slides with their sections can lie in a slanting position,
whilst the latter are drying.

In the Histological Work Room.

A mieroscope, from one of the well-known firms. Tt
should have two oculars, weak and strong, at least three
lenses (say one-half and one-sixth inch, and one-
twelfth oil immersion), an Abbe condenser with iris
diaphragm, and a nose-piece for three lenses. With
apochromatic objectives compensation - oculars are
employed.

For photo-micerography, apochromatic ohjectives,
with achromatic condenser, and projection eye-pieces.

It is convenient to have as well a cheaper, simpler
instrument. .

A camera for photo-micrography (long extension,
20-30 inches). Heat-filter and oxygen-cylinder. The
camera should stand on a strong, steady table.

Glass shades for the mieroscopes.

Microtomes. A sliding and a well instrument. A
special instrument for paraffin objects is not necessary,
but is useful. The instruments recommended were
mentioned under * Section-Cutting.”

Knives for cutting frozen and wax sections. Two
kinds sufficient. The one, 6 inches by # inch, fixed in
a handle ; the other, a clasp-knife, 5 inches by 1 inch.
(Young and Gardner, Edinburgh.) They should be
hollowed on both surfaces, more on that uppermost in
cutting ; back and edge on the same plane,
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Wash-leather cases for knives.

Hone, of Turkish stone.

Leather-strop, of bootmakers’ “uppers.” Polish the
surface with a thick mixture of “Tripoli” and olive-
oil.

Calves-skin strop, for finishing.

Balance and weights.

Pair of scales.

Microscopic lamp (Swift or Baker, London).

Copper solution to be placed between light and
microscope (contained in flask holding about 550 cem.)
Formula as follows :—

WHEEE & - & sn b ae ca b e B0 iGEm,
Thig: apopnon: Jonb. o S sty 100 cem.
Ammonio-sulphate of copper sol. 20 cem.

The last-mentioned composed as follows :—Copper-
sulphate, 50 grm., ; liq. ammon. fort., 60 ccm.; water,
200 cem. j

Or the lamp may have a blue glass cylinder.

Camera lucida. (Abbe, Nachet, Oberhiuser).

Stage micrometer.

Eye-piece micrometer,

Bull’s eye condenser.

Dissecting lens.

[Hand lens.

Pocket lens.

Edinger’s projection apparatus (of Kanthack, Golden
Square). Useful for drawing purposes, but by no
Imeans Necessary.

Glass bottles for spirit and distilled water, Besides
the opening above these have one below, fitted with a
aglass tap.
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Graduated glass measures—ounce, minim, litre, cubic
centim.

Graduated pipettes and burettes.

Wash bottles, one or two.

Test tubes, with rack, tube brushes, and wooden
tube-holder.

Dessicator.

Air pump, with glass chamber.

Plate-glass cover for work-table. The surface of the
table should be painted black, with the exception of a
white band about 5 inches broad, running from side to
side, a few inches from the anterior edge. Over the
whole is the plate-glass cover.

Stoppered glass bottles for acids.

Same, about 6 oz. capacity, for stains, aleohol, and
clearing oils.

Green glass bottles, two or three.

Phials, provided with indiarubber pipettes, for
stains.

A few glass tubes with indiarubber balls fixed at one
end [Sumner, Chemist, Lord Street, Liverpool]. Use-
ful for taking up stains and fluids in quantity.

Porcelain capsules and cups, various sizes.

Glass mortar and pestle.

Some small porcelain developing dishes.

Spirit lamps.

Balsam bottles. |

Esmarch or Petri dishes (Lautensechliger), useful for
holding sections in spirit, &e.

Cupped glass blocks with glass cover (same maker),
for staining sections in.

Watch-glasses, various sizes.

Sildes, some broad, as well as ordinary ones.
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Well-slides, one or two.

Small bell-jars, for covering exposed fluids, &e.

A few forceps, ordinary dissecting, and fine.

Scissors—ordinary, and fine ; straight, and curved on
the flat.

Scalpels.

Razor. :

Needles on handles, a few. Glass ones also.

Copper lifters (spatule). Glass or platinum one
also.

Glass-rods, various sizes.

Camel-hair brushes.

Cover-slips, Nos. 1 and 2. Quadrilateral, of various
sizes, as well as round.

Apparatus for testing thickness of covers (con-

venient).
Turn-table.

Labels.

(Cabinet, and cardboard cases for specimens.
Centigrade thermometer.

Soft cloths, wash-leather.

In the Museum.

Round glass jars, with ground top, glass cover, and
metal rim for cover, various sizes. For preparations in
spirit or other fluid.

Flat (oval) glass jars, about 3 inches deep, with ground
top, glass cover, and metal rim, various sizes, For sus-
pending flat preparations in fluid media.

Square glass and earthenware dishes, 3-4 inches high,
and of various sizes, with plate-glass cover. For slices
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n'f brain, stretched membranes, and other flat prepara-
tions in fluid media and glycerine-jellv.

Petr’s, Esmarch’s, and other glass dishes,.of various
sizes, with grooved glass cover., For glycerine-jelly pre-
parations. [Obtainable from Lautenschliger.]

Strips of window glass, 3 inches broad and of various
lengths. For balsam-mounted sections.

Squares of window glass, various sizes, for glycerine-
Jelly preparations,

Glass shades, with grooved wooden bottom, for dry
preparations.

The following firms, amongst others, supply the glass
shades and various forms of glass vessels necessary for
museum preparations.

F. and M. Lautenschliger, Oranienburger Strasse,
54, Berlin, N,

J. Ford and Co., Holyrood Glass Works, Edinburgh.

Pilkington, Brothers, Glass Works, St. Helen’s, Lan-
cashire.

The various reagents employed in the processes of
hardening brain, in the preparation of brain by the
teasing and fresh methods, in the preparation of
hardened brain for cutting, in staining, dehydration,
clearing, and mounting of sections have been mentioned
in the description of these processes. It is unnecessary
to give a list of them here. The most commonly used
reagents should be kept in stock solutions,

The following have not been directly mentioned, but
should be kept in stock with other material; the
principal acids (sulphurie, nitrie, acetic, ete.); sticks of
soda and potash ; vaseline and lard.

In addition to the rooms mentioned, a dark roowm for
photographic purposes should be provided, with the




OF TIIE BRAIN. 161

necessary apparatus, and if possible a photographic
studio. Nothing will be said here about photographic
apparatus, except that the camera should be capable of
fixation in either horizontal or vertical position. The
latter is required, for example, in photographing fresh
brain. The organ is placed in water in a basin painted
black ; the basin stands on the floor. By immersing
the brain in water the surface glistening is obviated.






SCHEME

FOR THE

EXAMINATION OF BRAIN AND COVERINGS.

Examination, — hours p.m.
Temp. Room.
more.
Atmosphere, Humidity of {]esa.
usual.

Scalp, Anomalies or Lesions of.
Skull-Cap Sawn at fixed level, e.g., 3 em. above rout
of nose.
Thickened or thinned.
It alteration, gen., local.
Translucency, degree of.
Diploé at cut surface.
Amount.
Colour (vascularity).
Meshes open or filled up (incr. density).
Hard or soft.
If alteration, gen., local.
Pacchionian indentations.
Size.
Depth.
More or less numerous.

I

M
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Skull-Cap—e.ntinaed.
Bosses or Spicules from Inner Tuble.
New Layering of
Bosses from Outer Table,
Colour (vascularity ).
Symmetry.
Weight.
Caries of bone.
Any lesion not eoming under above.
Measurements.*
(@) Diameters.
Antero-posterior.
Transverse.
(Others if time permits.)
(b) Circumferences.
Antero-posterior.
Transverse.
Horizontal.

Base of Skull.

Any lesion of, esp. caries.
Symmetzy.
State of palate.

1 ¥y

Membranes.
(@) Dura Mater and processes of.
Adherent to skull-cap.
ixtent of adhesion,
Sj‘te r bR
Degree ,, -

normally.
Tense {undul}r.

# Accorling to directions given by Topinard (* Aunthropology ).

S
e e
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Membranes—continued.
(a) Dura Mater and processes of—continued.

Flaccid (wrinkled).

Thickened or thinned.

If alteration, gen., local.

Colour (vascularity).

Any local congestion.

Adherent to arachnoid.

Undue amt. subdural fluid.

Quality of - i
Semi-gelatinous, lymph-flakes.
Cysts.

Blood-effusion or mnew formation on inner

surface, N.E. characters of.

Bony deposits in.

Sinuses of.

Capacity.
Contents.
Lining membrane.
Undue adhesion to base of skull.
Any lesion not coming under above.
(b) Arachnoid (at parts distinet from pia).

Undue granulation of outer surface.

State of Pacchionians.

Undue opacity (esp. white spots and patclies

indicative of thickening).
Site of.
Degree of.

Swollen, gelatinous (site).

Blood effusion in connec. with (site).

Sub-arachnoid fluid; quantity; any notable

alteration in quality.

Any lesion not coming under above.,
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Membranes—continued,
(¢) Lepto-meninges.
Undue opacity.
Site of.
Degree of.
Normal tenuity, or
Swollen, gelatinous,
Gen., local.
Vascularity ; excessive, or pallor.
Gen., local.
Blood effusion ; site.
Adhesion to cortex,
Extent, site of adhesion,
Strength of %
If no adhesion, how does pia strip from all
parts—normally or in sheets,
Any adhesion between hemispheres.
Any lesion not coming under above.

Cerebrum,
Size.
Average.
Small.
Large.
Diminution in size of individual lobes.
Consistence.
(a) Indications of gen. diminution of.
(i) On superficial inspection.
Collapsed state of hemispheres.
Undue separation of
Laceration of corpus callosum.
Gaping sulei, &e.
(ii) On Palpation.
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Cerebrum—continued.
(b) Firmness of C. as a whole, average, or
increased [degree of increase].
Undue surface-greasiness.

Grey Matter and Gyri.
Diminished consistence (flabby, yielding too readily
to pressure, &ec.).
General.
Local ; old, recent (tint).
Firmness, average.
Sclerotic changes, with site.
Arrangement main gyri.
Degree of convolution.
Atrophy of gyri.
General (state of sulei).
Local (convolutions sunken below gen. level
anywhere).
Colour (vascularity), on surface and seection; any
patchiness of colour.
Blood extravasation ; site.
Erosion from stripping pia; site.
Cheesy, chalky nodules, or other focal lesions:
seat.

Whate Matter.
Consistence ; average, possibly increased.

Srd tested by touch, water - stream,
Diminished, ; £
section; does subst. cling to
gen., local +
knife ?

Colour (vascularity).

State 1f local alterations.
Vessels coarse, bristly.
Blood-extrav. ; seat.
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Cerebrum—-continued.

MICROSCOPICAL EXAMINATION

W hite Matier—continued,

Oedema (slighter degrees shown by brilliance of
exposed surface).
Undue porosity (état eriblé)
(indicative of atrophy).
Sclerosis ; seat.
Scars, cysts, nodules, or other focal lesions ; seat.
Any recent softening about these.
Other lesions not coming under above.

Basal Ganglia and Capsules.

Size (of ganglia); any shrinkage laterally (atrophy).
Consistence.
If softening, seat.
,» 8clerosis, ,,
Colour (vascularity).
Blood-extrav. ; seat.
Scars, cysts, nodules, or other focal lesions;
seat. :
Etat criblé (of ganglia).
Other lesions not coming under above.

Ventricles (lateral and third).

Dilated.
Excess of fluid.
Appearance of fluid removed by pipette.
(More precise examination in special cases if
desirable.)
State of ependyma.
Granular, thickened, macerated.
Anomalies of cornua.
Consistence of fornix, white and grey commissures,
septum lucidum.
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Cerebrum——continued.
Ventricles (lateral and third)—continued.
Abnormalities of choroid plexuses and velum
interpositum.
Congestion, exudation in, eysts, &e.
Other lesions not coming under above.
Corpora Quadrigemina, state of.

Pons and Medulla.
Size. '
If diminution, gen., local (incl. unilateral).
Consistence.
If diminution, gen., local.
Colour (vascularity).
Blood-extrav. ; seat.
Ependyma of fourth ventricle.
Does pia strip normally ?
Other lesions not coming under above.

Base of Cerebrum.
Main vessels at base.
Relative size of corresponding ones.
Arrangement,
Atheroma.,
Occlusion.
Cerebral peduncles.
» nerve-roots ; optic tracts.
Pitnitary body.
Other lesions not coming under above.

Cerebellum,
Size.
If diminution, gen., local (incl. unilateral).
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Cerebellum—continued.
Consistence.
Normal.
Softening ; gen., local.
Sclerosis ; seat.

Colour (vascularity) of grey and white matter.
Blood-extrav. ; seat.

Corpora dentata.

Does pia strip normally 2

Other lesions (as growth) not coming under abave.

Weights.®
Whole brain,
Right hemisphere.
Left - -
Pons, medulla, and Corp. Quadrigemina together.
Cerebellum.
Amount of fluid collected.

tH

#* And of individual lobes if desired.
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ADDENDUM TO “SPECIAL STAINING
METHODS.”

Rosin has lately (Neurolog. Centralbl, December 1st,
1893) described a method of staining the nervous
system (central and peripheral), for which he claims
the following advantages:— (1) the various tissue
constituents are well differentiated; (2) structures
hitherto unrecognised are shown; (3) the necessary
procedure is easy and rapid. The stain employed is
a modification of the Biondi-Ehrlich triple stain
(Saure-fuchsin, Methyl-orange, Methyl-green), of which
the two first components are acids, the last is a base.
The mixture has an approximately neutral reaction.
From this the various tissue constituents select either
acid or basic component; in some instances, again,
they react to the entire neutral mixture, in accordance
with their chemical affinities. The tissue may there-
fore be said to contain acidophile, basophile, and
neutrophile substances, and thereby various colour-
reactions are entailed ; thus by the use of this mixture
a differentiation of tissue-elements is afforded.

In staining, a distinetion is made between celloidin



172 MICROSCOPICAL EXAMINATION

sections and others. For the former, a special staining
fluid (made, however, from that ordinarily employed),
is used. The stain for sections in general is as
follows :—

r The triple stain referred to (from
(il eyt S8 L R T
A < Distilled water . . . . . w300
Aqg. sol. Saure-fuchsin . (05 per
_ cent.) 2 2 i

In this sections remain five minutes. For celloidin
sections use the following : —

SOLIA S B o B e e s e dpeads;
B < Aq. sol. Siiure-fuchsin . (0-5 per
BRLG = e e & s w Lpars

In which the sections remain only one minute. [Both
stains may be obtained ready-made from Koenig,
Berlin, N.W., Dorotheen Strasse, 35]. Subsequent treat-
ment of sections is the same whether Sol. A or B has
been used. Wash in distilled water (two quantities).
As soon as the formation of large clouds of colour
ceases (1-2 minutes—the amount of extraction must
be carefully controlled), remove sections to a solution
of acetic acid 1 : 2,000 (1 drop glacial acetic acid to
100 water) ; here they remain five to (at most) ten
seconds, with the object of fixing the red colouring
matter, which is otherwise too easily extracted. Wash
again in distilled water, one minute, to remove acetic
acid. Transfer sections to absolute alecohol on a
spatula; here they remain as long as violet colour is
extracted, When no more colour, or at most only
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a small amount of blue-green colour escapes (2-3
minutes), remove sections to xylol. Do not leave long
in xylol. Mount in xylol-balsam.

The sections are obtained from tissues hardened in
chrome and in aleohol.

Examination gives the following information :—

I. Pure acidophile tissues.

(a.) Purple.
1. Connective-tissue.
ii. Walls of blood-vessels.
iii. Sclerosed glia.

(b.) Orange.
i. Red blood corpuscles.
ii. Medullary sheaths (only in chrome prepara-
tions).
In very old chrome-tissues the myelin 1s of a greenish
tint.

IT. Tissues still acidophile, but reacting with a rather
different colour to the above (a tinge of violet).

1. Axis-cylinders.

ii, Protoplasm of all cells (glia-cells, chrome-
containing ganglion-cells, white blood cor-
puscles).

iii. Neuroglia.

iv. Nucleoli (glia-cells and chrome-containing
ganglion-cells).

v. Nuclei of chrome—containing ganglion-cells in
anterior cornua of spinal cord, and of similar
large cells in cortex cerebri, also those of
Purkinje’s cells.
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III. Neutrophile tissues (violet).

1. Nuclei of certain small chrome-containing
ganglion-cells in Clark’s columns, the sub-
stance of Rolando, olives, cortex cerebri
and cerebelli).

ii. Inaleohol-hardened tissues the nuclei of group
II, v.

1V. Basophile tissues (blue-green).
All nuclei of glia, blood-vessels, white blood
corpuscles, and connective-tissue ; not, how-
ever, those of ganglion-cells,

In addition, this method of staining has the following
advantages :—

(1.) By reason of the alteration of colour degenera-
tions show especially well.

(2.) Extravasations of blood are well shown.

(3.) Newly-formed blood-vessels are rendered pro-
minent by the purple staining of the vessel-wall.

(4.) Nuclear increase is well brought out by the
blue-green colour of the nuclei.

(5.) The structure of cell-body and nucleus also well
shown (in alcohol preparations).

(6.) Clear differentiation between ganglion- and
glia-cells is afforded. On the other hand, no colour
distinction can be made between axis-cylinders and
glia-fibres.

(7.) Exudates (as in central canal of cord) unequivo-
cally shown by the red staining of the albumen.

For further details (concerning the structure of
ganglion-cells, and concerning certain structures
hitherto unrecognised, according to Rosin), see the
original paper.




OF THE BRAIN. 175

INDEX.

A,

AcID-ALCOHOL, 35.

Addendum to special staining methods, 171,
Adventitial lymph-spaces, fresh examination of, 8, 9.
Aleohol, hardening by, 27.

»  asa fixing fluid, 33.

i to render practically absolute, 126.
Alferow, silver-salts for injection of blood-vessels, 14.
Alizarin, 116.

Altmann-Gaule method, 55.
Alum-carmine (Grenacher), 62,
Alum-cochineal (Czokor), 67.

Ammonium bichromate, hardening by, 26.
Ammonia-carmine (Beale), 57.

= = (Betz), 58.
» ~ (Hoyer's dried), 59.
A & structures stained by, 60.
Anilin combinations, 87.
s  blue, B2,
s»  blue-black, 2, 80, 124,
§i - for injection of blood-vessels, 12,

,»,  Btains, 80.
Apithy's cement, 133.
Appendix, 137.
Arterial degeneration, fresh examination of, 10,
Autopsy-room equipment, 154.
Axis-cylinder stains, 118.
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B.

BaAngs, safranin solution, 35.
Bacteria, examination for, 10.
Basal ganglia, fresh sections of, 4.
Beale's ammonia-carmine, 57.
Beevor, staining in fofo by Weigert, 72.
Beneke's staining method, 120.
Benda's fixing fluids, 33.
Bergamot oil, 126.
Berkley’s stain for medullated fibres, 71.
Bets's ammonia-carmine, 58.
,» methods of hardening, 22, 23.
Bevan Lewis, dissociation preparations, 5.
! A freezing method, 1.
< e fresh sections of central medulla, 4
5 " half-clearing method, 129.
= microtome for sections of entire brain, 39.
'Emhlc-ruie of mercury (sublimate) methods, 97.
Biondi-Ehrlich stain, 35, 87.
Bismarck-brown, 85.
Blackburn’s method of preserving brain, 139.
Blood-vessels, glycerine-jelly preparations of, 144,

5 (large), examination of, 10.
5 (smaller), % el
o of pia, examination of, 9.

Bohmer's hematoxylin, 65.
Boll, method of showing neuroglia, 6
,» injection of lymphaties, 19,

Boracic acid (preservative solution), 141,
Borax-carmine (aqueous), 61.

i e (alcoholic), 61.

” . (neutral), 62.
Brain, sections of entire, 30.
. ,» hardening of entire, 21.
'. ., plan of microscopical examination, 134.
E ,  preservation of, for museum purposes, 137.
', .,  plaster casts of, 147.
| ,,  scheme for examination of, 163.
Bruce, microtome for sections of entire brain, 39.
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C.

CA¥ADA balsam, 131.
Carmine stains, 57.

b structures stained by, 60.

= combinations, 89, 91.
Carter’s carmine injection for blood-vessels, 11.
Casts of brain, 147.
Cedar-wood o1l, 126.
(Celloidin, imbedding in, before freezing, 41.
method, 43, 44.
removal of, from sections, 45.
sections, mounting in series of, 45.

L]
k]
”

" ek |

Cements, 132,
Central medulla (fresh sections of), 4.
Cerebellar cortex, staining with anilin, 81.

& ,, fresh method, 1.
Cerebellum, Wolters's method of staining, 113.
to harden (Betz's method), 23.

11

Cerebral blood-vessels (smaller), examination of, 8, 9, 10.

1 1 [lﬂ-l'gﬂ], H " 10.
- = injection of, 11.
cortex, fresh method, 1.

,»  hemispheres, hardening of, 22.

y»y  lymphatics, injection of, 18.

,»  tissue, examination of, after digestion, 37.
Cerebrum, Wolters's method of staining, 114.
Chloral as a preservative fluid, 38.

Chrome ,, - y 98,
Chromic acid, as an adjunet in hardening, 25, 26.
(Classifieation of stains, 56.
Clearing agents, 126.
,»  sections imperfectly dehydrated, 127.
Clove-eollodion, 55.
Clove-oil, 126, 127.
Cochineal formule, 67.
“ Collodionising  sections, 45,
Colophonium, 110, 131.
Combination stains, 88,
Congo red, 85.
Copper acetate (Weigert's method), 73,

dehydration and clearing of, 126, 127.

177
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Copper sulphate, staining with, 108,
Corpora amylacea, 5.

Cortex, ganglion-cells of, 5.

Cover slips, cleaning of, 151,
Creosote, 126.

Czokor's alum-cochineal, 67.

D.
DAnrtIA, 84,

Dammar varnish, 131,

Degenerate nerve-tracts, staining of, 29,
Degeneration, arterial, fresh examination, 10,
Delafield’s heematoxylin, 66.

“ Demyelinisation’’ method, 37.

Digestion method, 37,

Dissociation methods, 5-8.

Dura mater, examination of, 10,

E.

EnruicH's acid-hematoxylin, 66.
Embryonic brain, Vignal's method of examination, 8.
= tissue, fixation of, 34.

Erlitzky's fluid, composition of and hardening by, 26.
Exner, hardening and staining by osmie acid, 28.

F.

FarrANT’s solution, 131,
Fixation methods, 31.

»  general rules for, 31,

- fluids, 32.

,,  of sections to slide, 55.
Flechsig’s sublimate method, 98.

Flemming-Friedmann chromo-aceto-osmie fixing fluid, 32.

Flemming’s safranin solution, 35.

Flesch’s method of preserving brain, 140,
Fluid preservative media, 140.

Fol's modification of Flemmmg s fluid, 32.
Freezing method, 1.

fluids (Hamﬂtun), 41.

1
method, for cutting hardened tissues, 40.

EH
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F—continued.,

Fresh methods, 1
,, sections, to show injected vessels, 16.

,» unstained sections, 4,
Freud’s gold method, 101,

G-

GangrioN-cELLs of cortex (fresh method), 5.
3 Kronthal’s method, 116.

Geuhun violet, 3, 84.

0 L and eosin, 88,
Gerlach’s gold method, 102,
Griacomini’s preservation method, 137.
Gierke, teasing of neuroglia, 6
(Glue mixture for casts, 147,
Glycerine, 130, 141.
Glycerine-jelly, 142.

Gold, staining with, 101,
Grolgi’s silver methods, 96.

,,  sublimate method, 97,
Golgi-Cajal method, 92.
Grawitz's fluid, 141.
Grenacher’s alum-carmine, 62.

borax-carmine, 61.

Gmppm 8 half-clearing method, 129,
Gum-and-syrup mixture, 40,

H.
Hematoxylin, 4.
s (Bohmer), 65.
8 (Ehrlich), 66.
" (Delafield), 66.
= structures stained by, 67.

combination stains, 88-90.
Half- clcnrmg method, 128.
Hamilton's freezing fluids, 41, 42,

53 gelatine potash method, 145.

. method for hardening whole brain, 21.
- »  for eutting whole brain or large seg-

ments, 39.
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H —confinued,

Hamilton’s method for hardening large segments of brain, 23.
o »  celloidin imbedding before freezing, 41.
5 w  (glycerine-jelly), 144.
Hardened tissuee, treatment of prior to cutting, 38.
Hardening cerebral hemispheres and cerebellum, 22,
o general rules for, 20.
- pieces of moderate size, 2426,
ks methods, 20,
. and staining together (Exner), 28,

” 1 " » ( Marchi), 29.

,, o i o (Ranvier), 29.

5 combined with staining, 122.

-~ equipment of room used in processes of, 152.

Haug's hematoxylin formula, 67.

,,» carmine formule, 63, 64.
Henle-Merkel half-clearing method, 128,
Honegger, treatment of over-hardened brain, 21.
Hoyer’s dried ammonia carmine, 59.

»  injection fluid, 12,

I

IMBEDDING, methods of, 39,
it in wax, 51.
Indulin, 82,
Infiltration, methods of, 39.
7 celloidin method of, 43.
i with celloidin before freezing, 41.

- paraffin, method of, 47.
4 with paraffin, treatment of sections after, 54.
Injection of blood-vessels, 11.
2 ,, 3 mode of, 14.

A ,» lymphatics, 18.
Todide of palladium, 106.
Todized serum, for maceration, 7.

J.

JAPANESE ink, 14, 19.
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K.
K arg, method for stain, medullated fibres, 79.
Kaiser's ,, " " 1 1 74

Kitton’s cement, 132,
Knife, preparation of, for section-cutting, 2.
,, used in section-cutting, 1.
Kronthal’s staining method, 116.
Kultschitzky's ,, 5 119.
Kultschitzky-Wolters method for staining medullated fibres, 78,
G stain for medullated fibres, 77.

L,

LABORATORY equipment, 152.

Landois's macerating solution, 7.

Lead chromate injection for blood-vessels, 12,
Lenhossék’s method of preserving brain, 140.
Leptomeninges, mounting in glycerine-jelly, 143,
Lesions visible to naked eye, preparation of, 145,
Levulose, 130,

Lewis, see Bevan Lewis.

Lissauer’s modification of Weigert’s process, 77.
Lithium-carmine, Orth’s, 63.

Leefler’s methylene blue (for fresh sections), 4.
Liwenthal’s soda picro-carmine, 60,

Lugol, formula, 30.

Lymphaties, injection of, 18,

M.

MagixnT, staining method, 109,

Marchi’s method, 29.

Macerating fluids, for demonstration of neuroglia cells, 6.
Medullated fibres, stains for, 69,

Mercury, bichloride, 97.

Merkel’s fixing fluid, 33.

Metallic stains, 92,

Methylene-blue, 85.
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M—continued.

Methyl-green, 86.
Methyl-violet, 3, 85.
Meyer's albumen, 55.

5 cochineal, 68.
Mieroscopical examination, general plan of, 134,
Microtome, section-cutting by sliding, 42,
Microtomes for cutting large sections, 39.

i i ,s smaller ,, 40.

Mierzejewski, neuroglia methods, 6,
Minot’s shellac method for serial sections, 47.
Monti, staining method, 108.
Mould in stains, to prevent growth of, 57.
Mounting media, 130.

- series of celloidin sections, 45.
Miiller’s fluid, formula of, 7.

+ 5 ,»  foll. by glycerine (as preservative), 141.
Museum necessaries, 159.

,,  specimens, 137,

N.

NAPHTHA, 127,
Nerve-cells and fibres (Sahli), 115,
» s slaining of (Nissl's method), 109.
Neuroglia in white matter (fresh preparation), 6.
53 Kultschitzky’s stain for, 119,
55 Beneke’s stain for, 120.
Nigrosin, 82, 113.
Nikiforow’s neutral borax-carmine, 62.
Nissl's staining methods, 109, 112.
Nitric acid as a fixing fluid, 34, 110.
Nuclear stains, 64.

0.

OBERSTEINER, injection of lymphatics, 19.
Obregia, modification of Grolgi’s methods, 99.
Origanum oil, 126.
Orth’s lithinm-earmine, 63.

,,  picro-lithium carmine, 63.
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Q—continued.

Osmic acid (Exner's process), 28,
y ., for fresh sections, 2.

P

Parapino, method for removal of myelin, 37,
5 staining method, 106.
Palladium iodide, 106.
Pal-Exner method for nerve-fibres, 79.
Pal’s modification of Weigert’s method, 75,
Paneth’s hsematoxylin formula, 74.
Paraffin method of infiltration, 47.
,  melting point of, 48,
i objection to infiltration by, 50.
»  method of preserving brain, 139.
»  casts of interior of skull, 148.
Photoxylin, 47.
Pia mater, fresh staining by anilin dyes, 9.
Picro-carmine, for fresh sections, 3.
o = Ranvier, 60.
Picro-lithium earmine (Orth), 63,
Piero-nigrosin, 117.
Plaster casts of brain, 147.
Potass, bichromate, hardening by, 24, 25, 26.

Preservation of hardened tissues prior to cutting, 38.

Preservative media (fluid), 140,
Prussian blue injection-fluid, 11.
Purpurin, 117.

R.

Rasr's fixing fluid, 33.

Ranvier's “ one-third ** aleohol, 7.
»  staining and hardening by osmic acid, 29.
3 picro-carmine, 60.

Rate of staining, 57.

Rehm'’s staining methods, 36, 110, 112, 113,

Reosin’s staining method, 171.

Rubin, 119,

183
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8.

SAFRANIN, staining by, 35, 84.
- and anilin-blue, 87,
Sahli's staining method, 115.
Schaefer’'s modification of Pal’s method, 77.
Schiillibaum’s collodion, 55.
Schwalbe’s preservative process, 138,
Schweigger-Seidel’s acid-carmine, 9.
Bection cutting, methods of, 39.
o ,»  when celloidin has been used, 44.
9 o after wax imbedding, 52.
Sections, collodionising of, 45.
e of whole brain or large segments, 39.
5 serial, methods of preparing, 45, 47.
»  treatment after paraffin-infiltration, 54.
Shellac method, Minot’s, 47.
Silver lactate for injection, 14.
,» nitrate, staining by, 92.
- ,s  forinjection, 18.
Skull, paraffin casts of interior, 148,
Slides, cleaning of, 151.
Sliding microtome, section cutting by, 42.
Soda picro-carmine, 60.
Softening, as shown by fresh examination, 4.,
Spirit, as a preservative, 140,
Staining methods, 56,
,,  and hardening combined, 122.
= oo & (Exner), 28.
" . o (Marchi), 29.
en masse, o4
“in toto,” by Weigert's earlier method, 72.
,s  rate of, 67.
,  special methods of, 109.
Stains, classification of, 56.
, for medullated nerve fibres, 69,
Stieda’s preservative process, 149.
Streebe’s staining method, 118,
Sublimate, hardening by, 30,
fixative solution, 34.

1n
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S—continued.

Sublimate, staining after fixing by, 35.
Syringe for injection, 14

T.

TacuscHI'S injection, 14,
Teasing, methods of, 5-8.
Thoma's preservative process, 150.
Toluidin-blue, 36, 82.

Turpentine, 127.

.

Urson’s gold methods, 1G4.
Uranium carmine, 59.

W

vAN G1Esox’s staining method, 118,
Vassale, method of hardening large segments, 24.
Vessels, injection of, 11,
Victoria blue, 83,
Vignal, examination of embryonic brain, 8.
,,  fixation of embryonie tissue, 34.

W.

Wax, imbedding in, 51.
Weigert's staining method, 69.
X ,»  (earlier), 71.
v mndlﬁed method, 73.
B process for mounting serial sections, 45.
»  clearing mixture, 127,
Weigert-Pal method, 75.
Whitwell, preservation of brain, 138, 141.
Whole 'I:rrnin, cutting sections of, 39.

‘Wolters’s method for cerebrum and cerebellum, 112.

3 " yy nerve fibres, 78.
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Alcoholism and its Treatment. By JoseEpH FrANcis USSHER,
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F.R.C.S. Seventeenth thousand. Price 1s. net.

Anasthetics. The Dangers of Chloroform and the Safety and
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M.D., F.R.C.S. Second thousand, price 2s.



Baillitre, Tindall, and Cox’s Books. 9

Ansesthetics. Selected Methods in the Administration of Nitrous
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Anatomy. The Pocket Gray, or Anatomist's Vade-Mecum, Com.-
piled from the works of Gray, Ellis, Holden, and Leonard.
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Coloured Plates, from the designs of Prof. G. J. WITKowsKI,
M.D. Each part complete in itself.

Part I.—Neck and Trunk. With Text Descriptive and Ex-
planatory of the physiology and functions of the several parts.
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The same enlarged to Life Size. Price £2 2s.
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HeNrY Powgr, F.R.C.S., Senior Ophthalmic Surgeon to St.
Bartholomew’s Hospital. Price 7s. 6d.

Part V.—The Ear and Teeth. The Mechanism of Hearing,
and of Mastication. Text of the Ear by LENN0X BROWNE,
F.R.C.S.E. The Teeth by H. SEwiLL, M.R.C.S. Price 7s. 6d.

Part VI.—The Brain and Skull, (Cerebrum, Cerebellum,
and Medulla Oblongata.) Text by T. STrRETCH DOowsEg, M.D.,
F.R.C.P. Ed. Price 7s. 6d.

Part VII,—The Male Organs of Generation. Text by D.
OAMPBELL BrAck, M.D., Physician to the Glasgow Royal
Infirmary. Price 7s. 6d.

Part VIIT.—The Skeleton and its Articulations, showing the

Bones and Ligaments of the Human Body and Limbs. Text
by A. T. NortoN, F.R.C.S. Price 7s. 6d.

Part IX.— The Hand ; its Bones, Muscles and Attachments.
Text by Jas. CANTLIE, M.B,, F.R.C.S. Price 7s. 6d.

Part X.—The Foot; its Bones, Muscles and Attachments.
Text by SraNLEY Bovp, M.B., B.5. Lond., F.R.C.S., Assistant
Surgeon, Charing Cross Hospital. Price 7s. 6d.

Part XI.—Progress of Gestation. A Synopsis of Practical
Obstetrics. Text by R. MiLNE MURrAY, F.R.C.P. Edin., M.B.

Edin, Price 7s. 6d. ;
The Set of Eleven Parts, complete in cloth-covered Box, with lock and key, £4 net.
* * No such simple, reliable, and comprehensive method of learning the
several parts, positions, and functions of the body has hitherto been attempted;
the entire Series being unigue, will be most vf'l.luahle to the Teacher, the
Student, and to all who wish to become acquainted with the anatomy and

physiology of the human economy.
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Apoplexy. On Stertor, Apoplexy, and the Management of the

. ?ipalﬁectic State. By ]R{%BERT L. Bowres, M.D., F.R.C.P.

Lond., Consulting Physician to the Vietoria Hospital, and to

the St. Andrew’s Convalescent Hospital, Folkestone. With 13
Illustrations. Price 4s. 6d.

WThe information is both practical and useful, and based on extensive clinical and experi-
mental investigation. The principles advocated by the author deserve to be more widely
known and acted on than they are at present.”"—British Medical Jouwrnal.

“ The author has produced a book which is at present the only authority on the subject.”—
Medical Press.
Apoplexy. Diagnosis and Treatment of Apoplexy. By T.STRETCH
Dowsg, M.D., F.R.C.P.E., formerly Medical Superintendent,
Central London Sick Asylum. Price 1s.

Army Hygiene. Lessons in Military Hygiene and Surgery. By
Surgeon-General GorpoN, M.D., C.B., Hon. Physician to H.M.
the Queen. Illustrated, Price 10s. 6d.

Artistic Anatomy. Anatomy of the External Forms of Man, for
the use of Artists, Sculptors, ete. By Dr. J. FAu. Used at the
Government School of Art, South Kensington. Twenty-nine
plates. Folio. New edition. 30s. coloured, 15s. plain.

Artistic Anatomy. Elementary Anatomical Studies of the Bones
and Muscles, for Students and Schools, from the drawings of
J. FraxmaN, R.A. Lately used as a Text-book in the Art
Schools at South Kensington. 20 plates, with Text, price 2s.

Artistic Anatomy. The Student’s Manual of Artistic Anatomy,
With 25 etched plates of the bones and surface muscles of
the human figure. By W. J. MuckLEY. Used at the Govern-
ment School, South Kensington. Second edition. Price 5s. 6d.

Artistic Anatomy. FElementary Artistic Anatomy of the Human
Body. From the French of Dr. FAu. With English Text. Used
at the Government School of Art, South Kensington. Price 5s,

Artistic Anatnm% Description of the Bones and Muscles that
influence the External Form of Man. With 43 plates. By
JoHN C. L. SPARKES, Principal of the National Art Training
School, South Kensington. Adopted as a text-book at the
Government Art Schools. Price 7s. 6d.

Artistic Drawing. Second Grade Perspective (Theory and Prac-
tice), containing 21 block illustrations, 20 plates, and many
examination exercises. Used at the Government Science and
Art Schools, By H.J. DENNIS, Art Master, Lambeth School of
Art, Dulwich College, etc. Price 2s. 6d.
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Artistic Drawing. Third Grade Perspective, for the use of Art
Students. By H. J. DENNIS. Used at the Science and Art
Schools. In two parts, 7s. 6d. each, Part 1, Angular and Oblique

Perspective. Part 2, Shadows and Reflections ; or, half-hound
leather in one vol., price 15s.

Artistic Drawing. The Prototype of Man, giving the natural laws
of Human proportion in both sexes. A manual for artists and
professors of drawing. By CuHas. RocHET, of Paris. Price Is.

Artists’ Colours. Their Preparation, Uses, ete. (See Colours.)

Artistic Drawing. A Mannal of the Proportions of the Human
Body for Artists. By BertrRam C. A. WinpLe, M A, M.D.,
D.Sc., Queen’s Professor of Anatomy in the Mason’s College,
Professor of Anatomy to the Royal College of Artists, and
Lecturer in the Municipal School of Birmingham. [7n the Press.

Asthma. On Bronchial Asthma—its Causes, Pathology and Treat-
ment. Lettsomian Lectures. By J. C. THorowcoop, M.D.,
F.R.C.P. London, Senior Physician to the City of London
Hospital for Diseases of the Chest. Third edition. Price 3s.

Astronomy. The Stars and the Earth; or, Thoughts on Time
Space, and Eternity. With Notes by R. A, ProcTor, B.A.,
Fourteenth thousand. Price 1s.

Ataxia. Nervous Affections associated with the Initial or Curative
Stage of Locomotor Ataxy. By T. Strercr Dowsg, M.D.,
FR.C.P.E. Second Edition. Price 2s.

Aural Diseases. (See Ear.)

Bacteriology. Researches in Micro-Organisms, including recent
Experimentsin the Destruction of Microbes in Infectious Diseases,
etc. By A. B, Grrrritas, Ph.D., F.C.8.,, F.R.S.E. With 52

Illustrations. Price 6s.

**An enormous amount of material the author has taken great trouble to collect a large
number of the references bearing on the points he mentions."—JLancet. -

“The work . .. may be recommended to those who wish to have in a convenient form
a very large number of facts and references relating to bacteria."— British Medical Journal.

Bacteriology. The Germ Theories of Infectious Diseases. By
JoHN Drysparg, M.D., F.R.M.S,, President of the Liverpool
Microscopical Society. Price 1s.

Bacteriology A Parasitic or Germ Theory of Disease: the
Skin, Eye, and other affections, By JaAnrz Hocaé, M.R.C.S,,
Consulting Surgeon to the Royal Westminster Ophthalmic
Hospital. Second edition, price 2s. 6d.

Bacteriology. Guide to the Demonstration of Bacteriain the Tissues.
By Dr. H. Kon~g, of Wiesbaden. Translated and Edited by
ViNceENT DorMER HARRIS, M.D. Lond., F.R.C.P., Demonstrator
of Physiology at St. Bartholomew’s Hospital. Price Zs, Gd.
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Bacteriology. Microbes in Fermentation, Putrefaction, and
Disease. By CHARLES CAMERON, M.D., LL.D. M.P. Price 1s.

Professor Tyndall, F.R.8., writes: * Matthew Arnold himself could not find fault with its
lucidity, while as regards knowledge and grasp of the subject 1 have rarvely met its equal.
Bandaging. A Manual for Self-instruction. By C. H. LEONARD,

M.A., M.D., Professor of Diseases of Women in the State College,
Michigan. With 139 illustrations. Price 3s. 6d.

Bladder. On Diseases of the Bladder, Prostate Gland, and Urethra.
By F. J. Gant, F.R.C.S., Senior Surgeon to the Royal Free
Hospital. Fifth Edition. Price 12s, 6d.

Botany. Dictionary of British Plants and Flowers ; their names,

&

pronunciation, origin, etc. By H. P. FITZGERALD. Price 2s. 6d.

Botany. Aidsto Botany. Outlines of the Elementary Facts, includ-
ing a Description of some of the most important Natural Orders.
By C. E. ArmaND SeEmpLE, B.A.,, M.B. Cantab.,, M.R.C.P.
Lond. Price 2s. 6d. cloth; 2s. paper wrapper.

Botany. The Student’s Botany. Encyclopwedic Glossary. By L.
MacDowEeL CosGRAVE, M.D,, Lecturer on Botany, Carmichael
College. Price 2s. 6d.

Brain. The Building of a Brain. By E. H. CLARKE, M.D. (author
of “Sex in Education”). Price 5s.
 Qarefully and elegantly written, and full of sound physiology." —Lancet.

Brain. On Irritable Brain in Children. By W. H. DAy, M.D.,
M.R.C.P. Lond., Physician to the Samaritan Hospital for Women
and Children. Price 1s. 6d.

Brain. The Physiological and Chemical Constitution of the Brain,
based throughout on original researches. By J. L. W. THUDI-
cauM, M.D., F.R.C.P. Lond. Price 10s. 6d.

Brain. Syphilis of the Brain and Spinal Cord, showing the part
which this agent plays in the production of Paralysis, Epilepsy,
Insanity, Headache, Neuralgia, Hysteria, and other Mental
and Nervous Derangements. By T. StrETCH DOWwsE, M.D.,
F.R.C.P. Ed. Second edition, illustrated. Price 5s.

Brain. On Brain and Nerve Exhaustion (Neurasthenia), and on
the Exhaustions of Influenza. By the same author, Price 2s. 6d.

Bronchitis. Chronic Bronchitis : its Forms and Treatment. By J,
MiLNer ForeERGILL, M.D. Ed., M.R.C.P. Lond. Second
Edition. Price 4s. 6d.

** It bristles with valuable hints for treatment.”"—British Medical Journal.
" The pages teem with suggestions of value."—Philadelphia Medical Times,
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Burmah. Our Trip to Burmah, with Notes on the Ethnology,
Geography, Botany, Habits and Customs of that Country, by
Surgeon-General GorpoN, C.B., M.D., Physician to the Queen,
Illustrated with numerous Photographs, Maps, Coloured Plates
and Sketches in gold by native Artists. Price 21s. ’

' We lay down this book, impressed with its many beauties, its amusing sketch
anecdotes, and its useful and instructive infurmatiun_?;—-—T.':c Tinies. 7 wboiiios s

Cancer and its Complications. The Local Origin of Cancer from
the Various Parts of the Body, Preventive and Curative Treat-
ment, ete. By C. E. JENNINGS, F.R.C.S. Eng., M.S., M.B. 3s. 6d.

Cancer of the Mouth, Tongue and (Esophagus. By F. Bowrs-
MAN JESSELT, F.R.C.S. Eng., Surgeon to the Cancer Hospital.

Case Books. A Pocket Case-book for Practitioners and Students.
With diagrams, charts, and suggestions for note-taking. By
ALEX. THEODORE BrRAND, M.D., C.M. Bound in limp leather
cover. Price 4s. Loose sheets per doz. 1s., 50 3s. 6d. 100 6s.

Case Taking. Cardiac Outlines for Clinical Clerks and Practitioners;
and First Principles in the Physical Examination of the Heart
for the Beginner. By W. Ewart, M.D.,, F.R.C.P. Lond.,
Physician to St. George’s Hospital, London. With fifty illus-
trations. Intended as a Pocket Companion at the Bedside.
The outlines are designed to illustrate the methods and the
results of the physical examination of the heart in health and
in disease, and to assist the student in recording his clinical
observations.

*.* A supply of thoracic and cardiac outlines (4} by 3% inches), on

gummed paper, will be included in each copy. Price 5s. 6d.

Case Taking. Symptoms and Physical Signs, a formulary for
medical note-taking, withexamples. By the sameauthor. Pricels.

Case Books. Student’s Case-book. For recording cases as seen,
with full instructions for methodizing clinical study. By GEORGE
Brown, M.R.C.S., Gold Medallist, Charing Cross Hospital.
Fourth thousand, cloth. Price 1s. net.

Case book. Suggestions for a plan of taking notes in medical cases,
By Gko. F. Durrey, M.D. Dublin. Price 6d.

Chemistry. Aids to Chemistry. By C. E. ARMAND SEMPLE, B.A,
M.B. Cantab., M.R.C.P. Lond.

Part I.—Inorganic. The Non-metallic Eléments. Price 2s. 6d.,

cloth ; 2s. paper wrapper.
Part II.—Inorganic. The Metals. Price 2s. 6d. cloth ; 2s. paper.
Part III.—Organic. Cloth, 2s. 6d. ; paper, 2s.
Part IV.—Tablets of Chemical Analysis. Price 1s. 6d. and 1s.

*8tudents preparing for Matriculation at the London University, and other Examinations,
will find it simply invaluable.” —Students’ Journal.
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Chemistry. A Manual of Chemistry ; acomplete guide to Lectures
and Laboratory work for beginners in Chemistry, and a text-
book for students in Medicine and Pharmacy. By W. SIMON,
Ph.D., M.D., Professor of Chemistry. Sixteen woodcuts and
coloured plates representing 56 Chemical reactions. Price 15s.

Chemistry. Plant Analysis, Quantitative and Qualitative. By G.
DRrRAGENDORFF, Professor of Chemistry and Pharmacy in the
University of Dorpat. Translated by Hy. G. GREENIsH, A.L.C.

Price 7s. 6d.

Chemistry. The Principles of Theoretical Chemistry, with special
reference to the Constitution of Chemical Compounds. By Ira
REMSEN, M.D., Ph.D., Professor of Chemistry in the John
Hopkins University. Fourth Edition. [In the Press.

Chemistry. The Student’s Hand-book, with Tables and Chemical
Calculations, By H. Leicester Greviire, F.1.C., F.C.S.
Second Edition. Price 6s.

Chemistry. Chemical Notes for Pharmaceutical Students. By
A. Rivers WiLLsoN. Second Edition. Price 3s. 6d.

“0Of exceeding value to students going up for examination.”— Pharmaceutical Journal.

Chemistry. A Short Manual of Analytical Chemistry for Labora-
tory Use. By JomN Murter, Ph.D., M.A.,, F.C.S. Second
Edition. [In the Press.

Children. The Diseases of Children : their History, Causes and
Treatment. By C. E. ARMAND SEmMPLE, B.A., M.B. Cantab.,
M.R.C.P. Lond., Physician to the North-Eastern Hospital for
Children. Price 6s.

Children. Confidential Chats with Mothers on the healthy rearing
of Children. By Mrs. BowpicH. Price 2s.

Children. On Tetany in Young Children. By J. ABERCROMBIE,
M.D., M.R.C.P. Lond. Price 2s.

China. Reports of the Medical Officers of the Chinese Imperial
Maritime Customs Service, from 1871 to 1882, with the History
of Medicine in China. Compiled by Surgeon-General GorDON,
M.D., C.B., Physician to Her Majesty the Queen. Price 21s.

Cholera: How to Prevent and Resistit. By Professor vON PETTEN-
KOFER and T. WHITESIDE HIimEe, A.B., M.B. Second edition.
Illustrated. Price 3s. 6d.

Cholera. The Cholera Microbe and How to Meet It. Read at
the Congress of the British Medical Association. By CHARLES
CAaMERON, M.D., LL.D., M.P. Price 1s,
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Uﬁm&tnlnﬁ. Ventnor and the Underclifft. By J. M, WiLLIAMSON,
M.D., M.B. Ed., Hon. Surgeon to the National Hospital for Con-
sumption. Second edition, price 1s,

Climatology. The Demography of South Australia. By THos.
BorTawick, M.D. Ed., Medical Officer of Health for South
Australian District. With three plates. Price 25, 6d. 1891.

Climatology. The Book of Climates in all Lands. A Handbook
for Travellers, Invalids, and others in search of Health and
Recreation. By D. H. Currmmore, M.D., M.R.C.P. Lond.,
Surgeon in H.M. Indian Army (retired). With a chapter on
the Climate of Africa as it affects Europeans by Surgeon PARKE,
D.C.L. Second edition, cloth limp. Price 4s. 6d.

A wery useful book."—The Graphic.
“ There is much which entitles it to a large circulation, "— Westminster Review,
“ A work of supreme interest to the traveller in search of health."—Freeman's Journal,

Coca. The Coca of Peru, its Remedial Prineiples, and Healing
Powers. By J. L. W. THUDICHUM, M.D., F.R.C.P. Price ls.

Colours. A Hand-book for Painters and Art Students, on the use
of Colours, Vehicles, etc. By W. J. MUCKLBY. Price 3s. 6d.

Consumption. Consumption as a Contagious Disease ; the Merits
of the Air of Mountains and Plains. By D. H. CULLIMORE,
M.D., M.R.C.P. Lond., formerly H.M. Indian Army. Price 5s.

Consumption. Consumption and its Treatment by the Hypophos-
phites. By JouN C. THOROWGOOD, M.D., F.R.C.P. Lond,,
Physician to the City of London Hospital for Diseases of the
Chest, Victoria Park. Third edition, price 2s. 6d.

Consumption. A Re-investigation of its Causes. By C. W. DE
Lacy Evans, M.R.C.S. Eng. Price 2s. 6d.

Consumption. How to Prevent and Treat Consumption. By G.
Rutranp HowaT, B.A. Lond. Price 2s. 6d.

Consumption. An Essay on Consumption: Its True Nature and
Sucagssf'ul Treatment. By GopwiN W. Tmus, M.D. Lond.
Second edition, revised and enlarged, price 10s. 6d.

Consumption. Tuberculosis from a Sanitary and Pathological
Pﬂinlz of View. By G. FLEming, C.B, F.R.C.V.S., President of
the Royal College of Veterinary Surgeons. Price Is.

Consumption. The Pathology of Tuberculosis (Pulmonary Tuber-
culosis and Tubercular Phthisis). A course of Past Graduate
Lectures delivered at Queen’s Hospital, Birmingham, 1891. B;’T
Gxro. F. CROOKE, M.D., Physician and Pathologist 31;0 Queen’s
Hospital, and Lecturer on Pathology in Queen’s College.
Price 2s. 6d.
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Deafness. (See Ear.)

Deafmutism. On the Education of Deafmutes by Lip-Reading
and Articulation. By Professor HARTMANN. Translated by
Dr. PATTERSON CASSELLS. Price 7s. 6d.

“The instruction of deaf-mutes ishere rendered easy."—Atheneum.
““We can honestly recommend it to anyone seeking for knowledge."—The Lancet.

Deformities. The Nature and Treatment of Deformities of the
Human Body. By LamBErT H. OrMssy, M.B. Dub., Surgeon
to the Meath Hospital and Dublin Infirmary. Price 5s,

Dental Surgery. A Manual of Dental Surgery : Including Special
Anatomy and Pathology. For Students and Practitioners.
By HeEnry SewiLL, M.R.C.S,, L.D.S. Eng. Third edition,
with upwards of 200 illustrations, chiefly original, price 10s. 6d.

Dental. Dental Caries and the Prevention of Dental Caries. By
Henry SEwiLn, M.R.C.S. and L.D.S. Eng. Second edition.
Price 2s. 6d.

Dental. Aids to Dental Surgery. By ARTHUR S. UNDERWOOD,
M.R.C.S., L.D.S. Eng. Price 2s. 6d. cloth; 2s. paper.

Dental. Aidsto Dental Histology. By the same Author. Illus-
trated. Price 2s. 6d. cloth ; 2s. paper wrapper. 1892,

Dental. Journal of the British Dental Association. Monthly,
price 6d.

Dental. Manual for the Dental Laboratory. A Practical Guide
to its Management, Economy, and Methods of Manipulation.
By CHARLES HUNTER, Author of “ A Treatise on Mechanical
Dentistry.” Price 5s.

Dermatology. (See Skin.)

Dermoids. A Course of Lectures delivered at the Royal College of
Surgeons, England, 1889, on “Evolution in Pathology.” By
J. BLAND SutToN, F.R.C.S., Hunterian Professor, Royal College
of Surgeons. Price 3s., profusely illustrated.

“ We commend the study of this book to all interested in the elucidation of pathological
problems. " — e Lancet.

Diagnosis. The Physiological Factor in Diagnosis. By J. MILNER

EDT&ERGILL, M.D., M.R.C.P. Lond. Second edition. Price
s. 6d.

* An exceedingly clever and well-written book, put torether i i
taking way."—HEdinburgh Medical Journal, o e e s
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Diagnosis, Aids to. Three Parts. Price 1s, and 1s. 6d. each.
Part . —Semeiological. By J. MiLNErR ForHERGILL, M.D,
Part IL.—Physical. By J. C. THOROWGOOD, M.D., F.R.C.P.
Part IIL.—What to Ask the Patient. By J. MiLNEr
ForaereiLy, M,D.
" A mine of valuable information."—Edinburgh Medical Journal,

New edition. Containing the three parts. Edited by Dr.
THOROWGOOD. In one volume. Price 3s. 6d. cloth.

Diphtheria. Diphtheria, its Causes, Pathology, Diagnosis, and

Treatment. By R. HunTeEr SempLe, M.D., F.R.C.P. Lond.
Second edition, price 2s. 6d.

Diseases. The Classification and Nomenclature of Diseases. By A.
Raeacriarr, M.A,, M.D., Senior Surgeon Bradford Infirmary,
Surgeon to the Children’s Hospital. Price 2s. 6d.

Domestic Medicine. Handbook of Popular Medicine for family
instruction, colonists and others out of reach of medical aid.

By G. H. NApPHEYS, A.M.,, M.D. With movable plate and
100 illustrations. Price 7s. 6d.

Diet. How to Prolong Life. Showing the Diet and Agents best
adapted for a lengthened prolongation of existence. By C. W.
DE Lacy Evans, M.R.C.S. Second edition. Price 5s.

(See also Food.)
Diseases of Women. (See Gynzzcology.)
Dyspepsia. (See Indigestion.)

Ear. Diseases of the Ear. By Georck P. FieLnp, M.R.C.S., Aural
Surgeon to St. Mary’s Hospital, and Lecturer on Aural Surgery.
Fourth edition, rewritten and brought up to date. [In the Press.

Ear. On Unrecognised Lesions of the Labyrinth. Being the
Cavendish Lecture for 1890. By ALex Ogston, M.D., C.M.,
Regius Professor of Surgery in the University of Aberdeen.
Illustrated. Price 1s.

Ear. On Vascular Deafness. By RoBerr J. CoopeEr, M.D.,
Trinity College, Dublin. Price 3s. 6d.

Ear. Otorrheea; or, Discharge from the Ears: Causes and Treat-
ment. By W. Doueras HEmMmiNg, F.R.C.S. Ed. Price 1s.

Ear. Subjective Noises in the Head and Ears. Their Etiology,
Diagnosis and Treatment. By H. MAcNAUGHTON JONES, M.D.,
F.R.C.S. I. and E., Fellow of the Medical, Obstetrical, Gynsco-
logical and Ophthalmological Societies of London. Profusely
illustrated, price 4s. 6d.
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Ear. The Hygiene of the Ear. By CAVALIERE VINCENZO Cozzo-
LINO, Professor in the Royal University of Naples, and Director
of the Hospital Clinic for Diseases of the Ear, Nose, and Throat.
Translated from the fifth Italian edition by James Erskine,
M.A., M.B. [In the Press.

Ear. Practitioner’s Hand Book of Diseases of the Ear and Naso-
Pharynx. By Dr. H. MacNAvuGHTON JoNES and Mr. W. E. H.
StewArt, F.R.C.S.E. Fourth edition, with plates and numer-
ous woodcuts. Price 10s. 6d.

Ear. The Anatomical and Histological Dissection of the Human
Ear, in its Normal and Diseased Conditions. By Professor
PoLiTZER of Vienna. Translated at the author’s request by

GEORGE STONE, F.R.C.P. Ed. Profusely illustrated. Price
10s. 6d.

Electricity. A Manual of Practical Medical Electricity. By DAWSON
TURNER, B.A., M.D., F.R.C.P. Ed., M.R.C.P. Lond.
[In the Press.

In this work an endeavour has been made to place before the student and practitioner
a trustworthy modern account of aud guide ‘in the practice of medical and surgical elec-
tricity, in a manner as free as possible from unnecessary theory and technicality.

It is hoped that the practitioner, with this book at his elbow, will be enabled not only to
select the apparatus best suited for his purpose, but also to understand, manage and
apply it in a rational, as opposed to a purely mechanieal or empirical, manmer.

The work has been divided into two parts: the first treats of electro-physics, and
includes an account of statie, galvanic and Faradic electricity, the secondary cell, and the
current from a dynamo. The second part of electro-diagnosis, electro-surgery and electro-
therapeutics. The book does not presuppose previous electrical studies.

Electricity. Electricity in General Practice. By W. BOLTON
Tomson, M.D. Price 2s. 6d.

Etiquette. A few Rules of Medical Etiquette. By a L.R.C.P.
Lond. Price 1s.

Examinations. Aidsto Examinations. By W.D. Hemming, 1. R.C.S.
Ed., and H. Aurey Huseanp, M.B., F.R.C.S. Being ():1estions
and Answers on Materia Medica, Medicine, Midwifery, Puthology,
and Forensic Medicine. Price 1s. 6d. cloth, 1s. paper.

Examinations. A Guide to the Examinations of the conjoint Board
in England and for the Fellowship of the College of Surgeons,
with Examination Papers. By F. J. Gant, F.R.C.S. Sixth
edition, revised and enlarged. Price 5s. net.

Examinations. A Guide to the Examinations of the Apothecaries’
Society of London with Questions, Tables on Materia Medica, ete.
By W. E. Dawsoy, L.S.A. Second edition. Price 2s. 6d.

“‘ May be studied with great advantage by a student, shortly before presenting himself f
examination.”" —British Medical Jaumaag:e i : i P & self for
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Examinations. Examination Questions on the Medical Sciences,
including the Army, Navy and University Examinations,
Selected and arranged by JAMES GREIG LEASK, M.B. Abdn.
Second edition. Price 2s. 6d.

“Dr, Leask's questions are particularly suitable for pure examination study. Btudents
should test themselves thereby.”"— British Medical Jaum.u.il.j "

Examination Cards: Questions and Answers, By A. T. ScHo-
FIELD, M.D. Pathology, 2 sets, 9d. each, net. Minor Surgery,
Bandaging, etc., 9d., net.

Eye. Aids to Ophthalmic Medicine and Surgery. By J. HUTCHIN-
SON, jun., F.R.C.S., Ophthalmic Surgeon to the Great Northern
Hospital. Cloth, 2s. 6d. ; paper, 2s.

Eye. Ophthalmic Notes. A Pocket Guide to the Nature and Treat-
ment of Common Affections of the Eye. By A. VERNON FORD,
M.R.C.S. Eng., LK.Q.C.P. Ire. Price 2s. 6d.

Eye. The Detection of Colour Blindness, from a practical point of
view. By F. W. EpriDGeE-GREEN, M.D., F.G.S.,, Author of

‘“ Memory,” etc., ete. Price 1s.

Eye. The Cure of Cataract and other Eye Affections. By JABEZ
Hoee, M.R.C.S., Consulting Surgeon to the Royal Westminster
Ophthalmic Hospital. Third edition. Price 2s. 6d.

Eye. On Impairment or Loss of Vision from Spinal Concussion or
Shock. By the same Author. Price 1s. 6d.

Eye. The Functions of Vision and its Anomalies. By Dr. GIRAUD
TreuroN. Translated by Lroyp Owex, F.R.C.S.L, Surgeon to

the Midland Eye Hospital, Ophthalmic Surgeon to the Hospital
for Sick Children, Birmingham. Price bs.

Eye. Movable Atlas of the Eye and the Mechanism of Vision.

By Prof. G. J. WiTKOWSKI, Price 7s. 6d. (See Anatomy.)

(The following four works have been transiated for the National Society for the
Prevention and Cure of Blindness.)

Mind your Eyes. By F. SArceY. Price 2s. 6d.

The Causes and Prevention of Blindness. By Professor
Fucns, University of Liége. Price 7s. 6d. _

How to Preserve the Sight. By Dr. MagN®. Price 6d.

On Spectacles, their History and Uses. By Prof. HORNER.

Price 6d.

Fasting and Feeding, Psychologically considered. By | PO - ¥
ForBES WINsLow, M.B. Cantab., D.C.L. Oxon. Price 2s.

Fever. On the Endemic Hwmmaturia of Hot Climates, caused by
the presence of Bilharzia Hematuria. By F. H. H. GUILLEMARD,

M.A., M.D., F.R.G.S. Price 2s.
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Fever. Text-Book of the Eruptive and Continued Fevers. By JOHN
WiLLiam Moorg, B.A., M.D., M. Ch. Univ. Dub., F.R.C.P.L,,
Joint Professor of Practice of Medicine in the Schools of Sur-
gery of the Royal College of Surgeons in Ireland, Physician to
the Meath Hospital, Dublin, Consuiting Physician to Cork
Street Fever Hospital, Dublin, ex-Scholar and Diplomate in
State Medicine of Trinity College, Dublin. Price 15s.

Fever Charts. Daily Clinical Fever Charts, to record the progress
of a case of continued or eruptive fever. By F. MAGEE
FINny, M.D. Price 5s.

Food. Aids to the Analysis of Food and Drugs. By H. AUBREY
Hussanp, M. B, F.R.C.S., Lecturer on Public Health in the
Edinburgh Medical School. Price 1s. 6d. cloth ; 1s. paper.

Food. The Healthy Manufacture of Bread. By B. W. RICHARDSON,
M.D., F.R.S. Price 6d. paper cover ; cloth, 1s., with Vignette.

Foot. Movable Atlas of the Foot; its Bones, Muscles, etc. By
Prof. Wrtkowskr. Price 7s. 6d. (See Anatomy.)

Forensic Medicine. The Maybrick Case. A Treatise by A. M.
MacpovcAry, B.A., LL.D. Price 10s. 6d.

Forensic Medicine. The Student’s Handbook of Forensic Medicine
and Public Health. By H. AuBrEy Huseanp, M.B., F.R.C.S.E.
Sixth edition. Price 10s. 6d.

Forensic Medicine. Aids to Forensic Medicine and Toxicology.
By W. Dovceras Hemming, F.R.C.5.E.,, and H. AUBREY

Huspanp, M.B., F.R.C.8.E. Fifth thousand. Price 2s. 6d.
cloth, 2s. paper.

Geology. Field Geology, with a Section on Palmontology. By
W. Hy. PexniNg, F.G.S., of H.M. Geological Survey, and
A. J. Jukes-Browne, B.A.,, F.G.S. With woodecuts and
EDIﬂu[iﬁd map. Second edition, revised and enlarged. Price
7s. 6d.

** Others have taught us the principles of the science, but Mr. Penning, as an accomplished
field-geologist, introduces us to the practice,”"—The Academy.

Geology. Engineering Geology. By the same Author. Illustrated
with coloured maps and woodcuts. Price 3s. 6d.

A full and Iueid description of surveying and mapping, the diagnosing of the various
minerals met with, the value of sites, rocks, ete."—Popular Science Review.

Geometry. Aids to Analytical Geometry. I. The Straight Line

and Circle. By A. LE SUEUR, B.A. Cantab. Second edition, 2s.

II. The Conic Sections, with solutions of questions set at

the London University and other Examinations by GEORGE

HerreL, M.A. Cantab. Price 2s.
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Gout. A Treatise on Gout. By Austin MeLpon, M.K.Q.C.P,
F.R.C.S.I,, Senior Surgeon Jervis Street Hospital, Consulting
Physician Dublin General Infirmary. Tenth edition. Price 2s. 6d,

Gout. The Nature and Treatment of Gout. By Professor EBSTEIN
of Gottingen University. Translated by J. E. Burron, L.R.C.P.
Lond. Price 3s. 6d.

Gymnastics. The Prevention and Cure of Many Chronic Diseases
by Movements. By M. Rors, M.D., F.R.C.S. Fng. With
90 engravings, price bs.

Paralysis in Infancy,[Childhood, and Youth, and on the Prevention
and Treatment of Paralytic Deformities. Same Author. 3s. 6d.

The Prevention and Rational Treatment of Lateral Spine Curvature,

(Gold Medal of the International Health Exhibition, 1884.)
200 engravings. Price 55.

G}"ﬂ%ﬂﬂlﬂg{i Brandt’s Treatment of Uterine Disease and Prolapsus
10

by the Movement Cure., Edited and translated by Dr. RoTH.
Price 5s.

Gyn=cology. The Diseases of Women and their Treatment.
By H. MacnavucHTON JoNES, M.D., F.R.C.S.1,, F.R.CS.E,
Examiner in Midwifery, Royal College of Surgeons, Ireland.
Fifth edition. Illustrated, price 10s. 6d.

“ A storehouse of information."—The Lancet.
““ The work of a mature and experienced authority.”—British Medical Journal.
“ Of exceptional merit drawn from a field of wide personal experience.”—Medical Press.

Gynzcology. Aids to Gyna:cology. By ALFRED S. GUBB,
M.D. Paris, M.R.C.S., L.R.C.P., D.P.H., Obstetric Assistant and
Gold Medallist Westminster Hospital. Second edition. Cloth,
2s. 6d., and 2s. sewn.

Hair. The Hair: its Growth, Care, Diseases, and Treatment. By
C. H. Leo~arp, M.A., M.D. Illustrated, price 7s. 6d.

Hair. A Synopsis of Diseases of the Skin and Hair. By R. GLASGOW-
PartEsoN, M.B., Surgeon to St. Vincent’s Hospital. Price ls.

Hand Movable Atlas of the Hand ; its Bones, Muscles and Attach-
ments. By Prof. Wirkowsk1. Price 7s. 6d. (See Anatomy.)

Hay Fever: its Causes, Treatment, and Effective Prevention ; Ex-
perimental Researches. By CHAs, HARRISON BLAcKLEY, M.D.
Second edition, revised and enlarged. Price 10s. 6d.

Heart. On Insufficiency of Aortic Valves in connection with Sudden
Death. By Joun Cockie, A.M., M.D., F.R.C.P., Physician to
the Royal Free Hospital. Second edition. Price 2s. 6d.

Heart. Contributions to Cardiac Pathology. By the same Author.
Price 2s. 6d.
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Heart. An Essay on Fatty Heart. By HENry KENNEDY, A.B,,
M.B. Physician to the Whitworth Hospitals. Price 3s. 6d.

Heredity and Disease. From Generation to Generation. By
Doveras Litacow, LL.D., M.R.C.P., Lond. Price 4s. 6d.

Hernia and Intestinal Obstruction, By J. Rocug, M.D. 6d.

Histology. Introduction to Practical Histology. By GEORGE
TaIN, M.D. Price 5s.

Histology. Methods of Preparing Brain, Spinal Cord, and Nerves
for Microscopical Examination. By EpwiN Goopary, M.D.
Lond. [Ln the Press.

History of the Royal College of Surgeons in Ireland. By
Sir O, A. CAMERON. Price 10s. 6d.

Hydrophobia. Inoculation for Rabies and Hydrophobia. A Study
of the Literature of the subject. By Surgeon-General C. A.
GorpoN, C.B. Price 2s. 6d.

Hydrophobia. Comments on the Reports of the Committee on
M. Pasteur’s Treatment. By Surgeon-General C. A. GORDON,
M.D., C.B. Price 2s. 6d.

Hydropathy, or the Practical Use of Cold Water. By E. MARLETT
Boppy, F.R.C.S., F.5.5,, L.R.C.P. Price ls.

Hydropathy. Notes of Visits to Contrexéville and Royat-les-
Bains. By F. R. Cruisg, M.D. Price 6d.

Hydropathy. Vichy and its Therapeutical Resources. By PROSSER
Jamus, M.D., M.R.C.P. Lond., Lecturer on Materia Medica and
Therapeutics at the London Hospital. Price 2s. 6d.

Hygiene. Lessons in Military Hygiene and Surgery, from the
Franco-Prussian War. Prepared on behalf of Her Majesty’s
Government. By Surgeon-General Gorpbox, M.D., C.B., Hon.
Physician to the Queen. Illustrated, price 10s. 6d.

Hygiene. A Manual of Sanitation ; or, First Help in Sickness and
when Wounded. Alphabetically arranged. By the same Author.
Cloth, 2s. 6d.; sewn, 1s.

'* A most useful and practical manual, and should be placed in the hands of officers and
men alike."—The Graplic.

Hygiene. The FElements of School Hygiene for the Use of
Teachers and Schools. By W. E. Rotrt, B.A. Price 3s. 6d.

Hygiene. Theatre Hygiene, a study in construction, safety and
healthy arrangement. By W, E. Rors, B.A. Oxon. Price 1s. 6d.

Hygiene. Healthy Homes. By Stanpey Havnes, M.D., M.R.C.S.
F.R.G.S. Price ls.

Hygiene. Notes on Nuisances, Drains, and Dwellings. By W. H.
PENNING, F.G.S. Second Edition. Price 6d.
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Hygiene. Short Lectures on Sanitary Subjects. By RicHARD J.
Havron, LK.Q.C.P,, L.R.C.P. Ed., L.R.C.8.1., etc. Price bs.

Hygiene. A Manual of Naval Hygiene, with Instructions and
Hints on the Preservation of Health and the Prevention of

Disease on board Ship. By Josepn WiLsoN, M.D. Second
edition. 10s. 6d.

Hygiene. The Sanitation of Public Institutions. The Howard
Prize Essay. By R. D. R. Sweering, M.R.C.S., Medical
Superintendent of the Western Fever Hospital. Price 3s. 6d.

Hypnotism. Psycho-Therapeutics. Treatment by Hypnotism and
Suggestion. By J. Lrovp Tuckey, M.D. Third Edition,
enlarged. Price 6s.

Indigestion : a Manual of the Diagnosis and Modern Treatment of
the Different Varieties of Dyspepsia. By GEORGE HERSCHELL,
M.D. Lond. Crown 8vo., 202 pp., price 3s. 6d.

Inflammation. The State of the Blood and the Bloodvessels in
Inflammation. By T. WuarTOoN Jongs, F.R.C.S, F.R.S.,
Emeritus Professor of Ophthalmic Medicine and Surgery in
University College, London. Price 2s. 6d.

""The work is that of a man of genius of the highest order."—Dr, Ricmarpson, F.R.8,, in
Asgelepind.

“ A thoughtful study founded on the ripe experience of an anthor entitled to the highest
respect.”— Medical Press.

International Medical Congress. The Commemorative Portrait-
Picture of the International Medical Congress, 1881. De-
signed and executed by Mr. BARRAUD ; nearly 700 Likenesses
of Members, representing Medicine and Surgery in every part of
the world ; special sittings accorded for every Portrait.

The Picture is Printed by the New Permanent Carbon Process in two Sizes:

EXTRA SIZE, 47 x 80, MouxTED, BUT UNFRAMED £7 108, FravMeD - £10 Os.
POPULAR SIZE, 20 x 20, MouxTED, BUT UNFRAMED £3 38s. FraMeEDp - £4 10a.

Intestinal Surgery. (See Abdominal Surgery.)

Insanity. (See Lunacy.)
Kidneys. Vaso-Renal Change versus Bright’s Disease. By J.
MiLNER ForHERGILL, M.D. Ed. Price 7s. 6d.

Kidneys. Bright’s Disease of the Kidneys. By Professor J. M.
CHARrcoOT. Translated by H. B. MiLLarp, M.D., A M. Re-
vised by the Author, with coloured plates, price 7s. 6d.

Lunacy. Handbook for the Instruction of Attendants on the
Insane. Prepared by a Committee of the Medico-Psychological
Association. With Appendix containing Lists of Asylums and
Licensed Houses, Second edition. [In Preparation.
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Materia Medica. A Dictionary of Materia Medica and Thera-
peutics. A Résumé of the Action and Doses of all Officinal and
Non-officinal Drugs nowin Common Use. By C. HENRI LEONARD,
M.A., M.D., and Tros. CHRISTY, F.L.S., F.C.S. Price 6s. 1892,

This volume has been in preparation for the past tour years. The drugs of as late intro-
duction as 1891 are to be found in its pages. The authors claim to have incorporated every-
thing of merit, whether officinal or non-officinal, that could be found either in standard works
or from many manufacturers’ catalogues. The scheme embraces the Pronuneiation, Genitive
case-ending, Common Name, Dose, and Metric Dlose. Then the Bynonyms, English, French,
and German. J[fa Plant the Part Used, Habitat, Natural Order, and Description of Plant
and Flowers, with its Alkaloids, if any. If a Mineral, its Chemical Bymbol, Atomic Weight,
looks, taste, and how found, and its peculiarities. Then the Action and Uses of the Drug,
ita Antagonists, Incompatibles, Synergists and Antidotes. Then follow its Officinal and Non-
officinal preparations, with their Medium and Maximum Doses. Altogether it will be found
a handy volume for either the FPhysician, Student, or Druggist, and will be frequently
appealed to if in one's possession.

T Will, we are sure, fulfil a long-felt want."—British and Colonial Druggist.
“Well up to date. . . . Contains an index of great value."—Chemist and Druggist,

Materia Medica. Comprising the Drugs contained in the Schedule
issued by the Conjoint Board of the Royal College of Physicians
and Surgeons. Arranged by MAUrICE WILLIAMS, Principal of
the City School of Chemistry and Pharmacy. Price 3s. 6d.

Materia Medica. Table of Doses. By J. H. Avvran, F.C.S,
Price 6d., cloth.

Materia Medica. A Key to Organic Matcria Medica. By JoHN
MurERr, Ph.D., M.A., F.C.S., President of the Society of Public
Analysts. Third edition. Price 12s. 6d.

Materia Medica. Aids to Materia Medica and Therapeutics. By
C. E. ARMAND SEMPLE.

Part L—The Non-metallic and Metallic Elements, Alcoholic and
Ethereal Preparations, etc. Cloth, 2s. 6d.; paper, 2s.

Part IT.—The Vegetable and Animal Substances. 2s. 6d., 2s.
Part I11.—Classification of Remedies. Cloth, 1s. 6d. ; paper, 1s.

Part IV.—New Remedies of the British Pharmacopeia. Cloth,
2s. 6d. ; paper, 2s.

Part V.—Tablets of Materia Medica. Price, cloth, 1s.6d.; paper, 1s.

Materia Medica and Pharmacy. A Text-Book for Medical
and Pharmaceutical Students preparing for Examination, By
W. HANDSEL Grrrrrras, Ph.D., F.C.S, F.R.C.P. Ed. Third
edition. REdited by A. S. Guss, M.D. Paris, L.R.C.P. Lond.,
M.R.C.S,, D.P.H., Gold Medallist, Prizeman in Materia Medica,
Westminster Hospital. Price 7s. 6d.

*' A book of great value . . . astandard text-book."—Edin. Med. Journal.
One of the ablest, if not the best, work on the subject in our language.”'— Med. Pregs.

Materia Medica. Notes on Inorganic Materia Medica, and its
Chemistry. By J. S. SHARMAN, Second edition. Price 1s. 6d.
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Materia Medica. Notes on Materia Medica and Therapeutics.
Mineral Drugs, Part I. By J. S. MCARDLE. Price 1s.

Medical Charities. The Reform of Our Voluntary Medical
Charities. By RoserT REID RENTOUL, M.D. Price 5s,

Medical Education. Medical Education and Organization, The
Hunterian Oration for 1880. By WALTER RiviNaroN, B.A.,
M.B., F.R.C.S., Surgeon to the London Hospital. Price 1s.

Medical Etiquette. A Few Rules of Medical Etiquette. B
L.R.C.P. Lond. Price 1s. e

Medical Jurisprudence. (See Forensic Medicine.)

Medical Laws. Medical Law for Medical Men: their Legal
Relations popularly explained. By Professor MEYMOTT TiDY,
M.B.,, F.C.S,, Barrister-at-Law, and PERCY Crarke, LL.B,,
Solicitor. Leather, gilt edges, price 4s.

Medical Laws. The Laws Relating to Medical Men, By JAMES

GREENWOOD, Barrister-at-Law. Price 5s.

 Admirably suited as a guide to the busy practitioner, who frequently runs great risks of
becoming involved in legal penalties, in consequence of an imperfect knowledge of the law.”
— {floagow Medical Jouwrnal.

Medical Profession. A Guide to the Medical Profession in all
its branches, including the Public Services. By C. R. B.
KeerLey, F.R.C.S. Second edition, revised and enlarged.
Price 3s. 6d.

Medical Profession. Medical Men and Manners of the Nineteenth
Century. By a Physician. Third Thousand. Price 3s.

AL times seathing, at others amusing, the author is never dull, and writes as one who
knows the many blots on our system, and honestly tries to remedy them."—Medical Press.

Medicine. Aids to Medicine. By C. E, ARMAND SEMPLE, B.A.»

M.B. Cantab., M.R.C.P. Lond.

Part I.—General Diseases. Price 2s. 6d. and 2s.

Part I[.—The Urine, Kidneys, Stomach, Peritoneum, Throat, and
(Esophagus. Third Thousand. Price 2s. 6d. and 2s.

Part I11.—Diseases of the Brain, Nervous System, and Spinal
Cord. Third Thousand. Price 2s. 6d. and 2s.

Part IV.—Fevers; Skin Diseases. Price 2s. 6d. and 2s.

Medicine. A Chronology of Medicine from the Earliest Times,
By J. MorGAN RICHARDS. Price 10s. 6d.

Medicine. Student’s Handbook of the Practice of Medicine. By
H. Ausrey HussanNDp, M.B.,, C.M., B.Se. Fourth edition,
revised and enlarged. Illustrated. Price 7s. 6d.

Medico-Military Services. Our Services under the Crown. A
Historical Sketch of the Army Medical Staff. By Surgeon-Major
A. Gorg, M.D., Sanitary Officer on the Staff. Price 6s.
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Memory. Its Logical Relations and Cultivation. By F. W.
EpriDeE-GREEN, M.D., F.G.S., Author of *Colour Blindness.”
Second edition. Price 6s.

Meteorology. The Moon and the Weather: the Probability of
Lunar Influence Reconsidered. Showing how storms and
depressions may be predicted. By WALTER J. BROWNE (St.
Petersburg). Second edition. Price 3s.

Microbes. (See Bacteriology.)

Microscopical Science. The International Journal of Microscopy
and Natural Science. [Edited for the Postal Microscopical
Society by ALFRED ALLEN, Quarterly, with Plates. Price 1s. 6d.

Midwifery. (See Obstetrics.)

Mind. The Training of the Mind for the Study of Medicine. A
Lecture delivered at St. George's Hospital. By RoBERT BRUDE-
NELL CARTER, F.R.C.S., Surgeon to the Hospital. Price 1s.

¢ A remarkable address.” —The Lanecet. f
* No one can read it without learning and profiting much."—=Students’ Journal,

Mineral Waters. The Mineral Waters of Europe. A complete
Analytical Guide to all the Bottled Waters, and their Medicinal
and Therapeutic Values. By Professor TicHBORNE, LL.D.,
F.C.S., President of the Pharmaceutical Society of Ireland,
and M. Prosser James, M.R.C.P. Lond., Lecturer on

Therapeuntics, London Hospital. Price 3s. 6d.
‘* Buch a book as this is simply invaluable."—The World.

. Morals. A Physician’s Sermon to Young Men. By WILLIAM
Prarr, M.A., M.D,, ete. Eighth thousand. Price 1s. cloth.

"The delicate topic is handled wisely, judiciously, and religiously, as well as very plainly."
—The Gumrdinn,

Morals. Revelations of Quacks and Quackery, With Facts and
Cases in Illustration of their Nefarious Practices. By “DE-
TECTOR.” Thirtieth thousand. Price 2s.

Morphia, Onthe cure of the Morphia Habit. By OscAR JENNINGS,
.D. Paris, F.R.C.S. Eng. Price 2s. 6d.

Nervous Diseases. Functional Nervous Diseases, their Causes
and Treatment., By Gro. T. StEvens, M.D., Ph.D. With
plates. Price 12s.

Nervous Diseases. Clinical Notes on Nerve Disorders in Surgical
Practice. By Gro. WuErRrY, M.A.,, M.S. Cantab., F.R.C.S.
Price 2s,

Nervous Diseases. (See also Brain.)

Nerve Supply. Atlas of Cutanecous Nerve Supply. By Jacos
Hereerc, M.D., and W. W. Wagstarrg, F.R.C.S. Containing
10 plates in colours. Price 4s. 6d.
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Neux\*\glgia, The Surgical Treatment of Neuralgia of the Fifth
;Ierve; being the Lettsomian Lectures for 1892. By Ww.
WsE, M.B,, B.S. Lond.,, F.R.C.S., Joint Professor of Surgery

m King’s College, London, and 8 T O
Hospital. Tllustrated. Price 3s. Gdl.lrgmn o Binge,Crring

Nose. (See Throat and Nose.)

N uring. Questions and Answers on Nursing, for St. John's
mbulance Associations, Nursing Institutes, and Nurses generally.

By Joun W. MartiN, M.D., Author of “Ambulance Work.”
Fourth thousand. Price 1s. 6d. net.

Nursing. Howto Feed an Infant, Withan Appendix on theCommon
Ailments of Infancy, with their Hygienic and Curative Treat-
ment. By BENSON BAKER, M.D. Price 1s. 6d.

Nursing. How to bring up Children by Hand. By J. FosTER
PArMEer, L.R.C.P. Price 6d.

Nursgng. Practical Guide for the Young Mother. From the
I'I'lillﬂll of Dr. BRoCHARD, Director-General of Nurseries and
Créches, with Notes and Hints by a London Physician. Price 2s,

Obstetrics. Aids to Obstetrics. By SAMUEL NaArL, M.B. Cantab.,
M.R.C.P. Lond., First Class Honours Nat. Sci. Cambridge,
late Resident Obstetric Assistant, St. Bartholomew’s Hospital,
Twelfth thousand. Price 2s. 6d. cloth, 2s. paper wrapper.

Obstetrics. Hints for Midwives on Pregnancy and Labour.

Abstracts of a Series of Lectures by H. MACNAUGHTON JONES,
M.D.,, M.C.H,, F.R.C.S. Price 1s.

Obstetrics. The Diagnosis and Treatment of Extra-uterine:
Pregnancy. By JouN StrRaHAN, M.D., M.Ch. (The Jenks:
Triennial Prize Essay awarded by the College of Physicians,.
1889.) Price 4s. 6d.

Obstetrics. Hints for the Use of Midwives preparatory to their:
Examinations. By R. J. M. Corriy, F.R.C.P. Ed. Second!

Edition, enlarged. Price 2s.

Odontology. (See Dental.)

0ld Age. The Diseases of Sedentary and Advanced Life. By
J. MiLNER ForrERGILL, M.D., M.R.C.P. Lond. Price 7s. 6d.

Ophthalmology. (See Fye.)
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Osteology. Osteology for Students, with Atlas of Plates. Dy
ArTHUR TREHERN NorToN,iF.R.C.S., Surgeon to, and Lecturer
on Surgery at, St. Mary’s Hospital. Atlas and Text in one
volume, 7s. 6d. ; in two volumes, 8s. 6d.

“t The handiest and most complete handbook on Osteology.”—The Lancet.

Osteology. Atlas of the Skeleton and its Articulutiﬁn_s, showing
the gf.}{rnes and Ligaments of the Human Body and Limbs. By
Professor WiTKOWSKL ~Price 7s. 6d. (See Anatomy.)

Overwork. Overwork and Premature Mental Decay : its Treatment.
By C. H. F. RourH, M.D., M.R.C.P. Lond. Fourth edition.
Price 2s. 6d,

Pathology. Handbook of Medical Pathology. By H. G. SurToN,
M.B., F.R.C.P. Lond., late Physician to, and Lecturer on
Pathology at, the London Hospital. Price bs.

“ Such a work is to be accepted with gratitude for the thoughts it contains, and the facts
on which they are based."—The Lancef.

Pathology. Aids to General Pathology. By GILBERT A, BANNA-
TYNE, M\D. Cloth, price 1s. 6d.; sewn, 1s.

Pathology. Aids to Special Pathology. By the same Author
Cloth, price 2s. 6d.; sewn, 2s,

~ Pathology of Tuberculosis. (See Consumption.)

Pathology. Handbook of Surgical Pathology. Edited by W. J.
WarsaaMm, M.B., F.R.C.S,, and D’Arcy Powgr, M.B. Oxon.,
F.R.C.S. Second edition. Price 9s.

' An embodiment of the most modern pathological teaching,"—The Lancet.

Pathology. Examination Cards. Arranged as questions and
answers for self-examination. By A. T. Scmorierp, M.D.,
M.R.C.S. Complete in two sets of cards, price 9d. net per set.

Mr. Jonathan Hutchinson, F.R.C.8,, writes : * It is an invaluable means of self-tuition.”

Peritonitis. Localised Peritonitis: its Etiology, Diagnosis, and
Treatment. By JoHN WALLACE, M.D., Professor of Midwifery
in the Victoria University.. Illustrated. Price 1s.

Pharmacopeeia. A Vest-Pocket Epitome of the British Pharma-
copeeia. By RusseLn Coomsr, M.A., F.R.C.S. Cloth, price 1s,

Pharmacopeeia. The Pocket Pharmacopeeia. A Précis of the British
Pharmacopeeia, including the Therapeutical Action of the Drugs,
their Natural Orders and Active Principles. By C. ARMAND
SEMPLE, M.D., M.R.C.P. Second edition, with the Appendix
of 1890. Price 3s. 6d.
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Ph&rmacupc&ia: Notes on the Pharmacopceial Preparations for
Pharmaceutical Students. By HANDSEL GRIFFITHS ; reviged by
A. 8. Guss, M.D. Paris, L.R.C.P,, M.R.C.S., D.P.H. Price 3. 6d.

Pharmacy. Latin Grammar of Pharmacy, for the use of Students,
with an Essay on Latin Prescriptions. By JoskpH INCE,
A.K.C.L., formerly Examiner and Member of Council, Phar-
maceutical Society. Fifth edition. Price bs.

Pharmacy. Aids to Pharmacy. By C. E. ARMAND SenpLe, M. B,
Cantab., M.R.C.P. Lond. Cloth, price 2s. 6d. ; paper, 2s,

Phimosis. Its Causes, Symptoms, and Treatment ; with a deserip-
tion of the ancient rite of circumcision. By L. H. OrMSBY,
M.D., F.R.C.S.L, Lecturer on Clinical and Operative Surgery
at, and Surgeon to, the Children’s Hospital, Dublin. Price 1s.

Physics. A Manual of Physics. Being an Introduction to the
Study of Physical Science designed for University Students.
By W. Peppig, D.Sc.,, F.R.S.E., Lecturer on Physics in the
University of Edinburgh. (University Series of Manuals.)

Price 7s. 6d.
' Altogether worthy of praise. . . . We have no hesitation in giving it high commenda-
;:Finn. -« « We wish it all success, feeling well satisfied that it meets a decided want."—
alure.

Physiological Chemistry. Aids to Physiological Chemistry. By
J. L. TaubpicHUM, M.D., F.R.C.P. Lond.,, St. Thomas’s

Hospital.  Cloth, price 2s. 6d. Wrapper, 2s.

Physiological Factor in Diagnosis. By J. MiLNER FOTHERGILL,
M.D., M.R.C.P. Lond., Physician to the City of London
Hospital for Diseases of the Chest. Second edition. Price Ts. 6d.

Physiological Laboratory. Manual for the Physiological Labora-
tory. By VINCENT D. HARris, M.D., F¥.R.C.P., Examiper in
Physiology, the Royal College of Physicians of London, and
D’Arcy PoweR, M.B. Oxon., Curator of Museum, St. Bartholo-
mew’s Hospital. Fifth edition. Price 7s. 6d.

“This manual is already well and favourably known, and the new edition contains
many valuable additions.""—Lancet.

Physiology. A Manual of Physiology. By G. N. STEWART, M.A,,
D.Sc. University of Cambridge. (University Series of Manuals.)
[In the Press.

Physiology. The Physiologist in the Household. By J. MILNER
Foragrcivy, M.D., M.R.C.P. Part I.—Adolescence. Price ls,

Physiology. Aids to Physiology. By B. THOMPSON LOWNE,
F.R.C.S., Arris and Gale Lecturer, and Examiner in Physiology,
Royal College of Surgeons of England. Fourth thousand,

illustrated. In two parts, 2s. each, or in one vol., cloth, 4s. 6d.
“ As ‘aids ' and not substivutes, they will prove of real value to amde;uta."-—ﬂ.l"rdimi Press,
¢ Certainly one of the best of the now popular ‘ Aid Series.” "—S&tudents’ Journal.
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Plant Analysis. (See Chemistry.) |

Polypus in the Nose and other Affections of the Nasal Cavity;
their successful treatment. By J. L. W. THubpicaunm, M.D.,
F.R.C.P. Lond. Sixth edition. Price ls.

Population, On the Evils, Moral and Physical, lil-:elj_r to follow,
if practices, intended to act as checks to population, be not
strongly discouraged and condemned. By C. H. F. Rours, M.D.,
F.R.C.P. BSecond thousand. Price 1s.

Posology. Posological Tables: a Classified Chart, showing at a
glance the Dose of every Officinal Substance and Preparation.
By HaxpseL GrirriTaHs, Ph.D., L.R.C.P. Fifth edition,
revised by Perer W. SQuirg, F.L.S., F.C.S. Price ls.; or
mounted on linen, rollers, and varnished, 3s. td.

Pregnancy. (See Obstetrics.)

Prescriptions. The Student’s Pocket Prescriber. By H. AUBREY
HussanDp, M.B,, F.R.C.S.E. Price 1s. cloth,

Psychological Medicine in John Hunter’s Time and the Progress
it has made. By FLETCHER BEACH, M.B., F.R.C.P. Price ls,

Psycho-Therapeutics. (See Hypnotism.)

Public Health. Aids to Sanitary Science, for the Use of Candidates
for Public Health Qualifications. By F. J. ALLAN, M.D., Dipl.
Public Health, Camb., Assistant Professor of Hygiene, Coliege
of State Medicine. 236 pp., price 4s. 6d. cloth,

i A really admirable synopsis of what it is most necessary for a candidate to know."—
flasgoiw Medical Jowrnal,

“The information contained is correct, well expressed and well arranged."—Public Health,
“" The work has been well done. . . . Will be found a serviceable and reliable aid."—
Bdinburgh Medical Journal.

Public Health. The Practical Guide to the Public Health Acts
and Correlated Acts for Officers of Health and Inspectors of
Nuisances. By Tuos. WaITESIDE HiME, B.A., M.B. Second
edition, enlarged. [In the Press.

Public Health. Aids to Public Health. By J. L. THUDICHUM,
M.D., F.R.C.P. Lond. Price 1s. 6d. cloth ; 1s. paper wrapper.

Public Health, Guide to Sanitary Science Examinations, By
HEerpBERT JONES, D.P.H. Cantab. Price 2s. 6d.

Pulse. How to feel the Pulse and what to Feel in it. Practical
Hints for Beginners. By WiLLiAM EwaArt, M.D.,, F.R.C.P.
Lond., Physician to St. George’s Hospital. With a glossary and
twelve illustrations, Price 3s. 6d.

Pulse. The Sphygmograph: its History and use as an aid to
Diagnosis. By R. E. Dupceox, M.D. Price 2s. 6d.
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Rabies. (See Hydrophobia.)

Rheumatism. Its Treatment by Electric Massage, ete., in con-

nection with the Wiesbaden Thermal Waters. By Carw
MorpuorsT, M.D. Kiel. Price 1s.

Rupture of the Perineum. Its Causes, Prevention and Treatment.
By MicHAEL JosepH MoLoNy, M.R.C.P., L.R.C.S. Price 2s.
cloth, 1s. 6d. paper.

Salt. History of Salt, with Observations on its Medicinal and
Dietetic Properties. By Evan MaArrerr Boooy, F.R.C.S,,
F.5.8., LR.C.P. Price 2s. 6d.

Sea-Sickness. Sea-Sickness, Cause, Prevention and Cure. Voyag-
ing for Health, with an Appendix on Ship-Surgeons. By
TroMAs DurToN, M.D. Second edition, price 1s. 6d.

Sewage. The Sewage Question: Reports upon the Principal
Sewage Farms and Works of the Kingdom, with Notes and
Chemical Analyses. By the late Dr. LeTHEBY. Price 4s. 6d.

Skin Diseases of Infancy and Early Life. By C. M. Cawr-
BELL, M.D., C.M. Edin. Price 5s.

Skin. A Synopsis of Diseases of the Skin and Hair. By R.
GrAscow ParTEsoN, M.B., Surgeon to St. Vincent’s Hospital,
Price 1s.

Skin. Dermic Memoranda: An Introduction to the Study of Skin
Disease, with Special Reference to the Exanthemata. By
WirLLiaM GEMMEL, M.B., Resident Medical Officer, Glasgow
Fever Hospital. Price 3s. net.

Skin. Scabies: its Causation, Diagnosis, and Treatment, By
ARTHUR HARRIES, M.D. Price 6d.

Skin. Lupus. A Pathological and Clinical Investigation. By
ArTHUR HARRIES, M.D., and C. M. CAMpPBELL, M.D. Price 1s.

Skin. Some Diseases of the Skin produced by Derangements
of the Nervous System. By T. StrercH Dowsgk, M.D,
F.R.C.P.E. Price 2s.

Stomach. The Surgical Diseases and Injuries of the Stomach and
Intestines. By F. BowreEMAN JEessert, F.R.C.S., Surgeon to
the Cancer Hospital. Numerous engravings. Price 7s. 6d.

Stricture. Stricture of the Urethra: its Diagnosis and Treatment.
By E. DistiNy Mappick, F.R.C.S. Edin., late Surgeon R.N. 4s
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Surgery. The Science and Practice of Surgery, a Complete Text-
book. By F. J. Gant, F.R.C.S,, Senior Surgeon Royal Free
Hospital.  Third edition, with nearly 1,100 engravings. 2 vols,
price 36s.

1 The entive work has been revised to present the modern aspects of Surgery.”—ZLancet,
& Does credit to the author's thorough surgical knowledge."” — British Medical Journal.

Surgery. The Student’s Surgery : a Multum in Parvo. By F. J.
GanT, F.R.C.S. 850 pp,, illustrated. Price 10s. 6d.

¢ Tt well fulfils the object for which it is written.” —Lancet.
“ From the student’s point of view it is a necessity."— Brilish Medical Jowrndal,

Surgery. The Rules of Aseptic and Antiseptic Surgery, for the
use of Students and General Practitioners, with 248 engravings
and 3 chromo-lithographic plates. By A. G. GERSTER, M.D.,
Professor of Surgery at the New York Polyclinic. Price 15s.

Surgery. Operative Surgery on the Cadaver. By JASPER J.
GARMANY, A M., M.D,, F.R.C.S. Price 8s. 6d.

Surgery. Aids to Surgery. By GrorceE Brown, M.R.C.S.
2 parts, price 1s. 6d. cloth, and 1s. sewn, each ; orin 1 vol., 2s. 6d.

Surgery. The Text-book of Operative Surgery. With 88 beauti-
fully engraved steel plates, after BERNARD and HUETTE. Text
by ArTHUR TREHERN NorrtoN, F.R.C.S.,, Surgeon to, and
Lecturer on Surgery at, St. Mary’s Hospital. Second edition,
half calf, plain, 25s. ; hand-coloured, 50s.

B 0Of the hiphest merit as a guide to operative surgery."—Students’ Journal.

Surgery. Annals of Surgery. A monthly Review of Surgical
Science and Practice, published simultaneously in America
and London. Edited by L. 8. PiLcaER, M.D., and FREDERICK
TrEVES, F.R.C.S. Eng. Price 2s., or 21s. per annur post free.

Surgery. The Anatomy of Surgery. By JouN McLAcHLAN, M.B.,
M.R.C.S. With 74 illustrations. Two vols., price 18s.

surgery. The Surgery of the Knee-Joint, and the Responsibility
placed on the Physician and General Practitioner by the
Modern Process of Surgery. By C. B. KierLey, F.R.C.S,,
Senior Surgeon to the West London Hospital, and Surgeon to
its Orthopedic Department. Cloth, price 1s. 6d.

Surg_pry, Minor—and Bandaging. Questions and Answers for
Self-examination, By A. T. ScHorFIELD, M.D. Price 9d. net.

Surgical Pathology. Handbook of Surgical Pathology. By

V. J. WaLsaam, M.B., F.R.C.S, and D’ArRcy PowEr, M.B,,
F.R.C.S. Second edition. Price 9s.

 An embodiment of the most modern pathological teaching.”—1%e Lancet.

surgical Anatomy. (Sce Surgery.)
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surgical Treatment. Notes on Surgical Treatment and Minor
Operations.  Designed especially for House Surgeons and
Students. By T. F. Horcoop, L.R.C.P., M.R.C.S. Surgeon to
the Sunderland Infirmary. Price 2s. 6d.

Syphilis. Tables for the Diagnosis and treatment of Syphilis. By
J. K. BArTON, M.D., F.R.C.S.I. Third edition. Price 1s. 6d. net,

Syphilis. The Nature and Treatment of Syphilis, and the other so-
called Contagious Diseases. By C. R. DryspaLg, M.D., M.R.C.P+
Lond., F.R.C.S. Eng. Fifth edition. Price 5s,

Temperature Charts for Recording the Range of Temperature,
Pulse, Respiration, History, Progress, and Treatment of Cases,
By E. W. Moorg, M.D., M\R.C.P. Price 1d. each, 9d. per
dozen ; or mounted, similar to a blotting-pad, 50, 3s. 6d.; 100, 7s.

Theories of Life. The Protoplasmic Theory of Life. By JoHN
DrySDALE,M.D., F.R.M.S. Price bs.

Theories of Life. How to Prolong Life. Showing the Diet and
Agents best adapted for a lengthened prolongation of existence,
By C. W.DE Lacy Evans, M.R.C.S. Second edition. Price 5s.

““ A good account of the changes which occur with the advance of age."— Laneet.

Therapeutics. Modern Therapeutics, Medical and Surgical, in-
cluding the Diseases of Women and Children. By Gro. H.
NAPHEYS, AL M., M.D. Ninth edition. Revised and enlarged
by Drs. Allen Smith and Aubrey Davis. Vol, I.—Medical.
Price £1 10s, [{n the Press.

Therapeutics. The Therapeutics of the Respiratory Passages. By
ProsseEr JAMES, M.D., Lecturer on Materia Medica and Thera-
peutics at the London Hospital. Price 10s. 6d.

i Dr, Prosser James has produced a scholarly treatise.” —New York Medical Hecord,

Therapeutics. Aids to Rational Therapeutics, for the guidance of
Practitioners and Senior Students. By J. MILNER FOTHERGILL,
M.D. Second edition. Price 2s. 6d. cloth; 2s. paper wrapper.

Throat. Movable Atlas of the Throat, and the Mechanism of Voice,
Speech and Taste. By Prof. WITKOWSKL  (See Anatomy.)

Throat. Diseases of the Throat and Nose. A Practical Guide to
Diagnosis and Treatment. With 220 typical illustrations in
chromo lithography and numerous wood engravings. By LENNOX
Browng, I.R.C.S. Edin., Senior Surgeon to the Central London
Throat and Ear Hospital. Fourth edition. [In the Press.

"f}:ua of the completest treatises on diseases of the throat in any language."—Brilish

Medical Journal. | :
“ The best text-book in the English language.”"—Fdinburgh Medical Journal,
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Throat. Affections of the Throat and Larynx, By ARTHUR
TreHERN NorTON, F.R.C.S., Surgeon to St. Mary’s Hospital.
Second edition, illustrated. Price 6s.

i Short, simple, and thoroughly practical ‘nstruction.”—Medical Press.
. Laryngoscopy and Rhinoscopy: in the Diagnosis and

Thr?l’a;'iatmenf of Diggases of the ’l‘hrgz::rt and Nose. With hand-
coloured plates and woodcuts., By Prosser JAmes, M.D.,
M.R.C.P. Fifth edition. Price 6s. 6d.

Throat. Tonsillitis in Adolescents. By C. Haic-Brown, M.D.
(!.M., Medical Officer to the Charterhouse. Price 3s.

Transfusion. On Transfusion of Blood and Saline Fluids. By
C. EcerToN JENNINGS, FL.R.C.S. Third edition, with Preface
by Sir SPENCER WELLS, Bart. Price 4s. 6d.

Tuberculosis. (See Consumption.)

Urinary Diseases. Diseases of the Bladder, Prostate Gland, and
Urethra. By F.J. Gant, F.R.C.S., Senior Surgeon to the Royal
Free Hospital. Fifth edition, enlarged. Price 12s, 6d.

“The work throughout bears evidence of having heen written by a thoroughly practical
and experienced surgeon.''— Lancet,

Urine. The Urine in Health and Disease, its Chemical Exami-
nation, ete. By H. Auprey Huseanp, M.B,, B.Se., F.R.C.S.

Second edition. Price 1s. net.

Urine. The Urine; a Guide to its Practical Examination. By
J. Tysox, M.D., Professor of Morbid Anatomy in the University,
and President of the Pathological Society of Philadelphia.
Fifth edition, with numerous illustrations. Price 7s. 6d.

*We think it the moat practically useful guide we have on the subject."—Medical Record,

Vichg'. Vichy and its Therapeutical Resources. By PROSSER JAMES,

L.D., M.R.C.P. Lond.,, Lecturer on Materia Medica and
Therapeutics at the London Hospital. Price 2s. 6d.

Voice. The Philosophy of Voice. Showing the right and wrong
Action of the Breath and Vocal Cords in Speech and Song,
By CHARLES LUNN, Sixth edition. Price 3s.

Voice. Artistic Voice in Speech and Song. Dedicated to Mr, Sims
Reeves and Mr. Santley. By the same Author, 1s,

Voice. The Voice Musically and Medically Considered. By C.
ARMAND SEMPLE, M.B. Cantab., M.R.C.P. Lond., Physician
to the Royal Society of Musicians. Part I. Musical, price Is. ;
Part II., Medical, price 2s. ; or in one vol., cloth, 3s. 6d.

Whooping-Cough. Its Pathology and Treatment. Fothergillian
Prize Essay. By TaH0s. M. DoraN, M.D., F.R.C.S.E. Price 3s.6d.

Zoology and Comparative Anatomy, Aids to. By Maior
GrEENWOOD, M.D., Honours. Price 2s. 6d., and 2s.




36 Bailligre, Tindall, and Cox’s Books.

e ———

THE STUDENTS’ AIDS SERIES.

Specially designed to assist Students in committing to memory and
grouping the subjects upon which they are to be examined.

Aids to Analysis of Food and Drugs. By H. Aubrey
Huspaxp, M.B., F.R.C.S. Price 1s. 6d. cloth ; 1s. paper. '

Aids to Anatomy. By GEorGE BrowN, M.R.C.S., Gold Medal-
list, Charing Cross Hospital. Price 1s. 6d. cloth ; 1s. paper

Aids to Botany. By C. E. ARMAND SEMPLE, B.A., M.B. Cantab.,
M.R.C.P. Lond.,late Senior Examiner in Arts at Apothecaries’
Hall. Third thousand. Price 2s. 6d. cloth ; 2s. paper wrapper.

Aids to Chemistry. By the same Author.
Part I.—Inorganic: Non-Metallic Substances. 2s. 6d. and 2s.
Part II.—Inorganic: The Metals. 2s. 6d. cloth ; 2s. paper.
Part III.—Organic. Price, cloth 2s. 6d.; paper2s.
Part IV.—Tablets of Chemical Analysis. 1s. 6d., 1s.

Aids to Practical Chemistry. Especially arranged for the
Analysis of Substances containing a Single Base and Acid
Radicle. By T. Hurp GorpoN. Price 2s. 6d. cloth; 2s. paper.

Aids to Dental Surgery. By Arruur S. UNDERWOOD, M.B,
M.R.C.S., Lecturer on Dental Surgery at the Dental Hospital
of London, Price 2s. 6d. cloth ; paper wrapper 2s.

Aids to Dental Histology. By the same Author. Illustrated.
Price 2s. 6d. cloth ; 2s. paper wrapper. 1892
Aids to Diagnosis. Part I.—Semeiological. By J. MILNER FOTHER-
gL, M.D., M.R.C.P. Lond. Price 1s. 6d. cloth ; 1s. paper.
Part II.—Physical. By J. C. THorowGooD, M.D., F.R.C.P.
Lond. Price 1s. 6d. cloth ; 1s. paper wrapper.
Part III.—-What to Ask the Patient. By J. MILNER
Foraerainn, M.D., M.R.C.P. Lond. Price 1s. 6d. cloth; Is.

paper. The three in one vol., 3s. 6d.
# A mine of valuable information."—Edinburgh Medical Journal.

Aids to Examinations. Being Questions and Answers on Materia
Medica, Medicine, Midwifery, Pathology, ete. By W. DOUGLAS
Hemying, F.R.C.S,, and H. Avsrey Huseanp, M.B., F.R.C.S.
Third thousand. Price 1s. 6d. cloth; and 1s. paper.

i nsic dicine and Toxicology. By W.D. HeM-

Aldsnl?rgﬂ,?l?ﬂ%. C.S. E#:Igmzl H. AUBREY Husunggn, M.B, F.R.C.S5.E
Third thousand. Price 2s, 6d, and 2s,
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Aids to Gynzcology. By Arrrep Gusp, M.D. Paris, M.R.C.S.,
L.R.C.P., D.P.H., Obstetric Assistant and Gold Medallist, West-
minster Hospital, Cloth, price 2s, 6d. ; sewn, 2s.

Aids to Materia Medica and Therapeutics. By C. E. ARMAND
SeMPLE, B.A., M.B. Cantab,, M.R.C.P. Lond.

Part I.—The Non-Metallic and Metallic Elements, Alcoholic
and Ethereal Preparations. 2s. 6d. cloth ; and 2s. paper.

Part II.—Vegetable and Animal Substances, 2s. 6d. and 2s.

Part ITI,—Classification of Remedies, 1s. 6d. and 1s.

Part IV.—New Remedies. 2s. 6d. and 2s.

Part V.,—Tablets of Materia Medica. Price 1s. 6d. and 1s.

Aids to Medicine. By the same Author.
Part I.—General Diseases. Lungs, Heart, and Liver. Price
2s, 6d. and 2s.
Part IL.—The Urine, Kidneys, ete. 2s. 6d. and 2s,
Part III.—The Brain and Nervous System. 2s. 6d. and 2s.
Part IV.— The Fevers, Skin Diseases, etc. Price 2s.6d. and 2.

Aids to Obstetrics. By Samuern Narr, B.A., M.B. Cantab.,
M.R.C.P. Lond., late House Physician and Resident Obstetric
Assistant, St. Bartholomew’s Hospital. Twelfth thousand, Price
2s. 6d. and 2s,

‘Aids to Ophthalmic Medicine and Surgery. By JoNATHAN
HutcHINSON, jun., F.R.C.S. Cloth, 2s. 6d. ; sewn, 2s.

Aids to General Pathology. By GILBERT A. BANNATYNE, M.D,
Cloth, 1s. 6d.; sewn, 1s,

Aids to Special Pathology. By the same Author. Cloth, 2s. 6d.;

sewn, 2s,

Aids to Pharmacy. By C. E. ARMAND SEMPLE, B.A.,M.B. Cantab.,
M.R.C.P. London. Cloth, price 2s. 6d. ; paper wrapper, 2s.

Aids to Physiology. By B. TuompsoNn Lowng, F.R.C.S.,, Ex-
aminer in Physiology, Royal College of Surgeons. Fourth thou-
sand. In two parts, price 2s. each ; or in one vol., cloth, 4s. 6d.

* Certainly one of the best of the now popular Aids Series.”— Students’ Journal.

Aids to Practical Physiology. By J. Brinprey Janmes, M.R.C.S,
Price 1s. 6d. cloth ; 1s. paper.

Aids to Physiological Chemistry. By J. L. Tuupicnum, M.D.,
ILR.C.P. Lond., formerly Lecturer on Physiological Chemistry,
St. Thomas’s Hospital. Price 2s. 6d. and 2s.

Aids to Psychological Medicine. By L. S. Forprs WINSLOW
M,B., D.C.L. Oxon. Price 1s, 6d. and 1s, :
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Alds to Public Health. By J. L. THUDIGIIUM M.D.; & RGP
Lond. Price 1s. 6d. cloth, 1s. paper.

Aids to Sanitary Science for the Use of Candidates for Public
Health Qualifications. By F. J. Avnran, M.D., Assistant
Professor of Hygiene, Coll. State Medicine. 236 pp. Price,
cloth, 4s. 6d.; or in two parts, sewn, 2s, each.

Aids to Surgery. In two parts. By GrorcE Brown, M.R.C.S.
Price 1s. 6d. cloth, and 1s. paper, each ; or inonevol., cloth, 2s. Gd.

Aids to Rational Therapeutics. By J. MILNER FOTHERGILL,
M.D., M.R.C.P. Lond. Price 2s. 6d. and 2s.

Replies to Questions in Therapeutics. By BRINDLEY JAMES,
M.R.C.S. Price 1s. 6d. cloth, 1s. paper wrappers,

Aids to Zoology. By Masor GreExwoop, M.D. Honours in
Zoology, University of London. Price 2s. 6d. and 2s,

Aids to Analytical Geometry.

The Straight Line and Circlee By A. LE SUEUR, B.A.
Cantab. Second edition. Price 2s.

The Conic Sections, with solutions of questions set at the
Tondon and other University Fxaminations. By GEORGE
HeprpeL, M.A., St. John's College, Cambridge, Member of
London Mathematical Society., Price 2s.
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WORKS
VETERINARY MEDICINE AND SURGERY.

Amateur. Horses: their Rational Treatment and the Causes of
their Premature Decay. By AMATEUR. Price bs.

An Abridgment of the above. By the same Author.” Price 1s.

Banham. Tables of Veterinary Posology and Therapeutics. With
Weights, Measures, etc. By Professor GEORGE A. BANHAM,

o

F.R.C.V.S. Price 2s. 6d.

Beacock. Prize Essay on the Breeding, Rearing, and Fattening of
Cattle and Sheep, and proper treatment of Cows at time of
Calving. By JosepH BEACOCK. Price 3d.

Burke. The Tropical Diseases of the Horse. By Captain R. W,
Burgg, M.R.C.V.S., A.V.D. Third edition. [In the Press.

Burness—Mavor. The Specific Action of Drugs, an Index to
their Therapeutic Value. By A. G. BURNESS and F. MAVOR, Pre-
sident of the Central London Veterinary Society. Price 10s. 6d.

Courtenay. The Practice of Veterinary Medicine and Surgery.
By E. CourTENAY. Price 10s. 6d.

Y Written in a clear and concise style : will form & welcome addition to the library of the
horse-owner, and those who take an interest in domesticated animals generally." —Mark
Lane Expreas.

Fleming. A Text-Book of Veterinary Obstetrics, including the
diseases and accidents incidental to pregnancy, parturition and
early age in the Domesticated Animals. By GEorRGE FLEMING,
C.B., LL.D.,, F.R.C.V.5.,, F.R.G.5., President of the Royal
College of Veterinary Surgeons, late Principal of the Army
Veterinary Department. Profusely illustrated. Cloth, price 30s,

" Has filled up a void in A& more satisfactory and cemplete way than any other member of
his profession could have done."—The Field.

‘* No man who makes any pretensions to veterinary science or stock breeding can dispense
with this work."— Live Stock Journal,

Fleming. Parasites and Parasitic Diseases of the Domesticated
Animals. A Treatise by L. G, NEUMANN, Professor at the
National Veterinary School of Toulouse. Translated and
Edited by Gro. FrLEmING, C.B.,, LL.D.,, F.R.C.V.S,, with 365
illustrations. Price 25s.

* Cannot fail to be of iimmense value to both the vetervinary profession and to British stock:
breeders."—Bell's Weekly Messenger.
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Fleming., A Text-Book of Operative Veterinary Surgery. Part T.
price 10s. 6d. Part II, k e [}rn th:t[: ?}:'egs:

The Contagious Diseases of Animals: their influence on

the wealth and health of the nation, Price 6d.

Animal Plagues; their History from the Earliest Times

Nature, and Prevention, Vol. I, to 1800. Price 15s. :

Vi:nl: I1., from A.D. 1800 to 1844, Price 12s.

Actinomykosis. An Infectious Disecase of Animals and

Mankind. Price 1s.

On Roaring in Horses (Laryngismus Paralyticus). Its

History, Pathology, and Treatm{ng With aulnuid pla{e and

woodeuts. Price 6s.

Tuberculosis from a Sanitary and Pathological point of view.

Price 1s.

Human and Animal Variole. A Study of Comparative

Pathology. Price 1s.

Practical Horse Shoeing. With 37 illustrations. 2s.

The Influence of Heredity and Contagion on the Propagation

of Tuberculosis. By G. Fremineg, F.R.C.V.S., HErr A.

LypTiN, and M, VAN HERTSEN. Price 6s.

Gresswell. A Manual of the Theory and Practice of Equine Medicine.
By J. Brobie GRESSWELL, F.R.C.V.S., and ALBERT GRESS-
WELL, M.R.C.S. Eng. Second edition, enlarged. Price 10s. 6d.

BY THE SAME AUTHORS.
Equine Hospital Prescriber., Second edition. Price 2s. 6d.
Bovine Prescriber. Price 2s. 6d.
Veterinary Pharmacopeeia. Materia Medica and Therapeutics.
Price 10s. 6d.
Diseases and Disorders of the Horse. A Treatise on Equine
Medicine and Surgery. Price 5s.

Hill. Principles and Practice of Bovine Medicine and Surgery,
with woodcuts and coloured plates. By J. WooDROFFE HILL,
F.R.C.V.S. Price 36s.

The Management and Diseases of the Dog. By J. W. HiLL,
F.R.C.V.S. Third edition. Illustrated. Price 7s. 6d.

Lambert. The Germ Theory of Disease, Concisely and Simply
Explained. By Colonel James Lampert, F.R.C.V.S.,, Army
Veterinary Department. Price 1s.

Liautard. Animal Castration. By A. LiautArp, M.D.,,
H.F.R.C.V.S. Price 7s. 6d.

Lameness of Horses and Diseases of the Locomotor

Apparatus. Price 10s, 6d.

Lupton. The Horse : its Examination and Law of Warranty. By
JaMes [RvInE Lupron, F.R.C.V.S. [In the Press.
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Miller—Tellor. The Diseases of Live Stock, and their most eflicient.
remedies. A Popular Guide for the Medical and Surgical Treat-
ment of all Domestic Animals, including Horses, Cattle, Cows,
Sheep, Swine, Fowls, Dogs, ete. By Wu. B. E. MiLLER, D.V.S,,
President of U.S. Veterinary Association, WiLLls P. HAZARD,
A. Liautarp, M.D,, F.R.C.V.8.,, and LLoyp V. TELLOR, M.D.
Price 10s. 6d.

McBride. Anatomical Outlines of the Horse. By J. A. MCBRIDE,
Ph.D.,, M.R.C.V.S. Third edition. Illustrated. Price 8s. 6d.

Meyrick. Stable Management and the Prevention of Diseases
among Horses in India. By J. J. MEvrick, C.B,, A V.D,
F.R.C.V.S., Principal Army Veterinary Surgeon in Egypt. For-
merly Superintendent of Horse Breeding for the Punjab.  2s. 6d.

Neumann’s Parasites and Parasitic Diseases of the Domesti-
cated Animals. (See Fleming.)

Poyser. The Stable Management of Troop Horses in India. “ The
Collinsian ” Prize Essay. By Major R. Povser, A.V.D,,
F.R.C.Y.S. Price 2s

Reynolds. The Breeding, Rearing, and Management of Draught
Horses. By RicHarD ReynNorLDs, M.R.C.V.S. Price 3s. 6d.

Robertson. A Handbook of the Practice of Equine Medicine.
By WM. Roperrson, F.R.C.V.S,, late Principal of the Royal
Veterinary College, London, Seeond edition. Price 23s.

Smith. A Manual of Veterinary Hygiene. By Captain FREDERICK
syird, A.V.D., M.R.C.V.S,, Lecturer on Veterinary Hygiene in
the Army Medical School, Aldershot. Price 10s. 6d.

A Text-Book of Veterinary Physiology. By the same
Author, [{n the Press.

Veterinary Diagrams in Tabular Form. With coloured

and plain engravings. Size of sheet 281 by 22 inches,

No. 1.—The External Form and Elementary Anatomy of the
Horse. Price 3s. 6d., or mounted on roller and varnished, 6s. 6d.

No. 2,.—The Age of Domestic Animals. Price 2s. 6d., or
mounted on roller and varmished, 5s. 6d.

No. 3.—The Unsoundnesses and Defects of the Horse, Price
2s. 6d., or mounted on roller and varnished, 5s. 6d.

No. 4—The Shoeing of the Horse, Mule and Ox. Price
2s. 6d., or mounted on roller and varnished, 5s. 6d.

No. 5.—The Elementary Anatomy, Points and Butcher’s

Juinb's of the Ox, Price 3s. 6d., or mounted, 6s. 6d,
Price per set of Five, 12s. ; or mounted, 27s.
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PERIODICAL PUBLICATIONS.

The Medical Press and Circular. Established 1838. Published I
every Wednesday in London, Dublin, and Edinburgh. Price
5d.; £1 1s. per annum, post free, in advance.

The Hospital Gazette (and Students’ Journal). A Weekly
Review of Medicine, Surgery, and the Collateral Sciences. The I

only Paper that represents the whole body of Medical Students.
Price 2d. ; 8s. per annum, prepaid.

Journal of the British Dental Association. A _ Monthly
Review of Dental Surgery. Published on the 15th of each
month. Price 6d., or 7s. per annum, post free.

Annals of Surgery. A Monthly Review of Surgical Science and I
Practice, published simultaneously in Philadelphia and London.
Price 2s. monthly, or 21s. per annum, post free.

The Australasian Medical Gazette. Monthly, Zs., or yearly
post free, price 21s.

The Analyst. The Official Organ of “The Society of Public I

Analysts.” Monthly, price 6d. ; 6s. per annum, paid in advance.

The Veterinary Journal, and Annals of Comparative Patho-
logy. Monthly, price 1s. 6d.; 18s. per annum ; Postal Union
19s. 6d., prepaid.

International Journal of Microscopy and Natural Science.
Edited by Mr. ALFRED ALLEN. Price 1s. 6d. Quarterly.

Transactions of the Royal Academy of Medicine in Ireland.
Annual volumes, 14s.

Foreign postage extra.

DIRECTORIES.

Official Register of the Royal College of Veterinary
i Surgeons, Eublished in accordance with the Act of Parliament.

Price 2s., post free in the United Kingdom.

] 1 in, i ' ndencies
reial Directory for Spain, its Colonies and Depen es,
cumﬁﬁtaﬁning 5DG,DUI{;YNamcs mzd’ Addresses of the Commercial

Houses, Public Officers, Offices, etc., etc. Aunual, price 20s, nets
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