
CHANGES produced in NERVE CELLS

by VARIOUS EXPERIMENTAL CONDITIONS.

Our knowledge of the normal histology and

pathological anatomy of the nerve cell and its var¬

ious processes has during the past two decades ad¬

vanced to an extent hitherto unequalled in any period

of similar length. The numerous investigators in

this field have brought to light many important

facts and,though our knowledge is far from being

complete, the complex structure of the nerve cell,

the most difficult department of histological re¬

search, is gradually being disclosed. The stimu¬

lus to the increased activity of research in this

direction has been afforded by the introduction of

a vastly improved technique. The methods in use

twenty years ago revealed only the grosser structure

of the nerve cell and pathological changes could not

with certainty be distinguished from artifacts,

consequent on the employment of crude methods. But,

with the introduction of Nissl's method of staining

nerve cells, of Golgi's silver impregnation and of

other means adopted by many observers a new era

dawned and a fairly accurate picture of the internal

and external morphology of the cellular elements,

and their processes is now afforded us. The
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methods of ITissl and Golgi are supplementary to one

another and in this lies the great advantage of com¬

bining the two; for while that of ITissl displays

the internal structure of the cell, that of Golgi,

in addition to showing the size and form of the

cell body, reveals the various processes, which

arise from it, their mode of branching and termina¬

tion and their relations to one another and to those

of other cells.

Normal structure of the ITerve Cell as revealed

by ITissl's method, and modifications introduced by

subsequent observers.

Flemming had in 1882 by use of azo dyes and

haematoxylin staining investigated the structure of

the nerve cell and described what are now known as

the chromophile elements as peculiar light-refract¬

ing bodies lying in the cell protoplasm. It was

not,however,until ITissl had introduced his methy¬
lene blue method of staining and described them more

in detail that they became generally known, and in¬

vestigators were placed in possession of a really

valuable means of cytological research for the

nervous system.

Nissl's method(l). He at first employed magen-4

ta as the staining agent, but abandoned it later

for methylene blue. Small pieces of tissue about
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1 c.cm. are hardened in 96% alcohol and, the block

being fixed with gum arabic on cork, (no embedding

process being employed) sections are cut with a

knife moistened with 96% alcohol. These are stain¬

ed in the methylene blue solution (Methylene Blue,
3 • 75 grms.,Venice Soap,l*75 grins.,Water distilled
1000 c.cm.) which is heated until bubbles come off,

i.e. to a temperature of 65° - 70° C. They are

then placed in a differentiating solution (Anilin

Oil 10 parts, Alcohol 96%, 90 parts) and left there

until clouds of colour cease to come off. The

sections now placed on a slide are dried with blott¬

ing paper, covered with cajeput oil, which is then

removed, and mounted in benzine colophonium. To

prevent diffusion of the colouring substance from

the section into the mounting medium, the benzine

is set on fire and the flame immediately blown out,

and this operation is repeated until no more ben¬

zine gas is given off. By this means the colophon¬

ium is thickened and diffusion of the stain prevent¬

ed .

Sections prepared in this way show the nerve

cell to be composed of elements which react in quite

dissimilar ways to the staining solution. Apart

from the nucleus and nucleolus, which are distinctly

seen, the protoplasm of the cell body is composed of
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two substances, one of which is characterised by

the strong affinity it shows for methylene blue and

is stained light violet, while the other constituent

is unstained and appears colourless. To the former

of these a great variety of terms has been applied.

TTissl himself named it the "Visible formed part of

the cell protoplasm" in contradistinction to the

colourless substance which he called"invisible and

not formed." This terminology is not free from ob¬

jection; for, while that part of the cell protoplasm

not stained by methylene blue appears colourless and

homogeneous in Nissl preparations, it can be stain¬

ed by other dyes and is then seen to possess a very

definite structure. Other investigators have call¬

ed it the "stainable substance of ITissl" or "ITissl

bodies," "chromatic substance" (Lugaro, ITarinesco),

and "chromophile particles granules or substance"

(Levi, Van Gehuchten and others), "tigroid sub¬

stance" (Lenhossek, from their resemblance to the

spots on a tiger's skin). The term "chromatic sub¬

stance" has now been generally discarded as tending

to cause confusion with "chromatin'} to which it is

in no way related. The best designation would

seem to be that proposed by Van Gehuchten, viz.,

ehromophile substance. The term ITissl bodies is

also free from objection, and in the following pages
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I will use both indiscrimately in describing this

part of the protoplasm.

The chromophile substance appears in various

forms, size, and distribution in the different var¬

ieties of nerve cells. Sometimes it appears in

the form of larger or smaller granules and threads,

sometimes in the form of masses, polygonal, spheri¬

cal, fusiform, or elongated rod-shaped. The elong¬

ated rods and spindles are met with especially in

the protoplasmic processes and in the peripheral

layer of the cell protoplasm. The arrangement of

these structures is occasionally irregular; they

are scattered throughout the cell without any de¬

finite order; but more frequently they are arrang¬

ed in more regular fashion. They are disposed, in

the great majority of nerve cells, in rows parallel?

in the neighbourhood of the nucleus, to the nuclear

membrane, and as we pass to the periphery of the

cell, more or less parallel to the external contour

of the cell body, so that the cell shows a somewhat

striped or striated appearance. In the protoplas¬

mic processes the TTissl bodies appear in the form

of rods or spindles with their long axis parallel

to the course of the process. At the point of bi¬

furcation of the protoplasmic processes there is

seen a large wedge-shaped mass of chromophile
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substance, which sits saddlewise on the point of

division. This is known as the "cone of bifurca-

tion" (verzweigungskegel). The Nissl bodies are en-
A

tirely absent from the axis cylinder and its hill or

cone of origin from the cell; so that here there is

a half-moon shaped space, with its convexity turned

towards the nucleus, entirely destitute of the

chromophile substance. In the finer branches of

the dendrites the Hissl bodies are also absent, and

there is a very narrow zone round the nucleus of

which this is also true. The arrangement of the

Nissl bodies varies greatly in the nerve cells from

different localities of the nervous system. Thus

in the cells of the anterior horn of the spinal

cord the typical arrangement is of the parallel

striped variety, while in the cells of the horn of

Ammon the chromophile substance is mainly concen¬

trated at opposite poles of the nucleus, forming

the so-called "nuclear caps."

On the arrangement and distribution of the part

of the cell protoplasm stained by methylene blue

!!issl(2) has founded a classification of nerve
|

cells. He divides them into three main varieties,

(1) the somatochrome group, comprising the largest

number of nerve cells, in which the cell body is

well developed and completely surrounds the nucleus;
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(2) Karyochrome group or "Kern^ellen", in which the

cell body is small and the nucleus, which is equal

in size to an ordinary nerve cell nucleus, forms

the greater part of the cellj (3) cytochrome group

or "Korner", which is really a variety of the Kary¬

ochrome, the only distinction being that the nucleus

is smaller than in the latter and not larger than a

leucocyte nucleus. Examples of the Karyochrome

cells are found in the substantia gelatinosa of

Rolando and cytochrome cells are seen in the granu¬

lar layer of the cerebellum. The somatochrome

cells are further classified in four subdivisions,

(a) the stichochrome variety, in which the Nissl

bodies are arranged in rows more or less parallel

to one another (streifenartig arrangement); (b)

arkyochrome, when the Mssi bodies are in the form

of a network, the chromophile elements being united

by thicker or thinner bridges of the same material

(netzffirmig arrangement); (c) cells in which both

the netzformig and streifenartig disposition occurs,

are called arkyostichochrome; (d) gryochrome cells

where the Mssl bodies are in the form of granules.

To the third subdivision (arkyostichochrome) the

greater number of the somatochrome nerve cells be¬

longs. The value of this classification of nerve

cells, according to the disposition of the chromo¬

phile constituent of the cell protoplasm, rests on
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the fact that, in the various parts of the nervous

system, cells which have apparently the same func¬

tion show the ITissl bodies arranged invariably in

the same fashion. Thus the large cells of the

anterior horn of the spinal cord and of the nuclei

of origin of the motor cranial nerves belong to the

stichochrome or rather the arkyostichochrome group,

while in the spinal ganglia the cells are of the

gryochrome variety. ITissl considers that,wherever

one meets with cells of the former type, they are

exclusively connected with and inseparable from

motor function. Van Grehuchten(3), however, consid¬

ers that Nissl's classification has only a limited

value and certainly a division of nerve cells accord¬

ing to the arrangement of the chromophile substance,

without taking into account the other constiuent -of

the protoplasm (that part not stainable by llissl's

method), can only be a temporary one.

ITissl distinguishes three degrees of staining

in nerve cells according to the depth of colour and

closeness to one another of the chromophile ele¬

ments, (1) pyknomorphous condition in which the

Nissl bodies are dense close to one another and

present in larger numbers, so that little of the

colourless ground substance is evident; (2) apy-

knomorphous condition, in which the individual
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elements are further from one another; (3) para-

pyknomorphous state, intermediate between (1) and

(2). He also draws attention to a condition, in

which the whole cell stains very deeply, the nucleus

and nucleolus being scarcely distinguishable from

the rest of the cell protoplasm. This condition,

which he calls "chromophilie," is now generally re¬

garded as due to defects in fixation and in speci¬

mens, obtained from blocks of tissue carefully fix-j

ed and passed through alcohols gradually increased

in strength, I saw very few such chromophilous

cells.

As to the minute structure of the ITissl bodies,

they often appear homogeneous with quite smooth

contours, at other times they show irregular jagged

edges and from this fact Renda, Lenhossek and

Quervain came to the conclusion that they are com¬

posed of minute granules. The valuable researches

of Held(4) also point in this direction; for in the

examination of very thin section he observed that

they were built up of granules sometimes large,

sometimes bordering on the limits of microscopic

visibility, and in both cases embedded in a homog¬

eneous substance, staining more faintly with methy-

lene blue.than the granules themselves. Van

Gehuchten(3) also considers that the Hissl bodies
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are deposited in a granular form, incrusting the

"points nodaux" of the network, which he regards as

forming the part of the cell protoplasm not stained

by Nissl's method,and that, from the enlargement by

successive deposition of granules, we finally ob¬

tain the different forms in which the ehromophile

substance appears in the cell.

That part of the cell protoplasm not stained £y

methylene blue has received like the ITissl bodies a

variety of names. By Nissl it was called the "in¬

visible not formed substance"; but this term is un¬

fortunately chosen, for it has been shown to possess

a definite structure, and it can be readily stained

by dyes other than methylene blue (e.g. erythrosin).

The tern "achromatic substance" should also be dis¬

carded and it would be better to call it the "ground

substance" or "ground mass" as Held proposes.

Held's stain brings out this part of the cell very

definitely. It consists in staining sections first

with a slightly heated solution of erythrosin (1 grm.

erythrosin, 150 cc. distilled water, 2 drops glacial

acetic acid) for 1-2 minutes. They are then

washed in water and stained with a solution, con¬

sisting of equal parts of a aqueous solution of

acetone and Hissl's stain. In this stain, heated

to 65° C., the sections remain ixntil the odour of
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acetone has disappeared. The slide is then allow¬

ed to become cold and the sections are differentiat¬

ed by a 1/20/Z - l/lO$ aqueous solution of alum, till

they appear of a bright red, this process taking

according to the thickness of the section a few

seconds to one or two minutes. The slide is then

washed in water, the sections dehydrated with ab¬

solute alcohol as quickly as possible, so as to

prevent any further extraction of the stain than is

caused by the differentiation, cleared in xylol and

mounted in benzine colophonium. This stain colours

the Mssl bodies a 0lightly light violet hue and

the ground substance lying between a bright red.

The nuclear membrane and nuclear substance appear

red, the nucleoli blue and the accessory nucleoli

violet. (Held uses picro sulphuric acid as the

fixing agent in which very small pieces are placed

for 24 hours. These are then put through alcohols

gradually increasing the strength until absolute and,

after being placed in alcohol xylol mixtures,they

are embedded in paraffin. The paraffin process

allows very thin sections to be obtained.)

Much controversy has arisen in regard to the

structiire of the ground substance, some considering

it to possess a fibrillary structure, the fibrils

of which are continuous with those of the axis
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cylinder and protoplasmic processes; so that the

fibrils of a dendrite after passing through the

cell body are continued into the axis cylinder or

into another dendrite, and some even say that a

fibril of one branch of a dendrite may pass into

another branch of the same dendrite, without pass¬

ing into the cell. The fibillary structure of the

ground substance was first enunciated by Flem-

ming(5), who asserted that in all nerve cells it

consists of fibrils running parallel to one another.

Nissl(6), Lugaro(7) and others support this view

and Lenhossek, who formerly considered the groiind

substance to be composed of tightly compressed

granules, which he thought might give rise to the

appearance of fibrils, has now adhered to the

fibrillary structure of the ground substance.

Many investigators consider that the ground

substance is in the form of a network and the most

convincing evidence in this respect is furnished by

the researches of Held(8). Using his double stain,

erythrosin methylene blue^which colours the ground
substance red, he saw that this part of the cell

protoplasm consists of an extraordinarily fine long

meshed network. The longitudinal fibres of the

network are thicker and stain more readily than the

transverse threads, which bind them together, and
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as the transverse bridges stain less easily and

lose their stain-in the process of differentiation

more quickly, they may easily escape observation,

and hence might arise the apparent fibrillary

structure. The size of the meshes of the network

varies within wide limits. The long meshed charac-
I

ter of the ground substance is most distinctly seen

in the axis cylinder and at its hill of origin,

while in the body of the cell the length of the

meshes becomes shorter, so that that they appear

round, oval or polygonal. Placed, frequently on

the ^Lodes of the network, sometimes in its meshes,

are smaller or larger granules staining a bright
|

red. These granules are often irregularly

scattered, but frequently they are arranged in de¬

finite rows behind one another, and sometimes the

gaps between them are so small that they present

the appearance of granular threads. These granules

Held calls "neurosomes." At the hill of origin of

the axis cylinder they are disposed in regularly

converging groups of rows, (."5^. t 2> 5'Plots-1)
Bethe(9) recently has actively combatted the

reticular structure of the ground substance, which

he asserts is composed of fibrils, completely inde¬

pendent of one another and these coming from a den¬

drite pass into another dendrite or into the axis
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clyinder after traversing that part of the cell

protoplasm surrounding the nucleus. It is the

crossing of these fibrils, Bethe says, which gives

rise to the appearance of a network, but in reality

the fibrils are really independent throughout their

whole course, without anastomosis or bifurcation.

Marinesco(lO) considers that the ground sub¬

stance is composed of two different elements?(a)
the organised fibrillar portion or "spongioplasm",

which forms the scaffolding of the cell?and (b) the
non-organised"fundamental substance or trophoplasm,"

which presides over the nutrition of the cell.

Nelis has described in the spinal ganglion

cells an element presenting itself in the form of a

ribbon, seen especially in animals, killed by teta¬

nus toxin. He calls this condition "etat spirema-;

teux".

NATURE and SIGNIFICANCE of the NISSL BODIES.

Held(4), in the examination of perfectly fresh

nerve cells 2-3 minutes after death, could see no¬

thing suggesting the appearance of the Nissl bodies-

The cell protoplasm seems perfectly homogeneous and

quite free from granules, but the addition of fix¬

ing agents (even Methylene blue,which Held considers

acts both as a fixing and as a staining agent)
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immediately causes them to appear. If the cells

of the anterior horn of the spinal cord are examin¬

ed half-an-hour after death (without addition of

fixing agents), one sees granules, which gradually
increase in size until the large spindles character¬

istic of the Hissl bodies for these cells are form¬

ed. If the fresh tissue is placced in solu¬

tion of acetic acid the Nissl bodies at once appear

and, as these are invisible in cells of the same

tissue untreated with acid, Held considers that

their appearance in the nerve cells examined half-

an-hour after death is due to the acid reaction of

the cell protoplasm, which gradually increases post

mortem. In the living alkaline or neutral tissue

the substance, which forms the Nissl bodies in fix¬

ed tissues or tissues rendered acid, is in solution

and it is precipitated by the addition of fixing

agents or when the cell protoplasm becomes acid.

Held brings forward in support of this view the cir¬

cumstance that different fixing agents and various

strengths of these give different appearances of

the Hissl bodies,finely granular with some less so

with others. This is denied by so eminent an in¬

vestigator as Marinesco, who maintains that the form

of the ITissl bodies is unaffected by the fixing

agent, quite different fixing agents giving similar

appearances.
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Lenhossek could not verify Held's observations

that the Hissl bodies are not to be seen in quite

fresh tissue and that they are precipitated by the

fixing agent. He asserts that he has seen granules

which, he holds, represent the Nissl bodies,in the

spinal ganglia cells examined immediately after re¬

moval from an animal just killed.

The question, therefore, whether the Hissl

bodies exist as such in the nerve cell (i.e. pre¬

formed), or arise from the precipitation of a sub¬

stance in solution in the alkaline cell protoplasm

is not definitely settled, and after all its inter¬

est is purely theoretical. For the investigation

of normal and pathological conditions it is more

important to know whether the Uissl bodies present

constant morphological appearances in the tissues

of an animal killed and fixed in a certain definite

way and that this is so is beyond dispute; so that

any deviation from what Hissl calls the nerve cell

equivalent (Nervenzellenaquivalent) can be looked

upon as a departure from the normal. By "nerve

cell equivalent" Hissl means5not the appearance of
the nerve cell as it appears in the living animal,

but the microscopical characters of the nerve cells

of an animal killed in a definite way, the method

of fixation being also a definite one. On this
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rests the importance of the Nissl method for the

investigation of the nerve cells under physiological

and pathological conditions.

The ITissl bodies (Held 4. ) in alcohol hard¬

ened tissues are insoluble in weak and concentrated

mineral acids (Hydrochloric and Nitric), in glacial

acetic acid, in boiling alcohol, in cold and boil¬

ing ether and in chloroform. On the other hand,

they are easily soluble in weak and concentrated

alkalies, ' b% sodium hydrate and saturated solution

of Lithium carbonate. This occurs both in sections
(. 3 • |+ (UsS S "PLcAi- 1)

and pieces of tissue. The ITissl bodies give the

microchemical test for phosphorus and iron and give

no stain reaction with Millon's reagent. . From

these facts they apparently belong to the group of

^ucleo albumins and with this agreef Halliburton's

researches, who found in the grey matter of the

brain a nucleo-albumin,containing 'b% of phosphorus,

which coagulates at 55°-60° C.
.

FUNCTION of the ITISSL BODIES & of the GROUND SUBSTANCE

It is now generally agreed that they are a re¬

serve store of nutriment for the nerve cell.

Marinesco(11) thinks that the Nissl bodies are sub¬

stances of high chemical tension, which are the

seat of continuous changes of integration and dis¬

integration, and that the nervous impulse in
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passing through the cell undergoes an increase in

strength, the nerve cell being thus a source of

energy. The strengthening of the nervous impulse

is due to modifications occurring in the ITissl

bodies, which he therefore calls "Kinetoplasm."

By all investigators the ground substance is

regarded as the part of the protoplasm, subserving

the function of conduction of the nervous impulse.

That this is so is shown by the fact that the axis

cylinder process and the terminal portion of the

dendrites are entirely composed of ground substance.

Marinesco considers that the organised fibrillary

portion (spongioplasm) is concerned with conduction

of nervous impulse and the non-organised probably

fluid part (trophoplasm) presides over the nutri¬

tion of the neuron.

Held(4) found that the ground substance can be

dissolved out by treatment with pepsin and hydro¬

chloric acid, leaving the Nissl bodies unaffected;

so that we thus obtain the negative of the picture

presented after treatment with alkali. Plait l)

NUCLEUS: Lying in the centre of the cell is

seen the rounded or ovoid nucleus. Nissl's method

is not suitable for bringing out the details of the

structure of the nucleus and for this purpose Held's

stain is superior. Bounding the nucleus is the
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nuclear membrane, which separates it from the sur¬

rounding protoplasm. In the .interior of the nu¬

cleus is the nuclear framework in the form of fine

threads running from the membrane to the deeply-

staining nucleolus, situated more or less in the

centre of the nucleus. The framework of the nuc¬

leus is in the form of a reticulum present in rath¬

er greater amount at the periphery and around the

nucleolus. The nucleus bears a certain proportion

to the size of the cell, in that large cells have

large nuclei. There may be one, two or more nu¬

cleoli but rarely more than two. The diameter of

the nucleolus is in general about a sixth of that of

the nucleus. In the nucleolus is frequently to be

made out an external layer staining deeply and a

central colourless part. Ramon y Cajal(12) con¬

siders that there is a progressive concentration of

the chromatin into one or two nucleoli and that in

large nerve cells the nuclear contents is devoid of

chromatin, while the nucleoli are composed entirely

of it. Levi (13) described .in the nucleus 2-4 par¬

ticles ("basophile particles") of a semilunar or

spherical shape adherent to the nucleoli. These

stain with methyl green (a basic dye) and contain,

according to Levi, all the chromatin in the somato-

chrome nerve cells.
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NERVE CELL PIGMENT: In many of the large

cells both of the brain and spinal cord there is

often found a collection of pigmentary substance,

apart from that found in the cells of the locus

coeruleus and substantia nigra. It is especially

well seen in the large cells of the human central

nervous system, but is apparently absent in rats-

and rabbits. It is in the form of pale yellow

masses, appearing firs! about the 6th year and stead¬

ily increasing with age. It stains black with

osmic acid and is probably of a fatty nature.

Marinesco(.14) considers it the result of a change

in the chromophile substance and allied to fat.

Others have held that it is a store of nutriment,

basing their view on its disappearance from the

cells in cases of tetanus and its presence in

amount proportionate to the repose of the cell.

THE NERVE CELL as seen by GOLGI'S METHOD.

This consists in placing pieces of tissue,

hardened in Mullers fluid,in a mixture of bi¬

chromate of potessiiim 100 parts 7>% solution and os¬

mic acid 1% 30 partsjin which they remain 3 days or

more. They are then placed in 1$ solution of sil¬

ver nitrate to which a drop of formic acid is add¬

ed (1 drop to 100 cc.). In this they lie for 1-6

days and are then ready for cutting. Golgi's
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silver stain presents the nerve cell in the form of

a silhouette, as it gives a picture in black of the

nerve cell, its axis cylinder with the collaterals^
and the dendrites or protoplasmic processes; but

it affords no information as to the internal struc¬

ture of these varioiis parts of the neurone. The

various forms of the nerve cell in the different

parts of the nervous system are well demonstrated,—

the pyramidal cells in the cerebral cortex, the

flask-shaped cells of Purkinje, polygonal cells in

the mddulla and spinal cord and spherical cells in

the cerebro-spinal ganglia. The axis cylinder

process, which is easily distinguished from the

dendrites, is generally single and arises as a rule

from the cell body, though in a few cases it comes

off from a dendrite near the cell. It gives off

during its course numerous collaterals. The den¬

drites are, on the other hand, very numerous and

branch repeatedly forming in some cases (e.g. cells

of Purkinje) a dense feltwork. They are thick at

their origin from the cell, but as they divide they

become smaller,until the terminal branches are very

minute twigs. In this respect they differ from

the axis cylinder process, which preserves its

original diameter throughout its whole course.

Another distinction from the axis cylinder is the

possession by the dendrites of the so-called
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gemmulae, lateral buds, thorns or spines. In the

pyramidal cells of the cortex, these are short rec¬

tangular projections, with a small rounded knob at

the free end, so that they appear like a number of

pins stuck into the side of the dendrite. These

gemmulae are very numerous even on the smaller den¬

drites, and, being arranged with a considerable de¬

gree of regularity, give the dendrites a feathery

appearance. Some have considered them artifacts,

but their constant appearance in a regular form

precludes this view. Hill(15) thinks that they

represent longer processes which are unstainable,

and that the appearance}usually presented^s due to
their being surrounded by a film of stainable sub¬

stance. In the cells of Purkinje of the skate

they are in the form of long striae streaming away

from the side of the dendrite. Lugaro among

others holds that they are contractile expanding

during sleep, contracting under the influence of

certain stimuli.

CHANGES in NERVE CELLS induced by

ACTIVITY and EATIGUE.

The researches of Hodge(16) in 1889 were the

first recorded dealing with this subject. He

found after electrical stimulation of the cervical

sympathetic increase in size, zig-zag border and
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darker staining of the nucleus, while the cell pro¬

toplasm stained more feebly, and was shrunk and

vacuolated. In 1892(17) he described the changes

produced by fatigue in the spinal ganglia and brain

of birds as similar to those obtained by stimula¬

tion. The alterations produced by electrical

stimulation disappeared after 24 hours, and those

of fatigue after a night's rest.

Vas(18), using Nissl's method, found on stimu¬

lation of the cervical sympathetic by faradic

electricity, increase in size of the cell body,

disappearance of the chromophile substance round

the nucleus and increase of it at the periphery.

The nucleus also increased in size wandered towards

the periphery of the cell and might even be extend¬

ed. Mann(19), by similar experiments, confirmed

the results obtained by Vas; but he interpreted the

disappearance of the chromophile substance round

the nucleus as a true loss and not a mere transfer¬

ence of it to the periphery. Lugaro(20) repeated

the experiments of Vas and Mann and distinguished

between the results of activity and fatigue. The

former is accompanied by a state of turgescence of

the cell protoplasm,with a slight increase in the

chromophile sUb stance and swelling of the nucleolus.

If activity is prolonged to fatigue, there is pro¬

gressive diminution of the cell protoplasm, and
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chromophlle substance, which is more diffusely

distributed, accompanied by a diminution in size of

nucleus and nucleolus. It is urged against those

experiments that stimulation by electricity is in

no way comparable to the action of function and

fatigue, as the electrical current causes physical

chemical and thermal changes in the cell body and

chromoph.ile substance. On the other hand, changes

following application of the electrical current

bea.r a striking resemblance to alterations produced

by means, which are not so open to objection.

Thus, Mann found, in the spinal cord and cerebral

cortex of a dog in active exertion, increase in

size of the cell body, diminution of the chromo-

phile substance, increase in size of nucleus and

nucleolus, while fatigue caused diminution of the

cell body, nucleus and nucleolus.

In order to obviate the direct influence of

the electrical current, Pick(21) stimulated the

motor cortex of monkeys and cats for half-an-hour

with the faradic current, and then investigated the

cells of the second neuron, i.e. the cells in the

anterior horn of the spinal cord connected with the

part of the cortex stimulated. He found great

differences in the cells of the stimulated and

those of the non-stimulated side. In the fatigued

cells there was diminution of the chromophile



25

substance, shrinking of the nuclei and commencing

fragmentation of the nucleoli.

CHANGES following SECTION or TRAUMATISM

of PERIPHERAL NERVES.

The alterations in motor nerve cells produced

by division of their axis cylinder processes were

studied first by Nissl(22), who found very striking

changes in the nucleus of the facial nerve after

division of its peripheral fibres. The changes

consisted in a finely granular disintegration of the

Nissl bodies, beginning at the origin of the axis

cylinder and gradually involving the whole cell

body, accompanied by swelling of the cell, and in a

more advanced condition, by a. movement of the nucleus

to the periphery. These changes were most marked

in 8-15 days after division of the nerve, but the

initial stages of the alteration could be determin¬

ed even 24 hours after the operation. When the

changes had reached their maximum, they remained

stationary for some time, and then a reparative

stage gradually sets in, so that after 60 days no

difference could be made out between the nucleus of

origin of the divided nerve and that of the normal

side.

Marinesco, Van Gehuchten(3), Lugaro(23) and

others confirmed Nissl's results. Marinesco(24),
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investigating the changes following division of the

hypoglossal nerve, divided them into three stages:-

(1) the stage of reaction ("phase of dissolution of

the chromophile substance" - Van Gehuchten), char¬

acterised by a breaking down of the ITissl bodies

into fine granules and a displacement of the nucleus

to the periphery of the cell. This is followed, in

from 30 to 40 days after division of the nerve, by

(2) the reparative stage, when the cell body in¬

creases in size, the nucleus returns to its normal

position and the individual chromophile elements

are not only more voluminous but there is an in¬

creased number of them present in the cell, which

is thus in the pyknomorphous condition. This in¬

crease is specially well marked in the neighbourhood

of the nucleus. The cell body gradually decreases

in size, the ITissl bodies return to their normal

number and size and 111 days after division of the

nerve there is practically no difference between the

two hypoglossal nuclei. This stage of restoration

sets in and is accomplished ujore quickly the young¬

er the animal and the sooner the two ends of the

divided nerve unite. If, however, the injury is

more severe, e.g. avulsion of the nerve or re¬

section of a piece of it, so that the two ends

cannot come into apposition, (3) the degenerative

stage results, in which the cells of the miclei of
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the divided nerve atrophy and disappear. This

cellular destruction is very rapid, half the number

of the nerve cells having disappeared from the

nucleus 15 days after avulsion of the hypoglossal

nerve, and 35 days after this operation there is

not a single nerve cell in the nucleus (Van Ge-

huchten).

Similar changes have been found in the human

subject in cases of amputation, in which death re¬

sulted shortly after the operation. Quite analo¬

gous changes are found in the cells of the spinal

ganglia after division of the peripheral or cellu-

lipetal process, viz., granular disintegration of

the Nissl bodies, movement of the nucleus to the

periphery and turgescence of the cell body. These

changes advance more raoidly than in the motor

cells, and while some cells pass through a repara¬

tive stage to the normal condition, a larger number

atrophy and disappear. Van Gehuchten thinks this

is due to the fact that the cells of the spinal

ganglion, with the divided peripheral process, fail

to receive the trophic influence, while the restitu¬

tion of the motor cells is due to the cell being

still under the influence of the trophic stimuli.

Section of the central branch of the spinal ganglion

cells causes practically no morbid alterations in

the cells.



28

CHANGES following EXPERIMENTAL ANAEMIA.

Sarbo(25) by temporary compression of the

abdominal aorta for 1-1^ hours in rabbits, found

that the chromophile elements in the cells of the

anterior horn of the lumbar spinal cord lost their

sharp contour, the Nissl bodies in some cells and

their dendrites being broken into the finest gran¬

ules. If it is ligatured for 24 hours similar

changes are evident and vacuoles exist in the cell

protoplasm. The nucleus is uniformly dark blue

and smaller, standing forth distinctly from the

paler cell protoplasm. This condition Sarbo calls

acute "homogenesirung and atrophy" of the nucleus.

In a later stage it becomes angular and the nucleoli

disappear. After ligaUire for 3 days most of the

nerve cells have vanished, only a few markedly

changed cells being left. Marinesco found similar

changes, the process of disintegration beginning at

the periphery and advancing to the centre of the

cell. In advanced stages disintegration of the

ground substance occurs. Mott(26) describes simi¬

lar alterations in cells of the cerebral cortex,

after ligature of the cerebral arteries, where

collateral circulation was not established soon

enough to prevent degeneration of the cells. Follow¬

ing the above described changes, he saw breaking up
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of the cell and ingestion of it by phagocytes.

Artificial anaemia by withdrawal of blood does

not seem to produce any nerve cell change and re¬

sults are also negative in pernicious anaemia and

leucocythaemia.

Monti found that the dendrites became varicose

after production of artificial emboli and those

dendrites were first affected which were turned to¬

wards the thrombosed vessel. Laray, by intravascular

injections of lyeopodium, found alterations simi¬

lar to those seen after compression of the abdominal

aorta.

EFFECT of HIGH TEJCPERATUKES on HERVE CELLS.

The researches of Goldscheider and Flatau(27)

on this question are of very great interest. The

animals were kept in a thermostat, the temperature

of which was maintained in general at 46° C. In

animals, which remained in the thermostat for 2%

hours, and whose temperature rose to 43-5° C.

(110-3° F.) 1-jr hours after introduction into the ap¬

paratus and to 44*7° C. (112*5° F.) at the end of

2j- hours, they found that in not a single

cell in the anterior horn of the spinal cord is

there a normal arrangement of the Eissl

bodies. The cells are large, pale blue, and

homogeneous in appearance. In the pale blue

ground one sees a number of granules, apparently

the remains of the TTissl bodies. The nucleus can
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only with difficulty be distinguished from the

surrounding protoplasm, as it also stains a homogen¬

eous pale blue colour, which is however somewhat

lighter than that of the cell body. The nucleolus

is very darkly stained, and its shape is irregular

and angular. The dendrites are swollen, pale blue

and slightly varicose, and their course can be fol¬

lowed further than normal. One also sees in them

a number of granules in the pale blue ground. Sim¬

ilar changes occur in the motor nuclei of the pons

and medulla. L"^^- \ VtaJu. ;0
Retention for even 1 hour in the thermostat

when the temperature of the animal rose to 44° C.

(111*2° P.) produced similar changes. If the

temperature did not rise above 41*70 C. (107° P.)

there was practically no change in the nerve cells

when the animal was in the thermostat for 3-§- hours.

An important point is that the length of time,

during which the pyrexia is maintained, has a mark¬

ed influence; for, when the animal was retained in

the thermostat for 1 hour, during which the temper¬

ature rose to 42-5° C. (108*5° P.), the cells pre¬

sented no alterations, while, if the retention was
_

prolonged for 3-g- hours (temperature varying from

41*7° C. (107° P.) to 42*2° C. (108° P.), changes

were found similar to those induced by a temperature

of 44° C., though rather less intense. This shows



31

that prolonged exposure to a not very high tempera¬

ture can bring about changes similar to those pro¬

duced by one considerably higher. This can be

brought into relation with Halliburton's researches,

if we look upon the alterations produced by hyper¬

pyrexia as a coagulation of part of the cell pro¬

toplasm. He found in nervous matter a neuroglobulin,

which coagulates at 47° C. (116*6° P.), a tempera¬

ture which kills animals almost immediately, the

nerve cells presenting the appearances above de¬

scribed. Halliburton also found that coagulation

occurred by heating this neuroglobvilin for four

hours at a temperature of 42° C. (107*6° P.) to

43° C. (109*4° P.). This would explain the alter-

ations of the cells of an animal exposed for a long

time to a lower temperature than 44° C.

The changes produced by hyperpyrexia can be

recovered from, if the animal is allowed to live

for a considerable time after being taken out of

the thermostat, even if the temperature has reached

43*5° C.; but a complete restitution to normal

requires nearly 3 days. (Pig. 3. Plate 3.)

These changes caused by high temperatures are

of great interest, in that the nervous symptoms,

presented in cases of pneumonia, typhoid and other

diseases with hyperpyrexia, may be referred to the

changes produced in nerve cells by the elevated
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temperature. These are generally referred to the

toxines of the disease acting on the nerve centres.

Goldscheider and Flatau, however, found in a case

of tetanus, where the temperature varied from

100° - 104° F., that the changes in the nerve cells

were not those found in animals injected with

tetanus toxin but those of elevated temperattire,

showing that, at all events, the changes induced by

the pyrexia had overridden those of the toxin.

They observed a similar state of affairs in a case

of scarlet fever with a temperature of 105*4° F.

CHANGES in NERVE CELLS following ADMINI STRA¬

TION of POISONSj and of TOXINES of BACTERIAL ORIGIN

Before proceeding to the description of the

alterations found in these conditions it seems of

importance to enquire into the changes produced by

inanition, as in many cases of poisoning, especial¬

ly where the process is maintained for a long time,

progressive diminution of weight occurs, sometimes

to the extent of ^/3 of the original weight of the

animal. The question might therefore arise,

whether part at any rate of the deviations from nor¬

mal could not be referred to the loss in body

weight.

Schaffer(28) in inanition with water supplied,
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described only slight changes, consisting in a

separation of the Hissl bodies of the cells of the

anterior horn, but they retained their original

shape; few cells show more advanced changes. He

found more severe alterations in "absolute inani¬

tion," (animals deprived of water as well as of

food) consisting in solution of the Nissl bodies,

granular disintegration beginning in the perinuclear

protoplasm, vacuolisation of the peripheral part and

deep staining of the nucleus. Jacobsohn(29), on

the other hand, found no morbid changes in the

cells of the anterior horn of rabbits subjected to

absolute inanition for 7 days, and the only symptom

was a fall of temperature from 39° C. to 32° C. He

likewise found no changes in the nerve cells of

hedgehogs, kept in the hibernating condition for a

period of 4-6 weeks. Similar results to those of

Schaffer were obtained by Lugaro and Chiozzi(30).

They investigated the anterior cornual cells of

rabbits, kept without food for 12-13 days, and in

dogs starved for 31-40 days, and found no changes.

It was only after starvation for a longer period

that they found distinct breaking up of the Nissl

bodies, accompanied by a pale staining of the ground

substance and vacuole formation at the periphery of

the cell body. In the cerebral cortex of dogs,
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starved for 60 days, they found chromatolysis in the

small and medium-sized cells and slight shrivelling

of the nucleus. The researches of Laddi confirm

the results of Lugaro and Chiozzi; but he differs

from them in assigning the changes, which occur a

few days before death, to general denutrition of

the cells, while they refer the alterations to a

species of autointoxication.

The results thus obtained show that no changes

occur in nerve cells of animals starved for a very

considerable period, and only slight alterations

are observed in cases where starvation is maintain¬

ed till the death of the animal. As the diminution

in weight in cases of poisoning, even in those of a

very chronic nature, never approaches that produced

by prolonged starvation, we are justified in re¬

ferring any observed alteration in nerve cells in

poisoning to the action of the poison. In support

of this is the fact that where with different poi¬

sons (e.g. Lead and Arsenic) like diminution of

weight occurs, quite distinct alterations are found.

As it often happens that animals,to which poi-
"

sons are being administered,die at a time,(e.g.during
.

the night), when immediate fixation of the nervous

system is impossible, the question of the effect of

post-mortem alterations in nerve cells arises.
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Beppi(31) described the changes found in the cells

of the anterior horn, at varying intervals after

the death of the animal (dog). Six hours after

death the cells presented a quite normal appearance,

and even after 24 hours only slight alterations were

found, TTissl bodies being well maintained as to

shape and arrangement. Some cells stained a uni¬

form pale blue, and after 48 hours this uniform

staining is present in a larger number of cells,

the same change being seen in the nucleus, which is

at this period irregular in shape. These post

mortem changes progress and after 72 hours the cells

begin to shrivel, the nucleus to atrophy and the

TTissl bodies lose their regular form, stain less

deeply and break down into granules. The nucleolus

preserves its contour and deep blue colour for a

long time, even 96 hours after death. Barbacci

and Campacci(32) confirmed Neppi's results, in that

for several hours after death the cells present prac¬

tically a normal appearance; but they found after

24 hours erosion and running into one another of

the Nissl bodies, with disintegration into granules

so that the chromophile substance appears dust like.

Small round, sharply defined vacuoles begin to ap¬

pear in the cell protoplasm, and these increase in

size by the conjunction of neighbouring ones.

The changes found by Barbacci and Campacci in the
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nucleus are similar to those described by Heppi,

and they agree with him that the nucleolus is the

part of the cell which stirvives unchanged for the

longest period after death. Ultimately it shrivels

and breaks up into pale granules scattered through

the nucleus. In preparations by the Cox method,they

found loss of the spinous processes of the dendrites

and fragmentation of the latter. Rainy confirms

the fact that post-mortem changes are not evident

for at least 12 hours, and that recognisable alter¬

ations occur only after 24 hours. He found that

the temperature, at which the dead body was kept,

had an influence in determining the rapidity of the

changes.

My own observations are at variance with those

above described, in regard to the time after

death when post-mortem alterations become evident;

though it must be stated that these were

not investigated in normal animals, as the researches

of Heppi and the other observers were. In

two rabbits which had received *1 grm. Lead

Acetate daily for 12-15 days, one of which died 5

hours and the other 4 hours before fixation of the

brain and spinal cord, very distinct alterations

were found in the nerve cells; while in animals,

which had been subjected to exactly similar condi¬

tions and were killed immediately after the death

of the others was discovered, the nerve cells
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showed either practically no deviation from nomal

or alterations quite distinct from those found in

the animals which had died 4 or 5 hours before.

The most constant change I found was the appearance

of vacuoles in the cell protoplasm and the running

together of the Nissl bodies^which had lost their
sharp contour. The ground substance in Nissl pre¬

paration absorbed the toluidin blue as if the

chromophile substance had diffused into it. In

many cells the ITissl bodies present a kind of

whirlpool appearance, owing to the conjunction of

the individual elements. It is possible that cells

which have been under the influence of poisons may

be lowered in vitality and may thus become affected

more quickly by post mortem changes thannormal celis.

If this is so, though it would require further in¬

vestigation to determine it, cells under the action

of a poison, even though showing no evident patho¬

logical alteration, will undergo a more rapid post

mortem change than occurs in normal nerve cells.

The practical deduction, however, is that one cannot

say with certainty that cells, which present patho¬

logical alterations, are changed in virtue of the

special pathological condition, if death has

occurred several hotirs before fixation of the tissue,

and in my own research no materials were employed
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from animals where death occurred more than 1 hour

before such fixation.

A considerable amount of research has been con¬

ducted in the investigation of nerve cell changes

produced by various poisons, certain toxalbumins

(ricin and abrin) and bacterial toxins and on the

effect of antitoxins in diminishing or preventing

the alterations caused by the toxin. The intro¬

duction of Nissl's method was almost immediately

followed by great activity in this line of research

and he himself was the first to use it for this pur¬

pose. In stating the changes found by various in¬

vestigators, after the administration of the vari¬

ous poisons, I describe first those induced by

the metalloid group, arsenic, antimony and phos¬

phorus, then those produced by the hea.vy metals,

lead, mercury, silver and aluminium, and, after an

account of the alterations found in alcohol poison-!

ing, the effect of various alkaloids and of the

toxalbumin ricin are described. Following- this I

have devoted a few pages to the consideration of

the changes induced by experimental injections in

animals of the cultures of or the toxins produced

by bacteria, and those found in the human subject

dying from the effects of accidental inoculation

of these.
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Arsenic. The influence of arsenic on nerve cells

has been investigated by ITissl, Lugaro, Dexler,

Schaffer and Marinesco .

lTissl(33) described the occurrence of swelling

and solution of the ITissl bodies in the cells of

the anterior horn of the spinal cord. The cell

body loses its polygonal shape and becomes pear-

shaped and in the part of the cell which forms the

stalk the changes are not so far advanced as in the

rest of the cell body. Owing to the disappearance

of the chromophile elements the ground substance

becomes more evident. In the part of the cell

where the alteration is most marked the ITissl bodies

stain faintly, appear in a crumbly condition and the

normal appearance of the substance stainable by

TTissl's method is no longer to be seen. The

nucleus loses its sharp outline and is diminished in

size. He found very similar changes in the cells

of the superior cervical sympathetic ganglia. The

ITissl bodies stain less easily and are in a crumbly

condition, and in some cells this crumbling has gone

on to the formation of granules. The nucleus shri¬

vels and the normal sharp contour is lost .(Fig .l1? ,P1.4)
Marinesco found in the cells of the anterior

horn a breaking down of the chromophile substance

into fine granules in two dogs which received by
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subcutaneous injection 4-12 m.grm. of potassium

arsenite and died after 20-25 days and in one dog

which was killed after 30 days. In the spinal

ganglion cells he found the ITissl bodies in the

perinuclear zone were well maintained, while in the

peripheral part of the cell body they were broken

down into fine granules (peripheral chromatolysis),

allowing the ground substance of that part of the

cell to become more evident (see fig. plate ).

In some cells the chromatolysis affected the ITissl

bodies in the neighbourhood of the nucleus, which

is thus surrounded by a clear zone.

Lugaro(35) investigated more fully the changes

in arsenic poisoning. One dog received 2-8 m.grm.

of potassium arsenite daily for 43«Iaysand was killed

at the end of this period. The symptoms produced

by these doses were loss of body weight, twitchings

and tremors of various muscles and spastic paralysi3

He found changes in the spinal ganglion cells simi¬

lar to those described by Marinesco in that, while

the Hissl bodies in the neighbourhood of the nucleus

preserved their normal shape, size and disposition,

there was a varying degree of chromatolysis in the

peripheral part of the cell, allowing the structure

of the ground substance, which Lugaro considers to

be fibrillary, to become more evident. He also
S.

found that fatty degeneration occurred in the cell
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body. The nucleus appeared normal and in the nu¬

cleolus are seen clear rounded vacuoles. In the

spinal cord he found the changes described by Nissl.

the disintegration of the chromophile substance al¬

lowing the ground substance to become more evident.

In the Purkinje cells of the cerebellum the ITissl

bodies stain more uniformly, are paler, and have

less definite edges than in the normal. Similar

changes of a less intense kind were found in the

cells of the cerebral cortex.

In a second dog, which received the same amount

of arsenic daily for a similar length of time (43

days), and was then allowed to live for 50 days

longer, during which no arsenic was administered,

the majority of spinal ganglion cells were nearly

normal. In some cells there was still present a

certain amount of chromatolysis and some slight

changes in the nucleus. In the cells of the anter¬

ior horn of the spinal cord, in the Purkinje cells

and in the cells of the cerebral cortex there is a

complete restitution to the normal condition. This

observation shows that the nerve cells can return

to the normal condition even after they have under¬

gone well-marked alterations.

Dexler(36) described the changes in arsenic

poisoning in horses to which he administered 1-7 grms

of arsenic daily for 45 days, the animals being then



42

killed. These doses caused paresis and tremors;

and an elevation of temperature to 103-6° F. In

the anterior horn of the spinal cord, some cells

presented clear spaces quite devoid of chromophile

substance, even in the form of granules. In others

again there was a homogeneous appears.no e of the

perinuclear.TTissl bodies and an increased staining

of the ground substance. These changes were more

marked in the lumbar than in the cervical cord.

The diffuse staining seen in some cells resembles

that seen in animals dying of hyperpyrexia, and

part of it might be due to the elevation of tempera¬

ture which was present. In the spinal ganglion

cells the changes found were those described by the

other observers. He confirmed Marinesco's results

that in some cells there is a clear zone devoid of

chromophile substance round the nucleus, the peri¬

pheral part of the cell presenting a normal appear¬

ance .

Antimony. Schaffer(37) in chronic poisoning with

antimony found that the Nissl bodies have lost their

regular outline and are paler. The cell has a

homogeneous appearance owing to the ground substance

taking up the stain. The nucleus retains its rounds

ed sharp contour.

Phosphorus. The changes in phosphorus poisoning
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were investigated by Nissl(33). There is at first

a disintegration of the chromophile substance in

parts of the cell, without any regular distribution.

As the process advances the cell becomes smaller

but retains its original form and,while in some

parts of the cell the TTissl bodies are normal in

appearance,one sees in the dendrites crumbly granu¬

lar masses of a pale colour. In still more ad¬

vanced stages the Nissl bodies are broken down and

form a granular powdery mass, and this granular

debris collects to form irregular heaps round the

nucleus which is shrivelled. Quite clear unstain¬

ed spaces appear in the cell protoplasm — vacuole

formation. In later stages the atrophy of the cell

is more evident and the processes no longer recog¬

nisable. The cell is represented by irregular

masses of debris formed of the broken down ITissl

bodies and the nucleus is greatly diminished and

stains a homogeneous deep blue. Finally only

shadows of former cells are seen. Similar

changes are seen in the cerebral cortex.(Fig.2 PI.4)

Rossi(38) administered phosphorus in oil to 3

dogs,in doses which caused death in from 6-15 days.

He dlso found very advanced disintegration of the

Nissl bodies in the cells of anterior horn of spin¬

al cord. In the cells of the cerebral cortex,
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however he found only slight disintegration of the

chromophile substance; a few cells appeared fill¬

ed with a granular debris.

In a case of poisoning by phosphous in the

human subject, Middlemass found fatty degeneration

in the nerve cells.

Lead. Nissl, Lugaro and Schaffer investigated the

action of Lead in producing nerve cell changes.

The spinal ganglion cells, according to Nissl(33),

presented a pale appearance owing to the absence of

the chromophile substance, the smaller particles of

which are more affected than the larger. The

nucleus is smaller and the nucleoli are paler and

diminished. He found very severe changes in the

Purkinje cells which are also paler and filled with

a pale blue flaky mass with deeply stained Nissl

bodies scattered irregularly throughout it. The

nucleus is smaller. The cells of the cerebral

cortex also present a pale shadowy appearance^

suggesting solution of the cell contents. The

nucleus,nuclear membrane and nucleolus disappear.

Lugaro(35) poisoned dogs with acetate of lead

for periods ranging from 31 days to 8 months. He

gave doses of *1 grm. or less, the total dose vary¬

ing from 2-5-3»7 grms. In the spinal ganglion

cells there was a disintegration and fading of the
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chromophile substance, and shrivelling of the nucleus.

This chromatolysis was of a uniform kind, not ,

affecting one part of the cell more than another.t

This condition distinguishes the effect of lead from

that produced by arsenical poisoning;for,while in

the latter the granular disintegration of the chramo-

phile substance begins and .is nearly always most

marked at the periphery, the alteration in lead

poisoning affects the whole cell body,which is thus

filled with a powdery mass obscuring the ground

substance. In the spinal cord the cells present a

similar appearance, breaking down of the ITissl

bodies into granules.

Schaffer(37) confirmed Lugaro's results in

dogs and rabbits to which he gave large doses of

lead acetate. . The cells became ultimately filled

with fine dust-like granules, and he thought this
v

commenced round the nucleus, gradually advancing to

the periphery. At any rate there is a marked dis¬

tinction from the changes in arsenical poisoning,

where the chromatolysis in most cells begins and is

mostly confined to the periphery of the cell.

Schaffer found in some cells a homogeneous appear¬

ance from the blending of the chromophile with the

ground substance.

Mercury. Brauer(39) investigated the alterations

caused by this substance in nerve cells. He
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obtained the best results by intravenous injections,

rapidly increasing the dose, so as to develop simul¬

taneously the bowel, kidney and nerve cell changes.

The latter vary in intensity. At first there is a

destruction of the Hissl bodies into granules at the

periphery of the cell, so that one sees clear

spaces without Nissl bodies. As the process ad¬

vances, the cell becomes filled with the granular

debris, the product of the disintegrated Hissl

bodies. The ground substance takes up the stain

to a slight extent. The nucleus appears normal.

Silver was found by Nissl(33) to produce atrophy of

the cell body, nucleus,nucleolus and processes,and

the cells become surrounded by numerous glia cells.

At first the Nissl bodies of the cells of the anter¬

ior horn stain more intensely and are more closely

arranged, while those in the dendrites have faded and

are paler than usual. Later the cell becomes pale

and atrophies.

Aluminium. The changes induced by this substance

were investigated by Dollken(39b), who injected it

in the form of a double salt. He found that the

nucleus stains diffusely, and is difficult to dis¬

tinguish from the fine granular degeneration in the

protoplasm of the cell. In many cells the nucleus

has disappeared, and occasionally a slight degree

of vacuolisation in the cell protoplasm is seen.
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Bromine. Pandi found granular disintegration of

the Nissl bodies in bromine poisonirg .The cells

become atrophied and sclerosed, and the ground sub¬

stance and nucleus stain deeply.

Potassium Bromide. Wright,in a case of poisoning

by this substance in the human subject, and in four

rabbits which received large doses of potassium

bromide for a period of nearly a month, found by

Nissl's method that the cells of the cerebral cortex

presented a homogeneous appearance?from the disin¬

tegration and "disappearance of the chromophile sub¬

stance. The nuclear membrane is wrinkled and the

nucleus has moved in some cases to the periphery of
t

the cell. The nuclei are fainly stained and

swollen, and present delicately granular edges.

By Berkeley's silver stain the body of the cell is

seen to be slightly roughened and eroded, and the

dendrites show bulbous swellings," with loss or

diminution in the number of the lateral buds. The

process of swelling affects the terminal parts of

the apical dendrite, and gradually extends down-

wards. In some cells there is an extreme type of

degeneration, where all the processes of the cell

have perished, and in these cases the cell bodies are

atrophied, distorted and roughened. The axis cy-
.

Under is not affected until the process of degen-

eration has advanced very far in the dendrites.
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Alcohol. A considerable amount of research has been

devoted to the changes,produced experimentally in

animals by alcohol, and those found in individuals

dying from the effects of chronic alcoholism.

Nissl(33) described the changes in the cells of the

cerebral cortex as being specially severe, no nerve

cell in that region displaying a normal structure.

In place of the cell one sees shadowy figures, con¬

taining a shrivelled irregular nucleus, in which

the nucleolus is no longer evident. In later

stages the nucleus also disappears and the processes

of the cell body are lost. In the cells of the an¬

terior horn of the spinal cord the Nissl bodies

fade and disappear, preceded by a rarefaction and

disintegration into granules, occurring somewhat

irregularly throughout the cell. The chromophile

substance around the nucleus is least affected.

Marinesco has also described a chromatolysis

of various kinds in the cells of the anterior horn

in chronic poisoning, and his results have been con¬

firmed by Jactottet.

The most recent account of alterations induced

by alcohol is that of Berkley(4),who investigated

especially its effect on the cell processes by a

modification of Golgi's silver method. He admin¬

istered to rabbits doses of 5-8 c.c. of absolute
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alcohol, diluted with water, per diem,for periods

ranging from 6 months to 1 year. He found the

walls of the smallest cerebral arteries shrunken

and irregular in size, in places possessing a bo-
f

troidal appearance. The perivascular space is

larger than normal, and occasionally contains a

granular debris of broken down corpuscles. The

vast majority of nerve cells are altered and the

most prominent change is found in the nucleolus

which is enlarged and irregular in form, and fre¬

quently there are elongated projections extending

from it into the body of the nucleus. The dendrites,

of all kinds of pyramidal cells in the cortex,

present one or more swellings of a rounded or ellip¬

tical form. These are sometimes very small, some¬

times large, and they are occasionally so numerous

as to occupy the whole dendrite. The process of

tumefaction of the dendrites begins at the fine free

extremity and proceeds towards the cell body, and

you can see all stages from moniliform swellings on

the fine terminal branches to more advanced phases

in which the whole dendrite is affected with these

swellings. The dendrites arising from the base of

the cell are not affected until the cell begins to

shrink and the axis cylinder process undergoes no

modification at any stage of the process. Accom¬

panying the tumefaction of the dendrites is seen a



Tuh 5.

3u>. i

H oVw*x»$. CtW. IjUwv AJL Sttxr>*5>
ItMnX^A. 8^ k^ve. CiAxljt*X toduy.

OCaav f OWaOVi/Vv^
ckun-OLVun*. . *2.5 . "^wC/n.

8^ j^A*4n- ^ (^<^<yufc/5
Vo i«W> R& \ua»UA <ufcov^3.

5c°5- ^

(XfVCW^C OXc<J^rftuc 'PijvSj^Ww^
. (Cb-ua^<ju) "v%^rvJL'i^irw>. «>ultJLv^ g<

l*jvkk i*y> ^
^Vj^ V If 0uy\r^~ct<> 8^

duti^voi>v«XvBVN ^I/\^A«AA- ioV*>
WOLVUAAV ^CK» <1PA~>v-^ ' JL AjUW^SU/VV.

l.^k^

;vH-KI^!<c

5c^. t>
*) I^Ux^ ToU> 72 tvOWXA

dwuJlvovt. Mlb" w*X*L. I^CtUx
UuaJUa*> LxnAJ- s\^. ■VJL
G^va^- dv VloL.sttv^
S(tftjtSA<V V/«fc u£t/> 5xjtf> ^-M^V\A>^iJL(X>2.

CB t*AdL£

5.
Ku^
ICUJ^;
cUjvrjL

dlA^KifcL
^



50

loss of the gemmulae. The smallest swelling causes

a well-marked diminution in the number of these

lateral buds, while between the points of swelling

they are retained, but they are less numerous and

situated at more irregular intervals than in the

normal condition. When the dendrite is thickened

in its whole extent the gemmulae are universally .

lost. Even in advanced stages only in a few cases

is the cell body affected - irregularly shrunken -

but when this has taken place the dendrites show

large swellings in their whole extent with complete

loss of the gemmulae and the basal dendrites are

similarly affected. (Figs 2-, 3 & 4, Plate 5.)

In the Purkinje cells changes of a like char¬

acter are seen. In a series of experiments design¬

ed to show the effects of acute alcoholic poisoning

Berkley administered to rabbits moderate doses of

alcohol until a degree of tolerance was established,

and then rapidly increased the dose, death taking

place in 3 weeks, accompanied by a diminution in

body weight to the extent of nearly one half. The

changes seen in the cells of the cerebral cortex by

TTissl's method are less definite than in chronic

alcoholism. In some there is present a finely

granular condition of the chromophile substance

which is more lightly stained and the nucleoli are
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a little swollen and irregular. The alterations

seen by the silver stain are as in the chronic al¬

cohol poisoning, swelling of the dendrites with loss

of the gemmulae at the points of tumefaction. Some

parts of the dendrites are atrophied, thinner than

normal, and these are also deprived of the gemmulae.

There is no change in the cell body or in the axis

cylinder and its collaterals. In the bloodvessels

the nuclei of the endothelial cells are swollen and

fragmented, and the cells bulge into the lumen of

the vessel, while the lymph spaces are filled with

granular debris from broken down lymphoid corpuscles.

Strychnine. This has been found to produce well-

marked alterations in nerve cells. Nissl(33),using

doses just short of the fatal (subacute maximal}.),

found that in the cells of the anterior horn of the

spinal cord the chromophile substance stains more

intensely and appears as if pressed round the

nucleus, the peripheral part of the cell being

clearer and denuded of the stainable material. In

the dendrites the Kissl bodies fade, become smaller

and disappear.

Groldscheider and Flatau(27) investigated the

changes more fully. In a rabbit which received

•002 grm. subcutaneously and was killed 3 minutes

after, they found only slight swelling of the
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nucletis. In another which obtained the same dose

and was killed 12 minutes after, the nucleus is dis¬

tinctly swollen, but not in all cells. The TTissl

bodies appear crumbly, and sometimes a slight

swelling of them is evident. If a similar total

dose ("002 grm.) was given in divided amounts dur¬

ing an interval of 1-g- hours, and the animal killed

when convulsions appeared, the same changes were

seen in the nuclei and TTissl bodies, but rather

more intense. If the period during which the di¬

vided dose was injected was increased to 48 hours,

the cells presented no deviation from the normal.

Veratrine and Morphine also produce well-marked

changes in nerve cells. In poisoning with the

former the ITissl bodies undergo at first a disinte¬

gration in scattered irregular fashion, followed by

a destruction of the ground substance, so that the

cell becomes indistinct and faint, while the nuclei

diminish.in size. (Fig.3 (a) (b) (c), Plate 4.)

Malonnitril. Very interesting are the researches

of Goldscheider and Flatau(27) with this body and

the antidotal effect of sodium hyposulphite.

Malonnitril (C N C H2C N) produces symptoms as in

poisoning with cyanides, convulsions increased flow

of saliva, vasomotor phenomena, paralysis and death.

By means of sodium hyposulphite the poisonous
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symptoms pass off in a few minutes and an animal,

even in the stage of paralysis, can recover if the

antidote is injected intravenously. The antidotal

effect is supposed to be due to the union of the

sulphur molecule with the C IT group. After the in¬

jection of "01 grm. Malonnitril subcutaneously, the

poisonous symptoms are fully developed in 35 minutes.

If the animal (rabbit) is then killed, the cells of

the anterior horn appear darker, owing to the

ground substance taking up the stain. The ITissl

bodies show an indistinct contour, have lost their

normal arrangement, and are breaking down into fine

granules. The ITissl bodies in the protoplasmic

processes are not involved in the degenerative

process. Very few cells show no deviation from

the normal.

When -0025 grm. was injected three times at

intervals of 3 hours and the animal killed at the

appearance of the characteristic symptoms (2 hours

after the third injection) changes, of a similar

kind but more intense, were seen in the ITissl

bodies,which appear as irregular darkly stained

granular masses in the diffuse blue protoplasm.

The nucleus is deeply stained and the nucleolus
displaced. A total dose of "03 grm. injected in

divided amounts during a period of 3 hours produced



54

very marked changes of a similar kind to those de¬

scribed above. There is greater disintegration of

the Nissl bodies,which are no longer present in the

peripheral part of the cell. The nucleus and nu¬

cleolus have disappeared from many cells and in

others the nucleus lies among the broken down

Hissl bodies and can only be distinguished with

difficulty.

When the poisonous symptoms were developed by

the injection of *15 grm. in three equal doses of

"05 grm. hourly, sodium hyposulphite was injected

at various intervals until the animal had received

in all 39 c.c. of a 1% solution in 3 hours. The

animal was killed 19 hours after the last injection.

In most cells the TTissl bodies are quite normal in

shape and distribution, in a few there is still

present a slight breaking down of the Nissl bodies.

When the characteristic symptoms were produced by

three injections of -005 grm. at intervals of an

hour, 5 c.c. of a \% solution of sodium hyposul¬

phite injected,the animal is completely recovered

in 10 minutes. Strange to say, the changes induc¬

ed by Malonnitril still persist in the nerve cells.

If the animal,instead of being killed immediately

after recovery from the poisonous symptoms,is kill¬

ed after 71 hours the cells then present practically

no deviation from normal.
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'

Ricin. (Berkley(40) investigated the effect of this

toxalbtunin, obtained from the castor oil seed by

Ehrlich. In guinea pigs, which received subcutan-

eously *1 - *125 m.grm., death resulted in 36 - 72

hours. In the cerebral cortex the perivascular

spaces are filled with detritus and the dendrites

of the nerve cells show extensive changes, all the

cells being involved in the degenerative process.

If the poison has only acted for a short time,only

the finer branches of the dendrites are affected

with rounded or fusiform swellings, and there is

loss of only a few gemmulae. But if the action

has gone on for a longer time the swelling of the

dendrites extends downwards towards the cell body.

In more advanced stages the spinal and basal den¬

drites become greatly thinned showing at the same

time a few tumefactions, and finally they are re¬

duced to short stumps from which the gemmulae have
* entirely vanished. (See Pigs. 5, 6 & 7, Plate 5.)

Alterations in nerve cells by the toxines of

bacterial origin.

The degenerative changes in hydrophobia were

found by Marinesco(34) to consist in a breaking

down of the chromophile substance at the periphery

of the cell,which thus appears granular. The

Mssl bodies around the nucleus lose their definite

contour and the nucleus Stains more deeply.
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Sabrazez and Cabannes (41) found similar changes

in the cells of the anterior horn of the spinal

cord of a man who died of hydrophobia; but these

were more advanced than in animals poisoned with

the virus. They think that the chromatolysis be¬

gins in the dendrites and advances from the peri¬

phery to the centre of the cell. Vacuoles are

present in some cells and the nucleus changes its

position and is often lost.

Babes(42) found the bacilli of hydrophobia in

the degenerated nerve cells.

Marinesco described similar changes to those

of hydrophobia as being produced by bacillus bot-

ulinus. The cells and dendrites are swollen, and

in later stages owing to disintegration of the

ground substance vacuole formation occurs. Kempner

and Pollack(43) verified these results, and they

found that the injection of the specific antitoxin

9 and even 24 hours after the toxin restores the

nerve cells to normal.

Bubonic Plague. The effects of this were investi¬

gated by Lugaro(44), who found that there is a peri¬

pheral chromatolysis with swelling of the cell.

The nucleus, unaffected in the early stage, becomes

smaller and stains diffusely as the process advances.

Babes, after the injection of the bacilli, found



57

the same change, and the microorganisms are found

in the cells and meninges of the spinal cord.

y*£/vu

Diphtheria. The various symptoms in diphtheria,which

were formerly thought to be due to a neuritis, have

now been shown to be also associated with changes in

the nerve cells. Crocq found a severe type of

chromatolysis beginning in the anterior coruna and

extending to the medulla.

Murawjeff(45),in guinea pigs injected with cul¬

tures of diphtheria,found in the cells of the

anterior horn a chromatolysis of varying degree,

nuclear changes and vacuolation. When the anti¬

toxin was administered in suitable amount, the

changes were less intense,depending on the inter¬

vals between the toxin and antitoxin injections.

Rainy(46) has described similar changes after subcu¬

taneous injection of the toxin.diphtheria.

Tetanus. Much research has been devoted to this

subject, and the fullest account of the changes in¬

duced by the toxin and the antidotal effect of the

antitoxin is furnished by the investigations of

Goldscheider and Flatau(27.) The changes, which

were always more marked in the lumbar than in the

cervical spinal cord, were evident even 1 hour after

the injection of the toxin and are well seen 2 houis
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after. These consist in slight swelling and crum¬

bling of the Nissl bodies in the dendrites and in

the cell body. The nucleoli are enlarged in all
?L«.tt L)

cells. If the animals are killed at a later period,

from 8-22 hours after the injection, the swelling

of the nucleoli has subsided (or if present is slight

in amount) and is replaced by an irregular angular

contour. Though some of the lissl bodies are still

swollen, most of them are broken down into fine

granules, and the ground substance is more evident

than in the early stages. The whole cell is swol¬

len in this later stage. (Pig. 4, Plate 6.)

In animals,treated with antitoxin 2-4 hours
>

after the injection of the toxin and killed after 22

hours, the changes consisted in swelling of the

nuclei and the ITissl bodies, a condition which

corresponds to that seen at an earlier stage when

the toxin alone is administered. There is thus a

distinct retardation of the changes after the injec¬

tion of the antitoxin. If the antitoxin is ad¬

ministered sooner after the toxin injection, the

retarding influence is more marked^for, although
the animal is killed 22 hours after,when in the

control animal the cells present broken down

Hissl bodies and irregular shrivelled nucleus, the

changes in the antitoxine treated animal are,only

slight swelling of the nucleoli, the ITissl bodies
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being normal.

The regarding effect of the antitoxin could

be seen even when administered 24 hours after the

toxin.

Goldscheider and Platau found that when small

doses of the toxin are injected the changes proceed

more slowly and that the earlier phase,i*e. the

swelling of the nucleoli and TTissl bodies,persists

for a longer time. Even when the same dose is giv¬

en the concentration has also an influence on the

rapidity with which the changes are produced. With

weak solutions of the toxin the appearance of the

cell changes and the symptoms is delayed, but on

the other hand they last longer, and the regenera¬

tion of the cells,which ultimately occurs in non¬

fatal cases, even without administration of anti¬

toxin, is more slowly induced.
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AUTHOR'S OBSERVATIONS.

The following investigation was undertaken with

the object of seeing how far, if at all, the changes

induced by strychnine in nerve cells could be antag¬

onised. by the administration of potassium bromide

and chloral hydrate; and,as salts of lead and mercury

have been found by numerous investigators to pro¬

duce well-marked alterations in nerve cells, I con¬

sidered it would be of interest to observe what

effect the administration of potassium iodide would
■

produce on the changes caused by these two sub¬

stances. In cases of chronic poisoning by lead and

mercury in the human subject, it is found that the

iodides have a marked therapeutic effect, even when

the poisoning, induced by these two substances, has

produced symptoms of paralysis, and the question

occurred to me to observe if the action of potassium

iodide, in effecting a recovery from the symptoms

of lead and mercury poisoning, could be referred to

a reduction of the alterations in the nerve cells,

found in such conditions. I also undertook the

investigation of the nerve cell changes produced by

bismuth, which belongs pharmacologically to the

metalloid group and might a priori be supposed to

produce alterations,similar to those observed in

phosphorus and arsenic poisoning. This substance

has until recently been regarded as being devoid of

any marked poisonous action in the forms, under
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which it is generally administered for its thera¬

peutic uses, even when given in very large doses;

but since its use has been extended to promote the

healing of wounds, several cases of serious intoxi¬

cation have been recorded, and it is well known

that the administration of bismuth to animals,in

the form of double salts by subcutaneous or intra¬

venous injection, is followed by symptoms, closely

resembling those found in poisoning by other members

of the metalloid group.

The animals used in this research were ex¬

clusively rabbits of medium and full size, weighing

from 1500 - 2200 grms. and in every case the sub¬

stance was administered subcutaneously, as this

method permits of an accurate dose being given and

that over a prolonged period, the latter advantage

not being possessed by intravenous injection. The

animals were either allowed to die from the poison¬

ous effects of the substances or were killed by a

smart blow on the head which causes death instan¬

taneously. In one or two cases they were subject¬

ed to concentrated chloroform vapour, which kills

in 45 seconds,if no air is admitted. This mode of

death I found produced no changes in the nerve

cells.

The brain, spinal cord and some of the spinal

ganglia were in most cases removed immediately after
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death, and in a few instances, when death occurred

at a time which did not permit of immediate removal,

at an interval of not more than an hour after the

animal died. The tissues of animals, in which

death had occurred more than 1 hour before removal,

were not employed in the investigation of the

changes produced by the poisonous substances, so as

to obviate any possibility of post mortem altera¬

tions complicating the effects of these. I have

already, in an earlier part of this paper (vide

page 36), referred to the fact that, in some animals

which had died 4 or 5 hours before the brain and

spinal cord were placed in the fixing medium, I ob¬

served fairly well-marked post mortem changes; but

as in no case were these seen when the tissues were

in the fixing agent within 3 hours after death any

alterations, found in cases where the interval was

of similar length, could be referred to the action

of the poisonous substance employed. To keep well

within the limit, however, I used the tissues of

those animals alone, in which not more than one

hour elapsed between death and the removal of the

brain and cord. After some experience, this oper¬

ation can be performed in less than •§- hour.

Method of Fixation and Embedding. Formol 5% (i.e.

1 part of the 40$ solution, in which it is usually

sold, diluted with 7 parts of water) was almost
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exclusively used, and proved to be very satisfact¬

ory. The brain, spinal cord and ganglia were plac¬

ed in about 30 times their bulk of this solution

and, in order to allow of equal penetration of the

fixing agent, the parts were supported on cotton

wool,lightly packed in the bottom of the vessel.

In this solution they remained for 10 days, and then

small pieces not exceeding *2 cc. were cut out from

the cerebral and cerebellar cortex, the medulla ob¬

longata, and the spinal cord at different levels,

and these with the spinal ganglia, after being wash¬

ed in water for 1 hour, were put through alcohols

of gradually increased strength, until at the end

of 3 days they had reached absolute alcohol. They

were subsequently transferred to a mixture of equal

parts of absolute alcohol and chloroform, and after

remaining in this 1 day, they were placed in pure

chloroform, then in chloroform and paraffin, and

finally pure paraffin. In this last they should

remain for at least 3 days until all the chloroform
>

vapour has evaporated before embedding in paraffin.

I also employed corrosive sublimate, solution in

normal saline; but I did not find it to possess any

of the advantages claimed for it over formol, and so

discarded it for the latter. In one case I tried

Muller's fluid, so that the tissues might be used
■

for G-olgi's silver method as well as for Hissl's



64

stain; but I found that this fixing medium did not

give successful results with the method of Nissl,

and so I did not employ it again. It is generally

stated that Golgi preparations cannot be obtained

from tissues fixed with formol. I found, however,

that, if very small pieces were cut from formol-

hardened brain and cord and carefully washed in

water to remove all superfluous formol, results were

obtained little, if at all, inferior to those got

from tissues hardened with Muller's fluid.

Sections 8 -10 thick were cut with a rocking

microtome from the paraffin-embedded blocks and

mounted serially on slides, covered with a thin

layer of egg albumen (albumen 1 part, water 9 parts).

I found that the best method of spreading the sec¬

tions was to float them out on a layer of water on

the slide, which is then placed in a water bath,

kept a few degress below the melting point of the

paraffin, and left there until the sections are per¬

fectly straightened. The water was then drained

off and the slides placed in an incubator at 40° C.

until all the moisture had evaporated. The paraffin

is melted by the aid of a spirit flame, care being

taken not to subject the slide to a higher tempera¬

ture than is just sufficient to do this. The melt¬

ed paraffin is dissolved off by putting the slide

in a xylol, and to ensure thorough removal, it is
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placed in another vessel containing the same sub¬

stance. The sections are now ready for staining.

Staining. The stains, which I found most suitable

and gave the best results, were (1) toluidin blue

and (2) a modification of Held's double stain. The

former gave more permanent specimens than methylene

blue, sections stained with the latter having a

strong tendency to fade. I have now sections,

stained with toluidin blue, prepared more than a

year ago, the colour of which has hardly at all been

discharged, while preparations stained at that time

with methylene blue are by this time nearly colour¬

less. Attention to two details greatly retards

the loss of colour. The differentiating medium

should be thoroughly removed as, if even a very

minute quantity of this is left, the sections rapid¬

ly lose their colour. The sections should also be

completely dehydrated by several changes of absolute

alcohol; for if the slightest trace of moisture is

present after mounting decolourisation sets in.

For the toluidin blue stain I employed a '4% solu¬

tion of Grubler's toluidin blue, dissolved in dis¬

tilled water, previously shaken with a few drops of

Aniline Oil and filtered. The addition of aniline

oil rendered the staining and the subsequent differ¬

entiation of the sections more easy. The paraffin
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having been dissolved by xylol as described, the

slide was freed from the latter by methylated spir¬

its, and was then placed for a minute in 50% alcohol.

After being washed in water, it was placed in the

toluidin blue solution, heated to a temperature of

40° C., and in this it was allowed to remain for 15

seconds. The excess of the stain was removed by

washing the slide in water, and to get rid of the

water, the slide was placed in 50% and 90% alcohol

successively. As the differentiating medium I used

anilin oil alcohol (Anilin Oil 1 part, Alcohol Abs.

5 parts), and the process of differentiation, which

usually took 1-2 minutes, was controlled by the

microscope. When the appropriate degree of stain¬

ing was obtained, the sections were rapidly dehy¬

drated with absolute alcohol, cleared in xylol, and

mounted in xylol balsal thickened to prevent the

diffusion of the stain. If the balsam is thicken¬

ed before use, it is unnecessary to employ ITissi's

method of doing so, by setting fire to the xylol, and

after blowing out the flame, repeating the process

until no more xylol vapour is given off. I also

used a modification of Held's double stain, using

toluidin blue instead of the methylene blue recom¬

mended by him. After the preliminary processes

above detailed, the sections were stained for 5-10

seconds with a solution of erythrosin (Erythrosin

1 grm. Glacial Acetic Acid 2 drops, Distilled Water
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150 cc.) heated to 30° C. After washing off the

excess of erythrosin with water, the slide was

placed for about 20 seconds in a -4$ solution of

toluidin blue, heated to 40° C., the excess of

which was removed by water. I gave up Held's meth¬

od of differentiation with alum solution; as I

found it very difficult to judge how far the pro¬

cess should proceed, seeing that the sections had

to be subsequently dehydrated with alcohol. I em¬

ployed instead of the alum solution, 96$ alcohol,

which I experienced gave equally good results.

When the differentiation process (controlled by the

microscope) had proceeded far enough, the sections

were dehydrated in absolute alcohol as quickly as

possible, cleared in xylol and mounted in xylol

balsam.

Silver Preparations. The method I used for Golgi

preparations was that recommended by Berkley(40),but,

instead of using Muller's fluid as the fixative, I

employed formol so that pieces of the same tissue

might be used for Uissl and G-olgi preparations,

Muller's fluid, as stated above, not being suitable

for demonstrating the internal structure of the

nerve cell. The formol was removed as far as poss¬

ible by washing the pieces, which should not be more

than 3 mm. thick, in water for several hours. They
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were then placed in a mixture of Potassium Bichrom¬

ate Z% solution, 100 parts and Osmic Acid 1$, 30

parts. In this, which should be many times the

bulk of the blocks of tissue, they remain for 3

days. The pieces are then taken out, and the ex¬

cess of the potassium bichromate being removed by

blotting paper, they are washed for a few seconds

in a weak solution of silver nitrate, and then placed

in 1% solution of silver nitrate, to every 60 cc,

of which 2 drops of phospho-molybdic acid 10^ has

been added. In this the pieces remain for 3-4 days,

and they are then removed to 90% alcohol. Sections

are cut with a razor moistened with alcohol of a like

strength, and these are dehydrated with absolute

alcohol, cleared in oil of cloves, the excess of

which is removed by blotting paper, and covered with

thickened xylol balsam, no cover-glass being used.

CELL CHANGES in STRYCHNINE POISONING,

R.1., R.2., and R.3.

In all the cases the substance was administer¬

ed in the form of the acetate and the dose calculat¬

ed in terms of the alkaloid itself. R.l received

one single dose which sufficed to call forth the
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characteristic convulsions, followed by death within

■§• hour after the injection. R^2 was poisoned by-

several doses, just short of the fatal, during a

period of 31 days, and to R.3 was administered two

doses on successive days,culminating in the death

of the animal in convulsions on the 2nd day.

The changes found affected especially the

cells of the anterior horn of the spinal cord, and

were most marked in R.2 where the poisoning was con¬

tinued for a prolonged period. The whole cell

with its processes has undergone a slight increase

in volume. The Nissl bodies no longer possess their

normal shape and disposition in the cell. Instead

of the usual smooth contour the edges are irregular

and granular, and they show a considerable degree c£

swelling. The masses of chromophile substance dis¬

posed in the cell without any definite order,present

a crumbly appearance,as if the individual Nissl
>

bodies were formed of a number of granules. In the

dendrites the chromophile masses undergo similar al¬

terations to those found in the body of the cell;

they become more evident owing to the swelling which

occurs, and they too show a crumbly condition. (See

Pig.l. Plate 7.) This, which is evidently the

earlier stage of the process, is followed by an ac¬

tual disintegration into granules, and one.sees

cells in which the transition is taking place, so
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that parts of the cell are occupied by granules,

formed by the broken-down crumbly masses, while

other portions show the earlier stage of swelling

and loosening of the individual Hissi bodies. (Fig.3

Plate 7.) Only in a few cells has the granular

disintegration advanced so far that the whole cell

is filled with fine dust-like particles.

Accompanying those changes in the Hissi bodies,

are found distinct alterations in the nucleus and

nucleolus. They both undergo a marked increase in

volume, so that the nucleiis which normally is not

more than t thediameter of the cell, is enlarged so

that its diameter may be more than -§• that of the

cell body. Despite the increase in size, it main¬

tains its rounded contour and is well differentiat¬

ed from the rest of the cell protoplasm. The nu¬

cleolus is also swollen, the increase in size being

more or less proportionate to that of the nucleus,

so that the relative bulk of the two remains the

same. Similar changes in the chromophile sub¬

stance, nucleus and nucleolus are seen in the cells

of the motor nuclei in the medulla.

In the spinal ganglion cells the chromophile

substance shows a uniform breaking down into gran¬

ules, with a moderate swelling of the nucleus and

nucleolus, the latter staining somewhat more faint¬

ly than usual. The disintegration of the Hissl
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bodies is is some cases most evident at the centre, ;

the periphery of the cell presenting some nearly

normal chromophile particles. (Fig. 2. Plate 7.)

Some cells exhibit a normal arrangement in shape of

the ITissl bodies.

The alterations affecting the cells are most

marked in R.2, where there is not a single cell

which does not show at all events t&e earlier

stages of the process. In some cells in R.l and

R.5 there is still seen a nearly normal arrangement

of the chromophile substance, with moderate swell¬

ing of the nucleus and nucleolus.

In Golgi preparations of the spinal cord there

is a slight degree of bulbous enlargement of the

cell processes, which is best seen in the finer

branches of the dendrites. The cells of the cere¬

bral and cerebellar cortex in silver preparations

show no deviation from the normal.

CHARGES in CHLORAL HYDRATE.

R.4., R.5.

Very marked alterations are found in the cell

of the anterior horn of the spinal cord. The

chromophile substance is broken down into granules,

the change affecting the peripheral part of the cell

rather than the perinuclear zone; but even in the
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latter the ITissl bodies no longer show their smooth

regular contour; their edges are rough and irregu¬

lar, they are diminished in size, and somewhat crum¬

bly looking (Figs 3 and 4, Plate 8.) In a few cases

the whole cell body is completely filled-with gran-

ules, and again one may see the peripheral portion

quite colourless, as if the granules, into which the

ITissl bodies have broken down, had disappeared.

Sometimes one sees a condition, where the peripher¬

al zone shows a few well-maintained Nissl bodies,

while the remainder of the cell is filled with gran-

iilar debris. In the great majority of cells, how¬

ever, the process of disintegration begins, and is

most advanced at the periphery of the cell, and in

most cases the ground substance is faintly stained

with toluidin blue.

The nucleus has in some cells changed from its

normal position, and lies eccentrically at the per¬

iphery of the cell, where it forms a bulge on the

side (Fig.2, Plate 8.) It is diminished in size,

though it still retains its rounded form, and stains

sometimes a deep blue.

The cells of the spinal ganglia present a some¬

what irregular form of chromatolysis, in which parts

of the cell are filled with granules, while other

portions remain unaffected. As in the cells of the
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anterior horn, it is generally the peripheral part

which exhibits the granular disintegration of the

chromophile substance. It is only in comparative¬

ly few cells of the ganglia that these alterations

are evident, the majority of them showing little

deviation from normal. In many cells, there is a

considerable enlargement of the nucleus, and in a

few, change of position^from that usually occupied7
to the periphery of the cell. In the pyramidal

cells of the cerebral cortex, the chromophile sub¬

stance stains less intensely, presents a faded ap¬

pearance, and has disappeared almost entirely from

some cells. The nucleus is diminished in size, is

somewhat.irregular in shape, and stains a homogen¬

eous pale blue. The Purkinje cells exhibit similar

alterations to those seen in the cerebral cortex.

The chromophile substance is in many cells disposed

irregularly in faintly stained flaky masses, in

which it is often difficult to distinguish the uni¬

formly pale blue nucleus.

In Golgi preparations of the cerebral cortex,

there are to be seen small fusiform enlargements on

the finer branches of the dendrites, with loss of

the gemmulae where these exist.

CHANGES found in POTASSIUM BROMIDE POISONING.

R.6 and R.7.

The alterations seen in this condition are more
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marked in the lumbar than in the cervical portion of

the cord. In the anterior horn cells of the cervi¬

cal region, many of the cells present a nearly nor¬

mal appearance in regard to the Nissl bodies, which

preserve their usual shape and arrangement. In some

cells they are separated further from one another

than in the normal, and the usual sharp contour is

exchanged for a roughened granular looking edge.

(Pig. 5, Plate 8.) The disposition of them in such

altered cells is very irregular; the appearance

presented is as if they had been siiaken about among

one another. Throughout such cells, there is a

more or less uniform disintegration of the stainable

substance, and this condition is most evident at

the peripheral part of the cell, where there are

sometimes to be seen clear colourless parts, in

which the granular debris even is no longer present.

The nucleus has undergone a slight enlargement, and

in a few cases has moved to the periphery. The

nucleolus has undergone a slight degree of enlarge¬

ment, and its form is slightly irregular and angu¬

lar. In the lumbar portion of the cord, the alter¬

ations are of a more advanced type, a much greater

proportion of cells being affected; and here scarce¬

ly any show, even approximately, normal morphologi¬

cal characters. The separation of the individual
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chromophile elements from one another is more appar¬

ent, and all stages of disintegration are seen,from

conditions in which the ITissl bodies are merely

crumbly and granular looking, as in the cervical

region, to those in which there is a uniform chroma-

tolysis affecting the whole cell, then filled with

fine granules. Scattered in the granular debris,

there is often seen a few more or less normal Hissl

bodies .

I was unable to confirm the results of Wright,

who in poisoning with potassium bromide, found very

distinct alterations affecting the cells of the

cerebral cortex, consisting in swellings on the den¬

drites, with loss of gemmulae. The doses of po¬

tassium bromide which I administered were somewhat

smaller than those given by Wright, and it is poss¬

ible that this may account for the fact that in.only

very few cells did I find any noteworthy change af¬

fecting the dendrites or the gemmulae. Where any

change was to be found, it was not' in any way com¬

parable in intensity, to those described by Wright.

In fact, some of the cells figured by that observer

almost lead one to suppose that some condition ex-

traneous to the poisoning has exerted part, at all

events, of the changes described by him.
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EFFECT of POTASSIUM BROMIDE and CHLORAL HYDRATE

on alterations induced by Strychnine.

R.9., R.10., R.11., R.12.

The administration of potassium bromide and

chloral hydrate, in doses sufficient to prevent the

strychnine convulsions, had a marked effect on the

changes found in cases of strychnine poisoning. The

Nissl bodies in the cells of the anterior horn of

the spinal cord no longer are broken down into gran¬

ules, and they do not even show the crumbly condi¬

tion seen in the cases of acute strychnine poison¬

ing. They have recovered the sharp edges present¬

ed by the chomojjhile substance in its normal condi¬

tion, though the individual elements are somewhat

increased in volume, and stain a little more deeply

than normal. They have also to a great degree re¬

gained their normal disposition, only a few being a

little irregularly arranged. The increase in size

of the nucleus, found in animals treated with strych¬

nine alone, has undergone a reduction process; so

that, while still somewhat larger than normal, it

is smaller than in strychnine poisoning; the same

holds good of the nucleolus. (Figs 5 and 6, Plate 7

The cell is therefore, with the exception of the

slight increase in size of nucleus and nucleolus,
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practically normal in appearance. The condition

is thus very similar to that found by G-oldscheider

and Flatau in animals to which had been administer¬

ed tetanus toxin and antitoxin. The change which

I found^corresponded to that seen in a very early

stage of strychnine poisoning, so that the adminis¬

tration of bromide and chloral hydrate has exercis¬

ed a distinctly retarding influence. The same

beneficial influence is seen in the cells of the

spinal ganglia, where the chromophile- elements pre¬

sent their normal arrangement and form. There is

seen a slight swelling of the nucleus. The re¬

tarding influence is effected equally by chloral

hydrate as by strychnine.

It did not occur to me until too late to carry

out any experiments to enquire if the alterations

induced by chloral hydrate and potassium bromide

could be antagonised by strychnine. So far as the

above experiments go, this is possible', but the

doses of potassium bromide and chloral hydrate was

in no case equal to that with which alterations were

found in the cells. In R.8, however, over 15

grammes of chloral hydrate and in R.ll 16 grms.

potassium bromide were administered, and such doses

would probably have produced some alterations if

given alone. It is quite possible, therefore, that
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a sufficient dose of strychnine would reduce the

alterations?produced by poisonous doses of potassium
bromide or chloral hydrate. It would, however, re¬

quire further experiment to determine this point.

CHANGES found in LEAD POISONING.

R.13., R.14 and R.15.

In some cells of the anterior horn of the

spinal cord, the chromophile substance stains less

deeply than usual, and it therefore presents a fad¬

ed appearance, this being apparent both in the cell

body and protoplasmic processes. Part of the Nissl

bodies exhibit an increase in size, and they are

separated by a greater interval from one another

than in the normal cell. It looks as if the indiv-

ual elements had run together to form la.rger irregu¬

lar masses. In other portions of the cell, they

are smaller and granular looking, and some parts

are quite devoid of chromophile substance. (Pig.l,

Plate 9.) In other cells the Nissl bodies are bro¬

ken down into granules' or, where this is not so, they

are smaller and granular looking, and this disinte¬

gration is uniform throughout the cell. (Pig.2

Plate M.) This is probably a more advanced con¬

dition than that represented in Pig.l. The nucleus

in all cases has undergone a notable enlargement,
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though it still retains its rounded form. The nu¬

cleolus is also increased in size, and is in some

cases very pale, while in others it stains with the

usual intensity.

Similar changes to those seen in the anterior

horn cells are found in the medulla.

In the spinal ganglion cells there is present

in some cases a chromatolysis, affecting the peri¬

pheral part of the cell, the chromophile substance

being well maintained in the neighbourhood of the

nucleus. (Fig.4, Plate .) In other cells a more

advanced condition is seen where the whole cell is

filled with a granular debris. (Fig.3, Plate Ql.)
This observation is not in accord with the findings

of other observers in lead poisoning, who state

that the chromatolysis is always diffuse affecting

the whole cell uniformly. It is possible that they

describe only the more advanced condition pictured

in Fig.3, where the granular disintegration affects

the whole cell. The nucleus in the earlier stage

is not much,if.at all, larger than normal, but in

the later stages it has undergone a marked increase

and has moved to the periphery.

I did not find any alteration in the cells

of the cerebral cortex or in the Ptirkinje cells.



80

EFFECTS of POTASSIUM IODIDE on ALTERA¬

TIONS found in LEAD POISONING.

R.17 and 18.

When the same dose of lead acetate was admin¬

istered and potassium iodide given at the same time,

there is a notable reduction of the alterations

seen in poisoning with lead. Most of the cells of

the anterior horn of the spinal cord present a

practically normal appearance, the Nissl bodies show

their usual sharp contour, and are regular in ar¬

rangement . The nucleus and nucleolus present no

noteworthy alteration. In some few cells there is

a slight degree of breaking down of the Nissl bodies

The nerve cell has returned to its normal condition.

The same holds good of the spinal ganglion cells.

I did not institute any experiments on the ef¬

fect of potassium iodide on the cell alterations

after the symptoms of lead poisoning had been com¬

pletely established. It has been shown by Lugaro

in arsenic poisoning that, if the administration is

discontinued at a time when, in other animals

treated for the same period with arsenic, cell al¬

terations of a fairly advanced type are found, and

if the animal is allowed to live for some time after

without receiving injections of this substance, the

?-Lda-.
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cell changes are almost completely recovered from.

The same may be true of lead poisoning,and the only

question then would be, whether the cells recovered

more rapidly, the administration of lead being dis¬

continued, when potassium iodide was given.

CHANGES found in MERCURY POISONING.

R.20 and R.21.

In some cells of the anterior horn of the spin¬

al cord the chromophile subs-tance presents its nor¬

mal arrangement. The individual elements are in¬

creased in size and appear granular with rather

irregular edges (Pig.l, Plate 9a.) In a more ad¬

vanced condition the Nissl bodies are partially dis¬

integrated, some being in the form of a granular de¬

bris, while others are fairly well maintained,though

somewhat crumbly in appearance. The nucleus exhib¬

its a marked degree of enlargement, and the same, is

true of the nucleolus. Owing to the fact that both

are increased in size, they still retain their pro¬

portionate bulk. In some cells the nucleus has

wandered to the periphery. (Pig.2, Plate 9a.)

In the medulla a like condition is seen in many

of the cells. In others, again, the chromophile

substance has disappeared in great measure from the ■

periphery of the cell and from the processes, while
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it is still present round the nucleus forming some¬

what flaky masses. In this condition the nucleus

and nucleolus are no longer enlarged. Both in the

spinal cord and the medulla the ground substance

takes on the stain,and in the advanced cell changes

in the medulla it is sometimes difficult to distin¬

guish the nucleus, which stains a homogeneous pale

blue, from the rest of the cell. (Pig.3, Plate 9a.)

In the spinal ganglion cells the Hissl bodies are

in some cases broken down into granules at the peri¬

phery, while those round the nucleus are nearly in¬

tact. The nucleus itself is swollen, but not great-1

ly so, and the nucleolus is slightly irregular and

angular in form.

In R.22 and R.23, to which was administered po¬

tassium iodide at the same time as the perchloride

of mercury, I found that no diminution of the alter¬

ations, found in the cases of mercury poisoning, oc¬

curred. It may have been that the dose was too sma^l

to antagonise the effect of the mercury. Two ani¬

mals, to which I had been administering larger doses

of potassium iodide along with the mercury, died dur

ing the night,and the tissues were not examined; but

as the paralytic symptoms present- in these animals

were not reduced, but if anything somewhat greater

in degree than those seen in animals poisoned with

mercury alone, it is hardly likely that the altera¬

tions would have undergone a process of reduction.
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CHA1TGES induced In NERVE CELLS by BISMUTH.

R.24, 25, 26, 27, 28 and 29.

This substance was administered so as to cause

both acute and chronic poisoning, and in order to

effect this the bismuth was injected in the form of

the soluble double salt, tartrate of bismuth and

sodium. This was prepared by converting the sub-

nitrate, proved to be free from arsenic, lead and

antimony, into the tartrate by boiling it with a

solution of tartaric acid. The precipitate washed,

collected and dried at a low temperature,was dis¬

solved in sodium tartrate and the resulting solution

rendered neutral. 10 cc. of this solution was pre¬

cipitated by sulphuretted hydrogen and from the

amount of sulphide formed, the quantity of oxide of

bismuth was determined, and the solution of the

double tartrate was then diluted so as to contain

"1 grm in 10 cc. In this amount there was present

•2 grm. sodium tartrate.

In the acute cases of poisoning where death

resulted from one dose, the main effect is exerted

on the medulla oblongata, causing a great accelera¬

tion of the respiration. The convulsions and sub¬

sequent paralysis are of central origin, as has been

proved by Meyer and Steinfield. Death takes place

from heart failure by paralysis of the motor ganglia.
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In chronic poisoning the first symptoms to appear

are such as indicate interference with the functions

of the alimentary tract. There is progressive

diminution of appetite, with great loss of body

weight, and accompanying this, is a gradually in¬

creasing degree of diarrhoea. The nervous symptoms

are more pronounced than in the acute cases, and

these consist in weakness and incoordination of the

movements, which increase until the animal dies with

symptoms of complete paralysis, convulsions occurr¬

ing now and then.

In the animals poisoned with one dose, R.24 and

R.25, the alterations,found in the cells of the an-

terior horn of the spinal cord, are not very pro-
.

found. In many cells the Kissl bodies preserve

their normal arrangement and shape, so that these
• )

show little, if any, departure from the normal. In

other cells, though the disposition of the ITissl

bodies is maintained, they are separated from one

another by a greater interval than normal; they no

longer possess their usual sharp contour, and they

appear somewhat crumbly as if beginning to break

down into granules. (Fig.l, Plate 10.) In further

advanced stages the granular disintegration of the

Hissl bodies is evident, the fine particles being

uniformly scattered throughout the cell without any

definite order. In some parts of these cells even,
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some of the Nissl bodies are still fairly well main¬

tained, though they are smaller than usual. (Fig.2

Plate 10.) In a large number of cells the nucleus

has undergone a slight increase in size, and takes

up the stain in a certain degree, staining a uniform

pale blue. The nucleolus is increased in size, and

in the great majority of cells, stains much more

faintly than normal; so that,the nucleus itself

staining, it is sometimes difficult to distinguish

the two.

In R. 24, when with one injection of *1 grm Blj_ 03
the animal did not die until the following day,

changes of a similar but more intense kind take

place. The chromophile substance shows a much

greater disintegration into granules,affecting es¬

pecially the periphery of the cell, so that there is

a zone at the border of the cell quite free from

Hissl bodies or filled with the finest granules.

The chromophile elements are better maintained round

the nucleus; but these;also; are faded, less regular

in form, and somewhat crumbly looking. The nucleis

in R.24 shows a greater degree of enlargement, but

the faint staining of the nucleolus is not evident

in so many cells as in R.25., and in many cases it

stains quite as deeply as normal. (Fig.3. Plate 1C.)

The changes in the medulla are very well marked.

Though in a few cells the chromophile substance
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preserves its usual character,in the majority it

shows an advanced stage of disintegration, and, as

in the spinal cord, the periphery of the cell is

quite colourless, or is filled with broken down

Hissl bodies, and some cells are completely filled

with a granular debris. (Fig.4. Plate 11.) Ho

changes are to be found in the cells of the cerebral

cortex in acute poisoning. In the spinal ganglia

there is a finely granular condition of the Hissi

bodies at the periphery of the cell, while those

round the nucleus seem to be present- in greater

amount. The nucleus is swollen, and the nucleolus

presents a somewhat irregular and angular contour.

(Fig.4. Plate 10.)

In the cases of chronic poisoning, the changes

in the cells of the anterior horn of the spinal cord

are very striking. A few cells still present a

fairly normal appearance, but by far the greatest

number show an advance!degree of disintegration of

the chromophile substance, which is specially de¬

veloped at the periphery,which is quite free of

Hissi bodies or occupied by the granular debris,re¬

sulting from their disintegration. Hearer the

nucleus the chromophile substance is still present

to some extent-, but the individual bodies no longer

show the regular shape. They are flaky in appear¬

ance, crumbly looking and stain faintly. The ground
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substance takes up the stain in a very marked manner

so that in many cells the whole body is of a uniform

pale blue colour, in which there are some crumbly

palely stained Nissl bodies. (Pig.5. Plate 10.)

This condition is well brought out by the double

stain erythrosin methylene blue, v/here the ground

substance, instead of the usual red colour, has a

purplish tint, as if it were stained with a mixture

of red and blue. (Pig.6, Plate 10.) What seems to

have occurred is a solution of the chromophile sub¬

stance into the ground sub stance,,which therefore

takes up the blue slain. In some cells the dis¬

appearance of the Nissl bodies has progressed to a

more advanced stage, in which there is a complete

absence of them in the cell, or a few faintly stain¬

ed flaky masses scattered throughout it. (Pig.l,

Plate 11.) The ITissl bodies in the processes exhibit

a like condition. Only a few, greatly diminished in

size and faded, are to be seen. The nucleus is

diminished in size, and takes up the stain, so that

the cell body,being also stained a uniform blue, it

is frequently difficult to distinguish them. (Pig.5

& 6. Plate 10.) In some cases it is slightly ir¬

regular in shape, but as a rule it retains its

rounded form. The nucleolus is no longer increased

in size,as in acute poisoning,and stains darkly as

usual.
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In the spinal ganglion cells a change,of a sim¬

ilar kind to that in the spinal cord,is seen. The

granular disintegration of the chromophile sub¬

stance seen in the early stage of the process has

advanced;so that in many cells the periphery is more

or less free of granules, and one also sees cells

which stain a uniform blue, in which the nucleus is

distinguished with difficulty owing to the latter

taking up the stain. As a rule, there are still to

be seen in the cell faintly stained masses of chromo

phile substance irregularly distributed. (Fig.2,

Plate 11.)

The Purkinje cells of the cerebellar cortex

stain a uniform blue, as does the nucleus; so that

the two are hardly distinguishable. Generally there

is a more deeply stained mass placed on the nuclear
ic.

membrane• The protoplasm processes of the Purkinje
\

cells are evident throughout a longer part of their

course, owing to their uniform blue staining?from
breaking down of the chromophile substance contain¬

ed in them. (Fig.3, Plate 11.) * The alterations

found in the pyramidal cells in the cerebral cortex

resemble those seen in the Purkinje cells; the

chromophile substance is broken down into granules

throughout the cell, or it is collected into irregu¬

lar masses, surroimding the nucleus.
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The changes found in the cerebral cortex and in the

Purkinje cells by the silver impregnation are not

of a very advanced type . On the finer branches

of the dendrites, there can be made out a small

number of fusiform enlargements,with diminution in

the number of gemmulae. This would seem to show

that even when there are very advanced cytological

changes, the protoplasmic processes remain unaffect¬

ed.

CONCLUSIONS.

Prom the foregoing pages it will be seen that

with, various poisons different effects are produced

on the nerve cells, and even with the same poison

cells from different regions of the nervous system

are variously affected. In speaking in regard to

this subject., Nissl probably goes too far in main¬

taining that every poison occasions alterations,

which are peculiar to it and it alone. My own

results lead me to the conclusion that groups of

substances, which act pharmacologically in a simi¬

lar manner, have effects on nerve cells which are

comparable to one another. Thus, the changes,in¬

duced by strychnine and the toxin of tetanus,have a

very striking resemblance, and even in the various
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stages of poisoning by these substances, the alter¬

ations, which are found, run more or less parallel

to one another. Another striking example is seen

in the results I have obtained with bismuth, and

the changes described by Nissl and Lugaro in arsenic

poisoning. (cf. Fig.l, Plate 4 and Fig.5, Plate

10 and Fig.l, Plate 11.) From these facts, I

would alter the statement of Hissl that groups of

poisons produce similar alterations in nerve cells,

which are quite distinct from those produced by

other groups whose pharmacological action is

different. From the changes described in the

different kinds of poisoning, it will be observed

that chromatolysis, or breaking up of the llissl

bodies,is one of the most frequent manifestations,

in which nerve cell'change shows itself. This

granular disintegration is doubtless due to the

solution of the homogeneous substance, which Held

has shown to form one of the constituents of the „

chromophile substance. Goldecheider and Flatau,

arguing from the results obtained by them in

malonnitril poisoning, and the effects of hyposul¬

phite of sodium in antagonising its poisonous ef¬

fects, come to the conclusion that chromatolysis is

of no great significance as a pathological change;

for they found, that in animals, which had completely

recovered from the poisonous effects of malonnitril
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by the administration of sodium of hyposulphite,

a degree of chromatolysis was still present in the

nerve cells. But it must be noted that the amount

of granular disintegration, figured by them in such

cells, is of no great extent, and most observers

admit that a slight degree of loosening of the Nissli
■

*

bodies is of no great importance. Lugaro is of

opinion contrary to that expressed by Goldscheider

and Blatau; for he maintains that accompanying such,

chromatolysis there is. always a certain degree of

motor weakness. The functioning power of the

cell depends more on the morphological structure

of the ground substance remaining intact, the
I

chromophile substance being as it were the fuel,

changes in which cause the production of nerve

energy, and so long as some of the Hissl bodies re¬

gain unchanged, the cell can still to a large extent

perform its functions, though the latter undergoes

a degree of weakening. Marinesco also holds that

the presence of the Nissl bodies are of great im¬

portance for the functional activity of the cell,

and that if these have altogether disappeared the

cell can no longer return to its normal condition.

I have found,in conditions where the poisonous

action has been so severe as to cause complete loss

of the chromophile substance, alterations affecting
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other constituents of the cell are usually evident,

e.g. staining of the ground substance, diminution
I

in size of or wandering of the nucleus to the peri¬

phery, or it may be changes affecting the cell pro¬

cesses and the gemmulae.

A change,which is of greater importance to the

cell economy,is the displacement of the nucleus to

the periphery. When the chromatolysis affecting the

cell is specially severe, there is usually present

a certain amount of dislocation of the nucleus from

its usually central position. This is shown in chlor¬

al and potassium bromide, and to a slight extent in

lead and mercury poisoning. I should consider it

doubtful whether cells in this condition can com¬

pletely recover; for the dislocation of the nucleus

must be due to some loosening or breaking up of the

ground substance, which forms the reticulum of the

cell body and maintains the nucleus in its central

position. It is undoubted that changes affecting

the ground substance constitute a much more advanced

degree of interference with the cell life than al¬

terations affecting the ITissl bodies, the ground

substance being the constituent of the cell which

subserves the function of conduction.

Another change affecting the nucleus and which is

.probably an advanced degree of degeneration is the

homogeneous staining and diminution in size,



93

which is seen in the later stages of bismuth poison¬

ing, and has also been described by Sarbo as one of

the cell changes, following compression of the ab¬

dominal aorta.

The swelling of the nucleus and nucleolus which

I have found in some cells, I do not consider a

serious lesion; for in strychnine poisoning it can

be antagonised by chloral or potassium bromide, and

it has been found in experiments oh tetanus toxin

that reduction in the size of the swollen nucleus

to normal occurs if the animal is allowed to live

for a certain time.

Vacuolization seen in one case of potassium

bromide poisoning is not a very frequent change,

following the administration of poisonous substances.

The significance of this condition is very doubtful

and no absolute conclusion has been come to as to

the meaning of it.

The staining of the ground substance, which has

been found by me to specially occur in cases of bis¬

muth poisoning, is possibly, as I have already stat¬

ed, due to a solution of the ITissl bodies into the

ground substance, and the consequent retention of

the stain by these.

Varicose atrophy with loss of the gemmulae on

the dendrites does not occur until very advanced

changes are found in the cell body.
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RECORDS of EXPERIMENTS.

Strychnine alone. R 1, R2, R 3.

In the three animals the alkaloid was injected

as a solution of the acetate, the strength of which

was so that 1 cc. - -001 gm.
.

R 1. Doe Weight 1630.

Dec. 8. 12 a.m. 1 cc. - *001 grm. Strychnine in-
1889.

jected.12.10 .a.m.Re flexesmarkedly increased.

12.15. Twitchings seen in the muscles of

the hind limbs.

12.18. Tonic convulsion for 10 seconds fol¬

lowed by another. 20 seconds after the first

passed off, and during this one the animal

died .

Brain and Cord removed immediately

and placed in formol.

R.lTo.2. Buck Weight 2060.

Jan.11. "3 cc. (= *0003 grm.) Reflexes increased.
1900
"12-13.*35 cc. injected each day.

"14-18.The dose was increased by *05 cc. every 2nd

day so that on

" 18. the animal received *5 cc. This caused

great increase of reflexes 10 minutes after

the injection. ITo convulsions. Weight 2100

"19-31.*5cc. injected daily with symptoms as above.

Sometimes there was a few clonic convulsions

about 20 minutes after the injection, if the
■

animal was touched.
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Feb. 1-5. "6 cc. injected daily. Great increase of

reflexes. Daily there were clonic con¬

vulsions, and sometimes a tonic one of

short duration.

" 6. "7 cc. injected. 15 minutes after injec¬

tion a tonic convulsion lasting for 30

seconds. This was succeeded by another

of 8 seconds duration, followed by clonic

convulsions for 10 seconds, after which

the animal got up. Weight 2030.

" 7-9. "65 cc. injected each day. Symptoms as

on Feb. 6.

" 10. 10 a.m. *65 cc. Symptoms as before.

4 p.m. *6 cc. 14 minutes after injec¬

tion, 3 tonic convulsions in succession,

in the last of which the animal died.

Weight 1980 grms.

Brain and Cord removed immediately

and placed in formol solution.

R 3. Buck Weight 1700 grms.

Feb. 8, *55 cc. (= *00055 grm.) injected. Con-
1900

vulsions as in R 2, with *7 cc.

» 9. *6 cc. Animal died in a colvulsion 18

minutes after injection.

Brain and Cord removed -g- hour after

death.
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Chloral Hydrate alone.

The solution I used at first was a 10^ solution

of chloral hydrate, but I found this was too irri¬

tating. To avoid the irritation I employed a 5%

solution, the dose being administered in divided

amounts in three places.

R 4. Buck Weight 1600 grms.

Jan. 12. 20 cc. solution - 1 grm. Chloral Hy-
1900.

drate injected. 10 minutes after injec-'

tion animal became unsteadyin its move¬

ments, with a tendency to fall. In 15

minutes it lay on side and cannot rise,
.

and asleep 5 minutes after, remaining in
.

this condition for hours, when it

awoke and got up.

Jan.13-30. The same doze (20 cc.) given daily.

Symptoms as above. Jan. 30, weight

1510 grms.

" 31. 24 cc. (=1*2 grm.) injected. Asleep in

jr hour and continued so for 3-|- hours.
The movements are rather unsteady.

Feb. 1-3. Same dose (24 cc. administered each day.

A considerable degree of weakness in both

hind limbs, animal falls when made to run.

" 4. 24 cc. injected. Condition as above.

Killed by blow on head.
>

Received in all 25 grms. in 24 days.
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R 5 Buck Weight 2030 grms.

May 22. 20 cc. solution (= 1 grm. chloral hy-
1900.

drate) injected. This was followed in

15 minutes by great diminution of reflex

action, and in 20 minutes the rabbit fell

on its side, and was asleep in 25 minutes.

Continued so for 2 hours.

"-23.-30. 20 cc. injected each day. Symptoms as

above.

" 31. 20 cc. injected. Animal moves awkwardly.

There is a slight dragging of the hind

limbs. Weight 1860.

June 1-10. Same dose administered.each day. The

paralysis of limbs steadily increased,

and by June 10 the left leg falls out from

the side and is quite powerless. The

sleep induced lasts longer, more than 4

hours.

" 11. 20 cc. injected. In addition to paraly¬

sis of hind limbs there is a tendency of

the fore feet to slip and the animal falls

on side in running. Weight 1730.

" 12. Same dose administered. Lies on side

after recovery from sleep and cannot get

up.

Killed by blow on head. Brain and

Cord removed immediately.

Received in all 22 grms. chloral hy¬

drate in 22 days.
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Potassium Bromide alone.

R 6. Buck Weight 1670 grms.

Jan.11-16. 20 cc. 5% solution (= 1 grin, potassium
1900.

bromide) injected daily. Ho symptoms

evident, except a diminution of reflex ex¬

citability .

" 17. 25 cc. 5/o solution fs 1*25 grms) injected.

A slight degree of stiffness observed in

one of the hind limbs. Animals drowsy.

Weight 1630.

Jan.18-27. Same dose administered each day. The

movements of the animal become uncertain

and tottering.

Jan.28 to 25 cc. injected daily. The right fore-
Feb.2.

limb is paralysed and is dragged along in

walking. Animal will not move unless

forced to, and then tends to fall.

Weight Feb. 2. 1410.

Feb. 3-8. 25 cc. injected daily. Great degree of

drowsiness, passing into a state of coma

and stupor, in which the animal lies on

its side without moving at all.

" 9. 25 cc. Similar condition to above. Weight

1300. Killed by blow on head.

Received in all 36 grms Potassium

Bromide in 30 days.
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R 7. Doe Weight 1730 grins.

Feb. 8. Received the same amount of potassium

bromide daily for the same length of time

as R 6, and the symptoms which supervened

were of an exactly similar nature, coma

and stupor being evident on the 27th day

of injection.

The animal was killed by chloroform

vapour on March 10. The Brain and Cord

removed immediately and placed in formol.

R 8. Buck Weight 1980 grms.

Strychnine and Chloral.

Jan. 11. *3cc ('0003 grm.) Strychnine and immediate¬

ly after 10 cc. b% Chloral Hydrate =

-5 grms.

" 12-31. The same amount of strychnine administer¬

ed as in R 2, and 10 cc. chloral hydrate

=•5 grm . No symptoms evident; no in¬

crease in reflex excitability.

Feb. 1-5. *6 cc. Strychnine solution and 10 cc.

chloral hydrate. A slight degree of

twitching in the hind limbs 15 minutes

after the injection.

Feb. 6-9. "7 cc. Strychnine solution and 14 cc.

chloral hydrate. No symptoms evident.

Killed on Feby 9th. Brain and Cord remov¬

ed immediately.
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Feb. 8
1900.

Feb. 9t

R 9. Doe Weight 1680 gnns.

*55 cc. strychnine solution £= *00055 grm)

and immediately after 10 cc. chloral hy¬

drate (= *5 grm.) injected. Do convulsion.

A slight increase of reflexes.

*7 cc. strychnine and 12 cc. chloral hy¬

drate. Do symptoms.

Animal killed at the same time as

R 3., on Feb. 9. .

Dec. 8.
1889.

Strychnine and Potassium Bromide.

R 10.

1 cc. =*001 grm. strychnine and immedi¬

ately after 20 cc. (= 1 grm.) potassium

bromide injected. Slight increase of

reflexes 30 minutes after the injection.

Killed by blow. Brain and Cord removed

immediately after death.

Rll. Buck Weight 1970.

Jan.11-31. The same amount of strychnine administer-
1900.

ed daily as in R 2., and immediately after

Feb

Feb . 2-5.

10 cc. 5% potassium bromide injected.

•6 cc. strychnine solution and 10 cc. pot¬

assium bromide; slight tremors in hind

legs. Weight 1960.

•6 cc. each day and 12 cc. potassium bro¬

mide; no symptoms.
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Feb. 6-10. *7 cc. strychnine and 14 cc. potassium
1900.

bromide; no symptoms.

Killed on Feb. 10th.

R 12. Doe Weight 1660 grms.

Feb. 8-9. Same amount of strychnine as in R 3., and

in addition 14 cc. of potassium bromide

each day; no symptoms.

Killed by a blow on head, and Brain

and Cord removed immediately.

Lead.

In the series of experiments with lead, a

\% solution of the acetate was employed?

in order to produce the poisonous symptoms.

R 13. Doe Weight 1520 grms.

Dec. 1-8 5 cc. (r *05 grm.) injected daily. Do
1900.

poisonous symptoms evident.

Dec. 9. 6 cc. (= *06) injected. A slight degree

of stiffness in the left hind leg.

Weight 1510 grms.

Dec.10-14. 6 cc. injected daily. The stiffness of

the leg gradually increased, so that the

animal moves in a somewhat awkward fashion.

Dec. 15. 6 cc. injected. Symptoms as on previous

day. Weight 1480.

Dec.16-17. 6 cc. injected each day. The left leg is

dragged in walking.
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Dec. 18. 6 cc. injected. When the animal is made

to run, it tends to lose its footing ow¬

ing to the slipping of the fore feet.

" 19. 6 cc. injected. Pine tremors observed

in both hind legs. Other symptoms as

above. Weight 1390.

" 20. 6 cc. injected. When made to run it falls

on side and gets up with difficulty. At

9 p.m. on the same day found lying on

side, respiration rapid and shallow, and,

as I did not think it would survive, it

was killed by a blow on head.

Brain and Cord removed immediately

and placed in formol. Weight at death

1340 grms.

R 14. Buck Weight 2150 grms.

Dec. 1-11 7 cc. (« -07 grm)' injected each day. Ro
1900.

symptoms observed until Dec. 11, when the

fore limbs tend to slip in running.

Dec. 12. 9 cc. (: *09 grm.)injected. Weight 2020.

Dec.13-20. 9 cc. injected daily. The gait becomes

increasingly awkward and uncertain. Pine

tremors in the fore limbs and the right

falls out from the normal position.

Dec. 21. 9 cc. injected. The right hind limb is

slightly paralysed and is trailed. Weight

1880.
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Dec.22-26. 9 cc Injected daily. The symptoms in¬

creased, and on the 26th the animal falls
'

if pushed, and rises with difficulty. The
■

right hind and fore limbs are completely

paralysed.

" 27. 9 cc. injected. The animal falls on side

in running, and has to be assisted to get

up. V/eight 1720.

" 28. 9 cc. injected. Lies on side. Killed

with vapour of chloroform. Brain and

Cord removed immediately.

Animal received in all 230 cc. - 2*3

grms. lead acetate.

R 15. Buck Weight 1960 grms.

Jan.14-20 10 cc. (= *1 grm.) injected daily.
1901.

Jan. 21. 10 cc. injected. Stiffness of fore limbs

and tendency to slip in running. Weight

1770.

" 22-29. 10 cc. daily injected. The fore limbs

show an increased degree of paralysis,and

the left is extended from its usual posi¬

tion. Movements slow and unsteady.

Jan.30-to 10 cc. injected each day. Tremors occur
Feb . 5.

in all the limbs and the animal falls on

side if pushed. Gets up fairly easily.

Feb. 6. 10 cc. injected. Symptoms as above.

Weight 1620.
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Feb. 7-10. 10 cc. injected daily. The left hind

leg is dragged in walking and if made to

run the animal falls and cannot get up

again.

" 11. 10 cc. injected. Lies on side with all

the limbs paralysed. Weight 1560.

" 12. 10 cc. injected. Symptoms as on previous

day. Killed by blow on head. Brain

and Cord removed immediately.

Received in all 3- grms lead acetate.

R 16. Buck Weight 1500 grms.

Jan. 14 10 cc. (= *1 grm.) injected. The same
1901.

amount was administered for 11 successive

days, with symptoms as in previous animal.

On Jan. 29th the injections were stopped

as no place could be found owing to sever¬

al large swellings which arose at the

points of injection. These swellings

would account for the increase in weight

which occurred (on Jan. 29th 1900 grms.)

The paralysis increased, and the animal

died on Feb. 6th.

Lead and Potassium Iodide.

For these experiments lead acetate of a

similar strength [1%) was employed, and a

\% solution of potassium iodide was used.
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R 17. Weight 2000 grms.

Dec. 1-8 5 cc. lead acetate solution (= "05 grm)
1900.

and immediately after 20 cc. potassium

iodide (- '2 grm.) injected daily. No

symptoms.

Dec. 9-17. 6 cc. lead acetate (= "06 grm.) and 24 cc.

potassium iodide (- "24 grm.) injected

daily. On the 17th the fore legs have

some difficulty in grasping the floor of

the cage. Weight 1940 grms.

Dec.18-20. Same amount of each substance injected.

The animal shows a slight increase of

difficulty in keeping its foothold.

Killed at 10 p.m. on the same day.

Brain and Cord removed immediately and
I

placed in formol.

R 18. Doe Weight 1860 grms.

Dec. 1-9 7 cc.(="07) lead acetate injected daily.
1900.
" 10. 7 cc. The movements of the left fore leg

are rather weak and unsteady, tending to
-

slip.

" 11-26. "9 cc (= *09 grm.) lead acetate injected
'

daily until at the end of this time the

hind limbs and the fore limbs shewed a

considerable degree of paralysis. Weight

1620.
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Dec.27 to 20 cc. 1% potassium iodide (= *2 grin.) in-
Feb.2.

jected each day. The paralysis still

persists. The movements are stiff and

awkward.

Feb. 2. The same amount of potassium iodide ad¬

ministered daily. The paresis is not so

marked, only slight stiffness in the fore

limbs.

Feb. 7. Killed by vapour of chloroform.

R 19. Buck Weight 2000 grms.

Jan.14 to 10 cc. (« *1 grm.) lead acetate and im-
Feb.12.

mediately after 25 cc. (- *25 grm.) pot-
J

assium iodide injected daily. The animal

showed no symptoms until Feb. 4th, when

there is a slight degree of dragging of

the left fore leg. Weight 1890 grms.

Feb. 12. Killed by blow on head. Brain and Cord

removed immediately and placed in formol.

Mercury Poisoning.

This was administered as a * 5% solution

of the perchloride in normal saline.

R 20. Doe Weight 1570 grms.

Feb.6 to 3 ec. = *015 grm. perchloride injected
Feb.12
1901. each day. Only symptom observed is a

slight loss of appetite.
I

Feb. 13. 3 cc. injected. A slight degree of tre-
|

mor seen in hind legs. Weight 1460 grms.
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Feb.14—24. Same amount injected each day. The tre¬

mors increased gradually, and there is

present a great amount of weakness in

movements, so that the animal tends to

slip.

Feb. 25. 3 cc. administered. Very unsteady even

when sitting, and, if placed on its side,

gets up with great difficulty. Weight

1270.

Feb.26-28. The weakness increases and by Feb. 28th

it falls on side in running; tremors very

marked. Weight on Feb. 28, 1160 grms.

Mar. 1. Lies on side. Killed by blow on head.

Brain and Cord removed immediately after

death.

R 21. Buck Weight 1700 grms.

4 cc. = "02 grm. perchloride of mercury.

Same amount injected daily, with symptoms

as in R 20. Weight on Mar.2, 1480 grms.

10 a.m. Found lying on side in a dying

condition; died at 12 a.m.

Mercury and Potassium Iodide.

R 22. Buck Weight 1630 grms.

Feb. 6 to This animal received the same amount of
Mar. 1.
1901. perchloride of mercury, and for the same

time as R 20., and immediately after each

Feb. 12,
1901.

Feb.13 to
Mar. 2.

Mar. 3.
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injection, there was administered 10 cc.

5% potassium iodide. The symptoms, tre-

mors followed by weakness and paralysis

of the limbs, appeared as in R 20, and

the diminution of weight occurred to near¬

ly the same extent, so that on Mar. 1, the
■

weight was 1230 grins. Killed on Mar. 1.

R 23. Buck Weight 1770 grms.

Feb.12 to Same amount of mercury administered as in
Mar. 3
1901. R 21, and 15 cc. 5% potassium iodide each

day; but this only delayed the poisonous

symptoms by a few days as compared with

the control animal. The reduction in

weight was not so evident. On March 3rd,

weight 1550 grms.

Mar. 3. Killed. Brain and Cord removed immed¬

iately .

B i s m u t h.

To induce the poisonous effects of bis-

muth, this substance was injected subcu-

taneously in the form of a solution

of the tartrate of bismuth and sodium,
J

prepared as described on page 83. As

this salt contains a varying amount of bis¬

muth, the dose was calculated in terms of

the amount of oxide of bismuth and the
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strength of the solution used was such

that 10 cc. is equivalent to *1 grm Bi2 0

R 24. Doe Weight 2000 grms.

Jan.24 12 a.m. 10 cc. of the solution (= *1 grm.
1901.

B0 injected.

12.15. Respiration rate increased to 70 per

minute. This gradually becomes greater in

frequency, and at

12.30, the rate has risen to 100 per minute.

Heart beats 50 per minute arhythmically,

occasionally ceasing to beat for 3-4 sec¬

onds, and then resuming its movement.

12.35. The animal falls on its side, and on

attempting to rise, falls again.

1 p.m. Clonic convulsion for 15 seconds. Re¬

spiration rate still notably increased,

110 per minute. Heart slowed 25 per min¬

ute.

1.10-1.30. Several clonic convulsions at in-

tervals of a few minutes. Still lying on

side.

2 p.m. Animal has got up. Respiration 50

per minute.

3 p.m. Ho symptoms shown.

Jan.25. 10 a.m. Animal restless, running from one end

of cage to the other, and in doing so,
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tends to lose its footing and fall 011

side. Head is drooped.

11 a.m. Fallen on side. Cannot get up. Re¬

spiration 50 per minute, and spasmodic.

11.50 a.m. Dead. Weight at death 1920 grins.

Brain and Cord removed immediately.

Some congestion of the spinal cord, espec¬

ially in the lumbar region.

R 25. Buck Weight 1960 grms.

Jan.26 3 p.m. 15 cc. (- -15 grm. B, 0^) injected.
1901. 1 3

3.20 p.m. Respiration 80 per minute. Clonic

convulsion lasting 8 seconds. Falls on

side.

3.30-4 p.m. Several clonic convulsions of

10-12 seconds duration every 4 or 5 min¬

utes .

4.10 p.m. One tonic succeeded by clonic con¬

vulsion. Respiration 130 per minute.

Heart 21. Misses a beat now and again.

4.20 p.m. Respiration spasmodic. Heart

stopped.

4.22 p.m. Dead. Brain and Cord removed im¬

mediately.

R 26. Doe Weight 1710 grms.

Feb. 5. 3 cc. (- "03 grm. B. 0,) injected)
1901. 1 3
"6. " No symptoms.
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3 cc. Faeces very soft, albumen in urine.

When made to run the hind legs have a

tendency to drag, and the gait is somewhat

unsteady. Clonic convulsion, when held

by ears.

5 cc. Symptoms as above. Refuses food.

Weight 1540.
■

5 cc. Tremors all over body. If made to

run falls on side. Later in the same

day lies on side and, if raised, falls

again. Died at 4.30 p.m. Brain and

Cord removed at 5 p.m. Y/eight at death

1420.

R 27. Doe Y/eight 1430 grms.

4 cc. (= "04 grm. B; 0,) injected.rZ o

" injected. No symptoms.

" " Incoordination of move-

ment, dragging of hind limbs, when in

motion. Loss of appetite, diarrhoea and
I

.

albuminuria. Weight 1285 grms.

4 cc. Falls on side, when made to run and

cannot then get up without assistance.
.

Greater degree of paralysis of hind legs.

Other symptoms as above.

4 cc. Lies on side, and if raised falls

again. Respiration slow and shallow. Died

at 3 p.m. Cord and Brain removed immediate-

ly. Weight at death 1190 grms.
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R 28. Buck Weight 1680 grms.

Feb. 13-15.2 cc. (= -02 grm. 0^) injected daily.
No symptoms.

" 16. 2 cc. injected. Food almost untouched;

faeces soft. Weight 1590.
.

" 17. 2 cc. injected. Great loss of appetite,

albuminuria.

" 18. 2 cc. injected. Food untouched, movements

slow, gait unsteady.

" 19. 2 cc. injected. Symptoms as on previous

day; but the incoordination of movement

is greater; hind limbs drag. Clonic

convulsion, when held by ears. Weight

1480.

" 20. 2 cc. injected. When made to run falls
■

on side, but can get up without assistance.

" 21. 2 cc. injected. Lies on side and falls

.if raised. Died at 10 p.m. Brain and

Cord removed immediately. Weight at

death 1350 grms.

R 29. Weight 2050.

Mar. 1-6. 1 cc. (- *01 B^ 0^) injected daily. No

symptoms.

" 7. 1 cc. injected. Eats very little. Weight

1880.

" 8. 1 cc. injected. Loss of appetite; faeces

soft; albuminuria, slight tremors in the

hind legs. Weight 1800.



113

Mar. 9. 1 cc. injected. Symptoms as on previous

day. Legs drag and gait uncertain.

Tends to fall. When sitting the head

sinks. Weight 1720.

" 10. 1 cc. injected. Falls on side, when

made to run, and if held up a clonic con¬

vulsion of 10 seconds duration occurs.

" 11. 1 cc. injected. Lies on side, and if

made to get up does so with great diffi¬

culty and falls again. Weight 1610.

Died at 3 p.m. Brain and Cord removed •§■
hour after death.
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