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AUTHOR'S PREFACE 0
EDITION.

request to prepare a second edition, as it gave
opportunity to introduce a large number of ch:
one hand, numerous additions, and on the
number of omissions.

Although there appeared to be no special reason
complete revision of the volume, I hope that I have at
supplied some portion of the information required to br
up to date. I have been delighted to receive valus
suggestions from various quarters, and now, as flmnetm
must thank my honoured teachers, Wilhelm Waldeyer
Carl Weigert, very heartily for them. My hearty thanks
also due to Professor Edinger of Frankfort, Professor Krause of
Berlin, Professor Laskowski of Genf, Professor Ziehen of Jma_i,_
and lastly to my friend, Dr. E. Flatau, ”

The section upon the treatment of the retina has bsennswlg f 3
added. A

It only remains for me to emphasise once more what I said
in preface to the first edition, that I have no other purpose in
this work than to supply the neurologist with a book of
reference in as convenient a form as possible, -8

In conclusion, my sincere thanks are due to the puhlilhm*
for the manner in which he has carried out my wishes. e

PoLLack.

FirsT ANATOMICAL INSTITUTE,
BEeRLIN, 30th November, 1897.




is as much as to say that it is not intend
histology, and that it is not meant to be, or
book of microscopy. On the contrary, a large nun
directions, which are to be found in every work dealir
the technique of microscopy, have either been
omitted or referred to so briefly as to show that
amount of previous knowledge and experience in ﬂiﬁ
of technical microscopy has been taken for granted.
The real purpose of this collection is to giv'_é to
interested in the subject a convenient reference book, after
fashion of Goodall’s admirable work. The great activity ¢

an importance so great, and a field so extended, that it
only impossible to retain in the memory all the met
frequently so complicated, but it would also require more
one lifetime to verify everything that has been recent
published. '

My endeavour, at all events, has been to give chiefly
methods as may be regarded as a more or less certain
useful possession of our province. I trust that the
which the difficulty of choice made unavoidable, ni
looked. It seemed to me useful to give some
and others in greater detail. Thus Nis
method, and Golgi’s chromate of sil
thoroughly gone into. Weigert’s sta




ulae which was proved so useful in von

hni :”n.d‘dition, I endeavoured to add
: rks upon various methods, in which I had
jelp of my friend, Dr. E. Flatau.

.rywaldeyer, and Weigert, for the friendly

, which they have so helpfully taken in my little

PoLLAcKk.

TRANSLATOR'S PREFATORY

TraT this little book ran through a firs edition, ¢

into a second within a year of its publication, is

of its popularity in Germany, and my apology

it to the British public. My object has been to
sense of the original as faithfully as possible, and _-Lf'if '
have in many cases had to depart to some extent from
exactitude. I trust that the book may prove

readers in this country as it has already proved :

Grascow, August, 1898.
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L—METHODS OF SECTION OF THE BRAIN.

THE macroscopic or microscopic examination of the cerebral
nervous system of vertebrate animnals becomes possible on the
fulfilment of certain preliminary conditions. These are: first,
the opening of the skull or spinal column; second, the removal
of the organs from the protective coverings surronnding them
(among which the dura mater must be included) ; and, third,
the disposition of certain incisions in such a manner as to |
permit the most accurate investigation of all internal parts; 1
and, further, the preparation of microscopic sections, stained
or unstained. X

Although the first and second of these proceedings are rela- j
tively simple, and familiar to every anatomist, a brief sketeh of
the process may not be out of place.

The scalp having been divided by an incision running from
one ear to the other over the vertex, and reflected forwards and
backwards to the margin of the orbit and the external occipital
protuberance, the temporal muscles are horizontally divided,
and the vault of the cranium is removed by means either
of the saw or of the chisel, the latter mode being preferred in -'
France. As Déjerine rightly points out, the use of the saw
may easily bring about an injury to the surface of tha )
especially as the skull, in the course of its cir :
varies in thickness and density. He would there

and accurate obanrvatlon

mth ﬂm thl




nwml abnormalities and
7l.:|y scissors, either with a
with the familar crueial incision.

‘ divided by an incision runuing obliquely
i the cranial % i
| to remove the brﬂ:lﬂ_";“r:’)‘d“ced AR Al the parts (corpus callosum, septum pelly
 purpose the left hand is 4 A0l corebral pulled away from the velum choroides, Pas
~the organ is carefully EIERC livided with backwards, the handle of the scalpel is ins
g0 and the vertebral urtemiu are ( ll" ok velum, which is pulled away from the pineal glax
the cerebellum is freed, and finally the ““f ‘ﬂ quadrigemina. By a long vertical incision the corpe
pinalis) is divided. With the support o "": gemina and cerebellum are divided as far as the s
I_j'iholn brain can now be lifted out. It canno h‘ylviu:s :fnd' _the fourt_h v?ntricle. hThn hemispheres are
: 7 open by incisions passing from within outwards, so that
‘these manipulations, be carefully avoided. Apu.l't'f".ogl successive incision is carried over the middle of the surface B4
t that the cerebral peduncles might thus be muree) : already cut, and each new half is again redivided. The optic
B ok manipulation may also give rise to 'artxhclal i thalami and corpora striata are divided by radial incisions =
R ta !irhioh, at a later stage of the examination, and arranged in the shape of a fan, and having the crus cerebri as
_.:Illl. ' if Marchi’s method be employed, may be the source their common starting-point, o
e . 1 i ,:
t‘afpwmi R e Hon. The French method permits of an accurate localisation of
o Thmlﬂme op:ﬁing of the vertebral column, the removal of the | _fuca] l'esir)‘ns, and is the best adapted for further microscopie
ot B oo o the netve roots, are simple, and mvestigation. By this method, the hemispheres, which have
Iplmfloo ,f a:th o been separated from each other and freed from pia mater,
mqul’:e ¢ u ulai.ionspwhich .t.he brain has to undergo, after it are divided by means of frontal sections into several parts,
h: b:;nnal;l;;l:‘ed in a hardening or fixing fluid, will be mentioned The first incision is made about 5 cm, before the fissure of

S o Rolando, the second 1 em. before the parieto-occipital fissure,
A ¢ its substance must first be ) _ : P p .
later. The incisions to be made in its The hemisphere is thus divided into three regions—the pre-

considered. i frontal, the oceipital, and the fronto-pari tal. The last i d
a ' eral lines of the al, pital, parietal, e last is opened
While normal anatomy still follows the gene out by four further incisions, The first of these passes

: REid ised 5
d of Galen,! R. Virchow about fifty years ago devise ey gk . .
Olﬂ. methothOd i ’atholoorical L ciloulated 1o give & th'ululail the “feet” of the temporal convoluno.ns (coupe
. a ll_ﬂ-‘f‘ me. P ke -] PO eriing s far as pédiculo-frontale), the_ second through the ascending frontal
S - ‘F_DIPE“B riey Of. Y, (BCLEFALIONS, . T}; T o (coupe frontale), the third through the ascending parietal (coupe
ble the relationship of the parts. 9 pariétale), and the fourth through the “feet” of the parietal
: convolutions (coupe pédiculo-pariétale). i k
This method of Pitres has been somewhat modified by
: ' e Nothnagel, who, after separating the hemispheres, divides e
y the ;’“:::lf thet 1:afhe, 't;)l:. t’];zt’;;:)[:_ﬂ:l d poI;teriOI' of them by partial incisions, running from above downw
teral ventricle. e i i h 1 Rolés
the ..aﬁ LY e R e and in t.h.e main paral!e]'iio the fissure of. Rnlam
by horizontal incisions starting-points for these incisions are formed by the g




edis tﬂly before or behind which,
on falls. Nothna.gel like Pitres,
;, more closely related, however, to the
hnt'l thus making it possible to name the
um ovale between every two incisions simply
ficial parts of the brain contained between them.
" following names to the regions of the centrum
ting from behind :—
(1) Pars occipitalis.
(2) , parietalis.
(8) , centralis post.
(4-) 7 » ant.
(5) frontalis post.
(6) L) » media.
(7) » ant.

The method of Meynert (Vlerteljahrschrlft f. Psych. 1867, 1L.)
was invented for the purpose of weighing the different parts of
the brain. By this method the organ is divided into cortex,
caudex cerebri, and cerebellum. The pia mater is not
‘removed. -

This method of dividing the brain has not been widely
~ followed. Other methods (Nauwerk, Sectionstechnik, Jena
1891, Burkhardt, Microtomie des frischen Hirns, Centr.—

Bl {. d. med. Wissenschaften, 1881, p. 529, and Byrom Bram-

well, on a ready method of preparing large sections of the brain,
, vol. x., 1887-88, p. 435) may be passed over, and mention

only of the combination of the methods of Virchow and
recommended by Weigert. The ventricles are opened

ve, and the great ganglia are cut round by means of a
'inmsmn, which lays open the entire inferior horn. The

are dlwded from without, as Ear as the central

nethods are very various, yet, according
may be regarded as mainly deter-

mining the choice, Incerebral affe

focal lesions, the points of imp

extent of the lesion. Bearing this in_

be made so as to give the greatest facilities

localisation. Moreover, since the recent progress iilL 1e

has been attained only by the aid of the highest deve

of microscopic methods, it is desirable to keep in mind

possibility of an extensive microscopic examination of the
The postulate of Virchow, now more than fifty years ol

that “ the individual peculiarities of the case must dete

the method of examination,” applies to no organ more fomihﬁ‘

than to the brain. x

Accepting the view that the macroscopic section of the b!ﬁiﬁ
must be adapted to the microscopic examination to follow, we
may deduce the general law, that no one form of section can
be considered as the best adapted to every case, but that
certain special features must be kept in mind.

Virchow’s method, indeed, permits of an accurate view of

all the parts, but the division into small portions, hanging
together only loosely by their connection with the pia mater,
makes an accurate microscopic examination almost impossible.
Serial sections, in any case, are completely excluded. But
the division of the cortex by incisions, the direction of
which is constantly changing, also increases, not infrequently,
the difficulty of determining the seat of a lesion. The
approximate certainty obtained by this method, that the
internal parts of a brain are free from gross lesion, is no longer
sufficient for the class of cases under consideration.

Meynert’s method is better adapted for normal anatomy,

and for the weighing of the various parts of the brain, as also

for cases where the cortex and the rest of the brain have to be

separately examined.
The method of Pitres-Nothnagel is that chiefly emplqygﬁ’
the majority of internal organic lesions.

The importance of care in the removal of the brain lmﬁ
later procedures cannot be sufficiently emphasised, for
which are recorded as abnormalities, have been & ificial

F
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;ﬁﬁé' foregoing that the French method
ns should be employed for later microscopic

_';paéiﬁlly in the ganglia. It is only after
has taken place that further sections should be

facts with regard to the weight of the brain in man
of the higher animals may here be given. Broca

r with the serum in the subarachnoid space) as 55°8 grm.
qman, and 487 grm. in woman. The brain itself weighs on

il ;anaverage 1360 grm. in man, 1230 grm. in woman (according

to other authors 1416 and 1260 grm.), and in the new-born
infant 447'5 grm. It follows that the relative weight of the
brain (d.e., the relation of the weight of the brain to that
of the whole body) is for the adult about 1 to 40 or 60, and
for the infant 1 to 8:3 (according to Mies 1 to 5°9). The brain
of the infant iy therefore relatively much larger than that of
the adult. Thurnam’s calculation of the adult proportion as
1 to 33 and 1 to 319 is declared by Obersteiner to be valid
only for very emaciated individuals.

The heaviest brain is the property—not of man—but of the
elephant, whose organ attains a weight of 4000 to 4600 grms.
Then follows the whale, with a weight of about 3000 grm.

(Beauregard), and man occupies the third position. In the
~ hors 'the weight is only 680 grm.—in the gorilla, about 500.
igh, generally speaking, a certain relationship appears

in t.he healthy man between size of bram and

_ Bﬁ‘ _a nearly double as much 2012 glm,
nary lﬁhﬂurera, brams have been met w1th

order that the pnynhwﬁ’l, _
normal way” (Obersteiner). :

The two hemispheres are almost a v
(except in the insane). Ogle states that the righ
in left-handed people, weighs a few grams more
and, in right-handed people, this is reversed,
shown, with regard to the insane, that the weight of t
is least in general paralytics, who are followed, in this
by chronic alcoholies. :

To the neurologist it is often of interest and imports :
know the cubic content of the interior of the skull, and te
able at once to draw certain conclusions therefrom. In :
majority of the methods of Welcker usually employed (’Wi&h 2
sand, small-shot, &c.), there are, as may easily be understood,
many sources of fallacy. Water is probably the most useful
medium. According to Zanke’s proposal, both parts of the
skull (the vault, which has been removed, and the basal
portion) are filled with water from a graduated glass, and the
amount of water poured in gives the number of cubic
centimetres of the cranial content. Before reading off the
amount of water to be poured in, the empty canal of the spinal
column must also be filled with water, or, if the spinal column
has been previously opened, the foramen magnum must be
plugged with cork or moist cottonwool. In a macerated skull,
Zanke replaces the dura mater by a pig’s bladder of the
largest size and smallest possible thickness, which has been
made pliable in water.

The importance of the numerical difference between brain-
weight (taken as unity) and cubic contents of the skull is
shown by the fact that, in paralytics, numerical differences of
from 10 to 580 have been found. e

Broca estimated the average content of 115 akulh of t
12th century at 1426 ccm., that of 125 skulls of m
century (all of which were those of Parisians) at 1 515,
concluded from these facts, as is well knm'm, :
been a corresponding increase in brain-weig




& ) preserve the normal brain in a
: ﬁiitposes of demonstration, or to add
 museum collection, modern technique

.‘-.‘.-»-:-' ed. These are—the maintenance of the. original
n, and the maintenance of the architectural

t possible extent from the fresh one. Until a
vely short time ago, it was not possible—and,
it was not attempted—to fulfil these postulates.
3 specimens preserved in spirit in pathological col-
- lections prove this sufficiently. The constant endeavour
~ and demand of the neurologist, however, is towards improve-
" ments in macroscopic, as well as microscopic, technique.
%amdea the simple process of hardening in alcohol and
4 ﬁchmma.te, there have thus arisen a number of processes, the

- usefulness of which has led to their permanent retention.
: If the natural configuration is to be preserved, it must be
borne in mind from the outset that the weight of the brain is
_ very apt to cause it to flatten, unless care is taken to cover the
bottom of the vessel, in which the hardening fluid is contained,
- with a thick layer of soft cotton wool. Even with this pre-
~caution it 18 difficult completely to avoid a slight degree of
ing. The proposal of Retzius is therefore to be recom-
The brain, which must be newly removed, and still
thin its envelopes, is suspended in the fluid by a thread
to the basilar artery. If, in the process of hardening,
ia mater be removed, the frontal portion of the brain
downwards, owing to its greater weight. In this case,
- ing the organ for staining, two points are of equal
The material must be as fresh as possible, and
ities of fluid, frequently renewed, must be employed.

8 most in use is the

chloride of zine, in which it is requent
pia mater is removed after eight or ten ho B

(2) As soon as the brain has sunk downward i
in a few days, it is transferred to spirit, which must
twice or thrice in twelve days. The bottom of the ve
be covered with cotton wool (see above). A7

(3) The hardened brain is transferred to glycerine, to
1 per cent. carbolic acid may be added. After com
saturation it sinks. It is then placed npon a slanting glass
plate, that the superfluous glycerine may flow off, and the brain
be dried in air. In this condition it may lie for many years ‘
exposed to the air. The length of time for which it is preserved
depends upon the permanence of the action of the chloride
of zine.

If the brain be not quite fresh, it is recommended to inject
by the carotid arteries, and at u moderate pressure, about 600
grm. of the chloride of zine solution. If, later on, it should
show a tendency to shrink, good results will be obtained from
its re-immersion in glycerine. Instead of chloride of zine, a 5 per
cent. solution of carbolic acid may be employed. The spirit and
glycerine should then be slightly acidulated with acetic acid.

If it be preferred to prepare the brain without the use of
spirit, the second step in the process may be omitted.

The great advantage of Giacomini’s method is that the brain
practically does not shrink at all. With a certain firmness, it
is also to some extent soft, and this permits of an examination
of the sulei. The method is therefore well adapted to the study
of the organ. Its only drawback is the stickiness produced by
the treatment with glycerine. According to Bischoff, the first

R
B
ol i
to use chloride of zine for this purpose, the pia mater may be r J

easily and cleanly removed. R

Method of Stieda.

(1) The brain is placed for twenty-four hows in a sat
solution of chloride of zinec.

(2) The pia mater is removed, and the brain is
to 96 per cent. alcohol, which must be changed
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eservation.

, had eﬁad. (in ahout t:;o ofr tllree
rpentine, where it remains for two _ tration of
0 f::lp:eta :'he dehydration, the more '::::; ‘:111? :;tfm :::LMA::;E ‘h“ " .
Saniis -phnegmm. In this fluid the brain i ; mlﬁtiun Mnﬂmm“_m_ ,‘
v 'i" - “ rent,” and of a 5, i = . i
. somewhat softer, but ““ transparent, _ the brain is transferred to, and preserved in,
' urposes of demonstration, i !
Y ‘bm is transferred to oil-varnish for two wce.ks. llts tl; Pt D, it may be exposed W‘i"___;_ﬂ
5 m -t.lldwed to dry in the air for one week on blotting 1 Retzius points out,! that a mixture of ok s m
" P acids with a little hyperosmic acid (in fact, a m
method is merely a modification of Giacomini’s. It Flemming'’s fluid), is very suitable for the fawtal brain,
1 n'-oheeiy consistency of the brain, and also a consxdtfre?ble becomes hardened soon after its injection into the um
,: '7-, amounting to a fourth, or more, of ‘the original ' or the norta.. Aleohol and ch]oride? of zine are not adlvhﬂ Y
.,.;' "-"Ml'llhiﬂ. Better results would seem to be obtained by pro- the faetal brain. But for embryos in the first month, a three or E

permit of the easicr penetr

: e i % e : ing that in four per cent. solution of bichromate of potash is still better.
. ersion in turpentine, and shortening t P po W, 0
AT long .____i_..g':;le g 1] Besides bichromate of potash, Retzius also recommends for
e _:d aﬁﬂzﬂm . Hiattion. to be recommended for its simplicity, _ the brain of adults the most modern preservative, farmn}i‘ A
et goo ; ’ although it occasionally produces superficial friable patches.
B 18 the Method of Laskowski. The following combination, however, seems to him the most
appropriate :—

i 110 : Bichromate of potash, - - - 3—4,0
fOlloman ﬂ::;;: ; : 2.0 Formol, - -t e 1,0
| o s

Glycerini pur.,, - - -

" il
"

1%
e

The fresh brain is placed for fifteen to twenty days in the

100.0 ' Distilled water, = - - > 100,0
= 3 )

cacF If this mixture be employed, the brain does not become so
-5o0 ' : 3 ¥ d. After this time ) i
e The meninges must be previously remove dark as when bichromate alone is used. The process of

e i inior i the fluid. : |
~ the brain may be preserved ecither o m:.'dm‘ 3 1;:;2?2011110] | hardening lasts only two or three weeks. Above all, the
T A _?La.n];owaki_ at first employEt% carbolic aci “f Ifb f oG 0’_ architectural structure of the walls of the ventricles is well
- in either of the two follow.mg formulee .i—_l'?dlr ;:C ‘:l' c,en,t )’ J preserved, which is not the case when formol alone is used. |
;'1?081‘1113: 100,0 ; or glycerine, 1-00:03 £L0 0 ( 0:— P 32 Other methods, for the most part not to be recommended,
= '20,0, carbolic acid, 5,0 ; erystallised boracic acid, ')’0‘\ K ' have been advocated by Flesch (glycerine), Schwalbe (parafin), -
" AIl these methods have the advantage that the organs, Broca (nitric acid), and Rosenbach (carbolic acid). They may
~ hardened by means of them, may be preserved in air. be discarded in favour of those mentioned above. T

The hardening action of aleohol and chromie aeid will M 3
Method of Lenhossék. : discussed in the sequel.

Tue PREPARATION OF MODELS OF PATHOLOGICAL SPE
(P. BerriNgr's Method).

L'embaumement. La conservation des sujets et les K Models are prepared in the following way :—A plaste iy

- . t - - s =
RElGeE epty Luskowskd wae pood. enough to ! Retzius, Das Menschenhirn, 1896, Binleitung,

ol
e

"




*bhs brain, is first

form. lf this cast be filled
quified by heating on a waterbath,
is obtained. The model is then

ction of which the life-likeness of the model
may be obtained by the addition of various
,‘ ﬂolou:rll emp]oyed or by the subsequent appli-

_HARDENING AND FIXING FLUIDS FOR
TRAL AND PERIPHERAL NERVOUS SYSTEM.

¢ number of methods of hardening adapted to our purpose,
ntrast to those employed in general histology, is relatively

. If we disregard a few special methods (those of Nissl
lgi), we are practically limited to bichromate of potash

’s and Erlitzki’s fluids) and to formol (Blum). On
count of its many advantages, formol has recently become
i’ﬂ'ely empluyed thn.t it appears to be at plesent the

. ord and nerves must be immersed in the fixing or

ling fluid immediately after their removal from the body,

_ﬂl@t coming into contact with water. Failure to obtain

results from staining, especially with the more com-
methods, is often due to a neglect of this precaution.

rst to use hardening fluids, for the purpose of obtaining delicate

8 of the spinal cord, was Keuffel (1810)Y, who even then
Aﬂ. perchloride solutions and dilute nitric acid. In the thirties,
obsohn discovered the hardening property of chromie acid, while
' fhat turned it to histological use. Bichromate of potash,
first used by Heinrich Miiller, although the formula for

Technik, Merkel-Bonnet, 1895, vol, V.

the classic Miiller's fluid is mot
(Weigert, loc. cit.) This salt has displa
not casily penetrate and makes the organs vi

clear fluid, possessing a characteristic penetraﬁng.
reaction is neuntral or feebly acid. '

Almost the only strength of formol employed for the ne
system is a 10 per cent. solution. According to Gerota,
50 per cent. solutions cause destruction and necrosis of

cells of all other organs except the nervous system. Formol
has not the dehydrating properties of aleohol. It rapidly fixes

the various parts of an organ in their original form, and
imparts to them an elastic hardness, somewhat like that of

gutta percha. In a 10 per cent. solution the weight of i!(& '—_ _'-

organ becomes somewhat increased,? the colour is less altered

than by other fixing fluids, and the pieces of tissue aresatmtﬂ - CN

more rapidly than in alcohol, perchloride, &e.
One of its greatest advantages, however, is this, that afﬁﬂn
hardening in formol any one of the more important methods of

staining may be employed, that of Nissl or that of Golgi; and

methods adapted to the medullary sheaths and neuroglia, like
that of Marchi—an advantage which, in association with the
more rapid hardening, has probably contributed more than any
other to the general acceptance of this reagent.

Besides the aqueous solutions, varying from 2 to 10 m
cent., a 2 to 4 per cent. solution in 85 per cent. aleohol may
also be employed. A combination of formol with Miiller's fluid

is recommended by Orth. It may also be combined with a .'
simple solution of bichromate of potash. Orth’s mixture, asig o

is called, is known in Germany as Formol-Muller, or br
F.M., and consists of—
1The formol of the Hoeohsber Farbwerke is identical wijh.

formalin of Schering of Berlin
2(Cf. chap. IL

r




10,0
T - . 1000
stood for four days, a crystalline precipitate
nce of which indicates that the combination
soial effectiveness. The fluid must therefore
freshly prepared, and, should its hardening effect not
it must be soon replaced by a fresh supply. By
d, says Orth, small pieces of tissue (05 cm.) are
ixed after only three hours in the incubator. Their consistency,
purpose of section cutting, is admirable, and the more
have been dehydrated, the better they take on stains.

~ The carmine stains are the most appropriate.
- Among the numerous combinations and variations which

(4 L

- formol has undergone, that of A. Marina, quite recently made

- public, is deserving of mention. Its object is to permit of

‘ -Q_t_»aining the same pieces of the central nervous system either by

Weigert’s or Nissl’s method. With this combination the author

has also successfully employed the methods of Held and von
Gieson,

In Marina’s process portions of the brain, or the whole of it, are

~ immersed in the fluid, which consists of alcohol (90 per cent.),

:'. 1@9 cem,, formol 5 cem., chromic acid 01 cem.  Next day the

- pieces are cut up, and afterwards replaced in a quantity of the

‘&'ﬂu'i'ﬂ, freshly prepared. The fluid is changed every day
days or at most five, The pieces are then tmnsferre;l

g =w or cork, and preserved in 90 per cent. alcohol,
,:um per cent. alcoholic solution of chromic acid, the

t ngth of which is 90 per cént. In cutting sections,

Stened with 90 per cent. alcohol. Sections to

l_la; method or with thionine are kept in 96

‘mhose i_nte‘nde’d for the neuroglia stain in

*Qﬁhﬁrﬁ 1n a 3 per cent. solution of bichro-

Miiller's Fluid' consists of —
Bichromate of potash,
Sulphate of soda, - T
Distilled water, = e e S
Many have of late preferred to replace the orig
fluid by a solution of bichromate of potash alone,

strength being four or five per cent. The develc

addition of a little camphor or carbolie aeid.
Erlitzki’s Fluid consists of—

Bichromate of potash, - -

Sulphate of copper, - - -

Distilled water, - - - - 100,0
This fluid, therefore, which was rescued by Weigert from
neglect, differs from Miiller’s only in the substitution for the
sulphate of soda of half the quantity of sulphate of copper. Its
advantages consist in the rapidity of the hardening process,
which is completed, in the incubator, in about five days, and
at the ordinary temperature of a room in about ten. This
advantage, however, carries with it the drawback that the
tissues become too much shrunken.

It is best to prepare the necessary quantity afresh for each
new preparation, and to renew the fluid every second day. The
hardened pieces are then placed in alcohol of increasing con-
centration (70 per cent., 80 per cent., 90 per cent.), remaining

for twenty-four hours in each of these fluids. The deposits,

which are often to be seen in the sections, can for the most

part be at least partially removed by washing in warm water, g

or water slightly acidulated with hydrochloric acid. Or, after

hardening, and before the pieces are placed in alcohel,

may be treated with a 0-5 per cent. solution of chromie
Alcohol, as has already been said, should not be employe

the hardening or fixing of the central nervous s

when Nissl’s method for the staining of nerve




‘per cent. alcohol, as it is usually sold. Tt is

in absolute from 96 per cent. alcohol by dehydration

 of copper sulphate which has been burnt white, and

' easy, by admixture with water, to obtain alcohol of less

htly lower or higher percentage, Stihr's formula for the
ration of the percentage may be given here. If p. represent
desired percentage, then

Lrdee 100:96= x : p,,

< and if 90 per cent. alcohol be required—

100: 96 = x : 90
96 x =090:100
9000

i 937, or in round "numbers, 94.

: *_ ~ In order to obtain 100 cem. of 90 per cent.

. alcohol, therefore,
e o Gt];n:; of water must be added to 94 ccm. of 96 per cent.
0l

ig €€ i 1 .

.ere::::hmak' ]:Iercler has caleulated out a complete table for
re :

ey Percentages of alcohol, which, however, need not be

INg I corrosive sublimate is another processnot often
. '.__l‘he. following is the commonest solution ;-

" Gorrpm_ve sublimate, - - - 7 5.

: qumal salt solution, - - - 100,0-
us fluid has been boiled, the pieces o S
it, in the da.rk, for twenty-four hours
hgr' -h;ar__denad in alcohol 0;'
POSItS, which come doy

f tissuefare im-
then thoroughly
Increasing con-
n in quantity, are

only partially removable 1
Bolles-Lee recommended the emp!
(iodine, 4,0, iodide of potash, 6,0,

carmine, &c., give too diffuse a stain, Overstair

the aniline colours and subsequent differentiation

have been specially recommended for the demonstration

cells (Goodall employed chiefly toluidine-blue).

Zenker's solution—

Corrosive sublimate, - 5,0
Bichromate of potash, - 2,5
Sulphate of soda, - - 1,0
Distilled water, - - - 100,0

Glacial acetic acid, - - - 5,0 .

This fluid consists, as will be seen, essentially of Miiller’s fluid
and corrosive sublimate. The glacial acetic acid is added only
shortly before use. :
After fixation of the tissues, which occupies about fourteen
days, they are washed in water, and hardened in iodised aleohol
(alcohol 70 per cent., to which enough tincture of iodine is
added to produce a port-wine colour), which must be frequently
changed. By this process the sublimate is extracted, and the
iodine must afterwards be similarly extracted from the tissues
by placing them in 80 per cent. alcohol. The action of the
acetic acid is to prevent the shrinkage and brittleness which
follow the use of sublimate, while the iodised alcohol obviates
the disadvantage that sublimate forms insoluble compounds
with the albuminates, thus producing crystallisation in the
interior of the tissues.
Flemming's chromo-acetico-osmic acid—
Solution of osmic acid, 2 per cent.,, -
Aqueous solution of chromic acid,
1 per cent.,, - 5 ;
(3lacial acetic acid, - - B - j ‘
The pieces of tissue remain in this fluid from one
three days. They are then washed for several hnum
ning water, and subsequently hardened in alunhnld: :
Y -

..'-'
r} [La
A -
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i ion 1 ed mainl
concentration. Flemming’s solution 18 employ y to

demonstrate the process of nuclear division. .
Friedmann's modification of it deserves commendation—

Solution of osmic acid, 1 per cent.,, - - 0,5
Solution of chromic acid, 1 per cent., = 70
(Glacial acetic acid, - - = = =

When this method is employed, the ground of the s?ctions is
somewhat less dark. The pieces are left in the solution up to
twenty-four hours, and are then washed, and hardened. in
alcohol of increasing concentration. It is stated that sections
stain better if the pieces have remained some time in alcohol.

Fol's modification of Flemming’s solution—

Hyperosmic acid, 1 per cent., - - =y
Chromic acid, 1 per cent., - - - - 25,0
Acetic acid, 2 per cent., - - s -8
Water, - - - - - - - 68,0

This combination has been recommended for cases in which
it is desired to investigate, in its finest detail, the structure of
portions of tissue obtained from the living or surviving nervous
system. Should any cloudiness appear, the solution must be
renewed. The preparation is usually hardened in twenty-four
hours. After thorough washing, it is transferred to 80 per
cent. alcohol.

Osmic acid (introduced by Max Schultze) is employed in
1 per cent. solution. The pieces of tissue to be hardened are
immersed in it, and kept in the dark. Particularly small
pieces should be chosen, as the acid has little penetrative
power. They are allowed to remain in it from one to five
days, then washed and transferred to aleohol.

Except in Exner’s method for staining the medullary sheaths,
osmic acid is little used for hardening purposes. It is of value

chiefly in connection with the methods of Marchi and of Golgi -

and Cajal, but even in the latter it has no longer the importance
at first aseribed to it. Its action upon the medullary sheath
depends on a reduction of the hyperosmic acid to metallic

osmium. It should be noted that fat globules take on an
mntensely black stain in osmic acid,
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Ranvier was the first to use the vapour of the acid instead

of the acid itself. This proceeding is to be recommended for
tissues such, for example, as the retina.

Rabl’s fluid—
Chromie acid solution, 0-3 per cent,, - 200,0
Concentrated formic acid, - e 4-5 drops

The pieces are left in this from twelve to twenty-four hours,

washed, and subsequently hardened in alcohol of increasing
concentration.

Merkel’s fluid—
Chromic acid solution, - - "
Solution of chloride of platinum, - } a8 1 in 40}
The pieces are left from four to six days, and then transferred

direct to alcohol of increasing concentration, in which they are
hardened.

Benda’s fluid—
(@) Nitric acid, - - = - - 10,0
Distilled water, - - - - 90,0
(b) Solution of bichromate of potash, - 1 part
Distilled water, - - - - 3 parts

The pieces are left for twenty-four hours in solution (a), and
transferred, without washing, direct into solution (6). This is
gradually made more concentrated, until it contains equal pro-
portions of its two constituents. After about fourteen days
the pieces are washed, and then hardened in alecohol of
increasing concentration. This method is not adapted for
embryonic tissues.

Nitric acid.—The pieces are left in a 10 per cent. solution
from one to three hours, washed, and transferred to alecohol.

It is essential that all material used for the purpose of
making stained preparations should be as fresh as possible. As
a matter of practice, in the central nervous system of man
there are always certain limitations in this regard. If we
neglect experimental research in animals—from the data of
which, very often, only partial influences can be drawn with
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o to deal chiefly with nervous substance
f o number of hours after death, has
If we have to do only with
or with processes no

regard to man—we hav
which, in the course 0
already undergone certain changes.

old and chronic degenerative processes,
longer active—as in tabes and syringomelia, for example-—

this difference of hours is almost negligible. But a defect in
the freshness of the material may become of the greatest
import, if we desire, as with Nissl’s method, to study the
finer processes ocourring in the cells.

It must, in fact, always be kept in mind that it is often
impossible to say what the pathological process really is in this
or that disease. It must always be kept in mind that—except
in processes no longer active, which do not undergo alteration
__it can really only be said that, so many hours after death,
such and such changes were found as the result of examining
stained sections. It is mnot always allowable to draw the
conclusion that the condition was exactly similar in the living
organ.

NissPs method, which demands the freshest possible
material, has also proved the first to open out the prospect
that we may, in the future, understand the finer pathological
processes.

In every case, therefore, with the exception demanded by
Marchi’'s method in experimental investigations, the central
nervous system, or its parts, must be placed as early and in
as fresh a state as possible in the fixing or hardening fluid.
Any washing with water must be rigorously avoided.

The fluids must always have several times the volume of the
organ to be immersed in them, and, especially at first, must be
frequently changed. A layer of cotton wool should occupy the
bottom of the vessel. The constant endeavour of modern
“’Chfli(lue 18 towards refinement of the methods employed.
Having regard to staining at a later stage, it is therefore neces-
sary that the pieces of tissue shall be cut as small as possible,
z‘;f;}fl;?i;:e ‘I?]Ol':h rapid, complete, afld uniform penetration

M. © ; e case of larger pieces, the connection of
which it is desirable to preserve, incisions into the organ may
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at least be made, and their number may be gradually inereased
during the first day of hardening. That their effect should
not. be entirely illusory, the separation of the parts may be
maintained by the insertion of small pieces of cotton wool.

As in the case of the later process of staining, a considerable
acceleration of the fixing and hardening action of the fluids
may be obtained by means of warmth. The temperature,
however, must not exceed 30° C. At the temperature of an
ordinary room, the requisite degree of hardness is attained, in
the case of a cerebral hemisphere, in about three months; in
the case of the spinal cord, in about six weeks, if Miiller's fluid
or a 2 to 5 per cent. solution of bichromate of potash be
employed. At 30° C. the result is attained in about a fourth
of this time. It may be mentioned here that, in Weigert’s
method for staining the medullary sheaths, he has succeeded
in reducing the hardening period to four or five days (see
section on staining of the medullary sheaths).

After hardening in bichromate of potash, or formol and
bichromate, has been completed, the pieces may, without wash-
ing, be transferred to alcohol. To prevent the formation of
precipitates of bichromate, light, according to H. Virchow, must
be excluded. Only those pieces of tissue, which it is intended fo
stain exclusively by means of carmine, may be left in the water
after hardening, for carmine does not give good results with
alcoholic preparations. The method of staining in bulk by
means of an appropriate preparation of carmine, especially
soda-carmine, may here be noted.

Mention must also be made, in connection with most of the
varieties of staining, of a process which, simple as it is, deserves
the widest observation and use. It is the process of the “double
method,” which Ramon y Cajal was the first to recommend in
connection with Golgi’s mode of staining, and which may be
employed with great advantage in the other classic methods,
such as Weigert’s for the medullary sheaths and neuroglia,
and Nissl's for nerve cells. The process of staining and
differentiation should be twice or thrice repeated, until good
results are obtained. The slight trouble is amply rewarded.
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ExamiNatioNy oF FRESH UNSTAINED SPECIMEN.S.

At the present date the nervous system is examined only

: ‘¢t tissues have been hardened and stained.

fiRGionRly Puture 8 LE TS lucidate conditions
The modern neuropathologist seeks to elucida .
which are imperfectly demonstrated, or not cliemoustlated at .a]],
by the simple methods of teasing, maceration, and sc.aparatlof).
But for the few cases in which staining may not be desired, or in
which more primitive methods of examination may.be preferrt?d,
the method of teasing has in the first place to be considered. With
the help of scissors and forceps, a small piece of tissue is removed,
and teased by means of needles on the slide. This should be
done in normal salt solution. Should it prove too difficult to
tease out the smallest constituents of the tissue, fluids adapted
to its maceration or separation may be employed. They
accomplish the required result in twenty-four hours. Only
small quantities of fluid should be used. _

Among those much in use the following may be mentioned :—

1. 33 per cent. alcohol (Rauvier).

2. Weak solutions of chromic acid (0-01 to 0'03 per cent.)

3. Miiller’s fluid.

4. 0:1 per cent. osmic acid.

The following re-agents are useful both in increasing the trans-
parency of the preparations and in the clearer demonstration
of some of their constituent parts :—

1. Glycerine, which should be diluted with an equal quantity

of water, and may be used for hardened as well as for un-
hardened specimens,

2. Acetate of potash

s In saturated aqueous solution (50
per cent.).
3. Acetic acid, in 1 or 2 per cent. solution,

3 Even fresh sections may be stained, if a drop of the staining
uid (methylene blue, methyl green, &e.) be allowed to flow from

the margi-n towards the centre of the section, Haematoxylin
however, is not adapted to this purpose. ,

Labelling the Tissues,

W ' j
hatever number of Jars one may possess, it is abgolutely
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necessary to label cach piece of tissue before its immersion in
the first solution employed. This may be done very simply,
by marking the upper or under side, as one prefers, on the
right and left, with a fine inserted bristle or with ink. If, at
the same time, several pieces of tissue be dealt with, there may
be drawn through the corner of each a thread, which carries a
small piece of pasteboard with the designation of the tissue.

Particularly in the case of the spinal cord, the segment dealt
with should at once be accurately labelled.! Pieces of the
cortex may be marked by the number which they bear in
Exner’s plates.

The pieces, with their designation, are placed in the harden-
ing fluid, in aleohol, in celloidin, and so on. When they are
afterwards fixed on cork the label may be fixed along with
them. To mark out the blocks of wood or cork, on which
they are fixed, the so-called negro pencil? (No. 1 or 2), may be
strongly recommended. It produces quite black and distinet
characters, which resist the action of alcohol, but may be
easily removed by sharp friction. The blocks may thus be
used for new preparations, and fresh descriptions may be
written upon them to any extent.

On the slide, sections are still marked, chiefly by means of
labels, or by a coloured pencil, and oceasionally by a diamond.
None of these methods, however, is quite satisfactory. It
would be better, if it is preferred to write in black, to use
Chinese ink, or Krems white, where white is preferred.
Schiefferdecker recommends Soennecken’s drawing-pen, No.
144, and Scheebel a water-glass ink, z.e, a combination of
soluble glass and liquid China ink.

EMBEDDING.
The Celloidin Method.?
Two solutions of celloidin must be kept in stock, the one
thin, the other thickened to the consistence of syrup. The

1 Even at the autopsy, it is advisable to indicate, by means of a
thread, the position of the last dorsal root.

? A German pencil. p

3 First employed by Schiefferdecker.
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celloidin is dissolved in equal parts of ether and absclute

alcohol.

The piece t
alcohol (60-90 per cent.), is transferred for .
alcohol,! and then for a day to alcohol and ether. It is then

placed for several days in the thinner, and afterwards for
several days in the thicker solution. The longer the process
lasts the more successful is the embedding. The celloidin,
with the preparation, may be allowed to become solid in the
vessel. A cube containing the preparation, and of any size
that may be preferred, is then cut out, and fastened upon cork
or wood by means of celloidin. Or the saturated preparation
may be removed from the celloidin while it is still fluid, and
fastened upon cork, the solution being freely poured over it.
It is best to allow the piece to dry under a bell glass, as slowly
as possible. Preparations made in this way become much
firmer. The process of drying may even be extended over
several days, when a consistence approaching that of paraffin
is attained. The pieces are then kept in 80 per cent. alcohol,
until they are cut. This hardens the celloidin. Instead of
aleohol, pure chloroform may be used for this purpose, in
which case the celloidin remains more transparent.

Absolute aleohol and oil of cloves dissolve out the celloidin
fxl:om the sections. If this result is to be avoided, 96 per cent.
10, s o, s o iy O
A ,t ];::r:;t:; a.mlmeI stau?s require the removal of the
T e ctlms. n this case absolute alcohol and

) oves, must be employed. The sections

are stained only after they have again .
alcohol and water. gain passed through absolute

o be embedded, after it has been dehydrated in
a day to absolute

The entire.process, then, is carried out as follows —
1. Hardening in absolute aleohol.

2 1 1 - 3.
2. Immersion in thin celloidin, then thick celloidin (one to

five days in each for s C
v mall 1ec :
a cerebral hemisphere). pieces, several weeks or months for

! Larger pieces require several days,
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3. Placing the pieces on cork, drying, and preserving them
in 80 per cent. alcohol.

4. Cutting sections, staining, washing, dehydration in 96
per cent. alcohol, and, if necessary, afterwards in absolute
alcohol. .

5. Treatment with oil or carbol-xylol, and mounting in balsam.
Photoxylin has recently come much into use in place of celloidin,
to which it is chemically nearly related. It possesses the
advantage of greater transparency. It is very rapidly soluble
in ether-alcohol, and is employed exactly in the same way as
celloidin.

The Paraffin Method.

After complete dehydration in absolute aleohol (eight to
twenty-four hours), the piece to be embedded, which should be
as small as possible, is placed for a day in a bottle containing
xylol. Turpentine, chloroform, or cedar oil may also be used.
It is best to drop little pieces of paraffin direct into the bottle,
until the solution is concentrated. The piece of tissue is
then transferred to melted paraffin at about 50° C., in which
it is kept on the thermostat for from two to twenty-four
hours. It is advisable to change the paraffin once or twice.
It is important, in order to obtain very thin sections, that the
melting point of the parafin should lie within certain limits.
Two kinds, each with a different melting point (the higher
from 55° to 60° C., the lower from 45° to 48°), should be kept
in stock. These are mixed with one another in different pro-
portions, with the object of employing in summer paraffin
of a harder, in winter paraffin of a softer, consistence. The
melting points of the two mixtures should be from 52° to 54"
C., and from 48° to 50° C. '

After thorough penetration, the fluid, along with the piece
of tissue, is to be poured into a low-edged vessel. When the
preparation has been located in any position that may be
desired, the mass must be quickly solidified by pouring cold
water over it. The opaque block, which may be of any size
required, is cut out with a warm knife. It is then fixed in
the clamp of the microtome, and cut by short strokes of the
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knife, which must be placed obliquely, ‘“_‘d not l;llmsten'ed.

The sections can often be prevented from ru]]m'g up,-' {pressmg

them against the knife, during the i'lCt of cuttmdg_. W 11t.l a brush
or spatula. They are next placed in xylol, to ’?0‘ \Zout the
paraffin, then in carbol-xylol, and thelll are mounted In dammar.
If, however, they have yet to be stained, they are transft_arfed
from the xylol to absolute alcohol, and then to the staining
fluid. The staining may also be previously done in bulk.

The paraffin method is little used for the central nervous
system, except in certain processes, such as that of Held, and
to obtain very thin sections. The prolonged heating at 50°
C., the removal of the paraffin from the section, and the
defective fixation of the more delicate tissue elements, are
great disadvantages, especially as previous staining in bulk is
for the most part inapplicable, and the after-staining of the
brittle sections, even on the slide, is often difficult. Large
sections, too, cannot be prepared by this method.

Frankl has recently constructed an apparatus designed to facilitate
the process of paraffin embedding. It consists of a square plate of clear
glass, 15 em. in length, on which are laid four similar pentahedral
blocks of glas.s, 1 cm. high, the upper and under surfaces of which are
g;?luilf.n":‘hi?rl cleag;, 1a::;eral st}rfaces are respectively 35, 30, 22, 19,
S fon'ned iﬁyﬁ inytllialc;?gtlthiszl b.Iocl::s together five SaCes
a t:,a\'ity bet.w:een. TE& melted gar)a?ﬁn lf g sl(']eli”[ iy alway:% leamn.g
cavity, the object placed in thf]: desiredS i S t-h1.3

position, and covered, if

:;cessary, with a further supply of paraffin. In this way, fissuring of
e block of paraffin is said to be entirely avoided,

: .The combined celloidin and paraffin method need be only
r:ieﬂyfeferrled to.  The process is as follows :—
- The object is placed for some hours in ether-alcohol.

5 . 5
thi.;.hlt ;Z ]f{ft 10 a moderately thick solution of celloidin till
as thoroughly penetrated (twenty-four hour
.3. It is soaked in oil of ori o
mixture of oil of orig
heated to more than ;g?l(llm Pk rnis
4. Tt is transferred
are the same as iy para

to melted paraffin,

The further
fin embedding, e further steps
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Difficulties are now and then encountered in fixing paraffin sections
on the slide, hence the multiplicity of methods which have been
suggested. The most useful are those of Gulland, who employs water;
Rabl, who employs a mixture of oil of cloves and collodion ; Strasser (a
mixture of collodion and castor oil), and Heidenhain. The essential
point of the last is that, to avoid shrinkage, the water on the slide is
allowed slowly to evaporate, at & temperature of not more than 35° C.

A process has been recently recommended by Albrecht and Stork
which is said to obviate various inconveniences. It proves, also, to be
a transformation of paraffin sections into celloidin sections. The
process is as follows ;—

1. A drop of water is spread over a slide which has been breathed
upon. The section is then laid on the slide.

2. The section is pressed down with thin filter paper folded several
times, on which about five drops of absolute alcohol have previously
been allowed to fall.

3. The paraffin is dissolved out by xylol, and this is displaced by
absolute aleohol.

4, A few drops of a quite thin solution of celloidin are poured over
the section, the slide being held obliquely.

5. After treatment with 95 per cent. alcohol, the preparation is
transferred to water. It may hereafter be dealt with in any manner
that may be desired.

If those constituents of the tissue, which are soluble in
alcohol and ether, are to be preserved, embedding in celloidin
or paraffin is undesivable. If it is necessary, in such circum-
stances, to obtain thin sections, the process proposed by
Déllken—embedding in a soda soap—may be employed. A 20
to 30 per cent. solution of caustic soda is heated to boiling
point, and, while still boiling, as much castor oil is added as.
will leave a small excess of caustic soda. The solution must
be allowed to boil for a little longer, and afterwards to cool
and solidify. The excess of caustic soda solution must be
pressed out of the resulting soap mass. For the purpose of
embedding, Dillken uses a three to five per cent. solution of
the soap, at a temperature of 35 to 40° C. Into this the pieces
of tissue are to be transferred from formol or from Miiller's
fluid, with or without washing. They must be left in it, at the
same temperature, from thirty-six to seventy-two hours. They
must then evaporate until they become solid. The blocks, which
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considerable size, are fastened upon wooFl by
means of soluble glass.  After drying, they musk he' cut with a
dry knife. When transferred to water, the sections unfold
themselves, and become flat. They must be thoroughly

washed in water before they are stained. .
Hardening and fixing are even more rapidly accomplished by
Serial sections, 5 to 10 u thick,

must be cut of a

acetone than by formol.
way, in this way, be casily obtained.

The Freezing Method.

The piece of tissue must be as thin as possible (less than 5
mm.), to permit of the uniform action of the cold. Tt is
placed in the freezing microtome, upon a metal plate, upon the
lower surface of which an ether spray is directed. That the
tissue may freeze hard enough for purposes of cutting, it must
previously have been thoroughly soaked in water, and this
purpose must be aided by the pressure of a spatula or the
handle of a scalpel. If it has been previously hardened in
spirit, or embedded in celloidin, it should remain in water for a
whole night. If bichromate of potash had been used, a short
soaking would be sufficient; and it could scarcely be short

enough, if Weigert’s stain for the medullary sheaths were
afterwards to be employed.

.Halllgton hsfs.recommended a special process for the embedding of
tissues in celloidin, and their subsequent freezing—

1. The hardened piece of tissue is pl y i
aleohol and ether-alcohol. Be o My el

2. It is embedded in celloidin (four days).

3. The block of celloidin, containing the piece of brain, is transferred

for one day to water
» th  sey : N
frozen and cut. en for several to fluid A or B, Afterwards it is

He recommends the ty i

- o followin i i i

ment involves no injury to the bissuge: ?—freezmg el i
A syrup, composed of 28)

which is to be satur t ; . )
s i ated with boracic acid while it boils, and filtered

2. A i
T E::t:l(:::gt;, composed of 456 grm, gum arabic, and 2400 grm.
. ed with boracic acid and filtered as abov’e 3
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Fluid A. Syrup, 4 parts; mucilage, 5 parts; water, 9 parts. This isto
be boiled, saturated with boracic acid, and filtered after cooling.

Fluid B. 2 parts of fluid A ; 1 part of syrup. '

Fluid C. 4 parts of syrup; 5 of mucilage.

In the freezing process, A produced the greatest hardening, C the
least. The pieces must remain in the fluid for at least a week,

No great practical advantage can be attributed to this method, as it
is prolonged in operation, and as, in general terms, the freezing method
may, for our purposes, be dispensed with,

MICROTOMES.

The instruments which are necessary for the purpose of
section cutting are the microtome and the knife. It may be
taken for granted that the principles, the structure, the tech-
nique, and the action of microtomes are known to readers of
this book. I limit myself, therefore, to the statement that
for large sections of the brain, the microtome made by Becker
of Gottingen, and Gudden’s microtome, made by Katsch of
Munich, are the best adapted. For small sections, and for
those of moderate size, the microtomes of Schanze of Leipsie,
and of Miehe of Hildesheim, are the best. For paraffin pre-
parations, that of Jung, of Heidelberg, may be recommended.

The double knife, advocated by Valentin for the preparation of fresh
sections, possesses only a historical interest. In the special province of

neurology, it has become superfluous, owing to the introduction of the
freezing microtome, and the very different acquirements of modern

histologists. )

The knife employed in section cutting cannot be too carefully
made or guarded. If celloidin preparations are used, one must
take care to cut with a gentle and continuous stroke, without
pressure and without intermission.

WEIGERT'S METHOD FOR SERIAL SECTIONS.

In many cases, especially where ascending and descending
degenerations of the cord have to be accurately traced, it is
necessary to prepare an uninterrupted series of sections. That
good results may be obtained, the embedding must be perfect
and the knife in perfect order.



30 - Weigert's Method for Serial Sections.
its simplicity, Weigert’s method of prepari.ng
..o well adapted to the purpose. Collodion
these sections 18 very or more glass plates. The sections are
2 pmlel;lec{frg::rtl?: eknit'e on a strip of toilet paper, somewhat
;::31:.- than the sections, n such a way that em;lh successive
section lies to the right of its predecessor. The S‘I:rtp_s al:e
numbered and placed upon a plate, the snrface.of Whmh_ i
covered with several layers of blotting RRDHL mf"StEMd with
80 per cent. alcohol. The sections should lle_ facing upwards.
One or two such strips of sections are then laid upon the g.lass
plate or the slide, the strip of curl paper, with the sectl-ons
facing downwards, being placed upon the ]a)_’er of collod.mn.
The paper may now be easily removed, leaving the sections
adhering to the collodion. A second layer of collodion is then
quickly poured over them. One must not omit to number
them by means of methyl-blue. The glass plate may now
either be kept in 80 per cent. alcohol or transferred to the
staining fluid, in which, especially if in the incubator, the
mass of collodion soon separates #n toto from the glass. The
further treatment of the sections is carried out in the usual
\'n'B.y.

Darkschewitsch has recommended, as the simplest method of
preserving serial sections, that each section be separately
removed from the knife on a numbered piece of blotting paper
or toilet paper of appropriate size. The paper must previously
have been well soaked in aleohol. The separate pieces, with
the st?ctions adhering to them, are then laid one upon the
;},;];er. 111.the u.rder.of numera‘xtion, and may be kept in alcohol as

g as is desired in a glass jar of appropriate dimensions. The

furthe‘r steps of staining, and so on, are carried out without
removing the sections from the paper.

Lissauer has recommended the fol
paration of large sections of the brai
1. Embedding in soft paraffin,

2. Cutting. The eut surfa
must be covered with a thip 1
better—a strip of tissue pape

In Bpitﬂ of

lowing process for the pre-
n:—

ce, before each section is made,
ayer of celloidin, or—and this i8
I, covered with an extremely thin

Weigert’s Method for Serial Sections. 31

layer of a thickish solution of dextrin, must be stuck flat on
the surface,

3. The section, which adheres to the paper, is fastened still
more firmly by dipping it into celloidin, and goes through the
further processes along with the paper. Once it has been
fixed upon the slide, the paper may easily be dissolved off.

The preparation of complete sections through the whole
human brain is generally very difficult, but satisfactory results
may be obtained with the microtomes of Gudden and C.
Reichert. In both cases the section is made under water,
The process, as deseribed by Pal, may here be given, especially
as such sections are employed for purposes of demonstration.

The brain is injected with Miiller’s fluid, to which a quarter
of its volume of a 5 per cent. solution of lysol has been added,
and is then kept in the dark in the same fluid (bichromate-
lysol) at the temperature of an ordinary room.

Each thinly cut piece is dried with blotting paper, and trans-
ferred (without dehydration), after it has remained a short
time in absolute alcohol, to photoxylin. It is then stuck on
to a roughened metal plate, which is fastened on a small piece
of wood fitting the clamp of the microtome. Wooden plates
are too apt to warp during the number of days required for
the completion of the series. According to Pal, a section of
the entire brain, which should not be thinner than 50 w, may
be cut in ten to fifteen seconds. The section is allowed to fall
into water, and is taken up on toilet paper. To permit of good
staining, it is placed upon a plate, the surface of which is
covered with a mixture of dextrin and sugar candy. It adheres
completely, when the paper is removed, to the layer of sugar
on the plate. The preparation is dried, and a thin layer of
photoxylin is poured uniformly over it. When this is dry, a
roller is passed over it, and the plate is then put in water, in
which the layer of dextrin dissolves. The preparation, with
the adherent layer of photoxylin, falls off. As one of its
surfaces is free, the section may easily be stained and differen-
tiated. Finally, dehydration and cleaning are performed upon
the slide, and the preparation is covered with a thin glass.
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E tl e 80 C[‘“ed L CO“UdiOnﬂ.gO des Burfacea,”
y th 7

. | ! tions
Generally speakin 1d be employed for all preparat
recommended by Duval, :1:::; Jarge and thin sections, especially

1k it is desired to 0 o e
of which .1b 1S crumble readily, or are apt to_sph OE e
: thr pleiessllrfﬂce must be dried by blowing up ;
freshly cu

i 'hi e thi
d with a very thin layer of collodion, to which the thin
covered Wwithl

gection afterwards adheres: s

Finally, it may be menblol.ne e ],n ;
of large sections of the brau;, onseb i
replace the expensive cov.er g“ as;seil ﬁamaged’ e
e m‘ica’ ::;‘;c::t ;;r ethe guer details of cells or ﬁb-res
SOk grefilt 'n;(l)lt)){];ed t-o’iu the examination or demonstration
a;eln: feu:*:‘eu::tigns. And, if one divides the mica_ with a fine
gcalif;eglj, under flowing wai-;er, one can n‘t allymt;‘mie;g;;?:;,‘
easily and cheaply, very thin plates, as large as may

that, especially in the case
y often find it useful to
tes of mica. The only

LE
SERIAL LONGITUDINAL SEcTiONS THROUGH THE WHO
SeivarL Corp (E. Flatau).

Marchi’s Method being Employed.

In view of the great importance of experimental investi_gatlon
of the secondary degenerations which follow upon vertlcfi\.l ox
cross sections of the cord, or of portions of the cord, 1t_13
important accurately to trace the degeneration, both of in-
dividual fibres and of entire tracts. Marchi’s method hfa.s, of
recent times, rightly been that chiefly, almost exclu&ve‘ly,
employed for such investigations. It allows us to distingufah :
not only the localised but also the more diffuse degeneration |
of the medullary fibres. 1If, in such investigations, transverse
sections were alone employed, it would be easy to fall into error,
and to consider a diffuse degeneration to be present where it
did not really exist.
Thus, if Marchi’s method be employed, there are always O
be found in transverse sections of the normal central nervous
system, whether of man or animals, somewhat numerous
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scattered, black points, which are, for the most part, small and
rounded, but may also present larger, irregular forms,

In the present position of our knowledge no reliable ex-
planation of this can be offered. It is at all events of import
for the experimental investigation of the spinal cord after
operation that, in using Marchi’s method for longitudinal
sections of the cord, the characteristic degenerated fibres, and
the chain-like arrangement of the myeline droplets, are, broadly
speaking, absent. It is therefore desirable, in experimental
work, that the investigation should not be limited to the
preparation of transverse sections, but that serial longitudinal
sections should also be made.

If, however, the spinal cord be divided into separate segments,
and these be cut into a series of longitudinal sections, it is
difficnlt to establish a continuous connection between the
degenerated fibres, and especially between the single scattered
fibres of different segments. For this reason, in investigating
secondary degenerations in dogs, E. Flatau prepared uninter-
rupted longitudinal serial sections, extending from the medulla
to the cauda equina. He used the following method :—

The spinal cord of the animal operated upon was removed
entire two or three weeks after the operation. A weight (such
as a piece of glass rod) was suspended from the cauda equina,
to prevent the otherwise unavoidable curvature of the cord.
Two threads, placed opposite to each other, were drawn through
the dura mater of the upper part of the cord (the lower end of
the medulla, or the upper end of the cervical cord). The
cord was then suspended in Miiller’s fluid, in a glass
cylinder about 40 cm. high, and 3 to 4 em. in breadth.
Sometimes it was suspended for a day in a 10 per cent. solution
of formol before being placed in Miiller’s fluid. The threads
were laid over the edge of the cylinder, and kept in pesition by
a weighted glass cover, so that the cord hung free in the fluid,
and in the middle of the cylinder.

After twenty-four hours, the dura mater was cut through
along the anterior and posterior surface of the cord, which
was again immersed in the fluid. It remained there about two

D
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then taken out. The threads were

g e cord was allowed to swing
fusbe.n o m".?xe(}::.zspo;;ii:uii:z (iriife’'s fine ca.tarac?; kn.ife,
1 l:,] ;li‘sa;;l .and in the middle line (anterior longitudinal
i(::]:g:lsu and yposterior longituflinal septum). fIt n:;y 1;:,
mentioned that this manipulation should be perdorm: W;1 ‘
the help of an assistant, the one operator devoulng _m
attention to the anterior sulcus, the other to the posterior

or three weeks and was

septum. . ' - o
e[‘he object of splitting the cord in this manner is to facilitate

the penetration of Marchi’s fluid. The low.est. part of the conus
medullaris, in the cauda equina, is not split, in order that the
connection of its parts may be there preserved, and that both
halves may afterwards be easily rejoined. .

The cord is now again suspended in the cylinder, filled this
time with Marchi’s fluid. It ought to be kept in a warm place,
but must not be overheated. As in the treatment of the brain,
it is advisable gradually to increase the concentration of the
fluid in regard to osmic acid. The fluid is changed at first
frequently, then less often. The smell of osmic acid must always
be distinet.

According to the size of the animal operated on, the cord
must remain in the fluid for a period of from three to five
weeks, The further manipulations are to be carried out in the
same cylinder, from which the preparation must not be
removed. These manipulations are as follows :—washing for
twenty-four hours in running water, immersion in alcohol, and
embedding in celloidin.

When the cord is completely saturated with celloidin, it is
removed, and fastened on a block of wood which has been
specially prepared for the purpose. The large microtome of
Becker should be used. The lower portion of the block, which
16 to be held by the clamp, and the plate which is to carry the
cord, must be cut out of one piece of wood. The size of the
former must correspond to the aperture between the teeth of

the clamp, th?.t of the latter to the length of the cord (about
35 to 40 em. in length, and 5 cm, in breadth).
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The part to be held by the clamp, which should be quadri-
lateral, is placed at an angle of about 45 degrees to the long
axis of the stage, which is therefore not parallel to the
direction of the knife, but lies at the angle mentioned, To
support the preparation, a layer of solidified celloidin, of
the proper length and breadth, and of a height of about 6 to
8 mm., is fixed upon the plate with collodion. The cord is
then fastened upon this on its removal from the thick celloidin
solution. After the preparation has completely hardened, the
whole block is placed in a long glass vessel containing 80 per
cent. alcohol.

If the knife be properly placed, the preparation of serial
sections presents no special difficulty. The cut surface must
be covered with a thin layer of collodion, as detailed above.
The sections, which should be from 60 to 80 g thick, are
removed direct with the finger from the knife, and, for their
further handling, transferred to alcohol and ecarbol-xylol.
They are then placed upon slides of an appropriate length.

This method is of good service where multiple foci or
pathological processes extending through the length of the
cord, have to be traced and accurately localised. Hama-
tomyelia, syringomyelia, multiple sclerosis, and so forth, may
be mentioned as examples.

For the microscopic examination of such longitudinal sections,
or other large preparations (complete sections of the brain, &ec.),
the apparatus recently advocated by Nebelthau is particularly
adapted. Its essential principle is the free mobility of the
plate carrying the preparation, and of the tube of the
microscope.

THE OI1Ls (CLEARING RE-AGENTS) AND RESINs.

The treatment which all stained sections must undergo after
dehydration may be referred to in a few words. Dehydration
itself is carried on in absolute alcohol, or, if it is desirable not
to dissolve out the celloidin, in 96 per cent. alcohol. For this
latter purpose Nikiforoff recommends a mixture of equal parts
of chloroform and absolute alcohol.
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s so useful, has the property of
o orih s often troublesome. It also
dissolving ceiIO}dlfl, “fhltﬂ:3 al?]i]i(:w dye, o that the staining
extracts the majority of th& therefore, generally little suited
gradually becomes bad. It is, therefore, g
fm:r (;:;rolt]::}:f;" as those of origanum, bef’g.amot, ca_]:u.put, and
also turpentine, have no action on celloidin or aniline dy_es,
while oil of cedar acts upon the latter only. ‘The best clearing
re-agent, however, has proved to be xylol, which haa., therefore,
an established reputation. Complete dehydration in absolute
alcohol must previously take place, and the section must not
remain too long in the xylol, lest it shrink. If it is of
importance to prevent solution of the celloidin, carbol-xylol is
employed, according to Weigert’s recommendation, in the
proportion of one part of carbolic acid to three of xylol, after
dehydration in 96 per cent. alcohol. Haematoxylin and
carmine preparations are, by this method, completely cleared
up i a few seconds. Or the section may be dried with
blotting paper, after which xylol is dropped upon it. It is
again dried, and xylol is dropped upon it for the second time.
The sections become as clear as if absolute alcohol had been
employed.
The carbol-xylol may, after filtration, be re-employed, if some
burnt sulphate of copper be placed in the bottle. The latter
must, 80 soon as it has become blue, be replaced by a fresh

a';ItIx]}Jply, ]us.t a8 n the process of preparing absolute alcohol.
e following is a suitable mixture :—

Pure xylol, -

0il of cloves, in other way

Carbolic acid, - - - - ; ig,g
Burnt sulphate of COpper; =" S 2 40’0

For Staining with anilipe d
Proportion of one to thyee
The further treatme
Stained, js always the

- 4yes, aniline oil-xylol, in the same

s .18 used instead of carbol-xylol.

nt of the sections, after they have been
same.  They mugt pe completely dried

]'tl}"el‘s of filter E
, and covered. Paper, mounted in dammar
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almost exclusively works with, the resins must also be
employed. Of these, for the most part, only the three
following are in use—Canada balsam, dammar, and colo-
phonium, Preservation of the sections in glycerine, as is
sometimes done when Golgi’s method is used, is always trouble-
some, and it requires many months for Venetian turpentine to
become as hard as Canada balsam.

The Canada balsam must be dissolved in chloroform or xylol
until a fluid of the desired consistence is obtained. Delicate
stains often become paler if solutions of turpentine are
employed.

Dammar is, by some, preferred to Canada balsam, as it is
stated that the finer details of the preparation are more
distinctly seen. It also hardens more rapidly. It is to be
dissolved in equal parts of benzine and turpentine. Colo-
phonium must be dissolved in benzine or chloroform. It is
chiefly used in Nissl’s method, and has the advantage that it
does not become yellow in course of time,

IIL—CHANGES IN THE WEIGHT OF THE BRAIN
AFTER PRESERVATION IN THE DIFFERENT
MEDIA, ESPECIALLY FORMOL (After E. FrATAUw).

In the macroscopic examination of the brain, and the de-
termination of its weight, the question often arises, in how far
the weight has altered during the shorter or longer time that
it has remained in the different preserving fluids.

The brains of rare animals are often sent from distant
countries to anatomical institutes and museums, and for various
reasons their initial weight may not have been determined on
the spot. Further, a brain may have been weighed en masse,
and then preserved. If it be then divided into its several
parts, the same question arises, should it be desired to de-
termine the special weight of each. For these reasons, E.
Flatau has made a study of the effect of the usual preserving
fluids upon the weight of the brain. L :




(hanges in the Weight of the Brain.
In Donaldson'’s very careful work, the oftect .of the moldm of
ic noid, and of aleobol, acting over VvArious periods ?,
:il::“;u h;mn determined with great exnctitude. It is
therefore only necessary here to state the effect of aoh.;.
tions of farmal, of different percentages, um'l m‘compmf, it
with that of aleohol and the salts of chromic acid, as given
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by Donaldson.

It has been shown that, in a 10 per ¢
the weight of the human brain increases in the first month
from 2 to 3 per cent., and after from five to fifteen months, has
increased by only 1 per cent. of the original weight.

Ina b per cent. solution, the weight increases in the first
four days by 9 per cent.; after one month by 10 per cent.;
after about five months by 7 per cent.; after about fifteen
months by 6 per cent.

In a 1 per cent. solution, the weight increases in the first
two days by 14 per cent.; after a month by 23 per cent. ; after
fifteen months, by 19 per cent.

The weight of a separate hemisphere increases in a 10
per cent. solution by 7 per cent. in the first three days; after
a month by 4 per cent.; after about nineteen months by 2 per
cent.; and in a 1 per cent. solution by 14 per cent. in the first

tl.u'ee days; after a month by 20 per cent.; and after about
nineteen months by 17 per cent.

ent. solution of formol,

' ?ul a 10 per cent. solution, the spinal cord increases in
zemg 1t by 10 per cent. in the first three days; after fifty days
¥ 14 per cent.; after nineteen months by 14 per cent.: and in

- "3

cent.; and after nineteeq mon

e ik ths by 17
IF 15 evident from the o y 17 per oent,

regoing, in the first place, that
tween the percentage of the
The less concentrated is
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pretty nearly the same height, while its apex, at least in the
case of the weaker solutions, is very considerably higher,

IFinally, the increase in weight of the spinal cord appears to
be much greater than that of the brain.

[f we combine the dataof Donaldson for alcohol and the salts
of chromic acid with those obtained in the case of formol
solutions, we may draw up the following table, showing at a
glance the increase in weight at different periods of time in
brains which have been removed twenty-four hours after
death :—

CHANGES IN BRAIN-WEIGHT
In the Different Preservative Fluids.

ok N - — e

Loss in Gain in per- | Onin in percentage in formol solutions.

Number centage 06 centageinblch-| _

°f"l]mi“ per cent, romatesolution .
: aleohol. (2} per cent.) IOporcunt.I 5 per cent. | 1 per cent.
1 -7 — - + 6 —14
3 ~18 |y +21 | s + 2 + 9 +
30 -30| 8 +32| 8 + 3 E + 10 'E +23 .E
90 -3lra +32r¢ +15%e | + 9 g +23 E
150 — | e — | = + 18| +17)8 | +22 2
450 — — |7 |+ 1}F}| % 6] T F#10
560 - 4 + 31 — — —

IV.—THE DRAWING APPARATUS OF L. EDINGER.

This apparatus is specially designed for drawing objects
under a low magnifying power. In contrast to the majority of
the forms of apparatus employed, which are based upon the
principle of the camera lucida, its principle is that of projection
of the enlargement produced by the objective. It throws the
image of an object, enlarged from two to thirty times, direct
upon a sheet of drawing paper, upon which the outlines may
be traced with the pencil. The enlargement is made by means
of pocket-lenses. As Edinger describes it, light is thrown from

a lens upon a mirror placed at an angle of 45°, whence it falls

downwards upon the stand that carries the section. Below the
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here is a lens-holder which may be moved 'flpD!l n cogged
o “e[‘;" which carries several lenses. The image thrown
;;ii:; I‘l‘;nrﬁ; upon the horizontal shelct o.f paper is sharp and

sotly re s the colouring.

dmr"anﬂlu}::ﬂ;(:::?b;:ptfd(i‘::f\\- objects, the image of which is
onll: :'zry slightly enlarged. But the up]_nu:ut,us has also th?g
ﬂd._:ﬂ“mgo, that even after a protracted ‘jnt.tmg the npemtox: 18
not wearied. The simultaneous observation of the preparation
and of the point of the peneil, requ?red by. ot'her forms of
apparatus, is done away with by objective projection.

Tag PaoTOGRAPHY OF MACROSCOPIC PREPARATIONS.

Reference may here be made to the service which photography
has hitherto rendered in the study of nervous anatomy, and to
the future benefits promised by the further development of its
technique. Here, too, the distinction between the photography
of macroscopic and of microscopic objects must be kept in view.

To obtain a true reproduction of a fresh macroscopic object,
it must be photographed in a Position as nearly as possible
corresponding to the natural position in the body. With this
object in view, Flatau has constructed the arrangement detailed
}:elow,- whic_h permits, especlia,lly mn the case of the brain, of a

vertical picture.” It consists of three parts—

1. A large rounded wooden

: stand with a hole for the
objective.

2. Two ferrule screws.

In no other organ
relationship of the
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parts as in the brain and spinal cord, where the most various
lesions may be localised in a comparatively small space.

For the purposes of microphotography, the apparatus of
EpINGER (or some other of the numerous and differently con-
structed forms of apparatus) is employed. Tt is superfluous

here to describe this apparatus, which is sufficiently familiar to
every one interested in the subject.

V.—_METHODS OF STAINING,

The times have passed in which it was possible for the
anatomist or pathologist to make important discoveries in
unstained preparations, cut with a razor guided by his own
hand.  Since their departure further progress has been
anticipated, and attained, only by the continual improvement
and refinement of the methods of investigation. Thus the
microtome has been gradually substituted for the hand, and
its large plano-concave knife for the razor. When, by these
means, sections had reached an almost ideal thinness,
uniformity, and transparency, their various elements were
differentiated, and made more easily recognisable by staining
fluids.

Like the microscope, the microtome and its knife have
reached a degree of perfection which it seems unnecessary, and
scarcely possible, to exceed. The discovery of new methods of
staining, or the improvement of those already defnsed, on the
other hand, continually progresses, and especially in the
microscopy of the nervous system its progre?s has beel;
attended with the happiest results. The achm.vementa. 0
chemistry, and of the art of dying, from the point of _;'e‘f”
of commerce, admittedly aided in this result. Forf t ﬁ
purposes, as in the PrOVincea]Of nel:::hgy, the manufac
of permanent dyes has a special importance. !

Ipt is known {0 everyone that the ?xtmﬂmwm
chemistry has proved of the greatefit _lmPO“_"fm“e :othe ey
logist. Yet, in very many cases, it is u“memble ah = d%ehav "
date to say why this or that element of a tissue shoul -
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y another with regard to o staining fluid. The
: been discovered empirically, although
focted only by many researches and

differently fro1
majority of stains have
they have often bueII‘Pf’r s
experiments with a definite end in view. ; vith th

To those who desire a thorough ucquﬂmtu'n'ce Wi t-i
general principles of staining, and with thc‘ f(‘)lldlt}c::'ls esi.ﬁnr ia
to suocess, the admirable  Handbuch der Fir b(fl't‘l, by Léwen-
thal, may be recommended. For special points, the many
works of .Cnrl Weigert are, in this respect, of inestimable value.

To produce the required reactions, various chemical re-ag‘eflt,s,
mordants, and colouring matters are employed. This division,
however, cannot be rigidly insisted upon, as bichromate of
potash, for example, is, on the one hand, a genuine colouring
matter, producing chrome-yellow, and on the other is used by
the neurologist as a mordant, not to mention its action as a
hardening agent. Generally speaking, the chemical re-agents
are employed only in the preparatory process, and to aid the
action of the other substances.

The mordants are intended to form definite coloured com-
pounds with the colouring matters, and to play their part in the
final staining, as they become, in effect, a constituent portion
of the stain. They thus form the so-called ¢ Farblacke ” (colour
lake). Though they sometimes serve only to fix the stain,

tl%ey often become essential parts of the ultimate result, as
without a mordant the colouring matter gives no proper stain.
Often enough with different mordants ¢

£t . i he same colouring
Jarer may give different tints, which may not be equally
true.

Regarding the modemn detail
many pathologists have
the methods former]
ouly artificial prody
the objection is un

of the process of staining,
urged, even more forcibly
¥ employed, that in this wa
cts that are obtained.
(_hubtedly correct,

than against
y it is really
In a certain sense,

Should we be able in
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of our ideal. Every neurologist, however, is aware that in «
certain sense he has to deal with artificial products under the
microscope. But he is also aware that the continual progress
in the knowledge of the processes, whether of health or of
disease, is due in great part to the work of men such as
Weigert, Golgi, Ehrlich, and others, who have pointed out
new paths of research.

It is not my intention to treat of these questions here at
greater length, nor is this the place to do so. But it is

perhaps to the purpose to mention in this place the postulates
which Carl Weigert has laid down as essential to a successful

staining.

It is easy to indicate the object aimed at in a good staining.
It is simply this, that certain constituents of the tissues and
cells should select the colouring matter from a solution, and
form with it a compound as permanent and as deeply stained
as possible. In other words, by means of a certain colour,
the elementary constituents of the tissue must be made more
distinet. But it is often not enough to present a single colour
to the eye in the microscopic image; we employ dou_ble and
even triple stains, according to the object we have in view.

Whatever our object be, however, we must be gu.ided by the
postulates of Weigert,! which, though originally laid do.wn for
a neuroglia stain, apply, mutatis mutandis, to any variety of
stain. :

1. The first requirement is that the stain must bc-a selccti'm]z;
i.e., that it shall not stain at the same tim_e anything whic
might cause confusion, or prevent the distufcbness and pro-
minence of the element it is desired to examine. F:; ah::;:l-
roglia stain, for example, Weigert st?.l.;es that 1o n.leth s : s
be employed in which the possibility of Btmm:]id ¢
cylinders and nerve-cells cannot be deﬁxfltega:xthe S

2. The second important requirement 15 ‘ x Lot
the method shall be reliable, 7.e., every section which has be
properly prepared must show, in every part, every &

: enschlichen
1C. Weigert: Beitriige zur Kenntniss der norm-alen m

Neuroglia, 1895. Frankfurt a. M.

"
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to be c!mnmmtnli(“l- It in l‘-’““'"“"" Il"
that the success of the method must not be made
M . e

ware of a very brief I.oriu«l of time in any
oy . A stain, the suecess of

portion of the tissue
CVOry Casc,
to hang upon the

"f thl' Iln?{‘im‘.‘ to h‘(' L”"l' tl"““uh- . :
| L 15 \\'(l!‘tllli NS,
l> 'h. b "l " WA NN I\"[l. maore ol ]'. 8=
“‘I I(‘h I8 (I!l I l‘ 'I I Al N

3 It is very desirable that the other elements of the tissue
i : " 1 i Al W ' lt ]()H(‘B
should be brought into view, as far ns Is necessary, for pury

of localisation,

If, for example,
L] . ; i ‘
nuclei may, without inconvenience, be stained of the same

nouroglia fibres have to be demonstrated, the

oolour. as no one would confuse a nucleus and a fibre. But in
other cases a contrust-stain must always be ._nm];]nytl'd. -

4. The elements to be demonstrated must take on the stain
a8 deeply as possible. '

8, The preliminary steps and the preparation of the section
should oceupy as little time as possible, although it is much
more important that the process should be certain than that it
should be rapid,

In staining for the medullary sheaths, for example, the
tissues may now be made ready for the stain in four days,
without the aid of heat, while formerly weeks and months were
necessary.  (See “‘Staining for Medullary Sheaths.”)

6. The tissues must not be injured by the manipulations
which they undergo. Brittleness, shrinkage, and so forth,
must be avoided.

7. It is desirable that the preparations should be permanent.

These postulates admittedly cannot all be equally fulfilled in
every Cage, but no method should be regarded as perfect,
:ﬁ%ﬁ?ﬁi’i‘:‘ﬂ'ﬁieﬁj& miltlod for medullary sheaths, it meets

; - all events the pathologist demands
at least a selective demonstration of the different tissue-elements.

The more isolated is the stain; i
: % Stalning, the easier is it to recopnige
pathological alterations, g

From this point of yiey staining methods may be divided

Methods of Staining,

45

only the clements to be demonstrated appenr in the

tion, is to be found in a very small minnrihy of instances
Staining methods are, however, divided into the following

grull])ﬁ 3 — i,

- . Stains for nerve cells,

1
2. For the medullary sheaths,
3. For the axis-cylinders,

4. For the neuroglia.

The methods of Golgi and Ehrlich oceupy a position by
themselves,

A. StaNiNe THe Nerve CELLS,

The method of staining by means of carmine, introduced by
Gerlach in 1854, remains to some extent in use at the present
day. But of recent years the different kinds of carmine have
lost so much of their importance, that some neuro-pathologists
have almost entirely abandoned their use. For this there are
various veasons. What sections stained with carmine show,
may either be seen by the practised eye, even in unstained
preparations, or may be shown by other methods. Furtbt.er,
the preparations of carmine seem of late years to have de_teflo-
rated in quality. Moreover, the use of alcohol before staining
prevents a good demonstration of the tissue-elements. .For
this last reason, some employ this stain only in bulk, _for pieces
of tissue previously hardened in Miiller's fluid. Finally, by
the use of the methods of Nissl and Held, so perfect a dm—
stration of the inner structure of the nerve cell may be o‘bta.l_ned
as to make other methods unnecessary for i.ta inv?stlgatm_x.
It is, however, necessary to mention the carmine stains in t:::
Place, as they are not altogether without importance mtho-
survey especially of such nerve cells as have undergone pa
logical changes. B L T

gThe best gresults are to be got from carmme.‘ Bt:fmf‘g: if
treatment with alcohol is omitted, 7.e., when the piece hﬂ::;
. ' Carmine is prepared by treating cochineal with :::11:1!;19 i'flh :ﬁg@m

T ;
18 almost; insolu%le in water and alcohol, but readily a shield-louse h:mu:f

- . - tl’ -
ochineal is the dried female insect of coccus cactl, t is carminic
upon certain kinds of cactus. Its colouring an
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ftor hardening, is placed entire in the staining fluid.  Further
after har )

detail is given below.

TOXYLIN.
SraixinGg THE NERVE CELLS BY CARMINE AND HzEya

For staining in bulk, Beale’s carmine, tm'-:la.-car.rcum:],1 u;::
1 per cent. solution, alum-carmine, and borax-carmine
be considered.
1. Ammonia-carmine (Beale) :—
Carmine, - - - - - - 0,6
Lig. Ammon, fort.,, - = = = 3,75

The solution is boiled for a few minutes, and the following is
then added :—

Glycerine, - - - - - - 60,0
Distilled water, - - - - - 60,0
Alcohol, - - - - - - 15,0

The entire pieces remain from two to eight days in the solution,
and are then washed out. They are afterwards hardened in
alcohol, embedded, and cut.

Apart from the saving of time and trouble, the advantage of
staining in bulk is that better results are obtained owing to the
omission of aleohol. Small pieces, which should not be more
than 1 cm. in length and 03 cm, in breadth, may be stained
in from two to four days. They are then washed out and
placed for twenty-four hours in 70 per cent. alcohol, to which
1 cem. of hydrochloric acid is added,. The acid is then removed
by water, after which the pieces are hardened in alcohol and
cut,

A drawback to soda-carm
shillings per gramme),

4 fd f::;:i:z:n;::‘e, as recommended by Grenacher,

A, Staming in bulk op for
It is prepared by boiling
" of a b per cent. solution
an hour,

ine is its high price (about three

i8 less

; Separate sections.
2 to 5 grm, of carmine with 100 cem,

of alum for 5 quarter of
' al an hour to
The pieces remaiy 1 the stain from ten minutes to

out in distilleq water and
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at once embedded. = There is ng rigk
on the other hand, the solution is ng
that are difficult to stain, as the }y
nuclei is not sufficiently intenge,
bright red, while the ground substan
stain at all.

According to Upson, sections may
in five minutes if one to three drops of PhOBPhO-molybdic i
be added to every 5 cem. of the alum-carmine solution,

Haug recommends the following combination :—

Carmine, - - E -

of Overstaining, by,
t adapted for objects
uish-red colour of the
The protoplasm stajng
ce hardly takes op the

be completely stained

e 1,0
Borax, - - - - = 2 : 1,0
Alum-carmine, - - . 5 c 2,0

These are rubbed together and hoiled for half an hour with

100 cem. of liquor aluminis acetici (P.G.) The solution is
then filtered. It may be used in a few weeks, and keeps for a
long time.

3. A. Borax-carmine (aqueous solution) :—

Carmine, - - - - - - 0,5
Borax, - - - - - - 2,0
Distilled water, - - - - - 1000

The ingredients are mixed and heated to boiling point. 5 cem.
of dilute acetic acid are then added, while the fluid is stirred,
until its colour resembles that of ammonia-carmine. It should
be filtered in twenty-four hours.

B. Boraxz-carmine (Grenacher) (aleoholic solution) :—

Carmine, - - R - 2_..2,3
Borax, - N 93,0
Distilled water, - & \

After this has stood for two days, an equal quantity Of Lty
cent. alcohol is added, and the fluid is filtered thirty-six hours
afterwards,

The sections remain in one of these aolutiqml Imm ‘q'_f“fmr
of an hour to ten hours. There is no ﬂa_k Df koS ted mth
They are differentiated, as above, in a.lccr_hol aqldﬂ&nﬁ s
hydrochlorie acid. They are then washed in water, transierr
to alcohol, and mounted in balsam. 3
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C. Neutral boraz-carmine (N ikiforoff) :— : e
Carmine, - - _ : 5:0
Borax, - - _ s

Distilled water, - B 0
The fluid is boiled, and ammonia is added.  After it has

evaporated to half its volume, some dilute acetic n-cldt is :?dde_d.
This carmine is specially to be recommended for staining in
bulk. . Tl .

The process of staining in sections is simple, and in every
case the same. It is as follows :—

1. Hardening in Miiller’s fluid.

2. Washing in water ; subsequent hardening in alcohol ;
transference to ether-alcohol ; and embedding in celloidin.

3. Cutting ; staining in one of the carmine solutions (from a
few minutes to twenty-four hours).

4. Washing in water, or, in the case of the compound
carmine solutions, in alcohol acidulated with hydrochlorie acid.

d. Transference to alcohol, then to one of the oils or to
carbol-xylol, and mounting in Canada balsam.

The nerve cells and their nuclei take on the stain best, and
become of a brilliant red colour. Then come the axis-cylinders
and the neuroglia. The ground substance appears pink, and
the medullary sheaths remain almost unstained.

Cells that have undergone pathological change are for the
most part indicated by an intensely red colour, which, in

transverse sections of the cord, for example, may often be
distinetly perceptible to the naked eye.

jl‘he following kinds of carmine must he considered, as
suitable for our purpose : '

4. Ammonia-carmine chanced to be the first form of carmine
to Pe employed as a stajy, It is Prepared as follows :—The
des1re.:d quantity of Naccarat’s best French carmine i8 ‘st'rred
up with a little Ammonia, which ig then diluteq with diséilled

water until a dark yeq fluid :
S obtained, -
CXCesS of ammonia is alloyeq After filtration, the

y i to eya orate, T .
fmlutu.:m‘ the hetter is jts effect. The b};st resul L ] b
1 staining €Sults are obtained

if a solution, diluteq till it is of 4 rose colour, be
7
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employed. Its action should be prolonged, and ig aided 1
heat. Used in this way it possesses the practical advsntagz
which must not be overlooked, that the sections can he diatinctl;
seen in the fluid, The waste of tim
them in a dark and opaque fluid like the other forms of
carmine i8 thus avoided. The longer was the duration of the
processes of fixing and hardening in bichromate, the longer
does the staining take. When it is complete (in from twelve
to twenty-four hours), the sections are washed, first in water,
then in water containing about 1 per cent. of acetic acid
(instead of which hydrochloric acid may be used). The acid is
removed by prolonged washing out in distilled water (from one
to twenty-four hours). The usual after-treatment follows, and
the sections are mounted in balsam.

5. Dry ammonia-carmine (Hoyer),

An aqueous solution is prepared as follows :—

Carmine, - - - - - - 1 grm.
Liq. Ammon. fort., - - - - 2 cem.
Distilled water, - - - - 8 ccm.

The excess of ammonia is removed by heat. After the solution
has cooled it is mixed with about five times its volume of
absolute alcohol. It is then filtered and allowed to evaporate
to dryness. A powder is thus obtained which may be kept f{?r
months. A } per cent. aqueous solution of the powder is
used as a staining fluid, and often gives good results aven
when it is freshly prepared. The intensity of the carmis
stain is increased if a 1 per cent. solution of alum be preﬁvmusiy
used as a mordant. The sections should remain in this for a
few minutes, and should be washed for a short f'il_ne 1 ‘:pa!.:er.
But this process seems occasionally to make the differentiation
less distinct.

6. Uranium-carmine (Schmaus)— » i

Carminate of soda, 1 grm., and oxide of uranium, ioiri;
are rubbed together and afterwards boiled for half ::to ok
100 com. of distilled water. The solution is allow f
and is afterwards filtered. The sections ahoult} be laf:emr:r;
fifteen to twenty minutes in the stain, but even if they r

B

© Spent in searching for
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for twenty-four hours they are not overstained. The celloidin

does not take on the stain.
7. ’;"Mrmt'lw (Rﬂ-n\'iﬂr)— 1.0
Carmine, - 2 g '
Liq. Ammon. fort., lg'g
Distilled water, - : v
After the ingredients have been dissolved by t.hfs n':d ol'. heat,
200 grm. of a saturated watery golution of plcnc.ucld a‘.re
added, and the resulting fluid is evaporated to a third ‘of its
volume, and filtered. The sections are left in the stain for
an hour and then transferred to glycerine containing 1 per
cent. of hydrochloric acid. To this a little picric acid should
be added. They are then washed for five minutes in water
containing pieric acid, dehydrated in aleohol similarly treated,
and mounted.

In this way a kind of double-staining is attained. The
nuclei are of a brownish-red, and the protoplasm is yellow.

8. Soda-piero-carmine (Loewenthal)—

Caustio soda, 1 grm., is dissolved in 100 cem. of distilled
water, and carmine, 04 grm , is added. The fluid is boiled for
ten to fifteen minutes, and diluted with 100 cem. of distilled
water. A 1 per cent. solution of picric acid is then slowly
added, until the point arrives at which the resulting precipitate
ceases to be completely dissolved. The fluid is allowed to
stand for three hours, and then filtered several times through
the same filter paper. If it is kept for a considerable time it
often becomes turbid.

If it is intended to procure permanent preparations there
must be added to the water or to the alcohol, as in the fluids
above mentioned, a little picric acid,

In good preparations the nerve cel]
nuclei dark red. The nuclei of the
the axis-cylinders somewhat darker,

9. Lithia-carmine (Orth) :—

Carmine, - A

8 are pink and their
neuroglia are bright red,
and the myelin yelloy,

. - - -2,56—5,0
Saturated watery solution of lithium
carbonate, - - - - - 1000
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The staining is performed just as with horax-carmine, The
nuclei become deep red.  Overstaining is easily correoted by
differentiation.

10. Picro-lithia-carmine (Orth)—

The above solution of lit,hiarcarmiue, 1 part.
Saturated solution of picrie acid, - 2 parts.
The staining lasts from six to twelve hours, and gives a result
gimilar to that of lithia-carmine, except that the myelin is
stained yellow.

Haug recommends, for preparations specially difficult to
stain, the following solution, which may be kept for a very
long time, and used as soon as it is prepared :—

Carmine, - - - J L 5 1,0
Chlorate of ammonia, - - - s 2,0
These ingredients are rubbed together, and boiled in 100 cem.
of distilled water. After cooling 15 to 20 drops of Liq. Ammon.
fort. and 03 to 0'5 grm. of lithium carbonate are added. The
solution is then filtered. Sections are stained in a few minutes.
The usual after-treatment, follows.

11. Alum-cochineal (Csokor)—

One gramme of alum and one of cochineal are nfbbe_d
together, and dissolved in 100 cem. of distilled water, wh-lch is
evaporated to half its volume. After cooling and filtration, a
little carbolic acid is added, to prevent the development of
mould. In this case also overstaining is impossible. .

The nuclei become violet, the body of the cell and the axis-

cylinders of a reddish tint.

Hematoxylin was introduced by Waldeyer in 186.5. :tth is
used at the present time to demonstrate the finer details of the
structure of the nucleus and of the body of the cell. It i8 to.
be specially recommended in the study of 1.:he ground suhatall;:j
of the nerve cells, and of the fibrille which tr?verse ;t.dhhm
this purpose it may be employed, as E.‘lemml’ng ;n o Of.
recommend, after fixing in corrosive sublimate, in the -
Heidenhain’s iron-heematoxylin, or of Delafield’s hematoxy

used in gradually increasing strength.

it
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y J 1
Haematox in i8 the co ring ma tor of ]08 'OOI". In 1810 hevreu
lin i th louri 4 {1 g W : : ( .

f()und in it a yolluwi;h.whim crysullllne bUl’ly, “’hl(ill l"ﬂpl(”y darkened

l’os 1 i It i.
| | thu pl'[‘.s(.'ﬂcc Uf amimonia,

Wbtn ox Qd to awr, upl:'{.la”y i :

lﬂnlforﬂled by oxi(!abilin inm Lhc pl‘npel ('Olouflng ll‘lﬂtlcl (‘f pl EPI!'I ed

logwood, the so-called hematein of E!‘dtuunn.

Iﬂgwuod. it,acl‘f is p(;rim:)s :ll:zl::rl:st:::lpo;?:::.o
:;:rdﬁnultr:;ge.‘:}i[i:;,uot .hluck stains, Logwood (or campeac_hy wood)
is the central wood of the stem of hematoxylon campechianum (a
leguminous pine), stripped of the bark and gap-wood.

With the exception of Ehrlich’s solution, which remains uu-
changed and active for many years, hematoxylin solutions
undergo decomposition after a certain time. Generally speaking,
they are not at their best until a few weeks after they have
been prepared. Jn contrast to carmine, hematoxylin in solution

f all colouring matters.
in combination with

very readily produces overstaining.

1. Alum-hematorylin (Boehmer)—

A 1 per cent. solution of hematoxylin in 10 cem. of absolute
alcohol, and a 1 per cent. solution of alum, should be kept in
stock. A few days before the stain is to be used, enough of
the hematoxylin is added to the alum solution to produce a
violet tint. This fluid is exposed to the light for a few days,
which causes it to darken still further, It may then be used.
After some weeks the solution may become too deeply stained,
but this may be avoided by further dilution with the alum
solution. The staining is carried out as follows :—

(1) The sections remain from one to thre
stain.

(2) They are thoroughly washed out, and left in distilled
water for twenty-four hours,

: (3) T'hey are then transferred to alcohol, and afterwards to
oil of origanum, and to Canada balsam,

The nuclei are of a bluish-vi i
e sh-violet tint, and the protoplasm

Sections of pieces that ha
ust be washed oyt before t
also advisable not to transfe

e minutes in the

ve been hardened in bichromate
hey are placed iy the stain. It is
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It should be noted that, after removal f

y rom the stain, th
sections darken still further in water, They Should'no:
1

therefore, be left too ]nr.ng. in the hematoxylin.  But if this has
happened, and overstaining has been the result, it may be
rectified by the use of a 1 per cent. alum solution, after which
the sections are washed out in distilled water.

Treatment with acid is for the most part superfluous,
although some employ one drop of hydrochloric acid in 50 cem,
of distilled water. If this be done, the acid must be ufterwards
neutralised, e.g., with ammonia. As cluve oil appears to reduce
the permanence of the hematoxylin stain, origanum oil should
be used in its place.

2. Hematorylin (Delafield)—

Two grammes of hematoxylin, dissolved in 10 cem, of
absolute alcohol, are mixed with 200 cem. of a saturated
solution of ammonia-alum, exposed to light in an open bottle,
and filtered four days afterwards. 100 cem. of alcohol, and
the same quantity of glycerine, are then added. If the colour
has become dark the fluid is again filtered, and the bottle is
closed by a stopper. The solution may be used in a few
months, a small quantity of it being added to a considerable
amount of water. The same precautions must be taken as
with alum-h@matoxylin.

3. Acid hematoxylin (Ehrlich)—

Haematoxylin, - - I 6,0
Distilled water, - E < e ] al
Absolute alcohol, - - -~ J aa 300,0
Glycerine, - .- - - -

Glacial acetic acid, - - - - 20,0

Alum in excess.

The solution is filtered and exposed to :‘ght for AT
weeks, becoming darker during this period.

This hsemutgxylin of Ehrlich is diatinfgtfiahed from th;
others by the greater rapidity of the staming Prz;zs’t;l;
the almost complete permanence of the remxlt: - ]: the]
are stained the sections are washed in water, I Ly talnetyi
darken, They are then mounted. All the nuclei are 8
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a deep blue. The hodies of the cells are light blue, or may
not be stained at all. : .

For objects which are difficult to sta ‘ :
on, the action of which is very rapid :(—

n Hang recommends

the following soluti

Hmmatoxylin, - - - l(l},g
Absolute alcohol, - - - = . ;
Liquor aluminis acet. (P.G.),! - - 200,0

This stain, which is at first blue, becomes in a few weeks dark
brown. The addition of carbonate of lithia promotes the
success of the stain. The sections may afterwards be differen-
tiated in alcohol to which hydrochloric acid has been added.
They are then washed out and mounted.

]1'1 conjunction with the above nuclear stains the aniline
colours and their combinations may here be shortly described,
as they are also to be regarded as nuclear stains,

Goodall has made extensive experiments with these reagents,
both on pieces of tissue hardened in bichromate and on those
hardened in sublimate. The pieces must be afterwards treated
with alecohol. From his results it follows that, as a general
rule, the process of staining is more rapid after hardening in
sublimate than after hardening in bichromate. The following
aniline stains, as mentioned by him, may here find a place :—

L. Aniline blue-black (the English preparation)—

Aniline blue-black, - - - - 0,25
& Ee(iiiStiHEd watcl.', - - - - - 100,00

cions are stained for from half an hour to an hour.
Oversjtaining must be avoided, as it is impossible to differentiate
suﬁf"mﬂj' or completely to extract the excess of stain. The
sections must be washed out and transferred to alcohol, then to
zll':::ﬁ;;:rc {E:ll::l :f tl,llt‘aht::ils, but lnot to oil of cl?\'es, which in time
For ohjects whic-h are cjin;ir eultt,}t(:)1 m('mnt?d A
# to § per cent. solution il: abgol g f‘ecommends 4
rupidly and with greater intenstty. L, 218 Hore
less deeply. It bgrin " intensity, while staining the celloidin

” &8 out the nerve cells with their nuclei

ulphate of aluminium, 300

Precipitated carbonate of calciu;m:wle-‘:{llc; B\?vl;li:er].lll)(-)ﬂg}bg 2"3!]-%}“3)’ el
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and processes, the axis-cylinders, and the nuclei of th
and blood vessels. Their tint varies from g bluis
deep blue. The axis-cylinders and the nuclei of th
are the most deeply stained.

Sublimate preparations do not give such good results as
those hardened in bichromate,

€ neuroglia
h-grey to a
e nerve cells

Bevan Lewis’s modification for the cerebellar cortex :—

The sections are to be stained in the watery solution, washed out,
and transferred to a 2 per cent. solution of chloral hydrate, in which
they remain from twenty to thirty minutes. Afterwards they are
differentiated in a mixture of equal parts of oil of cloves and 2 per
cent. solution of chloral hydrate, to which absolute alecohol has heen
added until a clear solution is obtained.\ The process should be
constantly watched under a low power of the microscope. The
sections are afterwards transferred to absolute alcohol, oil of cloves,
and Canada balsam.

Indulin is used in the same way as aniline blue-black.

2. Aniline blue is employed in a very dilute watery solution.
The sections are stained for five to ten minutes. The other
steps in the process are the same as those given above.

In contrast to the other aniline stains these two are unaffected
by alecohol. Hardening by sublimate cannot be recommended
if these stains are to be used.

3. Toluidin blue— 3
Toluidin, - = N e acn SRR
Distilled water, - - o = = 100300

The addition of a little alcohol promotes the solution of.the
powder. The staining lasts from twenty-four to f?rty-elght
hours, or, if the tissues have been hardened in sublimate, for
a shorter time. The sections must then be washed out, lﬂﬂd
transferred first to 96 per cent. alcohol and thn?n to s}:bso ut:
alcohol. When they give off no further cloudiness they ar
transferred to xylol and then to Canada ba.lff‘.am- MR

The section is of a pale blue or purple tint. 1:, ::re dark
the nerve cells, the neuroglia, and the blood WE'B:BHB .
blue or purple, and the protoplasm of the e
what paler. If the tissue has been hardened :
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blue. The bodies of the cells are light blue, or may
a deep blue.

no; he zt-:_i:cﬁ S:fhxalc]h are difficult to stain Haug rec.ommends
the ::Howjing solution, the action of which is very rapid :—

. : 1,0

Hegematoxylin, - 3 ] 10.0
i i s o Ly

sk .- 2000

Liquor aluminis acet. (PiG.)7 : |
This stain, which is at first blue, becomes in a few weeks dark

brown. The addition of carbonate of lithia promot.es the
success of the stain. The sections may afterwards be differen-
tiated in alcohol to which hydrochloric acid has been added.
They are then washed out and mounted.

In conjunction with the above nuclear stains the aniline
colours and their combinations may here be shortly described,
as they are also to be regarded as nuclear stains.

Goodall has made extensive experiments with these reagents,
hoth on pieces of tissue hardened in bichromate and on those
hardened in sublimate. The pieces must be afterwards treated
~with alcohol. From his results it follows that, as a general
rule, the process of staining is more rapid after hardening in
sublimate than after hardening in bichromate. The following
aniline stains, as mentioned by him, may here find a place :(—

1. Amiline blue-black (the English preparation)—
Aniline blue-black, - - - 0,25

Distilled water, - - - - - 100,00

The sections are stained for from half an hou
Overs.tammg must be avoided, as it is impossible
sufficiently or completely to extract the exce;ss

sections must be washed out and transferred to
creosote or one of the oils,

alters the colour, They
For objects which are difficult to staj

r to an hour.
to differentiate
of stain. The

alcohol, then to
but not to oil of cloves, which in time

‘Bulphabe of aluminium, 3

recipitay 00; ic aci
Precipitated carbonate of caleium:wle;(l)e- a:ls;.it:eP ?00(0])3 o

gAly==="f
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and processes, the axis-cylinders, and the nuclei of the neuraolia
and blood vessels. Their tint varies from a bluish-grey to a
deep blue. The axis-cylinders and the nuclei of the nerve cells
are the most deeply stained. ls

Sublimate preparations do not give such good e
those hardened in bichromate, -

Bevan Lewis’'s modification for the cerebellar cortex :—

The sections are to be stained in the watery solution, washed out,
and transferred to a 2 per cent. solution of chloral hydrate, in which
they remain from twenty to thirty minutes. Afterwards they are
differentiated in a mixture of equal parts of oil of cloves and 2 per
cent. solution of chloral hydrate, to which absolute alcohol has been
added until a clear solution is obtained.\ The process should be
constantly watched under a low power of the microscope. The
sections are afterwards transferred to absolute alcohol, oil of cloves,
and Canada balsam.

Indulin is used in the same way as aniline blue-black.

9. Aniline blue is employed in a very dilute watery solution. ‘
The sections are stained for five to ten minutes. The other ;
steps in the process are the same as those given above.

In contrast to the other aniline stains these two are unaffected
by alecohol. Hardening by sublimate cannot be recommended

if these stains are to be used.

3. Toluidin blue— , ;
Toluidin, - = = CESCEE
Distilled water, - - . = = 100309 Lo

The addition of a little alcohol promotes the solut-lqn nf-'-thg
powder. The staining lasts from twenty-four to fmy-elg:;
hours, or, if the tissues have been hardened in subhm&ﬁi _
a shorter time. The sections must then be waahad_ uni,ﬂ
transferred first to 96 per cent. alcohol and ihen fiﬁ absolute g il
alcohol. When they give off no further Glﬂﬂﬂm@ W ‘ .iL’
transferred to xylol and then to Gamd&'ﬂﬂm The: wﬂ' =t
The section is of a pale blue or purple t‘ Brid? 12 e el
the nerve cells, the neuroglia, and the mmﬁ 0 ge.
blue or purple, and the protoplasm “f e S - ek e .
what paler. If the tissue has been hardened in -

— J— —
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is said that the result is not s0 good, as the stain becomes t00

diffuse.

4. Victoria blue— _ .
The hardening should take place in sublimate, and the

sections should be stained in a dark blue solution for lfortg-
eight hours. They are afterwards treated as a_bl?VG mentioned.
The result is the same as in the case of toluidin blue, echpc
that the body of the nerve cell is less decolourised. Hardening
in bichromate does not give such good results.

5. Safranin— L

A deep red watery solution should be used, or a solution in
equal parts of water and alcohol. The sections are left in the
stain from twelve to twenty-four hours, but their treatment
should be otherwise as above detailed. For differentiation, as
in the case of borax-carmine, alcohol, to which hydrochloric
acid has been added, is sometimes recommended. It should be
followed by absolute alcohol. This process is chiefly employed
after the tissues have been fixed in chromo-acetico-osmic acid.
Hardening in sublimate is not advisable.

6. Daklia—

A deep red watery solution should be used, and the sections
may be stained for as long as forty-eight hours. Overstaining
may be rectified as in the case of toluidin blue. Equally guod
results are obtained whether the tissues have been hardened in
sublimate or bichromate.

7. Gentian violet—

édeep violet watery solution is used, and the sections are
stained for as long as forty-eight hours. Otherwise they are
treated as above, or alcohol acidulated with hydrochloric acid

may be used. The same results follow h :
in sublimate or bichromate. ardening whether

8. Methyl violet—

A deep violet solution in e
used.  Staining lasts for
treatment is as above,
bichromate,

qual parts of water and alcohol is
tw? or three days. The after.
Sublimate gives better results than

Staining the Nerve Cells.

9. Methylene hlue—

A deep blue watery solution is used, and the staining process b

lasts forty-eight hours. The after-treatment is as above. This
method is specially adapted for staining the nuclei of the
neuroglia.  The same results follow hardening whether in
sublimate or bichromate.

10. Congo red—

A deep red solution in equal parts of alcohol and water is
employed. The staining process lasts from twelve to eighteen
hours. The reddish-brown sections are washed out in water
and alcohol, then differentiated for a few hours in alcohol
acidulated with hydrochloric acid (as in the borax-carmine
process). They are then washed in water, transferred for a
short time to alcohol and then to xylol, and are finally
mounted in Canada balsam. The axis-cylinders appear dark
brown, the nerve cells and neuroglia cells dark brown or

purple, while the ground substance is paler. The axis-cylinders

are particularly distinct.

Nissl recommends the following method :—

The pieces should be hardened in bichromate of potash and
transferred to 95 per cent. alcohol. The sections are stained
for 72 hours in a solution of Congo red (5,0 to 400,0). They
are then transferred to 95 per cent. alcohol, in which they
remain from five to ten minutes, and are then left for six
hours in nitric acid-alcohol (3,0 to 100,0). From this they
are retransferred to alcohol, then to oil, and finally mounted in
Canada balsam. Hardening by sublimate is not to be recom-

mended.

11. Methyl green— b
This substance is not so often employed, as the stan 1§

rapidly extracted both in water and alcohol. Iﬁhﬁlky,
however, frequently used it for pieces hardaneq by his fluid.
He employed a 1'5 or a 2 per cent. alcoholic or lqm
solution. The staining process lasts from twelve to twenty-

four hours.
It is of value as a nuclear stain. To a strong watery

solution 1 per cent. of acetic acid should be added, Qﬁ‘:

u,
} -
Al
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the scctions should be washed out in slightly acidulated

water. ! 2 :
Of the very numerous combinations of aniline stains, the

following, which are preferred by (oodall, may be mentioned
as of importance :—

\. The Ehrlich-Biondi mizture (methyl-green, ;
and orange). The pieces are hardened either iu.subhmate or
bichromate. The staining process lasts from six to twenty-
four hours. The sections are then washed out, transferred to
alcohol and xylol, and mounted in Canada balsam.

The section has a general reddish tint. The nerve cells are
of a pale violet colour, and their nuclei deep violet. The
nuclei of the neuroglia are bluish-green, and the vessels dark
red.

2. Gentian violet and eosin—

After hardening in bichromate the sections are stained in an
alcoholic solution of gentian violet, diluted to half strength
with water, and placed in alcohol or acidulated alcohol until
they are completely differentiated. They are then stained for
one or two minutes in a fairly strong watery solution of eosin,
after which they are quickly dehydrated in alcohol, transferred
to xylol, and mounted in Canada balsam.

acid-fuchsin,

A number of combinations, which cannot be overlooked, are
employed for the special purpose of counter staining, Many

of them, however, are of no great importance for the attainment

of the real object of investivat;
gation, namely, the promoti
our knowledge of the histology and the / G

L. Hematozylin and Pieric acid—

The sections are stained fo
to‘:lnyhn (e.g., Ehrlich’s),
Il.lmutes, until the blue
tint, in alecohol made

' 2 quarter of an hour in hsema-
washed out, ang placed for a few

collour has given place to a yellowish
yellow by the addition of crystals of

picric acid.  They are then transferred to xylol, and mg

ke iV g ¥
i e | .,‘."'.'Aﬁ,l" ’
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in Canada balsam, '

The 1'1erve cells appea:r yellowish, and their okt pr; 2 ,.
violet tint. The nuclei of the neuroglia and blgog vessels are
deep violet, and the ground substance yellow, L Al

2. Carmine and picric acid—

The sections are.sta.ined in carmine, and treated as e
When the red section has become reddish yellow it is trans
ferred to xylol and mounted in Canada balsam.

The nerve cells appear red, and their nuclei deep red. The
ground substance is paler. The nuclei of the neuroglia are
not distinct.

3. Hematorylin and eosin—

The sections are stained for a quarter of an hour in Ehrlich’s
h@matoxylin and then washed out. The counter stain is a
weak watery solution of eosin, in which they are left for a few
minutes until the blue colour has given place to a reddish
violet. They are then transferred to xylol and mounted in
Canada balsam.

The nerve cells are red and their nuclei pale violet. The
nuclei of the neuroglia and blood vessels are deep violet, and
the ground substance pale red. :

This combination gives the best microscopic pictures, and is
therefore among those most in use. Goodall, however, also
recommends the following combinatio; as very good:i—

4. Hematoxylin and benzo-purpurin b— . 23

The section‘z are stained for ten minutes in E’_’ﬂl@ S i
heematoxylin and then washed out. Th? countel‘ _ﬂm ﬁl:n:
weak watery solution of benzo-purpurin B, in which tham i' e,
remain for a few minutes. They are washed out, e

' od in baloam. THe IEFISE Sl
to alecohol and to xylol, and mounted g I Tt packiet L
cells are reddish and their nuclei pale “?lﬂt'- a:;w
the neuroglia and blood vessels are deep violet 2 o et .
substance reddish violet. S -

5. Hematoxylin and aniline 511&0—5160&"" ' iﬂ( W T

The sections are stained for a few minﬂm % ’
then for a few seconds in 0 per cent: i S ¢ L
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apiline blue-black. They are washed out and treated as

ab::;rt from the rapidity of the staining process in this

combination the contrast is extremely sharp, as aniline bhl]'e-
black stains principally the nerve cells, and the haamu..toxy n
those of the neuroglia. These stains seem to be particularly
well suited to the cerebellar cortex (Purkinje's cells).

6. Haematoxylin and safranin— :

The sections are stained for a few minutes in h@matoxy l.m,
washed out, and transferred to the counter stain, a solution
composed as follows :—Safranin, 1,0 ; absolute alcohol, 100,0 ;
distilled water, 200,0. They are again washed out, and treated
as above.

The nerve cells and axis-cylinders are pale red, all the nuclei
are violet, and the ground substance is reddish.

7. Aniline blue-black and picro-carmine—

The sections are stained from a quarter of an hour to half
an hour in picro-carmine, then transferred direct to a 1 per
cent. watery solution of aniline blue-black. In about ten
minutes they appear of a deep violet tint. The further
treatment is as ahove.

The nuclei of the blood vessels are particularly sharply
dfaf;ned in the midst of the other structures, which are stained
violet,

8. Picro-carmine and aniline green—

The sections are stained in picro-carmine, in the incubator,
from a quarter of an hour to half an hour. They are then
w‘as%]ed out in acidulated water and rapidly passed through
dm_tflled water. The counter stain ig a watery solution of
aniline green (1 to 1000), in which the_y remain for twenty-

four hours. They are then washed in water. The further
treatment is as abovye,

Staining the Nerve Cells,

9. Carmine and aniline blue (Duval)—

The sections are stained in carmine, washed oﬁt, and
counterstained for five minutes in the following solution :—
Saturated aleoholic solution of

aniline blue, R 10  drops.
Absolute aleohol, - - - 10,0

They are cleared in turpentine, without any further treatment
with alcohol, and mounted in balsam.

The sections appear dark violet. The nerve cells and
axis-cylinders are reddish violet, the nuclei of the neuroglia
blue, and the blood vessels bluish violet. ‘

10. Borax-carmine and picro-carmine—

One may stain at pleasure first in one or the other re-agent,
or a mixture of both may be employed, a few drops of
picro-carmine being added to a tumbler of borax-carmine.
The sections are washed out, dehydrated in picric-acid aleohol,
transferred to xylol, and mounted in balsam. The results are
much the same as those of carmine and picrie, but the nuclei
are more sharply defined.

L1. Boraz-carmine and indigo-carmine—

The sections are stained for some hours in Grenacher’s
borax-carmine, and differentiated in acidulated aleohol. They
are then washed out, and placed for from ten to twenty hours
in the counterstain, a dark blue alcoholic solution of indigo-
carmine. They are again washed out, transferred to alcohol
and to xylol, and mounted in balsam.

The nerve cells appear blue, and their nuclei red. The
nuclei of the neuroglia and blood vessels are red or violet,
the ground substance bluish green, and the medulla green.

Nisst’s METHOD FOR STAINING NErVE CELLS

1. The fresh material is hardened in 96 per cent. alcohol. |
9. Without embedding, the pieces are fixed upon cork by :
i -li then cut, ¢
means of gum arabic or fish-lime, and are ! o |
3. The sections are stained in a watch-glass with a solution

of methylene blue, which is held over the flame of a spirit
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lamp till bubbles are given off (at 65° to 70° C.). The staining
solution consists of — 2
Methylene blue B. (patent), - - f,; ;
Grated Venice soap, - - : - 100,0’0

Distilled water, - - : ) ;
4 The sections are differentiated in a mixture of aniline oil,

10 parts, and 96 per cent. alcohol, 90 parts. The px;ocess Is
continued until the large clouds of stain cease to be given off.
The aniline oil and the differentiating fluid must be protected
from the light by keeping them in dark bottles.

5. The sections are very thoroughly dried upon the slide,
and rendered transparent by oil of cajuput. They are again
dried with blotting paper.

6. Benzine is poured over them, and they are mounted in
colophonium dissolved in benzine. The benzine gases are
driven off by heating over the lamp.

This method of Nissl's gives a demonstration of the finer
structure of the nerve cells, such as has never before been
attained by any other method. In particular, commencing
degenerative processes in what he calls “the portions of tissue
capable of taking on the stain” have been for the first time
revealed to us by the use of this method.

In the examination of the nerve cells, especially by Nissl's
method, a number of directions, given by Goldscheider and
Flatan,! must be followed out,

- lc.mThlZnenth:e spinal cc-n*d (or portions of it not more than
= cm. long) is placed in aleohol for five op ten minutes.

OOtt(;n wool should previously be laid on the bottom of the
vessel.

2. After five or ten minutes the co
sections, measuring 2 or 3 mm, Thes
paper, and one surface (the proxim
preferred) is marked in the white

ink, Hardening for fifteen t twe
these thin sections,

rd is divided into thin
e are dried with blotting
al or distal, as may be
ubstance with g point of
oty hours is sufficient for

' Goldscheider and Fla = et
«r Nervenzellen, lsns.ta U, Normale und Pathologische Anatomie

- .
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3. The pia mater is now removed with a fine pair of forceps,
beginning at the longitudinal sulcus. The little pieaes.am‘e.
dried on blotting paper, and fastened on cork by a very thin
layer of fish-lime. They should be gently pressed down with
the finger. Ninety-six per cent. alcohol is now dropped upon
them.

4. The corks, carrying the pieces, are placed in 96 per
cent. alcohol. The pieces may be cut after half an hour's
immersion.

9. The sections, which should be from 10 to 20 # in thickness,

are transferred to methylene blue. It 4s not necessary that

bubbles should be given off. 1t is sufficient that the fluid should
be gently heated until steam arises. The sections should remain
upon the surface.

6. They are placed for half a minute to a minute in aniline
oil and alcohol, returned to methylene blue (the double method
of staining), and then again to aniline oil and aleohol. The
white substance must appear transparent. It is advisable to
immerse the sections in alcohol for some hours before staining.

7. The sections are passed through several watch-glasses
containing aniline oil and alcohol, and are then, to render them
more durable, very firmly dried upon the slide with several
layers of fine blotting paper. They have now the glittering
appearance of mother-of-pearl.

8. Cajuput oil is applied for a short time. They are quickly
dried, benzine is poured over them, and they are mounted in
colophonium dissolved in benzine.

If, at a later date, crystals should form in the preparations,
they may be got rid of by heat. Instead of direct fixing in
alcohol, the pieces may first be fixed for one or two days in 10
or 20 per cent. formol.

Nissl’s method of staining, like thionin and toluidin blue,
serves to demonstrate the formed elements ;:; ;.he tissue
capable of taking on the stain (Nissl’s cell-corpuscles).

I;n the meth%ds of Flemming and Held the interstitial

substance and ground substance ire also ataumd. .
Flemming employed in fixing chromic acid, chromo-acetio

. .
.
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: ted solution of corrosive
: lly a concentra
acid, and especia

' snti wlet
: wides safranin and gentian violet,
- ate. Among stains, besides 81T :
subllrl;:tlost frequently Heidenhain’s iron h‘wmnwxyl‘"! allfd
:l . “sblimabe preparations Delafield’s progressive Ll L
or su

stain. do ot yet possess a specific method for the demonstration
We do not y So far, they have perhaps

i e cells.
of the fibrille of the nerve ce . ‘ _
dde s sublimate and iron
demonstrated by Heidenhain's sublimat
s iron solution is extracted

i »ss, in which the

hematoxylin process, n W . .
with acetic acid until the preparation appears of a pale bluish
grey. Flemming states that the fibrillee can also be brought

into view if, e.¢., the spinal ganglia be hardened fqr three days
in 90 per cent. alcohol, the strength of which is gra.du-ally
increased, and embedded in paraffin or cellvidin. The sections
should be stained for a few hours in a weak solution of
Delafield’s hematoxylin. The fibrille are distinct, but not so
dark as in sublimate preparations.

Becker’s method of demonstrating the fibrille by means of
copper hematoxylin is not yet published.

Von Lenhossék obtained good results in demonstrating
the structure of the nucleus by means of iron hematoxylin.
The nucleus and the nucleoli may be stained by Lenhossék’s

toluidin blue and eosin, or by Held’s erythrosin methylene
blue.!

! In order so far as possible to exclude artificial products in interpretin
the significance of the appearances observed, Nissl has employed the
expedient of replacing the actual nerve cells occurring in the tissue by
an equivalent of these cells. By this is to be understood the microscopic
image of the nerve cells existing in the tissue of an animal killed in a
ee.rt}:;m way. We are aware, by experience, that this is reproduced
With a constant regularity f the tissue is subjected to a certain
treatment and certain premisses be observed. The few formns which

o i aiind, e pam, Xt exciuied Tn soncuonc
erk; sulon of the existence of artifici

e, 1 e ha iy e O 6TV cllsareeivalnt
Orilg:n only in the cell itaelf.y ation irom the equivalent can find its
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and afterwards in alcohol,

Ramén y Cajal recommended hardening, first in sublimate

Nissi's Seconp METHOD oF STAINING THE NERVE CELLS.

1. The tissues ure hardened in 96 per cent. alcohol.

2. They are cut, and the sections stained over the flame in a
concentrated watery solution of fuchsin or magenta until steam
arises,

3. They are washed out for one or two minutes in absolute
alcohol.

4. They are transferred to oil of cloves and mounted in
Canada balsam. Pieces of tissue intended for Nissls stain
may also be treated with Weigert and Pal’s stain for the
medullary sheaths, if they have undergone a previous
hardening in formol. According to H. Gudden the sections
must, in this case, be laid for ten hours in a 0:55 per cent.
solution of chromic acid at the ordinary temperature of a room.
They are then washed in water and soaked for a short time in
80 per cent. alcohol. They behave, thereafter, like preparations
hardened in Miiller’s fluid, indeed, if a few drops of diluted
nitric acid be added to the hematoxylin, they stain much
better than such preparations (¢f. Marina, p. 19). |

Sadorsky’s modification of Nissl's method (formol process).

1. The pieces are hardened in 10 per cent. formol for three or four days.

2. They are placed in 96 per cent. alcohol for two days, and in
absolute alcohol for three. They are then embedded in celloidin.

3. The sections are stained in a 1 per cent. solution of methylene
blue, or in a saturated solution of fuchsin in 5 per cent. carbolic acid. .

4. They are differentiated with a 1 per cent. solution of glacial acetic
acid until the grey matter can be distinguished from the white.

5. They are transferred to absolute alcohol and to xylol, and then

mounted in balsam.
Staining with thioninl— Thecans
In the case of preparations hardened in alcohol, as in Nissl’s

1 Thioni Lauth’s violet, is a basic derivative of tar. It is
chesﬁézﬁ?,clzzelyaallied to_methylene blue, which is derived from
it. Both pigments are indamines. Toluidin blue also ‘
the thionin group. Thionin was used \
with the oﬁ{ecbp of staining the living nervous system.
purpose methylene blue is also employed.

F

ed for the first time by P.%r;__ h,

-
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: This solution should be strongl heated, and ;
e . ded by Weigert and Hoyer ' gly , and the staining
met.h::, the :_hm:;n ;tail: :Tfmg“;::t uerv{w in dsmonstrating should be continued until the smell of acetone is no longer
mention :
;l?yl,s corpuscles. ' The process is as follows :— : percel;ed. s
a by hardened in 96 per cent. alcohol, or in 4. The fluid is allowed to cool, and the sections are
1, The i are differentiated in a 01 per cent. solution of alum until they

absolute aleohol ; and previous to this process they may, if
it be desired, be hardened for two days in a 50 per cent.

solution of formol.

again become reddish. The time varies from a few seconds
to a few minutes,

2, They are embedded in celloidin, or, if very thin sections b. The sections are rinsed and transferred to. a.bs(?lute
be required, in paraffin. alcohol, .then to xytlol. _'I‘hey are mom.lbed, as in Nissl’s
3. The sections are stained for five minutes in a concen- pPOCf!BS, in colophonium dlasfrlved in benzine,
trated watery solution of thionin. Nissl’s c.orpuacle.a are 'a.t,amed of a blue or a pale violet
4, They are quickly rinsed, and then differentiated in a \ colour, while the interstitial substance is of a brilliant red.
solution consisting of aniline oil, 1,0; absolute alcohol, 9,0. The nuclear membrane and the body of the nucleus are red ;
5. They are cleared in cajuput oil, transferred to xylol, and _ the nucleoli, blue ; and the adjoining granules, violet.
mounted in xylol-balsam., For fixing, Held recommends that the tissues should be
As in the case of Nissl's stain, the permanence of the placed for twenty-four hours in picro-sulphuric acid. They are
thionin stain is often limited. It may disappear within a then washed in water, or at first in 20 per cent. aleohol, the
short time, strength of which is gradually increased by 10 per cent. at
Held has supplied us with a double stain for the nerve cells a time until absolute alcohol is employed. They are then
and their processes, Its results are so good that it cannot be several times treated in alecohol-xylol, and embedded in paraffin.
passed over. It demonstrates especially the otherwise unstained . In place of alcohol, solutions of acetone may be used. These
protoplasmic masses between the so-called Nissl’s bodies. are followed by acetone-xylol, warm xylol, and xylol-paraffin.
Held's modification of Nissl's method— Embedding in paraffin then takes place.

1. The tissues are embedded in paraffin, and the sections,

which should be from 1 to 10 x in thickness, are fastened
on the slide with diluted alcohol.

2. The sections are stained w

StaiNING THE NERVE Ceris witHE Torvipis BLUE
(von Lenhossék, Hoyer).

ith the following solution of

A . 1. The pieces are fixed for twenty-four hours in a concen-
;?sﬁuzgyfxm’ Fhahip 27 0 1,0 trated sublimate solution (about 5 per cent.).
Glacial acetic :c;d : g g 3 150,0 u 2. They are hardened in increasin_gly concentrifted a.lcoh'ol.
They are left in this sta’ f Il et _2 drops. 3. They are carefully embedded in paraffin with the aid of
being gently heated 1 for ome or two minutes, the fluid chloroform. _
3. The sections ar; washed in wate : 4 They are cut into sections 5 # thick, which are fixed on
with the following counterstain .. - *tervards stained . the slide with distilled water (Gulland’s method). The parafiin
(2) Aqueous solution of i;cetoue (1 to 20 . ' is extracted with xylol and iOfllaed alcohol. :
(8) Nissl’s solution of methylene blue, )’} Equal parts, 5. The sections are stained for several hours with &

concentrated watery solution of toluidin blue.




Staining the Nerve Cells.

i i dine-alecohol, and counter-
ifferentiated in aniline-a . v :
Sy e n of eosin, or in erythrosin.

stained in an alcoholic solutio ; bsolute alcohol
ickly dehydrated in abso y
7. They are quley 4 ol-balsam.

transferred to xylol, and moun.ted in xy lol-

Nissl's corpuscles become, Wltl} \?hls stain, Sl
dark blue colour. After differentiation in alcohol the gt;a :
substance is almost colourless, and takes on thE.! ?ountera o

Hoyer and von Lenhossék state that toluidin blue is an
even more specific stain for Nissl’s corpuscles than thionin
or methylene blue. :

It must specially be observed that the sections must never
be allowed to dry while they are being transferred from one
fluid to another. If they be, the integrity of the cells may
easily be damaged. Consequently, in the whole process of
after-treatment, blotting paper must not be used. Although
this method gives very beautiful results, the preparations are
not permanently durable. It is especially valuable for the
cells of the spinal ganglia, but also for all central nerve cells,
which are essentially of similar structure.

For the nerve cells M. Heidenhain has recommended
hardening in sublimate, staining in iron heematoxylin, and
counterstaining in eosin.

Cox’s method for the Jibrille lying between Nissl's corpuscles—

1. The tissues are hardened for two or three days in either
of the following solutions:—

of an intense

Saturated solution of corrosive ; ¥

sublimate, - . . _ 39 15
‘Solution of chloride of platinum,

0 per eent,,- - i 15
Solution of osmic acid, 1 per

cent., - - - - ¥t 10
Glacial acetic acid, - - ) 5

2. They are embedded in paraftin.
3. The sections, which shoulq be

the slide, and placed for eight ho
solution of tannin,

O u thick, are fastened on
urs in a 20-25 per cent.

T
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4. They are washed out, and stained with indoin I -
methylene blue. () Indoin blue.—The sections are
for five to ten minutes in a 5 per cent. solution of t
emetic. They are then washed out for ten minutes, and 1
from twelve to eighteen hours in the following mixture :— =

Solution of alum, 5 per cent., SRR T ()11, BE=
Merk’s indoin blue BB, 5 per cent. g
solution, T - - 908

(6) Methylene blue.—The sections are placed for five to ten
minutes in a 25 per cent. solution of oxide of iron and sulphate
of ammonium. They are then washed out for ten minutes,
and left from twelve to eighteen hours in the following

mixture :(— 5 L
Solution of phenol, 2 per cent., - < il = Ak
Alkaline solution of methylene blue, - 12 Ve

The latter ingredient is composed as follows :— _ EI‘ :
Methylene blue, = — - LA
Carbonate of potash, - - - - 1 : R= “ :
Distilled water, - = ) vk RATER

This solution must be boiled for five minutes.
The staining solutions should be mixed only a short time
before use. i E
After the excess of water has been removed by filter paper,
the preparations are transferred to xylol-aleohol (xylol 3, alcohol
2), then to xylol, and finally mounted in balsam. Ifitshouldbe
necessary to decolourise, it may be done by Unna’s alum-aniline.
Von Lenhossék’s method for the pigment in the cells of the
spinal ganglia— : j ’
1. Paraffin sections are prepared in the usual way.
2. They are fixed upon the slide, and left over night ina
concentrated alcoholic solution of aniline blue. L'_*'-;‘?'ﬁ
3. They are washed out, and differentiated in WJ
alcohol. Only the pigment retains the deep blue or a
black aniline stain, : ¥ e A
4. To show the outlines of the cell, they are co!
with eosin or erythrosin. R
The cells of the human splnalgnngﬁlmm ‘

L

=1

.....



70 Staining the Nerve Cells J

creasing with age. According to

the amount of pigment " d by basic aniline dyes.

von Lenhossék, they are not staine v
oncoront’s method for the nerve cells— ; |
IES 1l pieces, about § cm. in size, are hardened m a mlxtu}-e of
u;l ::'u I::f Mi’il!er's fluid and a 0'8 per cent. solution of platinum
eq

subchloride. i d of
i ds, and again at the en
9, The fluid is changed five hours afterwards, a ngw be bisected or

the first, second, and third days. The pieces may
divided into four.

3. After five or six days they are t
cent, solution of platinum subchloride,

two days.
°1‘4 w;’heyy:re washed in water for half an hour, transferred to alcohol,

and embedded in celloidin. 4

5. The sections are stained from twenty to thirty hours in alum
hematoxylin, : )

6. They are washed for twenty-four hours, and differentiated as in
Pal’s modified method.

7. They are washed out, dehydrated, and transferred to xylol. They
are then mounted in Canada balsam.

As all the nerve cells are stained, the sections, on account of the
number of these cells, must not be more than 5 to 10 x in thickness.
Otherwise the microscopie image will be confused.

The alum-hzmatoxylin solution is prepared as follows :—To 150 grm.
of a hot saturated solution of alum, there are added, after the fluid has
been cooled and filtered, 5 drops of a 1 per cent. solution of lithium
carbonate, and 1 grm. of hematoxylin, dissolved in 10 grm. of absolute
alcohol. The solution is ready for use in twenty days.

The sections are differentiated in a 0-1 per cent. solution of
permanganate of potash, at a temperature of about 30° C. They are
then transferred for two seconds to a solution of equal parts of oxalic
acid (02 per cent.) and sulphide of potash (0-2 per cent.) in 100 parts
of wa_ter, anfl afterwards for ten minutes to an hour to a 1 per cent.
golution of lithium carbonate,
b“:[':; Eztllsonl:h:::lic ];)roc:es?e’s of Purkinje’s cells are stained of a coffee-

X urkinje’s cells themselves blue, The nuclei of the

neuroglia, and the axis-cylinders, are intensely blue.
In order to stain the nerye ¢

Rehm’s method, as recommend
Rehm’s method—

L. The tissues are hardened i
n 96 per cent. al
afterwards in absolute alcohg]. g8 teat=a-cohcl, snd

ransferred to a simple 0'8 per
in which they are left for one

ells in contrast to the neuroglia,
ed by Goodall, may be employed.

Staining the Nerve Cells,

: 2. They are fastened on cork, with or without embeddi
in celloidin, They are then cut,

3. The sections are stained for at most half a minute in
warm solution of methylene blue (01 per cent.).

4. They are differentiated in 96 per cent. alcohol. The ' X

nerve cells are sharply defined by the stain, as the observer
may even at this stage convince himself with the aid of the
microscope.

9. The sections are transferred for a quarter of an hour to
half an hour to a 0'1 per cent. solution of fuchsin in 96 per
cent. alcohol.

6. They are washed for about a minute in alcohol, until the
red clouds of stain cease to be given off.

7. They are transferred to oil of cloves, thoroughly dried
with blotting paper, and mounted.

In a successful preparation the nerve cells are blue or bluish
red, and the neuroglia deep red.

In normal cases the nuclei of the nerve cells are unstained,
but the nucleoli are blue. In pathological cases red bodies are
often to be seen in the nuclei of the nerve cells.

It may be pointed out that, in comparison with the time
required for the action of the fuchsin, the staining with
methylene blue is of extremely short duration. It must also
be noted that, while oil of cloves extracts fuchsin, oil of
origanum extracts methylene blue. Therefore, if a section is too
blue, it should be treated for a short time with oil of origanum
if too red, with oil of cloves.

Azonlay’s method— _

1. The tissues are hardened in Miiller’s fluid. They are

then embedded and cut. .
9. The sections are washed out, and stained on the slide

for two or three minutes with a } per cent. solution of vana-

date of ammonium.

3. They are washed out with a few drops of distilled water.

4. A few drops of a 2} per cent. solution of tannin WM
over them, and left for two or three minutes. 3

4

T T3 -

o ] A
- :

5. They are washed out as in process (3).

W
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Staining the Nerve Cells,

ften as may be
9) to () are repeated s 0

eoauaryn. mtl: ph::u:e)u greenish-black appearance of the nerve
:ella and axiscylinders. The usual further treatment with

aleohol, &e., follows.

s M’wd—; the nerve cells may be ob

view 0

huti;nai?g,so: the process recommended by Kronthal be
employed. A particle of grey matter from the cerebral cort(lax
or the spinal cord is teased upon a cover-glass, and gently
compressed by laying another cover-glass on .the tolp.. The
two glasses are then slid apart, exactly as in Btémmg .for
micro-organisms, and the dried grey matter 1s stained with
one or two drops of a watery solution of methylene blue
(05 per cent.). This is poured off in about a minute, and
after the preparation is dry, it is mounted in balsam on the
slide.

Besides the nerve cells, the axis-cylinders and the nuclei of
the neuroglia are stained when this method is employed.

tained, without

Rosin's method of staining—
Different combinations are employed, according as sections
treated by alcohol alone, or those which have been embedded

indeed, is adapted for either case. It is a re-agent composed
of acid fuchsin, methyl orange, and methyl green, the two first
ingredients being acid and the last a base. The mixture itself
has a neutral re-action. The different elements of the tissues
select from this fluid, as the case may be, the basic or one
of the acid ingredients. Rosin therefore takes the view that
they contain acidophil, basophil, or even neutrophil substances.
For sections without celloidin he employs the following :—

Solution 4. _
Ehrlich-Biondi mixture, c - - 0,4
Distilled water, - . _ = - 100’0
03 per cent. solution of acid fuchsin, - 7:0

The sectiong should be stained for five minutes.

in celloidin, have to be stained. The Ehrlich-Biondi mixture,

YN r -
" (A5 T
MRERE A 1
i Ey v
o -
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Staining the Nerve Cells,
For celloidin sections he employs— *

Solution A, - . . . y - mr_
0B per cent. solution of acid fuchsin, - I,'b;», oy Oy

L. The sections should be stained for one minute. e

The after-treantment is the same in both cases, .-‘“-'.
follows :— -:{9', ;

2. The sections are rapidly washed in distilled water in _‘ .
two watch-glasses (one or two minum). : ,J'

3. They are washed out for ten seconds in solution of acetic
acid (one drop of the glacial acid to 100 cem. of distilled watn‘]y e

4. They are replaced for a minute in distilled miel'; to
remove the acetic acid, .

5. They are transferred to absolute aleohol, where they
remain until the violet colour is no longer given off (two or e -
three minutes). : i -

6. They are transferred to xylol, and mounted in balsam, '

The difficulty of obtaining good preparations is perhaps
increased by the rapidity of the third step in this process. -
A few seconds more or less may make success doubtful. The
method, however, seems to be really useful, especially for an
organ so complicated as the retina. T

The preparations remain good for years. The nﬁamingﬂﬁi& | 1
however, does not retain its properties for more than three
months. P L-Lt'

Celloidin sections, after being removed from ﬂHOhlﬂ; ﬂm '
be placed in water for a minute or two before they are
transferred to the stain. e

Rosin states that his method possesses the follo
advantages :— e

1. Degenerations are sharply marked out. A

2. Extravasations of blood are well seen; and mes
blood vessels are to be recognised by the purple col
wall of the vessel. ' '

3. An increase in the nuclei is distinctly ¢
bluish-green stain they take on.

-
vy




74 Staining the Nerve Cells.

4. In aloohol preparations, the structure of the nerve cells

and of the nuclei is clearly seen.
5. The nerve cells and the ce

distinguishable (though the fibres pro

admittedly are not). :
;Tl Exugations into the central canal are to be recognised by

the red stain imparted to their albumen.

1ls of the neuroglia are easily
ceeding from them

WeiGErT'S METHOD OF DEMONSTRATING KARYOKINESIS IN THE
CeNTRAL NERVOUS SYSTEM.

1. The tissues are hardened in 96 per cent. alcohol, as in
Nissl’s method.

2. The sections, which should be as thin as possible; are
placed for half an hour in Rademacher’s tincture of iron.

3. Their surface is rinsed in water.

4. They are stained for half an hour in the following
solution :— ‘

Almpionylin, ST e o S 1,0
Absolute alcohol, - - - - = 100
Dishilled water; . < .= = = . 100,0

: 5. They are washed, and then differentiated for a short time
i acidulated alcohol (hydrochloric acid 1,0, aleohol (70 per
cent.) 100,0).

6. They are placed for ten minutes in water. They are

then transferred to alcohol, and afterwards to oil,
they are mounted in balsam,

Demonstration of the mitoses wn t
4. Merk's method—

1. The pieces are fixed j

which they should be left

Solution of chromj

Glacial acetic acid, - - s - 1,0
Water, - - " 2 :

This is mixed shortly before uge with L i

Solution of osmie acid (1 per cent.),

Finally
he embryonic nervous systeni.
n 12 emm. of the following fluid, in

for one or two days :—
¢ acid (2 per cent.), - 7.5

8,0

o —— ]

2. The sections are stained in a solution of safranir
33 per cent. alcohol. They should be left from twelve tc
twenty-four hours. T LEeee

3. They are decolourised in alohol acidulated with hydro-
chloric acid. -

B. Altmann’s method—

1. The pieces are fixed in nitric acid (sp. gr. 1'02). In this
they remain for three or four hours, and are afterwards
transferred to alcohol, where they may be left as long as is
desired.

2. They are overstained in heematoxylin.

3. Theyare decolourised in alcohol acidulated with hydrochloric
acid. Ziehen states that Altmann’s method may be used not
only in this way, but even if the object (for example, the
human embryo) has not been previously treated with nitric acid.

Gorer's METHOD (the chromate of silver method of 1873).2

The exceptional position which this method has attained
requires that it should be separately discussed. This is the o
more necessary, as the “stain,” so far as it can be regarded as
a stain at all, brings into prominence the most different
elements of the nervous system, whether they be, or be not,
nervous elements. It is impossible, therefore, to classify along
with others this remarkable method, which is on the one hand
non-selective, and on the other selective in a manner which is
not subject to a definite rule. ' |

To commence with the technical procedure, it is as follows:—*

Pieces of the fresh nervous system, which should be.a,.s- nmlll
as possible (2-8 mm.), are at once placed in the following
solution :— : R

Solution of bichromate of potash -

(3 per cent), - - - - 4parta
Solution of osmic acid (1 per cent.), 1 part.

1Cf, C. Weigert: Merkel Bonnet, Ersa%ﬁ“m

Entwickelungsgeschichte. 1896. Vol. v. o on
”.I“ﬂhgo:ghoﬁgthe process, metal needles must be replace

rods of glass or horn. -
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in the dark, from two to eight

da The length of time depends upon the element which is
toy;.e demonstrated. Von Lenhossék states that for the

lia two to three days are necessary, for the nerve cells
fibres five to seven days.

d in a fresh state, and

In this they must be left,

neurog
three to five days, and for the nerve

The solution must always be employe :
in large quantities (10 to 50 times the volume of the pieces).

Fluid which has been once used, however, may still serve to
rinse fresh pieces of tissue, or in the performance of the
“double method.” -

The pieces are quickly rinsed in water, or in silver solution
which has been already used. They are then transferred to
the solution of silver nitrate (0'6 to 1 per cent.), to which it is
superfluous to add acetic acid. This solution may be used
even when it is a few weeks old, but it must be kept in the
dark. Like the former, it is also to be used in large quantities.
It is best to suspend the pieces in the fluid by means of a
thread attached to the cork.

After from two to six days, they may either be cut at once,
or previously undergo further hardening (from a quarter of an
hour to half an hour) in 96 per cent. or in absolute alcohol,
which must be free from chlorides. The operator should
convince himself, by making small incisions, that the fluid
has produced a sufficient re-action in the deeper parts. If it
has n.ot, the pieces should be returned for one to three days to
the blchr'omate and osmic acid solution, and then replaced in
the solution of silver nitrate,
ar:}:;‘ill‘j:;ﬁblzl:;ze:z 1{;1:; eifther by han?l, in which cage they
rapidly embedded in ceilzi(;)in h:rdQHEd 11"91:, oy T
SRS y @ process which may last from
: y .mmutes. In the latter case they are transferred
or a short time to 80 per cent, aleohol and th Th
sections are placed for g moment in al ol e

- absolute alcohol, and then

;1; :;;lhzf B‘;Jggamo;. Finally they are dried with blotting paper
iy ¢ an then. mounted in xylol-dammar, which is
ik 1d_ry in the incubator at 5 temperature of 40° C,

B88 18 to be applied, If the sections have been

Golgi’s Method. :

mounted upon the cover-glass this must be fixed to't'ha_-- ic
two slips of glass, so applied as to allow air to pass bet
the slide and the dammar which carries the preparation. S

This is the so-called “rapid method of Golgi,” and has been
attributed to Ramén y Cajal. It first appears, however, in 4
Golgi’s work, published in 1885—¢“Sulla fina anatomia degli
organi del sistema nervosa centrale.” :

This method, now in such general use, is the third of those
published by Golgi. It is remarkable that both Weigert and
Golgi, to whom we owe two of the most important in the whole
range of methods of staining, those, namely, for the medullary
sheaths and for the nerve cells, should have attained their
object only with the third method published by them.

Briefly, Golgi's two first methods involve the following
procedures :— : et |

1. The “slow” method (1873)—

Small pieces, which must be as fresh as possible, were s
hardened in a solution of bichromate of potash, commencing
with a 2 per cent. and increasing in strength up to a 5 per
cent. solution. According to the temperature, from fifteen to L
forty-five days were required ; in the incubator (which Weigert - S
recommended), eight to ten days were sufficient. The pieces 8
were then placed for a few days in a 0'75 per cent. solution of
silver nitrate, or for two or three weeks in a solution of
corrosive sublimate (025 —05 per cent.) The latter had to S
be changed every day, and pieces, at first brownish red, were =
externally decolourised by its action. 4

2. The “intermediate ” method (1880) is distinguished from
that at present in use only in this, that the process of
hardening by bichromate and osmic acid is carried out in two
separate stages. The pieces are first left from four to five
days only in a 2 per cent. solution of bichromate of pm i
and are then transferred to the mixture of 2 per cent. bmhmlsr
solution (8 parts) and 1 per cent. solution of oamin_ ﬁ —-‘.:'.I— :
(1 part). In this they remain from twenty-four to m _.“_‘: 3
hours. The treatment with nitrate of silver afterwards
follows, as detailed above. .

Iy |
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o of silver or perchloride of mercury is

the silver method and

d. the methods are known as
:]ipiﬁi;me method. It will be seen, hovfever, from wha?.t,
has gone before, that in both cases the technical procedure is

almost identical.
Finally, Golgi’s rec
has still to be mentioned. s
Golgr’s modification of his sublimate method— . Liie
1. The tissues are hardened and fixed as before (in Miiller’s

fluid and sublimate). o
2. They are cut, and the sections are washed out in distilled

According as nitrat

ent modification of his sublimate method

water. . _

3. They are left for two minutes or longer in a gold fixing
bath, in which they become black.

4, They are washed out in distilled water for a very long
time, then transferred to alcohol and oil of cloves, and
mounted in balsam.

The gold fixing bath is that which photographers employ in
preparing prints upon aristo paper.

As the result of these manipulations, the nerve cells and
their processes, and the cells and fibres of the neuroglia, are
stained black or blackish brown, and are presented as a
connected whole with a distinctness unattainable by any
other method. As von Lenhossék puts it, in successful
preparations “fibres and cells are presented to the eye in
their entirety. The former may be traced to the terminal
dendron, and the latter show the entire extent of their
protoplasmic processes and their nerve process, exactly as when
the method of isolation has been successfully employed.”

It is natural that a method which, like G

_ : olgi’s, has opened
out new lines of Investigation,

and has led, within comparatively
few years, to the most amazing results, should already have
undergone an immense number of modifications. This will
the more easily be understood if we reflect that there exist in
the method a large number of inconveniences which it is the
ardent endeavour of the investigator to eliminate,

Golgi's Method.

here,

Obregia’s modification—

1. The preliminary treatment is the same as in Golgi’s
method (silver or sublimate preparations).

2. The sections are placed in absolute or 96 per cent. alcohol,
and afterwards for half an hour in the following solution,
which must be freshly prepared :—

Solution of chloride of gold (1 per cent.), 8-10 drops.
Absolute alcohol, - - - « 10 cem.

The solution should at first be exposed to diffuse daylight,
but after the sections are placed in it, it must be kept in the
dark.

3. The sections are rapidly rinsed in 50 per cent. alcohol
and in water.

4. They are transferred for five or ten minutes to a 10 per
cent. solution of sulphite of soda.

5. They are thoroughly washed out in water.

6. If it be desired, they may now be counterstained with
carmine heematoxylin, or by Weigert’s process. b

7. They are transferred to alcohol, then to creosote or xylol,
and mounted in balsam. A cover-glass is used.

The advantages of this modification are that it permits of
counterstaining and of the employment of a cover-glass.

Flechsig’s modification—

1. The tissues are hardened in a 2 per cent. bichromate
solution.

2. They are impregnated with sublimate.

3. The sections are placed in 96 per cent. aleohol.

4. They are stained for from three to eight days, at a
temperature of 35° C., in the following solution :—

Pure extract of Japanese red-wood, - 1,0
Absolute alcohol, - - - e T | )
Distilled water, - ; - - - 100,0

.

5,0
Saturated solution of tartaric acid, = R

Saturated solution of Glauber’s salt,

5. The sections are separately transferved, each to 3 com, of

-
W -

Only a few of the numbers of modifications need be mentioned :_' s




30 Golgi’s Method.

tion of permanganate of potash, in which

has lost its bluish tint. .
ed in the following solution :—-

a 025 per cent. sol.u
they are left until it :
6. They are decolouris

L - 1,0
~ QOxalic acid, - - - = : ] 1’0
Sulphite of potash, - - : : 200:0

Distilled water, - - - ke .
Both (5) and (6) are repeated until the section 1s no longer

yeg.o “’i:he sections are transferred to the followi.ng mixture :—
* Solution of chloride of gold and potassium
[diperieent.); =« T2 - B 5 drops.
Absolute alcohol, - - - - b 20,0 -

in which they are left until the precipitates of sublimate, which

appear white by reflected light, have become deep black, a'nd

the bundles of nerve fibres, at first red, have taken on a bluish

tint.

8. They are rapidly washed out in the following fluid :—
Solution of cyanide of potash (5 per cent.), 1 drop.
Distilled water, - - - - - 20,0

The section must float upon the surface.

9. They are transferred to absolute alcohol, then to oil of

lavender, and are finally mounted in balsam.

All the nerve fibres appear carmine-red, and the nerve cells

and their processes deep black.

Ziehen's method—

1. The fresh pieces of tissues are hardened, without treatment
by bichromate, in the following solution :—
Solution of chloride of gold (1 per cent.),
Solution of corrosive sublimate (1 percent.), }Equal HAris.
They are kept in this fluid, which must be frequently

changed, from three weeks to five months, when they become
of a reddish-brown colour,

2. They are fixed upon cork without embedding, and cut
under aleohol,

f 3. They are transferred to Lugol’s solution, diluted with
our volumes of water, or to tincture of iodine, diluted with

four volumes of aleohol, In this they remain for a time

T o e il g T T A B <
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Golgi’s Method.

cell ought to be translucent, and of a bluish-black colour.
4. They are transferred to absolute alcohol and oil of cloves,
and mounted in balsam. ‘ o
The cells and their processes, and the fibres, all appear .-
bluish grey. They are stained in greater numbers than if
Golgi’s method be used. Ziehen states also that his method
has this advantage over Golgi’s, that, apart from the greater
permanence of his preparations, the medullated fibres are stained.
According to Coz, hardening and staining with sublimate
may be carried on simultaneously, if small pieces of the cortex
be left from two to five months in the following fluid :—
Solution of bichromate of potash (5 per cent.), 20,0

varying with the thickness of the section. The body o

Sublimate solution (5 per cent.), - = - - 20,0
Solution of chromate of potash (b per cent.), - 16,0 :
Distilled water, - - - - - - 40,0

The bichromate solution must not be added until after the -
fluid bas been diluted by the addition of the water. The :
pieces are afterwards treated with ammonia or other alkalies.
Impregnation takes place only if the re-action of the hardening
fluid is as feebly acid as possible. It depends upon the -
formation of an oxide of mercury, which yields a black
mercuro-amide in combination with ammenia. -

The pieces must be cut with the freezing microtome, as
alcohol does them too much damage.

The sections are placed for one or two hours in a 5 per cent.
solution of carbonate of soda, or in a solution of ammonia.
They are washed out, rapidly dehydrated, and cleared with
oil, which must be removed by filter paper. They are &m* "
covered with a thin layer of a rapidly-drying resin, such as 2
the following:— : g ‘

Resina sandaraca (P.G.), - - 7O parts.
Camphor, = = (SR
Turpentine, - - - - - 30 .,
Oil of lavender, - - - - 238,

Absolute aleohol, - e RSt RO
Castoroil, - - * = = 3=l10dropa e
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rtance of Golgi’s method is proved by the

The great impo : :
numbeergof modifications which it has already undergone ; but

they also clearly prove the i.mperfeotifms inhe]:'er&t in lt.l gl::}:
imperfections are the following —Owing to t e in enseglr] ;
staining of the cells and the branches proceeding from.t e;n, h1
is impossible to investigate the finer structural .d(?tall of the
elements thus impregnated. Further, the capriciousness of
the method, the precipitated deposits on the sections, and
their defective durability, constitute additional imperfections.
Lastly, the use of cover-glasses in mounting is attended with
difficulty.

The first of these objections may be overcome by the use of
the other methods of staining, by which we can now so freely
examine the detail of the structure of the tissue elements.

Ramén y Cajal has shown that the stain is less capricious in
the case of the brains of young animals or of embryos, in
which it is much more certainly successful than in the adult
brain. The addition of formic acid to the silver solution has
proved to be superfluous. On the other hand, the employment
of the “double (or triple) method” introduced by Cajal
produces a remarkable improvement in the results.

Up to the present time no satisfactory means of dealing
with the deposits has ‘been found, and it has proved equally

impossible to render the preparations permanent. They often
readily decompose,

Tal used- gulphide of soda : Greppin treated the sections for 30 or 40
seconds 'Wlltrh a.10 per cent. solution of hydrobromic acid, in which
they remained till they became white. He then washed them out and

mounted them. The results were even b i
: . etter, if th
carried out in direct sunlight. ® PROCERS Awne

Greppin also combined the m

n photography, five

drops of a 1 per cent, solution d and potassium i
n

of chlorid
twenty grm. of absolute Ser ride of gol

0 :
i account of the price, the employment of osmie acid is

||

Golgi’'s Method.

objectionable.  But its value has been over-estima
Weigert found some time ago that it was quite unne
for the success of the impregnation, which could be qmt'e-: vell _
attained if the tissues were treated simply with formol and T -
the salts of chromic acid. Held, indeed, obtained good results
without formol, by the use of these salts alone. In the use of
this method, the perfection of the stain appears to depend par-

ticularly upon the absolute freshness of the material employed,

although in isolated cases good results are reported where the

material has not been quite fresh. Golgi has been successful, o
especially if the weather were cold, with tissues treated two 19
days after death. '

It may be seen from these two points—that in many cases excellent
results may be obtained without the use of osmic acid, and that the
material may in certain circumstances be used even when it is not
quite fresh—how far we still are from an explanation of the secret of "
the chromate of silver method. The experiments of Flatau and those of o
Kopsch, among others, have proved the truth of the latter assertion. :
In the case of material which was from twenty-four to forty-eight hours
-old, Kopsch employed formol for the * rapid method " of impregnation.
The following is the process :—

1. The pieces are hardened for twenty-four hours in a solution of
formol and bichromate of potash (formol 10,0, solution of bichromate
of potash (35 per cent.), 40,0). The ingredients should be mixed
shortly before use. -

2. They are transferred to a 3'5 per cent. solution of bichmm&l'i?ﬂf
potash for three to six days, and thereafter to the silver solution.
The consistency of the tigsue is well adapted for cutting, and the
deposits are not very numerous.

The sublimate method, in Cox’s modification given above,
was strongly recommended by W. Krause. Along with ﬂm
< rapid method ” of Golgi (Golgi and Cajal), it is that atpm_t
most in use, for the reason that a larger number of tho'ﬁm
elements are impregnated, and that, as Lenhossék ahm the
sections may afterwards be stained in other ways, with alum-
carmine, for example.

The advantagef of Golgi’s method have been already
mentioned. It is much to be wished that the method cow

Pk

be so developed, without detriment to these admm 4
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e i o pingiod e, SR L
i in this direction have T :
;:E;::;I;Z, l:h: length of time required (a year) makes his
ilable. _

mezhtlfrgtn:zzber of theories has been fr:.)rmed to explaltI: tlrlxg
real inner process of the stain—why the tissue-elements 81 ,?l;
be impregnated 80 capriciously, on the one hand so completely,
on the other hand according to no definite rule. Accox"dmg to
Weigert, however, we must be content to accept the view that
the great irregularity in the impregnation of t.he eleme-nts of
the central nervous system depends upon an irregularity of
the penetration of the fluids required. As bichror.nate of
potash is known to penetrate very regularly, the silver or
the mercury employed must be held responsible for this
irregularity. If we wish to understand the method, we can
only accept the statement of Weigert, *that the elements
adapted for impregnation by Golgi’s method possess the
faculty of producing in their substance a very fine and
peculiar precipitate of chromate of silver, when treated by
one or other of the methods discovered by Golgi.”

ErrricE’s INTRA ViTAM METHYLENE Brug METHOD.

The method of staining living nervous tissue by sub-
cutaneous injection of methylene blue, initiated by Ehrlich
in 1886, forms an important step in,advance, the range of
which cannot even yet be completely determined.

As.in the case of many important ideas, the method of
carrying it into operation could not at first be otherwise than
n?adequate, and just as was the case with the equally important
discovery of Golgi, years passed before the method came at
all into general use. Interest in the matter, however, was
never entirely lost. From the first papers on this stib'ect
(those of Hans Aronsohn) until the present day, it has bJeen
more and more widely recognised that we ha.ve; here to do

with a discovery as original as the I
appy completion in Golei’
method of the results we haye :atlreaciI;;Y detailie(:i.mn il

|

Ehrlich’s Method.

There is a number of names associated with this
vitam method, and of the authors who have written upfm
subject, each has contributed more or less to the e‘f"j____ W, e
of its difficulties. There were two of these, in pgmemm;ﬁ
which it seemed at first impossible to overcome, namely, the -
fixing of the tissue, and the preparation of sections. Now, i
however, both of them have been so far vanquished, thanks
to the untiring labour of workers like Dogiel and Bethe.
Many and various methods and modifications have been
published, but, as in Golgi’s method, it is not advisable here
to give all, or even any large number, of them. Such a step
would not add to the clearness of the description. The
author, therefore, begs to be allowed to give too little,
in place of confusing the issue by giving too much. He
intends to describe the method as it has taken shape in the
last publications of Bethe. It is to him that we owe the
discovery that methylene blue forms with molybdic acid a
compound insoluble in alcohol, and it is he, in consequence,
who has satisfied the important postulate that sections must
be preparable from tissues treated in this manner. We have,
on the other hand, to thank Dogiel for the method of fixing by
means of picrate of ammonia.

Bethe's method of intra vitam staining with methylene blue— & el

1. A subcutaneous injection of a saturated solution (saturated
at 37° C.) of methylene blue BX. is employed. Of this, doses
of 2 cem. are given at intervals of from a quarter of an hour
to half an hour, The animal dies after from three to six
injections. : o

9. The pieces, which should be as small as possible, are |
fixed, to begin with, for ten to fifteen minutes in a concen- ;i
trated watery solution of picrate of ammonia, in which W ‘-:",..
are left till a violet colouration appears. ‘ - L

3. They are not rinsed, but are deﬁniteb heﬂ m o t
solutions of ammonium molybdate given below, or in & solution
of phosphomolybdate of soda. The process lasts from K

twelve hours.

,
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4. The sections are washed out in water, dehydrated in
alooiml transferred to xylol, and mounted in xylol balsam ;

ieces may be embedded in paraflin. : .
m‘5t‘|hlef 1:;lt;ecbe deaiyred, they may be counterstained with alum-

carmine, alum-cochineal, or the neutral aniline colours.
This is an outline of the external process.
For fixing (procedure No. 3) Bethe recommenfls one of the
following solutions, or others varied upon similar lines :—
] I. Ammonium molybdate, - - 1,0
Distilled water, - - - = 30,0

Hydrochloric acid (P.G.),* - - ldrop

II. Ammonium molybdate, - - - 1,0
Distilled water, - - - - 10,0
Solution of chromic acid (2 per cent.), 10,0
Hydrochloric acid, - - - - ldrop

ITI. Ammonium molybdate, - - - 1,0
Distilled water, - - - - 10,0

Solution of osmic acid (3 per cent.), 10,0

Hydrochloric acid, - - - - ldrop
IV. Phosphomolybdate of soda, - - 1,0
Distilled water, - - - - 20,0
Hydrochloric acid, - - - - ldrop
V. Phosphomolybdate of soda, - - L,0
Distilled water, - - - = {10:0
Solution of chromic acid (2 per cent.), 10,0
Hydrochloric acid, - - - - ldrop
VI. Phosphomolybdate of soda, - - 1,0
Distilled water, - - - - 10,0
Solution of osmic acid (% per cent.), 10,0
Hydrochloric acid, - A e~ | dr‘;P

Bethe’s object in this method of fixing was
with the process of freezing which had’
necessary, and secondly,
case even of objects rebel
itself to him,
at first a read

first, to do away

J previously been

;o obtain certain results in the

lous to treatment. It su

: ; ggested

.a;nd 1t was found to be desirable, “to make

1y soluble compound of the methylene blue
‘Sp. gr., 1124, 7, :

Ehrlich’s Method.

which always gives an even result, and afterwards to n
this into a compound soluble with difficulty.” The
of ammonia serves this purpose, forming with methylene
a compound almost insoluble in water, but readily solul
alcohol.  If treated with ammonium molybdate, this compound
is converted, even without the aid of heat, into a molybdate,
and the process is more rapid if the solution of ammoni dﬁ:ﬁ#
molybdate be strongly acid. The same is true of the
conversion of the picrate of methylene blue into a phospho- -
molybdate. '
Bethe prefers, as a rule, the first three methods of fixing,
the others not being so resistant to the action of alcohol. The
third and sixth formulw are adapted only for sections, and for
thin preparations of an entire organ. They are the best
fixatives. The time required for the process of fixing depends
upon the size of the object; as a rule from three quarters
of an hour to an hour is sufficient. In the case of the third
and sixth formule it is advisable to give from four to twelve
hours in order that the osmic acid may produce a sufficient
darkening. :
The ammonium molybdate or phesphomolybdate of soda
are dissolved in water, with the aid of heat, applied until no
turbidity remains. When hydrochloric acid is added to the
former solution white clouds of free molybdic acid are
formed, and redissolve upon shaking, forming the acid sﬂi&. S T
When hydrochloric acid is added to the solution ofph 0- ';'L‘ 5
molybdate of soda a yellow discolouration appears, due to
the formation of free phosphomolybdic acid. On shaking, = =
the colour disappears, and the acid salt is formed. L o % "
This intra vitam method gives very good results
adult animal. Iu contrast to Golgi’s method, the
is not stained, and only nervous tissue is to be @9
success of the staining depends upon the quantity of colou
matter, or, in other words, on the time ﬂl ) Al
alive. It is therefore advisable, according to 5. X
the solutions should be as strong as possible

cent.).
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Ramén y Cajal has somewhat modified the method lof
Ehilich and Dogiel, in order to demonstrate the .col]a.tersf.i:
and he has succeeded in confirming the obs?rvatzous whic
he made with Golgi’s method. His process is s follm.vs P

1. Thin pieces of the fresh brain of a rabbit are pamtf:d,
by means of a camel’s-hair brush, with a saturated solution
of B. Griibler’'s methylene blue (or powdered methylene blue
is dusted over them). In three quarters of an hour they are
quickly washed in weak salt solution,

2. They are fixed in the following solution:—

Ammonium molybdate, - = - - 10,0

Distilled water, - - - - - 100,0

Hydrochloric acid, - - - - 10 drops
The process lasts from two to-three hours.

3. The excess of ammonium molybdate is removed by
washing in water, and the pieces are hardened for from

three to four hours in the following solution :—

Formol, - - - - - - 40,0
Distilled water, - - - - - 60,0
Solution of chloride of platinum (1 per

GEDL S e - 5,0

4, They are quickly washed out to extract the formol,
placed for a few minutes in an alcoholic solution of chloride
of platinum (} per cent.), and embedded in paraffin,

5. The sections, which should be thick, are dehydrated in
absolute alcohol, to which chlpride of platinum (1 per cent.)

has been added. They are transferred to xylol, and mounted
in balsam. : '

The chloride of platinum is said in the first place to act

to increase the insolubility of the

why the nerves stain in m
_ thyl
eriments of Ehrlic o Sk

th ; i, _ h himself, He f
e chemical peculiarity of thig substance, namely, the sufpht?fs g: o
Oup

which it contains, determines the staining of the nerves

TR L
ki o
l;‘l:.. N A e

Ehrlich’s Method.

As in the re-action oceurring in Golgi’s method, we find in Khel
that in the most successful preparations only a portion of the :
fibres is to be seen, and that they are apparently stained in a
unselective manner. Even in his first publication, Ehrlich endeavor o
to find the explanation, and he finally adopted the view that ﬂ_ﬁr:"”
re-action of the nervous system to methylene blue depends upon m e -
conditions—saturation with oxygen and an alkaline re-action. Itmay
be pointed out that, as a matter of fact, the cerebral cortex must :
contain substances of an alkaline re-action, for Liebreich and La
dorf found that fresh pieces of the cortex turned litmus blue. But
Lieberkiihn and Edinger, using an infusion of alizarin, noticed that the
brain became yellow after the introduction of a violet soda compound,
and referred this to an acid re-action of the cortex. One must,
therefore, admit the existence of substances, some of which have an
acid, and some an alkaline re-action. If we further admit the existence
of substances with a neutral re-action, we come with Ehrlich to the
conception that in the nervous system there are, according to the s
degree of functional activity, various degrees of alkalinity, which, in e
conjunction with the changes in the amount of oxygen, determine what nio
foreign bodies may be taken up in the special parts of the nervous ]
system.

ADDENDUM.—THE TREATMENT OF THE RETINA.

It is perhaps of service to insert in this place a section
dealing specially with the staining of the retina, an organ
in many ways the most marvellous of the entire body.

In no part of the central nervous system, perhaps, have so
many important researches and discoveries of a general
anatomical and physiological nature been made; in no M
perhaps, have the two most important methods, those of Go)gl
and Ehrlich, within the last ten years proved themselves of 5.
such service, as in this, the only free-lying part of'_ﬂ;g central
nervous system, no other part of which is so easily obtained A
in a fresh condition. : A

It will be understood that I do not mak&an}ukimm e
in this place a complete description of the ;nm i
with the retina. It is not my intention to do so, nor Wi
it be to the purpose. It would mal;y@:
without going more deeply into the microscopic Anato
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Almost every animal has its own
hes are daily bringing us new
Hardly in any other organ are
flicting as in the case of the

so complicated an organ. £
peculiarities, and new researc
knowledge and new results.

the views of the workers so con

retina. :
In order to obtain a first survey of the structure of the

retina, Ranvier recommends that the research should com-
mence with Triton cristatus, an animal in which the layer of
visual cells and other peculiarities are distinctly seen. Both
the eyes of the animal are removed, and one is placed in a little
bottle closed by a cork, and containing about 1 cem. of a
1 per cent. solution of osmic acid. The eye is left in the
fluid for twenty-four hours, and then cut across the equator
and macerated in water for two or three days. A piece of
retina is then cut out, and teased upon the slide in a drop of
water. The elements which have been thus isolated are
stained with picro-carmine and mounted in glycerine. By the
help of this method of isolation, the structure of the rods and
cones, which float for the most part free and separate from the
cells, may be distinctly recognised.

The other eye is exposed to the vapour of osmic acid, being
fixed by means of a needle to the under surface of the cork,
which is then replaced. The vapour of the acid readily
penetrates the thin sclerotic, quickly reaches the retina, and
fixes it, for the most part, within ten minutes, The eye is
iﬁiimim‘?iﬁeﬁn :o gue-fthirg alcohol, and divided at the
hours, the posterior Pali‘o- i r entho lap # S

_ or pole is placed for several hours in a 1 per
solution. It is tl,len washe?lns en.‘ed direct to the osmic acid
. : out in water and further hardened
in aleohol.  Embedding follows, and also the preparati
sections, which must Pass vertically th h ; pa%a 0 0F
T e - alcohc.{ : roufg the optic nerve,
mounted in glycerine. » transterred to water, and

Of the modern w .

e by ;:1 ;;l‘:;:; there are two in particular whose
Y Prominent position, Ramoén y Cajal

e = T

Treatment of the Retina,

and Dogiel. The former is to be noted for his very successful % .«.L' _
use of Golgi's chromate of silver method, and Dogiel for his
special modification of Ehrlich’s methylene blue stain. : '.753_; .

Both methods, chromate of silver and methylene blue, are
equally well adapted to the retina, as both permit of making
either transverse or longitudinal sections, Among mammals,
v. Lenhossék ! recommends the albino rabbit as specially fitted
for the study of the retina. In this animal the supporting
cells of Miiller are the most easily impregnated. In almost
every case they are to be recognised in the form of thick e
parallel bars traversing the retina. After them the so-called e
bipolar cells and the “spongioblasts” of H. Miiller are the : .
next to be impregnated. =3

Ramoén y Cajal, to whom we owe an important work on the gt
retina of vertebrates, gives therein the following technical
hints (v. Lenhossék):—

The more delicate a retina is the less is it adapted for
Golgi’s method. The retina of large animals is therefore the
most suitable. The eye is divided in the frontal plane, the
vitreous humour is removed, and the retina is gently removed
from the choroid and optic nerve by means of a forceps and a
pair of scissors. In order to avoid the formation of superficial
precipitates, Cajal now carefully rolls the retina into a small
cylindrical or spherical mass (procédé d’enroulement), which he
dips for a second into a thin solution of celloidin. He then
leaves the little mass for a few seconds in the air, until the
celloidin is half solid, and then places it in Golgi's fluid. In
the case of the eyes of large animals only a portion of the
retina is thus rolled up (Kallius expresses himself, however, as
not completely satisfied with this process). The “double ”
method appears to v. Lenhossék to be especially useful for the
retina. He carries it out as follows :—

1. The retina is laid for from twenty-four to forty-eight

hours in Golgi’s mixture. i i
1Von Lenhossék: der feinere Bau des Nervensystems im m i

ter Forschungen, Berlin, 1895, o o N
D aein y Cajal, La rétive dea vertébrés, La Cellule, voh By
1893, i
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2, It is impregnated for twenty-four hours in a 1 per cent.
i i itrate, )
ml;tl?: i:fa;l:t‘ir:rl:ild for from twenty-fm}r to thirty-six hours 1:
a weaker solution of osmic acid and bichromate (1 per cent.
osmic acid, 1,0; 25 per cent. bichromate of potash, IO,?).

4. It is once more treated for twenty-fonr hours with the
silver solution,

The process may sometimes be advantageously repeated ?’,
second time, thus making a “triple” out of the “double
method. -

As the result of his researches, Kallius! considers it
important for the success of the impregnation that the time
during which the mixture of Golgi and Cajal is used should be
carefully observed. He took retin® in as fresh a state as
possible, and allowed them to remain in the fluid for from
twelve to seventy-two hours. In this way he often found that
only cells of a special kind were stained. For example, after
twelve hours it was frequently only the rods and cones and a
few bipolar cells that were impregnated ; after twelve hours
other bipolar cells and the so-called spongioblasts. Then
followed the ganglion cells of the optic nerve, later the nerve-
fibres, and, when the ganglionic elements no longer stained
well, the supporting cells were brought into view.

In opposition to van Gehuchten, he considered that it was
10t necessary to leave the retina for more than twenty-four

hours in the solution of silver nitrate, but he thought it often
advantageous to substitute bichromate
the bichromate of potash,

To obviate the precipitation of bichromate of silver, he
eo.vered the surface of the retina facing the vitreous humour
with as thin as possible g layer of gelatine before placing it in
the silver solution. He rejects Cajal’s method of rolling u
the retina, because it cannot afterwards be flattened out, ang

it if’ therefore impossible to Prepare and examine a series of
horizontal sections through its whole t

hickness,
1 Kﬂuius: Unt - A
Merkel-Bonact iii.?rf;;ifungen iber die Netzhaut der Siugethiere,

of soda or ammonia for

i .
L v "

Treatment of the Retina.

The retina is often somewhat curved or slightly rolled wp,
In order to obtain good transverse or horizontal section ;g s
must then be quickly embedded between two blocks of celloidin,
on each of which a flat surface has been cut, These surfaces :
are made sticky by dipping the blocks in ether-alcohol or
collodion.  Kallius then reduces the sections with hydrochinon
in the manner described by him, and mounts them in balsam.

The process of Kallius depends upon a reduction of the silver, for
which purpose the so-called * quintuple hydrochinon developer” of the
photographers is employed. Its composition is as follows :—

Hydrochinon, - . . . . . B9
Sulphite of sods, i Se e R e 40,0
Carbonate of potash, o R T :
Distilled water, - - - - 250,0

Of this 20 grm. are added to 230 grm. of distilled water. Before use
a small quantity of this fluid is mixed with a third to a half of its
volume of alcohol, that no diffusion may take place out of the section
saturated with alcohol. Afier several minutes the sections, which
have become greyish black, are placed in 70 per cent. alcohol, then left
for five minutes in a watery solution of sodium monosulphide (10 to 50
of distilled water), in which all the bichromate of silver is dissolved,
but not the reduced metallic silver. Finally the sections are washed
out in water for twenty-four hours, and counterstained as the operator
may desire.

Kopsch ! recommends that several pieces of retina should be
laid in a vessel containing the bichromate solution, and that
after two days one or two pieces should be daily transferred to
the silver solution. On the second day the rods a.nd. cones, and
Miiller’s fibres, are stained almost alone. The bipolar cells

and spongioblasts take on the stain after from three to six
days in bichromate. xe : _
Nissl’s methylene blue stain, the thl_onn.l stain, and, abnve
all, the Ehrlich-Dogiel method, are especially }med. for the
nerve cells. Dogiel 2 himself is of opinion that in the mﬁmn.
the Ehrlich-Dogiel method completely replaces Nissl's. The
retina must be laid upon the slide with the layer O,.fl nm:i ﬁ::ﬁ
facing the observer, so that it is always in connection with a

L h’s modification of Golgi’s method. \ 1 g e
2 %?gi%f P Die Structur der Nervenzellen der Retina. Avch, . mier. L;,al 2
Anat.  1895. 2
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smaller or larger quantity of the! vitre(.)us hum:ur;: E::;;ih t?te
ining solution does not come into dn'ect1 con alc ‘
SAt::‘t:ording‘ to Dogiel, the solution should be 15 t'(f’ 1% pet:lfe::;,
and it operates sufficiently in from twenty to forty }im 13‘ b.
To determine the moment ab which the I?repara,tlon should }ela
fixed, it must from time to time be examm(?d: uncovered, Wft’
the low power, but the position of the retina upon the slide
must undergo no further alteration. It m.ust be fixed upon
the slide by means of five or six drops of picrate of ammonia,
and this process must occupy not more than three' or four
hours. Thereafter a few drops of a mixture of picrate of
ammonia and glycerine are added to the picrate of ammonia,
and the preparation is allowed to stand from eighteen to
twenty hours. Finally it is mounted in the same solution.

For staining the retina with methylene blue, Apdthy!
recommends medicinal methylene blue, free of chloride of zine,
of the strength of 1 to 1000 of normal salt solution. The
retina is placed upon the slide with its inner side downwards,
and covered with a thin layer of the vitreous humour. The
methylene blue is then poured round it. The preparations
must be prevented from drying. They are left for four or five
hours, and the progress of the stain is from time to time
observed under the microscope. For the purpose of fixing,
Apithy added a few drops of the strongest liqguor ammoniz to
the picrate of ammonia, and he mounted the preparations in a
solution of gum arabic and sugar, in which they keep better
than in glycerine.

Prenant did not stain upon the slide, but injected the solution
of methylene blue by means of a Pravay syringe, direct into
the. posterior chamber, so that the jet of fluid féll upon the
remn‘a, (if it be desired, some of the vitreous humour ma
prevpllzsly. be removed by the syringe). About two hours aft L
the injection the eye was opened at its equator, and th i 3
was detached and spread out upon the slide unt;I th ble retn.la
made its appearance. It was figeq with A m-,he’ o
pierate of ammonia, and mounteq in glycerinep 2 R

1 bla
Apéthy, Mebhylen U, Zeitschr, f, wissenschaft], Micr., 1892 ix
] ] #
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If we disregard the results of Golgi’s and Ehrlich’s methods

as applied to the retina, the most conspicuously mterestmi =Lt
question at the present day is the special staining of the rods

and cones to show the action upon them of light and darkness.
Very thorough researches on the subject are published in the
works of Pergens, of the Institut Solvay, to which I therefore
refer the ophthalmologist.

The majority of the important stains for the rest of the
central nervous system are more or less adapted to, and
employed for, the retina. These are Weigert’s stain for the
medullary sheaths, Nissl’s and Held’s stains for the nerve cells,
the carmine and heematoxylin stains, the Ehrlich-Biondi
mixture, and Rosin’s method ; Weigert’s neuroglia stain does
not yield any important results. Osmic acid or its vapour
(Ranvier’s method), picric acid, nitric acid, and all the modi-
fications of bichromate of potash, are all in different ways
serviceable in the examination of the retina.

Angelucci employs nitric acid in combination with Miiller’s
fluid, fixing the retina for half an hour to an hour ina 3 per
cent. solution of nitric acid, and washing it out for ten days
in Miiller’s fluid, after which it is further hardened in alcohol.

Schaffer recommended, in the use of Weigert’s stain for the
medullary sheaths, that the celloidin sections, after cutting,
should again be placed over night in a 1 per cent. solution of
chromic acid, and, after a brief dehydration, stained for twenty
hours in Kulschitzky’s solution of acetic acid hematoxylin.
They should then be differentiated for twelve hours in

Weigert’s solution of borax and ferricyanide of potash, after

which they should be rinsed and mounted. The cones appear
quite dark, almost black, while the rods and the external
nuclear layer are light brown.

Flesch also used a modified Weigert’s stain, und found
that it gave excellent results in the layer of rods and cones,
the external segments of which took on a very dark vielet

colour.
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In the case of carmine, for example, the inner segments

alone are stained, and that very deeply, so that the outf:r
d ted. On the other hand, osmic

segments are sharply demarcated. : ]

acid stains the outer segments black, while the inner are

unstained (at least in the majority of amphibia). .

The process used by Birnbacher as a colour re-action for the
retina after exposure to light, or after being kept in the dark,
must still be mentioned. . . .

1. The eye is fixed in 35 per cent. nitric acid (or, in the
dark, from six to twenty-four hours in a concentrated solution
of corrosive sublimate). : de 5

9. It is divided at the equator, and the posterior section is
washed in running water for six hours.

3. It is hardened in alcohol of increasing concentration
(50, 70, 80, 90, 96, and 99-8 per cent.).

4. The retina is removed from the hinder section, divided,
embedded in celloidin, and cut in a direction perpendicular to
the surface. .

5. It is stained in a concentrated alcoholic solution of
eosin-extra-yellow, and must be overstained for half an hour,

6. Tt is decolourised in 96 per cent. alcohol, which must be
frequently changed. The sections appear of a bluish pink,
They are passed through oil of cloves, and mounted in
dammar.

(?f t‘.he. combinations of stains, Ehrlich-Biondi’s (Biondi-
Heidenhain’s) gives specially good results. If the retina has

been exposed to light the cones become green ; if it has not,
they are yellow. '

B.—SraNING oF THE MEDULLARY SHEATHS,

Of all the methods of dem
the hmmatoxylin stain of

become classic, is the chief,

Twice before the

onstrating the medullary sheaths,
Carl Weigert (1884), which has

?ﬁ.

;!

Staining of the Medullary Sheaths.
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second ordinary fuchsin, followed by differentiation in hydro-
chloric acid. It was only on the third attempt that he
employed colouring matters which formed a lake, i.e, which
formed typical compounds with metallic salts. R

This method, which, like that of Golgi, proves the change
it heralds by the extraordinary number of modifications it has
undergone, inyolves the following steps:— :

1. The pieces are hardened in Miiller’s or Erlitzky’s fluid. _ _

2. They are transferred direct to alcohol, and afterwards M
embedded in celloidin. : s

3. The pieces, or the individual sections, are treated with
a saturated solution of acetate of copper, diluted with one
volume of water. They must be left in this solution, in the
thermostat, for twenty-four hours.

4. Section is performed under alcohol, and the sections are
stained for a period varying from twenty minutes to twenty-

four hours in the following solution :—

i
o

-
——
i 4
El
.y
2

A

Hematoxylin, - E e
Absolute alcohol, - - N '
Carbonate of lithia, - P - 1,0
Distilled water, - - - to make 100,0

5. The sections are transferred to water and washed out.
They are differentiated in a solution consisting of—

Borax, - -~ = & e
Ferricyanide of potash,- - - - 25
Distilled water, - - - - - 100,0

6. They are washed out and transferred to 96 per m or =
absolute alcohol, then to xylol or oil of origanum. Finally,
they are mounted in Canada balsam. . et

The medullated nerve fibres appear of a blue-black MQ S .'_-W::
a brownish-yellow ground. : | 7 | 7 -

It is best to keep in stock the bum of the mm; o
consisting of hmmatoxylin and absolute Mﬁ rk
when the solution is required iw use, ﬂlﬂvmh W e
carbonate of lithia (this hﬂbh the w i
From the action of the carbonate of lithia, the colour, pre

viously reddish, becomes of & dark bluish-violet tir
H _ f
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d
differentiation becomes sharper, and may be better measure

off the more the differentiating fluid is dilhu_ted. da’f]l:eﬁﬁi':g
i lour, the white a !
takes on a light brown colour, : _
;];a?l?: gsections should be thickish, and should differentiate
badly, they are replaced in alcohol for twenty-four hou.;s,
and {;'hen returned to the solution of borax a.l.ld ferrlc'yam e
of potash. To show the nerve cells and their nuclel., they
may be counterstained with alum-carmine, picro-carmine, Or
lithia-carmine, . '
If the sections are to be stained in other wayts as. well,
the copper process must not be applied to the entire piece -of
tissue, but only to those sections which it is intended to stain

with hematoxylin.
Once used, the hesmatoxylin solution cannot be re-employed,

but must be poured away. . E
The process was perfected by Weigert himself, in his work

on the neuroglia (1895), by means of a step, the value of -

which cannot be over-estimated, as it accelerates the fixing
and mordanting of the tissue, which occupies only from four
to five days. The following solution is employed :—
Bichromate of potash (or of soda or
ammonium), - - - - E 5,0
Chrome-alum, - - - - - 2,0
These ingredients are dissolved in 100,0 of boiling water, to
which 10 grm. of a 10 per cent. formol solution are added.
Or the hardening may previously be separately carried out
in this 10 per cent. formol solution, when the mordanting
follows after.

The solution of acetic acid, oxide of copper, and chrome-
alum, devised for the neuroglia (¢.v.), may also be recommended
in the staining of the medullary sheaths, It gives rise to
1o precipitation in the pieces of tissue which have been treated
with bichromate, and has, on the other hand, the advantage
as compared with solution of Rochelle salt, that it is unneces-
sary afterwards to treat the tissues with a watery solution of
the copper salt (Weigert).

The following points of importance, whether Jor this original
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method of Weigert or Jor its modifications, are always to be kep
. 1. The preparations must not be mounted immediately after |

differentiation is completed, but are to be left for two or three

days in water, which must be frequently changed. Only in

this way can fading of the colour be avoided, The sections
become more deeply stained by leaving them in water.

2. The use of the “double” or “triple” method, which is
to be generally recommended for most stains, is necessary in

all cases where the sections are thickish.

3. In Pal’s modification of the process, almost every separate
section must be treated with a separate portion of freshly
prepared differentiating fluid.

Berkley stated that very good results could be obtained if the tissues
were hardened in Flemming’s chromo-acetico-osmic acid. The pieces -
are left for thirty hours in the fluid, at a temperature of 25°C., and are
transferred direct to absolute alcohol, where they remain for twenty-
four hours, in which time the alcohol must be twice changed. After
they have been embedded and cut, the sections are received in water,
and are left over night in the acetate of copper solution. They are
quickly washed, and stained in a solution of hematoxylin, prepared as
follows, which has been allowed to cool: —50 cem. of water are
boiled for a short time with 2 ccm. of a saturated solution of carbonate
of lithium. 2 cem. of the usual alcoholic solution of h@matoxylin
(1 in 10) are then added. ge

The sections are left in the stain, at a temperature of 40° C., for A
twenty minutes. They are then washed out and differentiated. The o
further treatment is as above.

To obviate differentiation, Weigert himself, in 1891, devised
a method, the results of which are not inferior to those of
Pal’s method, though the preparations obtained do not keep

well.

Weigert's Stain for the Medullary Sheaths, without
Differentiation,
1. The tissue is hardened in bichromate of potash solution.
2. It is embedded in celloidin, .
3. The pieces are placed for twenty-four hours in a m A
at a temperature of 35° C., composed of equal parts of *',, R
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otate of copper gaturated in the cold
ent. watery solution of Rochelle

d at the required temperature

solution of neutral ac
and filtered, and of a 10 per ©
calt. The fluid is maintaine
in the incubator.

4. The pieces are pl
watery solution of neut
incubator.

5. They are rinse
to an hour to 80 per cent. alcohol. :

6. The sections are stained in nine par

solution A, and one part by volume of solution B. \
* Solution A consists of 7 cem. of a saturated solution of

lithium-carbonate, and 93 ccm. of distilled water. Solution
B consists of 1 grm. of hematoxylin and 10 grm. of absolute
alcohol. The two solutions are mixed shortly before use.

" The sections are washed out and transferred to 90 per
cent, alcohol, then to anilinexylol (2 of aniline to 1 of xylol).
Afterwards they are transferred to xylol and mounted in
balsam.

The most delicate medullated fibres are stained in from
five to twenty-four hours. They appear black on a pale
red ground. If the sections are 'too thick, they may be
differentiated in borax and ferricyanide of potash.

Pal’s modification of Weigert's method—

1. The tissues are hardened in Miiller’s fluid. The further
steps are the same as in Weigert’'s method, omitting the
treatment with acetate of copper.

2. The pieces are cut, and if the sections are not of a
greenish colour, proving that they contain sufficient bichro-
mate, they are again transferred for twenty - four hours
to tl.ae bichromate of potash solution or to a very weak
solution (03 to 0'5 per cent.) of chromic acid in 70 per
cent, aleohol.

3. The .aect.ions are stained in Weigert’s solution of
hematoxylin for from twenty-four to fort

-eight hours.
If the process be carried out i : - ;
n th
about an hou, e incubator it lasts for

aced for twenty-four hours in a simple

ral acetate of copper, and kept in the

d. and transferred for from half an hour
, They are then cut.
ts by volume of

[Ty e -

. '-. "‘Y—ff'- wll
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4. The sections are washed out in water, to which
cent. of the carbonate of lithia solution has been added.

9. They are differentiated for twenty or thirty aeaﬁié’é;m &
freshly prepared solution of permanganate of potash V(a'-w 3 - |

Ay

4 per cent.). When this process is completed the grey matter

is of a yellow tint, . }
6. The sections are washed out, and further differentiated, % "
as Lustgarten advised, in the following solution ;— TaSON
Oxalic acid, - ol L R 1,0 S
Sulphite of potash, - - - . 19 PR
Distilled water,- - - . - 2000 . -

The grey matter is decolourised in a few seconds, and the
white becomes blue-black. If this result does not follow,
the sections may again be placed in the permanganate of
potash solution and the oxalic acid fluid.

7. They are washed out, and, if desired, they may once more PpiTE
be placed in a strong lithium solution for from five to thirty ‘
minutes. In this the stain becomes more intense. They are
again washed out, transferred to aleohol and to xylol, and
mounted in balsam. saed rl

The medullary sheaths appear black or blue-black, and all S
other nervous elements are decolourised. Counterstaining
with alum-carmine, borax-carmine, or picro-carmine, may R
therefore be employed to more advantage than in the original £ ; e
method. : g

If Pal’'s modification is successful, it gives extremely good
results, but even when great care is taken, it is always possible i =3
that the differentiation may be too strong, and that the most
delicate fibres may be decolourised. ECTREY

It has been recommended, in order to be able to use the
heematoxylin solution several times, to stain the sections first
in the hematoxylin alone, and afterwards to leave them w"‘ i
saturated solution of lithium-carbonate until they *m
sufficiently black. ' v A

Kulschitzky's modification— RN .

1. The tissues are hardened in Miiller’s or Erlitzky’s fluid.

2. They are embedded and eut. ‘

!
.

L
L1
i

L= ., e
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{ four
3. The sections are stained for from one to twenty-lot

in the following solution e
ks 1;l;hznsmnat;o:myIin (dissolved in absolute o)
alcohol ), - - - - 1,0-4,
Acetio acid (2 per cent.), - = 100,0
4. They are decolourised in the following:—
Quturated solution of carbonate of it
lithia, - - - = 2 ;

Solution of ferricyanide of potash G

(1 per cent.), - - . - 10, A

5. They are carefully washed out, transferred to alcoho
and to oil, and mounted in balsam. :

The medullated nerve fibres appear deep blue or dark violet,

all other tissues being colourless or pale yellow.
The stain originally employed was a solution composegd as follows : —
Hematoxylin (dissolved ub absolute

alcohol), 1,0
Saturated solution of boric acid, - - 20,0
Distilled water, - - - - - 80,0

This solution must be slightly acidulated with acetic acid immediately
before use. It is at first yellow, and may be used after it has becom@
red (in about three weeks). ® ®

Wolter's method (Kulschitzky-Wolters)—@

1. The pieces are hardened in Mhiller’s fluid, embedded, and
cut.

2. The sections are stained for twenty-four hours (in the
mcubator) with Kulschitzky’s haemat,oxylin. solution. ”

3. The sections are then dipped in Miiller’s fluid, and
differentiated as in Pal’s method.

4. They are washed out, transferred to aleohol and to xylol,
and mounted in balsam.,

This combination of two modifications 1s much to be commended
on .account of the beautiful results 4t gwes. Even the most
delicate fibres appear of a beautiful blue-black colour, while
the nerve cells are brownish yellow.

For thuf m:)diﬁcation Kaes has recommended the substitution
of Flemfmngs solution for the Miiller's fluid. In this way the
tangential fibres are said to be especially well shown,

il '.f_ 1
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Vassale's modification of Weigert's method— .

L. The pieces are hardened, &c., as in the original method.

2. The sections are stained for three to five minutes in )
1 per cent. watery solution of h@matoxylin, | =

3. They are rinsed, and transferred for three to five minutes R
to a saturated solution of neutral acetate of copper. .

4. They are washed out, and differentiated in Weigert’s
solution of ferricyanide of potash, .

5. They are washed out, transferred to alcohol and to carbol-
xylol, and mounted in balsam. '

The great simplicity of this method is of advantage. The
chance of precipitation of the hzmatoxylin is also done away
with, and the sections, owing to their shorter stay in the
staining fluid, are less Writtle. The stain should always be
employed as freshly prepared as possible.

Lissauer’s modification—

1. The preliminary treatment is as in Weigert’s original
method.

2. The sections are transferred to a 1 per cent. solution of
chéomic acid, which is warmed until bubbles appear.

._They dre washed out and stained in Weigert's heematoxy-
lin aﬁution, which must also be warmed until bubbles appear.

4. They are differentiated as in Pal’s method.
® This “rapid” modification is of especial importance in the »
treatment of brains which have lain too long in bichromate -
solutions and in alcohol. ‘ (e

Schifer’s modification seems to be highly commendable—

1. The pieces @re hardened, embedded, and cut, as in
Weigert’s method. : %

2. The sections are transferred from water to Ma-mhr’sm
where they remain for some hours. R " e

3. They are washed out, and stained in a solution of one:
grm. of hematoxylin in a little absolute aleoho],-tawl_iinh_-w oo
com. of a 2 per cent. solution of acetic acid are added. m:j’:ﬁ' Lo
sections remain over night in the stain. ¢ SR

4. The sections, which have become black, are WM
The further treatment is as in Pal’s method. :

-

pas
e, -

ST

Y -
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| feati Marchi’s fluid—
<er’s modification by means of e

fagmall piec{fs are hardened for three days 1n Miiller’s ﬁulld.
The'y are then still further divided, until they are -extreme y
small, and replaced for six days longer in Mi.iller. 8 ﬂUIC?.

2. They are transferred to Marchi’s fluid, in which they
remain for eight days.

3. They are washed out, transferred to a

celloidin, and cut. : : _
4. The sections are placed for five minutes in the following

lcohol, embedded in

solution :—
Liquor ferri sesquichlorati (P.G.), - 10,0
Distilled water, - - - - - 10,0
Rectified spirit, - - - - - 30,0

5. They are transferred to Weigert’s heematoxylin solution,
and warmed for five minutes in a fresh portion of the stain.

6. They are washed out, and differentiated as in Pal’s
modification.

7. They are transferred for a short time to water to which
a little ammonia has been added.

8. They are washed out, transferred to alcohol and to xylol,
and mounted in balsam.,

In this modification, therefore, the copper acetate is replaced
as a mordant by a solution of chloride of iron.

The medullary sheaths appear of a blackish brown or deep
black tint.

The method of Adamkiewics—

L. The pieces are hardened in Miiller's fluid, embedded, and
cut. :

2. The sections are transferred to w
with hydrochloric acid.

3. They are stained in a dark
no. 0,

4. They are washed in aleohol, and
. _ ; afterward
aleohol slightly acidulated with nitric acid, g

5. They are treated with oil
: of cloves until
red colowring matter is giv no more of the

- en off. They are then mounted in

ater slightly acidulated

red watery solution of safranin

in absolute

Staining of the Medullary Sheaths,

Normal medullary sheaths are stained red, but ﬁhmi.

bluish violet.

Eaxner's method—

1. Fresh pieces are placed in ten times their volume of a
1 per cent. osmic acid solution. They must be kept in the
dark. The osmic acid is renewed on the second and fourth days.

2. After from six to ten days they are washed out. The
pieces are fastened on cork and further hardened in aleohol.
They are then cut.

3. The sections are transferred to glycerine, to which one
drop of ammonia (liquor ammoniae fortissimus, 10,0 ; water,
50,0) is added on the slide.

4. The excess of fluid is removed with blotting paper. When
the section is completely clear the cover-glass is put on.

The fibres appear greyish black. As the preparations are
not permanent, and the ammonia causes the section to swell
up and thus increase in thickness, the method need not receive
much consideration. 3

The method of Pal and Ewner is of service in obtaning o
permanent preparations—

1. The pieces are hardened as in Exner’s method.

2. They are washed out for two minutes in absolute aleohel,
and embedded.

3. The sections are placed in a mixture of glycerine and
water (three to one). The glycerine is washed away by wam.

4. The sections are differentiated, as in Pal's method, and
then washed out. : :

5. They are counterstained with picro-carmine, transferred

to alcohol and to xylol, and mounted in balsam. ¢
Hans Aronson has employed gallein for the medullated fibres, in the

following combination :—

Gallein paste, A dmie - 3-4com.

Absolute alcohol, - - - = RO oY

Distilled water, - - - - 100,0 G

Concentrated solution of carbonate : " Nl
of nodRy o~ iSRS drops.
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i he same as in
reliminary treatment and the differentiation are t :
?l':la'lpmodiﬁm:{on of Weigert's method. After differentiation the

sections are placed in soda until they become red.
Heller's osmie acid method of treating the medullary sheaths

must here be added. The technical steps to be carried out
are given further below. He points out that, apart altogether
from the ease with which this stain may be combined with
nuclear stains, it may be of advantage to examine the changes
in the medullary sheaths both by osmic acid and by
hematoxylin, in series of sections following one upon the
other. The results of the two stains may thus be compared
and the one checked by the other.

Heller's method has, besides, been modified, and its duration has
been shortened by Robertson (A modification of Heller’s method of

staining medullated nerve fibres. Brit. Med. Journ., 1897, p. 651) in
the following manner :—

1. The pieces are hardened in a modified Weigert's solution of
chrome-alum and copper, as follows :—

Chrome-alum, - . B : < 2,5
Acetate of copper, - - - 4 5,0
Acetic acid, - “- : 4 . i 5,0
Formol, - 2.10,0

Distilled water,

2. They are washed out in water, and embedded in c
: 3. The sections are Placed in a 1 per cent. osmic acj
n a 5 per cent. solution of
for half an hour.
0{4}.);:‘:3? aix: i;a:n;fe:;ed toa 025 per cent. solution of pPermanganate
) ic ey remai i
e e min}; m from one to four minutes, and are

tes in a 1 per cent : . 5
They must be washed out after each proI::eas. A Batntion of il i

100,0
elloidin.

BRr o d solution, then
pyrogallic acid. They remain in each fluid

- " 'lrlﬂ'."l
'».-'
)
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3. They are washed out in running water for twentyfour
hours, . - S
4. They are hardened in aleohol, embedded in celloidin, cut,
and mounted, TR

Degenerated medullary sheaths appear black, and every-
thing else pale yellow, sometimes with a greenish lustre. {

This method, a combination of the processes of hardening
and staining, is of the greatest value and importance, and
demands the observance of a number of special measures.

The animal must be left for twenty-four hours after death,
before the brain and spinal cord are removed. The removal,
to avoid any tedring, must be very cautiously performed, for
a tear may very easily give rise to a false interpretation of o
the results of staining. ' ,."-‘-.

The fluid containing the pieces of tissue, which must be '
very thin (2 to 3 mm.), is placed in the incubator at a tem-
perature of from 25° to 30° C. Care must be taken to renew
the fluid as soon as the smell of osmic acid disappears. The 5
pieces must rest, so far as possible; obliquely, and not upon el
their flat surface. The equal penetration of the fluid, which,
at the temperature of a room, requires a longer time, must
be aided by frequent agitation.

The sections themselves may be thick (from 50 to 80 u).
Degenerations, not more than some months old, are to be
recognised by the black clumps of myelin and detritus.
Fatty degenerations of the merve cells and blood vessels are
also distinctly seen. In experimental work it is best to keep
the animals alive only for two or three weeks. In human
pathology one may count upen good results even if ﬂ!&
process has lasted for several months. _ :

The sections may be cnmtemtainedOiby Weigert's
by carmine, or by van Gieson’s meth ko

}‘rThe degenerated portions of the degenerate med

nerves are arranged in the manner of a ehmm s
examination of the brain (or of the caudex cerebri), ihg il
which must not be over 2 mm. in thickness, Ehonlﬂ be
from four to six weeks in Marchi’s fluid, while eight t
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nt for the spinal cord and perip!leml nerves.
In the former case the fluid should at first be little ::;Il(}tl!;l-
trated (1 to 3), and the concentration should b? gradua dy
increased until a proportion of 1 to 2, or 1 to 1, is attained.
The fluid must be frequently changed. In about: four weeks
the operator should make incisions into the brain substance
to ascertain whether the fluid has sufficiently penetrated the

central parts. ' : \
In order to increase the blackening of the pieces of spinal

days are sufficie

" A ——

cord, Azoulay has made use of the property of osmic acid to
become black in the presence of tannin. After previous treat-
ment with Miiller’s fluid and alcohol, the sections, which must
be very thin, are blackened for a short time in a solution of
osmic acid (1 in 500), and then warmed for about five minutes
in a 5 per cent. solution of tannin, They are then washed
out, and, if it be desired, counterstained with carmine. They
are mounted in the usual way. Only the myelin is stained
black.

According to Edinger, the method gives good results in the
case of the medium-sized and coarser fibres, but is not so
successful for the delicate fibres as the hematoxylin method.
It is admirable for preparations treated by Marchi's method,
as by its use the lacunz, where the products of degeneration
?mve already been absorbed, can easily be recognised. But
1t may also be used for preparations treated by Golgi’s method.
Obersteiner recommends it, especially for nerve roots and peri-
pheral nerves,

: One further process recently given by Allerhand is of
importance. ‘

Allerhand’s method—

1. The pieces are hardened in Miiller

J ﬂ - -
embedded, and cut, s fluid or in a'ICOhOl:

twenty minutes in
quor ferri sesquichlorati (P.G.).

llic salt is : . ;
the fluid be slightly warmed, PR RRLY Attained if

3. The sections are rinsed for g short time and transferred

Staining of the Medullary Sheaths,

to a 20 per cent. solution of tannin. Tn this they m
left in the incubator for from one to two hours, The s T
tion must have been exposed to light for about three wee M ,
and must have just begun to decompose. Fungi begin to
appear when the process of decomposition is suﬁiciently-em':'b
plete. Thereafter the solution must be filtered.

The differentiation begins almost at once, and in this
process the iron salt is reduced by the tannic acid. The
sections become of a dark blackish-blue colour. The “double”
method may be used, the sections being replaced in the iron
solution. i

4. The sections are differentiated as in Pal’s process, but,
in order to save time, with solutions of double the strength.

5. They are washed out and transferred for a few minutes
to a 0'5 per cent. solution of acetic acid. They are then
transferred to alcohol and to xylol, and mounted in balsam.

The method therefore depends essentially upon double i
staining with iron chloride and tannin, and differentiation '
by Pal’'s method. The medullated fibres, and also the tan-
gential fibres, appear of an intense blue-black colour on a
colourless ground. The nerve cells, with their processes, are
also distinctly seen, the nucleoli being black. They are even
more distinct in alcohol preparations, while, if bichromate
has been used, the fibres are more prominent.

In the case of hardening in alcohol, the same pieces are to
be used for staining the nerve fibres as for Nissl's method.
Tt may be doubtful what constituent of the nerve fibres is
stained in this case, as the medullary sheath is in large part
destroyed by extraction of the fatty myelin, and .thmsze"
cannot appear stained blue #n toto. Allerhand considers thm
remnant of the medullary sheath to be rela.tad. to the m o
of neurokeratin described by Kiihne and Ewald, and W « N
the two concentric rings seen in alcohol preparations ﬂ-m e
verse sections of the external and internal horny sheath of
the medullated fibre. But the axis-cylinder also sppears ;
alcohol preparations, although not always, as & s g
serrated structure, stained intensely blue. '
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In this “method of impregnation,
| times
been once used may be‘ several tim
especially, seems to gain in staining pow
power) by repeated use.

» golutions which have

yre-employed. Tannin,
er (i.e, reducing

C.—SraNiNGg THE AX18-CYLINDERS.

Numerous as are the methods of staining .the axis-cylinders
which we possess, the fact must be' emphasised ‘that 'not; one
of them is even approximately samsfactory._ '1}'18 dlscoverjt
of a method permitting us to trace the axls-cyhnderr ;.)mpe’l
in its degeneration and also in its structure, as Weigert’s
stain and Marchi’s method do for the medullary sheaths,
would be a very great service, especially for the purposes
of pathology.

Upson’s stain (method A)—

1. The pieces are hardened in the dark in bichromate
solution (at first 1 per cent., then 2 per cent., to 25 per
cent.) Over-hardening is injurious.

2. They are washed in water and placed for two or three
days in 50 per cent. alcohol, which must be frequently
changed. They are then transferred to 96 per cent. alcohol,
in which they remain till a green colour appears (from two
to four weeks). The aleohol must be frequently changed.

3. The pieces may or may not be embedded. Sections are
cut, and it is best to stain them at once, without further

treatment with alcohol, in the following solution :—
Chloride of gold, - -

- - - 1,0
Distilled water, - - - - - 100,0
Hydrochloric acid, - - - - 2,0

They become yellow after one or two hours.

sections are rinsed and transferred for a minute to

4. The

6. They are reduced in the following solution, wh
be freshly prepared :— | v
Sulphurous aetd, - . . . | 5,015
Tincture of iodine (3 per cent.), - 10-15 drops
These ingredients are mixed, and 1 drop of liquor ferri chloridi
is added. The section becomes pink. LR
7. The sections are washed, transferred to aleohol and “’%"
oil of cloves, and mounted in balsam. L
Glass must be substituted for metal instruments, and mf -I :
sections must be kept in the dark. 2 N
Method B— T
1. The preliminary treatment is as in method A, :

2. The sections are placed for two hours in the followﬁl_g;
solution :— i

A

ir s
i -

Hydrochloric acid, - -~ == . g drops A
Solution of chloride of gold (1 per

cent.), - - SRRV
Saturated solution of vanadate of i

ammonia, = S S TR R

3. They are rinsed for a short time, and transferred for
one minute to the following solution, which must be freshly
prepared :— o '

10 per cent. caustic potash, - - - B0 R o
Vanadate of ammonia, - - - - atrace 3
Solution of permanganate of potash (10 i B .

per cent.), - - 2 - - 10drops

4. They are rinsed, and then reduced in a freshly-prepared e
solution, composed as follows :— BRI
Zinc solution (a),- - - - -
Distilled water, - - - - -
Iron solution (b),
Sulphurous acid, - - - - -
When the acid is added, a copious preazpﬂ:h? is for
that moment the section is to be placed in the solutic
is then at its strongest. The section hmmw
5. It is then washed, transferred to alcohol and.

mounted in balsam. :
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. golution (1) 18 prepared by adding to & certain
The ine solt sent. solution of tincture of iodine enougl,
quantity of a 3 }:;r oo & whitish-yellow colm.n-. Solution
chloride of zm;d wfwry colution of phosphate of iron.
(b) is & saturd s are stained along with the axis-cylinders,
The nerve ¢€ hat the 8uCCO8S of the stain is determined
Upson remarks tmodiea in the gold solution. A pure soly-

: ign b . i .
I:fy specmll hf)t;'i':;i’g';f gold, carefully neutralised, sf,ama little or
tlotﬂ :f ac;]l The more or less good result of bhie JAn RENSERN
not & )

ic acid or other impurity i
nce of hydrochloric aci BB Ao
upen the IS & results, however, are obtained by the

tion.
g(;fli:ioc:; l:))i’ acids or metallic salts, or both, to the gold

solution.
Gerlach's method— . .
1. The pieces are hardened in a solution of bichromate of

eak, and afterwards concentrated up to

112

ammonia, at first W

2 per cent.! ! :
9. The pieces are reduced to as small a size as possible, and

once more hardened for a short time.

3. They are cut by hand, being held under water between

clamps of liver. Alcohol should not be used.

4, The section is transferred to a solution of chloride of gold

and potassium (one in ten thousand), slightly acidulated with
hydrochloric acid. In this it remains for twelve hours. .

5. It is washed in a solution of hydrochloric acid (omein

fifteen hundred).

6. It is placed for ten minutes in the following solution :—
Hydrochloric acid, - - X - 1,0
Alcohol (60 per cent.), J - - 1000,0

: 7. It is transferred to alcohol and oil of cloves, and mounted
in balsam,

The method is uncertain, The results are, perhaps, better in the

embryonic brain, According to Goodall, it appeam TEatiE Il obtained K

gaoor:’l‘e :esults in the fresh brain of the mouse, and Gerlach in the human

'Bo : : 5
1 per Be:g vfx?fl 1:;1111“ the solution should at first be even weaker that
be iy ter a aft’ hiters few hours, a 1 per cent, solution shou’
ﬂolntion, b\lh the hew daYE this should be replaced by a 2 per ce |
Whole procegs should last only eight days.
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Freud's method— 4

1. The pieces aro hardened in Miiller's or Erlitzky’s fluid.
If desired, they may be further hardened in alcohol, s

2. They are washed out, embedded, and cut. The sections
are stained for from three to five hours ina 1 per cent. solution
of chloride of gold. &

3. They are washed out and placed for three minutes in the
following solution :—

Solution of caustic soda, - - R
Distilled water, - - - - - 5,0 /

4. They are washed and transferred to a 10 per cent. solution -
of iodide of potash, in which they are left for from five to
fifteen minutes, assuming a reddish-violet colour.

9. They are washed, transferred to alcohol—the concentra-
tion of which is gradually increased—then to xylol, and finally A
they are mounted in balsam, >

The results are variable. In good preparations the axis-
cylinders are seen to be stained of a dark reddish blue, or even
black. The nerve cells are sometimes unstained and sometimes
prominent, being of a distinct reddish tint. Freud states that
the latter result occurs only in the adult. The durability of
the preparation extends at least over many months.

Metal instruments must be avoided, and replaced by glass.
The stain becomes more selective if the gold chloride solution
be mixed with an equal volume of 96 per cent. alcohol.!

The stain appears to succeed best with fresh material which
has not yet been hardened (Kahlden).

Van Greson’s method—

1. The pieces are hardened in Miiller’s fluid.

2. They are embedded and cut.

3. The sections are stained for from three to five minutes
in Delafield’s hzematoxylin or another alum-hzmatoxylin.

4, They are thoroughly washed out. _ P :

5. They are stained in a mixture of saturated solution of |

1 Cohnheim was the first to use the gold mntl_md’,je’m’_ loyi

the nerves of the cornea. The sections wereplaneﬂ aced in a P

solution of gold chloride, and then in water, to which a few ¢

acetic, hydrochloric, or formic acid had been i
i

.

-
-
o
b
b
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id with saturated solution of acid fuchsin. The

k red colour.
for a short time, transferred to

and mounted in balsam.
p red, the medullary sheaths
he nuclei bluish violet.

picric ac
mixture must be of a dar
6. They are washed out
alcohol and to oil of origanun,
The axis-cylinders appear dee
yellow, the neuroglia reddish, and t

Sclerosed parts are of an intense red. s Al
This mihod was originally given by van (tieson for amyloid

disease, the amyloid substance becoming light red. It was
Paul Ernst who employed it specially for the central nervous
system.

Stroebe’s method—

1. The pieces are hardened in Miiller’s fluid.

2. They are transferred to alcohol, and embedded in celloidin.

3. The sections are stained for from fifteen minutes to an
hour in a saturated watery solution of aniline blue, in which
they become blue-black.

4, They are rinsed and differentiated in absolute alcohol (to
which 20 to 30 drops of a 1 per cent. caustic potash-alcohol !
are added) until they are transparent and of a pale brownish
red. The process lasts from one to several minutes.

5. They are washed out, when they become pale blue.

6. They are placed for from fifteen to thirty minutes in a
dilute solution of safranin as a counterstain,

7. They are transferred to absolute alcohol and to xylol, and
mounted in balsam.

In ;tl'na process the axis-cylinders and the fibres of the
neuroglia are always stained blue, while the medullary sheaths,

the protoplasm, the ground substance, and the nuclei take on
the yellowish-red counterstain, Sometim
show the blue stain,

to the method,
Benda’s vron-hematorylin method—
1. The pieces are hardened
fixing fluid,

! Caustic potash-alcohol is A
potash o 100 com, of al repared by adding 1 grm. of causti
our hours, and then f?lt?o?}e?ll.. i allowed to stand for twe::;ﬁ

es the nuclei may also
Absolute certainty is not attributable

in Miiller's fluid, or another

L
' - . -
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2. They are embedded and cut. L
3. They are mordanted for twenty-four hours in a s
of equal parts of liquor ferri sulf. oxydati (P.G.) and dis
water, or in one part of the iron solution to two of water.
4. They are carefully washed out, first in distilled ¥
and then in ordinary water. L :
5. They are stained in a 1 per cent. watery solution of :
hezematoxylin until they become black. i
6. They are differentiated in 30 per cent. acetic acid. The
further treatment is as usual. - i '
Schmaus's methods— T ‘ t 5
1. Uranium-carmine is employed, without specially staining
the celloidin. A
One grm. of soda-carmine is rubbed up with 05 grm. of g
nitrate of uranium, and boiled for half an hour with 100 cem.
of water. The solution is allowed to cool, and then filtered. e
Sections of the spinal cord are stained in from fifteen to twenty ity -
minutes. i
The pieces are hardened in Miiller’s fluid, and must not be
«dehydrated. i
2. Griibler’s black-blue is also to be recommended for the g
axis-cylinders. It is used in the form of a 0:25 per cent.
solution in 50 per cent. alcohol, to which a little picric acid is
added. Sections are to be stained for an hour, washed out in
water, and dehydrated in alcohol. This process permits of
treatment by acetate of copper if desired. L i
Paladino’s method— '
1. The pieces, which should be as thin as possible, are
hardened in Miiller’s fluid. e
2. They are washed out, and dehydrated in 96 per cent. or
in absolute alcohol. R
3. They are successively boiled for an hour I‘nlﬂll#-
three following fluids :—absolute alcohol and
and finally absolute alcohol. e *
4, The§ are placed for from four to mshtwmi N
of chloride of palladium (one in a thousand) to whi T
drops of hydrochloric acid are added.
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sferred for from one to four days to a 4 per
tash, which must be used in the
herwise the iodide of palladium

5. They are tran
cent, solution of iodide of po
smallest possible quantity, as ot

re-dissolved. .
1'E;ﬁ They are placed in 80 per cent. and in 96 per cent.

alcohol, They are then embedded. Parafin must not be
used, or the stain will not be successful.

7. Sections are cut, transferred to alcohol and to oil, and
mounted in balsam.

The section now appears yellowish brown or dark bI'O“'l.].
The axis-cylinders are stained, but so too are the neuroglia
and medullary sheaths.

By this method Paladino believes that he has demonstrated
certain relationships between the neuroglia and the medullary
sheaths, regarding the latter as a continuation of the neuroglia.
He states that they also contain neuroglia cells.

The aniline blue-black method—

1. The pieces are hardened in Miiller’s fluid, and afterwards
in alcohol, or in sublimate, and afterwards in alcohol. They
are then embedded and cut.

2. The sections are stained for an hour in a 0:25 per cent.
watery solution of aniline blue-black, to which a little alcohol
may be added. The English preparation must be used.

3. They are washed out, transferred to alcohol and to
creosote or origanum oil, and mounted in balsam.

The axis-cylinders and the nuclei of the nerve cells are
stained deep blue. The nerve cells and the nuclei of the
neuroglia are bluish grey.

Hardening in bichromate gives better results th
in sublimate,
staining.

A similar stain may be obtained with in

The nigrosin method—

1. The pieces are hardened in Miilley’
cut,

2. The sections are stained for ten
watery solution of nigrosin,

an hardening
which, however, generally permits of more rapid

dulin and aniline blue.
8 fluid, embedded, and

minutes in a concentrated
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3. They are washed out in equal parts of water s
transferred to alcohol and to origanum oil, and mour
balsam, ;

Besides its simplicity, the method has the adva
giving a very good general view, and posaessmg a

result.
- Sahli’s method—
L. The pieces are hardened for as long as possible in Miille
fluid. They are washed out for a few minutes, embedded, a .
Cllt. r} .r

2. They are stained for several hours in the foﬂnﬁg+

solutmn R o
Saturated watery solution of methylene ;
blue, - - = oo o O o
Solution of borax (5 per cent.), - - 16 cem. bE
Distilled water, - - - - - 40 cem. P
3. They are washed out in water, then in alcohol, until the e
grey matter can be clearly distinguished from the white, :
They are then transferred to oil of cedar, and mounted mz
balsam. S
The axis-cylinders and the nuclei of the neuroglia are m:' B
blue, the nerve cells greenish blue, and the gronnd substance -
pale blue. AR
As in the majority of aniline stains, too great a decolourisation -’-' g -
may readily be produced by the action of the alcohol. The
section must therefore be placed in the oil of cedar as Mﬂ';'
possible. Any bacteria that may be present are wallslmq 3

this method. | R

i "

D.—STAINING THE NEUROGLIA.

Weigert's neuroglia stain’— .

1. The pieces are fixed and mordanted for m
solution of acetate of soda and ohmma-ahm iﬁ
10 per cent. formol.

1 Wei art. : Beitriige zur
Neurog Frankfurt a.M.,
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9. The pieces are prepared for section by the celloidin
method, This process should oceupy three days.

3. Sections are made.
4. They are reduced by permanganate of potash, and by

chromogen solution, with the help of a mixture of formic and

sulphurous acids. . . . .
5. The capacity of the neuroglia for taking on the stain, an

of the nervous elements for taking on the counterstain, is
increased by the aid of a simple watery solution of chromogen
(b per cent.).!

6. Weigert's method for fibrin is employed in a modified form.

The total duration of the process is twelve days. The steps
from (3) to (6) occupy one day altogether.

This method, finallyjpublished by Carl Weigert in November,
1895, after the labour of seven years, marks so great a step
in the province of neurology that it must be set forth in
detail.

The principal measures to be observed in the staining of the
neuroglia may be divided into three or four parts—

la. The pieces removed from the central nervous system
must be fixed.

10. They must be mordanted with highly oxidised metallic
compounds. Both processes may, if desired, be combined in

one. 2. The metallic compound must be reduced. 3. The
staining process follows.

1. Fizing and mordanting—

_ (). These two procedures may be carried out separately or
in combination.

The former alternative may be adopted,

to treat the preparations by other method

Marchi, Golgi, and Nissl, or the method
sheaths.

if it be also desired
8, such as those of

for the medulla
In such a case the pieces are fixed with a 10 pzyr

cent, golution of formol, as weaker solutions do not fix them

matall
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more than half a centimetre thick. In pieces larger than t
the stain is no longer certain. :

For the purpose of hardening, shallow vessels should b e -
used, on the bottom of which blotting paper must be placed, to
prevent distortion of the thin pieces. The formol solution i
must be renewed only on the second day. As a rule, four
days suffice for the hardening, but the pieces may remain in
formol for years without losing their capacity for taking
on the stain.

If, however, it is not intended to use any other stain than
that for the neuroglia, it is better to omit the simple formol
solution and to place the fresh pieces at once in the solution of
copper and chrome-alum described below. To this solution a
10 per cent. solution of formol must then be added. The fluid
must be changed on the second day.

(6). Mordanting may be performed either upon fresh pieces,
or on those hardened in formol. Even pieces mordanted with
chrome salts permit of staining the neuroglia, if a saturated
(about 5 per cent.) solution of bichromate of potash be
employed in place of the usual Miiller’s fluid. In this case,
however, one is never quite certain that the axis-cylinders
will not also be stained. ' / -

Weigert, then, has given the following solution as a typical i
mordant for the neuroglia :— R

[FPRR T e

LT
A
O niad K s e

Acetate of copper, - - - O percent.
Ordinary acetic acid, - - - B
Solution of chrome-alum, - - &8 5

The chrome-alum is first boiled in water (if dissolved m the
cold a precipitate is formed), and while it is absolutely boiling
the flame is put out, and first the acetic acid and then the
acetate of copper, which must be finely powdered, are added.
The mixture is briskly stirred with a glass rod, and allowed

to cool. 3 oY
This solution may also be used for staining the medullary sheaths,

as it produces no precipitate in pieces treated by bichromate, e
the other hand, it has the . s
unnecessary to carry the treatment by copper further, by ﬁl; _
simple watery solution of the copper salt,
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In this solution, to which .

d. the pieces are left for eig '
S plf they remain longer, 1t does no hfll’}ll.
hydrated, and embedded in celloidin, .
This process is different for preparations
qalts and for those treated by acetate (:’lf
lia, up to this

10 per cent, of formol must be

ht days at the temperature
f They are
of a room.

then rinsed, de
9. Reduction.—

treated by chrome i
copper. In the case of the former the neurog

point, is not sufficiently stained. Ll.lstgartelll’s 1:1!‘023:&(11;2‘1-
manganate of potash and sulphurou.s acid) may ')e rcco' T
as an energetic method of reductm_ul for SCCE[C‘)IIS treate y
copper. It has been somewhat modllhcd by Weigert, who uses
chromogen ! to obtain the counterstain. =

As the watery solution of chromogen is not suﬁ'nmfan'tly
energetic in its action, a watery solution is mat.le, cc')ntannn.g
5 per cent. of chromogen and 5 per cent. of formic acid. This
is filtered, and before it is used, 10 ccm. of a 10 per cent.
solution of sulphite of soda (as employed in photography) are
added to 90 cem. of this fluid.

The sections are first placed for about ten minutes in a
solution of permanganate of potash (about { per cent.), which
is afterwards carefully poured off. They are then washed out
in water, which is also poured off, and then the reducing fluid
is poured over them. The sections, which were previously
brown, are soon decolourised, but it is best to leave them from
two to four hours in the solution.

If the sections be now stained the neuroglia fibres are blue, and the
connective tissue is colourless. But if it is not important that it should
be colourless, the procedure which follows is to be recommended. After
its employment, the collagenic tissue no doubt becomes
faint tinge of violet, but, on the other hand, the neuroglia fibres take
on a l.nuch darker stain, and the mogt delicate of them are distinct and
prominent, The nerve cells, the cells of the ependyma, and the thicker
axis-cylinders take on a yellow tint. On account of these numerous

blue, with a

! Chromogen is a naphthalin com 1 i i
: 1 ) pound, viz., the acid sod
of 1-8 dioxynaphthalin g]g r(l)lsﬁﬂphonic acid (as is shown bysfh(:ufngllzi?

ing formula: —80, 71\ | | 0,Na).

; The eolution has an acid re.
action, and is a reducing agent,
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advantages, therefore, counterstaining should always be carried out
according to the following method ;—

Counterstaining.—After the sections have twice been rinsed
in water, they are left over night (the longer the better) in
a simple saturated watery solution of chromogen (5 per cent.),
which must previously be carefully filtered. They must there-
after be twice rinsed, and then stained at once, as they easily
lose their capacity of taking on the stain, whether in water or
alcohol.  They may, however, be kept for days in oxalic-acid
alcohol (80 per cent. alcohol, 90 cem., and 5 per cent oxalic
acid, 10 cem.). After its use the stain is perhaps even more
permanent. Weigert has of late been using picric-acid alcohol,
made up as follows :—

Saturated solution of picric acid, - 10 cem.
Soda-carmine (1 per cent. solution), - 2
Alcohol (96 per cent.), - - - 2

3. The stain proper (modified fibrin method). — Instead of
the watery solution of methyl violet, a solution in 70 to 80
per cent. alcohol is employed. It must be saturated while
hot, and decanted after cooling, leaving behind the precipitate
in the bottom of the vessel. No aniline oil is added, but 5
per cent. of a 5 per cent. solution of oxalic acid may be adc-led
to increase the permanency of the preparations. The solut.lon
of iodine and iodide of potash employed is the saturated solution
of iodine in 5 per cent. solution of iodide of potash, as
originally published. Aniline-xylol must be -used in equal
parts (not in the proportion of two to one, as in other cas«?s).

The sections are stained upon the slide. To prevent foldl.ng
they must be placed in water in a large vessel, from :ﬁhloh
they are to be removed by the slide, which must be previously
rubbed with alecohol. The section is dried, al‘:ld the methyl
violet solution is dropped upon it. It is &ftal'ned alm(-)st.a.t
once. It is then dried, and the solutim.l of 10(?.1116 and iodide
of potash is dropped upon it, and immediately poured off.

t with
i st now be very thoroughly washed ou
e t is mounted in balsam it must be

iline-xylol, and before i
aniline-xylo ashed out with pure xylol, as other-

once more very carefully w

=0 anikd
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permanent. In this respect the
neuroglia is much more sensitive than fil?rn:l:n Tl::; r;ie%a:;aé
tions also keep better, curiously er}ough, if t tzy z; Withp s
for some days to daylight. In this tl-ley con ra.e‘l e, pert
parations made by the method of Golgl 'and .Ca]a.l ’ fgbh

has recently recommended amber varnish In p aceh Oﬂ e
Canada balsam. It must, however, be warmed over the flame

upon the slide.
This admirable met

wise the preparation i not

hod, at least in the form just detailed,

does not yet yield results of absolute mathematical cgrtainty 5
but, from private communications, it appears that Welge?t, by
using another mordant, has at last discovered t}"le desirable
completing steps, and has made the method applicable to a.ll
animals (which was at first impossible), while up till now it
was almost exclusively the human central nervous system that
re-acted.

The enormous advantage and the great importance of this
selective stain for the neuroglia lie in this, that it was sought
for and discovered as a method for pathological purposes. At
the same time Weigert has, with the help of his method, quite
recently solved the very vexed question of the structure and
nature of the neuroglia, showing that its fibres are differentiated
from the protoplasm, and that the neuroglia is not a nervous
substance.

Beneke's stain—

L. The tissues are hardened in alcohol, and embedded in
paraffin, -

2. They are cut, and the sections are freed from paraffin
upon the slide in the usual way.

3. _They are fatained from ten to twenty minutes in a watery
solution of aniline gentian-violet, made up as follows :—
Aniline, - - - . - 10,0

Distilled water, - - - . - 100,0

alThe .aolut.im} i8 filtered, and 5 to 10 drops of a concentrated
coholic solution of gentian-violet are added.-

4. The sections are w h : ;
Lugol’s solution— ashed, and placed for a minute in

ny e e .

‘.L-_“;..’_'~, i
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Todine, SRR g
Todide-of potagh,= e I kg "
Distilled water, - - = 2 100[,& o .

5. They are thoroughly dried with several layers of blotting
paper. , R E

6. They are placed in anilinexylol (two to three). The
violet colour disappears.

7. They are placed in xylol as soon as they are dehydrated
and cleared. They are then mounted in balsam.

The fibres and cells of the neuroglia are bluish violet or
reddish. Except the nuclei of the nerve cells, the nervous
elements proper remain unstained.

Like Weigert’s selective neuroglia stain, this stain is
ultimately based upon Weigert’s fibrin method, save that in
the latter the proportion of aniline to xylol is as two to one, the
aniline forming the decolourising element.

The stain seems to give permanent preparations, but in view
of Weigert’s new method it may be dispensed with.

Kulschitzky's stain— ;

1. The pieces are hardened in the dark in Kulschitzky's
solution.!

2. They are transferred to 96 per cent. alcohol, without
being previously washed out. They are then embedded in
paraffin and cut.

3. They are stained for a few seconds in the following
fluid :—
Patent sawrerubin, - . - - 0,25

Saturated solution of pieric acid, 2 per
cent. solution of glacial acetic acid, aa 100,0

4. They are transferred to 96 per cent. aleohol, m

alcohol, and xylol, and mounted in balsam. The sections must

be very thin. e

1 Kulschitzky’s solution is a saturated solution of bichromate o A=

otash and copper sulphate in 50 per cent. alcohol. Be 6

rops of gla.oiufl:watio acid are adda?r to 100 cm. of the sol
must be kept in the dark.
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The neuroglia appears reddish violet. If the stain bg .used
for a short time only, the nervous elements are scarcely visible ;
otherwise they are stained yellowish red. - bk :

Kulschitzky employs of late the following stamn.lg fluid o
96 per cent. alcohol, 100 cem.; patent saiirerubin 8011'.113'1011
(as above), 3 to 5 cem. In this case the process of staining

lasts half an hour or more.

STAINING THE PERIPHERAL NERVOUS SYSTEM.

In the staining of the peripheral nervous system we have to
deal, mutatis mutandis, with the same methods and the same
modes of treatment as those employed for the central nervous
system.

The method of teasing may in this case be used to a greater
extent than in the central nervous system. The sole precaution
to be observed is, that only short sections of the nerves should
be dealt with, as longer sections are difficult to separate.

Besides Golgi’s chromate of silver method, and Ehrlich’s
process for the subcutaneous injection of methylene blue, we
may here mention, as the principal staining methods employed,
those of Weigert and Marchi, with Azoulay’s modification
(see p. 108), and further, the carmine, h@matoxylin, and
nigrosin stains.

The method of Chr. Sthler may be employed to demonstrate

the nerve endings in muscular fibres and blood vessels. The
process consists of three parts—
1. Maceration.

2. Staining the loosened muscle bundles with h@matoxylin.
3. After-treatment with acetic acid to get rid of over-
staining,
The macerating fluid is as follows :—
Ordinary acetic acid, -

- 1 part.
N 1 3
”»
Watery solution of chloral hydrate
(1 per cent.), -

: - 6 parts.

Staining the Peripheral Nervous System.

The staining fluid is as follows ;—

Ehrlich’s heematoxylin, - o A 1 part.
Glycerine, - - - - - LSk
Watery solution of chloral hydrate

(1 per centu), =i parts.

The pieces are left for eighteen hours in the macerating fluid,
and are then placed for from one to two hours in glycerine.
The muscle bundles are split up, and placed for from three
to ten days in the staining fluid. They are then transferred to
glycerine (which must be frequently changed), teased out, and
treated with acetic acid. The longer they remain in glycerine,
the greater is the success of the stain.

When the muscle bundles are taken out of the staining fluid,
everything is uniformly blue, and only the nuclei are dark
blue. Through the action of the acetic acid the mass of the
muscular tissue gives up the stain, while the skeletal structure
of the fibres, and the nerve fibres, retain it.

The muscle fibres, accordingly, are faintly blue, with trans-
verse and longitudinal strize of a darker blue. The non-
medullated nerves are similarly stained, while the medullated
nerves appear dark, and all the nuclei blackish blue.

The method appears to be simple and certain in its results.
It demonstrates almost everything to be seen by the use of the
more difficult gold methods.

Ranwier’s gold stain—

Fresh pieces of tissue are teased, and placed for five or ten
minutes in lemon juice, which must be freshly expressed, and
filtered. When they have become transparent, they are washed
out and transferred toa 1 per cent. watery solution of chloride
of gold, in which' they remain for from ten minutes to an hour
They are once more dehydrated, and transferred to a dilute
golution of acetic acid (2 drops to 50 cem. of distilled water).
Under the influence of light, the gold ;B reduced in this
solution in from twenty-four to forty-eight hours.

The pieces, which are stained a reddish violet, are hardened
in alcohol. Sections may then be made, or they may be

further teased out.
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A further method of staining with gold has been given quite
recently by von Frey. He began at first with the method
which Muschenkoff! had recommended for the demonstration
of the nerve endings in striated muscle. In this method a
2 per cent. solution of bichromate of ammonia was used before
the employment of the acid and of the gold. Von Frey,
however, found that this process was not adapted to the human
skin,

Von Frey's gold stain for the demonstration of medullated
nerves and their nerve endings.

Small pieces are hardened for a considerable time in a 2 per
cent. watery solution of bichromate of ammonia, washed out
for about ten minutes in running water, and transferred to a
gold bath containing 1 per cent. of chloride of gold and 1 per
cent. of hydrochloric acid. After an hour the pieces are super-
ficially rinsed and then placed in a % per cent. solution of
chromic acid, which is kept in the dark. Reduction goes on
slowly. Twenty-four hours afterwards there follows treatment
with the hyposulphite of soda used by photographers, to
remove the gold not yet reduced.

This method of fixing is best carried out upon sections, which
must not, however, be embedded, but must be cut by the
freezing microtome.

Washing out, and the employment of the incubator, must be
avoided. Frey previously hardens the pieces in the refrigerator
for at least two weeks. The course and the branchings of the
medullated nerves are most distinctly shown in thick sections.

It must be emphasised that we have not here to do with a
structural stain, as is the case with the other gold stains, but
with a stain by precipitation, certain spaces, like that of the

medullary sheath, becoming filled with the granules of gold.

If the excess of gold be not removed by fixing out, there

aPPea.ra as a result of the action of light, and especially soon if

the tissues are mounted in balsam, a brownish-red or violet

P .
t\:-"“.ratmn of the other constituents of the skin as well, "
18 I8 g Structural stain.

1
M; :
| bschenkoff, Zeitschr, fiip wissensch, Microscopie, V. p. 52.
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. For the demonstration of the medullated nerves of the skin

in hardened preparations there may also be recommended
Heller's method— :

I. The pieces are hardened in Miiller's fluid for from one
day to several months,

2. They are cut with the freezing microtome, The sections
should not be too thin,
3. They are washed out, and transferred to 1 per cent.

osmic acid, in which they must be kept at a temperature of
37° C. for one or two days.

4. They are reduced in the following solution :—

Sulphite of soda, - - - - 125,0
Carbonate of soda, - - - - 70,0
Distilled water, - - - - - 500,0
Pyrogallic acid, - - - - : 15,0

In this the sections become dark, or quite black.

5. They are differentiated with permanganate of potash.
The solution should be of a pale violet tint.

6. They are transferred to a 1 or 2 per cent. solution of
oxalic acid.

7. They are preserved in glycerine. If Canada balsam is to
be employed, they must previously be slowly dehydrated and
cleared in oil of cloves.

The nerves appear deep black, and the other tissues greenish
yellow. The fat is also stained black.

With this method it is not important that the material
should be absolutely fresh. It is not possible to embed the
pieces in celloidin, as ether and alcohol dissolve the myelin,
and thus, in contrast to what occurs in the central nervous
system, render the osmic acid re-action nugatory. On the ‘
other hand, the method gives good results in the central e
nervous system with sections that have already been prepared '
for Weigert’s method. In this treatment of the central nervous
system with osmic acid, however, thorough dehydration
between the various manipulations is necessary, as otherwise
injurious processes of reduction and oxidation may go on even

after the preparations are completed.
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TICAL REMARKS ON THE TREAT-
AND PATHOLOGICAL

RVOUS SYSTEM.

VI,—GENERAL PRAC
MENT OF THE NORMAL
CENTRAL AND PERIPHERAL NE

The treatment of the nervous sy?stem, especially 1:11ef ce;::}.
nervous system, differs so maf:'ermlly from thi‘f{)}; g
organs that it is necessary to give & 16% ANpgest
93*;‘;1‘;:‘: l:::ltterial s to be used only for macroscopic purposes,
for example, in examining the central nervous sy:stem froz:n t}lie
point of view of comparative anatomy, al.ld particularly in the
case of the brain, it is best to place it in 5 to 10 per cent.
formol. b B

In the case of the larger brains (man, the ape, &c.), it is
useful to remove the pia mater in the first few days after they
have been placed in formol. .

According to the experience gained in our laboratory, the
brains may remain for years in the formol solution without
undergoing material shrinkage. The form of the brain remains
unchanged, and there is no marked flattening. The weight of
the brain, if the organ be fresh to commence with, is very little
altered after remaining in 10 per cent. formol solution for
almost two years. It increases by about 1 or 2 per cent., as
detailed above.

In the macroscopic examination of smaller brains (cat,
rabbit, &e.), the removal of the pia mater is attended with
certain difficulties. If, then, it is desired to study the con-
volutions or to photograph the organ itself, it is of advantage
to place the fresh brain for twenty-four hours in a saturated
watery solution of chloride of zinc, in which it at first floats,
al?d then sinks gradually to the bottom, which must be covered
with cotton wool, In twenty-four hours the pia is easily

removab.le, the organ having shrunk, The brain, after removal
of the pia, may then be kept in formol solution.

Although various authors state that the colour of the grey

_ Nissl must never be neglected.

matter is not altered by formol, this is ouly true for shorf
periods of time (not more than a few months), If a lo
time has elapsed, the finer differences of colour betﬁni -
white and the grey matter disappear, although a coam differ- ; A
ence may still be perceptible when two years have passed.
The brain may also be preserved, as is well known, in aloohol, e, 1". o
chloride of zine, saturated salt solution, and other fixing ﬂ'u‘id;o;-' g

but none of these possesses the advantages of formol. e

Another method is also adapted to the macroscopic demon-
stration of sections of the brain and spinal cord. Tt is that
of placing the organs for two or three months in a salt of
chromic acid, and preserving them afterwards in 80 to 90 per
cent. alcohol. The coarser markings of the grey and white
matter are more distinctly shown than by formol.

The following suggestions may be of service in the treat-
ment of tissues for the purposes of microscopy :—

The speciul methods of examination must be determined by
the pathological difference between individual cases.

It may be said that, upon the whole, Weigert’s method for
staining the medullary sheaths and the neuroglia, and the
carmine stains, are of chief importance in the case of chronie
processes which have lasted for many years. If, on the other
hand, the disease be more acute, the methods of Marchi and

-

Euxcept in quite chronic diseases, no examination should be
considered as complete in which these two important methods
(Marchi’s and Nissl's) have not been employed.

With regard to the degeneration of the medullary sheaths,
modern investigations have shown that, by the use of Marehi's
method, certain evidence of degeneration can be found where
Weigert’s method fails to show it. Upon this pointp&thﬂm .
should call to mind the observation of Mendel, that&mﬂm AN
which is brilliantly successful when its results are m( s
must not be considered as decisive if it gives negative results. lts. i e

Weigert’s method demonstrates very clearly the more loc: _’:
ised and older degenerations, but not so whinb Uh. e ?.'_ -
destruction of myelin or the more diffuse and disser

K
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i i ' i nee Of
d enltionﬂ, t'he demo nstl'ati on Of h ICh 18 the p]. 0Vl
egﬁn W vV

Miichi’ssr:e;lz:i;\'er be emphasised in this place, that the
mu )

i ‘ i's stain must be inter-
microscopic images given by Marchi’s

iti Seattered clumps, lying

with ereat and critical care. :
fie d gf'or the most part small and roundlsh,.may be
i L | brain or cord. It is for this reason

n in the norma : ;
£y R al as well as transverse sections,

i itudin
important to make longitu . .
forl the chainlike arrangement of the degenerated clumps 1s

very characteristic of a genuine degeneration. e
ﬁarchi’s stain should not, however, be neglected e

chronic diseases, as in such cases pathological changes of a
more recent date may accompany those that are older. .

In the same way Nissl's method may be used. in older
pathological processes, although its principal use is for the
more recent. This method and its modifications are, however,
quite indispensable in all the processes of intoxication and
infection in which the changes in the nerve cells are the chief
point to be determined, for this method alone can at present
give us a reasonably certain insight into the more delicate
structural alterations of the body of the cell and of its proto-
plasmic processes. The carmine stains, which are employed
for tissues hardened in salts of chromic acid, can never give
results that are free from objection, because the changes in
the nerve cells (few even when other methods are used) may
be, for the most part, considered as artificial products of the
hardening process, and are not completely unobjectionable.
The wuse of carmine to determine the more delicate structural
alterations of the merve cells must therefore be condemned.

Some examples may serve to illustrate the above remarks.

If the case is one in which a local injury to the nervous
Bubstanc-e happened a long time, it may be years, ago (as in
traumatic destruction of the cerebral eortex, or an old hzmorr-

hage into the brain), and if it be desired to demonstrate the

resulting secondary degeneration, th :
e method of
the carmine stain, 2 of Weigert, or

In such a case, little
chi’s method,

: should be employed.
if any result is to be expected from Mar

General Practical ‘-Mﬁm.

. If, on the contrary, we have to deal with an acute illn
in \}rhich the fatal termination is rapid (traumatic Iadiﬁg... i
brain or cord, acute myelitis, acute poliomyelitis, &e.),
the usual methods, Marchi’s and Nissls stains would
chief importance. ; e

Similarly, in chronic affections of the central nervous :
system, in which new steps in the progress of the disease may “.‘fu
always occur (multiple sclerosis, syringomyelia, bulbar paralysis, T
amyotrophic lateral sclerosis, &c.), Marchi’s stain must be
employed besides Weigert’s, and Nissl’s method, in turn, "'}' h
besides the carmine stains, Nissl's method should therefore
be employed chiefly if the case be one of lesion of the
nerve cells, produced by general causes (infection, intoxica-
tions), or when it is a question of determining the disease of
the nerve cells as a part of the neuron (examination of the
nervous nuclei after amputations, neuritis, &e.).

In disturbance of the mental functions, and especially in
chronic forms of mental disease (e.g., general paralysis),
besides Weigert’s and Marchi’s methods for the examination
of the medullated fibres, Nissl’s should be used for the deter-
mination of changes in the nerve cells, and Weigert’s neuroglia
method to show the existence of large defects of the nerve
substance and the complementary proliferation of the
neuroglia.

It is apparent, even from these brief examples, that every
case must be considered by itself with regard to the methods
to be principally employed, and that any general scheme must
be sedulously avoided. Otherwise important changes m‘fﬂ s
easily be overlooked. ) o - 1 i

With regard to the microscopic esamination of the norm
central nervous system, there is very little need for uns
or teased-out preparations since modern techmquﬂhnﬂ
so much refined. Their use, however, is still justihi
he peripheral nervous system. o
: Tge lfmthoda used in our laboratory for ﬂw
of the separate normal constituents of the M‘“

chiefly the following :—

e

i
»

-
.
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A.—For the central nervous system.

1.- For the nerve cells.
Nissl's method, Held’s method.

The carmine method, especially

soda carmine.
The nigrosin method.

Boehm und Oppel. Taschenbuch der mieroscopisek ch:
1896, B
Py - 1,
Fol. Lehrbuch der vergleichenden microscopischen A #" nie
1896, RS
Friedlinder-Eberth. Microscopische Technik, 1895,

staining in bulk with

Golei's method. ; : -
. El(:r?ilch’s methylene blue method (if the material be Goodall. The microscopical examination of the hum an br:
fresh) London, 1894, '
esh).

Israel. Practicum der pathologischen Histologie, 1893. 8 e
von Kahlden. Technik der’ histologischen Untersuchung
pathologisch-anatomischer Priparate, 1895, Voh A
Loewenthal. Handbuch der Firberei der Spinnfasern, 1895.
Mercier. Les coupes du systéme nerveux central. Bm'&.jl g
1894, ke,
Ranvier. Technisches Lehrbuch der Histologie, 1888. R
Rawitz. Leitfaden fiir histologische Untersuchungen, 1895.
Stohr. Lehrbuch der Histologie und der microscopischen
Anatomie des Menschen mit Einschluss der microscopischen
Technik, 1897. : e

= -
e ————

2. For the medullary sheaths.
Weigert's method, especially in the modification of
Kulschitzky-Wolters.
The carmine method.
3. For the axis-cylinders.
The carmine method.
The nigrosin method.
Van Gieson’s method.
Ehrlich’s methylene blue method (if the material be
fresh).
4. For the neuroglia.
Weigert’s method.
5. For the nuclei.
Alum-heematoxylin.

L]

Albrecht and Storck. Beitrag zur Paraffin-Methode.
schrift fur Wissenachaftliche'Miczo;copiﬂhﬁdmi
Technik. XIIL _ gt

Allerhand. Eine neue Methode zur Firbung des Centr
Nervensystems. Neurolog. Centralbl, 1897, 3\

Apéthy. Methylenblau.  Zeitschrift fiir wissenschs
Microscopie und microscopische Technik,

Aronson. Ueber die Anwendung des
des Centralnervensystems. Cent
1890. ' _1 X

Azoulay. Markscheiden- und.

B.—For the normal peripheral nerves.

i
:
8
|
!

1. For hardened nerves, the above meth
sheaths and axis-cylinders,

2. For-' fresh nerves, treatment with 1 per cent. osmic acid
| and teasing out in glycerine to show
= solution of nitrate of silver a
before.

ods for the medullary

-

the medullary sheaths, or
nd teasing out in glycerine as

Berkeley. Die Os;ni m

i

. T
oy
=
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Acid-hematoxylin, 53

Adamkiewicz's method, 104 Boehmer’s haematoxylin, 52

Albrecht, 27

Aleohol, 16

Allerhand, 108
Altmann’s method, 75
Alum-carmine, 46
Alum-cochineal, 51
Alum-h@zmatoxylin, 52
Ammonia-carmine, 48
Angelucci, 95

Aniline blue, 55

Aniline blue-black, 54, 1
Aniline combinations, 58
Aniline stains, 54
Apathy, 94

INDEX,

Bevan Lewis, 55 R
Biondb Batiowe i ss o

Borax-carmine, 47
Brain, weight of, 6 e -
. necti%ns-of,h?;ﬂ h % e
3 variations reight Of— HE
Broca, 6, 11 e

C

Cajal, 23, 82, 88
16 Cajuput, oil of, 36 ot
| Canada balsam, 37 e
Cﬂmme mm) 46 )
Casts of brain, method of pre-

Aronson, 84 ik
Axis-cylinder stains, 110 Ca.usl::f?;ogt’uh alcohol, 114 —
o5 Benda's, 114 Ce]l01dm,23 T , R
»»  Freuds, 113 | Celloidin-paraffin method, 26
oy Gerlach’s, 112 Chromogen, 120 R
T van Gieson’s, 113 Chromo-acetico-osmic acid, 17
" Paladino’s, 115 Clohnliatm, LF3 - Yo 5 e O
4 Sahli’s, 117 Collateral fibres, staining of, 85
e Stroebe’s, 114 Collodionage des surfaces, 3=
3 Upson’s, 110 Colophonillm, 37
Azoulay, 71, 108 o red, 57
B
Beale’s carmine, 46 i
Benda’s iron-hzmatoxylin

method, 114
Benda’s fluid, 19

Beneke’s neuroglia stain, 122 L

Benzo-purpurin B, 59

Bergamot, oil of, 36

Berliner’s method of
casts, 11

Bethe’s modification of
blue, 85

i .I{_. .

prpwmg



Diillken, 27

Donaldson, 38

«Double method,” 21
, with blotting png;r. 36
I Duval “ gollodionage,”

E

Edinger's drawing apparatus, 39

Ehl‘?i%?lr’l acid haematoxylin, 53
. intra vitam methylene
blue method, 84

Ehrlich's intra vitam methylenc
blue method, Bethe's modifi-
cation, 85

Ehrlich’s intra vitam methylene
blue method, Cajal's modifi-
cation, 88

Embedding, 23

Erlitzk{’s uid, 15

Ernst, 114

Exner’s stain for the medullary
sheaths, 105

F

Fibrille, stains for, 64, 68

Flatau’s longitudinal sections, 32

Flemming's methods, 64

Flemming's solution, 17

» 4 Fol's modifi-
cation, 18

Flemming's solution, Friedmann’s
modification, 18

Flesch, 11, 95

Formol, 13

Freezing method, 28

G
Gallein, 105
Gentian violet, 56
Gerota, 13
-Giacmpini’s method, 8
van prson’s method, 113
‘Glycerine, 37
Gold stains, Cohnheim’s, 113
“ 5 Freud’s, 113
b 5 Frey’s, 126
s Gerlach’s, 112
“ Ranvier's, 125

Goldieheider o> 110

e Golgi’'s method, 75

Index.

Golgi's method, Cox's modifica-
tion, 81 ]

Golgi's method, Flechsig's modifi-
cation, 79 }

Golgi's m;ghod, Golgi's modifica-
tion,

Golgi’s method, Kopsch's modifi-
cation, 83 !

Golgi's method, Obregia's modifi-
eation, 79 !

Golgi’s method, Ziehen's modifica-
tion, 80

(irenacher's carmine, 47

Greppin, 82

Gulland, 27

H

Hematoxylin, 51
Hematoxylin-alum, 52
Hmmatox;ylin-eosin, a9

Hamgig,on s method of embedding,
Hannover, 12

Hardening fluids, 12

Haug's carmine, 47

Heidenhain, 27, 64, 68

Held’s method, 66

Hellg;’; osmic acid process, 106,
Hoyer's ammonia-carmine, 49
Hoyer’s method, 66, 67
Hydrochinon, 93

I

Indigo-carmine, 61
Indoin-blue, 69
}ndulin, 55 !
ntra  vitam meth
v method, 84 L bl}le
ntra  vitam methylene bl
gxt_,ethod, Bethe'’s rflodiﬁca.tio]llaf

| J
- Jacobsohn, 12

; K

l g:lliua, 99
okinesi

| Kopach, 837

Kronthal's method, 72
Kulschitzky, 101, 123

L

Labelling the tissues, 22

Laskowski’s method, 10

Lenhossék, 10, 64, 67, 69

Lissauer, 30, 103

Lithia-carmine, 50

Longitudinal sections, Flatan’s
method, 32

Loewenthal's carmine, 50

Lustgarten’s method of reduction,
120

M

Maceration, 22

Marchi’s method, 106

Marina’s stain, 14

Marking the preparations, 22

Medullary sheaths, stains for (see
“ Weigert™), 96

Medullary sheaths, stains for
Adamkiewicz’s, 104

Medullary sheaths, stains for
Allerhand’s, 108

Medullary sheaths, stains for
Exner’s, 105

Medullary sheaths, stains for
Heller’s, 106 :

Medullary sheaths, stains for
Marchi’s, 106

Mercier, 16

Merk’s method for mitoses, 74

Merkel’s fluid, 19

Methylene blue, 57
8 ,,  method (intra

vitam), 84

Methyl green, 57

,,  violet, 56

Meyer, S., 87

Meynert’s method of incising the
brain, 4

Mica, 32

Microtome knife, 29

Microtomes, 29

Mitoses, methods for, 74

Miiller’s fluid, 15

N \
Nebelthau, 35

Nerve cells, stains for, Rehr

11 ”

Nerve cells, stains for, Weigert's
(thionin), 65 ' e 1.
Nerve cells, stain with toluidin
blue, 67 R
- Nerve endings, 124 < 7. Sy
Nigrosin stain, 116 o
Nikiforoff, 35, 48 e
Nissl's Congo red stain, 57 v
stain for the nerve cells,
61, 65 : S
Nitric acid, 19 _
Neuroglia, stains for, 117

"

Nuclear stains, 46

O
Oils, 35
0il of bergamot, 36
,, cloves, 36

Negro pencil, 23




Tyt g gt;ain for the medullary |

, 2 : <O Weigert’ modifica- |
Bxner's stain for medullary | Staining of axigaV RO o, e Rl
P e, 105 ) nerve el 43 3 Weigert's stain for the medullary |
; : neuroglia, . sheaths, F _ |
= » Leutin;;’ methods of fixing tiih;."’ﬂ formula, 16 | Welgﬁﬂ’:;:alnsgﬁ:lfg}: ml:dﬂllr ﬁ&g gl
R on slide, 2 124 tork, 27 F T | Xy
gl - Peripheral nervous system, r, 27 - tion, 103 TartA LR
B, piuiges T Stroobe's method, 114 a el s
S Photox; blimate, 16 : : sheaths,
2 'Pingic?;aid: 8 g:blimate’a.nd iron-heematoxylin, ‘ tion, 103 o
! Picro-carmine, 50 64 ) Weigert’s stain for the medul
i Pim-lit.hia-c_am}ine.s%l sheaths, Wolters' modifica-
P o method of incising the 5 k| tion, 102
- 5 3
Pmsg:':::iun, methods of, 8 Teasing, 22.
Thionin stain, 65
Toluidin blue, 55, 67
R Turpentine, 36
Rabl, 19,27
Ranvier’s gold stain, 125 ;
- picorg-c%mme, 50 U
‘s method, - .
g:shil:a? ;il;&e 7 gb Upsc:i:l's sﬁ.ida for the axis-cylin-
Retina, treatment of, ers,
e”m : Apithy’s method, 94 Uranium carmine, 49

3 Dogiel’s 33 93
1 Kallius’s 3 92
y»  Prenant’s ,, 94

s»  Ranvier's ,, 90 vV
&Eﬁl:c;nsi’a method, 70 Vassale’s method, 103
Rosenbach, 11 Victoria blue, 56
Rosin’s method, 72 Virchow, H., 21

Virchow, R., 2
Volume of brain, methods of esti-

S mating, 7
Sadorsky, 65
Safranin, 56 W
Schaffer, 95
Schiefferdecker, 23 Waldeyer, 51
Schmaus, 49, 115 Weigert's carbol-xylol, 36
Schoebel, 23 »»  method of incising the
Schultze, 18 brain, 4

Schwalbe, 11
Seria.glgsections, Weigert's method,

¢ Weigert’s principles of staini 4
Blhlefg'imethod for nerve endings, i ls)bain l?oget‘l’l: mgzllz ;njsr

Weigzrt’s method forkaryokinesis,

_ fo i sheaths, 96, 99
a-carmine, eigert’s stain for the medullar
Soda- cro-carmine, 50 LAl ' d
s Sod pi 5 Ar in, 27 :laiaths,Kamer s modification,
. mﬁﬁm 68, 6 Weigert's stain for the medullary
i 'm'b!oc. £ . sheaths, Kulachx‘ozky's modi-

fication, 101
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 E. Frarav. With Preface by Froiessor I :
gerrlin. Translated by Wa. Natmay, M.D., and JoNn H.
Carstaw, M.D. Super Royal 4to, cloth, price 16s. net.

«The Atlas will prove of value to those who wish to keep :lp “'1131; 313
advances resulting from recent investigations in th_e m?'elll. fl)na fn:)my ?h ;e
nervous system, while the photographs of the brain will be o 1muc. u ;
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all.”—Journal of Mental Science, October, 1895.

Professor Rontgen’s ‘“X” Rays and their,
Application in the New Photography.
With eleven Illustrations and one Shadowgraph; being a
compilation from various sources of the results obtained,
with a popular exposition of the same. By Aucusr DITTMAR.
Price 9d. ; post free, 10d.

This pamphlet of 32 pages gives a simple elementary explanation of the
electrical mechanism necessary to produce the ‘X * rays, and of their
practical application.

Stuttering: And How to Cure It. A practical
and systematical handbook of self-instruction, c
approved method of respiration
and speech. By L. Kuixpw
with seventy-two W
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ontaining an
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ORTH, 333 pages text, demy 8vo,
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““From a glance through the exercise i
3 8 and lung gymnastics so profusely
zc;xtte:_‘::‘l o:'er (tlhe s:com% port-ifon of the book, we Egan quite hel}::\'eutl';a‘?b
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