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AUTHOR'S PREFACE TO THE
EDITION.

I IfAVE .0 much the more willingly complied with my pnbliaher.
reque8t to prepare a 8econd edition, all it gave me the desired
opportunity to introducc a large uumbcr of changee-on the
one hand, numerou. addition8, and on tbe other, a email
number of omissions.

Although there appeared to be no 8pecial relllIOn for a
complete revi.ion of the volume, 1 hope that I have at l....t
8upplied some portion of the information required to brinK it
up to date. I have been delighted to receive valuahle
suggestions from various quarters, and now, as ronnerly, I
must thank my honoured teachers, Wilhelm Waldeyer and
Carl Weigert, very heartily for them. My hearty thank. are
also due to Professor Edinger of Frankfort, Profes.or Krau.e of
Berliu, Professor Laskow8ki ef Genf, Profe58or Ziehen of Jeoa,
and lastly to my friend, Dr. E. Flatau.

The section upon the treatment of the retina has been newly
added.

It only remains for me to emphasise once more what I oaid
in preface to the first edition, that I have no other purpoBC iu
thi8 work thau to supply the neurologi.t with a book of
reference in as convenient a form as possible.

In conclusion, my sincere thanks are due to the publisher
for the manner in which he bas carried out my wishes.

POLLACK.

FJKST ANATOMlOAL INSTlTUTF.,

BERLIN, 30th lV01Jember, 1897.
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PREFACE TO THE FIRST ETHTION.

TalS little book is intended only for th""e engaged upon the
microscopic examination of the central nervous system. This
is as much as to say that it is not intended for the tyro in
histology, and tbat it is not meant to be, or to replace, a test
hook of microscopy. On the contrary, a large number of
directions, whicb are to be found in every work dealing with
the technique of microscopy, have either beeu purposely
omitted or referred to so briefly as to show that a certain
amount of pre,'ious knowledge and experience in the domain
of technical microscopy has been taken for granted.

The real purpose of this collection is to give to those
interested in the subject a convenient reference book, after the
fashion of Goodall's admirable work. The great activity of
ucurologists of late years has gradually given to their subjeot
an importance so great, aud a field so extended, that it is not
only impossible to retain iu the memory all the methods,
frequently so complicated, but it would also require more than
one Iifetimc to verify everything that has been receutly
published.

My endeavolll", at all events, bas been to give chiefly such
methods as may be regarded as a more or less certain and
useful possession of our provinco. I trust that the omission..
which the difliculty of choice made unavoidable, ma)' bo over
looked. It seemed to me useful to gh'e some mothods shortly.
and others in gl'eater detail. Thus Nissl's stain, Merohi'
method, and Golgi's ohromate of silver method have been
thoroughly gone into. Weigert's stain for the neurog1ill,
whieh, apart from abstraets in the jonrnals, appeara



of hietology exoept Weigert's own g"eat ,
han a fitting desoription allotted to it.

.......ft'otaeu· sake, I have almost throughout omployed
Iurm of formulae whioh was proved 80 useful in von

1D'a .. Teohnik." In addition, I endeavoured to add
Gldalu eritical remarks upon various methods, iu which I had
the friendly holp of my friend, Dr. K Flatau.

I 011'01' my very sincere thanks to my honoured teachers,
Herren Gehh-R. Waldoyer, and Weigert, for the friendly
interest which they have so helpfully taken ill my little
work. whioh I hereby dedicate to them.

POLLACK.

Fm8T ANATOMICAL !SSTITUTE.

BERLIN, 20th Fe/mlary, 1897.
TRANSLATOR'S PREFATORY NOTE.

THAT this little book ran throngh a first edition. and paued
mto a second wlthm a year of its publication, is the best proof
~f Its populanty 10 Germany, and my apology for introdutlng
It to the Bntlsh public. My object has been to rendor the
sense of the original as faithfully as possible, and, to do so, I
have in many cases had to depart to some extent from literal
exaetitude. I trust that the book may prove as useful to
readers in this country as it has already proved abroad.

WILLIAM R. JAOK.

GLASGOW, AUgU8t. 1898.



C ON TENTS.

I. MethodlS of section of the braltl, .
Hardening the !'>rain for purpo!;CS of preservation,
Preparation of models of pl\thological specimenll,

11. Hardenjng fluids for tho central nervous system,
General remarks on hardening and stainiug,
Examination of fresh unstained specimens,
Labelling the tissues, .
:Methocls of embedding, :l3
l\Iicrotomes, 29

erial scctions, 29
Longitudinal serial sections through the entire coni. :t!
Oils and resins, 3ij

III. Changes in brain-weight after prcsen-ation in different
media, - 3;

IV. DI'awing apparatus, ~

Photography, macroscopic and microscopic, 40
V. ?Iethods of staining-general principles, 41

tRining (A) the ncn-e-celIs, 45
Nissl's method, 61
Golgi's method, 7.i
~hl'lichJs method, Sol
Treatment of the retina, . !oig

(B) The medullary sheaths, !tti
(0) The axis-cylinders, - llU
(D) The neuroglia. . II';'

Staining the peripheral nervolls system, 124
VI. General practical remarks, 12M

VlJ. Bibliography. 1:13
1:19VilI. Index.



I.-METHOD, OF SECTION OF THE BRAIN.

THE macroscopic or microscopic examination of the cerebral
nervous system of vertebrate animals becomes possible on the
fulfilment of certain preliminary conditions. These are: fi1'llt,
the opening of the skull or spinal column; second, the removal
of the organs from the protective coverings surrounding them
(among which the dura mater must be included); and, third,
the disposition of certain incisioDs in such a manner as to
permit the most accurate investigation of all internal parts;
and, further, the preparation of microscopic sections, stained
or unstained.

Although the first and second of these proceedings are rela·
tively simple, and familiar to every anatomist, a brief sketch 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 Dejerine rightly points out, the nse of the sa\\'
may easily bring ahout an injury to the surface of the braiD,
especially as the skull, in the course of its oircnmference,
varies iu thickness and density. He would therefore limit illl
employment to those cases where fraoture or other injury of
the skull has previously occurred. It appeaJ'll to me, hoft
that lesions can be avoided as easily with a little pIaO_
and accurate observation of the ohangilllJ tone of
with the chisel preferred hy D8jerioe.

n



M.thodo "I s.c.lInn

pu"tcorior c('n'h",1 Int

II,,· Il'ft 111111<1 h"hi",1 IIw '''ramen of Monro. The
pll"tl'l('d thrnuJ.(h thh, '''J~rttln.· "nd tho NIPnn D
r . I ,--...- • --\1\ If ('d Ily 11I1 IIwilflOll nlllllillJ( ubliqu('ly 'orwanl, and up

II tho partlll (cfJrfJlIl1 caJl~llIu, ,",CptliOl I'cllncidum fornis)
plllkd a.way (ro,n tho v,·lulll tllOrt',itlcH. f'MlIinJ( "rom ..,:

bllekworrl ~ tl~e honrll or the ""ol"el i, in""rted under the
vchllll.. wh~ola 18 pulled away frtJhl the pim'BI S(1.md tlml co

qlla(~rlgcmlnn. Bya long vertical inci"jCJII the corJ.'fJra e..:

gemll1a and cerebellum ''''e divid'rI lUI far ,," tI,e cd f' I . ~ "'Iu nct 0
. y VlU' fl!lrl the fourth ventriole 'I'll. I . I .

• " • li IClllhtp Icre" are laid
open by IJlCl8J0J18 pa88ing- (rom within OlltwardH 80 th.. t J. . . .. . , ... eac I
tmCCC~IVC JIlCl!:uon 18 carried over th· mifldlc of the surface

alrcad~ cut, and each now half is again redivided. 'rhc 0 tic
tlJalallll ~nd corpora striata are divided by radinl inci8~nli
arr~lngcd 111 the shape of a. fan, and having the crus cerehri Q..!'I

theIr common starting-point.

The ~rencli metltod permits of an accurate localisation or
focal leSIOns, and is the best adapted for £tllthel' Inieroscopic
Illvest'gat,on. By this method, the hemi,pl,ere", which hal'O
been .s~pal'ated from each other and freed from pia lOater,
~11'e d.lvlde~ ?~ meaus of frontal IJectioJls into scveral part!').
1 he first lllelSlOn is made about 5 cm. bofore the fissure of
Holando, the second I em. before tbe parieto-occipital "
'I'h b . h . " "urc.

. e cnusp 81:e .IS thus divided into three regions-thc pre-
hontal, the oCCIpItal, and tbe fronto-parietal. The last is opened
out by four further incisions. The first of these passes
t.hr~ugh the "feet II of tbe temporal convolutions (coupe
pedlCulo-frontale), tbe. second tbrough tbe ascending frontal
(coupe frontale), the th"'d tbrongh the ascending parietal (conpe
panetale), and the fourth througb tbe "feet" of the parietal
convolntlOns (coupe pedienJo-parietale).

This method of PitreB has been somewhat modified by
Nothnagel, who, after separatlllg the hemisphcre~, dh'ides each
of them by partial incisions, running from above downwards,
and in the main parallel to tbe fissure of Holando. Tbe
starting-points for these incisions are formed by the genu and

of til nmillDl bavlllg I",ell removed, anti th,
1118101 tl,y lWlillcd for" t"nllli Ilhnor.lIIlllitic~ lind

~=::~: til dura i thell divid,") hy 8 i••Orol, e,ther w.,t.h Il
.~ lapon, or, botter, with the f,,,nil,,r ornoml lI1oI81~n.

DOW PIOC<.....t to rem'"'' th - hrain frolll tho cmmlll
• ..-,.. For thi. I'urpo.•e th - left hnnd i. introluoed under
the froDtal loboa, the Orglll1 i. ""'ofully mised, tho. cor bml
a at the baae and tho vortebrnl artoric. are ,11 vldcd WIth
th' _Ipel, tho eerebellum is frccd, and fillldly the mcdulla
oblongata (or spiunlis) i. divided. With tbo support of tbc
right hand, the wholo bmin e>lu now bo liftod out. .It cannot
be too much insisted upon that any tu~gll1g or te"rlOg must,
in nil the 0 manipulations, be earefully avoided. Apart from
the fact th"t tho ccrobral pedunole migbt tbns be injured,
suoh rougb manipulation may also gh·o ri 0 to artificial
products which, at a later stnge of tbe examination, and
espeoially if Mn.rebi', metbod be employed, may be tbe somee

of misinterpretation.
Tbo openiug of the vertebml c01nmn, the removal of tbe

spinal cord, and tbe division of tbe nerve roots, are simple, and
l'Cqnire no furtber exposition.

Tbe manipulations which the brain bas to undergo, after it
has been plaoed in" hardening or fixing fluid, will be mentioned
later. 'l'he incisions to be made in its snbstance mnst first be
considered.

While normal anatomy still follows tbe general lines of tbe
old method of Galen,' R. Virohow about fifty years "go devised
a new method for pathological anatomy, calculated to give a
eomplete view of any alterations, while preserving so far as
pOBSible the relationship of the parts. The cssential featnres
of tbe ,""thod of Vi,'chow are tbe following :-

After the bemispberes have been pnlled asunder at tbe
longitudinal fissure, n vertical incision is made into the corpus
callosum, by tbe side of tbe raphe, for the purpose of opening
the body of the lateral ventricle. The anterior and posterior
horns are exposed by borizontal incisions into the anterior and

18iemerling and Edinger: Zeitscbrift f. Psych. 189~ p., :l~9 ff.



mining the choice. Incerebral atfectiona,CBpeola\1yiDtiu".
(ocal lesions, the pointe of importence ore the _t IIIIl
extent of the lesion. Bearing this in mind, the incmoll8 IDlI.If
be made BO M to b'; vc the greatest (acilitiea for ita ultimate
localisation. Moreover, since the recent progreea in neurology
hll8 beeu attained only by the aid o( the higheBt developmente
o( microscopic methods, it is desirable to keep in mind the
possibility of an extensive microscopic examination of the brain.

'fhe postulate o( Virchow, now more than fifty years old,
that" the individual peculiarities o( the CMe must determine
the method o( examination," applieB to no organ more (orcihly
thau to the brain.

Accepting the view that the macroBcopic section of the brain
must be adapted to the microscopic examination to follow, we
may deduce the. general law, that no one form of Beotion can
be considered as the best adapted to every CMe, but thot
certain special features must be kept in mind.

Virchow's method, indeed, permits of an accurate view or
all the parts, but the division into Bmall portionB, hanging
togcther ouly loosely by their connection with the pia mater,
makes an accurate microscopic examination almost impossible.
Serial sections, in auy case, are completely excluded. But
the division of the cortex by incisions, the directiou of
which is constantly changing, also increases, not infrequently,
the difficulty of determining the seat of a lesion. The
approximate certainty obtaiued by this method, that the
internal parts of a brain are free from gross lesion. is no longer
sufficient for the cla-ss of cases under consideration.

Meynert's method is better adapted (or uormal anatomy,
and for the weighing of the variouB parts o( the braiu, as olBo
for cases where the cortex and the rest of the bmin have to be
separately examined.

The method o( Pitres-Nothnagel is that chiefly employed for
the majority of internal organic lesions.

The importance of care in the removal of the brain aud corll aDd all
later procedures cannot be sufficiently emphl1.8iaed. (or m&ny ....
whioh a.re recorded as abnonnniitiea, have been artificially produ.L

Methode of Section of the __
Methods of section of the BI'&in.

ria oaIlosi, immediatoly beforo or behind whioh,
aorpo h'" fal1B Nothuagol, hke Pltres,

G8I8 mAy be t e mOISIOn .
mUte in all.i in~iBions, more cloBoly relatcd, however, to t~e

II ad ints, ond thus makiug it possible .to name t e
11'W8D po I between every two lUClSlOns Blmply_ .... of the centrum ova c . h
r-- fi . I ts of the braiu contamed between t em.
atter the super OIl' par . f the centrum
He gives the followiog name. to the reglOns 0

oval.. counting from behiud :-
(1) Pars occipitalis.
(2) " parietalis.
(3) " centralis post.

(4)" "ant.
(5) " froutalis post.
(6)" "media.
(7)" "aut.

The rMthodof Meynert (Vierteljahrschrift f. Psycb. 1867,11.)
was invented for the purpose of weighiug the different parts of
the brain. By this method the organ is divided iuto cortex,
caudex cerebri, and cerebellum. The pia mater is uot

removed.
This method of dividing the brain has not been widely

followed. Other methods (Nauwerk, Sectionstechnik, Jena
1891, Burkhardt, Microtomie des frischeu Hims, Ceutr.
Bl. f. d. med. Wisseuschafteu, 1881, p. 529, aud Byrom Bram
well, on a ready method of prepariug large sections of the braiu,
Brain, vol. x., 1887-88, p. 435) may be passed over, and mention
made only of the combination of the lItethods oj Virchow and
Meynert recommeuded by Weige1·t. The ventricles are opeued
from above, and the great ganglia are cut rouud by means of a
curved incision, which lays open the entire inferior horn. rrhe
hemisphereB are divided from without, as far as the ceutral
convolutions in frontal, and from that poiut iu horizoutal
lIllCtions. By thiB method the brain cau always be put together
epin. -

The objecta which have to be kept in view in the Belection
or other of these methodB are very various, yet, according

ling, two pointB may bc regarded as mainly deter-



ion of the Bmin.

mn.t exoeed n definite minimal weight (1000
ardor that the psyohioal funetiODll DIa1 be pel•••
normal way" (Oberateiner).

The two hemispbere. are almOllt always of equal
(except in the insane). Ogle .totes tbat the right hemiapblairo;
in left-handed people, weigba a few grams more than the !aft,
and, in right-handed pcoplc. thi. i. reversed. Meynert bu
shown, with regard to the insane, that tbe weight of the brain
is least in general paralytics, who are followed, in this respect,
by chronic alcoholics.

To the neurologist it is often of intcrest and importance to
know the cubic content of the interior of tbe skul~ and to be
able at once to draw certain conclusions therefrom. In the
majority of the methods of Welcker usually employed (with
saud, small·shot, &c.), there are, as may easily be underatood,
many sources of fallacy. Watcr is probably the mOllt useful
medium. According to Zanke's proposal, both parts of the
skull (the vault. whioh has been removed, and the basal
portion) are filled with water from a gl'llduated glass. and the
amount of water poured in gives the number of oubic
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 cotton wool. In a macerated skull,
Zauke replaces the dura mater by a pig's bladder of the
largest size and smallest possible thickness. whioh has been
made pliable in water.

'!'he importance of the numerical difference between brain
weigbt (taken as unity) and cubic contents of the skull ia
shown by the fact that, in paralytics, numerical differences of
from 10 to 580 have been found.

Broca estimated the average coutent of 115 skulls of the
12th ceutury at 1426 com., that of 125 skulls of the 19th
century (.dl of wbich were thosc of Parisians) at 1461'5. Be
concluded from these facts, a8 i. well known. tbat there hlld
been a corresponding increase in brain-weight.

abown bow far the inOuence of carele•• bandling ~n
.. tall8 impreuiODl; how ....ny. for example. artIficIal

IlII1 be produced. Eveu an apparent duplication of the
be attained in th;' way.

will be Been from the foregoing that tbe French method
f6 frontll BeCtions should he cmployed for later microscopic
_mloation of the bl'llin. The sections should be made as few
u pouible. espeoially in the ganglia. It is only after
bardening has taken placc that fnrther sections shonld be

made.
A few faots with regard to tbe woight of thc brain in man

and Bomo of the higher animals may here be given. Brooa
determined the weight of the internal envelopes of the brain
(slang with the serum in the snbarachnoid space) as 55'8 gnu.
in man, and 48-7 grm. in woman. The brain itself weighs on
an average 1360 grm. in man, 1230 grm. in woman (according
to other autbors 1416 and 1260 grm.). and in the new-born
infant 447'5 gnn. It follows that the rclative weight of the
brain (i.e., the relation of the weight of the brain to that
of the whole body) is for the adult abont 1 to 40 01' 60, and
for the infant 1 to 8·3 (according to Mies 1 to 5'9). 'I-'he braiu
of the infant is therefore relatively much larger than that of
the adult. Thurnam's calcnlation of the adult proportion as
I to 33 and I to 31'9 is declared by Obm'steiner to be valid
unly for very omaciated individuals.

The beaviest brain is the property-not of man-but of the
elephant, whose organ attains a weight of 4000 to 4600 gnus.
Then follows the whale, with a weight of about 3000 gnu.
(Beanregard). and man occupies the third position. In tho
horae the weight is only 680 grm.-in the gorilla, about 500.

Although. generally speaking, a certain relationship appears
to exist in the healthy man between size of brain and
intelligence. yet no genemily valid rules can be laid down
qpon this point. Gambetta's brain, for example, wcighed only

grm.-Tnrgenieft"s nearly double as much, 2012 grm.:
in ordinary labourera. brains have been met with

9000 grm. But it i. oertain that "the brain



jlethad oj Giacomini.

fretth brain is placed in a 10 per eeut, solution of

Hardening of the Bl'Bin for PJweI ,.a1on.

chloride of. zinc, in which it is frequently turned roU1id.
pia matcr 18 removed after eight or ten boul'8,

(2) As 800n as the brain hll8 sunk downwards, wbieh 0CC1U'I

in.~ few daY.B, i~ is transrerred to 8pirit, which must be changed
t\llce or thnce III twelvc days. The bottom of the vessel muat
be covered with cotton wool (see above).

(3) 'l'he hardened brain is transfcrred to glycerine, to whicb
I per .cent. carbolic acid may be added. Aft"r complete
saturation It slllks. It is tben placed upon a slanting gla.sa
plate, that the superfluous glycerine may flow ofl', and the brain
be dried in air. In this condition it may lie for many yeal'8
exposed to the air. The length of time for which it is preserved
depends upon the permanence of the action of the chloride
of zinc.

If the brain be not quite fresh, it is recommended to inject
by the carotid arteries,_and at a moderate pressure, abont 600
grm. of the chloride of zinc 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 zinc, 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 thc brain without the nse of
spirit, the second step in the process may be omitted.

The great advantage of Giacomini's method is that the braiu
practically does not shrink at aU. With a certain firmness, it
is also to some extent soft, and this permits of an examination
of the sulci. The method is therefore well adapted to the stnl!y
of the organ. Its only drawback is the stickiness prodnced by
the treatment with glycerine. According to Bischoff, the first
to use chloride of zinc for this pnrpose, the pia mater may be
easily and cleanly removed.

llfethod of Stieda.

(I) The brain is placed for twenty-foul' hOIll'S in a saturated
solution of chloride of zinc.

(2) The pia mater is removed, and the brain is tranatemd
to 96 per ccnt. alcohol, which must be changt.>d every five

DDlIIIG 01' TBII BRAIN FOR PURP08B8 OF PRESERVA"ION,

ether we desire to preserve the normal brain in a
hudeaed condition for purposes of demonstration, or to add
_ lpecimens to a musenm collection, model'll technique
lD either ClL8e demlLl1ds that two conditions be as completely as
puuible fulfilled, These are-the maintllllance of the original
lil8 and form, and the maintenauce of the architectural
structure, In other words, the prepared brain must differ to
tbe smallest possible extent from the fresh one. Until a
comparatively short time ago, it was not possible-and,
indeed, it was not attempted-to fulfil these postulates.
The specimens preserved in spirit in pathological col
lections prove this sufficiently. The constant endeavour
and demand of the neurologist, however, is towards improve
menta in macroscopic, as well as microscopic, technique.
Besides the simple process of hardening in alcohol and
bichromate, 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. Eveu with this pre
caution it is difficult completely to avoid a slight degree of
flattening. The proposal of Retzius is therefore to be recom
mended, '11he braiu, which must be newly removed, and still
within its envelopes, is suspended iu the fluid by a thread
att4ched to the basilar artery. If, in the process of hardening,
the pia mater be removed, the frontal portion of the brain
sinks downwards, owing to its greater weight. Iu this case,
88 in preparing the organ for staining, two points are of equal
importance. The material must be as fresh as possible, and
large quantities of fluid, frequenUy renewed, must be employed.
The pl'OCe8ll most in use is the



Method of Le:nhossek.

The brain is hardened in alcohol, chloride of zinc, or Muller's
fluid, and afterwards, in any case, transferred to alcohol, to

1 Lukowski: L'embaumement. La. com~ervatiou des sujets et lC5

pnparationa anatomiques, 1896. Prof. Laskowski was g~od ~nough to
Jaform me privately of the use of formol in place of carbollc aCid.

Hard.ning of the 8mn 'ar PrI_.,.....
pcrmit of till' elUlier penetration 0'
opon witl, eotfoll wool. Alter the evaporation of ,.
from the 8urlncc, the cOfl,·olutioIl8 nnd tho lulei are pUDteII
with l\ rather thill .ollltion 01 oolloidin. A. 110OII .. thie ie cbJ.
tho bmin i. tmllMcrred to, nnd pre.erved ill, alcohol. For
purpo.es of delnon.trotion, it m"y he e'p".ed to air lor ... JODg
n~ two hours.

Rctzill8 points ont,1 that n mixture fJf chromic and acetic
acid. with a little hypcrosmic acid (ill fact, a modified
Flemming's fluid), i. "cry .uitablc for thc lretal brain, which
becomes hardened soon after its injection into the umbilical vein
01' the aorta. Alcohol and chloride of zinc are not adapted to
the fretal braill. But for embryos in tbo first month, a tbree or
foul' pCI' cent. solution of bichromate of pot""h is .till better.

Besides hichromate of pota.h, Retzius al80 rccommend. lor
tbe brain of adult. tbe most modern pre.ervati"e, lormol,
altbough it occasionally produccs .uperfieial friahle patche..
The following combination, however, seems to him the most
appropriate :-

Bichromate of potash, 3-4,0
Formol, - 1,0
Distillcd water, 100,0

If tbis mixture be employed, the brain does not become .0

dark as when bichromate alone i. used. The proce.s 01
hardening la.ls only two or three week.. Above "II, tbe
architectural structure of the walls of tbe "entricle. is well
preserved, which is not the case when formal alone is used.

Otber metbods, for the most part not to be recommended,
have beell ad"ocated by Flesch (glycerine), Scbwalbo (paraffin),
Broca (nitric acid), and Rosenbacb (carbolic acid). Tboy may
be discarded iu favour of tbose mcntioned above.

The hardening action of alcohol and chromic acid will be
discussed in the sequel.

TilE PREPARATION OF MODELS OF PATHOLOGICAL SPBClllBNl:5

(P. BERf.tKER'S Method).

Models are prepared in the following way :-A plaster C8lIt
) Retzius, Das Menschenhirn. 1806. Einleitung.

2,0

twenty days in the
Jfetlwd ~f Las1.-owski.'

i. placed for fifteen toThe fresh brain
following flnid :

Formalin, -
Glycerini pur., - - - - - 100,0..

Tbe meninges must be previously removed. After thIS tl~e

the brain Illay be preserved either in air 01' in the same flUId.
Laskow.ki at first employed carbolic aeid in place of formol,
in either of the two following formulre :-Carbolic aCId, 5,0 ;
glycerine, 100,0; or glycerine, 100,0; alcohol (95 per cent.),
20,0 j carbolic acid, 5,0; cry.tallised borac,c aCId, 5,0.

All these methods have the advantage that thc organs,
hardened by means of tbem, may be preserved in ail'.

1Ito.11II of til Brain '01' PrNe,'\...ti"n.

It \a suffioiontly hal'tlmlCd (in ahout t'~·o 01' three
la tnw 'erred to tnrpelltille, where it rem,"". for two

), It Thl' more eomrleh' tbe dehydmtloll, the mo~('
or four weekB. I' fl'd the iJralll

dI tbo tu olltille pClll'tmtes. III t liS til
rapi . rp 'whl\t gOrtcr hut H trnHSpUI'Cnt/' and of abeoom.. &gaI1I Bome ,

bl'OwniBh colollr. '. " k
.' f .. d to oil-vArlllsh for t\\ 0 \I ce s.(4) The hnull 18 trAilS clle .

. b II'cd to dry in the ail' for ono week on blottm~RIId ,s t cn a 0\\

paper. hod . . Iy a modification of Giaeomini's. It
ThiB met 18 mm c

b' d I a considerableeaUBeB a cheesy consi tenC)' of the ram, an a so .. I

h . k' amounting to a fourtb, 01' more, of the ongma
riD mg, b bt' d by pro-
I Rcttcr results would seem to e 0 ame

"0 ume. d I 1;' tbat iu
longillg tbc immersioll in turpentine, an s 10l eDlng

oil varnisb.
Inethod, to be recommcnded for its simplicity,A vcry good

i. the



n.-HARDENING A~D FIXING FLUIDS FOR

THE CENTRAL AND PERIPHERAL NERVOUS SYSTEM.

Hardeniog aod !Ulog J'Iukfa.

the olaaaio Muller'. fluid ill not to be found in bII ........
(Weigert, loco cit.) Thi. salt h.. displaced ohromlo acid, wldllh
not eMily penetrate and make. the orgaM very brittle.

FOT71IfJl' is a 40 per cent. watery solution ofI~" (.
gas the formula of which is HCOR). At lint introduced for
pnrposes of di.infcction, it was used by the elder Blum for
macroscopic, and by hi. son for micro.copic purp00e8. It is ..
clear fluid, possessing. a characteristic penetrating smell Ita
reaction is neutral or feebly acid.

Almost the only strength of formal employed for the ne"ous
system is a 10 per cent. "olution. According to Gerota, 40 to
50 per cent. solntions canse destruction and necrosis of the
cells of all other organs except the nervous system. Formol
has not the dehydrating properties of alcohol. It rapidly lixes
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 the
organ becomes somewhat increased,' the colour is less altered
than by other fixing fluids, and the piece. of tissue are saturated
more rapidly than in alcohol, perchloride, <!oc.

One of its greatest advantages, however, is this, that after
hardening in formal anyone 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 contribnted more than any
other to the general acceptance of this reagent.

Besides the aqneous solutions, varying from 2 to 10 per
cent., a 2 to 4 per cent. solution in 85 per cent. alcohol ma)'
also be employed. A combination of formol witb Muller's fluid
is recommended by Orth. It may also be combined with a
simple solution of bichromate of potash. Orth's mixture, 118 it
is called, is known in Germany as ~'ormol-Mliller. or brieOy
F.M., and consists of-

I The formol of the Hoechstel' }'arbwerke ill identical with the
formalin of Schering of :Serlin.

:l Cf. chap. 111.

be reproduced, in this ol\8e the brain, is first
OlIIIItituteB the negative form. If this oast be filled
hloh haa been Iiqnified by heating on a waterbath,

'" form, or model, is obtained. The model is then
[ldlllld ad lIa"'ram, in oil colours, after the original pre
,.atf0lL The more or less moist and glistening appearance, on
the aotoa1 reprodnctiou of which the life-likeness of the model
'fV1 much depends, may be obtained by the addition of various
Ill!utiODB to the colours employed, or by the subsequent appli

..tion of various kinds of lacquer.

The number of methods of bardening adapted to our purpose,
in contrast to those employed in general histology, is relatively
small. If we disregard a few special methods (those of Nissl
and Golgi), we are practically limited to bichromate of potash
(Muller's and Erlitzki's fluids) and to formol (Blum). On
account of its many advantages, formol has recently become
so widely employed, that it appears to be at present the
hardening material KaT' Ifox~v, and may therefore first be
mentioned.

.It is, however, a rule of primary importance that the brain,
spmal cord, and nerves mnst be immersed in the fixinO' or
h~rdening fluid immediately after their removal from the b:dy,
Without commg mto contact with water. Failnre to obtain
~ resnlts from staining, especially with the more cam
p CIted methods, is often dne to a neglect of this precantion.

The firat to Il80 h d . 8'd
t
" ~1' cnmg Ul St for the purpose of obtaining delicate

lee IOns of the spinal cord K a I1 I was cUue (1810)1 who even then
~~OY~Ch.loridesolutions and dilute nitric acid~ In the thirties
~o firedlBCOvered. the ha.rdening property of chromic acid whi1~
bow over t turned It to histological use. Bichromate of ~otasb

ever, waa tint uaed by Heinrich MiiUer, although the formula fo;

'w·elgert j Technik. Merkel.Bonnet, 1895, "01. V.



itClUIlf and Fixing Fluidl.
Hardening and Fbhqr fta...

JlfiUIn'. Pluid' con.istll of-
Bichromate of potalh, 2,1t
Sulphatc of .od", 1,0
Oistillcd water, 100,0

Many have of late preferred to replace the original Mtl1ler'1
fluid by a solution of bichromate of pot1Ulh alone, the beat
"lrcngth being foul' or five per cent. The development of
fungi-which does not necessarily indic.\te that the preparation
is spoiled-may be prevented, although not in""rmbly, by the
addition of a little camphor Or carbolic acid.

E'rlitzki's Fl1lid consists 01-
Bichromate of potash, 2,5
Sulpbate of copper, 0,5
Distilled water, 100,0

This flnid, therefore, which was r~cl1ed by \Veigcrt from
neglect, differs from ~1iiller's only iu the substitution for the
sulphate of soda of half tbe quautity of sulphate of copper. Its
advantages consist in the rapidity of tbe hardening procC88,
which is completed, in the incubator, in about five da)'s, and
at the ordinary temperature of a room in about ten. This
advantage. however, canies 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
ccntl'ation (70 pel' cent., SO per cent., 90 pel' ceut.), remaining
for twenty-fonl' hours in each of tbese fluids. The deposit!l,
which are often to be seen in the sections, can for the most
part be at lea t partially removed by lI'ashiog in warm water.
or water slightly acidulated with hydrochloric acid. Or, afte,'
hardening, and before the pieces arc placed in alcohol. they
may be treated with a 0'0 pel' cent. solution of chromic acid.

Alcoltol, as has a"-eady been said, should not be employ.,.) for
the hardening or fixing of the central nervous 8)'litcm, e cept
when Nissl's method for the sb"ining of norve oelll, or •
Lenhossek's thionine ahlin, which HhoW8 their structure, ia to

Ili'irst mentioned by Heillrich .lJitller. "'iinbWlJ (1861).

I!oJllI8lie of potaah, - 2,5
pbate ohodn, 1,0

Pormol, I 0,0
Dlatilled water, 100,0

':-1V1uID tbil fluid haeltood for fom- days, It crystalline precipitate
f8IIJ, the appearance of which indicates that the combination
h_ 100t itll speoial effectiveness. The fluid mnst therefore
.Iwaya he freshly prepared, and, should its hardening effeot not
be suffioient, it must be soon replaced by a fresh supply. By
this method, says Orth, small pieces of tissne (0'5 cm.) are
fixed after only three honrs in the incnbator. Their consistency,
for the purpose of section cutting, is admirable, and the morc
they have been dehydrated, the better they take on stains.
The carmine stains are the most appropriate_

Among the nnmerous combinations and variations which
formol has undergone, that of A. Marina, quite recently made
public, is deserviug of mention. Its object is to permit of
staining the same pieces of the central nervous system either by
Weigert's or Nissl's method. With this combination the author
hllB also successfully employed the methods of Held and VOIl

Giesol1.

III Marina's process portions of the bro,in, 01' the whole of it, are
immersed in the fluid, which cousists of alcohol (90 pel' cent.),
100 ccm., formol 5 ccm., chromic acid 0'1 ccm. Next day thc
pieces are cut up, and afterwards replaced in a quantity of the
same fluid, freshly prepo,red. The fluid is changed every do,y
for three days or at most five. The pieces o,re then transferred
direct to wood or cork, and preserved in 90 pel' cent. alcohol,
or in a 1 per cent. alcobolic solution of chromic acid the
alcoholic strength of which is 90 pel' cent. In cutting sec~ions,
the knife ie moisteued with 90 per cent. alcohol. Sections to
\Ie ltained by NiBSI'. method or with thiouinc are kept in 96

_to alcohol, those iutended for the neuroglia stain in
1IU!lItID aolution, others iu a 3 pel' cent. solution of bichro

h, with or withont two or three drops of ammonia.
101ution of chromic acid may be kept in stock,
tbould only be added ae it is required.



only partially romovable by wuhing. To
Bolles-Lee recommended the employment of Lupl..
(iodine, 4,0, iodide of potash, 6,0, water, 100,0). Bat
results of staining are not always lIatisfactory; humatcls7u..
carmine, &c., give too diffl1.8e a stain. Overstaining with one of
thc aniline colours and subsequent differentiation in alcohol
have been specially recommended for the demonstration of the
cells (Goodall employed chiefly tolnidine-blue).

Zenke-la aolutionr---

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, "" will be seen, eBBentially of Muller'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 alcohol
(alcohol 70 pel' cent., to which enough tincture of iodine ill
added to produce a port-wine colour), which mnst be frequently
changed. By this process the sublimate is extracted, and the
iodine mnst afterwards be similarly extracted from the tiBBues
by placing them in 80 per ceut. 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 snblimate forms insoluble compounds
with the albumiuates, thus producing crystallisation in the
interior of the tissues.

Flemming's chromo-acetico-osmic acid--
Solution of osmic acid, 2 pel' cent., 4,0
Aqueous solution of chromic aoid,

1 per cent., 15,0
Glllcial acetic acid, - 1,0

The pieces of tissue remain in this fluid from one to
three days. They are then washed for several hounl in run·
ning water, and subsequently hardened in alcohol of inoreasing

c

illemq and Fi inK Fluids.

Hardening in C(Y/,Toswe sublimate .
employed. The f 11 '. IS another procesS:not often

C
. 0 owmg IS the commonest solution ._

orroSlve sublimate, - - _ 7,5.'
.No~al salt solution, - _ _ 100 0

When this flUld has been boiled th' ' .
mened in it in th d k ,e pleccs of tissneIare im-

, e ar ,for twenty f h".bed and forth h . - OUr ours, then thoroughly
, er ardened 10 al I If'

trlltion. Th d' co 10 0 lllcreasing con-
e eposlts, which co d .

me Own III quantity, are

In his .. Technik" M . h
th d°tr erCler as calcu·la.ted out a complete table for

e luerence percentages of I h 1 I .
given here. a co 0 J W nch. however, need not be

of ooune invariably employed in the after treat
p1_ of tiBSue, in whatevCl' fluid tbey may have been

Id. If entire pieces are to be stained in carmine, it is
,~...... ooIyafter they have been stained. Among its disadvan_
.... are the greater shrinking which the tissnes undergo, and
the ooat as compared with biebromate of potash.

Alcohol is generally employed as absolute alcohol (99'8 per
oento), or as 96 per cent. alcohol, as it is usually sold. It is
easy to ohtain absolute from 96 per cent. alcohol by dehydration
hy means of copper sulphate which ha" been burnt white, and
equally easy, by admixture with water, to obtain alcohol of less
strength. Althongh it is of comparatively little importance to
DBS instead, for example, of 60 per cent. alcohol, a fluid of
slightly lower or higher percentage, Stohr's formula for the
alteration of the percentage may be given here. If p. represent
the desired percenta/{e, then

100:96= x: p.,
and if 90 per cent. alcohol be required

100 : 96 = x : 90
96 x = 90'100

9000
x = % = 93'7, or in round 'numbers, 94.

In order to obtain 100 ccm. of 90 per cent. alcohol, therefore,
6ccm.ofwt tb da er mus e a ded to 94 ccm. of 96 per cent.
alcohol.
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2,0
25,0

8,0

It is essential that all material used for the purpose of
making stained preparations should be as fresh as poss'ble. 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 CRn be drawn with

Ranvier was the first to use the vapour of the acid instead
of the acid itself. This proceeding is to be recommended for
tiS911CS such, for example, 8S the retina.

Ra6l'8 jl1lirJ-

Chromic acid solution, 0'3 per cent., 200,0
Concentrated formic acid, 4-5 drops

'l'he pieces are left in this from twelve to twenty-four hours,
wasbed, and subsequently hardened in alcohol of increasing
concentration.

ilf"'kel's jl1lid-

Chromic acid solution, _ } .
Solution of chloride of platinum, an 1 III 400

The pie~es are left from four to su days, and then transferred
direct to alcohol of increasing concentration, in which they arE"
hardened.

Eenda's jl1lirJ-
(a) Nitric acid, 10,0

Distilled water, 90,0
(6) Solution of bichromate of potash, 1 part

Distilled water, 3 parts
The pieces are left for twenty-fonr hours in solution (a), and

transferred, without washing, direct iuto solution (6). 'I'his is
gradually mad~more concentrated, until it contains equal pro
portions of its two constitnents. After about fourteeu days
the pieces are washed, and theu hardeued in alcohol of
increasiug concentration. This method is uot adapted for
embryonic tissues.

Nifll'ic acid.-The pieces are left iu a 10 per cent. solution
froth one to th~ee hours, washed, and transferred to alcohol.

t · Flemming's solution is employed maiuly toconcentm Ion. . . .

d t te the PrOcess of nuclear dIvIsIOn.
emons m d t'

. 'd'il tion of it deserves commen a IOn-Fntdma1t'1" s m.o 1;I~c~.. _ 0 5
Solution of osmIC aCId, 1 pel cent., - ,

S I t · n of chromic acid, 1 per cent., 7,0
OU.IO .' 0,3

GlaCIal acetIC llCld, - . .
h· thod I'S employed the ground of the sectIOns ISWhen t IS me , .

I I d k The pieces are left in the solutIOn np tosomew lat eSB ar. .

f . h and are then washed, and hardened 10twenty- om ours,,, . .
alcohol of increasing concentration. It IS stated that sectIOns
stain better if the pieces have remained some time 10 alcohol.

Fel's modiji.cation of Flemming's solution
Hyperosmic acid, 1 per cent.,
Chromic acid, 1 per cent., 
Acetic acid, 2 per cent.,
Water 68,0

This combi~ation has been recommended for cases in which
it is desired to iuvestigate, in its finest detail, the structure of
portions of tissue obtained from the Ii ving or survi:ing nervous
system. Should any cloudiness appear,. the solutIOn must he
renewed. The preparation is usually hardened III 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 cbosen, as the acid has little penetrative
power. They are allowed to remain in it from one to five
days, then washed and transferred to alcohol.

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 bas no longer the importance
at first ascribed 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
intensely black stain in osmic acid.

Hll,rdcning n.nd F'ixing Flui(h~. 19
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rd
ve have to deal ehiefly witb nervous substanee

rcga to man-'
" 'b 'n the eomBe of " number of hours after death, has

" nO , I d I 'h
already undergone eertain ohanges. If we hav.e to 0 on y Wit
old and obronio degeuerativs prooesses, or With prooesses no

I t ' as in tahes and syringomelia, for example-
auger no 1\18- . . .

this difference of hours is almost neghglhie. But a defect 111

the fre hness of the material may heoome of the greatest
import, if we desire, as with Nissl's method, to study the

finer processes oecllning in the cells.
It must, in faet, always he kept in mind that it is often

impossible to say what the pathological process really is in this
or tbat disease. It must always be kept in mind that--except
in processes no longer acUve, which do not undergo alteration
-it oan really only he said that, so many hours after death,
suob and such cbanges were found as the result of examining
staiued seotions. It is not ahmys allowahle to draw the
conclusion that the condition was exactly similar in the living
organ.

Nissl's method, which demands the freshest possihle
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 tbe 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 wat.... must be rigorously avoided.

The fluids must always have several times the volume of the
organ to he 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
technique is towards refinement of the methods employed.
Havmg regard to staining at a later stage, it is therefore neces
sary that the pieces of tissue shall be cut as small as possihle,
to further the more rapid, complete, and uniform penetration
of the fluids. In the case of larger pieces, the conneetion of
whIch It IS desirable to preserve, incisions into the organ may

at I~ast he made, aud their uumber may be gradually increB.8ed
durmg the first day of hardening. 'I'hat their effect should
not. be. entirely illusory, the separation of the parts may be
mamtalned by the insertion of small pieces of cotton wool.

As in the case of tho lator procoss of staining, a considerable
acceleration of the fixing and hardening action 01 the flnids
may be obtained by means of warmtb. Tho temperature,
bowcvcr, 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 01 the spinal cord, in about six weeks, il Muller'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 bas succeeded
in reduoing the hardening period to four or five days (see
seotion on staining of the medullary sheaths).

After hardening in bicbromate of potash, or formol and
bichromate, has been completed, the pieces may, without wash
ing, be transferred to alcohol. To prevent the lormation 01
precipitates of bichromate, light, according to H. Virchow, must
be excluded. Only those pieces of tissue, which it is intended to
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 pro.cess 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 cia ic metbods,
such as Weigert's for the medullary sbeaths and neuroglia,
and Nissl's for nerve cells. Tbe process of staining and
differentiation should be twice or thrice repeated, until goo<l
results are obtained. The slight trouble is amply rewarded.
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EXAMtNATrON 0" FRESH UNSTAINED SPECIMENS.

I t date the nervOUS system is examined onlyAt t Ie presen· .
. II b fOI'e its tissues have been hardened and stamed.

OCCl\SIOllO y e .'.
The model'll neuropathologist seeks to eluc,date condItIOns
which are imperfectly demonstrated, 01' uot demonstrated at all,
by the simple methods of teasing, maceration, and s~paration.

Bnt for the few cases in which staiuing may not be deSIred, or 10

\\'hieh more primitive methods of examination may be preferred,
the method of tensing 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 shonld be
done in normal salt solntion. Should it prove too difficult to
tease out the smallest constituents of the tissue, fluids adapted
to its maceration 01' separation may be employed. They
accomplish the required result in twenty-foul' hours. Only
small quautities of fluid should be use<;l. .

Among those much in use the following may be mentioned:-
1. 33 per cent. alcobol (Rauvier).
2. Weak solutions of chromic acid (0'01 to 0·03 pel' cent.)
3. ~Itiller's fluid.
4. 0'1 pel' cent. osmic acid.

The following re·agents are useful both in increasing the trans
parency of the prepamtions 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 pot h .
as , In saturated aqueous solution (50

pel' cent.).

3. Acetic acid, iu 1 or 2 pel' cent. solution.
Even fresh sections rna It' d .

fl 'd ( h I Y ,e same, ,f a drop of the staining
Ul met y ene blue meth I ._ )

the margO to d' Y green, ..:e. be allowed to flow frnm
In war s the centre of the' .

however is not ad t d' seet,on. Haematoxyhn,
, ap e to th,s purpose.

Labelli".q tlte Ti""...
Whatever number of .

Ja1'8 one may possess, it is absolntely

neCcB1mry to label eaoh piece of tissue before i~ immersion in
the fi1'8t. solution employed. This may he done very simply,
by mnrklDg the upper or under side, as one prefe1'8, on the
rigbt and left, with a fine inserted bristle or with ink. If, at
the same time, several pieces of tissue be dealt witb, there may
be drawn throngh tbe corner of each a thread, which carries a
small piece of pa"teboard with the designation of the tissue.

Particularly in the ea"e of the spinal cord, the segmellt dealt
with sbould at once be accurately labelled. I Pieces of the
cortex may be marked by the number whioh they bear in
Exner's plates.

The pieces, with their desiguation, are placed in the harden
ing fluid, in alcohol, in celloidin, and so on. When they are
afterwards fi.~ed on cork the label may be fixed along with
them. To mark ont 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 qnite black and distinct
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 tbe slide, sections are stilI marked, chiefly by meaIlS of
labels, or by a coloured pellOi!, and occasionally by a diamond.
None of these methods, however, is qnite satisfactory. It
would be better, if it is preferred to write iu black, to use
Chinese ink, or Krems white, where white is preferred.
Schiefferdecker recommends Soenueekeu's drawing-pen, No.
144, and Sehmbel a water-glass ink, i.e., a combination of
soluble glass and liquid China ink.

EMBEDDING.

Tlte Celloidi.. Method. S

Two solutions of celloidin must be kept ill stock, the one
thin, the other thickened to the consistence of syrup. The

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

2 A German pencil.
3 First employed by Schiefferdeckol'.
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I d · equal parts of othor .md absolute
celloidin i disso ve Ul

nlcehol. d h d d'
TI . t be embeddcd after it has bceu c y rate IIIIe pleco 0 ,

nleohol (60.90 pCI' ccnt.), is transferred for a day to a~solnte
nlcohol,1 nnd theu for a day to alcohol and ether. It IS then
placed for several days iu the thinner, and afterwards for
se"81..u dn)'s in the thicker solntion. The lonf(er the process
last the more successful is the embedding. The celloidin,
with the preparation, may be allowed to become solid in the
vessel. A cnbc containing the preparation, and of any size
that may be preferred, is then cut ont, and fastened upon cork
or wood by means of celloidin. Or the saturated preparation
mny be removed from the celloidin while it is still flnid, and
fastened npon 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 approachiug that of paraffin
is attailled. The pieces are then kept in SO per cent. alcohol,
until they arc cnt. This hardens the celloidin. Instead of
alcohol, pure chloroform may be used for this purpose, in
whICh case the celloidin remains more transparent.

Absolute alcohol and oil of cloves dissolve out the celloidin
from the sections. If this result is to be avoided, 96 per cent.
alcohol, carbol-xylol, or some other oil, must be employed. On
the ~ther hand, certain aniline stains require the removal of the
cellOldm from the sections. In this case absolute alcohol and
ether-a~cohol, or oil of cloves, must be employed. Tbe sections
nrc stamed only after tbey bave again passed tbrouah absolute
alcohol and water. "

Tbe entire process, then, is carried out as follows ._
J. Hardening in absolute alcohol. .
2. Immersion in thO II 'd'

fi' d' ill ce 01 m, tben tbick celloidin (one to
'e aVB m eacb for small .

a ce b I h . pieces, several weeks or months for
re ra ennsphere).

I Larg .
er pieces require several da.ys.

3. Placiug thc pieccs on cork, drying, and prcscrving thcm
in 80 pcr cout,. alcohol.

4. Cutting BcctionB, staining, washing, dehydration in 96
per cont. alcohol, and, if nCCC8lmry, afterwards in absolute
alcohol.

5. Treatment with oil or carbol-xylol, and mounting in balsam.
Photoxylin has recently come much into UBe in place of celloidin,
to which it is chemically nearly rclated. It posse88es the
advantage of greater transparency. It is very rapidly solublc
in etber-alcohol, and is employed exactly in the same way as
celloidin.

Tlte Pa"ajJin, ilfethod.

After complete dehydration in absolute alcohol (eight to
twenty-four honrs), the piece to he embedded, which should be
as small as possible, is placed for a day in n bottle containing
xylol. Turpentine, cbloroform, 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. Tbe piece of tissue is
then transferred to melted pamffin at about 50" C., in which
it is kept au the thermostat for from two to twenty·four
hours. It is advisable to change the paraffin once or twice.
It is important, iu order to obtain very thin sections, that the
melting point of the paraffin should lie within certain limits.
'fwo kinds, each with a different melting point (the bigher
from 55" to 60° C., the lower from 45° to 4S0), 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 mixtnres should be from 52° to 54"
C., and from 4S" to 50° C.

After thorough penetration, the fluid, along with the piecc
of tissue, is to be poured into a low.edged vessel. When the
preparation has been located in any position that may be
desired, tbe 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 warn;> knife. It is then fixed in
the clamp of the microtome, and cut by short strokes of the
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. I . h t be placed obliquely, and uot moistoned.knIfe, W lie rons ..
The sections con often be prevented from rolJu~g up, by pressmg
them against the knife, during the net of cuttmg, wIth a brueh
or spatuill. 1'heyare next placed iu xylol, to d,ssolve out the
pa",ffiu, theu in carbol-xylol, and theu are mounted III dammar.
If, however, they have yet to be stamed, they are transferred
from the xylol to absolute alcohol, and then to the staining
fluid. The staining may also be previously done in bulle

The paraffin method is little used for the central nervous
system, except in certaiu processes, such as that of Held, and
to obtain ,-el)' thiu 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 glass, 1 em. high, the upper and under surfaces of which are
ground. Their clear, lateral surfaces are respectively 35 30 21) 19
nnd 14 mm in length B l' I b ' , "", J. • Y P aClDg t lese locks together five squares
may b.e formed, varying in the length of their sides and always leaving
a ~V1ty between. The melted paraffin is quiCkiy poured into tIllS
CQ\lty, the .object placed in the desired position and covered if
necessary, wIth a further su 1, f ffi" ,
the blo k f " pp j 0 para n. In thIS way, fissuring of

c 0 paraffin 18 saId to be entirely a.voided.

.The combined celloidin and pam"'n method d b
bnefly ~ d w' nee e onlr

I Tre erre to. The process is as follows :_

2: Ith~so~J;~t IS placed for some hours in ether-alcohol.
this has th e ~ a moderately thick solution of celloidin till

3. It is :roug J penetrated (twenty-four hours).
. oaked 111 011 of oriaauUl d

mIXture of oil f' '" n, an theu transferred to a
o origanum and pl:l ffi h'

heated to more than 40. C. ra n, w IOh must not be

4. It is transferred
are the sa . to melted paraffin. The further steps

me as lU paraffin embeddin"
",.

Difficulties afO now and then encountered in fixing paraffin sections
on the slida, hence the multiplicity of methods which have been
suggested. The most useful are those of Gulland, who employs wa.t-erj
R~bl, who employs 1\ mixture of oil of cloves and collodion j Strasser (a
miXture of collodion and castor oil), and Heidanhain. The el8ential
point of the laat is that, to avoid ehrinkage, the water on the elide iB
allowed elowly to evaporate, at 0. temperature of not more than 35" C.

A process has been recently recommended by Albrecht and St-ork
which is said to obviate various inconveniences. It proves, a.lao, to be
0. transformation of paraffin sections into celloidin sections. The
process is as follows :-

1. A drop of water is spread over 0. slide whicb has been breathed
upon. The section is then laid on the slide.

2. The section is pressed down with thin filter pa.per 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 alcohol.

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 coustituents of the tissue, which are soluble in
alcohol and ether, are to be preserved, embedding in celloidin
or paraffin is undesirable. If it is necesBarJ, in suoh circum
stances, to obtain thin sections, the process proposed by
Dallken-embedding in a soda soap-may be employed. A 20
to 30 per cent. solution of canstic soda is heated to boiling
point, and, while still boiling, as much castor oil is added as
will leave a small excess of canstic 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, Dallken uses a three to five per cent. solution of
the soap, at a temperatnre of 35 to 40· C. Into this the pieces
of tissue are to be transferred from formol or from 111tiller'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



t f eonsidemblo size ure fastoned npon wood bymust be 011 0 i\ ' .

f I bl lass Alter dl'yiug, thoy must be cut wIth a
menDS 0 80 11 0 g . .
d k 'f \Vlleu tl'llnsferred to water, the sectIOns unfoldry ·m o.
I I 0 "Ild become flut. They must bo tboroughly

t lomsc VO""
washed in wator before they are stained.

Hllrdening lind fixing are e,'en moro rapidly accomplished hy
•lCotone than by formol. Serial sections, 5 to lOp. thick,

maJ', in this wuy, be cnsily obtained.

ti ~am~ton h~. recommended a special process for the embedding of
ea 10 cellOidlO, and their subsequent freezing_

L The hardened piece of tis . I d f
alcohol and ether.alcohol. sue 1.S p ace or three or four days in

2. It is embedded in celloidin (four days).
3. The block of celloidin conta·· h .

for one day to water th 'f mlng t e pIece of brain, is transferred
, en 01' several to fl .dABfrozen aod cot. 111 or. Afterwards it is

He recommends the two followin a . .
ment involves no illJ'ury t th . g s freezmg fhuds. Their employ-

o e tIssues ._
~ eyrup, composed of 28! l' .

which is to be saturated, 'th ~ m..pure. sugar and 30 gnn. wa.ter,
after cooling. VI oraCIC aCid while it boils, and filtered

• A '1.... muci age, composed of 456
water, saturated with bo . . gnn. gum arabic, and 2400 grm.

raclC aCid and filtered as above.

29The Freezing Meth d.

Fluid A. Syrup, 4 porta; mucilage, 5 parts; water, 9 pnrt.. This i. to
be boiled, aaturILtcd with boracic acid, and filtered after cooling.

FLuid B. 2 partij of fluid A; I part of syrup.
Fluid C. 4 parte of 8yrup; Uof muoilage.
In tho fl'oezing prOCC81t, A produces tho grcntost hardening, C the

Icaet. The pieces must romain in the Ouid for at least a. week.
No great pro.otical advantago can be attributed to this method, 88 it

is prolonged in operation, and lUI, in gonornl terma, tho freezing method
may, for our purposes, be dispcnscd with.

MlCROTOMES.

The instruments which are necessary for the purpose of
section cutting are the microtome and the knife. It may be
taken for gmnted 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 tbat
for large sections of the brain, the microtome made by Becker
of Giittingen, and Gudden's microtome, made by Katsch of
Munich, are the best ad.apted. For small sections, and for
those of moderate size, the microtomes of Schanze of Leipsic,
aud of Miehe of Hildesheim, are the best. For paraffin pre
parations, that of Jung, of Heidelberg, may be recommended.

The double knife, advocated by Va.lcntin for the preparation of fresh
sections, possesses only a historical interest. In the special province of
neurology, it has become super:fluous, owing to the introduction of the
freezing microtome, and the very different acquirements of modern
histologists.

The knife employed iu section cuttiug cannot be too carefully
made or guarded. If celloidin preparations are used, oue 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 ascendiug aud 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.

The Pamflill Method.
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'1'1" Freezing Method.

The piece of tissne IUnst be us thin us possible (less tban 5
mm.), to permit of tho uniform actiou of the cold. It is
placed iu the freeziug micl'Otome, upon a metal plate, upon tbe
lower smface of which au ethel' spray is directed. Tbat tbe
t.i ne may freeze hard enough for pmposes of cutting, it must
previously have been thoroughly soaked in water, and this
plll'pose must be aided by the pressure of a spatula or tbe
haudle of a scalpel. If it has been previously hardened in
spirit, or embedded in celloidiu, it should remain in water for a
whole uight. If bichromate of potash had been used a short
soaking would be sufficient; and it could scarcely 'be short
euough, if Weigert's stain for the medullary sheatbs were
afterwards to be employed. .



.' pl'lcI'ty Weigert's method of preparingI ite of Its .,m ,
u sp. . . ,II adlt]Jted to the purpose. Collodion

these sections lS vet y \\ e .
. more glltss plates. The sectIons are

is poured over OllO 01 .

f th knife on a strip of tOllct paper, somewhat
removed rom e t h'

I 'h ections m such a wlty that eac successIvebronder t lan ... e s , .
. I' to the right of its predeces 01'. The stnps aresecttOn lOS . .

numbered aud placed upon a plat~, the surface. of whICh IS
covercd with several layers of blottmg paper mOIstened wIth
o pCI' cent. alcohol. The sections should lie facing upwards.

Oue or two such strips of sectious are then laId upon the glass
plate or the slide, the strip of curl paper, with the secti.ons
faciug downwards, being placed upou the la)'er of collodIOn.
'rho paper lllay 1l0W be easily removed, leaving the sections
adheriug to the collodion. A secoud layer of collodion is then
quickly poured over them. One must not omit to number
them by meaus of methyl-blue. The glass plate may now
either be kept iu 80 per cent. alcohol or trausferred to the
st"iuiug fluid, iu which, especially if in the incubator, the
mass of collodion soon separates in toto from the glass. The
further treatment of the sections is carried out in the usual
way.

Darkschewitsch bas recommended, as the simplest IIiethod 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. 'l'he paper must previously
have be~n well soaked in alcohol. The separate pieces, with
the sectIOns adhering to them, are then laid one upon the
other In tbe orderof numeration, and may he kept in alcohol as
long as IS deSIred 111 a glass jar of appropriate dimensions. The
further steps of staiuing, and so on, are carried out without
removmg the sections from the paper.

L,ssauer has recommended the following process for the pre
paratIOn of large sections of the brain :_

1. Emhedding in soft paraffin.
2. Cutling. The cut SU f b

must be covered .th I . I' ace, efore each section is made,
better_a st' fWI a t 1m layer of celloidiu, or-and this is

flp a tIssue paper co d' h, vere WIt an extremely thin

laycr of a thickish solution of dextrin, IlInst he stuck flat on
the surface.

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

The preparation of complete scotians through the wbole
humau brain is generally vcry diffioult, but satisfactory results
may be obtained with the microtomes of Gudden and C.
Reicbert. In both cases the section is made under water.
The process, as described by Pal, may here be given, especially
fiS such sections are employed for purposes of demollstratioll.

'fhe braiu is injected with ~f(ilIer's fluid, to which a quarter
of its volume of a 5 per cent. solution of lysol has heen added,
and is then kept in the dark in the same fluid (bichromate
Iysol) at the temperature of an ordinary room.

Each thinly cut piece is dried with hlotting paper, and trans
ferred (without dehydration), after it has remained a short
time in absolnte aloobol, 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 tbe series. According to Pal, a section of
the entire brain, whicb should not he thinner than 50 1', may
be cut in ten to fifteen seconds. The section is allowed to fall
into water, and is taken up on toilet pa.per. To permit of good
staiuing, it is placed upon a plate, the sUlface 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
photoxyJin is poured uniformly over it. When this is dry, a
roller is passed over it, and the plate is tbeu put in water, in
which the layer of dextriu dissolves. The preparation, with
the adherent layer of pbotoxyliu, falls off. As oue of its
surfaces is free, the section may easily be stained and ditTeren
tiated. Finally, dehydratiou and cleaning are performed upon
the slide, and the preparation is covered with a thiu glass.

•
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. 'M thad for Serial Sections.'Velgert B e:10 .
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In view of the great importance of experimental investigation
of the secondary degenerations which follow upon vertical or
cross sections of the cord, or of portions of the cord, it is
important accurately to trace the degeneration, both of in
dividual fibres and of entire tracts. Marchi's method has, of
recent times, rightly been that chiefly, almost exclusively,
employed for such investigations. It allows us to distinguish
not only the localised but also the more diffuse degeneration
of the medullary fibres. If, 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 to
be found in transverse sections of the normal central nervoUS
system., whether of man or animals) somewhat numerous.

33Serial Longitudinal Sections.

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
ope~ation that, in using Marchi's method for longitudinal
sectIOns of the cord, the characteristic degenerated fibres and
the chain-like an'angement of the myeline droplets, are, br~adly
speakmg, 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
difficult 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
rnpted 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
eutire 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 Muller's fluid, in a glass
cylinder about 40 cm. high, and 3 to 4 Col. in breadth.
Sometimes it was suspended for a day in a 10 per cent. solution
of formal before being placed in MiiJler's fluid. The threads
were laid over the edge of the cylinder, and kept in position 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 dum mater was cut through
along the anterior and posterior surface of the cord, wbioh
was again immersed in the fluid. It remained there about two

D

THE WHOLELONGITUDINAL SECTIONS THROUGH

SPINAL CORD (E. Flatau).

Ma"chi's Method being Employed.

SERIAL

, 1od fol' Sorin.l Sections.
Weigert 8 Met I

32 d f •
II d "collodionage es sur aces,

k' g the so-ca e
Generally spea ll! , Id be cm!Jloyed for all preparations

d d b' Duval shan " 11recomDlen e J '. I e and thin sectlOnB, espeCia y. ' d "d to obtalll arg "
of which It IS esne d'l l' ure apt to splIt up, Each

. mble rea I y, a ,
if the pICCCS cru b d 'ed by blowiug upon It, aud

f must e rl
freshly out Sll!' nee . I ' . f collodion, to which the thin
covcred with a very thlll aJ el a

. fterwards adheres, 'II ' thsection a , d 1ere that espeCia y III e case
I 't Ybe mentlOue 1, I

Final y, I roa b' e muy often .find it useful to
t ' of the ralll, on

of large sec IOns 1 ses by plates of mica, The only
h 've cover g as

replnce t e exp~nsl that it is easily damaged, is not, in these
objectIOn to mICa, 'ta for the finer details of cells or fibres
cases, of great Impol nce, .' .

II I k d to in the exammatlOn or demonstration
are not usua y 00 e , 'th fi

, And if one divides the mICa WI a neof large sectIOns, , ,

I I under flowina water, one can at any tIme procure,
scape, 0 bd'd
easily and cheaply, very thin plntes, as large as may e eSlfe,

•
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THE OILS (CLEARING RE-AGENTS) AND RESINS.

The treatment wbicb all stained sections must undergo after
dehydration may be referred to in a few words. Debydration
itself i6 carried on in absolute alcohol, or, if it is desimble not
to dissolve ont the celloidin, in 96 per cent. alcobol. For tbis
latter plll'pose Nikiforoff recommends" mixture of equal parts
of chloroform and absolute alcobol.

35Sorial Longitudinn.l Sections.

'1'he part to be hold by tho clamp, which should be quadri
lateral, is placed at an angle of about 45 degrees to tbe long
axis of the stage, which is thercfore not parallel to tbe
direction of the knife, but lie. at the anglo mentioned. To
support tbe prcparatioll, a layer of Bolidified celloidin, of
tbe proper lellgth and breadth, "nd of a height of about 6 to
8 mm., is fixed UpOll the plate with collodion. Tbe cord is
then fastened upon this on its removal from the thick celloidin
solution. After the preparatiou has complctely hardened, the
wbole block is placed in a long glass vessel containing 80 per
cent. alcobol.

If the knife be properly placed, tbe preparation of serial
sections presents no special difficulty. Tbe cut surface must
be covered with a tbin layer of collodion, as detailed above.
The sections, whicb showd be from 60 to 80!' thick, are
removed direct with tbe finger from tbe knife, and, for their
further handling, trausferred to aleohol and carbol-xylol.
They are then placed upon slides of an appropriate length.

This metbod is of good service wbere multiple foci or
patbological processes exteuding tbrough tbe length of tbe
cord, bave to be traced and accumtely localised. Hrema
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, &c.),
tbe apparatus recently advocated by Nebeltban is particularly
adapted. Its essential principle is tbe free mobility of the
plate carrying the preparation, and of the tube of the
microscope.

Serial LongitudiMI Scction•.

h t ken out The threads wore
k dwastOlll\. .

or threc wee's an d tl e cord w,," allowed to .wing
fixed support, an 1 .

f""toned to a I't 'th Grafe's fine oataract kmfe,. 1 . . It w"" sp' w. . .
free m t ,e lUI. . h 'ddle line (anterior loug.tudmal

. d' lly and 10 t e ml
!oogltn Illa . I 't dinal septum). It may be

tl nno posterlOf ougl U d . h
"' cuS .' I t'ou should be performe w.tt" ned that th.s mampua.. .
men to . t the oue operator devotmg hiS1 h Ip of an ass,stau, .
t Ie e te . ulcus the other to the posterior
nttention to the nu nor s ,

septum. . f T t t
The object of splitting the cord iu this manuel' IS to aet I a e

the pcnetration of Marchi's fluid. 'rhe low."st. part of the conus
medttllaris, in the cauda equina, is not spltt, m order tbat the
connection of its parts may be tbere preserved, aud that both

halves may afterwards be easily rejoined.. .
The cord is now again suspended iu tbe cylmder, filled tb,s

time with Marcbi's fluid. It ought to be kept in a warm place,
but must uot be overbeated. As in tbe treatment of the bmin,
it is advisable gradually to increase tbe concentration df tbe
fluid in re"'ard to osmic acid. The fluid is changed at firsto
frequently, tben less often. The smell of osmic acid must always
be distinct.

According to the size of the animal operated ou, tbe cord
must remain in tbe fluid for a period of from three to five
weeks. The further manipnlations 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 tbe cord is completely saturated with celloidin, it is
removed, aud fastened ou a block of wood whicb has beeu
specially prepared for tbe purpose. '1'he large microtome of
~ecker should be used. '1'he lower portion of the block, whicb
IS to be beld by tbe clamp, and the plate which is to carry tbe
cord, must be cut out of one piece of wood. Tbe size of tbe
former must correspond to the aperture between tbe teetb of
tbe clamp, tbat of the latter to the lengtb of the cord (about
35 to 40 em. in length, and 5 cm. in breadth).



. tl' WIl)'S so useful, bas the property of
0'1 f lov.s III 0 lei

I 0 I' 'd' 'hioh is often troublesome. It also
dissolving eel 01 111. " h ... 't of the aniline dyes, so that t e Stnllllllg
extnlot tho maJon Y I' I ., bad It is therefore, genemlly Itt e sUited
gnldually become.· ,
for our purposO. .

The other oils, ns those of origanum, herg~mot, caJ~put, and
al 0 turpentine, have no nction on cellOidm or amhoe d~es,
while oil of oedar acts upon the latter only. The best clearlDg
re-a"eut, however, hns proved to be xylol, which has, therefore,
an :'tnblished reputation. Complete dehydration in absolute
alcohol must previously take place, and the section must not
remaiu too long in the xylol, lest it shrink. If it is of
import""cc to prevent solntion of the celloidin, carbol-xylol is
employed, Recording to Weigert's recommendation, in the
proportion of one part of carbolic acid to three of xylol, after
debydration in 96 per cent. alcohol. Haematoxylin and
oarmiue preparations are, by this method, oompletely cleared
up in a fell' seoonds. Or the seotion may be dried with
blotting paper, after whioh xylol is dropped upon it. It is
again dried, and xylol is dropped upon it for the second time.
The seotions beoome as clear as if absolute alcohol had been
employed.

The carbol-xylol may, after filtration, be re-employed if Borne
burnt sulphate of oop . b I' '. pel e p aced III the bottle. The latter
must, so soon as It bas b bls I' . eoome ue, be replaced by a fresh
upp y, Just as m the process f .

Tbe fOllowing is 'tabl . 0 preparmg absolute alcohol.
a SUI e mixture '_

Pure xylol, _ .
Carbolic acid 45,0, -
Bnrnt sulpbate of copper, 15,0

For stammg with aniline d es . . . - 40,0
proportion of one to th . Y ,amhne od-xylol, in the same

Tb ree, IS used instead f
e fnrtber treatment f b . 0 carbol-xylol.

sla' ed . 0 t e sectIOns ft h
ID I 18 always the I a e1' t ey have been

by means of several laysame
f
· They must be completely dried

Or C d ers 0 filter papana a balsam and er, mounted in dammar
T I coveredo prod .

uce permanent preparaf
Ions, such as the neurologist

IlL-CHANGES IN THE WEIGHT OF THE BRAIN

AFTER PRESERVATION IN THE DIFFERENT

MEDIA, ESPECIALLY FORMOL (After E. FLAi'AU).

37The Oils and Resins.

almost exclusively works with, the rcaiu8 must also be
employed. Of these, for the most purt, only the three
following are in use-Canada balsam, dammar, and colo
phoni~m. Preservation of the scctions 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 balaam.

The Canada balsam must be dissolved in chloroform or .ylol
untIl a flUid of the desired consistence is obtained. Delicate
slains often become paler if solutions of turpentine are
employed.

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

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 01' longer time that
it has remained in the different preserving fluids.

The brains of rare auimals are often sent from distant
countries to anatomical institutes and museums, and for l"ariOUB

reasons their initial weight may not have been determined on
the spot. Further, a brain may h"ve been weighed tn maue,
and then preserved. If it be tben divided into its several
parts, the same question arises, should it be desired to de
termine the speeial weight of each. For these reasons, E.
Flatau has made a study of the effeet of the usua! preserving
fluids upon the weight of the brain.

The Oils and Resins.
36
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[II DOIlaldllOlI'. , ''1 carellli IIlIrk, thc 00 t .. I th IlIlltd 01
. . I I I hoi 1I0111ll{ over vOlloua p riods 01

rhn;U\ll ,,(lId, Rnc n n, . d
I d,t nllill,,1 II ith great c "otltU 0. It i.

tilllC', h )(·n l tl,o Ili ct I I
I n' l,oN to stato 0 0 0 so II-

lh(ll~f{lro on)' 11t: , .....
tiUIl or (tlnllol, (\( difl~~llt pCnJiomtngcs, nnd to ompnro it
lIilh that III .,,,,hol ,md tho 8lI1t8 01 chromic acid, as gh'on

hy D lIald II. .
II h. hClln howlI Ihnt, in 11 10 pOl' OOIlt. solutlOu 01 lormol,

the IIdght 01 tho hnman bmiu inorclls08 in tho first month
lcom 2 til 3 por cont., Ilnd altor lrom fi,'o to filtoen lJlonths, Illls
iIlCl'O'\SI'<! b.,' ollly I per coot. 01 tho origillal weight.

In a 6 pcr OCIlt. solution, tho weight illerellSes in the first
lonr dll)'8 h,\' 9 110r oont.; oltor olle month by 10 pel' cent.;
alh'r llbont firo months by 7 per cent.; after abollt fifteon
monlhs by 6 pcr ccnt.

In II I por COllt. solution, the weight inereasos in the first
two dll)'s by 14 pcr oeut.; IIlter a mouth by 23 per cent.; after
filtcon months, by 19 pel' cent.

Tho weight 01 a separate homisphero ineroases in a 10
por oont. solution by 7 per cent. in the first three days; a~ter

a mouth by 4 per cent.; after abont nineteen months by 2 per
oeut.; aud m a I pOI' cent. solution by 14 per cent. in the first
throe days; alter a month by 20 per cent.; and after about
nmeteen months by 17 per cent.

In a 10 pOl' cent. solntion, the spinal cord inc .
weight b 10' reases III

. )' per cent. III the first three days' alter fift da s
b) 14 per ceut.; alt"r nineteen lIlonths b Ii' Y ~
a I por cent. solution b. 11 . Y , per cent.; and III

after filty days by 13) per cent. ID the first three days;
per cent.· alter fiv h

ceut.; aud alter niueteen th 'b . e mont s by 23 per
I · mon s yl7perc t
t III evideut (rom til I' en .
. e oregomg in th fiau lOverse Proportiu' ' e rst place that

I . u eIlSl'l between til '
80 utton and the iucro '. e percentage of the
th I ase ID weight Th Ie so utiou employed th .. e ess concentrated is

Seco d ' e greater IS th . .
u I)', it is evident th t h . e IDerease In weight.

represe tedbat e Increase . .u y a cnne til beg' . ID weIght may be
OUr ' e lUUlDg a d thoases coveriug the n e end of which (in

space of a y
ear and a half) are of

pr tty IIcarly th IlIlm heillht, whilo ito apex, at IOlUlt in the
C 01 the weaker ""llItions, is v ry considorably higher.

I,'iolllly, tho ;,'or·... ill woight fir the .pilllll cord app""rlI to
bo much gr liter thlln that 01 the hmill.

I r we combillo tho dllro o( OODfLld801I for alcohol and tho ealt8
of ohromic Iloid with tb 0 obtained in thc CMC of forlllol
solution., w may draw lip the (ollowing table, sbowing at a
glanco the incre... in wcight at dilli rent periods o( time in
bmin. which havo beon romoved twenty-follr hourtl alter
death :-

CRANOEl! IN BOAIN-WEIO/IT

In tM .Different Pruervative Fluid•.
- - - ------ -- --

Number 1...0&8 In per- Galo 10 ,""r· OtUn In percenl.A«e In rOnDol 80111110ll.l.

ord~lIin
centage m 00 Ioont&;e In bleh·

fl d. per cent. romntesolutioD
9Jcoho1. (2. per cent.) 10 per cent.. 6 per cent. 1 pIT cent.

I - 7 -) - ) · 'J ."1'~ -18
'" +21 '" + 2 'g + 9

30 -30 ~ +3'2 ~ +10 ~ +23 ..~ + 3 ~

90 - 31 n +32 ~ +1"5 () + 9 ~ +23 ~
IIjO " + 1 g- c - c + 7 , +22 ,
450 - ,- - ,. + I ::" + 6 !"" +19 ~

560 -34 +31
.

IV.-'l'HE DRAWING APPARATUS OF L. EDINGER.

This apparatus is specially designed for drawing objecta
under a low magnifying power. In contr...t to the majority of
the lormll of apparatus employed, which are based upon the
principle of the .,.mera lucida, ita principle ia 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. Ai; Edinger describes it, light is thrown from
a lens upon a mirror placed at an angle of 45·, whence it falla
downwards upon the stand that .,.rries the section. Below the
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. I Iolder which muy bo movcd upon" coggcdlitand there 18 1\ en . I •

d I · I ··O'ic sevorul 10llscs. Tho 'lIluge throlvnwhrel All W110 I \,K> •

, I tbc horizontul shcet of papor 18 sharp undby the cu' upen .
I a ld ...rfcotl)· roprodllcc thc cololll'lng.

o car, I r- . f h' I .
. I nn."",'blc to draw ob)'cots, thc linage 0 II' IC 1 ISIt 18 t 1118 ,'-- .

onl)' VOl')' slightly cularged. But thc uppamtus has al80 th!s
advalltago, that ovcn aftcr a prob'actcd ~itting the operato~ is
uot wcaried. Tho simllitalleous observatIOn of the preparatIon
and of tbo peillt 01 tbc pcncil, required by other forms of
apparatus, is doue away witb by objective projection.

THB PUOTOOR.A.PHY OF MACROSCOPIC PREPARATIONS.

Reference may here he made to the service which photography
has hithelto rendered in the study of nervous anatomy, and to
the futnre benefits promised by the Imther development of its
teohnique. Here, too, the distinotion between the photography
of maoroscopio and of microscopic objects must he kept in view,
. To obtain a tme reproduction of a fresh macroscopic object,
It must h~ photographed in a position as nearly as possible
correspondmg to the uatural position in the body. With this
object m v,ew, Flatau has constructed the arrangement detailed
below, which permits, especially in the case of the b" f
U • I . lam, 0 a

vertICa plOture." It consists of three parts-

1. A large rounded wooden stand with a hole for the
ob)ectlve.

2. Two ferrule screws.

3, A metal tube, into and out of which a metal ' d b
pushed or withdrawn d fi d 10 may e
screw, ,an xe at any desired length by a

'fhe fresh brain is washed with
Upen a black plate, in as natural water~ ~nd fixed with cement
operator stands upon a h"gh h a POSItIOn as possible. 1'he
th c air 01' on table preparation, which should be u a e, and focusses

Such a vertical photo h pon a plvot-ch.ir.
f grap may have a . Icase, or example of t specta yalue in the. . ,umoors of th b .

's ,t so impertant to preseI'Ve th e raID. In no other organ
e accurate relationship of the

parts 1'8 in the brain and spiual cord, whero the most various
Icsions may be localised ill a comparativoly small space.

For thc purpoacs of microphotography, the apparatus of
EDINGER (01' some other of the uumerous and diffcrently Con
stmctcd forms of apparatus) is employed. It is superfluous
hcre to deacribe thia apparatus, which is sufficiently familiar to
ever)' one interested ill the subjcct.

V.-METHODS OF 'TAINING.

The times have passed in which it was p...iblo for thc
anatomist or pathologiat to make important discoverics in
unstained preparations, cut with a razor guided hy his own
hand. Sillce 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 bcen gradually substituted for the hand, and
its large plano·concave knife for tbe razor. When, by tbese
means, sections had reached an almost ideal thinness,
uniformity, and transparency, their various elements were
differelltiated, and made more easily recognisable by staining
f1nids.

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, 01' the improvcment of those already devised, .on the
other hand, continually progresses, alld especially ill the
microscopy of the nervous system its progress has been
attended with the happiest results. The ach,evements. of
chemistry alld of the art of dying, from the point of vIew

, . dl 'ded' thi result For theseof commerce, admltte y al III s .
. . fly the manufacturepurposes, as 10 the provlDce 0 neuro og ,

of permanent dyes has a special importance.
It is known to everyone that the extraordinary progress of

. t t' rtance to the neur<>cheffilstry has proved of the grea es Impo
logist. Yet in very many cases, it is impossible at the pres.nt

, . h uld behavedate to say why this 01' that element of a t,ssue s 0
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th with regard to n stanllng Bnid. The
differently (rom RnO or ..

. . . I. ° becn discovorcd empll'loolly, although
tnl\Jont)' of stall1li Ie.V

I r bcc•• IlCrrcotcd onl)' by many rcscnrchcs and
they In\'0 0 ten . .
experimonts with l\ dofinite end III VIOW.. .

To thoso who dcsirc a thorongh acqnamtonce WIth the
gcncml prinoiples of stainiug, Dud with thc~.~ondit.i~Jns ess~ntial
to suocess, the admiroble "Haudbuch dcr l'arbore., by Lowen
thal, mar be rccommcnded. For spcoial points, the many
\lorks of Carl Weigert arc, iu this rcspcct, of inesl.imable value.

'ro produce the required reactions, various chemical re-agents,
mordants, and oolouring matters nre employed. This di visioo,
however, ouunot be rigidly insisted upon, as bichromate of
potash, for esamplc, is, on thc one hand, a genuine colouring
matter, prodnoing chrome-yellow, and on the other is used by
the neurologist n a mordant, not to mention its action as a
hardening agcnt. Generolly speaking, the chemical re-agents
are employed only in the preparatory process, and to aid the
aotion of tho othcr substances.

The mordauts are intended to form dcfinite coloured com
pounds with thc colouring matters, and to play their part in the
final staining, as they bccome, in effeot, a oonstituent portion
of the stain. 'fhey thus form the so-oalled "Farblacke" (colour
lake). Though they sometimes scrve only to fix the stain,
thoy often become essential parts of the ultimate result, as
Without a mordant the I . .. .co During matter gives no proper stain.
Often enough ,nth different mordants the sante colouring
matter may givo difli t· .
t eren tmts, WhlOh may not be equallyrue.

Regarding the modern deta'l f
many pathologists h I 0 the proocss of staining,
the methods I lave urged, even more lorcihly than against

ormor y employed th t . .
onlyart'fi . 1 ' a m th.s way it is reallyI cIa products that are obt . '
the objeotion is undoubted1 c amed. In a oertain sense,
the future to examine all t~e orrect. Shonld we be able in
atlOus in the elements f th permanent or temporary alter
really are, and not 00 0 ~ c~ntral nerVOU8 system as they
h I ~ we art,fic.ally k
e p of colOUring matters, h ma e them appear by the

we 8 all have attained the fulfilment

of our ideal. Every nenrologist, however, is aware that in "
certain sense he h"" to deal with artificial produets under the
microscope. But he is also aware that the continual progr...,
in the knowledge of the proccsscs, whether of health or of
dise""e, is due in great part to the work of men snch 'Ill

Weigert, Golgi, Ehrlich, and othel'll, who havc 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 thill plaoe the postulate><
which Carl Weigert has laid dowu a8 essential to a successful
staining.

It is eas), to indicate the object aimed at in a good staining.
It is simply this, that certain constituents of the tissucs and
cells should seleot the colouring matter from a solution, and
form with it a compound as permanent and as deeply stained
as possihle. In other words, by means of a certain eolour,
the elementary constituents 01 the tissue must he made more
distinct. But it is often not enough to present a single colour
to the eye in the microscopic image; we employ double and
even triple ~tains, according to the object we have in view.

Whatever our object be, however, we must be guided by the
postulates of Weigert,' which, though originally laid down for
a neuroglia stain, apply, mutatis m"tanuliB, to any variety of

stain.
1. The first reqwrement is that the stain must b~ selective,

i.e., that it shall not stain at the same time anythlUg which
might cause confnsion, or prevent the distinctness and pro
minence of the element it is desired to examine. For a neu-

. . . . t t th t no method shouldrogha stam, for example, Welge,t s a es a .
'b'l't f staining the aIlS-be employed in which the POSSI I I Y 0

cylinders and nerve-cells cannot be definitely excluded. f
. t' that the results 02. The second important reqwremen lS . be

the method shall be reliable, i.e., every section which hIlS. t.en

. ry part, every exlS lUg
properly prepared must show, m eve

. d leu meDscblicben
1 C. Weigert: Beitrage zur KenntDlSS er norma

Neuroglia, 1895. Frankfurt 8. M.
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f' position by

1, ,'tllin. ror norvc COllH.
2. 1"01' the mcdnllllry .hrllth•.
3. For the axi.-oylind'lll.
4. For the neuroglia.

Thc methods of Oolgi and Ehrlioh occupy
thomsclves.

gr up.:-

01lly tho lorn ntH to h d ml)lI~tmtcd "PI'Ofl!' in tho
. pr.pan~

tiOll, iK to bo found III n. vory lunnll minority or illlttRncce.
'tnining m thod~ IIro, how vu,', divirl ~l into th rollowin/{

The method of staining hy means or carmine, introduced hy
Gerlach in 1854, remains to some extent in 'llle at tho presont
day. But of recent years the different kinds or oarmine have
lost so much of their importance, that SOUle nenro-pathologist.
have almost entirely abandoned their use. For this there aro
various reasons. What sections stained with carmine show,
may either be seen by the practised eye, even in unstained
preparatious, or may be shown by other metbods. Further,
the preparatious of carmine seem of late yeal'll to have deterio
rated in quality. Moreover, the use of alcohol before staining
preveuts a good demonstratiou of the tissue·elements. . For
this last reasou, some employ this stain only in bulk, ror pIece.
of tissue previonsly hardened in Miiller's tIuid. Finally, hy
the use of the methods of Nissl and Held, so perfeot a demon
stration of the iune~ structure of the nerve cell may he obtained
as to make other methods unnecessary ror its investigation.

. t' the carmine starns 1D thl.lt IS, however, necessary to men IOn .
'th t' pomnoe 1D theplace, as they are uot altogether WI ou lID

II h e undergone patho-survey especially of suoh nerve ce s as av

logical changes. . 1 ta' . g if
The best results are to be got from cal'lD1ne. s ltlItl

f
t' 'e,

. d' h n the pIece a ISBUtreatment with alcohol is onutte ,'.e., w e

. b' eat with alum. The pow~er
. 1 Ca.rmine is prepared by trea.tmg coc 1D dil soluble in amm?~a.
lij almost insoluble in water and alcohol, but rea tr a shield.louse liV1D~
Cochineal is the dried female insect of c~ccUBinca~ieDtis carminic acid.
upon certain kinds of cactus. Its colourmg g

II
1 It iM l'~~{·lltiH.I, illf1lt1 114' tel lw d(\11101l8tmt'{.

portlnn Ilr I hI' r t IIll ml'lhod I1HU!t not hf' IHAdo
tl t ttw urt't 0 . .

l"l'f) "n 't III r I ri.r I)(\rind of tUli III nil,)'Ih' I);~ ~~l' 11 II \t'r') 1 l'
f{l IHllllot npnn t I I \ lnin the He '('h~ or

to h.' J{'Jm' t I"lll~ 1. t J

:~lit:;~ t~~'I(~'<1 h) {I • ~'t'OIl(I, IIIUr\' or Il' .I, i!'4 worthlc!i!'l. .

I . II, thllt til' oth '" I In lit r tho t..lSllO
~ II 1'4 "l'I)'(l'ln~ll' .
.. . ry ror pu rposc.huuJcllll' hrouKht into ,il"', Il.~ fIll' US I~ ncoc~Sfl. I

ll( lora!itoHtion. n trntcd the
U, for l'1IUnph"1 1H.'unlglin fib~!:J hav to bO, demo J

lIucll'i n1l\" "ilhont illl\Jll\,oniellc(', bo 8lamed of tho arne
!()!tlllr, l\ ~l:l ano would confu (' 1\ nuolous nnd a fibre. But III

otht'lr O/l-.('. n (; ntnLl:lt~~tain tnu~t ulwuys be mpJoycd. .
I. 1'110 d"JllOJll.S to bo domOJl.tmtl'<! mll.t tak. ou the &talll

,m d,,,,ply "8 po",ihlo.
r,. Tho 1""limilu"y t ps "nd tho prepllmtion or the sectiou

,hould oooupy 'IS Iittlo timo as p ihle, although it is muoh
mON importllllt that tho prooe hould bo certaiu thau that it
hould 00 mpid.

lu staining ror the medullary heaths, ror example, the
ti 'l.es mill' uow 00 mado ready ror the stain in four days,
without the nid of hont, while formerly weeks aud months were
necessnry. (Soe" Stailling for Medullary Sheaths. ")

6. Tho ti ues must not be iujm'ed hy the manipulatious
which thoy undergo. Brittleness, sbrinkage, and so forth,
must be avoided.

7. It is de imble that the prepamtions should be permanent,
These po tullltes admittedly caunot all be equally fulfilled iu

every OIISe, but no method should be re~arded as perrect
unless, like the classic method for medullar; sheaths it meet~
1I11 these requirements. At all eveuts the pathologis~ demands
at least a "t",,,..demonstration or the di"'e t t' I ts

. lli ren lssue-e emen .The mOre .solated is the st " h . .
path I . I I . ",mng, t e easIer .s it to recogniseo oglca a terahous.

From this point or ".e· t· .
. . l\ S am109 methods rna be dividedIOto those apprOprlUte to the dift y
system although 't erent elements of the nervous, , must be d . d
selective staill with I' h . a m.tte that an absolutely

I W He as III W' rt', e.ge s neuroglia method,
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at once embedded. There is no ri.k 01 overstaining b t,
on the other hand, the Sollltion is not adapted I 'b' u

". or 0 lectathat are difficult to stam, as the bluish red I I
- co our 0 the

nuclei is not .sufficiently intense. The protoplasm stains
bright red, while the ground substance hardly takes on the
staiu at all.

Accor~ing to . Upson, sections may be completely stained
in five mmutes If one to three drops of phospho·molybdic acid
be added to every 5 cern. of the alllm-carmine solution.

Haug recommends the following combination:_
Carmine, 1,0
Borax, - 1,0
Alum-carmine, 2,0

These are rubbed together and boiled for half an hour with
100 cern. 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. B01'O;I;·carntin. (aqueous solution):-
Carmine, 0,5
Borax, 2,0
Distilled water, 100,0

'['he ingredients are mixed and he,~ted to boiling point. 5 cem.
01 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.

E. Borax-carmine (Grenacher) (alcoholic solution) :-
Carmine 2-3,0

, 40Borax J

Distilled water, 93,0
After this has stood for two days, lin equal quantity of 70 per
ceut. alcohol is added, and the fluid is filtered thirty...u hours
afterwards.

. .. f th lutions from a quarterThe scctlons remam III one 0 ese so . .
of an hoUl' to ten hours. There is no risk of over1ltedtatDl~gh'
'I' . I ohol aoidula WIthey "'0 differen tiated, as above, III a c tranaI rred
hydroohlorie acid. 'I'hey are then wsahed ill water, e
to alcohol, and mounted in balBam.

Fllrther

0,6
3,75

following is

Staining the Nerve Cells.
~6

. . I d ontire in tho stainin'g fluid.lIfter hSl'dcmng, 18 p nee
dewil is given boJow.

C mNE AND H"mATOXYLIN.STA.It\I~O THE NERVE CELLS BY AR- •

. '. . b Ik Beale's carmine soda-carmine, inFor stammg 111 U J '.

I t · alum-carmine and borax-carmme must1 per cent. so U lOll, ,

be considcred.

1. Am!7Wnia~,.",i"" (Beale) :
Carmine,
Liq. Ammon. fort.,

The snlution is boiled for a few minutes, and the
tben added :-

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

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

Apart from the saving of time and trouble, tho advantage of
staining in bulk is that better results are obtained owing to the
omission of alcohol. Small pieces, which ShOllld not be more
tbsn I cm. in length and 0'3 cm. in breadtb, 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
I oem. 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 scda,.carmine is its high price (about three
,hillings pel' gramme).

? At .
_. um-carnuMJ as recommended by Grenncher is less

used, whether for 8taining in bulk 0 f '
It is prepared b boili 2 _ l' or separate sections.
f 5 Y ng to 0 grm. of carmine with 100 ccm

o 0 pOl' cent. ,olution of alum for a qu t f .
a h Th' or or 0 an honr ton OUr, e pieces remain in the stain from t .
,everal hou d h en mmutes to

ra, an are t en waalled out in d'st'll d
I J e water and

.
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employed. Its actinn should be prolonged d' .
. '. ,an IS aIded by

heat. Used m thIS way It possesses the p t' I
rae lea advantage

which must not he overlooked, that the sections ea h d" '
. th fl'd Th n e .stmctlyseen III e UI. e waste of time spent . .
. m searchmg for

them In a dark and opaque fluid like the th f
'" 0 er arIDa of

carmme IS thus aVOIded. The Innger was the d t' f. ura Ion a the
processes of fiXing and hardening in bichromate th I

h .. t k W ' e anger
does t e stamlng a e. hen it is complete (in from twelve
to twenty-four hours), the sections are washed, first in water,
then in water containing about I 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-earmine (Hoyer).
An aqueous solution is prepared as follows :_

Carmine, - 1 gnn.
Liq. Ammon. fort., - 2 ccm.
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 evapomte
to dryness. A powder is thus obtained which may he kept fnr
montbs. A ~ per cent. aqueous solution of the powder is
used aa a staining fluid, and often gives good results even
when it is freshly prepared. The intensity of the carmine
stain is increased if a I pel' cent. solution of alum be previously
used as a mordant. The sections should remain in this for a
few minutes and should be washed for a shnrt time in water., .
But this process seems occasinnally to make the differentiatIOn
less distinct.

6. Uranium-carmine (Schmaus)-
Carminate of soda I grm., and oxide of uranium, f grm.,

, half h ur IIIare rubbed together and afterwards boiled for an a
100 cern. of distilled water. The solution is allowed to coo~
and is afterwards filtered. The sections shnuld be left fro~
fift . ' b t even if they remameen to twenty minutes In the stam, u

Il:

3,0
5,0

100,0

1"'0 elll.ol.Staining the48

C. Ntlltml bo~t'mi"t (Nikifol"Off) :
Carmine,
Bomx,
Distilled wuter,

Tl "'d' bo'led and ammonia i' added. After it has
10 ul1l IS I 1 • ••

evapomtcd to holf its volume, some dilute acetIC aCId IS ~dde~.

This c"rrnine is specially to hc recommended for stamrug In

bulk.
The process of stnining in sections is simple, and in everJl

Ollse the some. It is as follows :-
I. Hardening in Millier's fluid.
2. Washing in water; snbsequent hardening in alcohol;

transference to ether-alcohol; and embedding in celloidin.
3. Cntting; staining in one of the carmine solntions (from a

few minutes to tweuty·four hours).

4. Washing in water, or, in the case of the componnd
csrmine solntions, in alcohol acidnlated with hydrochloric acid.

5. Trnnsference to aleohol, then to nne of the oils or to
""rhal-'ylnl, and mounting in Canada balsam.

Tbe nerve cells and their nuclei take on the stain hest and
become of a hrilliant rcd colom·. Then come the aXis-cyli~ders
and the neuroglia. The ground suhstance appears pink, and
tbe medullary sheaths remain almost unstained.

Cells tbat. bave undergone patholngical cbange are for the
most port IOdlcsted by an intensely red colour whicb m
t~.sverse sections of the cord, for example, m: often' be
dlstmctly perceptible to the naked eye. y

~hbel fOfllowing kinds of carmine must be considered as
SUI a e or our purpose:_ I

4. Ammonia-<:armine chanced to h
to he employed as a to I' e the first form of carmine
desired quantity of N:c m·

t
• t

h
IS prepared as follows :-The

. COra s est French '. .
up WIth a little ammon' h' I . camune IS stIrred

la, W lei 18 th d'l
water until a dark red fl 'd . . en 1 uted with distilled

UI IS ohtamed Afteexcess of ammonia is all d . I' filtration, the
1 . OWe to evapo t

so utlOn the better is its effect 1'0 e. The older the
ID staining, if a solution, dilU~ed The best results are obtained

tIll It IS of a rose colour be,
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100,0

1,0
3,0

10,0

• ...1 ined. The 1I0idin
(or LW~lIty·rOl1r houl"8 they nrc uo.. OYf.'

doco nol tAke on Iho elain.
7. picr<H"(J""in, (IlAllVier)

Canllin ,
Lif]. Ammon. (arlo,
Di.lilled wator, •

.Hter the inl(ro<!ienta havo boon di..olvod by th? ~id of hoat,
200 grm. of " 8lilnml<'<1 wutory 8OInlion or plorlO. aOid ~re
added and tho rcenlling f1nid i. evaporated to a t1urd of .to
\'ohn;o, and filtered. 1'ho seolion8 are loft in the staiu for
I\Jl honr and thea lran8ferred to glycorino containing I pCI'
.ent. or hydroohlorio a id. To thi8 a littlo piorio acid 8hould
bo addo<!. The)' liro then washod for fivo miuntes in water
ooot&oiog piorio aoid, dohydmtoo in alcohol similarly treatoo,
and monnted.

In this way a kind of doubl..staining is attained. The
nnolei are of a browni h-red, and the protoplasm is yellow.

. Soda-p~f'min. (Loowenthal)-
Caustio soda, I grm., is dissolved in 100 ccm. of distilled

wster, aod ennuinc, 0'4 grm , is added. The fluid is boiled for
teo to fifteen minutes, and diluted with 100 ccm. of distilled
water. A I per eont. solution of picric acid i8 then 810wly
added, until the point arrives at which the resulting precipitate
...... to be completely dissolved. The fluid i8 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 preparation8 there
mnst be added to the water or to the alcohol, llll in the fluid.
above mentIOned, a little picric acid.

In . good preparations the nerve cells are pink Ilnd their
nuclei dark red. The nuclei of the neuroglia are hright red
the lUUl.-c~linders somewhat darker, and the myelin yellow. '

9. L,th'<Uarm,,,,, (Orth) :_
Cannine)

.2,5-5,0
Saturated watery solution of lithium

carbonate,

Tho stallllllg is porformod jU8t lUI with horax.ellftnine. The
nnoloi hecomo dcop rcd. Ovc",taininl( i. elUlily correoted hy
differcntiation.

10. Picro·lithia ewrudnt (Orth)-
'rho above Holution of Iithia-cannine, ) part.
Satllratod ~olutiou of picric acid, 2 paris.

The ~taining lasts fmm ~ix to twclvc hon"" and give~ a result
similar to that of lithia-cnrmin', cxccpt that thc myclin JS

staincd yellow.
Haug recommends, for preparation8 specially dillicult to

8tain, the following 801ution, which may be kept for a veT)
long time, and used llll soon as it i8 prcpared:-

Carmine, 1,0
Chlorate of ammonia, 2,0

These ingredienta are rubhed togcthcr, and hoiled in 100 cem.
of distilled water. After cooling 15 to 20 drops of Liq. Ammon.
fort. and 0'3 to 0'5 grm. of lithium carhonate are added. The
solution is then filtered. Section8 are 8tained in a few minutes.
The usual after-treatment follows.

I!. Alum-eochintal (Csokor)-
One gramme of alnm and one of cochineal are rubbed

together, and dissolved in 100 cern. of distilled water, wbich is
evaporated to half its volume. After cooling and filtration, a
little carholic acid is added, to prevent the development of
mould. In this case also overstaining i8 impossihle.

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

cylinders of a reddish tint.

Hrematoxyliln was introduced by Waldeyer in 1865. It is

used at the present time to demonstrate the finer detail. of the
structure of the nucleu8 and of the hody of the cell. It i8 to
he specially recommended in the study of the ground substance

h fib '11 which traverse It. Forof the nerve cells and of ten re
. ' 1 d Flemming and othersthl8 purpose it may be emp oye , as .

.' . bl' ate in the form ofrecommend, after fixmg In corroSIve BU 1m , .
. l' f D I field'8 hrematoIylm,Heldenhain's irou.hrematoxy ill, or 0 e a

used in gradnally increasing strength.
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It should be no~d thllt, altor rellloval from the ,tain, the
soctions durken stIll further in water. They should not
tberefore, be left too long in the hllllDatuxylin. But il tbis~
bappened, and ovenltaining hll8 been tho result, it may be
rectified by the use of a I per cent. alum solution, alter wbich
tbe sectiuns are wll8hed out in distilled water.

Treatment with add is lur the most part superfluous,
although some employ one drop of hydrochloric acid in 50 cem.
of distilled wllter. If this be done, the acid mnst be alterward,
neutralised, e.g., with ammonia. All cl.,ve oil appears to reduce
tbe permanence of the hrematoxylin .tuin, origanum oil should
be used in its place_

2. JJrematoxylin (Delafield)-

Two grammes of hrematoxylin, dissolved in 10 ccm. of
absolute alcohol, are mixed with 200 ccm. 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 coluur
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-hrematoxylin.

3. Add hrematoxylin (Ehrlich)
Hromatoxylin,
Distilled water, -
Absolute alcohol,
G1ycerine, -
Glacial acetic acid,

Alum in excess.
The solution is filtered and exposed to light for two or three

weeks becoming darker during this period. f th
' . d" . hed rom eThis hrematoxylin of Ehrlich IS IstmgUls d

.d' t f the staining proceas, anothers by the greater rapl I y 0 1 After they
of the resu t.the almost complete permanence. . hich they

. hed III water. In Ware stained the sectIOns are was . ' ed
d All the nuolel lire StllIndarken. Tbey lire then mounte .

ol've Cells.Staining tho52

, twr of Jogwood. In 1810 Chevrou!
HremAtox)'lin i. tho colourmg ntB II" b dy whi h rapidly darkened

found in it A )'ellow.i8h.Wh~~~l\~?8~ :~: p;C8~ncc of nmmonin. It is
wbC!n elpol&d to ~U'. ,esP. to ~he prnper \:olouring matler of preparod
transformed by oXidation In

h called hlllmatcin of J:!:rdmllnn.
10gwood~ ~ 80;( . rlll"VS the moat imlJortant of all oolouring lll&ttore.

Logw It.tlO 18 po. d iVtl8 in combination with
II. colouring iugrelhont, though rc • g , h <1)
mordanta, blue, \'iolet, or black stains. Logwood (or campenc. y woo
1s the central wood of the st-em of hrematoxylou camp~chH\lIum (a
loguminous pine), stripped of tho bark and 8llp.wood. . .

With the exception of Ehrlich's solution, wll1ch remams Ull

obanged and acti,'. lor many years, brematoxylin s.,lutions
undergo docomposition alter a certain time. Generally speakmg,
tbey are not at tbeir best until a Ie.' weeks arter they ha.ve
been prepared. In contrad (0 carmine, lu~matoxyltn In solutwn
"try readily]n-od1lCf! ovt'rIltaining.

1. Alum-hremata.rylin (Roehmer)-
A 1 per cent. solution of hrematoxylin in 10 ccm. of absolute

.kobol, and a 1 per cent. solution 01 alum, should be kept in
stook. A few days belure the stain is to be used, enough of
tbe brematolylin is added to the alum solution to produce a
violet tint. Tbis f1nid is expo,ed to tbe ligbt for a few days,
which causes it to darken still lurther. It may then be used.
Alter some weeks the solution may become too deeply stained,
bllt this may be avoided by Inrther dilution with the alum
solutiun. Tbe staining is carried out as follows :_

(1) The sectious remain from one to three minutes in the
stain.

(2) Tbey are thoroughly wasbed out, and left in distilled
water for twenty-four hours.

. (3) They are then translerred to alcohol, and afterwards to
011 01 origanum, and to Canada balsam.

Tbe nuclei are 01 a bluisb-violet tint and th topl
I· ht bl ' e pro asmIg ne.

Sections of pieces tbat bave been hardened in bichromate
must be washed out before tbey are placed iu th taO It .
also advisabl e s m. IS
to tb taO ebnot to tran,Ier the sections direct from aicobol

e s !D, ut to lea"e tbem fi t f
. 1 rs or a short time in wateror m a per cent. alum solution.
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bl Tho IlOdios of thc cells oro light bluo, 01' may
8 dp.op ue.
not he stained at all. d

, . I d'ffioult to stain Hang recommen ,
For objects wluo) are I .' . .

the (ollowing solution, tho ,action of whIch 18 very rapid .-
I· . 1,0

Hromatoxy Ill, 10 0
Absoluto alcohol, '

. I" I (P G ) 1 - - 200,0Llq uor a umilns aco '. .. I

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

In conjwlCtioD with the above uuclear stains the aniline
colours and their combinations may here be shortly described,
i\8 they are aJso to be regarded as uuclear stains.

Goodall bas 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 alcohol. From his results it follows that, as a general
rule, the process of staining is more rapid after hardening in
sublimate than .fter h.rdening in bichromate. The following
aniline stains, as mentioned by him, may here find a place :_

I. Anilim blu.-black (the English preparation)-
Aniline blue-black, 0 25,
Distilled water, - 100 00

The sections are stained for from half an hour u: an hour.

Ovel'Staining must be avoided, as it is impossible to differentiate
sufficiently 01' completely to extract the exce~s of stain. The
sections must be washed out and transferred to alcohol, then to
creosote or one of the oils, but not to oil of cloves, which in time
altel'S the colour. They are then mounted in Canada balsam.
For objects which .re difficult to stain Goodall d
1 , recommen B a
~ to *pel' cent. solution in absolute alcohol ,"h' b t"d' ' , ,y Ie ac B more
~PI ~y and WIth greater intensity, while staining the celloidin
ess eeply. It brings ant the nerve cells with their nuclei

lSulphate of aluminium 300. . .
precipitated carbonate of ~1 .• a.cl~lttC aCid, D.P. (by weight) 327;

clUm, .0; water, lOOO,O.-'lr. I

and prooeases, the aXis-c~linders,and the nuolei of the neuroglia
and blood vessels. . The~r tmt varies from a blUish-grey to a
deep blue. The aXls-cyltnde1'8 and the nuclei of the nerve eella
are the most d~eply stained.

Sublimate preparations do not give such good results as
those hardened in biohromate.

Bevan Lewis's modification for the cerebellar cortex:-
The sections a.re to be stained in the watery solution, washed out,

and transferred to 8. 2 per cent. solution of chlora.l hydrate, in which
they remain from twenty to thirty minutt's. Afterwards they are
di.fferentiated in a mixture of equal parts of oil of cloves and 2 per
cent. solution of chloral hydrate, to which a.bsolute alcohol has been
added until a clear 8olution is obtained. \ The proces! should be
constantly watched Imder a. low power of the microscope. The
sections arc afterwards transferred to absolute alcohol, oil of cloves,
and Canada. balsa.m.

lrululin 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 oontrast to the other aniline stains these two are unaffected
by akohol. Hardening hy sublimate cannot be recommended

if these stains are to be used.
3. Toluidiln bl".

Toluidin,
Distilled water,

The addition of a little aloohol promotes the solution of. the

Powder The staining lasts from twenty-four to forty-eight
. d' bl'teforhours or if the tissues have been hardene m BU twa , d

' , . t then be washed out, aD
a shorter time. The sectIOns muS bs I to

t I ohol and then to a a ntransferred first to 96 per cen . a c .
h . off no further cloudmess they arealcohol. When t ey give

transfened to xylol and theu to Canada balsam. I' f
Ie tint. The nue el a

'rhe section is of a pale blue 01' pury d k
I· d the blood vessels, Me ar

the nene cells, the neurog la, an cells is some-
h t plasm of the ner.e

hlue or pl\rple, and t e pro a I'd cd in biohromate it
what paler. If the tissue h"" been ha en



T
h bodies of tho cells are light blue, or may

a dp.cp blue, e

not he stained at all. d'ffi It to stain Hang reoommends
b' ts ·Juch are I cn

For 0 I,ec '1\ t' the actiou of which is very rapid :-
the followlllg so n IOn" .' 1 0

Hrematoxylin, . 10'0

Ab olute a1COh.ol, "1 200:0
Liquor alumlDlS acet. (P.G.),
. h' h' t first blue becomes in a few weeks darkThis staIn, w IC IS a , , '
Th add't' n of carbonate of lIthIa promotes thebrown. e 1 10 ,

f th ta'n The sections may afterwards be dIfferen·success 0 e s I .
tiated in alcohol to which hydrochloric acid has been added.

They are then washed out and mounted. . . ,
In conjunction with the above nuclear stams the amlme

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 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. Aniline blue·black (the English preparation)-
Aniline blne-black, - - - _ 0 25,
Distilled water, - 100 00

'l'he sections are stained for from half an hour t; an hour.

Overstaining must be avoided, as it is impossible to differentiate
suffi.Clently or completely to extract the exce~s of stain. The
sectIOns mUBt be washed out and transferred to alcohol then to
creosote 01' one of the oils b t' '
lte h ' u not to OIl of cloves, which in time

a rs t e colour They are th
F b' . . en mounted in Canada balsam.

Or 0 lects whICh are difficult to . ,
I to l . stam, Goodall recommends a
l' ~ per cent. solutIOn in ab I t I
rapidly and with te' so u e a cohol, which acts more

grea r llltensity h'l " . .le8ll deeply It b . , W 1 e stammg the cellOldm
. rlllgs out the n I

1 S erve ce Is with their nuclei
,Ulphate of aluminium 300. .

preclp'tated carbonate of ~\c' ' acetIc acid, B.P. (by weight) 327;
,urn, 130; water, 1000,0.-Tr, '

and processes, the aXis.c~lindel'll,and the nuclei of the neuroglia
and blood vessels. ,TheIr tmt varies from a blUish-grey to a
deep blue. The aXls·cylInders and the nuclei of the nerve cells
are the most dlleply stained,

Sublimate preparations do not give such good results as
those hardened in bichromate.
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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 al"ohol. Hardening by sublimate cannot be recommended

if these stains are to be used.

3. Toluidin blue-
0,25Toluidin,

Distilled water, 100,00
I t the solntion of theThe addition of a little alcoho promo es . h

powder. The staining lasts from twenty-fo~r to f~rty-el~o:
hours or if the tissues have been hardened ill suedblImatet,' d

" hbashouan
a shorter time. 'fhe sections mnst t en e w bsol te
transferred first to 96 per cent. a.lcohol an~ t:en: t:ey :e
alcohol. When they give off no further c ou m

I I d then to Canada. balsam.
transferred to xy 0 an 1ft. The nuclei of

The section is of a pale blue or purp e m Is, dark
r and the blood \'6811e are

the nerve cells the neurog Ill, 11 is 80Dl
' to lasm of the nerve ce

blue or p~rple, and the pro P h-..... ed in bichromate i
h t · hill! been ",...enwhat paler. If t 0 Issue

Bevan Lewis's modification for the cerebellar cortex :_
The sections are to be stained in the watery solution, washed ont,

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 arc afterwards transferred to absolute alcohol, oil of cloves,
and Canada balsam.

" t" e Nerve Cells.St;alOmg u
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. t od as the stain becomes too
is said tbat the result IS nO so go ,

diffuse.
4. Victfffi4 blue- .
The hardening should take place in subhmate, and the

t· h uld be stained in a dark blue solutIOn for fortyseownss o . d
eight hours. They are afterwards treated as a.bove mentlone .
The result is the same as in the case of tolmdm blue, exc~pt
that the body of the nerve cell is less decolourised. Hardenmg
in bichromate does not give such good results.

5. Safranin-
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. Dahliar--

A deep red watery solution should be used, and tbe 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-

A deep violet watery solution is used and the se t'. 'CIons are
stamed for as long as forty-eight hours. Otherwise they are
treated as above, or alcohol acidulated with hydrochloric acid
~ay be used. The same resulte follow hardening whether
m snbhmate or bichromate.

8. Methylvwlet-

A deep violet solution in equal parts f t
ed S " a wa er and alcohol is

us. tammg lasts for two or th d
t · ree ays The aftreatment IS as above S bl" . . er-
bichromate. . • u Imate gives better results than
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To a strong water
should be added, IWd
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value as a nuclear stain.
per cent. of acetic acid

9. Methylene hlue-

A deep bllle watery solution is used, and the staining proCeBII
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 folio,,' 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-ilylinders 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 grem-
This substance is not so often employed, 88 the stain is

rapidly extracted both in water and alcohol. Erlitlky,
however frequently used it for pieces hardened by hia liuid.
He em~loyed a 1'5 or a 2 per cent. alcoholic or aqueou
solution. The staining process lasts from twelve to twenty-

four hours.
It is of

solution 1

Staining the Nerve Cell•.
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should be washed out in slightly acidulated
the sectiona

water. f T t' th
O( the very numerous combinations 0 am me s fun8~ e

(II ' I . h e pre(en' d by Goodall, "my be mentIOnedo owmg, W 110 tlf

88 o( importance :- . .
1. PM Eh.-IIck-Biondi 1Ilixt""e (methyl-grcen, acrd-fuchsm,

and orange). The pioee are hardened eithcr in sublimate or
bichromate, Tho staining proees.-; lasts from six to twenty
(our hours. The seetions are then wHshed out, transferred to
aleoholllnd xylol, and mounted in Canada balsl1m.

The section has a gelleralreddish tint. The nerve ceIls are
o( a pale violet eolour, and their nuclei decp violet. The
nuelei o( the neuroglia I1re bluish-green, and the vessels dark
red.

2. Gellfia,,, 1I1<Jlet and eosin-
Mter hardening in bichromate the sections are stained in an

alcoholie solution of gentian violet, diluted to hali strength
with water, and placed in alcohol 01' acidulated alcohol until
they are completely differentiated, 'l'hey are then stained for
one 01' 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.

A numher o( combiuations, which cannot be overlooked are
e~ployed (or the speeial purpose o( counter staining. Many

:( ~~em, h~we~.er, are of no great importance for the attainment

Our ~::~ed~;ee: :~ n;.:estigation, namely, the promotion of
o( th 0 e stology and the pathological changes

e nervoua system The t h' I d
ment are for th . ,ec Dlca etails of their employ-

e most part SImple and b d .
upon the usual Ii' ,are ase throughout

pre mmary hardening' b' h
hardening in alcohol. III Ie I'Omate and after-

I. Hcematoxylin andpicri '.J
'1'1 c ac'u-

le sections are stained r
toxylin (e,g, Ehrli h' ) or a quarter of an hour in hrema-

, ' c a, washed out d I
rmnntes, until the blue I ,an p aeed for a rew
. co Our has g' I

tmt, in alcohol made II Iven p aee to a yeIlowish
ye ow by th dd't'e a I IOn o( crystals of
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picric acid. .They are then transferred to x 101 and
in Canada balsam. y, mounted

Tbe nerve cells appear yellowish and th . I .
. ., . ' elf nue el of a pale

VIolet tmt. rhe nuclC! of the neuroglia and bl d. d 00 ve88els are
deep vlOlet, an the ground substance yellow.

2. Carmine amd picric acid-

The sections are. staiued in carmine, and treated as above.
When the red sectIOn has become reddish yellow it is trans
ferred to xylol and mounted in Canada balsam.

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

3. Hmmatoxylin and eosin-

The sections are stained for a quarter of an hour in Ehrlich's
hrematoxylin and then washed out. The counter stain is a
weak watery solution of eosin, in II' hich 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 nemoglia 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 combiuation as very good:-

4. lImmatoxylin and benzo-pu''Purin B-
. ' d ft' tes in Ehrlich'sThe sectIOns are stame or en mmu

hrematoxylin and then washed out. The counter stain is a
. B' 'hich the sections

weak watery sol ution of benzo-purpurm ,m 1\
. . Th hed out transferredremam for a few mmutes. ey are was ,

d · b I m The nerve
to alcohol and to xylol, and mounte m a sa . . f

. al . I t The nuclet 0
cells are reddish and their nucleI p e VIO e . d

d . I t and the grouu
the neuroglia and blood vessels are eep VIO e

substance reddish violet.
5. Hmmatoxylin and aniline 6lm-bladc- . h .A9ylin

f 'uutes In 18ma..... ...
The sections are stained for a ew D1l Intl'oD of

nt watery so
then for a few seconds in 0'5 per ce .



washed out and treated as,\Uiline blue-black. They aro

above. . thO
. f th ··J·lll·ng prooess III JS

Apart from the rapidIty 0 e s"" . . blue-
combination the contrast is extremely sharp, as amlme .

. .' II the nerve oells and the hrematoxylmblack stams prlDOIpa y , . I I
those of the neuroglia. These stains seem to be partlOu ar y
well suited to the cerebellar oortex (Purkinje's oells).

6. HrelllD.toxylin and safmnin- .
The sections are stained for a few minutes in hrematoxylm,

washed out, and trausferred to the counter stain, a solution
composed as follows :-Safranin, 1,0; absolute alcohol, 100,0 j

distilled water, 200,0. They are again washed out, and treated
as above.

The nerve cells aud a>:is-cylinders are pale red, all the nuclei
are violet, and the ground substance is reddish.

7. Anilinc blue-black and picI'o-carmine-
The sections are stained from a quarter of an hour to half

an hour in picro-carmine, then transferred direct to a i per
cent. watery solution of aniline hlue-hlack. In about ten
minutes they appear of a deep violet tint. The further
treatment is as above.

The nuclei of the blood vessels are particularly sharply
defined in the midst of the other structures, which are stained
violet.

8. Picro-earmine and aniline g1'een-

The sections are stained in picro-carmine, in the incubator,
from a quarter of an hour to half an hour_ They are then
w.ashed out in acidulated water and rapidly passed through
dlSt~led water. The counter stain is a watery solution of
amline green (1 to 1000)' h' h

, III W IC they remain for twenty-
four hours. They a th h"

. re en was ed In water. The fu thtreatment IS as above. l' er

This method is specially rec d
of the structure of the cerebell::~:~ edt~or 1the examination
cells of Purkinje and th bl d er e ow power. The

. . e 00 vessels appea d haXIs-cyhnders dark green d h' l' re , t e
,an t e myelm pale green.

NIBBL'S METHOD FOR STAINING NERVE CELLB

1. The fresh material is hardened in 96 per cent. alcohol.
2. Without embedding, the pieces are fixed upon cork by

means of gum arabic or fish-lime, and are then cu~. .
3. The sections are stained in a watch-glBll8 WIth a aolu~~

of methylene blue, which is held over the flame of a Bpirit

9. Carmine and aniline blue (DuvIlI)-

The sections Ilre stained in carmine, waehed out, and
counterstained for five minutes in the following solution:_

Saturated alcoholic solution of

aniline blue, 10 drops.
Ahsolute alcohol, 10,0

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

The sections appear dark violet. The nen:e cells and
axis-cylinders are reddish violet, the nuclei of the neuroglia
hlue, and the blood vessels bluish violet.

10. 'Borax-~arminc and picro-earmine-

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 alcohol,
transferred to xylol, and mounted in balsam. The results are
much the same as those of carmine and picric, but the nuclei
are more sharply defined.

11. Borax-carmine and indigo-carmine-
The sections are stained for some hours in GrenachelJs

borax-carmine, and differentiated in acidulated alcohol. They
are then washed out, and placed for from ten to twenty hours
in the connterstain, 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.
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63Staining the Nerve Cells.

3.. ~he pia mater is now rcmoved with a fine pair of forceps,
begmDlng at the longitudinal sulcus. The little pieces are
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.

5. The sections, which should be from 10 to 20 p. in thickness,
".re transferred to methylene blue. It is not necessary toot'
bubbles should be given off. It is sufficient that the fluid .hould
be gently lLeated until steam arises. TILe sections sAould remai71
upon tILe surface.

6. They are placed for half a minute to a minute in aniline
oil and alcohol, returued to methylene blue (the double method
of staining), and then again to aniline oil and alcohol. 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. 'rhey 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 cen t. formo!.
Nissl's method of staining, like thionin and toluidin blue,

serves to demonstrate the formed elemen ts of the ti ue
capable of taking on the stain (Nissl's cell-corpuscles).

In the methods of Flemming and Held the interstitial

substance and ground substNJ.re o.re also stained.
Flemming employed in fixing ohromio aoid, chrom tic

3,75
1,75
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ff ( 6•• to 70· C) The staininglamp till bnbbles are given 0 at 0 ..

solution consists of
Methylene blue B. (patent),
Grated Venice soap, -
Distilled water, _ . - - - 1000,0

4. The sections are differentiated in a mixture of aniline oil,
10 parts, and 96 per cent. alcohol, 90 parts. The p~ocess is
continued until the large clouds of stam cease to be gIven off.
The aniline oil and the differentiating fluid must be protected
from the light by keepiug them in dark bottles.

5. The sections are very thoroughly dried upon the slide,
and rendered transparent by oil of caj nput. 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 ofl' 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 commencino-

, 0

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 examiuation of the nerve cells, especially by Nissl's
method, a number of directions, given by Goldscheider and
Flatau, l must be followed out.

~ 1. The enti~e spinal cord (or portions of it not more than
~ em. lon~) IS placed in alcohol for five or ten minutes
Cotton wool should previously be laid on the hottom of the'
vessel.

sec~io~~e::~ri~,r ~:r~inutes the cord is ~ividcd into thin

paper, and one s~rface (::. These
l
are dl'led with blotting

proxIma Or distal as b
preferred) is marked in th h'te ,may e
. k e w 1 substance with .
Ill. Hardening for flfte t a POlllt of

en 0 twenty ho . ffi
these thin sections. urs IS su cient for

1 fJoldwheider and Flat. '
Ocr Nervoo7.ellen. 1898. u. Normale und Pathologi.che Anatomie



lIn. or~er so far as possible to exclude artificial products in interpreting
the slj;Dificance of ,the 'ppear.nc.s obs.rv.d, Nissl bas em 10 ed the
expedl~nt of repla.clDg the actual nerve cells occurring in th~ t~sue by
~n equlv.l.nt of these cells. By this is to he underolood th' .
Imag~ of the nerve cells existing in the tissue of an ani e ~~o8dc~PIC
certalO way We are swar b' rna e In a
with & con~tant regularity eif lb:x~~nenc~, tha~ this is reproduced
treatment and certain premisses be sue 18 subjected to a certain
deviate from tbe equi"alent imag °ts.ehed. The few forms which
still unknown effect of the meth d. W IC are to be referred to some
this connection, but afe to a cen: s e~loyed, 8re not cunsidered in
of this attitude, the question of ~~ ex ~t excluded. In consequence
becomes objectl.ss. FOI' if .lllh .• eXIBtence of .rtificial products
. . . • e Ima.ges of oer • I'· '
Im.a~es, It 1.8 clear that every deviati fl \e c.e Ul are eqUlyalent
origin only in the cell itself. on fUm the eqUivalent can find its

It CBnnot b. denied that b .
are able to eliminate or to ~eg!te~:~f t~IS ~xpedieot of Nissl's, we
of error. objectIons and certain sources

tmtcd solution f con'osive
'd and e pccially l\ cono n , . I t

SOl • , b 'd 's s"fl't\nin "nd gOIlI.llLn VIV e •
bl ' te Among 8OOIIlS, cIe, d

su Ima . I H 'd I sin's iron hrelnt\toxyllll, SIl
h ed mo t freqnent Y CI enl r
e nS . t' Delsfi Id'8 progre8sive hroml\toxy 1tl

for subhmste prepam Ions

8taiu. specific mcthod for the demonstration
We do not yet possc a

of the fibrillro of the nerve cells. 0 far, the)' havo l'erl~A.ps

b d stmOOd by Hcirlenhain's sublimate and Iron
been e t emon . .

I· roce in which the iron solution IS extracted
hromatoxy 10 P , ,
with acetic scid until the prrpl\mtion uppears of a pale bllllsh

Flemming sOOtes tbat the filJrillro can also be broughtgrey.
into view if, '.g., the spilml gllnglia be hardened for three days
in 90 per cent. slcoho), the strength of which is gradnally
increased, and emheddcd in paraffin or celluidin. The sections
should be sOOined for a rew honrs in a weak solution of
Delafield's hromatoxylin. The fibrillre are distinct. but not so
dark as in sublimate preparstions.

Becker's method of demonstrating the fibrillre by means of
copper hreruatoxylin is not yet publisbed.

Von Lenhossek obtained good reslllts in demonstrating
the structure of the nuclens by means of iron hrematoxylin,
The nuclens and the nucleoli may be stained by Lenhossek's
toluidin blue and eosin. or by Held's erythrosin methylene
blue. I
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Ram6n y Cajal recommended hardening, first in 8ublimate
and afterwards in alcohol.

NI8SL'S SEOOND METHOD OF STAINING THE NERVE CELLS.

1. The tissues are hardened in 96 per cent. alcohol.
2. They are cut, and the sections stained over the flame in a

cO~lcentrated watery solution of fuchsin or magenta until steam
a..lses.

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

4. They a..e transfe....ed to oil of cloves' and mounted in
Canada balsam. Pieces of tissue intended for Nissl's 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
mnst, in this case, be laid for ten hours in a 0'55 per cent.
solntion of chromic acid at the ordinary tempe..ature of a room.
They are then washed in water and soaked for a short time in
80 per cent. alcohol. They behave, thereafter, like preparstions
hardened in Muller's fluid, indeed, if a few drops of diluted
nitric acid be added t~ the hrematoxylin, they stain much
better than such preparations (cf Marina. p. 19).

Sado'l'Sky's modification of Nissl's method (formol process).
1. The pieces are hardened in 10 per cent. formol for thr.e 01' four days.
2. They are placed in 96 per cent. alcohol for two days. and in

absolute alcobol for three. They are th.n embedded in c.lloidin.
3. The sections are sOOined in a 1 pel' cent. solution of methylene

blue. or in a saturated solution of fuchsin in 5 per cent. carbolic acid.
4. They are differ.ntiated with a 1 pel' c.nt, Bolution of glacial acetic

acid until the gr.y matter can be distinguiBhed from the white.
5. They are tranBferred to absolute alcohol and to xylol. and then

mounted in balsam.
Staining with thionin l_

In the case of preparations hardened in alcohol, 8B in Nisal's

1 Thionin, or Lauth's violet, is a basic deriv~tiv~ of~. It is
chemically closely allied to me,thylene hill.••. whleh IS derIved from
it. Both' pigments are indammes. TolUldm blu~ also beloDgS. to
the thionin group. Thionin was used for the first tune by P. Ehrli"'!.
with the ohject of Btaining the living nervous system. For thia
purpose methyl.ne blue iB also employed.

F

,
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.' ded by Woig rt and H YOI'thed the thiomll taID l' commcn .
mc , . ed 't 's of """At sorvico in d monstrntlllgmay be mcntlOn ,DB I I e: -- , .

;88l's corpn801 S. Tho proco88 IS DB f 110\\ S .- .

I. The ti u are hardened in 96 p l' C nt. alcohol, or I~

b80lute alcohol' and prcviou to this procC88 thoy may, If
~t be desired, ~ hard ned for two days in a 60 pCI' cent.

solution of fomlol.
2. They lIl'O embedded in celloidin, or, if very thin sections

be required, in pnrnffin.
3. The OCtiOIlS ore stained for five minutes in a concen

trnted watery solution of thionin.
4. Th Y arc quickly rinsed, and then differentiated in a

solution consisting of aniline oil, 1,0; absolute nlcohol, 9,0.
6. They are oleared ill cajuput oil, transferred to xylol, and

mounted in xylol-bnISl\m.
As in the case of Nissl's stain, the permanence of the

thionin stain is olten limited. It may diSl\ppear within a
short time.

Held has supplied us with a double stain for the nerve cells
lUld their processes. Its results are so good that it cannot be
passed over. It demonstrates especially the otherwise unstained
protoplasmic masses between the so-called Nissl's bodies.

Held's fIlodijkation of Nissl's method-

~. The ti88ues are embedded in paraffin, and the sections,
whioh should be from 1 to 10 /L in thickness are fastened
on the slide with diluted nlcohol. '

2. Th~ sections are stained with the following solution of
erythroslU :_

Pure erythrosin, '
Distilled water, _ 1,0
Glacial acetic acid _ 150,0

, - - 2 drops.
They are left in this stain for one or tw' .
being gently heated. 0 mmutes, the flUid

3. The sections are washed in w
with the f II . ateI', and afterwards stainedo owmg counterstain :_

(0) A~ueous solution of acetone (1 to 20)
(b) Nlssl's solution of methylene blue, '} Equal parts.

STAINING THE NERVE CELLS WITH TOLUIDIK BLUE

(von Lenhossek, Hoyer).

1. The pieces are fixed for twenty-four hours in a concen
trated sublimate solution (about 5 per cent.).

2. They are hardened in increasingly concentrated nlcohol.
3. They are carefully embedded in paraffin with the aid of

chloroform.
4 They are cut into sections 5 /L thick, which are fixed on

the slide with distilled water (Gulland's method). The paraffin
is extracted with xylol and iodised alcohol.

5. The sections are stained for several hours with a
concentrated watery solution of toluidin blue.

This solution should be strongly heated, and the ataining
should be continued until the smell of acetone is no longer
pcrceived.

4. l'he fluid is allowed to cool, and the sections are
differentiated in a 0'\ per cent. solution of alum until they
again become reddish. The time varies from a few seconda
to a few minutes.

6. The sections are rinsed and transferred to absolute
alcohol, then to xylol. They are mounted, as in Ni88I's
process, in colo'phonium dissolved in benzine.

~issl's corpuscles are stained of a blue or a pale violet
{)olour, while the interstitial substance is of a brilliant red.
The nuclear membrane and the body of the nucleus are red;
the nucleoli, blue; and the adjoining granules, violet.

For fixing, Held recommends that the tissues should be
placed for twenty-four hours in picro-sulphuric acid. They are
then washed in water, or at first in 20 per cent. alcohol, the
strength of which is gradually increased by 10 per cent. at
a time until absolute alcohol is employed. They are then
several times treated in alcohol-xylol, and embedded in paraffin.

In place of alcohol, solutions of acetone may be used. These
are followed by acetone-xylol, warm xylol, and xylol-paraffin.
Embedding in paraffin then takes place.

67taining the Nerve Cells.cn'e 'II.taining th66



69Staining the Nerve Cella.

4. They arc washed out, and stained with indoin blue or
methylene blue. (a) Indoin blne.-The sections are placed
for five to ten minutes in a 5 pel' cent. solution of tartar
emetIC. They are then washed out for ten minutes and left
from twelve to eighteen hours in the following mixtur~ :_

Solution of alum, 5 per cent., 100
Merk's indoin blue BB., 5 pel' cent. '

solution, - - - _ 20,0
(b) Methylene blue.-The sections are placed for five to ten
minutes in a 2'5 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 followin~
mixture :-

Solution of phenol, 2 per cent., 15
Alkaline solution of methylene blue, 1-2

The latter ingredient is composed as follows :_
Methylene blue, 1
Carbonate of potash, 1
Distilled water, 100

This solution m\lst be boiled for five minutes.
The staining solutions should be mixed only a short time

before use.

After the excess of water has been removed by filter paper,
the preparations are transferred to xylol-alcohol (xylol 3, alcohol
2), then to xylol, and finally mounted in balsam. If it should be
necessary to decolourise, it may be done by Dnua's alum-aniline.

Von Lenlwssek's rnetlwd fol' the pigment in the cells of the
spinal ganglia-

l. Paraffin sections are prepared in the usual way.
2. They are fixed upon the slide, and left over night in a

concentrated alcoholic solution of aniline blue.
3. They are washed out, and differentiated III absolute

alcohol. Only the pigment retains the deep blue or alwost
black aniline stain.

4. To show the outlines of the cell, they are counterstained

with eosin or erythl'Osill.
The cells of the human spinal ganglia are deeply pigm8llted,

II.

15

15

10
5

1.

10
5
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Satuated solution of conosive
sublimate, - 30

Solution of chloride of platinum,
5 per cent., _ _

Solution of osmic acid, I per
cent., -

Glacial acetic aeid, _ _

2. They are embedded in paraffin.
3. The sections, which sho Id b 5 .

the slide and I d f .u e /L thick, are fastened on
BOlut' 'f p. ace or eIght hours in a 20-25 per cent

Ion 0 tannm. .

d '<r entiated in aniline-alcohol, and counter-
6 They are wcr . h'

ta" ed in an alcoholic solution of eosin, 01' 111 eryt rOS111.
SIn. kl dehydrated in absolute alcohol,

7. They arc qUlc Y .
f d to xylol and mouuted 111 xylol-balsam.trans erra . , . '

Nissl's corpuscles become, with this stal11, of an mtense
dark blue colour. After differentiation in alcohol the gr~und
substance is almo t colourless, and takes on the counterstam.

Hoycr and von Lenho sek state that toluidin blue i.s ~n

even more specific stain for Nissl's corpuscles than thlOn111

or methylene blue.
It must specially be observed that the sections must never

be allowed to dry while they are being transferred fro~ 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 pl'eparations are
not permanently durable. It is especially valuable for the
cells of the spiual 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 hrematoxylin, and
counterstaining in eosin.

Cars method fOI' the fib1'illre lying between Nissl's cO'1'pllscles
1. The tissues are hardened for two or three days in either

of the following solutions:-



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

3. The scctions are stained for at most half a minute in a
warm solution of methylene blue (0'1 per cent.).

4. They are differentiated in 96 per cent. alcohol. The
nerve cells are sharply defined by the stain, as the observer
may even at this stage convince himself witb the aid of tbe
microscope.

5. 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 alcoho~ until the
red clouds of stain cease to be given off.

7. Thcy 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 nilI've 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 fucbsin, 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. Therefo~e, if.a secti~n is too
blue, it should be treated for a short time With oil of onganum;
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. .
2. The sections are washed out, and stained ~n 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 dlB~led water.

~ t I t'on of tannm are pound4. A few drops of a 2~ per cen . so u I

over them, and left for two or three minutes.

5. They are washed out as in prooess (3).
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i LUent inorcasing with age...Aooording to
the amount of P g . d by basic o.U1lme dycs.
von Lenhosstlk, they arc not stame

, tlwd flO>" tlte ntl've cells-
R07lcoronu me .' hardened in a mixture of. bo t '6 em lD Size, are
I. SmaU p.eces, a u 'd . d 0'8 per cent. solution of platinum

equal parte of Muller's flu. an a

snbchloride. h foo wards and again at the end of
2. Tbe fluid is change~ fidve

d
ours ;he l'pieces 'may now be bisected or

tbe first, second, and thlr ays.

divided into four.. s the are transferred to a simple 0'8 per
3. After five or Sl~ day ber1 .de in which they are left for one

cent. solution of platlDum 8U 1 Or! ,

or two days. f d t alcohol
4. TheJT are washed in water for half an hour, trans erre 0 ,

and embedded in celloidin. . '
5. The seotions are stained from twenty to thll'ty hours ill alum

hremstoxylin. . t d .
6. They are washed for twenty-four hours, and differentIa e as ill

Pal's modified method.
7. They are washed out, dehydraood, and transferred to xylol. They

sre then mounood 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 p. in thickness.
Otherwise the microscopic image will be confused.

The alum.hrematoxylin solution is prepared as follows :-To 150 grm:
of a hot saturated solution of alum, there fire added, after the fluid has
been cooled and filtered, 5 drops of a 1 per cent. solution of lithium
carbonaoo, and 1 grm. of hrematoxylin, 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
permanganaoo 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 (0'2 per cent.) and sulphide of potash (0-2 per cent.) in 100 parts
of water, and afterwards for ten minutes to an hour to a 1 per cent.
solution of lithium carbonate.

The protoplasmic pracesses of Purkinje's cells are stained of a coffee
brown colour, and Purkinje's cells themselves blue. The nuclei of the
neuroglia, and the axis-cylinders, are intensely blue.

In order to stain the nervc cells in oontrast to thc neuroglia
Rehm's method, as recommended by Goodall, may be employed:

Rehm's metlwdr--

1. The tissues are hardened in 96 pel' cent. alcohol, and
afterwards in absolute alcohol.

Staining the Nerve CelIs. 71
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For colloid in eotion ho 1111'1)'-

• '"llli i'lIl 11.

JuLion A, . 4,0

. ) l' I' rut. olulion 01 acid fuchsin, 1,0
1. 'I'ho H lions .hould be .tlin d lor ono minute.

'1'ho afl r·tr 'fllm nt i the Un! in both Cll8es, and is 118
foil W8:-

2. 'I'h sections ar ,. I,idly \l'lI8h d in distille I \l'ater in
two watch-glll88es (ono or lwo minutes).

3. They aro wll8hed out ;'01' len Ifcond, in solution of acetic
acid (one drop of tbe glncialllCid to 100 ccm. of distilled water).

4. They are replaced [or a minute in distilled water, to
remove the acetic acid.

5. They are transferred to absolute alcohol, wbere they
remain until the violet colour is no longer given off (two or
three minutes).

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.

The preparations remain good for years. The staining fluid,
however, does not l'etain its properties for more than three
montha.

Celloidin sections, after being removed from alcohol, should

be placed in water for a minute or two before they are
transferred to the stain.

Rosin states that his method possesses the following

advantages :-
1. Degenerations are sharply marked out.
2. Extravasations of blood are well seen; and new-formed

blood vessels are to be recognised by the purple colour of the

wall of the vessel.
3. An increase in the nuclei is distinctly shown by tho

bluish-green stain they take on.
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IlIprc d t 1I n ill staining fortw gl e rc Lhcn sli apur \ • a Y . . ..
. . d Lh dried roy malter IS stamed Illth1111 I Tgi\-1Jl illS, U

11 I' two dl ps 1 a wlItery solntion of methyl no blue

( 'Ii 1er ellL). This i 1 nl ~ off ill nb n.t a minute, lind
"Iter tb jll·,'pal'llti 11 i dry. it is mount d 111 balsam on the
slide.

Be ides th non' c lis, th lui - ylinders and the nnclei of
lb nellr gtia ar stain d 1\'h U this mothod is employed.

Ro in's lIMlhod of Sll,illillg-

Different 0 mbinlltions are employed. according as sections
treated by aloohol alone, or tho e whioh have been embedded
ill celloidin, have to be stained. The Ebrlich-Biondi mixture,
ind ed, 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 aud the last a base. The mixture itself
has a neutral re-action. The different elements of the tissues
elect from this fluid, as the case may be, the basic or one

of the acid ingredients. Rosin therefore takes the view that
they contaiu acidophil, basophil, or even neutrophil substances.

For sections without celloidin he employs the followiug :_

Soluliolt A.
Ehrlich-Biondi mixtlli'" ,
Distilled water, - -
0'5 per cent. solution of acid fuchsin _

The sectiouB should be stained for five minutes.



WEIGERT'S METHOD OF DEMONSTRATING KARYOKINE.fliS IN THE

CENTRAL NERVOUS SYSTEM.

stained in a solution of safranin in
They should be left from twelve to

2. The sections are
33 per cent. alcohol.
twenty-four hours.

3. They are decolourised in alcohol 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 hrematoxylin.
3. They are decolourised in alcohol acidulatedwith hydrochloric

acid. Ziehen states that Altma.nn'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.

Karyokinesis in the Central Nervcus System. 75

GOLGI'S METHOD (the ch1'omate of silver method of 1873).1

The exceptional position which this method has attained
requires that it should be separately discussed. This is the
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 i
not subject to a definite rule.

To commence with the technical procedure, it is as follows :_:1

Pieces of the fresh nervous system, which should be as small
as possible (2-8 mm.), are at once placed in the following

solution :-
Solution of bichromate of potash

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

. I Bo t E gebnisae dar ADatomi 1IIld
1 Ct. C. Weigert: Merke nne, r Article 011 .. TechnO, ..

Entwickelungsg..chichte. 1896
ta
· I V~I v. muat he replaced b -a

•Throughout the proceBs, ma ne 8B

rods of glass or horn.

7,5
1,0
3,5

8,0
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. the structure of the nerve cells4. In alcohol preparatIOns,

d f h lei is clearly seen. .
an 0 t e nuc 11 f the neuroglia are eaBIlJ

5 The nerve cells and the ce so.
:. ( h h the fibres proceedmg from themdistmgUlshable t oug

admittedly are not). . d b
6. Exudations into the central canal are to be recogmse y

the red stain imparted to their albumen.

1. The tissues are hardened in 96 per cent. alcohol, as in
NissI's method.

2. Tbe sections, which should be as thin as possiblCf 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 1D the following

solution :-
Hrematoxylin, 1,0
Absolute alcohol, 10,°
Distilled water, 100,°

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

6. They are placed for ten minutes in water. They are
then traDBferred to alcohol, and afterwards to oil. Finally
they are mounted in balsam.

Demonstration of the mitoses in the embryonic nervous system.
A. Merk's 7Ilethod_

~. The pieces are fixed in 12 cmm. of the following Huid, in
which they s~ould be left for one or two days :_

Solu~lOn of ?hromic acid (2 per cent.),
GlaCial acetic acid _, --
Water, __

This is mixed shortly before use with 
SOlution of osmic acid (1 per cent.),



In this they must be left, in the dark, from two to .eig~t
d The length of time depends upon the element wluch IS
:y~'e demonstrated. Von Lenhossek states that for the
neuroglia two to three days are necessary, for the nerve cells
three to five days, and for the nerve fibres five to seven ?ays.

Tbe solution must always be cmployed in a fresh state, and
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 iQ wate]', or in silver soltttion
which has been already used. They are then transferred to
the solution of silver nitrate (0'6 to I 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 tbe pieces in tbe fluid by means of a
thread attached to the cork.

After from t::o to six days, they may either be cut at once,
or previously uudergo further hardening (from a quarter of an
hour to balf an hour) in 96 per cent. or in absolute alcohol
which mus.t be free from chlorides. The operator should
conVltlce hImself, by making small incisions, that the fluid
has produced a sufficient re-action in the deeper parts. If it
has ~ot, the pieces should be returned for one to three days to
the blchromate and osmic acid solution, and then replaced in
the solution of silver nitrate.

Th~ pieces may be cut either by band, in which ca£e they
are camped between bits of hardcned liver or the rna be
:;ldtolytehInbedded in celloidin, a process whi~h may~ast ~'om
'e nty mInutes In th I t

for a short time to 80 . e a tel' ca£e they are transferred
sections are placed for pel cent.. alcohol and then cut. The
. . a moment III absolute I hid h
In OIl of bergamot F' II h a co 0, an t en. mayteya d'd'on'[the slide and th re ne With blotting paper

- , en mounted' I I
allowed to dry in the ineub . III xy 0 'dammnr, which is
Xo cover-glass is to be a 1:1 at a temperature of 40· C.

pp I • If the sections have been

ruount~d upon the cover-glass this must be fixed to the slide by
two slIps of glass, so applied as to allow air to pass between
the sl.ld~ aud the dammar which carries the preparation.

ThiS IS the so-called "rapid method of Golgi "and has b
attri?,uted to Ram6n y Caja!. It first appe:rs, however,~:
Golgl~'wor~, published in 1885-"Sulla fina anatomia degli
orgam del sistema nervosa centrale."

This method, now in such general use, is the third of those
pUbl~shed by Golgi. It is remarkable that both Weigert and
Golgl, 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 followino-
"procedures :-

L The" slow" method (1873)-
Small pieces, which must be aa fresh as possible, were

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
forty-five days were required; in the incubator (which Weigert
recommended), eight to ten days were sufficient. The pieces
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 (0'25 - 0'5 per cent.) The latter had to
be changed every day, and pieces, at first brownish red, were
externally decolourised by its action.

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 oent. solution of bichromate of potaah.
and are then transferred to the mixture of 2 per oent. biohromate
solution (8 parts) and 1 per cent. solution of osmio acid
(I part). In this they remain from twenty,fonr to thirt
hours. The treatment with nitrate of silver aft rWaN
follows, as detailed above.

77Golgi's Method.Golgi's Method.76



As the result of these manipulations, the nerve cells and
their processes, and the cells and fibres of the neuroglia, are
stsined black or blackish brown, and are presented as a
connected whole with a distinctness unattainable by any
other method. As von Lenhossek 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 Golgi'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.

"

79Golgi'. Method.

Only a few of the numbers of modifications need be mentioned
here.

Obregia's modification-

1. The preliminary treatment is the same as in Oolgi'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 ccm.

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 hrematoxylin, or by Weigert's process.
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 rrwdification-
1. The tissues are hardened in a 2 per cent. bichromate

solution.
2. They are impl'egnated with sublimate.
3. The sections are placed in 96 per cent. alcohol.
4. They are stained for from three to eight days, at a

temperature of 35' C., in the following solution :-
Pure extraot of Japanese red-wood, 1,0
Absolute alcohol, - 10,0
Distilled water, 100,0
Satl1l'ated solution of Glauber's salt, 5,0
Satl1l'ated solution of tartario acid, 5,0

5. The seotions are separately transferred, eaoh to 3 m. of

,

,
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,

for a very long
of cloves, and

Golgi'. Method,
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, silver or perchloride of mercury is
According as mtrate of k as the silver method and

h thods are nown
employed, t e me I ,II be seen however, from what
the sublimate method: t }"I the ~echnical procedure is
has gone before, that 111 bot I cases

almost identical: od'fi fon of his sublimate method
Finally, GOlgl'S recent m I ea I

has still to be mentioned.
Golgt"s 'IIlodijication of his s,thli'lllate metho~ .
J. The tissues are hardened and fixed as before (111 Miiller's

fluid and sublimate). . . '11 d
t d the sections are washed out 111 dish e2, They are cu , an

-- , Wfi'3. They are left for two minutes or longer 111 a go xmg
bath, in which they become black.

4. They are washed out in distilled water
time, then transferred to alcohol and oil
mounted in balsam.

The gold fixing bath is that which photographers employ in
preparing prints upon aristo paper.
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varying with the thickness-'of the 8ection. The body of the
cell ought to be translucent, arid of a bluish-black colour.

4. They are transferred to absolute alcohol and oil of cloves,
and mounted in balsam.

~he cells and their processes, and the fibres, all appear
bll1lsh 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 Cox, 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
Sublimate solution (5 per cent.), 20,0
Solution of chromate of potash (5 per cent.), - 16,0
Distilled water, 40,0

The bichromate solution must not be added until after the
fluid has 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
mercure-amide in combination with ammonia.

The pieces must be cut with the freezing microtome, 88

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, flUd cleared with
oil, which must be removed by filter paper. They life then
covered with a thin layer of a rapidly-drying resin, suoh as

the following:-
Resina sandamcn (P.G.),
Camphor,
Turpentine, -
Oil of lavender,
Absolute alcohol,
Cnstor oil, -

80

I t' of permanganate of potash, in which
a 0'25 per cent. so u IOn .'
the are left until it has lost its bll1lsh t~nt. '.

:. They are decolourised in the followmg solntlOn .-
'd - - 1,0

Oxalic aCI , - I 0
Snlphite of potash, '
Distilled water, 200,°

Both (5) and (6) are repeated nntil the section is no longer

yellow. . . . ..
7. The sections are transferred to the followmg mlxtUle .-

. Solntion of chloride of gold and potassinm
(I per cent.), - 5 drops.

Absolute alcohol, - 20,0
in which they are left nntil the precipitates of sublimate, which
appear white by reflected light, have become deep black, and
the bundles of nerve fibres, at first red, have taken on a bluish
tint.

8. They are rapidly washed out in the following fluid :-
Solutiou of cyanide of potash (5 per cent.), I 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 met1UJ~

1. The fresh pieces of tissues are hardened, without treatment
by bichromate, in the following solution :_

Solution of chloride of gold (I per cent.), }
Solution of corrosive sublimate (I percent.), Equal parts.

They are kept in this fluid, which must be frequently
changed,. from three weeks to five months, when they become
of a reddl8h-brown colour.

2. They are fixed upon cork without embedding and cut
under alcohol. '

3. They are transferred to Lugol'8 solution, diluted with
~our volume8 of water, or to tincture of iodine diluted with
our volume8 of alcohol. In thO th .'

18 ey remam for a timo
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The great importance of Golgi's method is proved b~ the

b f od 'fications which it haa already undergone) butnum er 0 mi.. h
they also clearly prove the imperfections inherent mit. T ese
. rf t' s are the following '-Owing to the mtensely blackImpe eo IOn' .
staining of the oells and the branohes prooeeding from. them, It
is impossible to investigate the finer structural ~~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 monnting is attended with

difficulty.
The first of these objectionB 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.

Ramon 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 snccessful than in the adult
brain. The addition of formic acid to the silver solution has
proved to be superfluoua. On the other hand, the employment
of the "double (or triple) method" introduced by Cajal
produces a remarkable improvement in the l·esults.

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 sulphide of soda: Greppin treated the sections for 30 or 40
seconds w.lth a10 per cent. solution of hydrobromic acid, in which
they remamed till they hecame white. He then washed them out and
mounted them. Th", results were even better if th
carried out in direct sunlight. J e process wa-s

Wi?:eg~t i~ls::~:~ined the method for staining the medUllary sheaths
with hy~obromic acidr~~;e~~e _;:~:lOns (b~fore or after treatment
of chromic acid. The further t Yt hours rna! per cent. solution

H rea ment was as usual
eld, and later Ohregia emplo d' .

drops of a 1 per cent. solution :re "ts
.~s d~ne in photography, five

twenty grIn. of absolute alcohol. c on e 0 gold and potassium in

On account of the price, the
employment of osmic acid is

objectionable. But its value has been over-estimated, 88

Weigert fonnd some time ago that it was quite unnecetI88J'Y
for the Sllccess of the impregnation, which could be quite well
attained if the tissues were treated simply with formal and
the salts of chromic acid. Held, indeed, obtained good resulte
withont 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 succeasful,
especially if the weather were cold, with tissues treated two
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 experimeuts of Flatau and those of
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 :-

J. The pieces are hardened for twenty-fonr hours in a solution of
lormol and bichromate of potash (formol 10,0, solution of bichromate
of potash (3'5 per cent.), 40,0). The ingredients should be mixed
shortly before use.

2. They are transferred to a 3'5 per cent. solution of bichromate of
potash for three to six days, and thereafter to the silver solution.
The consistency of the tillsue 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 the
"' rapid method" of Goigi (Golgi and Cajal), it is that at pr:eent

most in use, for the reason that a larger number of the ti ue
elements are impregnated, and that, as Lenh08sek states, the
sections may afterwards be stained in other ways, with alum

cal'mine, for example.
The advantages of Golgi's method have been a1relId

mentioned. It is much to be wished that the method uld
be so developed, without detriment to the e &dvan
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th 10 ical purposes. Although Flatau's
be serviceable for po.. 0 g h . tilted in very beautiful

. I' dn'ectlon ave 1es
experim~nts III t liS f time required (a year) makes his
preparatIOns, the length 0

method unavailable. I' tl
Alar e number of theories has been f~rmed to exp am le

. g f the stain-why the tIssue-elements should
real IWler process 0 I t I
be impregnated so capriciously, on the one hand so compo e e y,
on the other hand according to no definite rule. AccO~'dl1lg to
Weigert, however, we must be content to accept the vIew that
the great irregularity in the impregnation of ~he elements of
the central nervous system depends upon an irregularIty of
the penetration of the fluids required. As bichrOl:uate of
potssh is known to penetrate very regularly, ~he Sliver 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."

EHRLICH'S INTRA VITAM METHYLENE BLUE METHOD.

The method of staining living nervous tissne by snb
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 opemtion could not at first be otherwise than
i~adequate,and just as was the case with the equally important
disc~very of Golgi, years passed before the method came at
all mto g.ene

1
rail use. Interest in the matter, however, was

never entire yost. From the first papers on this subject
(those of Hans Al'onsohn) until the present day, it has been
m~re an~ more WIdely recognised that we have here to do
With a discovery as original as the happy completion in Golgi's
method of the results we have already detailed.

There is a llUmbel' of names associated with this intra
vitam method, and of the authors who have written upon the
subject, each has contributed more or less to the elimination
of its difficulties. There were two of these, in particular,
which it seemed at first impossible to overcome, namely, the
fixing of the tissue, and the preparation of sections. Now,
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 takeu 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 tistiues treated in this manner. We have,
on the other hand, to thank Dogiel for the method of fixing by
means of picrate of a=onia.

Bethe's method of illtra vitann staining with methylene blue

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

injections. .
2. The pieces, IVhich should be as small as p0ll81ble, are

fixed, to begin with, for ten to fifteen min~te~ in a. ooncen·
tmted watery solution of picrate of ammoma, III whICh they
al'e left till a violet colonration appears.

3. They are not rinsed, but are definitely fixed in ons of ~
solutions of nmmonium molybdate given below, or lU l\ SOIUt1lll1

f od Th process lasts from on tof phosphomolybdate 0 s 1\. e
twelve boUl·s.
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d . ater dehydrated in
4 The sections are wl\shc ont 111 w ,

alcoilOl trnnsfcrred to xylol, and mounted in xylol balsam;

or the'pieces may be embedded in pamffin. . .
5. If it be desired, they mny be couutel~~llled With alum

carmine, alum-cochinenl, or the neutral amhne colours.
This is an outline of the extemal process.
For fixing (procedure No.3) Bethe recommends one of the

following solution, or others varied upon similar lines:-

~
I. Ammonium molybdate, - 1,0

Distilled water, 20,0
Hydrochloric acid (P.G.), I I drop

II. Ammoniulll molybdate, - 1,0
Distilled water, 10,0
Solution of chromic ncid (2 per cent.), 10,0
Hydrochloric acid, - I drop

III. Ammonium molybdate, - 1,0
Distilled water, 10,0
Solution of osmic acid (~ per cent.), 10,0
Hydrochloric aeid, - I drop

IV. Phosphomolybdate of soda, 1,0
Distilled water, 20,0
HydrocWoric acid, - I drop

V. Phospholllolybdate of soda, 1,0
Distilled water, 10 0,
Solution of chromic acid (2 per cent.), 10,0
Hydrochloric acid, - - - - I drop

VI. Phosphomolybdate of soda, I 0
Distilled water, _ 10'0

Solution of osmic acid (~ per cent.), 10:0
HydrocWoric acid - - I d' -. rop

B~the's object in this method of fixing was, first to do a
With the process of freezing which had pre~ionsly ~::~
necessary, aud secondly to bt'

. ,0 am certain results in th
case even of objects rebellions to e
itself to h' d . treatment. It suggested

1m, an It was found to b d . bl
at first a readily solubl e eSlra e, "to make

e compound of the methylene blue
1 Sp. gr., 1'124. Tr. '

• •

which always gives an even result, and afterwards to convert
this into a compound soluble with difficulty." The picrate
of ammonia serves this purpose, forming with methylene blue
a compound almost insoluble in water, but readily soluble in
~Icohol. 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 ammonium
molybdate be strongly acid. The same is true of the
conversion of the picrate of methylene blue into a phosph~

molybdate.
Bethe prefers, all a rule, the first three methods of fixing,

the others not being so resistant to the action of alcohol. The
third and sixth formulre 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 calle of the third
and sixth formulre it is advisable to give from four to twelve
hours in order that the osmic acid may prodnce a sufficient
darkening.

The ammonium molybdate or phosphomolybdate 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 salt.
When hydrochloric acid is added to the solution of phosph~

molybdate of soda a yellow discolou~tion. appears, due. to
the formation of free phosphomolybdic aCid. On shaking,
the colour disappears, aud the acid salt is formed.

This intra vitam method gives very good results in the
adult animal. Iu contrast to Golgi's method, the neuroglia
is not stained, and only nervous tissue is to be seen. ~he
success of the staining depends upon the quantity of colourmg
matter, or, in other words, on the time the animal remains
alive. It is therefore advisable, according to S. Meyer, that
the solutions should be as strong as possible (5 to 6 per
cent.).
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AnDENDUM.-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 part:
perhaps, have the two most important methods, those of Goig.
A.nd Ehrlich, within the last ten years proved themselve of
such service, as in this, the only free-lying part of the ce~tral

nervous system, no other part of which is 80 easily obtained
in a fresh condition.

It will be understood that I do not make any claim to ~ve

in this place a complete description of the methods of dealiDg
with the retina. It is not my intention to do 80. nor would
it be to the purpose. It would searcel~ be ~ble to do
without going more deeply into the Illl0I'0800PIO anatom

As in thc re·action occurring in Golgi's method we find in Ehrlich'.
that in the most succ.ssful preparations only a ~rtion of the nerv&
fibres is to be seen, and that they are apparcntly .tained in a quite
unselective manner. Even in hie first publication, Ehrlich endeavoured
to find the explanation, and he finally adopted the view that the
re·action of the nervous system to metbylene blue depends upon two
conditions-saturation with oxygen and an alkaline re-action. It may
be pointed out that, as a matter of fact, the cerebral cortex must
contain substances of an alh:aline re-action, for Liebreich and Langgen
dor! found that fresh pieces of the cortex turned litmus blue. But
Lieberkiihn aud Edinger, using an infusion of alizarin, noticed that the
braiu 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 Ebrlich to the
conception that in the nervous system there are, according to the
degree of functional activity, various degrees of alkalinity, which, in
conjunction with the changes in the amount of oxygen, determine what
foreign bodies may be taken up iu the special parts of the nervous
system.40,0

60,0
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Ramon y Caja.! has somewhat modified the method of
Ehrlich and Dogiel, in order to demonstrate the .collater~ls,
nd he has succeeded in confirming the observatIOns whICh

~e made with Golgi's method. His process i~ as follo~s:-
1. Thin pieces of the fresh brain of a rabbIt are pamt~d,

by means of a camel's, hail' brush, with a saturated solutIOn
of B. Griibler's methylene blne (or powdered methylene blue
is dusted over them). In thre!! quarters of an hour they are
quickly washed in weak salt solntion.

2. They are fixed in the following solution:-
Ammonium molybdate, 10,0
Distilled water, ' 100,°
Hydrochloric acid, ' 10 drops

The process lasts fro~ two to' thl'ee hours.
3. The excess of ammonium molybdate' is removed by

washing in water, and the pieces are hardcned for from
three to foul' hours in the ~ollowing solution :_

Formol,
Distilled water,
Solution of chloride of platinum (1 per

cent.), ' 5,0
4. They are quickly washed out 'to extract the formol,

placed for a few minutes in an alcoholic solntion of chloride
of platinum (! per cent.), and .eml;Jedded in paraffin.

5. The sections, which should be thick, are dehydrated in
absolute alcohol, to which chlpride 'of platinum (! per cent.)
~as been added. They are tre.nsferred to xylol, and mounted
III balsam.

The ch~oride of platinum is said in the first place to act
as a fixatIve, and, secondly, to increase the insolubility of the
compound formed by the molybdate of a . .
meth I bl mmOllla WIth they ene ue, so that it cannot be acted b
formol, alcohol, &c. upon y water,

The important question, why the nerv t..
heen answered by the experiments of E:sI~ ~"~l.ll methylene blue, has
the chemical peculiarity of tllia I I' IC Imaelf. He finds that
which it contains, determines th s~'~t~nce, namely, the sulphur group

e B atnmg of the nerves.



. Almost every animal has its own
so comphcated an organ. . b' in us new

Peculiarities and new researches are dmly rlOg g
, dl' other organ areknowledge and new results. Hal' y Jll any

the views of the workers so conflicting as 10 the case of the

retina. f th
In order to obtain a first survey of the structure 0 e

retina Ranvier recommends that the research should com
menc: 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 abont 1 ccm. 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 eqnatal'
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
then transferred to one-third alcohol, and divided at the
equator with a fine pair of scissors. After the lapse of a few
hours, the .posteri~r pole is. placed for several hours in a 1 per
ceut. solutIOn of plCrlrCarmme, from which, for definitive fixing
of the elements, It IS transferred direct to the osmic acid
solutIOn. It is then washed out in water and further hardened
in alcoho!. . Embedding follows, and also the preparation of
sectIOns, which must pass vertically th h tl .
Th t" . roug 1e optiC nerve.

e sec l~ns are I~ecelved in alcohol, trausferred to water and
mounted m glycerme. '

Of the modern workers there are two in particular whose
researches take an especially prominent position, Ram6n y Cajal

and Dogie!. The former is to be noted for his very successful
use of Golgi's chromate of silver method, and Dogiel for his
special modification of Ehrlich's methylene blue stain.

Both methods, chromate of silver and methylene blue. are
equaUy weU adapted to the retina, as both permit of making
either transverse or longitudinal sections. Among mammals.
v. Lenhossek 1 recommends the albino rabbit as speciaUy fitted
for the study of the retina. In this animal the supporting
ceUs of Miiller are the most easily impregnated. In almost
every case they are to be recognised in the form of thick
parallel bars traversing the retina. Mter them the slrcalled
bipolar ceUs and the "spongioblasts" of H. Miil1er are the
next to be impregnated.

Ram6n y Cajal,2 to whom we owe an important work on the
retina of vertebrates, gives therein the following technical
hints (v. Lenhossek):-

The more delicate a 1'etina 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
vitreons 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 carefuUy rolls the retina into a small
cylindrical or spherical mass (proCl\de d'enroulement), which he
dips for a second into a thin solution of celloidi~. He. then
leaves the little mass for a few seconds in the all', until the
celloidin is half solid, and then places it in Golgi's fluid. In
the case of the eyes of large animals ouly a portion of the
retina is thns 1'oUed up (Kallius expresses himself, however, lIS

not completely satisfied with this process). The" double"
method appears to v. Lenhossek to be especially useful for the

retina. He carries it out as foUows :- .
1. The retina is laid for from twenty-four to forty-eJght

hours in Golgi's mixture.
I Von Lenhoas6k: del' feinere Hau dea Nervenayatems im IJob

nenester Forschun~en, Berlin., 1895. C U-
'

voL'
L t d4. v-ertebr<le. La s ..... •2Ram6n y Caja, a I' me -

1893.
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2. It is impregnated for twenty-foul' honrs in a I pel' cant.

solutiOn of silvcr nitrate.
, 3. It is again laid for from twenty-foul' to thirty-six hours in
a wenker solution of osmic /loid and biohromato (I pel' cent.
osmic !leid I o· 2'5 pOl' cent. bicbromate of lotash, 10,0).

'" ') )4. It i once moro trcated for twenty-fOllr hours WIt 1 t 1e

sih'er solution.
The proces may sometimes be advantageously repeated a

s~cond time, thus making 0. "triple" out of the "double"
method,

A tbe result of his researohes, Rallius I considers it
important for tbe ucce s of the impregnation that the time
dllring which the mixture of Golgi aud Cajal is useu should be
carefully obsen'ed. He took retinre in ali fresh a state as
p ible, /lnd allowed tbem to remain in the fiuid for from
twelve to seveuty·two hours. In this way he often found that
only cells of 0. special kind were stained. For example, after
twelve hours it was frequently only the rods and cones and a
few bipolar cells tbat were impregnated; after twelve hours
other bipolar cells and the so -called spongioblasts. Then
followed tbe ganglion cells of the optic nerve, later the nerve
Jibres, and, when the ganglionic elements no longer stained
well, tbe supporting cells were brought into view.

In oppo ition to van Gehuchten, he considered tbat it was
not n~cessary to I.enve th~ retina for more than twenty-four
hours lD the SolutlOn of silver nitrate, but he thought it often
adva~tageous to substitute bichromate of soda or ammonia for
the blcbromate of potalih.

To ob\'iate the pl'ecipitation of bichromate of silver he
covered th~ surface of the retina facing tbe vitreous hu~our
~~th ~ thm as possible a layer of gelatine before placing it in

e SI ~er SOlutlOn. He rejects Cajal's method of lI'
~h~ retmn, because it cannot afterwards be fiatt ;0 mg up
It I~ therefore. impossible to prepare and exami:~e ou~, and
bonzontal sectlOns through its whole thickness. a senes of

I Rallins: Untersuchungen .b d.i
Merkel-Bonnet iii" 1894. u er e Netzhunt del' Sangethiere,

The rotina is ofton somewhat curved or slightly rolled up.
In order to obtam good tmnsverse or horizontal sections it
mUllt then be quiokly embedded between two blooks of celloidin
on eaoh of whioh a flat surfaoo has boen out. These surfao~

are mllde stioky by dipping tho blocks in ether-alcohol or
~ollodion. Kallius then reduces the sections with hydrochinon
m the manner.described by him, and mounts them in balsam.

The proccss of Kalllus depends upon a reduction 01 the silver 10..
which purpose the so·called .. quintuple hydrochinon dcveloper" of the
photographers is employed. It. composition is as lyUows :_

Hydrochinon, - 5,0
Sulphite of soda, 40 0,
Carbonate of potash, 7,5
Distilled watar, 250,0

Of this 20 grm. are added to 230 grm. of distilled water. Belore use
a small quantity of this fluid is mixed with a third to a hall 01 its
volume of alcohol, that no diffusion may take place out of the section
saturated with alcohol. AlLer sevcral minutes the sections, which
hOoVe become greyish black, are placed in 70 per ceut. alcohol, then lelt
for fivc minutes in a watery solution of sodium monosulphide (10 to 5()
of distilled watcr), in which all the bichromate 01 silver is dissolved,
but not the reduced metallic silver. Finally thc sections are washed
out in watcr for twenty-four hours, and counterstained as the opcrato..
may desire.

Kopsch I 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 and cones, and
MiiUer's fibres, are stained almost alone. The bipolar cells
and spongioblasts take on the stain after from three to six

days in bichromate.
Nissl's methylene blue stain, the thionin stain, and, above

all the Ehrlioh-Dogiel method, are especially used for the
ne~ve cells. Dogiel 2 himself is of opinion that in the retina
the Ehrlich-Dogiel method completely replaces Nissl's. The
retina must be laid upon the slide with the layer of nerve fibres
facing the observer, so that it is always in connection with a

1 See Kopsch's modification of Golgi's method. . .
'Dogie!. Die Structur del' Nervenzellen del' Retma. Arch. f. mlcr.

Anat. 1895.
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t 'ty of the vitreous humour, aud thesmaller 01' larger quan I , .
'd t come into direct contact with It.

staining solutIOn oes no 1 1

According to Dogiel, the solution should be Tlf to If pe~ cent.,
. ffi' tly in from twenty to forty illmutes.;lnd It operates su Clen ,

To determine the moment at whioh the preparatIOn should .be
.c. d 't must from time to time be examined, uncovered, with
"xe , I . h I'd
the low power, but the position of the retma upon t e s I e
must undergo no further alteration. It m.ust be fixed up?n
the slide by meaus of fi ve or six drops of pICrate of a=oma,
and this process must occupy not more than three 01' four
hours. Thereafter a few drops of a mixture of picrate of
ammonia and glycerine are added to the picrate of ammonia,
aud 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, Apathy I
reoommends medicinal methylene blue, free of chloride of zinc,
of the strength of I to 1000 of normal salt solution. The
retina is placed upon the slide with its inner side downwards,
aud 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 foul' 01' five
hours, and the progress of the stain is from time to time
observed under the microscope. For the purpose of fixing,
Apathy added a few drops of the strongest liquor ammonire to
the picrate of ammonia, and he mounted the preparations in a
solutIOn of gum arabio and sugar, in which they keep better
than in glycerine.

Prenant did not stain upon the slide, but injected the solution
of methyl~ne blue by means of a Pravaz syringe, direct into
the postenor chamber, so that the J' et of fI 'd f II

. " Ul e upon the
retlUa (If It be desired some of th ·t.. ' e VI leous humour may
prevIOusly be removed by the s' )
th . 't' h yrmge. About two hoUl's after

e lUJec IOn t e eye was opened at 't
was detached adisequator, and the retina
made 't n spread out upon the slide until the blue stain

picratel:f :~;~:~:c:~d ~O:::edfi~Cd IWith. Apathy's modified
1 ' III g ycerme.

Apathy, Metbylenblau Z' h
. eltse 1'. f. wi88en8ehaftl 11ie1' 1892'

• .) , IX.

If we disregard the resnlts of Golgi's and Ehrlich's methods
as applied to the retina, the most conspicuously interesting
question at the present day is the special staining of the rods
and cones to show the action upon them of light and darkne88.
Very thorough researches on the subject are pnblished in the
works of Pergens, of the Institut Solvay, to which I therefol'e
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 hrematoxylin 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 potaEh, 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 in a 3 per
cent. solution of nib'ic acid, and washing it out for ten days
in Muller's fluid, after which it is fUl'ther hardened in alcohol.

Schaffer recommended, in the use of Weigert's stain for the
medullary sheaths, that the celloid.in sections, after cutting,
should again be placed over night in a I per cent. solution of
chromic acid, and, after a brief dehydration, stained for twenty
hours in Kulschitzky's solution of acetic acid hrematoxylin.
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 I'ods and the e tarnal
nuclear layer are light brown.

Flesoh also used a modified Weigert's stain, und found
that it gave exoellent results in the layer of rods and con
the external segments of whioh took on a very dark iol t

colour.
It is to be noted in general that the outn' and i"lUr wg......

of the rods behave dijj'e1'ently to the mqjvl-it!l of tlu ""-



B.-STAINING OF THE MEDULLARY SHEATHS.

Of all the methods of demonstrating the med II h th
h h '. u ary s ea s,

t e rematoxylm staID of Carl Weigert (1884) h' h h
become classic, is the chief. ' w IC as

Twice before the publication of this method W' t
attsmpted to dcmonstrate the shc th f elger
On the fil'1!t occasion (1882) has 0 .medullated nerves.

e uscd aCId fuchsin, on the

In the case of carmine, for example, the inner segmeuts

t · d and that very deeply, so that the outeralone are same , .
h Iy demarcated 011 the other hand, osmiCsegments are s arp . . .

acid stains the outer segments black, whlle the mner are
unstained (at least ill the majority of amphibia). .

The process used by Birnbacher as a co.lour re-ac.tlOn for the
retina after exposure to light, or after belUg kept III the dark,

must still be mentioned.
I. The eye is fixed in 3'5 per cent. nitric acid (or, in the

dark, from six to twenty-four hours in a concentrated solution
of corrosive sublimate).

2. It is divided at the equator, and the posterior section is
washed in rnnning water for six honrs.

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. It 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 monnted in
dammar.

Of th~ ,com~inations of stains, Ehrlich-Biondi's (Biondi
Hetdenham s) gives specially good results. If the retina has
been exposed to light the cones become green' if it has not,
they are yellow. )

9TStaining of the Medullary Sheaths.

second ordinary fuchsin, followed by differentiation in hy~
cbloric 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.

This method, which, like that of Golgi, proves the change
it heralds by the extraordinary number of modifications it has
undergone, involves the following steps:-

1. The pieces are hardened in Muller's or Erlitzky's fluid.
2. They are transferred direct to alcohol, and afterwards

embedded in celloidin.

3. The pieces, or the individual sections, are treated with
a saturated solution of acetate of copper, dilnted with one
volume of water. They must be left in this solution, in the
thermostat, for twenty-four hours.

4. Sectton is performed under alcohol, and the sections are
stained for a period varying from twenty minutes to twenty.
four hours in the following solution:-

Hrematoxylin, 1,0
Ahsolute alcohol, - 10,0
Carbonate of lithia, 1,0
Distilled water, to make 100,0

5. The sections al'e transferred to water and washed out.
They are differentiated in a solution consisting of-

Borax, - 2,0
Ferricyanide of potash, - 2,5
Distilled water, 100,0

6. They are washed out and transferred to 96 per cent. or
absolute alcohol, then to xylol or oil of origanum. Finally,
they are mounted in Canada balsam.

The medullated nerve fibres appear of a blue-black tint 011

a brownish-yellow gronnd. . . .
It is best to keep in stock the basis of the staiwug solution,

. t' of hromatoxylin and absolute alcohol, and to add.consls mg lWei thol
when the solntion is required for use, th~ water

b t f II'thia (this last in the proportIOn of 1 to 100).car onaeo· ., 001
From tho action of the carbonate of li~hla, .the . our.
. 1 ddish becomes of a dark hlUl8h,vlolet tmt.

VIOUS y re ,
H

Treatment of the Retina.
•

96



98
Staining of the Medlu]ary Sheath•. Staining of the Medullary Sheaths. 99

I be better measured
differentiatiou becomes sharper, anc. m~y . re
off the more the differentiating flUId IS dll~ted. The.g y

I· ht brown colour the white a dark ViOlet.
matter takes on a Ig , . '

. h Id be thickish aud should differentiateIf the sectIOns s ou ,
badly, they are replaced iu alcohol for twenty-fou~' ho~rs,
and then returned to the solution of borax at~d ferl'1~yaD1de

f >n8h To show the nerve cells and thell' nuclei, theyo po_ . ..'
may be counterstained with alum-carmme, pICro-carmme, or

lithia-carmine.
If the sections are to be stained in other ways as well,

the copper process must not be applied to the entire piece ~f
tissue, but only to those sections which it is intended to stam

with hrematoxylin.
Once used, the hrematoxylin solution cannot be re-employed,

but must be poured away.
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 d,ays. The following solution is employed ;-

Bichromate of potash (or of soda or
ammonium), - 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 1°per cent. formol solution, when the mordanting
fOllows after.

The solution of acetic acid, oxide of copper, and chrome
~lum, devised for the neuroglia (g.t!.), may also be recommended
10 the staining of the medullary sheaths It' . t.. , . . gives rise 0
n~ pre~lpltatlOn m the pieces of tissue which have been treated
With bIChroma~, and has, on the other hand, the advantage
as compared With solution of Rochelle salt th t 't .w, a I IS unneces-
;~ry afterwards to treat the tissues with a watery solution of

Ie COpper salt (Weigert).

'PIli! jollowing pO'imts oj importance, whether jiO!' h
t is original

method oif Weigert ji 't --~:"n~ .'. or or 0 s UWU':!_tW1lS, are always to be lcept
vn mond:-

. 1. The preparations must not be mounted immediately after
differentiation is completed, but are to be left for two or three
da!s in wate~!.. which !!!..u~be frequently changed. y 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 he ohtained 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
{juickly washed, and stained in a solution of hrematoxylin, prepared as
follows, which has been allowed to cool: - 50 cern. of water are
boiled for a short time with 2 ccm. of a saturated solution of carbonate
of lithium. 2 cern. of the usual alcoholic solution of hrematoxylin
(I in 10) are then added.

The sections are left in the stain, at a temperature of 40· C., for
twenty minutes. They are then washed out and differentiated The
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 Mw/ullary Sheaths, without
Differentiatioll.

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 8uid,

at a temperature of 35' C., composed of equal pam of
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4. The sections Me washed out in water, to which 4, per
cent. of the carbonate of lithia solution has been added.

5. They are diffcrentiated for twenty or thirty seconds in a
freshly prepared solntion of permanganate of potllllh (about
t per cent.). When this procese 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:-

Oxalic acid, 1°,
Sulphite of potash, 1,0
Distil!\ld water, - 200,0

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
be placed in a strong lithium solution for from five to thirty
minutes. In this the stain becomes more intense. They are
again washed ont, transferred to alcohol and to xylol, and
mounted in balsam.

The medullary sheaths appear black or blue-black, and all
other nervous elements are decolourised. Counterstaining
with alum-carmine, bOl'ax-carmine, or picro-carmine, may
therefore be employed to more advantage than in the original
method.

If Pal's modification is successful, it gives extremely good
results, but even when great care is taken, it is always possible
that the differentiation may be too strong, and that the most
delicate fibres may be decolourilled.

It has been recommended, in order to be able *0 WI8 the
hrematoxylin solution several times, to stain the sections first
in the hrematoxylin alone, and afterwal'{is to leave them in
saturated solution of lithium-carbonate until they appeu
sufficiently black.

Kulschit.lcy's modification-
1. The tissues are hardened in Miiller's or Erlitakis Buid.
2. They are embedded and out,

.' f I Medullary She,~ths.Stallllng 0 t ,e

t te of copper, saturated in the cold
solution of nentraJ ace a t vatery solution of Rochollo

iiI d dofal0percou.\
alld tere, an .' d t tho required temperature
snIt. The fluid is mamtame a

iu the incubator. d f tty-foul' hours in a simple
4. The Ilieces are place or won . the

I tat of copper, aud kept III
watery soJutiou of ueutra ace e

incubator. f I If hour. d d tl'ansferred for rom la an5 They are rll1se J an 6-

to ~ll hour to ·80 pel' cent. alcohol. They aro then cut.
6 The sectious are staiued iu nine parts by volume of

solu'liou A, aud one part by volume of solution B. .
, Soluliou A cousists of 7 ccm. of a saturated solutIOn. of

lithinm-carbonate, aud 93 cern. of distilled water. SolutlOn
B consists of 1 grm. of hromatoxylin and 10 grm. of absolute
alcohol. The two solutions are mixed shortly before use.

7. The sectious are washed out aud transferred to 90 per
ceut. alcohol, then to aniline-xylol (2 of aniline to 1 of xylol).
Afterwards they are transferred to xylol and mounted in
balsam.

'l'he most delicate medullated fibres are stained in from
lh'e to twenty-foul' hours. They appear black on a pale
red grouud. If the sections are 'too thick, they may be
differentiated in borax and ferricyanide of potash.

Pal's modification of Weigert's 'rnetlwd-
1. The tissues are hardened in Mtiller's fluid. The furthel"

steps are the same as in Weigert's method, omitting tbe
treatment with acetate of copper.

2. The pieces are cut, and if the sections are not of a
greeuish colour, proviug that they contain sufficient bichro
mate, they are again transferred for twenty _four hours
to the bichromate .of potash solution or to a very weak
solutIOn (0'3 to 0'0 per cent.) of chromic acid in 70 per
cenl. alcohol.

3. 'l'he sections are stained in Weigert's solution of
hrematoxylin for from twenty-four to forty-eight h
If I ours.

t le process be carried out in the incubator it lasts for
"bOllt an hour.



•

lOSStainin,l( of the Medullary Sheath..

Vassale's modijication of Weigert's metlwd--

1. The piec~s are hardened, &0., &8 in the original method.
2. The sectIOns are stained for three to five minutes in a.

1 per cent. watery solution of hlllmatoxylin.
3. They are rinsed, and transferred for three to five minutea

to a satnrated solution of neutral acetate of copper.
4. Tbey are washed' out, and differentiated in Weigert'a

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
c~ance of precipitation of the hrematoxylin is also done away
With, and the sections, owing to their shorter stay in the
staining fluid, are less '-rittle. The stain should always be
employed as freshly prepared as possible.

Lissauer's modijicatiO'llr-

1. The preliminary treatment is as in Weigert's original
method.

2. The sections are transferred to a 1 per cent. solution of
ch~omic acid, which is warmed until bubbles appear.

1l. They ~e wasb.ed out and stained in Weigert's hlllmatoxy
lin ~ution, which must also be warmed until bubbles appear.

4. ~y 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 alcoho!'

SeMifer's modification seems to be highly commendable-
1. The pieces e hardened, embedded, and cut, as m

~igert's method.
2. The sections are transferred from water to Marchi's fluid,

where they remain for some hours.
3. They are washed out, and stained in a solution of one'

grrn. of hlllmatoxylin in a little absolute alcohol, to whioh 100
ccm. of a 2 per cent. solution of acetic acid are added. Tbe
sections remain over night in the stain.

4. T,,- sections, whioh have become black, are washed OU,"

The further treatment is &8 in Pal's method.

•

•
•

•• •

•

10,0

100,0

1,0-2,0
100,0
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ta'ned for from one to twenty-foUl'
3. Tho sections are s I.

hours in the following solutIOn :-.
Hromatoxylin (dissolved 10 absolute

alcohol ),
Acetio acid (2 per cent.), - -.-

4. They are decolourised in the fOllowmg;
Saturated solntion of carbonate 0

litllia, -
Solution of ferricyanide of potash

(1 per cent.), -
5. They are carefnlly washed out, transferred to alcohol

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 compos'll! as follows:

Hrematoxylin (dissolved i.I.J.. absolute
slcohol), . - .. - - 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). e.

Wolte1·'s rnethod (Kulschitzky-Wolters)~

1. The pieces are hardenea in MJtiller's fluid, embedded, and
out.

2. The seotions are stained for twenty-four hours (in thO" •
incubator) with Kulscbitzky's hrematoxyline solution. •

3. The sections are then dipped in Muller's fluid, and
differentiated as in Pal's metbod.

4. They are washed out, transfelTed to alcohol and to xylol
and mounted in balsam. '

This combitnation of two rnodijicatio~s is much to be commended
on accollnt of the bemutiful "esllits it gives. Even the most
delicate fibres appear of a beautifnl blue-black colour whilO"
the nerve cells are brownish yellow. '

For this modification Kaes has recommended the 5 b t't t'
ofFI " I' USlUlOn

emmmg s so utlOn for the Miiller's fluid I th' hta ' I ' n IS way t 0"
ngentla fibres are said to be especially well shown.

•
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3dropa.

3-" ccm.
20,0

100,0

Kaise'I"s modification by mea>/,8 of MWl'chi's ft!,id-.. , .
1. Small pieces m'e hardened for three ~ays m MUlle~' ~ flUid.

They nre then still further divided, u~tll ~hey, are .ext,emely

small, and replaced for six days longer 10 M~llel:s flUI~.
2. They are transferred to Mm'chi's flUId, 10 whICh they

remain for eight days. .
3. They are washed out, transferred to alcohol, embedded m

celloidin, and out.
4. The sections are placed for five minutes in the following

solution :-
Liquor ferri sesquicWorati (P.G.), 10,0
Distilled water, - 10,°
Rectified spirit, - 30,0

5. They are transferred to Weigert's hoomatoxylin solution,
and warmed for five minutes in lL 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, trausferred to alcohol and to xylol,
and mouuted 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 Adamldewicz-

1. The pieces are hardened in Miiller's fluid embedded d
cut. ' , an

.2. The sections are transferred to water slightly acidulated
With hydrochloric acid.

3·
0

They are stained in a dark red watery solution of safranin
no. .

4. The! are washed .in alcohol, and afterwards in absolute
alcohol shghtly acidulated with nitric acid.

5. They are treated with oil of cloves unn
red colouring matte. . I no more of the
balsam. I' IS given off. They are then mounted in

Normal medullary sheaths are stained red, but those which
are pathologically altered are not stained. The nuclei of the
nerve cells and of the cells of the neuroglia and vessels appear
bluish violet.

Exners 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 alcohol.
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 considemtion.
The method of Pal and Exner is of service in obtaining

permanent preparations-
1. The pieces are hardened as in Exner's method.
2. They are washed out for two minutes in absolute alcohol,

and embedded.
3. The sections are placed in a mixture of glycerine and

water (three to one). The glycerine is washed away by water.
4. The sections are differentiated, as in Pal's method, and

then washed out.
5. They are counterstained with piCr<K:llrmine, transfernd

to alcohol and to xylol, and mounted in balsam.
Hans Aronson has employed gallein for the medullated 6JN., ia the

following combination :
Gallein paste,
Absolute alcohol,
Distilled water,
Concentrated solution of carbonate

of loda,



Tho preliminary tr....tmout and tho dlfforentiation arc tho Mme lUI In
Pal's modificati n of Weigert's method. After difiorentlation tho
s..tion. are plaaed in soda until they be omo red.

Heller'. o.rnic acid fI~lhod or treating the medullary sheaths
must hero be added. '1'he technicnl stops to be carricd out
aro given further bolow. He points out that, apart altogethor
from the ease with which this stain may bo combined with
nuolear stains, it may bo of advantago to oxamine the changes
in tho medullary sheaths both by osmio acid and by
hromatoxyJin, in series of seotions following one npon the
other. The ra nits of the two stains lDay thus be compared
and the one ohecked by the other.

H.lI...•• m.thod has, b68ides, be.n modifi.d, and its duration has
bcon .horten.d by Rob81·t.<wn (A modification of Hell.r's method of
•taining modullated n""'e fibre.. Brit. Med. Journ., 1897, p. 651) in
tho following mann.r ;-

J. Tb. pi.ces are harden.d in a modifi.d W.igert's solution of
chroms-alum and copp.r, as follows:-

{

Chrome-alum, _
A

~5
eetate of copper,

A
. 5,0

cottC acid,. . _
F I ~O

ormo , - - - 2 10 0
Distilled water _ • -,, -. - - 1000

~. ;:ey a~~ washed out in water, and embedded in celloidin
. e seCulODS &l'e placed in a 1 ..'

in a. 5 per cent. solution of a ~er ~ent. osmIC aCId solution, then
for half an hour. pyreg lllC aCId. They remain in each fluid

4. They are transferred to 0'25
of potash in which th a. per cent. solution of permanganate
h

' ey ramam from one t f .
t en placed for five minute . 0 onf mInutes, and are
They must b. toaohed out a"'s lD h

a
1 p.r cent. solution of oxalic acid.

5 :t ~ r eac procus.
. Th.y are trallBferred to alcohol. d .

e~lo this stain especially for th. de~n th.n mOtlDted. Robertson
bralD. Couoterotaining with h",mato ~te medullated fibres of the
w.1L xylin shows the nerve c.llo very

Ma,·ch.'s method_

I. Small pieces are fixed in M' U
da)'s. Ii er's fluid for at least eight

2 T .. hey are transferred to
MiilIer's fluid and a I a freshly prepared mixture of
equal parts. In this th:

er
cent. solution of osmic acid in

yare left for from six to twel d
ve ays.

3. 1'hoy aro waghed ont in running water for twenty.four
hours.

d
4. They ar hardened in IIlcohol, embedded in celloidin, cut,

an mounted.

.Dcgcncratcd medullllry shcllths appear black, and every
thlllg. elsc palc ycllow, sODlctimes with a greenish lustre.

ThiS ~~thod.' a combination of the proceBBes of hardening
and stamlng, IS of the grcatest value and importance, and
demands the ohservance of a number of special meMures.

The animal must be left for twenty-four hourB after death,
before tbe brain and spinal cord are removed. The removal,
to avoid any teltring, must be very cautiously performed, for
a tear may very easily give risc to a false interpretation of
the results of staining.

The flnid containing the pieces of tissue, which must be
very thin (2 to 3 mm.), is placed in the incnbator 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
pieces must rest, so far as possible; obliquely, and not upon
their flat surface. The equal penetration of the fluid, which,
at the tempemtUl'e of a room, requires a longer time, must
be aided by frequent agitation.

The sections themselves may be thick (from 50 to 80 /10).
Degenerations, not more than some months old, are to be
recognised by the black clumps of myelin and detritus.
Fatty degenerations of the nerve cells and blood veBBels 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 upon good results even if the
process has lasted for several months.

The sections may be counterstained by Weigert's method,

by carmine, or by van Gieson's method.
The degenerated portions of the degenerate medullated

nerves are arranged in the manner of a chain. For the
examination of the brain (or of the candex cerebri), the piecee,
which must not be over 2 mm. in thickness, should be leA
from four to six weeks in Marchi's fluid, while eight to twelve
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to a 20 per cent. solution of tannin. In this they must be
left in the incubator for from one to two hours. The solu
tion must have been exposed to light for about three weeks,
and must have just begun to decompose. Fungi begin to
appear when the process of decomposition is sufficiently com
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.

4. The sections are differentiated as in Pa!'s proceBB, 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
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. 'l'he nerve cells, with their processes, are
also distinctly seen, the nucleoli being black. They are e"en
more distinct in alcohol preparations, while, if bichroml~te

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 Niss!'s method.
It 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 .therefo~
cannot appear stained blue in toto. Allerhand conSIders thiS
remnant of the medullary sheath to be related to the stroma

f neurokeratin described by KUhne and Ewald, and regard
a . I hit' Sail tran the two concentric rings seen III a co 0 prepara Ion •

ctl'ons of the external and intemal horny sheatb otverse se .
th dullated fibre. But the axis-cylinder also appears ID

e me I b wen
alcohol preparations, although not a ways, as a r
serrated structure, stained inteusel)' blne.

., f the Medullary She"ths.108 St&!mng 0

. I -d d peripheral nerves.d fficient for the spllla COl an
"ys are sn h fl' I should at first be little concen-

In the former case t e 1II( d II
trated (1 to 3), aud the concentration should b~ gra ~a y

. fIt 2 or 1 to 1 IS attamed.increased until,. proportlOu 0 0, ' k
I I ed In about four wee sThe fluid must he frequent y Clang . .

thc operator hould make incisions into the. bram suhstance
to ascertain whetber the fluid bas sufficiently penetrated the

central parts. . '
In order to increase the blackening of the pIeces of spmal

cord, Azoulay bas made use of the property of osm.ic acid to
become black in tbe presence of tannin. After prevIOUS treat-.
ment with MUller's fluid and alcohol, the secllions, which must
be very thin, are blackened for a short time in a soln~ion of
osmic acid (I in 500), and then warmed fOl' about five mmutes
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.

AccOl-diug to Edinger, the method gives good results in the
case of the medium-sized and coarser fibres, bnt is not so
successful for the delicate fibres as the hrematoxylin metho.d.
It is admirable for preparations treated by Marchi's method,
as by its use tbe laCllllre, where the products of degeneration
have already been absorbed, can easily be recognised. But
it 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.

Aller-hanel's rnethod-

I. The pieces are hardened III MUller's fluid or in alcohol
embedded, and cut. '

2. The sections are placed for fifteen or twenty miuutes in
a 50 per ce~t. solution of the liquor ferri sesquichlorati (P.G.).
Thhe re~uctlOn .of the metallic salt is more easily attained if
t e flUId be shghtly warmed.

3. The sections are rinsed for a short time and transferred
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a trace
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ammonia, 10 drops
3. They are rinsed for a short time, and transferred for

one minute to the following solution, which must be freshly
prepared :-

10 per cent. caustic potash, 
Vanadate of ammonia, -
Solution of permanganate of potash (10

per cent.), 10 drops
4. They al'e rinsed, and then reduced in a freshly-prepared

solution, composed as follows :-
Zinc solution (a), - 15 drops
Distilled water, - 3,0
Iron solution (b), 5 drops
Sulphurous acid, - 3.0

When the acid is added, a copious precipitate is formed. At
that moment the section is to be placed in the solution, which
is then at its strongest. The section becomes purple. .

5. It is then washed, transferred to alcohol and to od. and
mounted in balsam.

6. Thoy are reduced in thc following solution, whioh mU8t
be freshly propared :_

Sulphurous aold, - 5,0

1'inoturo of iodine (3 per cent.), - 10-15 drops
These ingredi nts nre mixed, and 1 drop of liquor fem ehloridi
is added. Tho section becomes pink.

7. The sections are washed, transferred to alcohol and to
oil of cloves, and mounted in balsam.

Glass must bc substituted for metal instruments, and the
sections must be kept in the dark.

Method B-

1. The preliminary treatment is as in method A.
2. The sections are placed for two hours in the following

solution :-

Hydrochloric acid, - 2 drops
Solution of chloride of gold (1 per

cent.), 5,0
Saturated solution of vanadate of

.. f tl e 1 dulhu'Y Sheaths.StnlUlIlg 0 1110

. fOil" solu tions whi h havo
J b' .. mcthod of ll11prcglln I , .
ntIS nl times I' cmployed. TnnnlO,

b oneo used IUlly bc scvor ( . . d .
een 'n in stnining power '.e., 1 uClIlg

cspceinlly, .COIllS to 811'
power) by repented usc.

C.- TAINING TilE XI -CYLINDERS.

tl 0 methods of staining thc axis-oylindersNllmeron as are 1

. tL fiact mu t be mphasised that not oneWhlOb we po ess, Ie .
of them is vcn approximntely satisfactory.. TI.le dIscovery
of a mcthod pcrmitting us to trace tho l\XIs-cyhnder ~rop~r

in its degcncrntion and al 0 in its stntcture, as Weigert s
stl1iu nnd Marchi's method do for the medltllary sheaths,
would be n vcry great service, especially for the purposes
of patholog)'.

Upso,,'s stain (method A)-
1. The pieces are hardened in the dark in bichromate

solution (at first 1 pcr cent., then 2 per cent., to 2'5 per
cent.) Over-hardening is injurious.

2. They nre washed in water and placed for two or three
days in 50 per cent. alcohol, which must be frequently
changed. They are then transferJ:ed to 96 per cent. alcohol,
in which they remain till a gl'een colour appears (from two
to fOlIT weeks). The alcohol must be frequently changed.

3. The pieces mayor may not be embedded. Sections are
cut, aud 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, '}.'O

~,

They become yellow after one or two hours.

4. The sections are rinsed and transferred for a minute to
a I? per. cent. solution of caustic potash, to which a trace of
femcyamde of potash may be added sho tl b f

5 Th l' Y e ore use.
. ey are washed out and transferred for half a minute

to a 10 per cent. solution of caustic potash The . .
washcd. . y arc agalU
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Jilnud'. flutluxl-

1. ~ho pic arc hardened in MoHors or Erlitzky's fluid.
lr d sIr d, th Y may b further hardened in alcohol.

2. Thoy arc washed out, embedded, and cut. The sections
are slain d for from thr 0 to five hours in a 1 pOl' cent. solution

f ohlorid or gold.

3. Thoy nro washed out end placed for three minutes in the
following solution :-

Solution of caustic soda, • 1 0,
Distilled wator, 5,0

4. They aro washed and transferred to a 10 per cent. solution
of iodido of potash, in which they aro left for from five to
fifteen minutes, assuming a reddish-violet colour.

5. They are washed, transferred to alcohol-the concentra
tion of which is graduaHy increased-then to xylol, and finaHy
they are mounted in balsam.

The results are variable. In good preparations the axis
cylindel's 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 montha.

Metal instruments must be avoided, and replaced by gla88.
The stain becomes more selective if the gold chloride solution
be mixed with an equal volume of 96 per cent. alcohol.1

The stain appears to succeed best with fresh material which
has not yet been hardeued (KaWden).

Van Giesrm's method-
1. The pieces are hardened in MOller's fluid.
2. They are embedded and cut.
3. The sections are stained for from three to:five minutes

in Delafield's hrematoxylin or another alum-hrematoxylin.
4. They are thoroughly washed out. .
5. They are stained in a mixture of saturated solutIOn of

1 Cohnheim was the first to use the gold method,. employing it for
the nerve. of the cornea. The sectiona were placed. In a 0'5 per cent.
solution of gold chloride, and then in water, to which .. few drape of
acetic, hydrochloric, or formIC aCId had been added.

,

" I' Axi.·('ylinde.'ll,
:i1~lIl1ng t 1

)
' prepared by adding to a certain

. I tioll (n •• , f '0<1'
Tb~ nu U lution of tlllcture 0 • me enough

f 3 lOr ceut. S 1
qUAlltity 0 a I ..~ e a whitish·yollow co our. Solution

, to prwuc ,
cblorid of zme olution of phosphato of Irou.

ted watery s
(b) i- l\ satt:ra ell aro staincd along with t1.lC ~xis-oyliudors.

The lion c tl succes of the stam IS dotermined
rk that te .

l psou rcUla, bod's in tho gold SOlutlOU, A pure solu·
. I f reign 10

by paOla . f Id carefully neutralised, staius little or
, f chlol'lde 0 go , .

tlon 0 or less good result of the stam depends
taU T~~re .

uot a· f hydrochlorio acid or other Impurity in
upon the pre ence 0 .

. 'TI best results, however, are obtamed by the
tho solutIOn. Ie

. . f 'ds or metallic salts, or both, to the gold
addition 0 ael

solution.
Grl'lach'8 method-
I. The pieccs are hardened iu a solution of bichromate of

'. at fi.'St weak aud afterwards concentrated up to
n.nlmOOJh, '

2 per ceut.1 •

2. 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 potassiuDl (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 (one in
fifteen hundred).

6. It is placed for teu minutes in the following solution :-
Hydrochloric acid, • - _ _ 1,0
Alcohol (60 per cent.), - _ _ 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
embry . b . "

OlliC ram. According to Goodall it appears that Boll obtained
good results in the fr h b . '

te es ram of the mouse and Gerlach in the hnman
cor x. '

1 Boll advises that th I' h
I per cent and th e so utlon should at first be even weaker t an
be used 'A'fte aft, after a few hours a 1 per cent solution should

• I' a ew d th" . tBOlution, but the whole ays IS should be replaced by .. 2 per cen .
process should last only eight days.



I t· of acid fuchsin. The
., 'd 'th saturated SO u IonpIeno aCl Wl

b f dark red colour.
mixture must e 0 a h t time transferred to

h ashed out for a s or ,
6. T ey are w . m and mounted in balsam.

alcohol aud to oil of orlganu d' . d the medullary sheaths
Th axis-cylinders appear eep Ie, .' I

e . dd' h nd the nuclei bltllsh VIO et.
yellow, the neuroglIa reo IS , a
Sclerosed parts are of an mtense red. ,. .

This method was originally given by van Gleson for amylOld
disease the amyloid substance becoming light red. It was
Paul Ernst who employed it speoially for the central nervous

system.
81A'oebe's method--
1. The pieoes are hardened in Muller's fluid.
2. They are transferred to aloohol, and embedded in celloidin.
3. The seotions are stained for from fifteen minutes to a~

bour in a saturated watery solution of aniline blue, in which
they become blue-black.

4. They are rinsed and differentiated in absolute alcohol (to
wbich 20 to 30 drops of a 1 per cent. oaustic potash-alcohol l

are added) until they are transparent and of a pale brownish
red. The prooess 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 III a

dilute solution of safranin as a counterstain.
7. They are transferred to absolute alcohol and to xylol, and

mounted in balsam.

In :this process the axis-cylinders and the fibres of the
neuroglia are always stained blue, while the medullary sheaths
tbe protoplasm, the ground substance, and the nuclei take p~
the yellowish-red c~unterstain. Sometimes the nuclei may also
show the blue stam. Absolute certainty is not attribntable
to the method.

Be:nd4's iTonrhrematoxylin method-

1. The pieces are hardened in Muller's fluid, or another
fixing fluid.

I Caustic potash-alcohol is d
potash to 100 cern. of alcohol. r.repare .by adding 1 grm. of caustic
four houra, and theu filtered. rhe flUld .. allowed to stand for twenty_

2. They are embedded and cut.
3. They are mordanted for twenty-four hours in a solutioll

of equal parts of liquor ferri sulf. oxydati (P.G.) and distilled
water, or in one part of the iron solution to two of water.

4. They are carefully washed out, first in distilled water,
and then in ordinary water.

5. They are stained in a 1 per cent. watery solution of
hrematoxylin until they become black.

6. They are differentiated in 30 per cent. acetic acid. The
further treatment is as usual.

SchmaWJ's methods-

1. Uranium-carmine is employed, without specially staining
the celloidin.

One grm. of soda-carmine is rubbed up with 0'5 grm. of
nitrate of manium, and boiled for half an hour with 100 cern.
.of water. The solution is allowed to cool, and then filtered.
Sections of the spinal cord are stained in from fifteen to twenty
minutes.

The pieces are hardened in Muller's fluid, and must not be
.dehydrated.

2. Grubler's black-blue is also to be recommended for the
axis-cylinders. It is used in the fOlID 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 desit·ed.

Paladino's method-
1. The pieces, which should be as thin as possible, are

1lardened in Miiller's fluid.
2. They are washed out, and dehydrated in 96 per cent. or

in absolute alcohol.
3. They are successively boiled for an hour in each of the

three following fluids :-absolute alcohol and bun.Iol. belUOI,
and finally absolute alcohol. . '

4. They are placed for from four to eight days In ~ solut",:
of chloride of palladium (one in a thouBand) to which

..drops of hydrochlorio acid are added.

116Staining the Axis.Cylinders.
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D.-S'rAINING THB NEUROGLIA.

Wcigert's neuroglia stain1- .

1 The pieces are fixed and mordanted for eight da ID
. hiob' addsolution of acetate of soda and chrom&-a!um, to w 18

10 per cent. formol.
I Weigert: Beitriige our Kenntniaa der normalen m

Neuroglia. Frankfurt a.M., b. Dlesterweg, I 94.

3. They are washed out in equal parts of water and alcohol,
transferred to alcohol and to origannm oil, and mounted in
balsam.

Besides its simplicity, the method has the advantages of
giving a very good general view, and pOBBeBSing a constant
result.

Sal!li's method-

1. The pieces are hardened for as long as possible in MUlIer's
fluid. They are washed out for a few minntes, embedded, and
cut.

2. They are stained for several hours in the following
solution :-

Satumted watery solution of methylene
blue, 24 ccm.

Solution of borax (5 per cent.), - 16 ccm.
Distilled water, - 40 ccm.

3. They are washed out in water, then in alcohol, until the
grey matter can be clearly distinguished from the white.
They are then transferred to oil of cedar, and mounted in
balsam.

The axis-cylinders and the nnclei of the neuroglia are dark
blue, the nerve cells greenish blue, and the ground substanoe

pale blue. . .
As in the majority of aniline stains, too great a decolounsatlOn

may readily be produced by the action of the alcohol. The
section must therefore be placed in the oil of cedar as soon as
possible. Any bacteria that may be present are well shown by

this method.

7Staining the Axis.Cylinders.
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t four days to a 4 per
5 They are transferred for from one 0 b d' the
. . 'od'de of potash, whioh must e use 10

oent. solutIOn of 1 1 h' the iodide of palladium
smallest possible quantity, as ot erWlse

is re-dissolved. d' 96 per oent
6 They are plaoed in 80 per oent. an 10 b'
. b dd d Paraffin must not ealoohol. They are then em e e.

used, or the stain will not be snooessfnl.
7, Seotions are cut, transferred to alcohol and to oil, and

monnted in balsam.
The section now appears yellowish brown or dark brow~l.

The axis-cylinders are stained, but so too are the neurogha

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-
I. 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.

Z. 1'he sections are stained for an honr 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 mouuted in balsam.

1'he axis-cyliuders and the nuclei of the nerve cells are
stained deep blue. The nerve cells and the nnclei of the
neuroglia are bluish grey.

Hardening in bichromate gives better results than hardening
in sublimate, which, however, generally permits of more rapid
staining.

A similar stain may be obtained with indulin and aniline blne.
The nigrosin method-

1. The pieces are hardened in Muller's fluid, embedded, and
cut.

'J 'I'h t' '., e Bee IOns are stamed for ten minntes in a conoentrated
watery Bolution of nigrosin.



t' by the celloidin
2. The pieces are prepared for se,o lon

dmethod. This process sbould occnpy t lree ays.

3 Sections are made.4: They are rednced by permanganate of potash, a~d by

I solution with the help of a mixture of formIC ando lromogen ,
snlphurous acids. .

5. The capacity of the neuroglia for taking on the stam, an.d
of the ner,'ous elements for taking on the connterstam, IS

increased by the aid of a simple watery solution of chromogen

(5 pel' cent.).1
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
nemoglia may be divided into three or four parts-

I a. The pieces removed from the central nervous system
must be fixed.

lb. 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. Fixing and mO'rdanting-

(a). These two procedures may be carried out separately or
in combination.

The former alternative may be adopted, if it be also desired
to tr~t the ~reparations by other methods, such as those of
Marchi, GOlgl, and Nissl, or the method for the medullar
sheaths. In such a case the pieces are fixed with a 10 e:
cenffit..solultlOn of formol, as weaker solutions do not fix th~m
su C1ent y. The mate' lb'1'Ia must e qUite fresh and th .
must be placed in the fixin fl' ,epIeces
divided into p rt' f g uld only after they have been

o IO~S 0 the smallest possible size, and not
See footnote on p. 120.

more than half a centimetre thick. In pieces larger than this
the stain is no longer certain.

For the purpose of hardening, shallow vessels should be
used, on the bottom of whioh blotting paper must be placed, to
prevent distortion of the thin pieces. The formol solutiou
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 formal
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 formal must then be added. The fluid
must be ohanged on the second day.

(b). 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
employeel in place of the usual Miiller's fluid. In this case,
however, one is never quite cer~in that the axis-cylinders
will not also be stained.

Weigert, then, has given the following solution as a typical
mordant for the neuroglia ;-

Acetate of copper, 5 per cent.
Ordinary acetic acid, - 5 "
Solution of chrome-alum, 2'5"

The chrome-alum is first boiled in water (if dissolved in 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 glllSS rod, and allowed

to cool.
This solution may also be used for staining the medullary ah.dIa,

as it produces no precipitate in pieces treated by blchromat.eti......~, ~
the other hand, it has the advantage over Rochelle uJ~8 u:.:. ..
unnecessary '" carry the treatment by ooppsr further, by
simple watery solution of the copper uJt.

119Staining the Neuroglia.Staining the Neuroglia.
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ndvnnt:ngee, thereforc, counterat.aining .hould nlwny. be . d
according to the following method :_ ca.me out

. Oownter.taining.-After tho seetion8 have twiee been rinsed
In .water, thcy are left over night (the longer the better) in
a s~mple 8aturated watery solution of ehromogen (5 per cent.),
whlOh must previously be carefully filtered. They must there
after be. twice r~nsed, and then 8tained at once, as they easily
108e theIr capaelty of taking on the stain, whether in water or
alcohol. They may, however, be kept for days in oxalic-acid
al~ohol (80 per cent. alcohol, 90 ccm., and 5 pcr cent oxalie
aCId, 10 ccm.). After its U8e thc 8tain i8 perha,p8 cven more
permanent. Weigert has of late been using picric-acid alcohol,
made up 11.8 follow8:-

Saturated 80lution of picric acid, 10 ccm.
Soda-carmine (1 per cent. 80Iution), 2"
Alcohol (96 per cent.), - - 90"

3. The stain prope,' (modified fibrin method). - Instead of
the watery solution of methyl violet, a 801ution in 70 to 80
per cent. alcohol is employed. It must be 8aturated while
hot, and decanted after cooling, leaving behind the precipita,te
in the bottom of the vessel. No aniline oil i8 added, but 5
per cent. of a 5 per cent. solution of oxalic acid may be added
to increase the permanency of the- preparation8. The 80lution
of iodine and iodide of potash employed is the saturated solution
of iodine iu 5 per cent. 8olution of iodide of pota8h, as
originally published. Aniline-xylol must be used in equal
parts (not in the proportion of two to one, as in other case8).

The sections are staiued upon the slide. To prevent folding
they must be placed in water in a large vessel, from whieh
they are to be removed by the slide, which mU8t be previously
rubbed with alcohol. The section i8 dried, and the methyl
violet solution is dropped upon it. It i8 8tained almost at
once. It is then dried, and the 8olution of iodine and iodide
of potash is dropped upon it, and immediately poured off.

The section must now be very thoroughly washed out with
aniline-xylol, and before it is mounted in balsam it mnst be
once more very earefully washed out with pure xylol, as other-

The .olution ha~ an acid reo

t.~ilJillg the Neuroglia.
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In this 80lution, to which 10 pcr cent. of formol mU8t bo
addcd, the pi cos are left for eight dnys at tho temperature
of a room. If they l'emain longer, it doe8 no hnrm. 'fhey are
then rinsed, dehydrated, aud ombedded in celloidin.

2. Red1tctio.~ _ 'fhis proecs8 is diIl'cren t for preparation8
treated by chrome salts aud for those treated by acetate of
copper. In the case of the former the neuroglia, up to this
point, is not snfficiently staincd. Lustgarten's process (per
mauganate of potash and 8ulphurous acid) may be recommended
as an energetic mothod of reduction for sections treated by
copper. It has been somewhat modified by Weigert, who uses
hromogen I to obtain the counterstain.

.As the watery solntion of chromogen is not sufficiently
euergetic iu its action, a watery solution is made, containing
5 per oent. of chromogen and 5 per cent. of formic acid. This
is filtered, and before it is used, 10 ccm. of 11..10 per cent.
solution of sulphite of soda (as employed in photography) are
added to 90 CClD. of this fluid.

The sections are first placed. for about teu minutes in a
~olution of permanganate of potash (about! per cent.), which
~s afterwards carefnlly poured off. They are then washed out
~n water, which is also ponred off, and then the reducing fluid
IS pOtU'ed 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 tbe neuroglia fibres are blue and the
connectIve tlSsue 18 colou 1 "1J of" 'b I l' ess. Dut 1 It IS not important that it should
'te co oUflless, the procedure which follows is to be recommended Aft
1 • emp oyment the colla e' t' . er
faint tioge of vi~let but ;ODlthC lStshue nho doubt becomes blue, with a

I , e 0 er and the I'oa a much darker stain a d th .' neurog la fibres take
. ,n e most dehcate of th d' .

pronuneot. The nerve cells th II em are lstmct and
axis·cylinders take 00 a yeilo,: :i:t~ o~the ependyma, and the thicker

n account of these numerous
1 Chromogen ill a naphthalio co .

of 1·8 dlOxynaphthalin 3.6 disolph ml?oun~d' VlZ.,' the acid sodium salt
OR OR omc aCI (as IS shown by the follow-

. ~
109 formula :-so3Rl I ioO N

t· VV" ' a).
ae lon, and is a reducing agent.

•
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0,25

96 per cent. alcohol, without
They are then embedded in

. . not ermanent. In this respect the
wise the preparatIOn IS p . fib . The prepara-

.' h more senSItive than nn.
neurogha lS muC . I gh if they are exposed

b tter curIOUS y enou ,
tions also keep e '. I th's they contrast with pre-

d to dayhght. n I
for some ays ' hod of Golgi and Cajal. Weigert
Parations made by the met . I f th

d d amber varnish III pace 0 e
has recently reco=en e th fI

d b I It must however be warmed over e arne
Cana a a sam. I I

upon the slide. . t de.t '1 d
This admirable method, at least in the fOl·m. Jus ~I e '.

does not yet yield results of absolute mathematICal c~rtamty,
but from private communications, it appears that WC1ge:t, by
USiJ;g another mordant, has at last discovered tHe deSIrable
completing steps, and has made th~ metho~ applicable to. a~1
animals (which was at first impossIble), ~vhIle up tIll nm\ It
was almost exclusively the human central nervous system that

re-aoted.
The enormous advantage and the great importance of this

selective stain for the neuroglia lie in this, that it was sought
for aud discovered as a method for pathological purposes. At
the same time Weigert has, with the help of his method, quit.e
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--

1. The tissues are hardened in alcohol, and embedded il).
paraffin.

2. They are cut, and the sections are freed from paraffin
upon the slide in the usual way.

3. .rhey are stained from ten to twenty minutes in a watery
BOlutlOn of' aniline gentian-violet, made up all follows :_

Aniline, 100
Distilled water, - - - _ _ 100'0

The .solutio~ is filtered, and ~ to 10 drops of a con~entrated
alcohohc solutIOn of gentian-violet are added.'

4. ;he scctions are washed, and placed for a minute III
Lugols solution_

Iodine, 4,0
Iodide of potash, - 6,0
Distilled water, - - .- - _ 100,0

5. They are thorougWy dried with several layers of blotting
paper.

6. They are placed in aniline-xylol (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 vicw
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
being previously wallhed out.
paraffin and cut.

3. They are stained for a few seconds in the following

fluid :-
Patent sau"erubim,
Saturated solution of picric acid, 2 per

cent. solution of glacial acetic acid, sa 100,0
4. They are transferred to 96 per cent. alcohol, abeolu

alcohol, and xylol, and mounted in balsam. The seotioDS mu t

be very thin.

1 Kulschitzky's solution is a saturated solution of b~ of
potash and copper sulphate in 50 per cent. aloobol. .
drops of glacial acetic acid are added to 100 ern. of tbe 101.."00. I
must be kept ill the dark.
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6 parts.

STAINING THE PERIPHERAL NERVOUS SYSTEM.

1 part.

1 "

The staining fluid is as follows :_
Ehrlich's hrematoxylin, .
Glycerine,
Watery solution of chloral hydrate

(1 per cent.), . . . . 6 parts.
The pieces are left for eighteen houl'S in the macerating fluid,

and are then placed for from one to two houl'S 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 ouly the nuclei are dark
blue. Till'ough 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 strial 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.

Ranvier'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 to a 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 tran ferred to a dilute
solution of acetio acid (2 drops to 50 ccm. of distilled water).
Under the influence of light, the gold is reduced in this
solution in from twenty·four to forty·eight hOlll .

The pieoes, whioh are stained a reddi h violet, l\I'O h8l\leu 1<1
in aloohol. Sections may then be ll11ule, or thl'Y ma bll

further teased out.

fluid :
solution
staining

1 part.

1 "

In the staining of the peripheral nervous system we have to
deal, mutatis mutandis, with the same methods and the same
modes of treatJ;Ilent as those employed for the central nervous
system.

The method of tea.sing may in this ca.se 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, hrematoxylin, and
nigrosin stains.

The method of Chr. SiMer 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 hrematoxylin.
3. After·treatment with acetic acid to get rid of over.

staining.

The macerating fluid is as follows :_
Ordinary acetic acid,
Gl .ycenne, '. '.
Watery solution of chloral hydrate

(1 per cent.),

The neuroglia appeal'S reddish violet. If the stain b~ .used
for a short time only, the nervous elements are scarcely vIsIble;

otherwise they are stained yellowish red.
Kulschitzky employs of late the following staini~g

96 per cent. alcohol, 100 ccm.; patent saiIrerubm
(a.s above), 3 to 5 ccm. In this case the process of

la.sts half an hour or more.
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slowly dehydrated and
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A further method of staining with gold has been given quite
recently hy von Frey. He hegan at first with the method
which Muschenkotfl had recommended for the demonstration
of the nerve endings in striated muscle. In this method a
2 pel' cent. solution of bichromate of ammonia was used befm'e
the employment of the acid and of the gold. Von Frey,
however, found that. this process was not adapted to the human

skin.
Von F"ey's gold stain for the demons.tration of medullated

nerves and their nerve endings.
Small pieces are hardened for a considerahle time in a 2 pel'

cent. watery solution of bichromate of ammonia, wa~hed out
for about ten minutes in running water, and transferred to a
gold bath containing 1 pel' cent. of chloride of gold and I pel'
cent. of hydrochloric acid. After an hour the pieces are super
ficially rinsed and then placed in a -lr; pel' cent. solution of
chromic acid, which is kept in the dark. Reduction goes on
slowly. Twenty-foul' 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 ca~'l'ied 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
appears as a result of the action of liO'ht and especially soon if
the tissues a . b , . 1

I
re mounted III balsam a brownish-red or VIO et

co ouration f th h 'tho . 0 e ot er constituents of the skin as well, and
Ie Ie a structural stain

\ .
l.1ullChenkoff Z . '" •, Oltschr. fur wlesenech. Microscople, V. p. 52.
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. For the demonstra~ion of the medullated nerves of the skin
In hardened preparatIOns there may also be recommended

Jleller'8 method--

1. The pieces are bardened 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.. Th~y ~re w.ashed out, and transferred to 1 per cent.
OS~IC aCid, III 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.

be employed, they must previously be
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 nel'\'OUS
system, l'ender the osmic acid re-action nugatory. On the
other hand, the method gives good results in the central
nervous system with sections that have already been prepared
for Weigert's method. In this treatment of the central nerVOll8
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.



EMARKS ON 'l'HE TREAT·
Vr.-GENERAL PRACTICAL R AND PATHOLOGICAL

MENT OF THE rORMAL

AL AND PERIPHERAL NERVOUS SYSTEM.
CENTR

of the nervous system, especially the central
The treatment h f th

t m differs so materially from t at 0 0 er
nervous sys e , . estions for its
organs that it is necessary to gIve a few sugg

examination. .
If the material .is to be used only for maC1'OSCOPW purposes,

. ., the central nervouS system from thefor example, m exammmg .' h
point of view of comparative anatomy, and partICularly III t e
case of the brain, it is best to place it in 5 to 10 per cent.

formol. ) . .
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.
Accordin" to the experience gained in our laboratory, the

brains ma; 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, &c.), the removal of the pia mate?' 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,
and then sinks gradually to the bottom, which must be covered
with cotton wool. In twcnty-four hours the pia is easil
removahle, the organ having shrunk. The brain, after remov~
of the pia, may then be kept in formol solution.

Although various authors state that the colour of the grey

matter is not altered by formol, this is only true for short
periods of time (not more than a few months). If a longer
time has elapsed, the finer differences of colour between the
white and the grey matter disappear, although a coarser differ
ence may still be perceptible when two years bave plUl8ed.
The brain may also be preserved, as is well known in alcohol, ,
chloride of zinc, saturated salt solution, and other fixing fluids,
but none of these possesses the advantages of formol.

Another method is also adapted to the macroscopic demon
stration of sections of the brain and spinal cord. It 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 pel'
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 special methods of examination must be determined by
the pathological difference between individual cases.

H 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 chronic
processes which have lasted for many years. If, on the other
hand, the disease be more acute, the methods of Marchi and
Nissl must never be neglected.

Except in quite cM'onic diseases, 1W examination slwuld be
considered as complete in which these two important methods

(Mat'chi's and Nissl's) have not been employed.
With regard to the degeneration of the medullary sheat~;

modem investigations have shown that, by the use of MarchI s
method certain evidence of degeneration can be found where
Weiger~'s method fails to show it. Upon this point pathologist
should call to mind the observation of Mendel, that a me~~od,

which is brilliantly successful when its results are positive,
must not be considered as decisive if it gives negative results.

Weigert's method demonstrates very clearly the more local·
ised and older degenerations, but not so certainly the reoent

. I' th dl'ffuse Bud diasemioatdestrnctlOn of mye lD or e more
K
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. of which is the province of
degene....tions, the dcmonstratlon

Mnrchi's mothod. . d' tl' place, that the
It must, however, be omphaslse 111 I~S '.

.' . b" Marchi's sta1l1 must be mtel-
microsCOplo Images given J I I .

reted with great nnd criticnl cnre. cattered c .umps, yIng
p 1 d for the mo t part small and roundIsh, may bc
100 ey, an . _ h' .
found even in the normal brain or cord. It IS f01 t IS Ie.ason
. t It to make longitudinal as well as transvcrse sectIOns,
nllJlor m d 1 .
for the cltain/ike arrangement of the degenerate c umps 18

,'erv characteristic of a gennine degeneration. .
}rarchi's staiu should not, however, be neglected even In

chronio diseases, as in such cases pathological changes of a
moro 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
giye ns a- reasonably certain insight into the more delicate
structUl'al 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
hardenlUg process, and are not completely nnobjectionable.
TIte us~ of carmine to dete"mine tlte mO"e delicate struetu"al
alterattorts of tlte n~r·ve cells must t/w'efore be condC1nned.

Some examples may.serve to illustrate the above remarks.
If the case IS one IU which a local inJ' ury to the
b h

. nervous
su stance appened a long time it b .
t . d ' may e years, ago (as m
raumatlC estruction of the cerebral COI·te . Id hh . x, 01 an 0 remOlT'
age IUto the brain), and if it be desired -

resulting secondary degeneration the met~o:e=o~t:ate the
the carmine stain should b '1 elgert, or
. ,eemp oyed Iu such I'
If any result is to be exp t df' a case, Ittle

ec e rom Marchi's method.
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. If,?n the contrary, we have to deal with an acute illneBB
In ':hlCh the fatal termination is rapid (traumatic lesion of th;
brain or cord, acutc myelitis, acute poliomyelitis '-c) b .~
th ' '" ., eSI"es

e usual methods, Marchi's and Nissl's stains would b f
h· f' e 0c Ie Importance.

Similarly, in chronic affections of the central nervous
system, in '~hich n.ew steps in the progress of the disease may
always OCC~I (multIple scler081s, syrIngomyelia, bulhar paralysis,
amyotrophiC lateral sclerosis, &c.), Marchi's stain must be
employed besides Weigert's, and Nissl's method, in turn,
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, &c.).

In disturbance of the mental functions, and especially iu
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 may

easily be overlooked.
With regard to the microscopic examination of the normal

central nervous system, there is very little need for unstained
or teased-out preparations since modern technique has become
so much refined. Their use, however, is still justifiable for

the peripheral nervous system. _
The methods used in our laboratory for the demonstration

of the separate normal constituents of the nervous sy tem are

chiefly the following :-

Gcneral pl'lIctic,,1 I emarks.
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General Pl'l1ctical Remark•.

A.-Fo" the etlltmltle"vollS system.

1. For the nerve cells.
'issl's method, Held's method.

The carmino mcthod, especially staining in bulk with

soda carmine.
The ni"I'o in method.o

Golgi's method.
Ehrlich's methylene blue metbod (if the material be

frcsh).
2. For the mednllary sheaths.

Weigert's method, especially 1I1 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 tbe material be

fresh).
4. For the neuroglia.

Weigert's method.
5. For the nuclei.

Alum-brematoxylin.

132

B. - FOI' the n01'mal pe1'ipheml nerves.

h
I. hFor hardened ~erves, the above methods for the medullary

seat sand aXls-cylmders.

d
2. For fresh nerves, treatment with 1 per cent os' 'd

an teasmg t . I . . mw am
solution of :~r::egoYfcse~I'me to Sdhow the medullary sheaths, or

1 ver an teas' .before. ' Illg out III glycerine as

•
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Osmio aoid, 18

Pal's method for oomplete sections
of the brain, 31
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method, 100

Paladino, 115

o

Nerve oellB, .tain. for, 45
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" n Flomming'.

64 '
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72 I t
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67 ' ,
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Nerve oells, stains for, Rebm's, 7€J
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70
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blue, 67
Nerve endings, 124
Nigrosin st"in, 116
Nikiforoff, 35, 48
Nissl's Co~go red stain, 57

H staiD for the nerve cells,
61, 65

Nitrio aoid, 19
Nouroglia, stains for, 117

'J J' Beneke's, 122
" "Kulschitzky's,

123
Neuroglia, stains for, '" eigert's,

117
Nothnagel's method of inoising the

brain, 3
Nuolear stains, 46
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L
I-abelling tho tiBsU " 2'2
La.kow.ki'. mothod, 10
Lellhos.~k, IO, 64, 67, 69
Li.sauer, 30, 103
Lithia·oarmine, 50
Loogitudinal 800tions, Flatau'.

mothod,32
Loawcnthal's carmine, 50
Lustgarten'. method of reduotion

120 '

N
Nebelthau, 35
Negro penoil, 23

Maoeration, 22
Mal'ohi's mothod, 106
Marina's stain, 14
Marking the preparations, 22
Medullary sheaths, stains for «e<

" Weigert"), 96
Medullary sheaths, stains for

Adamkiewioz'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, staius for

Marohi's, 106
Meroier, 16
Merk's method for mitoses, 74
Merkel's fluid, 19
Methylene hlue, 57

" J' method (intra
vitam), 84

Methyl green, 57
" violet. 56

~1eyer, S., 87
Meynert's method of incising ths

brain, 4
Mioa,32
lI'Iiorotome knife, 29
h1icrotomes, 29
Mitoses, methods for, 74
lo'liiller's fluid, 15

Krollth,,\'. m thod, 72
Kul.ohitzky, 101, 123

I
Indigo-oarmine 61
Indoin·blue 69'
Indulin, 55'
I7ltm, 'Vita7l' methylene

method, 84 blue
Intra '/ ''VI a7l' methylene bl

85ethod, Bethe's modifioatio~~

Hrematoxylin, 51
HlIlm"toxylin.alum, 52
HremlLtoxllin~eosin 59
Hamilton s method 'of embedding

28 '
Hannover, 12
Hardening fluids, 12
Haug'8 carmine 47
Heidenhain, 27: 64, 68
Held's method, 66
Heller's osmio aoid prooess 106

127 ' ,
Hoyer's ammonia-carmine 49
Hoyer's method 66 67 '
Hydroohinon, 93 '

H

(101gi'B method, ox'e modifica·
tion, 81

Oolgi's III lhod, 1I'l oh8Ig'. moJiA·
e lioll, 79

algi's method, olgi'a modifi B·

lion, 78
,olgi'. m thod, I'ope h'. JIlorli6·

cation, 8:l
Golgl'. Illotbod, Obregia's modifi.

cation, 79
Golgi'. Illethod, Zieholl's modifioa·

tion, 80
nrol18,ohc("s carmine, 47
lr ppin, 2

Gulllllld, 27

J

K
Kallius, 92
Karyokinesis, 74
Kopsoh, 83

Jaoobsobn 12
, '
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Pallkon, 27
Donald.on, .18
II Doublo method," 21
Drying with blolting pop r, 36
Dlwn)'. I' roll()(lionuf/t," 3_

F
Fibrillre, slllins for 64 68
Flatau's longitudh;al S~CtiOllS 39
Flemming's III t,hod8 64 J'"

Flemming's solution,' 17
J) • J) FoPs modifi·
catIOn, 18

Flemmin~: S?lUtlOll, Friedmaun's

F
modiJicohon, 18

lesoh, II, 95
Formal, 13
Freezing method, 28

E
Edingor's drnwing npparn.tu8, ::10
Ehrlich's ncid hn.l l1lntoxyliu, ~:l

,. i,,'ra "i((un m thyI lie
hluo method, 4

Ebrli h's ;tlhU ,·jtam mcthylCllo
bluo method, 11 lbo'. modifi·
Aliou, 85

EhrHch' intra. "jtam methyleno
blu m thad, Caja!'s mOllifi·
cation, S

El1lbodding, 2.1
Erlitzky's flnid 15
Eru (" "]4 J

EXller's stain for tho medullary
beaths, 105

G
-Gallein, 105
-Gentian ,'ioIet, 56
{lerota, 13
-Giacomini's method 8
van Gi~onJs method 113
-GlyoerlUe, 37 '
{laid stal' C h "us, 0 nhelhl's, 113

II Freud's, 113
" Frey's, 126
.. Gerlaoh's 112
" Ranvier's', 125

Golc4~heider UCion's, 110
{lolgi'B meth~d,~75
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Zenker's solutioll, 17
Ziehen's method, 80

x
Xylol, 36
Xylol-aDiline, 121

Weigert's stain for the neuroglia,
117

Weigert's serial sections, 29

Weigert's stain for the medullary
sheaths, Lissauer's modifies.·
tioD, 103

Weigert's stain for the medullary
sheaths, Pal'smedification, 100

Weigert's stain for the medullary
sheaths, Schafer's modifica
tion, 103

Weigert's stain for the medullary
sheaths, Vnssalc's modifica·
tioD, 103

'Weinert's stain for the medullary
~heaths, Wolters' modifica
tion, 102

Tea.ing,22
Thionin stain, 65
Toluidin hlue, 55, 67
Turpentine, 36

StainiDg ofaxis·cyliDders, 110
" medullary shenths, 96
t) nerve cells, 45
" neuroglia, 117

Stohr's formula, 16
Stork, 27
Strasser, 27
Stroebe's method, 114
Sublimate, 10
Sublimate and iroD·hrematoxylin,
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Pal.Exner's stain for medullary
sheaths, 105

Paraffin, 25 .
sectioDs methods of fixmg" ,

aD slide, 27
Peripheral nervoUS system, 124
Photography, 40
Photoxyhll, 25
Picric acid, 58
Piero·carmine, 50
Piero-lithia-carmine, 51
Pigment, stains for, 69
Pitres's method of incising the

brain, 3
Presen'atioll, methods of, 8

Rahl, 19, 27
Ramrier's gold stain, ]25

n picro-carmine, 50
Rehm's method, 70
Resius, 35
Retina, treatment of, 89

" Apathy's method, 94
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" KaUius's JJ 92
" Prenant's" 94
" Ranvier's" 90
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RODcoroni's method, 70
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Rosin's method, 72

s

u
UPSOD'S stain for the axis·cylin.

ders, 110
Uranium carmine, 49

v
Vassale's method 103
Victoria blue, 56'
Virchow, H., 21
Virchow, R. J 2
Volume of brain, methods of esti

matmg, 7

Sadorsky, 65
Safranin, 56
Schafl'er, 95
Schiefferdecker 23
Schmaus,49, lis
Schoehel, 23
Schultze, 18
Schwalbe II
Seri~9sections) \Veigert's method,

Sibler'a metbod for Derve eDd'124 mgs,
Soda·carmine 46
~oda.·IJicl'o-ca~mine, 50
~'80ap, emberlding in 07
I .pl~a.l ganglia, 68, 69 I"'"

StalDlng, 41
" (;n bloc, 46
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Waldeyer 51
Weigert';carbol.xylol, 36

" , method of iDcising th
brain, 4 e

Wei~:rt'smethod for karyokinesis,

Weigert's principles of staining, 43
I J 8tarn for the medull
,she~ths, 96, 99 ary

Welgcrt s stain for the medulla
sheaths, Kaiser's modl'li t' ry
104 ca 1011,

Weigert's stain for the medullar
sfiheaths, Kulschitzl<y's modY
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