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S, ATION

INVESTIGATION CONCERNING THE CAUSE Cf DEATH BY ..-0PZEXY IN ANTHRAX .' E

N/
' BY: F.W.K./DE MOULIN /ﬁﬁ{

' (From the Department of Antiserum end Vaccine Preparation ard Control, of “the -

Veterinary Medical Institute for Overseas Assi:tance. Director: Prof. Dr. F.L. théi

.Information on the physiology an: pathology of’fhe syndrone.

In an objective study of the course of anthrax,tzcrc .. little agreement in the
literature concerning some basic problews, aad - great dilrcrence of opinion exists
even in other respects. For the very reason tict tne anthrax bacillus is not sup-
posed to be "true" toxin producer, the actual cause of death remains a puzzle in very
many cases. This is the case above &8ll with apoplectic death, a form of malignant
anthrax, in which sometimes no or very few sporadic bacteria can be observed in the
blood. Animals, especially hogs, can also die from local anthrax, without our' find-
ing any contagion in the circulation. These ccses are important, the more so because
at the same time they are the denial of those sicws concerning the death from anthrax
according to which the cause of death shall be sou. t in a bacterial obstruction of
the capillaries in the lungs or brain, or even the: the circulating bacteria should
cause the death by asphyxia as & result of ox: ou depletion of the blood. These
opinions about tae cause of death in anthrax : come still more problematic ii we .
take notice of the cases described in the literature, according to which in the blood
of small experimental animels fully virulent bacilii can be found during & long
period of time, without their experiencing any damage shown externally (BRESREDKA).
In a few fatal forms of experimental anthrax in our laboratory, scmetimes in the
blood of rabbits no bacteria are demonstrable by reinoculation upon guinea pigs,
while locally in the spleen or at the site ,of inoculation they are very much present.
These cases ure & support of the view that in anthrax a toxic agent is surely formed.:

The degeneration of the parenchymatous organs, which is regularly observed in this
disease, is also an argument for a "toxic" cause. ' . :
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The task of this investigation is however not primarily the detection
ol a possible bacterial product, nct even the discovery of 1ts nature, bdut
for the present only to establish the existence of such a fatal effect upon
the animal organism and to understand that therewith the puzzling apoplectic
death could be explained. Here, Tirct of all the following consideration is

.true. When we study the anthrax syndrome, it is striking that, with the

exception of an asphyctic bloed plcture, no constant clinical symptom is
manifested, neither in the same species of enimal, nor in those other which
are susceptible to anthrax, and even the fever may be absent in the experi-

‘mental fatally ending anthrax (Test horse No. 981). Herewith, the proper

points of approach are indeed extremcly limited from where ia the study of
anthrax we could arrive at a better foundation cf the syndrome. Many research
people indicated haemolysis &s & constunt syinptom in anthrax. Obviously,

sume attention should be therefore paid to the occurrence of this. Should

we search whether the blood destruction occurs in a sufficiently lerge number
of teest animals, then unquestlonably the olood-¢ell count, with subsequent
bemoglobin determination according to SAHLI, is the most accurate method.

Yet, here we find directly insuperable difficulties which make unfeasible this
manner of exam’'nation in cases of anthrax. Due to the danger of infection

in the septicemic stage, due to the necessity to repeatedly disinfect the
used instruments after each individual examination, and due to the time loss
theredby, for practical purposes the use of the TALLQUIST haemoglcbin ecale

18 therefore to be recommended. As to the finding of expressed blood

changes, this color scale is certainly sufficiently accurate, and the exrrors
which are therewith mede should amount only to a few percent,

Here are a few figures obtained by this method. After the numbers of
the tested animals there are tbe dally results in percentages, at which the
sumr in the first column is the figure of color scale obtaired before the
infection. 7The borse and the sheep were injected wivh a dose of the very
virulent Poerwakerta anthrex strain which is equal to thousand lethal doses
(1000 M.L.D,) for the sheep, whiie the goats and the ravblts received a

~single minimum lethal dose (1 M,L.D.) of the same strain as celculated for

tm- . *
Prezontrol .. day 2, day 3. dsy L. day 5. day 6 day
percentage

Hoxree

No. 2 80 8¢ 85 80 80 ~
Sheep
Ro. 65 8o 70 55 +
No. T0 70 ) &3 +

Goat
No. 8 80 80 80
No. 9 80 80 80

Rabbits
No. & 75 75 75 70 +

— No. 88 8o . 80 80 70 70 70 -+
No. 90 80 8¢ 70 70 +
No. G1 X 80 80 75 75 -+
No. 92 80 80 70 70 70 +
Yo. 93 85 80 80
No. 94 8o 80 4+ (no bacteria found)
¥o. 98 80 80 78 78 -+

With the exception of animal No. 94, all otbe;a died from positive anthrax.

37
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It seems that we caennot spesk of an anemia in anthrax, &lthough & re-
duction in the dlood count is possible. This findlug is contrary to that
of BUROW, according to which animals are supposed to die from anthrax when
the count of their erythrocytes has dropped to cne third of the normal value.
Although in the TALLQUIST method we have to count with a certpin amount of
deviaticn, this is net so high that the cases in which reduced blocd count
is found would eupport the concept of BUROW. Moreover, in his research
results, somewhat unexplsinable is the fact that, where he finds such a
strong reduction in the red count, haemoglobln cannot be found spectro-
scoplcally either in the serum, or in the bile and urine., Also, though
the reticulo-endothelial sysicm 1s able to catch haemoglobin, it is
striking that a blood destruction which has such a poerful course in a
short time should leave no traces of freec plgment behind itseld. BUROW
explains the haerolysis, found in the anthrax cadavers, &s & postmortem
~nenomenon. PETERMANN 1s also of opinion that the lysls of the blood does
not occur during life, slthough he recognizes that, after a day long eflect
upon the erythrocytes, the anthrax bacilli are able tc dissolve the red
cells. In connection with the above described resulis of blood excminations
according to the TALLQUIST method, in & number of test animals, decih during
life and directly after death, the serum was examined for haemolyt'c dis-
coloration. Singe same enimals dled unexpectedly during the night, their
serum could not be examined in the moribund stage. This was the case with
sheep No. 69 contained in Table I, and with & few rabbits. The effect which
& gpecific serum could have on an incidentally occurring bemolysis was slso
examined. In the second column, the infective doee 1s expressed in the
amount of minimum lethal dose,which was Jetermined for each animal species
in relation to the virulent Poerwakarta anthrax straln,

TABLE I.
No. of test animal Inozulated with Exeamination Haemolysls
time
Horse No. 2 10,000 MLD for sbeep directly after —————
ceath -
Sheep 69 1000 MLD 9 Lours btefore = cem-e-
death
2 1000 MLD directly after ¥
death
Rabbit 849 100 MLD 2L h. befzre careew
death
Rabbit 849 right after death #
Rabbit 852 ‘ 100 MLD 20 br. before death - ea-
Rabbit 851 100 MLD 10 hr. before death =-Zeea .
Rabbit 826 100 MLD % ce serum 3 h. before death =-=---
Rabbit 16 100 MLD in agony eeloae
Rabbit 16 right after death #H
Rabbit 871 : 100 MLD #6 cc serum in egony -
Rabbit 853 100 MLD before death ——Ceaa
Rabbit 853 right zfter death #
Rabbit 85k 100 MLD #3 cc serum right after death #
Rabbit 873 100 MLD #3 cc serum right after detth =-c-ea
Fadbbit 870 100 MLD #5 cc serum right after death «-Zaua
Rebbit 866 100 MID #6 cc zerum  in agony eZene
Raooit 8 100 MLD #kce serum right after death 3
Rabbit 12 _ 1 MLD #3 cc serum right after death t
Rubbit 1h - 1 MLD #5 ce serum right aftwer deeth p
Rabbit 722 _ 50 MLD right after death #H
Rabbit 723 100 MLD . right after death «eSe-ea
Rabbit 365 100 MLD #5 cc serum right after death -
Rabbit 725 1000 MLD #3 cc serum right after death #
Rabbit 726 - 1000 MLD #+ cc serus  right after death -
Rabtit 111 100 MLD .

right after deatih

T
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From these cbservations it seeme that haemolysis as such 18 not &
constant phenomenon, and scmetimes it is so slight that it cannot be dlamed
for velng the cause of death. In & few cases it wac sure that ihe process
occurs at, ov right after death, and it is thus obscrved more &s a sequela
than a cause of the lethal outcome. That & dark, laked, asphytic blood with
little coagulability still does not mean haemolysls, and that in its deter-
wination we have t0 be very cautious, 1s shown by the blood examination of
wost of the rebbits which react negatively in this regard, and first of all
by the examination of Horse No. 2. Immediately after death its blood seemed
dark-rpd in color, and its coagulability was very little. Neverthelesu,
after coagulation in a test tube, the serum seemed to be completely free
of any trace of hemojytic dlscoloration.

An effect of trb added immune serum could not be detected, nor any
slight connection between infective dose and incidentsl haemolysis.

suppositlicn that the degiee of virulence should favor haemolysis is
excluzgz by the following test. A rabblt and & guinea pilg which died from &
large’'dose of anthrax veccine {B,R,S. vaccine )*, vhich is barmless to rabbit
in & quantity of 1 ¢c, showed a slight haemolytic discoloration of the

sarun when examined immediately after death.

On the basis of these resulis it seems that, particularly to haemolysia
in anghrax, no other significance can be attributed but that it is symptom
rerhaps many times, yet certainly not censtantly occurring, waich cannot be
brought in any casual.relation vwith deatb,

-

e '‘are thus forced to search af .or a ceuse of a sudden death at which
an a;;;h;}ctic blood picture is supposed to develop, and in that case we have

to ¢ ¢ of two poasibilities: - wyocarditis, and & lesion in the respiratory
centium, ’

‘Certainly, in tkis form of anthrax, myocarditie occurs, yet the frequent
absence of secondary manifestations such as lassitude, weakness, dyspnea, and
genetral cengestion throw a doudbt upon this organic affection as the cause of
sudden death in anthrax, What is surprising in small lahorotory animals and
small ruminants is the fact that Troy seem tO be completely normal t0 the end;

p-on-eating-and Yuminating; they maintain an undistrubed 'breathing ™
and muscular function, and they poy attentlon to their enviromnment. The
occurrence of &u asphyctic blood picture which eoretimes arises only in agony,
and 18 known &s tho typlcal "anthrax blood", is not & symptom of an apoplectic
dsath from myocarditis.

In sbout all test animals, finaily, at the postmortem & contracted pointed
hear is fourd, withcut discoloration, dilatation or relaxation., The micro-
scopic Image of the cardisc mustle of rabbits and sheep which suddenly died
from inoculation anthrax, also shows soretimes actually the pieture of a
defirite myocardiyls, but besides this, tlLere are pictures which meke 1t
impossible to ascribe the cause of desth to the slight cardisc muscular
affection (among others, Sheep No. 2).

¥FOOTNOIE: Two kinds of anthrex vaccine were prepared at the Veterinary
Medical Institute; - one for buffalo, cattle and sheep, this 1s the sg-
called E.R,8. vaccine; end s weaker vaccine for the more sensitive animals
such as horse, goat, and pig, which 4s called tk: P.G,V. veccine.

[NOIE: the initisls are Dutch initials of the animals for which the
vaccines are usefulf., ' o

i A i St e




. I-T70L7 Puge |
Degeneration of other parenchymatous organs never bring: sudden deatk;
and death is preceded by a serles of symptoms which announce the approsching
end. Finalliy, we arrive lecgically to think of & leslon of the resplratory
centey, . Although haemolysis cannot be demonstrated in all cxdeb; the other
Eympton of an asphyctic blood picture, the dark, laked blosul ¢l slight
v coagulabllity 1s quite evident.

The surcharge of the blood with cerdon

dioxide, which 18 the result of oxygen deficiency caused by i

ciyculating

enthrax bvacilli, and the decreasing coagulability of the biood are logieally
ecceptable facts in respiretory paralysis. The incomplete¢ examination of tla
central nervous system (~ CNS), which is striking in the literature of
snthrax, seems to be a neglect and a gap in the better uidsr+stanéing of the
syndrome.

If we begin tc suspect that disorders of the CNS arve playing a spogigl

ro’ @\In*thp‘anthrnx synd:cme, then the ghove mentioned synptoms receiye .8

Rgg.meaning. Tnus, the periph ral disorders are =cmetlmes tn be explained
“C* eve resence of bacteria in the obser#d lsslons. We fiad
splenomegaly in rabbite sometimes cf ldentical degree i ~apen where an
abnormally large number or only sporadic specimens of bacteria cf the sawe
strain were found in the pulpa, while splenomegaly can b entirely al~-nt
and yet the organ can abound in bacilli (Sheep No, 2). (avtrary to tais,
in a fev cases, after experimental infection under the skl:, splenomegaly
&nd hyperemia of the small intestines is found, withoui ary chence of
finding bacilli in the circulation or in the spieen Ly aiesns of guinea-pig
inoculation. Thus, in the case of lung disordere, L2 they eltber pulmonary
edema, congestlion or emphysema, the nuzber of bacteria that can be found
microscopically in the respiratory tract of rabbits, 13 sometiwes so small
that we doubt whether the lung symptoms could be asiribed ta the regicnal
stimulus of contagion in the organ, since it also happens thaw the lurgs
are practically free of pathologicel changes and yet trey have a large
number of bacilli of the same strain.

~d . ~r '~
\-‘.AUAIAJ. }

The more we pull the CNS iato the research of the whole pathological
plcture, the more careful we should be that v: sbhould not te inclined to
seek the primary cause of organ deviations in tbe lozal peripherul action
of bacteria, especially in the cases where +he observed lesions, iacluding
circulatory disturbance, hyperemis or inflamration, are very shapriy
demarcated, and morecver they may « incide with & definite neursl area.
A small-intestinal disease which is sharply liaited to the stomach or cecum,
or one which is exclusively limited to the colon or cecum, as it is many
tines found in rebbits, & paralysic and & sceondlrily arising inflammation
-of the esophague which was observed in o norse at. the clage of byperimmuniees
tion, bronchial cramps, ruminal atonia, sjicnomeraly, anuria and abortion
are so many indications of the share wnich the nervous system can have in P
the origin of functional disturbances of <he organs. Othes clinical symptoms
which are of special interest in this -onntstion are the following:
tremor, mwuscular cramps, iowering of hlouwd gressure, and rarpid, almost
imperceptible pulse, vascular paralynis end edena, meteoriom, diarrhea or
, constipation, dyspnes, salivatlon and epiplore, Jf
A g

l.!.""
Reduced sensitiveness (hypoesth:cia, of the skin can be observed ix 6#9

rabbite after experimental infectioxn, bsafore the sensdrum appears to be
disturbed. A few hours to one day befcre derth, while the animals stilil
do not show any locamotor involvement in their movements, they scmetimes dc
not react any more, or only imperfectly, to necedliag stimalation. The
sensations in the cornea, eyelids, upper 1lip and nose remsin the lorgest,
With an otherwise almo: t anesthetic hind porticn, at & scratcl in the interior

hip angle a sensory ret :tion can b sulll observed for & while,

Am:cng tbhe

anime'ls examined in the above described :zanner,
inability to correct the unnatural bedy positlons,

position, they remained in tlLis poul

" hindpart were turnsd at 90 degrees with ragu“d to each other

there wexe two with eapressed
Wres brought in a supine
4403, evea when the forepart and tae

, withou sy

resistance or any attempt at ccrrecticn, wils thev waie agmin trought ino the

usual latsral position.

Don .
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Undoubtedly, all these symptoms are based upon ncural disturbance,
elther of the ceredbro-spinal system or of the sympathetic system. For a
better wndevstanding of the develompment of the great diversity in the
synptom c¢al -lex of anthrax, bere follows a brief recapitulation of the
position ard the function of the most important neural centers.

The carebral ccrtex puts the .organism in equilibrium with its environ-
ment. It dominates the reagtionc to stimulapian which are originating frem
the external world ayd for wpich a dose ¢f exparience is required by which
the organism has a skéries of Yreflexes at its disposal which are not innste
but they rest upon e‘cpexiem.e and/or memory, Wae so-called conditioned
reflexes. In this wmy, the look at food ie supposed to cause in & reflex
vay & sepretion of Yhe ghsiric jJuice as a proof that the body adjusts Lteeir
to the stimulus from thes ontside. (In opposition to these conditioned
yeflexes are dititned reflexes for yhich the cooperation of t:e
cortex of the prem 'lq u.o‘h required and which arise, e.g., by chemfcel
& .4 mechanic 'kt Next to the conditipned reflexes, we als kow
¢! typlcal ¢ ?gefmﬁ:;c incluui.ng the eyelid rerlex, lacrimation

r3fiak and ¢ R
: oY
qtq M’al gortex is inJured, yet in the experimental arimals
at.ill remain &3 & reault of the working up of tre
m: e sense organs, . Nevertheless the abllity of

1gqnce are supposed t0 be decreascd or to dlsnppret.

[ 3 _ﬁrLa \qa pnd the pallium ruie a system for affeccive impu 66D
13 mudcu'lature , and chiefly of such movements ot tha iubs
l‘g uw!,ng iesion of the corpus striatun are alcd

s, .has a very manyfold function. In addition to setiory ead
» 1% includes also secretory, vascmotor and swill ol patns
which arye in ccmngction with the sympathetic system, and to a certain extent
they ere alsu Rlaying g role 1o the heat regulation of the body. Stimalation
of the cnud*l, portion of the thalamus in the animals will result ipn rouring,

bellmdqs ﬂa 8Q on,

'I:he'cerqpell\nn plays & certain special rcle as an auxiliary systen In.
the paiptesipace of equilibrium, without itself being & centrun of equilibriua
in the proper sensge It regulates tihe muscular tonus of the trune und the
;imbs. i Tue nu.n ‘n: calls and the 51&uu...a.l cells are linksd with the
cortico-epinql “t‘pvaxs, ‘and irppulses from the whole body reach along here

- the motor centers of the medul.a oblongata ard tne spinal rord. Tht cere-
bellar tonus 15 bused in & grer* part upon the so-callied d:pth sence, the
compiex of sensory impression-, which results from the teunslens aad pressures
upon the sole of tbe foot, in the Joints, the periostews, muscles and liga-
ments at every position and condition of the vody. Disorders of the cerevellum
are supposed to be manifested also in: - atonle, ataxia anc astheaie. With-
out caysing a general inhibition of the motility, an uncertainty in the
control of the standing, walking, and equilibrium is obeerved tlerevy.

Tﬁe medulla oblongata includes the centers for: - mastuication, swalliowling,
vomiting, respiration, regulatlon o the Leart, and the vagus nerve, the vesoe
motors, the secretion of saliva, perspiration a.nd glycosurzia and furthermore
the centers pf thas cnudal cerebral nerves. Furthermore, vé asgun? tnere
the .precence of & general center for convulsions waich coxirols a spauiaAl
irritapility of the total musculature, and is in connection with ibz center
of respiration. The digestive apparatus from the pharyro: down to the coion
18 under the effect of the medulla cblongata (nervous vagus). Tne centers
in the'pons anl the spinal cord colleborate in the condlticon ¢f thka anipsl.
Frop lumber and sacral spine originate the nerves for csafesation, uringe-

ticc afd parturiticn. '
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Tﬁe vasopotor ncural ceniers vhich are chiefly under the control of
?he madulla oblonpata zre still 2ble tow work more or less indepondently.
211 these centers are in close direct or indiract conncction with the . )

sy@pathicus system which, mostly in cooneration with other neural pathvays
and the parasympathicus and chiefly its n.vazus, is chary

#ad with the regu-
lation of the unconscious processes. At present we do not sepirate any

longer the autonomous system co sharnly from the cerebrosninzl system, for
the vegetative centers are situated in the latter and functionally are very
closely connected with it., Generally, we should say about the autonomous
nervous system that the centers for positive activity are situated in the
vertebral end praevertetral ganglia, while those for the negative activity
are placed in the praevertebral and terminal ganglia. '

IT now we look over the whole markedly varying symnton comnlex of anthrax .
in connection with what we rccalled triefly above then nractically everything
- n be referred to, lesions of the cercbrosninal and vepgetative nervous system,
and thus to excitation or naralysis of tho functions which by the mentioned
centers and ncural pathways arc controlled in such a scnse that the initial
stage is characterized by increcased excitability which in case of th: continue
ation or dntenedfeantion of the stimul passes over into a lowering of irrit-
abllity. This is yet a known fact that the initial staze of anthra: _n the
cattle and buffaloes can bte associated with strong excitation, roaring, jump-
ing, tossing, kickinz, while later the resulis of a depressed sensorium will
come in the foroground. How much onec has %o wsteh that in prernant animals
no abortion is proveled by the vaccination armainst anthrax for the recason
thai the center for the uterire contractions is stimulated in the lubar spinel
In pregnancy the uterus has an increzsed irritzbility, and it can be brought
to contractions by influences whick would normally remain without any effect.
Even the well known snlenomepgaly is sunposed Lo recsult from a neural couse,
The norves for the splecn have nrobably their oririn in the medulla oblongata
and in the cervical part of the spinal cord (LUCIAVI et ol.). Peripherally
they pass through the splanchaic nerves and stimulation of these nerves brings
the capsule of the splecn and the trabeculac into contraction; these movement
will otherwisc occur as.rhythmic phyciolomical movements. lerves are also
assumed vhich at their irritution will cause dilatation of the spleen., The
splenomegaly in anthrax has not to stand in any relation at all with the )
destruction of red cells in case of anthrax, but in many casos, where the cel’
destruction is absent or it cannot be considered inmortant, it can be the result
of a degeneration of neural centers and thus a result of loss of muscular tonus
of the capsule and of the traveculos, and perhaps at the same time of the artere
ial walls., The arterial blood keepns on flowing under a definite pressure,
while by the muscular relaxation in the snleen this will be inflated sometines
to a multiple of its volume, depending unon the tonus rcduction, so that out-
wardly the organ looks as & gigantic haematoma as it wac often found in thee
biy domestic animals., The softening of the contents of the cell necrosis are
the inevitable sequelae of the obstructed blood circulation and of the accumue
‘lation of metabolic products., This explanation will become still more zccept-
able in the cases whore splenomegaly is found without speaking of any destruetlion
of :he circulating blood (ef.Cheep 70 p.128 of this article. The lack of
splenomeraly in cases which show many bacteria of very virulent character
(Poervakarta strain) in the pulpa, can be explained by the fact that the anove
described newral lesions have not devecloned.

It is well-known that lesions of the spinal cord and of the lurbar cord
may cause bladder disorders still before the motor muscular involvement can
be found. Urinary retention can be the result of an irritation of the hyno=-

gastric plesus, but also of a degeneration of the cells in the cercbral cortex
or in the brainstem, . )

I% 1s not nocessary to discuss all symptoics in detail; surely, many of
them are complicated by seccondary changes in the organs. For instance, in
the case of hemorrhagic enteritis the question is whether this is a direct
sequela of the bacteria-foundiqtithis site; for, whethor the anthrax bacilli
at the penetration in the iir‘te'st!.ng wopld be in a position to provoke such a

v : Y '.""‘
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vehement inflanaation of the intestinal wall, this question is now unlikely
on the basis of the negative results in a large nwiber of well-known tosts
(BESREDKA), SANARELLI AND FARCHUSINI also came to the conclusion th"t‘;hz
-intestinal leslons in antlro: did not develone primorily cntero~onou:1y

If we aro convinced of the preat role which the nervous systen Kas 1; tﬁe
peripheral pathological picturc, then the poscibility and even the nrobabe
ability seems to bc great that the nenetrated anthrax bacilli bring.substances
into the circulation vhose character is still not definitely estabiishes,

and which exercisn a fatal offect unon the central and pefifnhcfal canlion
cells, Both by motor and vaszomotor paralyses, sharplv delimited intestinal.
nortions can sometimes Lo the sito of such circulatory disturbances which
result in all mrades of inflsmmation or ncerosis. That such inteostinal arcas
have anthrax bacilli, docs nct.prove anythinhg zbout the entorozenous orifin

of onteritls. Anthrax inf{lammations have the tendency to assume a hemorrha-
£ic character. Novertheless it is very much a question whether this . is the
typical result of a primary, cuddenly destiructive action of the contasion

unon the tissue; for, bacterial nroducts of such a malisnant character are not
demonstrated so far in anthrax, In many case, we got the conviction that we
have here a meroly local roaction, Tn the loeaddred forus of anthran, as these
were chlefly deseribed in hons, often we find bacteria nowhere else in the
body than in the necrotic or hemorrhagic processes, e.g., in the lnmhnodes or
the sovlenic swellings, Even in the exverimental inoculation of anthrax, at
the site of the inoculation, therc will be cdema of the skin, in scveral cases
combined with strons conmestlion and neerosis, From this we must draw the cone
clusion that tho anthrax bacilli sive off products which have a paralvzing
offcct upon the recglional vasomotor nerves. In some cases it is nevertheless
observed that rabbits infected with a virulent anihrax strain and killed
before the bacteria could reach the circuwlation, - in spite of a negative
course of guinee-pig inoculation or culturc medium inoculation ulith tho blood.
of these animals -~ can show marked hypercmia and cdema of the small intes-
tines ovor the entiro length and an cnormous overfillinz of the bladder withe
out findinz any local causo. In hogs we sece indced cutancous hyperemia,
oither exclusively on the bask side, or limited to the abdominal side or to
both cars., It is inadmissitlo that such nrocesses could be lecal roactions,
tho more so since the blood and the snlecen may contain so few bacteria that
tho re-inoculation has norative results (CROOKAIANK). Fuen more probable is to
accopt for this a primary ceatral vasomotor disorder. The following cases are
proof for this ovinion.

Rabbit Yo. 902, subcutancously inoeulated with 100 i L.u. Poeruakarta
strain, was killed 28 hours after the infection. Trem the blood, spleen, and
brain, materisl was inoculated on ruinea-pirs and microsconically examined.
The result of this was negative. Yct, there was a sharply circumscribed
inflamuation of the small intestine manifested in strong hyperemlia and edena,

without finding any local cause, and at the same time there was marked dilata-
tion of the Lladder,

Rabbit No. 893 was killed 30 hours after subeuntancous infectlon ulth
tho same dose, Ih this amural aleo, by means of inceculation of blood and
omulsions of spleen and brain upon ruinea-pirs, ubich 311 remained alive, tho
existence of a bacteriemia could Le execlwied. Yevertheless, there was a
sharpoly limited small-intestinal hymeremia and urine retention.

Rabbit No. 805 was killed 20 hours after the subcutancous infection with
the same dose, and inoculation of biood and organ emulsions upon the guineca-
pigs likewise did not give eny result. In addition to the urinary retention ...

.1t also showad marked pulmonary hyperemia and thickened. snleen whose pulpa
was not softened. A local cause for the splendmegaly and the disturbed
pulmonary circulation could not be found, -

Rabit No, 980, subcutaneously infected with only 1 1.L.D, of the same
arthrax strain, and thoreafter killed in 24 hours, likewlse seems to have no -
bacteriemia or. the basis 'of the negative course of guinea-pig inoculation,

; . ‘ .
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in cnorrous hladder dilatation pointc, nevertheless to tho exist :
function disorder of that organ. o tho euistance of a

In addition to this, there are cxammles in test rooblits, in a sheep
and a goat which dicd from inoculation anthrax, and which demonstroted
that the nresence of 2 buge number of enthrax bacilli in the spleen and
blood does not necessarily o in combination with any of the above mentioned
syrntoms. Cascs are thus found vhere, independently from the mesence of
bacteria, organ affections may occur or Lo absent. The ewp;anation of this
can bo found only in a central causc. ‘hen by the still undetermined anthrax
toxins certain nerve centers are injured, reripheral orgah lesions are sup.
posed to develop independontly from whether in the attacked parts or in the
blood stream bacteria have been already found or not, while the lack of :
peripheral symptoms in the stase of scpticemia is 2 result of the ¢ondition
thet incidentally ro neural -centers have yet been attacked. Next, macros-

wyie and mlcroscopic examination of the CHS, a confirmation of this assertion
15 looked for, i

Ina numbcr of experimental aninmals walch dicd of inoculation anvhrax
the CNS, a confirnation of this assertion is looked for.

In a nuiber of experimental onirals vhich died of iroculation anthrax
the CH5 was cxemined. Since at the oponinz of the eraniun in anthrax animale
a larre amount of blood nours out cdue to the recduccd coaszulability of the
blood, and the danper of the contrrion's spreoad is tn@rcbv not just imaginary.
Complcte nost-mortem cxamination of the trains in the dowe stic animals was
limited to a goat and a horse. iloth animals shouwzd powerful sero-sanguinolent
inhibition net only of the meningeal membranes hut zlso of the cerebral
narenchyma itself. In the horse, bush suellin- of the cerebellum was outstand-
ing which according to es stimation nssuned sbout 1% of it nornal sire,. The
cerebrospinal fluid was also discolores with Llood.

Of a nuiber of rabbits, the brains gave tha followinr rostamorctum pice
ture, In all animols, the ccrcbrﬂl neninzes shonad n/n01uuio, vhich in most
animals was combined wvith smaller or lorrer hemorrhores, & fow animals,
there was hemorrhape within the menin;es, so that the ccrcbrospinal-fluid
still remained clear and without discoloration, =hile in otiiei animals the
bloed pigmont panctrated into the corebrosninel fluld., Uhe reglon of the
medulla oblonzata and that of the cerchbral tentorium are visibly predestihed
for blood extravasates. This 1s so nrobablv cue to the nrascnee of large

vascular sinuses which are hore located., Under one side of tiic medulla oblbngata

the sinus basilaris is located, while in the cerebral tentorium the sinus
transversus and the sinus communicans arc located. It is not iwmncssible that

fatal symptoms of cerebral congestion are demonstrable the most clearly in
this area.

In tho following rabbits, blood effusions could he found chiefly in the
meninges around the medulla oblongata

_ Rabbit Yo. 829, large haemorrizze on the right inferior sids;’
spinal fluid still clear.

Rabbit Lo, 228, on the inferior and lateral level, with dif-
fuse red imbibition of the meninges; spinal fluid ctill clear.

Rabbit %o, 825, haemorrhagic oiscoloration of the mcninges
directly behind the corebellum; bloody spinal fluid.

Rabbit No. 833, at about the same site hemorrhage, red cerebro-

spinal fluid. Xoreover, also a pin-hcad sized hemorrhage in uhe meninges on
the cerebral basis. .

_ In a foew other rabbits, the most marked arfections were found 1n the
region of the cerabral tentorium.

"y
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o Rabbit Yo. 31, s)iht bloody infilteation and wnslens conrestlon of
e meningas; spinal fluid clear; on the bhose of the Lobus piriformis
pin-head sized hamorrhaga, . .

Rabbit No. 822, at the helaht of the cornora qnanrien
hemorrhazes, cerclwosphnal fluid red.
the cerebral basis.

rdna o fouw flat
Ldoma ol the ™eninces, ciielly of

tit lo. 82, local ademalons swelline and slisht diituse bloody in-

Tiltration around tho sinus trancversusz, vhile the ummer nart of the reninges

doeq not shovw any affecticn, and docs not scem to o even hynoremnic.

tabbit llo. 821, marked hymeremia of the menin—«ns fron the sinus trans-

versus over the upper surface, and near the bhasis rraéually decreasing,
Rabbit Mo,

819, blood extravasate in the ccrelral tentoriua alone. .

Rabbit No. 975, marked éiffusc meninreal hvneremia with edema. Marked
increaso of clear spinal fluid. s

The above mentioned cescs conrosn -andrinls \n-ch rovtely verished dve to
anthrax infeetion. Ly sirultancous iroculation of culture and iLmmure scrum,
tho course of disenss ean Lo lonx drﬂvn out, aud the postoeortem findings of
the brains'can be coummared in more chronic cises vith the finddinas in the
acute forms, Although in general it can be stated thot, sccording to the cura-
tion of the sickness the hypercmiaz of tha eorebhesl aeninras is deereasine, this
i3 still not the rule since after oin days of diseccs the convestion of the
vessols can still be marksd, As to the amount of cercbiesninal fluid, no steady
rule can bo lincd out either. In a fou andimals, in zeute cases, the amount
is sonectimes utronvly Increoased; in other snivals this 3o 1the enee only in a
long duration of the discase., The sninal flvid nover containg leukoeytes,
while lymphocytes can ke sporadicolly found in it. In ca-ncs 01 turbidit/ of
the spinal fluid, this is tha result of an adrdrture of wollw) ““ dotritns,

|8

mostly dorived from neercsis of cpendysa eclic anl fron occacional arthrocytos.

The amount of anthrex bacteria fourd ia tho corcinespinal £lnid and cere-
bral parench varies markedly. In reneral, i»“ core.ntration is moro
narked in acute coses, vot it iz under that fotnd in the tload and in the
snlecn, llevertholess, sometimes in the Blood only soepedic beeterdla can be
found microsconically, but an cnovsous thrivive of thor can te found in the
subdural fluid. Long threszds with well deviloonsd esnsules let us suspect in
tho beginning that this fluid could Lc considercd oz a nredilectioned cite for
the bacterial growth. Repaated tocts have chousd houcyer that these cases

are cxcoptions, and the M3 seems to to rathar on suvicws ont in vhich the
=18 to develop.

anthrax bacilli are being destrocd than Leiny 1l o

: [V
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Tho histolorieol rescorch of th: ormans ir sathens: v

Vb

upon the orsans of the rervous svstem, Conceraing the

ehielly cirﬁctﬂd
r creans, namcly
sevs doba in the ¢L*f'ﬂgur* “ﬁﬁ the
below ~iven rasults are maont as a2 swsnlement to the olready known facts,

.

vhose corroboraticn they: forn only with the diffeeoree thab the oH*ﬂr"on
structural chanres in thie kidney anc liver which o socen in our rosearch

scem Lo Le of much more destructive tirie than 14 could be dorived from the
publications availabe Lo us.

“he nntardial of tho research iz dovived Loow SLllurent stnres ol the
patholorical course, nostly in robbits., After cvuorinontel intoetion with
anthres bLacteria in difforcent dozos, there vere killel at definite time intere
vals, so as to be zble to follou tho demenerative risccsses in their develop-
rnent. bHesides, material was also taken from ceute to very chronic cases of
the disease, and comnarstive irnvestisation was oalso earcied out in other
aninad snecies, The effect of the dosare of thz contarion in case of expori-
wonted Infections, the occasional secouclae of vaccination and infection of

experimentally or naturally resistant animals on the nathological histological
picture vere studied, partly on naraffin sections, partly as a suoplement in
"frozon soctions, For the first mothod tho material of

Fwaans .
.

SR v B St et 1 AR

. N %
> "-
4
p
:
S
i’.
1 H
S
i P

et TP TE




- . ., I-7017 Pagoe 11
frozen sections., For @he first method the material of varenchymatous

orzans was {ixed in 105 formaline and Rouin solution (formaline-pieric acid-
rlacial acetic acid) and stained with hoemaluin-cosine, Van GIESON and

GIEYSA. For the organ sections,made with the froezing microtome, mostly the '
fat-staining with Sudan III was'adaptod. St a .

[
LIViR,

In a series of rabbits subeutancously infeect with 100 3.L.D. of the
Pocrwakarta strain of anthrax; a dose caleulated for them, the livers vere
examdned 20, 28, 44, 52, and 68 hours after +the infection. By reinocwlation.
of blood and omulsions of spicen and brain on guinea-nigs, it could be deter-
mined, according to the nerative results of the tests at the first mentioned
tro periods, that the septicemia stage in rabbits occurs only later than
28 hours after the inlection., -Thus, in tho rosults of the investipgation the
renarkable feature is that the found nathological chanpes develoned in the.
tuo first mentioned periods before a bactericmia existed, and thus tiecy are
the result of a localized stage of anthras,

Twenty hours after the infection already, liver dereneration can be
observed. The organ is very hyvercmic, and canillary hacmorrhames are scattered.
The nueclei of the hematic cells vary in sizc, and many of them are phknotic,
or happen to be swcllen and in lysis, and can be recosnized only as ghosts,

The cellular boundary lines disanpcar and ‘ths protoplasma is disintegrated in
large eranules, and is vacuolized at many places. ‘wWith Sudan staining, it

scoms that a fatty degencration occurrnd, yct this is not cvenly spread over

the entire tissue, and in addition to the fatiy vocuoles there are also othors,
larger ones which have no definite contents, and they aro surely not of lipoid
nature. Togethor with a slirht fatty depeneration, thers is thus another kind
of deponeration present which gives the nicture of much larger grammaltion,
vacuolization and cytolysis. It mives the nicturo of ranid dovastation of

the henatic cells with the character of liaucfaction o:r lysis, and not in
accordance vith tho nicture of an ordinory clbwiinoid or fatty degeneration.

Tho intensity of this process may vary accordins to the cite, and it is not
evenly marked overywhere in the f£iold ol vision. At 2 later staro the hyperciric
increases in such a way that the tissuo acoudres a norous asncct by the markelly
dilated capillarics. Twenty eirht hours after the infection, the vacuolization
and tho lysis of cells became so0 intonsive that only crude granular residue:z
scem to bo left over from many cells. Although the fatty depeneration also
inereasod, the lipoid granules scem to be too fine to explain the gross vacuo-
lization en the paraffin soctions. Thase are not stained with Sudan in frozen
proparations so that it seems fror this that both forms of nrotoplasma destruce -
tion have increased, of which however, the cytolysis is the dominant one., The
trabecules are not disturbed in their course, exceot somevhat driven apart by
the marked canillary congestion. Small-cellulor lymmhocytic infiltration does

not occur, and only in a few cases are there scattered leukocytes obseived in
the liver,

T

To investigate the effect of the infective dosc unon the intensity of
tissue destruction, a rabbit uvas also inoculated with only 1 M.L.D., of the
same anthrax strain, and killed after 20 hours. It is surorising that the
degree of cellular lesions scemed to be not less than after the 100 i, L.D.
in the samc timo. The hyneremia is even more marked with the small doce;
-here also the cellular boundary lines disammear, and the nueclei vary creatly
in size and stainability. Tho cell protonlasma is vacuolized withouth the
occurrence of a fatty deponeration, fiom which it seems the most likely that

in addition to the fatty deponeration, another forn of cytonecros}s also
ocewrs in anthrax, L

A vory significant poirt is that this intensivo cell devastation occurs
at a stage in which no bacteria are yet circulating and thus it must be the
sequela of the action of a strong poison (toxin) or enzyme. :
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LOQR after an antlras dnlcetion has Laon vosussd hronsit andt no bLiacteria
can be demonstrated¢ any lonzer in tha orons snd An the bloot, the liver doos

vozszible toxle action
for six wocks after the infection the henaiie cells '

ean bho sti wmarkadly

vacuolated, so that in many of than the Hretaslacma renss t;tiilcgm;iciiiv
dissolved, The hyverenda of the or~lu s houovar a~ain- dimindished nndvd'
normal blood supply takes place throuzhidut the oreen, Dy D

The histological chanres in the livers of rabbits were found to e of
the same kind, and of the same intonedly in tho sheev znd in the goat. llexs
also, acute hyporemia and ecllular dostruction with vacuwolinotion occurred,

That a norsally wmnine vaccinslion arcinast snthroas 43 not haruless to
the liver, it anpears from the ciarinotion of a rabhit thich had well tolore-
ated an injoction of Y ec of NN, 0, vaceine. Thirtsen davs after the vaccina-
tion the above doseribed cellular lnzions and eirveulatory disorders wore
found; thoy wore of less marked Cepree than in the above mentioncd cases.

Sheen No. 7, which praviocusly was imawdsed b voceination with 0.25 ce

.of a B.R.%. vaceing, was infeeted 5 woekes later with 1000 1.L.I. of tho Poor-

ualierta strain. Apparentlv, it tolo=rated the infiction uell., Threc weeks
later it was killed, The liver shoued the lmovm vieture of hyieremia, parenchy-
matous and fatty demeneration, and senttersd orcurrence ol exrtolveis., .
Castle Mo, 354, havine been uscd for reavs for the nroduction of irmune
sora, had worked up an enor.ous doso of {ully virulent anthra‘bacillus cul-
tures without difficulty, At its :lemghter, itz nutritional stote cceomed to
te very good, and yet a narenchviatous and feity derenarotion was actually
Tound in the liver. Althoush in the lotizr eancs with tho aninals of active
Jmmandty the honatice destiuction uns of ¢ :ueh 1ilder deorree than in the acute
forms of anthrar, nevertheloss it sacas that this forn of Lrmunization does
not represent a particular disadvantage for the iody mnd o later infection cane

<

not be of a harmful action or ol Lhe most only in a limitcd derrea.

- In all the avovo nentioned cnrsnos the nidneys vare alro histologically
a:amined, : )

llore olso, it conld be corrotorated turt clresdy bofore the ceonticemic
stace the kidnoys can underro inionsive dessnsvetion uhich, Just as the liver

degencration, con te only the gecunls of i nent off strons action vhich
attacks the body from the site of ithe iniwction.

~ Already 20 hours after the iiloetin- of ~ pelbitc vilh 100 I,I,U. of the
Pocrwakarta strain, marked hymermin of the i nen o wcurilidnr; 4t esn lead
to scattored canillary hemorrharns L the coctiend Lywer. Io any caces,
although still blood-containing, the Aew~ruli eon be ahiruzk in a peenlior
manner, and the symeytiui shous the uicturs of licunefaction, Strikine is ’
the marked variation in the caliber of the wubuli, In the cortex, arcas
annear where the epitacliwm is swollen to on aworphus mass vhich comnletely
£11ls tho lumen of the tubwdli, Accordine to the result of fudan staining,

colls can be liqueficd to a fibrous, vacuslizcd nass vhich entirely obstructs,
or not, the tubular lumina. In accordsnce wibth this, the tubwli are markedly
éilated as a result of wrinary stacis, The 21l nucled also show sifgns of
necrosis which is chicfly manifestes in kwyolrsis.

LW

“there is a repional slight fatty derencrotion. . In other avecas the epithelial

At 2 later stage in the batholozicel nrocess, the microscopie picture
is dominated by tho scattered occurrence oi urinmy cysts which are mostly
found in the cortical zone. The renal congestion ean dimin;sh and change .

il o
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into 2 condition of onermia where tho floweruli are shrunk in a large

nufber. The shrinkare space within the glomerular capswle is filled out
with a hemogenous coamulated celloidal mass. DBeside this, also anparently '
fully intact plomerule can be found. T

In addition to the reglonally occurring fatty naronchyrnatous desencrae-
tion, the epitheiial cells have underrone a very intensivo destruction along
the way of vacuolization and liquefaction. Their imternal wall is maredly .«
fibrotic, and the cells apparently dicsolve in the dircetion; with their nec- :

rotic products they fill up the tubuli entirely, and obstruct the urinary
drainare., . ' |

Towards tho medullary layer, this cytolysis ‘decrcases in the straight
renal ducts, and the fatty degeneration becomes somewhat stronger. Even here,
a varlation can b: observed in the width of the lumen, but not to such a
dwgree as in the cortical 2zone.

It is true for the kidneys and for the liver that a more advanned stage
of the disease does not necessarily indicate also identical developmental
phase in the degenerative process of these organs. This is effected by more E
factors than time alone, and it is thus also possible that the cell:Y~r lesions.i
in tbese organs can be more intensive at a yournger stage than in a more
chronic form of sickness. '

In spite of an existing marked rcnal congestion, the flomeruli can be '
somewhat anemic, from which it secems that the organ hyperemia is not functional
but it has a connection with the tissue destruction. The parts where the cell
necrosis is the most marked have the most blood.

The infective dose, as it wzs 2lso noted in the casc of the liver, 1is
not in a proportionate relation with the provoked pathological'oreanic
changes. Compared with nephritis cdue to infection with 100 !i,L.D. of the
Poerwakarta strain, the same animal speciecs (rabbit) shoveved an intensive

form of cellular devastation of the same degree, except the hyperemia was less
expressed,

In chronic cases, when, at simultaneous inoculation of virulent cultures
and immune serum, the infection could be tolerated for longer periods of

time, the kidneys seemed still less able to excape thoe devastating effect of
the agent.

Bven six weelts after such kind of infestion, when the oody is free of
bacteria according to the nerative rosults of guinen-nip inoculations with
blood and organ emulsions, a picture of licuefactlon and vacuolization of the
epithelial cells is found, on their interior side towerd the lumen, the cells
can be still someuwhat fibrotic; varenchymatous and fatty deceneration is
definitely present; it is at a lesser degree than in the acute cases. The
glomeruli have recovered their normal appearance; the veriances in the width
of the lumina of the tubuli are more levelled off, yet the total picture roints

out that the tissue is recovering slowly and with difficulty from the devr-iat-
ing action of the agent. :

AMthough it is externally without difficulty, the vaccinationnlso scems L////
to be not of a harmless nature {for the kidneys. Renal hyperemia and parenchy-
natous degeneration point to a nephritis as a result of an anthrax vaccince.
tion applied to a rabbit. Just as it was seen at the examination of the liver,

a vell-tolerated active immunization does not protect the kidneys against the .
fatal effect of an afterward following infection with virulent anthrax strain.
Sheep MNo. 7, without any apparent difficulty.after the vaccination, had toleratel
an infection with 1000 }i,L.D. of the Poerwakarta strain. Whon three weeks
. later it was killed, intensive® degeneration, vacuolization, and liouefaction -
-~ of the epithelial cells of tho certical layer was found. In addition tbere

were also arcas where the tissue remained more intact, yet the general gspect



L~YULY Farte Ly
[ ‘_‘;
was that of a grave nevhritis, Dven the ~loravali wore not Mvec of vacuoli-
zation, while in the medullary layer, uvheroe the drceneration wvas less
expressed, small diapodetic harmorrn~r~s wer Lounn al, smoatbeved sites.
Characteristic for the orvwn Copeneraticn in anblras 15 that no small-
cellular lyrphocytic infiliration car he found. 3L 13 not inorobable thet

the slow recovery of the liver and kidney dircases in this nathelogical entity

is due to the fact that loukocytes’'do not cocrerate in the nrocess of trans-
porting tho degenerative productg mnd in tissue nurification.
The process of pradual. h:;_vmri sy i':.é‘tmx in serum anim.,ls. as it srenms
in the liver examinations, is mnot VitlQuu CfLCCu uron the kidneys. Parency-
nmatous nephritis in serum cattle llo. 354, assoccinted with henatitis, shows
that an antitoxic(?) immunity is a doubitful oucstion in hyperimmune animals,

The findings in henatic ond ronal exominations of acute anthrax eascs
in rabbits are corroborated as to chaoracter :nd intensity.hy the histological
examination of these organs in sheep and goats, In these animals, too, the
pathologlical process 1s characte*i~eu by the vehemence of cell destruction,
which is accompanied by fatty degencration, vacuolization and liquefaction.

HIZART.,

In a few rabbits and a shoon the heort wos histoloslically examined in

the cases in which death came swklonly as o result of anthrax.

In case of positive n;ocerdi tiz, the muscular tissue is Hvueromlc.
odematous, and the fibrils are driven mwort. Fattyr and parenchymatous degen-
eration is here the usual picturc, a dzrencration in which the muscular cells
can disintegrate into gross granuels, ~nd tic very thin sarcolema changes over
into an almost.empty sheath. Loczl nrolifcration of the muscular nuclei
occurs, Typicglfor such inflarmations is apain the absence of* leukocytes in
spite of the tissue destruction. Yct, it 1s a rule that anry serious symptom
of myocarditls is absent, and the ticsne ean hove a normal anpeorance over
large distances. . Only at scatlrves slies oro thk muscular cells show surrestion:
of a slight narenchymatous depensration, Do toort of the sheen ashows not the
smallest histological involvement., Tho moro fidminantly the death arrives, the
smaller the myocardium is attacked.

The BRANMDIRURG tus:¥ have indicated that we must L6 very cautious in
searching for the cause of myocarditis in on ~~cnt vhich wvould act dirsetly
uwpon the cardiace musele. In rabbits and dows 0 tihnlr cervieal sympathetle

nerve or the varmo-symmathetic 3.5 cnt out, “inwe w11l Le somo edewma, round-
cell infiltration, dogonerative structurcl ciioyes in the sivocardiwa's cells,
which show resemblance to the histoleical uniings deseribed in anthras.

The probability that in anthrax the wrocardinl derencratlons thus ardse sceond=-
arily to a neural disorder, i.e., a lasion of ihe symbathicus and parosym-

pathicus, this probability, in connection ith the later histological find-
ings becane larger.

In connection uith the above descriled nistological changes in the pare
enchymatous organs, it is pertinent to brin: un Lricfly the opinion of SINGEXR,
fi1s publications on the histolordcal czaminallcn ol orgons in anthrax annonnce
among others that death way cowe so i thot dewonstrable cellulor lesions
can be absent. The liver cells ave subjecici to a fotty degeneration, which

DA

. can 2gain disapnear neer death. Glvcopen Hiuvopeors fron the liver. The

gravest form of renal degeneration "3, due to the fatty degeneration of tic
epitholial cells, nevertheloss in wmore cozmes of fatadly ruming anthrax in
the small exparimental animels no other uffvction could he founa but hvncrnmia.

The most known textbooks, amone others those of FRILDEENGER and FﬁOu!
and that of HUTYRA and “ARICK, recail only the existence of suelling, ‘aren-
chymatous degeneration and marked hyperenda of the kidney and liver, lowhere
are the enormous cellular devastations mentionod which have been rerularly
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found }n these organs of owr experimental znimsls. |
vith the later to be discussed patholopical chang
ag:i?hthg narkedly destructive action of the
out which makes itself active already hefore the senticenic sta

y b ; sle stage. First of
211, tho character of the ccllular losions, vacuolization and lysis, vhich

S also secen in the CN7, call attention to themselves, and can be nerhaps of

zi%zificane for the identification of the nresently only hypmothotical anthrax = -
oxin. * - ..

Even in conncction . -
¢s in the noural colls, here , «
anthrax agent should be pointed . x

LISTOLCGICAL TIVESTIGATION OF THT CLHIRML URAVOUS SYSTini(C.N. 5. )

- In tho oxamlnation of such a fine tissuc as the nervous system, we have .
to execlude vwossibly evervthing whieh would lead to the formation of arte-
facts at fixation, further tissuc treatment and stainine., The chief require- s
ment 1s that the tissue pleces should be fized, whils wamnm, imnediately after E
the arrival of danth, For tho makinz of naraffin sections, the best is the ‘
-ization in 807 ethyl alecohol for only a for hours, followed by a lonped stay,
e.%., overnisit stay, in 907 alcohol. In anthrax it scems that is the nervous
- system a softening vrocess occurs so that in & 707 alcohol, probably =s a ]

result of inporfect fixation, often a vhite sediment develops vhich will not

occur with the use of an at lcast 80} alechol through several steps »f tissue : i
hardening., . '

-The dehydration can be made in acetone, vhere the materisl chould romain
not more than 2 hours to be put into melted woraffine for a similar time.

the Douin solution is to be recommended., This solution gives bettor shrinkage
pictures, yot after this fixation the staininz in the finer differentiation
stands behind the ono after the use of alcohol. For couparative examination,

in a few animals silver irmrecnation ol the ncural tissue was used after formalin
‘fixation.

Among the other usual fixation zcents for use with tho common stainings, ‘ t

Since in tho tronics we havo to uwso a maraffine of high melting point,
of 60°C, the material should stay in it as bricfly as possible. The use of
a freozing microtome is therefore recommended foxr couparative studles,

In the course of examination the line was followed essentially which wacs
in the examination of the liver and kidney. In a comparative way thenhistological
examination ¢f the brain in rabbits is sudplemented with examination of the i
in sheep, goats, cattle, horse, dove and hen. »

RATLIT
BRATI.

The patholorical histolorical chanmes were traced at different parts of
the cortex at successive stares of exmerdmental anthrax. Caces of chronic
anthrax uwere studied in animals which Ly the adminiciration of imrune serum
have withstood tho fatal infection for several days, or evon survived it,

In & serios of rabbits, somz have alrcady died tefore ths senticemlc *
staze which, by means of guinea-pigz inoculation of blood and organ cmulsloy,
could be put at 30 hours 2fter the subcutancous infcction. “herefy it could
be detorrmined that already 20 hours after the infection with a virwlent '
anthrax stain definite cellular reactions have develoned.

One of the most complicated problems in the study of pathologleal nro-
cesses in the CNS is the exact evaluation of the immortance of the glial.
clemonts, Their multiformity, origzin, mutual tesk distribution have not yet
been uniforrly cvaluated in the literature. HISSL distinruished two forms in
the cctodormal neuroglia colls: --one with small dark nuclei the size of
lymphocytes, and another with larger less chromatin-containg nuclei. Both
possess only a little protoplasma. Aside from these with brightly staining
nuclei, other cells also occur with bizarr protoplasma, vhere thq nueledy form
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is modified, and it con be hodked, lobular, or stab-foraed HISSL .

. & Y < ~ Ve 2 . Vot W] th“_‘.\ks
that for the cell determination the clnssification accordine to gho forin
of the nucleu is of the pmreatest iimortance. )

SPIELITYER made an effort to como
tissue by the study of the tissue's behavior undler the pathological circum~
stances. Here, according to him, tuo tvncs of changzes occur: - the so-called
progressive and the regressive chanres., Yhe latter are characterized by
'shrinkage pictures in the more slowly oconrrin fovms of dercneration and

karyorrhexis in the acute nrocesses. Xorvolysis should dovelon less often,

In case of shrinkage, the coll types ulth the cmall darker strining nuclod
vill prodominate, and tho Lricht, chromatin-noor muelel will deereasc.
According to SPIELFUYER, hyperchromatosis of the entire nucleus is also 2
sign of disintogration, and then there occurring new formation of nuclear
substance, vhich in chiemical resneet is rolated to the substance of the nucleo- _
lus, must be considored as a sign of regression. Although karyorrhectic glial
tyoos moy oceur wndey norral condtions (voune rabbits), nevertheless these are
otherwise to hg ynderstood as manifestations of regression.

BRI AN

to a better insight in tho pliad

The progressive glial changes lead to a larpe diversity of neculear and

cellular motamgrphoses. This npropression is manifested both in hypertrophy
and in hyperplasia.: In the first form, tho enlarpoment of. the cell's body
is combined; with inecroasod chromophilis, ‘The round or oval nuclcus. under-
roes anvinéreaébxand'hns a vhite (vele) anpeavranes, uvheraby the markedly stained
nueleolus 45 sharply outstanding. Hyociolasia widne patholorical condtions
leads to the origin of ridtiformity of c¢:lls aod nuweled, The different tynes
vary at tho samd time in size. Amonr tha anall esllalar tymes the stabecells
are striking whidch are characterizel Ly their lony attendad nuclous and collu-
lar bLody, 'Undgr.pathplozical cordtions, the niol eclle are ablo to forw fibrils,
and wcoorddng P, SPIELEEYER all tymes s swonoscd Lo heve this ohility to a
smaller' ox<lardd’degree, ' Generally, tuc fibril Toruation oceurs when the

disintegration nrocess ic ctill roine on, or had een already finished,
Under the new formationof the sumporiing tissue, itbe nevvour system tries to
roestablish the disturbed tension which results from the Sostruciion of the
cclls and nervos,

In dddition to these typen uvhich WirsL, "PIILI(4{ ot &l., distincuish
as octodarnal ngwroriia cells, thore ave olsoccrool eclls whilenh, in addition
to %hat they dbinot shou ary differcnce .erpholosically frow the vrerious
oncs, may also have the same function. O other anlls vhlceh oweur ¢s nhayl-
cytes we know, surely that they have mocoldemial ordizin nnd they con be 2lso
worpholorically differentiated from the :lial cclls, The so-cellad nost cclls
with their basdphil granulation and the adventitial cclls chaprcd to plasma
colls leave no doubt in this repard, : -

From the here briefly deseribed o hinlons concovids the ¢ue ant Jwice
tion of plial cells, the ovinion of GMLTHO iax haosler AMlflceent, Wnon
much more recent publication, this ~uthor cantions arcinat the visw siosunced
by many to arrange the difforent cellulsr tiwer under 714al tizsu-, cuch types
which do not belong to glia in the nroper sence.  Indesd, differeni ezllular
tynes were deseribed and, in addition to the glial celle, the oo-oolled
anocbolid microcytes (DEXLER) were established, nevertheless many seonls do
not accent any essential differontiction,

GALLEGO GYstInyuishéd the glizl slenmchit proper in tuo varietics: - one ]
with a graaular protonlasma and pyknotic nucleus, ond another with honorenous
ccllular tody and chromatinc~poor nucleus at which these shou somctimes such
a slight affinity that they appear as phosts, In addition to these ectodermal

/_forms, he sharply distinmuishes the cells of mesoderinsl origin, the so-called

sderoglia or the cells of lortega. Thess cre actually macrophazes of the

nervous system, real interstitital ceclls vwhich occvi independently from the .

vascular infiltration, OALLBGO considers them rolated to the colls of ‘the
rcticulo~endothellidl system, and therefors they should play a great role in
diseases. In this groups of cglls providad with polymorph chromatin.rich
nuclel he distinpguishes threo typest star-chaped, longitudinal, so called
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stab-cclls, and round cells.

for:is which are still smoller than Lymphoeytes, with noint-shanod nytmotie
nuclei, and they should be considered as the Juvenile forms of.the‘microglia.
First of all, the round type vhich has no stecady size, is the nhagocytic form.
Their nyknotic and also rather deforme:d nucleus is situated in a greanular
protoplasma. They can exceed in size the glia cells prover, sometimcs even
the neural cells. The announced vie:' that they arc chanmed glial forms, is

wrong according te GALL®GO, even alrcady on the ground of their totally different

embryonal origin,

Where marked proliferation of small cells is found in the CHS, these
should be microgliz, for tho neuroglia undergoes more remrcesive changes in

the cercoral diseases. The microplia vlavs an important role in the inflame
mations of the Cha. . ~

It was not tho purnose of this examination make a decision in the scien-
tific viewpoints under discussion concerning the problem of the tyve of the
supporting tissuc. Althourh according to the oninion of GALLEGO the use of
the word "glia" does not scem to be justified in many cases, in the following
investigation of the nervous system this 111l be done nevertheless. The main
thing 1s that we give an account of the bchavior and the occurring ¢ “ferenw
tiations of the smoll types of colls, which is the most important goal for
the practical vathology, where therc is any doubt about the existence of a
pathologlcal chanze, it is recomrended to comnare the histeloriigal sections
with preparations of the normal tissue.,

In the exanrined carlicst initisl starme of the disccse, i.c0., 20 hours

ter the experimental infection, in its trocs structurs the bLrain apoears to
ve almost nomtal., lHyperemia or other for:rs of circulatory disturbonces could
not yet Le found. It is only surorising that for and nurleyr of zlial colls
and nuclei in the different areas mnay vary, evai in a sinzle scetion. lostly
in the superior parts of the cortieal laver, 2 £lirht multinlication can be
found in the number of these cclls. Even in tha size and somearance of the
rlial nuclei, varletios occur. In. oddition to a writominant numter of round
forms, at scaticred sites we also find stalb cells and noly-orph types which
have chromatin-rich nuelei ond 2 rorc or less voculoiied nrotoplasma. " Among
the rounderuclear plial cells we can observe two types which differ in size
and in the chromovhilia of the nuclel, The smaller oncs are darker stained
than the larger ones, and both have only o suald edre of nrotovlasma. Amons
the round«nuclear tymes, scveral show alreasdy regrossive stmpioms, manifestui
in hypcrchromatosis of the nuclear w2ll, 5o that in a certain ontical posiion
such nucled anpear almost centrallr: vacuolated. These nuelesr chanpes occur
exclusively in the larpe round for.s. DBesides, there are arcas where the

[ Myl
behavior of the rlial cells doos ot ghow ony alteration from the noriol pic-
ture. Vhere progrescive activily of the plial eells can be obsdrved, it can
be noticed that they arrance thenzelves around the nyramindal ceills. These
aresalvays uninjured, uell stainchle round-nuclear cells with omall pramulated
edge of mrotoplasia uhich as scateollites besienre a larre mu-bzr of neursl
cells (nscudoncurononherr), Cno or wore of them is not only nrassed tousrd
the upner level of the ganglion cells, bub 2lzo citunted in their covitien
30 that they give the imnrescion that they have ddready caten themselves iato
the cellular body, and in this way they imitate the nicture of neuronophary.
Yle have to be only very cautious with the findine ol the latter; Jor, proli-
feration of satellites often rives the imsression of thoe existence of a whamo
ceytic process. Furthermore, satellitism occurs nor.ally, so that its natho-
lorical form can e found only by cormaricon with sections derived fiom healthy
eninals; vhen worcover the affcctec nyranidsl cells shou degenerative symotons,
for neuronophaz of intact neural c2lls is immoszsitle to imarine.

In the exomincd histolozical section of the brain the prescence of ncu-

. ronophary canrot be denled in some cases; for, in the differently injured
prranidal cells satellites have alrcadr ezaten their way in, dnd’ thus they can
be considercd as maerophases. A veculiar lvsis which can tagin unilaterally
.anG in uhich a part of the pyramidal cell is transformed into a finely granve
lar, fibrous or vacuolated mass, and appears to be apnarently noru.al for the

Among these, there are scattered also very small” -
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stab-cells, and round cells. Amoag these,

y there are scattered also very small’ . ..
fors which are still smaller than 1:mphoc ry small

ytes, with p =cha? s

nuclei, and they should be considercd as the juvoni£0'§22;s Egpigep%iggzziia.
Eirst of all, the round type tvhich haz no stcady size, i1s the nhapgocytic form.
Thedlr nvknotic and also rather deformaid nucleus is situated in a Eranular
protoplasma. They can exceed in size the glia cells nroper, somctimcs even
the neural colls. The announced viei that thay are chanred glial forms, is
wreng according te GALLEGO, even alrcady on the op £ the '

K ground of their tot diffe -
embryonal origin. _ ally different

Vhere marked proliferation of small cells is found in the e, these
should be microglia, for the ncuroglia underrocs more regroesive changes in

the corooral diseases, The mierorlia vlavs on importent role in the inflame
nations of the ClHJ. C :

It was not tho purnose of this oxamination make a decision in the sciene
vific viewnoints undor discussion concerning the nroblem oi the type of the
supporting tissuc. Althourh according to the onminioen of GALLMGO the use of
the word "slia" does not scom to be justified in many cascs, in the following
investigation of tha nervous system this 11ll be cone nevertheless. The main
thing is that we give an account of the behavier and the occurring ¢ “ferenw
tiations of the small types of coclls, which is5 the most isportant goal for
the practical vathology, where therc is any doubt about the existence of a
pathological chanze, it is recommended to compare the histelogical sections
with prenarations of the normal tissue.

In the exanined carlics:i initial staze of the discage, i.o., 20 hours

ter the experimental infection, in its 7rocs structurs the brain apoears to
be almost nomsal. MHyperemia or other for:'s of circulatory disturbonees could
not yet be found, It is only susorising that for: and nurlber of zlial cclls
and nuclei in the different areas m~y vary, evei in a single scetion. KMostly
in the superior parts of the cortical laver, 2 slizht muitinplication can be
found in the number of these cells. EHven in ithe size and oomearance of thoe
rlial nuclei, varietios occur. In.addition to a orzdominant mumiber of round
forms, at scatiered sites we also find stab cells and nolyrorph types which
have chromatin-rich nuclei ond a more or less voculoized nrotonlasma. Anmong
the round-nuclear plial colls we can obscrve two types which differ in size
and in the chromoohilia of the nuclei. The sualler ones are darker stainod
than the larper ones, and both have only a muall edre of nrotoplasna, Anone
the round-nuclear tynes, scveral show alrency regrccsive simptors, manifestud
in hyporchromatosis of the nuclear w2ll, 5o that in a certain ontical posidon
such nucloi anpear almost centrall:- vocuolated. “hece nuclecr chanpes occur
exclusively in tho large round for.s. Desides, there are areas where tho
behavior o the rlinl cells doos pot rhow auny alteration from the norasl pie-
ture., Vherec prosressive activiity of the glial eclls can ke obsdrved, it can
be noticcd that they arrance themsclves around the nyramindal ceils. These
aresaluays uninjured, well stainoble round-nuclear cells with small cranlated
edpe of nrotoplasia uhich as scatcllites besienee a lorze mbir of neurcl
cells (nscudoncurononhery)., Cna or worc of them is not only nrassed towerd
the umner level of the ganslion cells, but 2lro citunted in their cavitien
50 that they give the imoression that thev have already caten themselves into
the collular body, and in this way they imitate the picture of :neuwronophary.
tle have to be only very cautious with the findine of the latter; fo», proli-
feration of satellites often rives the Lmwression of tho existence of o vhamo-
cvtic process, Furthermore, satellitism occurs rorially, so that its vatho-

lorical for can be found only by cormaricon mith sections derdved fiom healthy
aninals; when rorcover the affected nyraidsl cells shou degenerative symotons,

for necuronophazr of intact neural cclls is impocsitle to imarine.

In the examined histolozical sectlon of the brain the prescnee of nou-

. ronophayy cannot be denied in some cases; for, in the differently injured
pyranidal cells satellites have alrcadyr eaten their way in, dnd’ thus they can
be considered as macrophages. A peculiar lysis vhich can tegin unilaterally
and in which a part of the pyramidal cell is transformed into a finely franu-
lar, fibrous or vacuolated mass, and appears to be apparently nor:al for the
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other nart, is alternating vith ~ total dissolntion of the yrotonlasyn whicn
is characterized by deercasing clrinehdlitr of aunelous and Eclluiir bgﬂf
total loss of ccllular differ stiztion ~n¢ fire vacuolated e
to be apnarently nori:al .for the othar nare,

colutlon of the protonlasma uhich iy charact
of nuclous and ecllular body,
vacuolization.

Macs, and soneas
is olternatine with a totsl dig-
crized by decrensint stoinability
total loss of collular differentiation and fine

At a stane older Ly 8 hours, i.o,, 25 hours alter the infeetion, and
ineroasing capillary hyneremia of the nia aater cm be obsorved, and tho
lyasphatic coodllaries we somaunhat dilaten.  Around the sweriicial candlliaries,
a slight concentration of Lymphoeyics occurs vhich deercascs touward the deever
cortical layers so that here only inolated Lyviwhocytes comnlicate the overall
collular picture. Such a lywphooride emirration occurs only in a few preparae
tions, and it ic not tyniccl for the tisouc reaction whic othermise is Jjust
characterized by the complete absence of any Lyviinhocytie and leukocytic
infiltration..

Repionally, the propressive rezetion of rlisd c¢ells’is mostly direcetly
under tho pia mater, It is predominately composed of round-nuclear cells
uhich prolifcrate amone thich thoze idth the slightly stained large nuclei
predominate in the superficial lavers.

The pyramidal cclls shou incrensing disintesration which con vary loca2lly
as to its intensity. liony of them are destrovsl under lysis and vacuolization,
and neuronovhary is undoubtedly nreasent ab seaticired sites., The ecll nucled -
frequently wndersgo swelling, in vhich ducrersing chromovhilia is assoclated
with sharp differcentiation of the oiten defor.cd, cosinonhil nucleoli,

That many ganelion cells arc nlrozly declrocd ot tha initlal stace of
the discase can o observed in JAro.on's horn. Vacuolization cyi lysls have
reduced the number of intoct colls in thic ~ovi, .

In the senticemic stage, M4 houwrs oftv whe inlection, an inerease in
hyneremia cannot be found so much - rether a dilation of the lymphatic
pathways, mostly in the viilto subisisuce. Lothding can Lo olserved of a2 small-
cellular infiltration.

Tho ground tissue in the coriivel v e ie fine snonzioss, which shous
tissue licuefacticn accorddins Lo OVPiulinlea, Inn thids acute state of uponrios-
ity, tho tissue arocs do not narticinet: a1l Lo ihe sard demros, and tho

glial cells behave here nassibolr, “hoir waivisoe did not ineress: in a cone
vineing manner, nevertheless theire s frocter vardieoly in the cell tyves, vwhich

-1s vartly due to regressive cacure.  Amour Yha romnd-rmelear plial cells,

sltuatod at scattered sites in tho tissuc, chicfly those with the larper lightly
nuclear wall and central dissoluatica of thu ehrvosatine, haryorrhexis, and the
arising of nmuclear rhosts., ilow, this lattor fort: iz clready visible under
normal conditions as a result ol a sli~hit chirousemiilia of sose pglial nucled.,

As a petholorical symptom it can oo only noticed if tho other repressive symptom:
occur vhich have been hero descriiad,

It 1s remarkable that vhere satcllitiss oceurs, veodominmmtly the round-
nuclear, intact, well-stained cell iypes ealer into action. Thelr protonlasma.
can vary in volume, and it is finel: pranulsated orr alimost homogenous. ‘Ihe
satellites are divided by size aud steining affinity of the nucleil azain in two
tynes which during the cntire developmantal process of the discagse remain as
such in the CIS, Scattered in tho- tissue, there are also lial forms, with
bizarr nuclear shapes such as lotulated, stabformed, star-forioed, and voint-
shaned, According to GALLIGO, the latter cxtromely small type, which are
éven smaller than the lyrphocytes, sre sunvosed to be considered as the juve-
nile stages of glial cclls and their presoence can well be explained in proli-
feration. ' . ' T
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Iy ~n inercosine. destruction of the nyrasziial cells, their number is
diminished, The already deseribed forms of Gepeneration, lvsis, vacuoliza-
tion, loss of cellular cifferentiation, karyolysis, are present.at an
inereased depgree in this stase. ‘The nucled ean cither shrunk and become
hooked woyknotic foras, or they can undergo swelline in which the narkedly stained
nucleoll sharnly contrast with the reduced chromonhilia of the ruclei. The B
majority of the pyramidal cclls is anparontly still intact althourh an ine
creasing number of satellites still irdicates a reactive action. In the vhite '
substance, there 1s a notlced slight nroliferation 6f round nuclear glial
cclls in vhich as likewise deserilticd in the cortex for the satellites, two
tyoes can boe distinpuised. ‘

In a study 55 hours after the infection, torether with an increasing
molsture content in the tissuc, ve see that the wrogiossive rlial reaction
is rocduced, and the rogressive reoacticn talies the upmer hand. The status
sranslosus 1s more marked. Glial »nroliferation is nbsent, and it is surprising
viaat the round-nucleavr satellites are aluays nerfectly and well stained, vhile
those same foras, loose from any ccllular comnectlon in the tissue, occurring.
at scattered slics, aro showing rherds and lysis of the nuelel and hynerchro-
matosis of the nuclear wall., The surmtoms of destruction have resionally _
somovhat inercoscd in the nyvramidal cells., ‘The uwhite substance is e atous
and 4t 15 olego rowarkable that & hwirons of the vascular walls is manifested,
and sorictimes stronzly dilated lywnhatic smacee orisinated around these which
are not %he result of a tissuo shrinkarc. In the cdong of the wihlite substance,
the glial cells are repressively chanred and the overuheluin~ly roundenuclear
cells are regrossively chanped and to a larse nart the overwhelmingly raunde
nuclear cells have swollen, vacuoclated or nyknotic nucleil,

If we follow the pathological process in the brain in cases wvhich stretch

out for days (7-12), than a somevhat increasinc canillary hyperamia, but first
of all edema of the tissue can be found. The lvmnhatic canillarics can become
sometines enormously dilated.: This change in the cireculation of the cerebrum
indicates that the acute congestion has chanred into a more chronic foru of
circulatory disturbance, in whid small-cellular infiltration rever occurs.

Yostly the greater vascular plexus of the latcral veniricles and the pia mater
show edematous swelling. ‘ :

The ‘status sponziosus of the cortex is very marked, end also the dilation
of the:nerivascular lymphatic spaces is ctriking, dcrionzlly, where the stasin
phenonena ara less intensive, a slight multiolicstion of f1icl cells ean be
scen, but the degenerative sympuoms on these have ineresscd. Heuronophamy .
occurs scattered, and the here occurrins satellites src always the round-nuclear
type which are completely intact and wcll stained, somevhat well contrasted .
vwith the symptoms of glial destruction in tho ground tizsue.” In tho white sub- -
stance, also the round-nuclear cells domeinate which arc here undergoinz a more
marked proliferation than in the cortical layer. Tho glial disintegration is
much less in the white substance than at the center of the ganglion cells.

As the course of discase assumes a more chronic¢ character, the number of
intactly staying ganglion cells in the cortex and Armon's horn appears to be
larger. Indecd we observe all kinds of cellurlar nictures which incicate recyress-
ion, such as loss of cellular designs, liquefaction, karyolysis, -as well as the
neural cells may transform into undifferntiated hyaline forms, in whiech all or
no nuclel arc found, yot numblerically the degeneration picturce are reduccd in chron.
ic cases, .iccording to tho chronicity of the process, the nsuronophany isalso -
reduced, anda there are smaller groups of satellites which Lescige the ganglion
cells, It socoms as if,with the reduction of the active hyperemiz and the pro-
greasive hydrops,their phagoeytic ability or irritability would also bLecome .
veakor, at least in viow of the certainly depenerated ganglion cells which are
left in peace by the maoropyaeea.,
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. If the infection vas sucacsrtully raread, then a slisht serious infil-
;ra»}on of the tissue, or scattered dilalion of the Iimchastic capillories
can oe the sipn of a ctill not fully rocovercd circulﬁtbry disturhance, %hc
£113l eluients arc brourht back to thoir normal proportiohs, Lut the round
nuclear forms dominatc to the last. The resreasive symptows at at all cells
slowly disappear. lNevertheless, six wecks arier the infoction, the tissue
rejencration is till not complete, the pyrawical cells still revezsl unmis.
Lakatle leslons, and iha sijynificance of neuronophagy in the rest of cases
ratellitism also shous a lonrlasting after-icaction of the #anrlion cells,
Inceed, their stainability has increancd, and the protoslasma and cellular
differentiations appear sharper. fhe passage of the disease scems certain
vwith the better condition of the ncursl cells, the returning function of the
113l elerents and the recovery of the cisculation of blood and lymph.

of

CERBSLLUM,

In the further description of the microsconic pathological victure of
the CHS in rabbits the sawe scouence was Laken in the stores if discase whhat
was followed for the cerchrum as the line of investigation.

It 1s remarkable that cven the cerelhellum can show definite lesdons
already Lefore tho occurrence of a septicceain, vhich must be thus the scquela
of a toxiec effeet at a Gistance, stavtinpg frow the site of infection. As the
first symptom, a slignt hyeocromia appears in the pla mater. Indication of a
slipght serious infiltration starts in the while substance, and 28 hours after
vhe infection it can Lo found. A slirht lyvaohocytic infiltratioh which was
scen only in two experimental cninsls, and in a1l olher cases it was ateent,
lols us assume that hero we had to do with accildenlal forms. .

The 11ial cells have undevione reanciive multiplication which cannot be
fourdd in all cases with the sace proni certninty, Comnared uith norual
tissue cectlions,,a variation comes un in Lhe tvpe of flial nucled, similar
w0 the ore deseribed in the Lrain., .azre oroliferalion oceurs in the pglial
tlosue all tyres are ropresetted. In the ciecstum canpliosum often stabforued,
starforied and round tynes are founi, Frow obis vone, ecliurlar infiltrations
are formed in the moleculav loyer., .oorcosive nucleoar syantons such as rhexis,
oylnosis shrinkere in udl kinas of tiunprr fervs, oceur everywiecre, Different
cells of Purkinje ave situated »o il Larricoe upedor the #14al cells. In the
noleeular layer, small sroups uilh vovadl raclel occur at seatiered sites which
probably elean up the noural fibriles, Hevehss, the oonion of SPIELVEYER is
also corroborated that this con elvealy hoonon carly, A1l sorts of plial forms
conplicate tho ccllu.ar pniclure in the moleculer liyer. The protoplasm is ‘
mostly finely gramulaica or vacuneolized, liyperorochic types with large cellular
bodles provided with dendrits, and roundeoval nucleil and in betwveen large mon-
strous forms, in addition to round and bizarr nuclear types, make a great variety
of rlial types in the gray substance. Proliferation of ¢lia is the most cxpressed
in the stratum panrlioswn.. Different capillar loons glve chance to czee the

“exuberant growth of endothelial c¢clls which perivascularly swarm out as loose.

veos

cells, separating themsclves from their basic conneccilon. Lelow, having oval
nuclel and sponrious protoplasaz. In the white substance the gliial reaction
is much less, and the rounde-rnuclear types of cell predominzie, although stab-
cells also occur sparsely. irong the former types of cells, onc can again dis-
tinguish the sarmc two types zccording to size ond chrosoniilia of the nuclel
as it was mentiored for the cerebral cortex. In addition to the ploliferation,
one c¢an also obscrva rerressive glial rcactlons appearing in the for.n of shrinke
agae, lysis and vaculoiization of the nuclei. The large Purkinje cells give
interesting objecis for the study of neural cellular degeneration., Cne of the
first symptoms is the loss of collular differentiation., Then, a fine vacuo-
lization develops in tho protoplasma, at which, in accordance with the nera-
tive results of the Sudan staining, no fatty degencration is found. Tiprolysis,
karyolysis, and even dissolution of the entire cell alternatc with the pictures
of cellular necrosis. The nucled are rcduced somowhat dh stainability; the
.:embrane can disanpear without any trace; the chromatin is free in the cell as
a cmall heap of fino substance., ‘Whether the ecgentric positign of the nucled
e Lo ,. . O
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which is found here in many cascs could be considered a pathological symptom
still remalns a question. The Purkinje ranglion cells are not 511 in the

the very same stage of destrustion. In addiiion to such cells which have
already reached an advanced staze of disintegration there are also visible
Stiae which are completely normal. Herc and there, the row of neural cells .
is interrupted by gans. These can be places where ecarlicr cells were situated
which have now. disappeared due to degonaration, but the gaps can also occur .
norzally and they are by no means an indication of ccll disintegration. '
Similarly, somctimes at these places in the molecular layer we 3ce that the
dendrits of the Purkinje cells survive still for a long time, and only an
amorphous residue of the cell can be found. In such 2 case, we can speak of

a niatus (map). Therc are now such raps which can already devolop after 30
hours, while the rests of the Purkinje cells amidst macrophagts are indication
of a rapiu destruction which takes several of the neural cells in tho row as
viciims, Pseudoneuronovhagy is already present at this initial stage of the
Jdlucaso, yet at different places thcre is also a pgreat probability of ncurono-
oiarye The gllal cells here lack any indication of fibril formation. In the
layer of granular cells no lesion can be found, and the cosine bodies seem

to be also completely intact,

In the septicemic stare, the microscopic lesions become more di. - “nct. .
The hypermia is more marked, and mostly in the whito substance scattered . strongly
dilated lymphatic capillaries arc filled with a .omogenous acellular fluid. In
the molecular layer, a status sponglosus develons in many caces. Proliferating
vascular erndothelial cells, which swarm out perivascularly as isolated cells, can
be found also at first, but later, then the neerotic process becomes more
intensiveo, this symptom will be absent.

In the stratum pangliosam, the rlisl cells arc somewhat increased in num-
ber repionally, and the round-nuclear types prodosinate, which we also encounter
mostly in the white substance. It is remarksble that the hyperchreiatosis of
the nuclear membrane == which is .cocneclally found i anthrax --, and nuclear
swelling in the glial cells occur almost eiclusively in the stratum pangliosum
in the cercbellum, and this synpton decrezces toward the molecular and granular
layers. As a sign of regrossion, the herowith corresnonding rcduction of glial
proliferation is comnrehensible, The “iatuces in the row of neural cells
becone larror, and cecllular residues and rhosts are situated in the spaces as
ovidence of an intensive destruction, This =oos on with loss of the normal
protoplasm 6iffentiation, with timrolys=is, unilateral or total liquafaction.

In many cases this starts on the baze of the neurite. The protoplasmza beconues
less stainable and its charactoricstic cstructure is dissolved into a fine or
crude fibrillary mass where the cellular picture is reduced by vacuolization
and shrinkare to an almost unrecognizable residue or ghost. The nuclei can
show the already previously described chanses, and a siries of shrinkage, loss
of membrane, lysis breaks up the normzl cytolozgical imagc. Already before it
has gone so far, these cells ere besicged by satellites which in the beginning
are distinguished by polymorrn, wcll stainablc nuclei, lNeuronophagy definitely
occurs, which does not exclude that the Purkinje cell can alsc be destroyed
without beins phagocytized. Lymphocytes and lecukocyies are completely absent,
In the layer of the granualr cells, the smoll eosine bodics also show lesions
with fibrillary disintegration and vocuolization, which indicates that even
this zone does not excape the harmful action of the pathological agent.

Here we have still to point out the typical reaction of the Purkinje cells,
Already at the initial stese, most distinetly howcver still on the second day
after the infection, several Purkinje cells Lecome rounded off, when it comes
to a separation between the cell body prover and the dendrit, Here, the glial
cells play an important role, for not only is a fine fibrillary substance
formed between the cell body and the dendrit, at which the latter is separated
off, but we also see distinetly a few glial cells lying wpon the place of separa-
tion. The mostly iniact nrieural nucleus with a residue of protoplasma is rouneded
off to a completely globularly shaped body directly surrounded by a fine
fibrillary substance in which a circular arrangement can be noticed so that the
cell is surrounded by a sort of fine capsule which at the same time separates
it £:  the dendrit. Several glial cells are®constantly found in the direct
neighbo.hood of these reaction products., Here, the impression is not confirmed
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that this process means death of the cell, for mucleus and protoplasma seem

to be mostly completely intact. Sometines hovever, the dendrites appear to

cxternally survive, ani they can scparate fro:x the derenerated cell
A S & 0 HA (4 MRS ".'hilo
they will still keep their normal character for a vhile, Small scries of

ﬂ}ial cells vith round nuclei are situated alonz the dendrits, and reveal

lhedr phagocytic activity in thoir cleanine up. It seons that dendrits can

become atroohic in such a manner that the spacaes in the mwoleculiiy layoer,

which they have occupiod before, will remoin as chamnels, withéut being : I
£illed up directly by the surrounding tissue. Generally, it can be saild that

the longer tha aninmal is surviving the infoction, or the longer it tolerates
the infection, the smaller is tho collular destruction, the sialler are the
hiatuses in the row of Purkinjc cells. levertheless, somatimes it can Lo
concluded from the microscopic picture that a vechement cellular destruction
first cloaned oft a large portion of the tissue, after vhich an imnrovement
follwed, which terminated the process of destruction. Eut then almost all
Purkinje cells can undergo more or less marked lesions. ot enly atronhy of |
the cells, but also of the dendritis and even of the entire molecular layer
otcurs as the result of this. In such oldcr enses, another function of the
¢idal cells becomes apparent, i.e., the formation of fibrils which not only
surround the ‘newral ¢ells as cansules, but thay also occupy the place of the
dostroyed cells, . Therafore, at the end of the destructive nrocess we notice
the reappearance of birarr, stabeforund and star-shaned slial colls vhieh,
throurh the formation of fibrillars substanes, render their most irnmortant.
collaboration to the repenerative mrocass,

In tho stage of disinterration, th~ r1lisl eclls, prrallel wvith the
advaneing dnfeotdon, chow regrescive srnotonss such os svelline and hyperchro-
natonsls of the nuclesr walls, Accoiiliie o the nctive hrnercuia which passes
into stasis, all progressive symptoss deerciase, ond with the restitution of
the blood circulation after the oassnic of ths infcetion, the sirns of rlial
disinterration disappeor. In tha uhite substmce, all sorts of Flial cells
are indeed reopresented, but the round-nuclear variety nredosinates and the
variation in thbir number 15 surcly connceicd with the noural destruction,
This tells of dilatatlon of the neoural shewsths which can Lie already found ot
the acute stare, swelling, or maorked tortuous courre of the czis cylinder.

After the passage through the disqilse, the tiscun recovers its normal
stainability. Tho tipgroid bodies and muclear structures ageln sre seen,
wheroby the dull and even staining in the period of disintegration mokes

nlaco for a sharp detalled design. This sccunnce of «Jdestruction and regenera-
tion is also recognizable in the gronular laver. The first is characterized
by vacuolization and lysis of the nuclei, and dercneration of the eosin bhodies
which 18 exprossed in reduction of chromonhilia and of sharpness of contours,
togethor with a fibrous viscoe structural change. Very pradually this zone
will bo roconstuﬂp&éd, but six weeks ai'ter tho inlecction, 211l symptoms have
not yot been fwlly overqome.

1S

1.3DULLA OPLORGATA
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Following the same line of rescareh as desceribed above, this ‘section of

the (iS5 makes a very interesting object of study, As the first syuntom in

the initial staze, & slight hypercmia can be ovscrved. Following this, the
symptoms of ingfeabed lymph secretion will coon occur. Rerionzlly, the tissue
can be somewnat 'edematous, and dilated lywphatic'capillaries can be found
scatterod. The primarily occurring active hymcremia soon changes into a cire
culatory disordédr which, in addition to the cdesa of the neural tissue, finds
ts ecoression also. in the liydrops of tho perivasenlar lysmphatic space. With
the progress @f.the infection, the fluid infiliration (imbibition) becomes
more intensivéy and.the lymphatic capillaries can be found enormously filled
with a homogenous acellular fluld. Espeoeinlly directly around the ventricle,
the edema 18 spiaad the most. Apparently simultaneously with the oceurring
active hyneremia, proliferation of the ;lial cells begins which varies reglonally
in intcnsity. In the stage of glial prolifcration all types of -cells occur,
althourh the two already provipusly distinguished round-nuclear cell types
predominate. These two forms occur alsmot exclusively as satellites, and they
are characterized always by their intact nuclei, and slightly vacuolized pro-
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tonlacna which 4s of different width, As the infection proceeds;ﬁfho‘feﬁres- :
slve symtons increase similtaneiously with 2 numerical regrossion, but the
nurbor (of cells) still remains above the normal. Huclear wall hyperchroma-
tosis again becomes more evident, in addition to rhexis, pyknosis, and lysis

of the nuclei. These are chiefly the round-nucleas tyne of cells which oceur
snarsely and do not function as satcllites: they can be seen with central

nuclear vacuolization., DBut in addition, it rust be mentioned that they are

again the round-nuclear ceclls which remain the longest availablo chiefly as

group of satellites. The more bizarr glial types come and (o more rapidly. .
Probably by their task as macrophages, the prasence of the round-nuclear cells - .
is longer required. An activity toward fibril formation, to £ill gaps result- vl <
ing from the destruction of ganglion cclls, comes less distinetly to.expression

in the medulla oblongata than in the corcbollwa, This is supposed to be caused -

by the fact that in tho medulla oblonzata tho small neural cells are exclusively
. cleaned up by the mecrophages, and thus the hiatuses are noticeably.smaller
as woll as the restitution of the broken tissue tonsion is less necessary.

As satellites, tho round-nuclcar tyres occur already 20 hours after the
infection, and, scatterecd all over in the tissue, we find sm2ll groups of
flial cells with the remarkable featurc that they bosiege exclusively the
small ganglion cells, The larce neural cells nevar show nceudoneuronu;.aary.
With all reservation which we have in the determination of nouronophagy, in
nany cases vwe must take notice of its c:tistence, for cven in the initial stage
it is not an exception that we find maeropharas which have caten themselves
into the demenerated body of gan~lion cells. Rorardless how much the largor
ganglion cells could be destroyed, they will never e nhavocytized in this
nannsr, To which neural nuclei (motor varo-rlosconharyneous;- large-cell ter-
minal nueclecus of the lo. & vestibular root?) thc large manrlion cells belong,
cannol be haere recognized, wet the reaction of tho ranrlion cells is typical
agawnst the cifrerent neural elements, Leukocyies nlay novhere a role in the
pharocytosis of the sandlion cells. 2

Tisrolysis, karyolysis, ecceoniric nucled, nuwalline of nueleus and nuccleo-
lus, cisepnearance of nuclear meubrane and the disintegreilon of the chromatine
into a heap of finé substance, also clrenlar arrancement of the tigroid
bodies at the nerinhery of the coll == those are the woll-knowm first annear-
ing stntous of a depencration of the zanzlion colls., s 1o thelr sisnificanc
in this conncction, wo are still not in agrecment in rogard to all the factis,
They can bo well considered as reaction sysntong, slthourh not overy reaction
must lead to cellular death. iluclear shrinkara, or also diff'usion of the
chromaffine nuclear substance into the nrotonlcass, where the latter acquires
basophilia and the nucleus appears as a hig vacvole, are also reaction pic-
tures which occur, From the nucleus, the nucleolus remains the longest, and

somotimes it can be somowhat swollen, while the rest of the nucleus is on the
way of lysis, :

But still in the initial staro of the disease, belore bacterdiemia dovelops,
the ganrlia can already show si~ns or a fatal effect of the avent. Chicfly on
the larrer cclls can this be well studied, laiy lose all eclluler differen-
tiation, and, under the intensive surlling, the wrotoplasma often becomes an
-arorphous macs with reduced stainability. In itself, the latter sympniom still
docs not indiczie a cell destruction, for the iissl bodics arc considered by
many as reserve material which are used up in tronhic disorders and can be
later amain replenished. In several cases, a definite nuclear disintegration
con be observed. and moreover cell mrocesses (cendrits) can be here scvered off
with collaboration of tho glia cells, as it uwas described in the Purkinje cells.
Then, tho loss of cellular differentiation is indced to be considered as a
synmtom of dcgeneration,

A cellular picture very.frequently found in anthrax is followinz: - The
cell body can be swollen; the surface is wrinkled, and it gocs over into a
vacuolized or fibrillary zone which at the fixation sometimes will leave open
a pericellular space due to shrinkage, as it is also found in normal cells,
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Originally it wos thougzht that here uc have to do with edematous colls which
at fixation lose thelir fluid, that then the shrinkaze hole is filled up and
it coarulates into a fibrous or viscose substonce, Arainst this opninion it
is true that the cecll surfaco is certainly ereded; that the fitrils continue
into the protoplasua from the nericellulor zone, and that finally transitions
can be found f:rom cells wvith such a snace around them to such where the uhole
ccll is changed into the ¢ “stance. It scems. from this that we have to do
with forms which have como 1 .o a condition of liquefaction vhich, beginning
at thoir periphery, attacks them aluavs further until the vhole cell is irans-
fored into a viscose fluid., At the fixation a pericellular coat arises with
a pradual transition to the ceniral protonlasma residue vhich spreads aluays

further at the cxpense of the latter. Lven the nucleus is involved in this
process.

. The liquefaction of the ganglion cells in acute swelling likes to begin
somotimos at the periphery of the cecll. ‘This is uell-knoim to scveral authors,
ond thoy conirast this form of destruction with tho perinuclear leslons. That
thero is no basic difference, apncars from the findings in anthrax, uhere both
forms occur close to cach other ac resull of the effect of the vory same acent.
In another way wo can also study the peculiar marginal liguefactlon, 1.¢. on
smears, Ye press a cloan cover rlass upon the cross section of a freshly
removed piece of medulla oblonzata, or rub the latter carefully on the glass,
fix it by the flzre, and in methl alcohol, and then stain it with Glomsa.

Thus we get convinciny nicturss of an intencive eccllular devastation vith the
formation of licuefaction vacuoles (Fir. 1). These are places vhere the pro-
toolasma has changed into a homorenous, lirht-blue stained substance which,
when we £ix the preparation with chrowium-osiium celd inctead of with methyl
alcohol, does not stain black, and thus cnavot be of o 1ipoid nature. This

15 fully confirmed by the nerative result of fucon staining of frozen sccttions.
Tha vacuole for.ation is the resuls of a crtolysis, as this uas also found in
‘the kidney and liver, and is the sanifestation oif a vehement cell destruction
whlch however docs not attack all cells %o the saue degrec. ‘In addition to
such wiich are in farroinm coniition of destruciion, thore can be also others
situated in the direct neiglivoriood vhich are cither only in its initial stage,
or have not undergone any visiblo morpholerienl chanpes. Celd destruction may
also occur resionally, and the cawe contracls exnist then in regard to the
difforcent areas,

If wo compara tho peiture or tiw acutc roro with that od the cnronlic
ciscase €.7., verying at from 1 fo . vecks, thes, in addition to the reduced |
satellitism, 2 slover %cupo can be onseiven in the cowrse of ccll de;cneration.
As the type of cell destrucilon, anly the lysis cominatcs, In casc of nore
chronic course, the prorressive eollular activiiy decerozzes simultancously uith
the active hyweremia. Satzllitiszi. enters on the bacioround, vhile the hacmaw
Lorenous and lymphosenous stasis dacreaser, Yhune circulntory disorders recover
gradually in & uweeks, yet the sanclion enllc atdll keep on hoving certain
microscopic lesions whose voluwais rhd dnloosity Liave aoucver sarkedly deercased,
and the rest ol the ganglion cclls ore cutirely norsal. The suelling of the
sanglion cells, which can ie cousiderable, iz only an acute syntom., Later
the enormous diffcrcnces in the size of %iwsc colls can ba sore balanced.

Another point of importance in the microsconic examination is the evcry-L//
where occurring.dereneration of tiie axds erlindmrs and the enlarrement of the
noural sheaths. soon after the infection olrozdy, in the noural pathuaye ue
gee 245 cylinders vhich ave strilidns by thelr onorious sv¢cllinz, They can
surely incrcase to four iimes thelr norial width, cither vesy locally as a
‘button-lile thickeniny or over a lesqer d¢ictance, sometdmes so far as they
can be followed in the field of vision. Their substance ic homogenous, kyaline,
and very frequently vacuclized. ‘the markedly ‘tortuous coursc of the axis
eylinders, too, mostly in widencd neural shoaths, is a well-knowm syuntom of
dorororation. In the laler stases, this ailatation is a loss often occurring
crmptom, They are never vholc neural bundles vhich come so to destructiony
rather those pictures are scattercd, ond it is not improbable that they
corrospond to destroyed ganglion cells. ,
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LUFDAR SPITAL COPRD,

As far 2s w2 coan judre according to the externa 1 i
of the ganmlion cells in the lumbar £pinal. cord is }:Jc; ig: q%h&:eigoghit:;ggxi-
m2l portion of the nervous syston. Althourh depencrative forms can also occur
the tinroid bodies are stildl intact for a lonsor time, and nctwonophary and :
lirmucfaction are in their develonmental stago alvays behind that in the brain. o
Kyperemia and edema can Le very intensive, rcver»hclcss, and in the acute .
stase they may lead to diffuse eanillary hacmorrhares. Locol bloody infiltrations
can spread into the central canal, It secns that the haemorrhages occur more .
in the ventral halfl of the erqss section of the lumbar cord and therefore the -
motor horms are also more affccted in the nrocess than the sensory horns. How
it is vwell lnovm that in haematorenous degeneration of the spinal cord result-
ing from toxins, mostly the ganglion colls of the ventral horns are more
attaclked, which is supposed-to be c¥mlained so that these are supposed ‘to have
a separate special blood aupply (ZIEGLER),

Edoma and lynnh stasis occur in thc spinz2l cord wore intensively when
the course of the diseaso is morc chroniec. The behavior of the glial colls
agrees with that deseribed in the medulla oblongata. Their phagocytic character
is again marked oxclusively azainsi the smaller ganglion cells, whi) the larger

notor cells show the already deecriLed forns of dogeneration of the larpe cells .
in the medulla oblongata,

Prior to this, the chanres in the C.}.7, wero provokcd by aubcuuaneous
inoculation of 100 M.L.D. of virulent anthra:, For sake of comnarison, the .
cell lesions were also studied in the initial stage after infection of a rabbit
with 1 1L, L.D. of the same anthrax strain. Tuenty four hours after this inocua
lation the animal was killed.and the nervous system was examined,

Commared with the same stare alter cdministration of the 100 M.L.D. the
brain still cecis to be intact., In the whito substonce, houever, the lymph
capillaries arc already dilated., The hyneromin is rot cxpressed; the glial
proliferation is questionable, althoush satelliticin in the form of pseudoneurohce
phagy 1s definitely present. The round-nucloar cells arc arain dominating hevs,
Some¢ panglion cclls are in a condition of dogeneration, even though it is still
only at the boginning. Tigrolysis in various stages, fine-granular disintesmration

of nucleus and protoplasma. evon vacuolization and licuefaction arc represenvea o
as reactions forms, '

In the corebellum, the nropgressive recaction of tho glial elements is
limited to the nlaces where tho Purlkcinje cells are on the way of disappoarance,
It is again the round-nuclear types of cell :Ath little protoplasma which have
their function in the stratua gangliosum, and cah he found up to the pia mater.:
The neural cclls are in a beotter condition than in case of an infection with
lavrger doses., In addition to the oxternally nomal cclls, thore are still a
few already vhosc nucleus is eccentrically situated, disintegrated to a hean
of fine substanco, or perhaps appears to be vaculoized. The cell bodies here
- give the image of lysis which i3 seen in difforent stepes which starts as on -

unilateral liquefaction with vacuolization, .or the cell is completely affacted,
and it surface.: seems to be wrinkled. Here and there, a cell ghost can interrupt
the row of ganglion cells. Although still in a less advanced stage, the cere« .
bellum undoubtedly has already been attacked.

The medulla oblongata showsAquestionable sirms of plial proliferation,
tigrolysis, karydlysis, circular arransment of the tipgroid bodics on the peri-
phery of the coll and satellitism. The latter rcaction is less intensive in’
case of smaller infective docs,. yet the destruction of the large ganglion colls
shous less differences in degree with the carlicr doseribed cases. I'L is again
the small panglion cells exclusively which attract the round-nuclear 7lial cells.
As a whole the cellular destruction-is not in any oroprotionate relation -to thc
infective dose, as.we have thus found by the depree of cell chanzeés which werc
caused in such a short tire by a small amount of contagion. still 1ndeed before
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lLacteria are present in tho circulation. I weo cormare this picture uith

that of a l-day old stave afier irfection with the same deee of contarion r
then in the 1at~cr it scerms that 2 wore marked £1lial reactidr oxzists; tho'
-biatusos in the zonc of the Murkinje ceclls are somevhat larrcr, and the
cegenerative symptows have inerczzad on 2ll ganclion cells,

In addition to the cffect of the infective dose, the cL1nc~ of the dcvfeh
of virulenca was also ciarinad,  For this nurpose, »hc C.i.8. of a rabbit was
arvanined 13 days after subeutoncous inoculation with LR, ﬁ. vaceine in a
dosc of 1 ec¢, vhich was saild to be hareless for this exmerimantal animal.
Compared with prenarations uvhich wore derdved from rebidls inoculated with
1 1i.LD. of fully virulent culture, the «1lial reaction is less, vet the lesions
of tho newral cells arc of a °uncr¢;cinl e at the very lenst. Glial nro.
liferation is oucstionable, anl cven the satellitisi 1o thoveby doubtiul,
The round-nuelear twm:ss of cell deninatc aid only at the places where Pur-
kinju colls are destroycd in the cerebzllum does one fird a slirhi poly-
morbhism; bhere is no sizn of ~linl destruction. Indead, we can soc Libril
forming lial eclls in the stratun gangliosum of the cereballum in the hlatuses
of the zanglion cells; morevor, we ret the iwnression that they thomcelves are
destroyed durdne function; nevertheless this is no patholopical sywntom.

In the row of Puricinje cclls, definite degencrative phenomena nre demon-

ctrated in the forn of vacuolization, besinning liouefaction, soverance of
the cell processes, roundins off of the rcsiduo of the hodyr, ond loss of
protoplaasma characteristics, It is romarkable that the isolated dendrits in
the molecular laver are not attacked by any linl cells, vhiel' indicates atrophy
without marked chemical destruction. In the tvhilte substance, at 31l ecercoral
portions, slirzhi serous infiltration is wrosent.  The medulla obloncata shows
slirht progressive glial rcaction, o~nd comcubat inercassd sotellitism, It is
arain the smell round-nucloar times which can Le coen doncentrated slightly.
also alont the neural fibrils. In addition to these, mestly mwuch larger hyner-
* trophic forms occur in dissemination, ulth lir-c well-stainihe round-oval

nuclel within an abundant and rranulated Lo of protonlasma. llor:al ganglion
cells alterate tith definitcly (ercneraiive forms in all stages of tiprolysis,
karyolysis, vacwolization, amony vhich tha latier snmsptor. ls vrevailing.,
Rourel disintogration is exnressed in cli-ie u‘»llxnv of the axdls eylinders
and myelin sheaths, Leukocytos or lymechocytcs are not found arandhore,

In supplementing the findings concernins ihe renal and hedatde symptoﬁs
aficyr vaccination, it soems from the cercbral cexamination that active immuni--

zation, even thourh it is apparently tolerated without any difficulty, doos not
toke placo without some damare to tho Lody.

PIFRIPIERAL UERVES,

In saveral rabbits, the perivheral neorves were ¢xaalned in various stages
of tho patholoslcal nrocess to sce eventual deprenerative chanves, ITumedlately
after the death, with all possivle nrotcciion azainst strztching the nerves
were quickly prepared firom the forcler and hindlezs and from tha corvieal
" tract, split up necessarily uith a shorp scalpel, and liberated from the
connective tissue. It is still Letitor to look for the thinner bronches, to
cut thom off, and to fix thom in chromiuws-osmic acid for 24 hours. Theroafter
with a sharp needlc tho fincr bunriels can be scarched ond isolated from each
other, clarified in glycerine, and examined betuoen & covorszlass and a elide,
liero it seoms to be an advantare that tefore the embodd inr in glydcrine the
nerva ic freed of the superfluoucs chromium stain in a 707 alcohol after vhich
the placement of glyoorino is bvetter,

ileural degenerations could be very easily found amongz the normal fibrils.
The myelin sheath which normally stains evely dark with osnic acid, in case
of degeneration of the neurofibrils shows the well-knovm nicture Of granular
decay, at which the granual are i‘irst still stained black, later they remain
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gnsta;ncd due to continued chemical decomnosition. The axis cylinders also“
ao not look then evely wide alons their vhole lenxth., The n.ischizdicus

(sciatic nerve), the median, radial and vagus nerves were examined in this

-nanner vith the following resulis. Forly eirht hours after the infection,

the veripheral nerves already scem %e shoy morpholagical chaonges, at which
they are never affected throughout their vhole cross

section; btut degenerated *
bundles occur always awon intact bundles in en extension which varies accorde

ing to individual cases and the exanined nerves. In some, the sciatic nerve.
was morc markedly attacked, in others again the vagus nerve or the median
rerve. These incomplote neural degonmerations aslain at the same tine vhy

the muscular paralyses are not typical in anthrax. As far as 4t could be

found in the literaturo, only BURKE mentionsz the occurrence of motor paralyses
in horsaes of Fritish India, :

A ki goa o e

Domestic animals,

Tho obServations made on rabbits were controlled and supplemenied with = - &
observations on domestic animals, . The material is from animals which all '
recelved subcutanelously cither a lethal dose of virulert anthrax culture,

or zn arount of onthrax vaccine folloued, or not, by an injection of wmat- B 3
tenuated contarlous matter. One lcthal dose of virulent anthrax o -.in of _ s
the Pocrwakarta tyne uvas administered:emelusivelr to: an Austr2limn horso .

* {no. 2, nare 129). twd znais and a sheop vhich all died from acuic anthrax,
The small ruminants suecumicd to ~n anmonlecidn form of the risease, vhile the
agony of the horse lasted zbout holf an hour. A sheep vas uszd for testing
the hermlessness of the anthrar culiure, and 1% tolernted 20 cc ot ihis vacine
scominly without difficulty. Another siicen, Mo. 7, uos infected, after a
preccding vaceination with 1 cc of anthinx vaceine, uith a lethal dose of
virulent culture which infection wns alse anporentl: well tolerated. Finally,
for the histolorical investiration ol Lho Lrain, material was used which wes

derdved from cattle i'o, 35! which has beon zerving for wears for the produca- '
tion of immune sorum, and for this purporse it heos clovorated enormousamount ;
of viruvlent contazion without any crxiernslly vorcentibls: Jifficulty. - ' :

The histo-patholorical findinrs an the Lrains of thesc andmals commletely
corroborated wvhat has been acouirod by tihc came cxanination in the rabbiis,
Therefore, these can be discussed very concisely, )

Cad angt

Fundamental difforences could not Le found ir the wnatholorical histolorical
pleture in the fatally running anthrast forns in the horse, .coats and sheoo.
Vo sce indeed that, in the brain of the horse, the stasis of blood and Llr»h
and marked serous infiltration arc covdnz wmorc in the forcrrourd as syumnioins,
while in the small ruminants the lpymorcila of tho tissue is not accompanicd
. by eirculatory disturbances, nevertheoless thic makies no bosic difference.
Small-cellular infiltrations were never found, and it is left to the plind
@lls, avony which the round-nuclear tynes arcdominate, to fulfil the task of
macrophages, Compared with the desenerative ccll nictures vhich were oxhause
tlvely deseribed for the rabbits, the found types of cellular decay in the
brains of domestic animals do not offer any essential differences. It can
be only remariced that the intonsitr of the tissue destruc_tion in the goat
i3 romaricablr less than in the other anitals. Probably, the high suseenti«
bllity of this onimal for anthrax is demonstrated by iis groater suseepiia-
bility for lesions in the C.l.S., so that the death 11l enter already in a’
condition of tissue degeneration which, histologically considered, could be
still considered as & devclopmeptal stare,

The reaction of the C.N.S5. at vaccination amainst anthrax is of great
significance. Although it could be remarked that the sheep, whose brain was
examined, has received a very large dosc ol the vaccine, yot ne externally
visible symptoms could be seen durdng tho irmunization nrocess, which would
show that the animal suffcred from it in any respect. In addition to capile
lary hypercmia and a slight-incrcasse in the number of glial cells, definite
regressive symptons can be ‘obgerved on ganglion cclls and neurofibrils, e
Athough a large portion of t?e ganglion cells remained extornally intect, .

ce




. JT-7017 Pace 28
wo find cells in all marts of tha brain

showr the presence of a serious derencration manifested Ly m a

toplasmic chanzes. In many 2ells, the patholopical nic»&rﬁlgzeiﬁ ;gingzg;
agrecrient with that of posltive anthrax cases. In the cereellum, a larrme
number of the Purkinje cells disappoared, and arone the rcma;nin~' rhrlnkano
and atrophy occur 25 symntoms of dercneration. In the medulla obloncata, -
the norves are more affected than tho ~anslion cclls, which is exnrossed by
the swolling of axis ecylinders and myelin sheaths which occurs diffu: ely.

and the medulla oblon~ata which

At an infection with a dose of virulent anthrax culturb vhich follows

the vaccination, the histological chanses in the C.lI.5. arc considerably
increased. Althousnh Sheep MNo. 7 has tolerated this kind of treatmont withou
~ any external difficulty, the reaction is very intensive on the side of the

C.l.5. Disorders in blood and lymnh circulations are sbsent, Lut the status
sponriosus of the hrain, the repressive chanpes on the pyrqmidal cells, the
large number of Purkinje coells vhich nerished under nuelenr loss, vacuoliz ation,
liquefactdon and neuronopharry, indicate a cerious degencration of the brain,
In the medulla oblongata, certain dercnerative forms amonz the zanglion cells
call attention. Under tigrolysisu around the cell body 2 coat of fibrillar
substance is formed which surrounds the vrotoplasm as an evenly thick zone, or
occurring unilaterally it can so strongly increase in width at the e:wense of
the cell and aeven of the nuclous that a wide stripe of coatinz substance
arises. The process prosents itzclf 5 2 variety of the already proviously
described picturc of peripheral licueraction, 'with the difference that here

.1t does not iake the Impression of colliquation but of a transition into a
more solid substance. .

, Even the process-of hymerimmunization docs not hapnen without danare to

the C,ll.S. In the brain and cercbellun of cattle Mo, 35#, the number of
pyramidal cells and Purkinje cells is reduced, while among the remaining

‘panglion colls in the cerebellum and medulla oblonrata different cells occur

which are on the way of rerression, as shown by colliquntion, vacuolization,
severance of the dendrit pracessecs.

BIRDS.

Finally the C.M.5. was histolo ically csanined in hon and Indian doves
("nerlatut® - Geonelia striata) afier infection with virulent anthrax eculture.
Mthough it was not possiblo to nroduce anthras in hens, after ropoated ine
foections a roaction of the C.M.J. could be found, In zddition to a slight
hyperenia of tho corebral cortex and a slight nrogrossive glial reactlon,
definite degoneration of tho gangilon colls occurs vhich is slight in tho
brain, yet much strongor seoms to be in the ccrebellun and tbs medulla oblong-
ata. Awmong the Purkinje colls several are missinz, while among the remaining
cells nuclear loss, vacuollzation and even colliauation is found, A large -

portion of the ganglion cells remainod intact in the cerebollum and in the
- medulla oblongat:.

Since the Indian dove, Geonelia striata, ceems to ke suscentible for

anthrax, a numbor of these birds are exverdmentelly infected. In these

aninals, death occurred in its anoplectic form, at which they remained anparently
entirecly normal until the last moment. “The suscentibility for anthrax in
diverse specimonts of these birds scems the most clcarly from the intensive
cerebral reaction. In comnarison with the hen, the ccPebral and cercbellar

syuptons are less clearly marked. In addition to a slinnht hypereria and a
little cdema, a regressive reaction of the ranglion cclls ccn be noted., On
coatrary, tho medulla oblongata chows stronm depencration in the form of edema,
‘neuronophagy of the small ganmlion cells, and especially strong cellular
destruction of the large tjpo of cells, Chiefly, 2 marked vﬁcuolization which
by its way and intencity could be taken characteristic for the imerkuiut",
attacks the large ganglion cells almost without exception.

. P - 4t seems that the losions of the medwlla ollonrata arc resnonsible
f- ~co of doath, for -- in comparicon with tho hLei vhich is not
- SRR anthrzx. tho brain and cerclbellum arc less affected, whilo in

‘»»the hen tha uﬁdniii dblongata reqaiqa ezaotly more 1ntnct,:jj;x o e

’ "
. 4(;: . . ,.":l, I .
; by . l .. o '\"v e ) .l
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UISTOLOGICAL FXA:TIATION OF TIr: .ﬂPATI{ICU"‘
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For practical rcasons due t¢ tho ¢ anror of infection 'xt the v
r 5 2 Q : repz\ration
of tho cifferent symnatheuic pa wmyrlia, the examination o.f.‘ this subsection
was limited only to onc horse and s.hrce cheen,

From the horse “he superior cervical gonglion was talien; in thc ~hoon
the cxclsion of the superior corvi.. - zonslion and of the coclize ~nnrlion
uas considered., Altho' *h the zervical ganslion is cxactly deterwined in
poui.,ion, and ot its rovoval na «111‘1‘1\,\\1’0:; was cxmocted, its finding scemed
to mcet uncopocted difficultics, TFinelly thcrci‘orc, thc varms nerve and
cyipatideus dn the neck scction were so far exmoscd as necessary,by on

cstinate to cut them out simultancously with the scarch gangrlion, The mice
rosconic cxamination has later confirmed thai for the horss this method of
orlentation is well indicated. In sheo*a. in the course of the taken nervas,
no syupathetic ganrlia vere found From this it scems that there was an
atrophy of the ..uperior cervical r':m"lion, for no other e:xplanztion can be
accepted, at least for its absence at the macroscopic exinination. “he
detoction of the cocliac ganzlion ¢id not cause anr difficulty. After fiste
ation in alcoliol, the tissuc is stained in the usual manner,

CORLIAC CAIGLIOU. : : ' . \

The renslion cells, scotterad or rouncd addst neurofibrils, show signs
of do"cnerotion whieh are not identic~nl in il the thrze sheen. ‘In one, no
convinciny chanzes were found, for cccording to SPIEZLLWYER, the perivhoral
pocition of the nucleus vhich we foura is not an ':bnor'ﬂl syioton, In the
gonglion of the other two sheev, diffuse wmarked rlobulor swellinz-of the
nucleus was found with hyperchromatosis of the wall and vacuolization, at
vhich tha nucleus can be also m'*r!\ccly enlarged. - Marthervoro, tho nuclear
membrane can become dissolved, aml total karyol"eis can occur, ‘lost of the
cells are however outwardly normal.

CERVICAL GANGLION,

The cervical ganglion of the horse chous more marked reaction. iiany
cells seem to Le small and atronhic; the cell outlines aro varue, and a fine *
vacuolization occurs in the protoplasma.  ‘the nuclei vory in size and staine
ability. Phimosis, lysis, and rhoxis occurs at scattered sites. Around the
syspathicus ganplia, marked proliferation of small cells is found, either in
a crescont-shaped arrangerent, or 25 an irremular srouning of well stainable
uniform cell types with intact round nuclei. Locally the proliferation can be ;
so marlked that the ganglion cells arc covercd by it, These-are the so-called
cansule colls vhich can markedly increase in nurber under watholosical condi-
tions, at vhich according to SCIULZ tho noraally only woakly staininv cells
fgain in chromophilia at tho same time. The cervical ranzlion thus shows more
reaction to the infective stimulus than the cocliac ganwlion, a matter vhich
CHACHINA had also found in discases of dogs, TERPLAL, ORHOS, HCGINICZKY, and
FULLER in human disease. :

Small-cellular infiltration is not found ii case of anthrax. The des-
cription of histo-pathological changes in the cells in the sympathetic ganglions
in infectious discases of man and animaols reported by the above mentioned
investipgators is briefly this. In acute disccase, edema and hyweremia and swelle
ing or shrinkase of the rsanglla oceur which later can become atrophic by cone
nective tissuc proliferation. The cells .show here a wnole gamut of degencrative
pictures, beginning with loss of collular structure, chronztolysis, nuclear
swalling or pyknosis, dissolution of the nuclear membrane, vacuolization of the

. protoplasma, irr¥gular collular contours, cnding in partial or total necrosis
- and atrophy of the ganglion cells. Not all cells can eithor markedly nrolirerate,
or rather decreasc in nuwber. STAEMILER and MOGILHICZXY point out also the
_vasimotor disorders which in the cource of the sympathetic degnerations may
’ occur. and which can complicata ‘the pathological pciture.

SPTPRP -
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HISTOLNGICAL CONSIDRRATICH

From the histological investigation of the C.I,&, in anthrra: ¢
the existence of an encenhalo-mvelitis diffusa non vurwlent: seems to ba the

most understandable. In many cases in uhich odemas or harimorrhares were

iiund in the meninges, the proeess is sunposed to be associated with meningi-
Se

ases,

Tho process of demolition and reconctruction is going on without the
participation of lyrmhocytes and leukoeytos, and their task will rest ontirely
“upon the glial ‘cells. Only in the beginning of the infection and mostly in

the initial stare, when there is still no sopticemia, did glial proliferation
occur. The rrade of it varles individually, resionally, and according to the
size and virulence grade of the infective dose. Uhere proliferation was
found, a polymorphism can be found in the eell tymes, ai which the cells with.
round nuclei, accoxding to size and chromophilia, can be divided into two
typos, and can occur as satoliites or macronhares. llorcover, their pranulated
protoplasma can vary in size., The prolifcration of the polymorph glial types
nas a brief oxdstence. The tissuc cdema and glial depeneration are ocecurring
vory ranidly; the increase is often questionable, and the stab cells, the star
formed and point-shaned types return to their normal bchavior. At most, they

occur at tho sevorancc of the cell processes (dendrits) and at tho £illing
out of the hiatusos betwocn: colls. '

In the septiceric stape, the round-nuclonied cell types algo nredominnto,
md thedr dnercases go parallel vith lucreased satellitism which is nver found
in comcetion with the larre ganslia in the wedulla oblonvata, In the while
substonce, and in the molocular laver of the cercbellur, they also form proups
or rows which activoly occur at the clean-up of dizirntesration nroducts of
degenerated norves, The large hyvertroohic «lial Lynee nlay here numerically
a subordinate role. 'hy in onc cace more ¢lial rocction can be observed than
in another of the samo infeetive dose, and way the re
is still uncxnlainod,

In tho stege of active hywaramia, mrolifceraling endothelial cells are
also found which lecave thedr basic comcotlon and svawm out, ihen in the
passare of infoction tho demolition strre is Linlsiicd, asein o slirht inercase
occurs in the number of polviorsh rlial colls, In additlorn to theiy bizaorr
shanes of ¢ell ond mucleus, thoy aro mostly distincuished Ly oviotic muelel,
That the latter sywmtonm should her o rerivarsive manifestation, o SPIELIEYER
{hinks, must Le denied on the banls ol the cconrrence ol proliferation in this
staso, which is thus a stare of intensive rnctiviiy. iorcoever, Llhoy oceur
chiofly in the indtial staro ond ~lfter thae nasnare of tho tissus demolition
prover, i.e., exactly in the nerinds in whlen theo. above smwmboms of cellular
disinterration are the least, HPISLITEYiNR corvectly woints out thot the plial
vroliferation very rapidly annenrs but cloo oouain disarmnesrs under certain
stimuli, In the C.YM.5., vhere the nolymornh Lymos cormn and dlsanroar quicker,
and the round-cell types cdominate, onc ins to acosune ih
are better azainst a condition of toxic effcct, and thareforz ther have their
importence oxactly in the stape ol toiin cireculation. Py the often occurring
dercnerative symptoms on these cells it scems that they are poriiszlly destroyed
udring thelr cventuad working up of the toxins. The polyworph tyoes of ccll
have probably more the task to f£ill out arzin the higtuses which develoned from
degeneration of cells and nerves by ucans of forming a fine £ibrillary sub-
stancc, and this way to restors the dicturied tension in the tissue. This
function is not specific, for the round-nucleated cells can also participate
therein. Thus, they have apnarently an cxtendecd task, for thelrs is also the .
protection and the phagoeytésis of ranglion cells and nerves. It is peculiar
in anthrax that sclefosis has not been found. .

The finding of ALZHEIMER and ROSEITHAL, that at edematous conditions of
the nervous system tht amoebold round-nuclcated glial cells are many, could
not boe confirmed by experionces in ‘tho study of anthrax, lHere, it seems rather
that edema or the multiplic ¢alls,
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) ion often coincides with that of tissue demolition, and
precominance of the round-nucicated cells can be aluays proportionately

no;iccd, without being able to speak of an absolute multiplication of these
cells,

an cacmatous condit
then 2

That in anthrax a maried tissue demolition exists, appears from the status
spongiosus which occurs already soon in the acute stare of the disease. 50fte
ening and fusion (colliquation) of tissue and of gantlion cells, without the
collaboration of leukocytes, is characteristic for anthra:, Among the ranglion
eclls, there are a large diversity of desencrative forms, among which those
uhich oceur with swelling and vacuolization and colliquation are the most
characteristic in anthrax, Now, these arc zlso at the samo time the pictures
vhich are knowm in neurohistolory to oscur the most often. “There is nothing
here of characteristic degenerative forms of ranrlion cells, since under the ,
very same acent tiie cellular rcactlons can run vory much apert. The colliquation;
ol the nervous sysiem, however, completely correcsponds to the liouefaction pro-
cesses which are found on the renzl and henatic eplthelial cells. As such,
this genoral symptom gots a smeeiol meanine for anthrat, and it mavbe perhaps
valuable in the deterdnation of an anthrav toxin. Because, that a hacterial
product is at action, it anpears not only from the degencrative cellular pice
ture, but from the fact that this already occurs before the bacteri: La developed.

The question why one gsanglion cell will be pharocytized by glial ceclls and
the other is not, remains a puzzle for a uiile. There is evidintly a preferonce
in 2112l cclls for ‘the sunervision of gfrnc~lion ceclls in various varts of the
Coilele If the infection haowened with virulent anthras, then the satcllitism
happens to ba the most narked in the small ;anslion times of the medulla
oblongata, which can be so intensive that the latter can be comnletely masled
by these cells. Thon como the Purikinjo cells, while the pyrivridal cells can
be besiered only by a few satollitics. Only the larse onclion cells in the
medulla oblonzata romain fros from them. & comncetion with the size of the
colls cannot bo made from this, however, for the Purkinjec cells are much larger
than the pyramidal cells, we get tho impression that the dislntesration pro-
ducts of tho large cells keen the sziellites at 2 distonce, since not only do
not thoy attract any macrophases in the advanced stato of disintegration, bui,
as thoy ave complotecly destroyed, their ploces ara not teken up by a fibrillo.-
glial tissue. Should we look unon nscudoncuronopha~y as ~ process of protcciion?
In the course of the disease, the 7lial roactlion docs not remresent any defiidte
phase, and it can vary in intensity at infectlon with the swmme doce and with
the sane strain. It secems frem the cizamin:tion that the zan~lion eells in i
cercbellum arc generally more intonzively and earlicr attoelizd than In the uradn,
and *thus perhaps they are more in nccd for nprotection b the catellites, tho
unprotocted larpe panslion cells can show marked variotlons in reaction, cven
in the sawo noural nucleus, Jowe 141l disintecrate very soon, vhile othurs
will remaln commlotely sound for o lony tinma., If e cormect uwith satelliticn
the idea of nrotection azsinst fatol irrilctlions, then it is surprlsing why dn
anthrax in thich tho a~ent acts espeeially inlencivelr ve are aluays finding
satellites in such a rood condition. And yet, the nrocess is relsted to the
degreo of virulence, for aftor vaceination tihe #lial rcaction is penerslly
less intensive thon ofier infcction with virulent contosion, while the denzge
- also has 2 definite effect.

In connection with this, it is Lmporiunt Lo quote the opinion of
CRUVEIIEIMR, YIZOLAU and KOPCICH:-¥A. At vrabies vaccination, they found wn
inereased pscudoncuronovheey in addition to the ~on~lion reant;ous whieh .
according to the deserintion must he also of rerressive nature, ~lthovrh they
assert that they novor sav dogencrated rcurons, Therafore, they considered
tho sympioms as simns not of disinterration but of defense, JAecording to.
them, the ncrvous system ic sunpose to interainzle in the dofense cysten of
the organism by parasnocific repression of the contarion. In this rerard,
their opindon is in agreecmont with that of IMETALNIKOFT which also assuncs 2
connection betweon irmunity and recaction of the nervous system, According
to these authors, the cerebral rcaction is supposed to mean nothins olse but
the recruiting of more intensifiod defense processes in the organisnm. '
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of the blood condition, the behovior of tho red end white oo coaqo o onee
. Yhoy : cd ond white Blood cclls
mutually, ond their absolute misbar, the olivination of tho'poisons accunulated
in the organism, the total metabalim: and nutritional setwn are all rcactions
uvon stirull vhich orisinate in the veretative centors. Unon the haroonious
and favorable courze of all these wrocesses, the defensive aLility of the
orgadca atainst the arising infections will demerd. Mevertheless, the
connection betueoen the obscrved histolozlecal rcactions and the effcet upon
the defence camacity agzinst infections ic still not clear. Phy in anthrax
rotor paralyses of the skeletsl muscles are not regularly found, in vicw of
the changes of the C.I.5., 45 5till rot clear, It is also surc that the laree
vorotative cercbral centers arc affected and the the enthrax ammears predomine
antly as an affcction of the autonorous system, and the clinical symotoms of
the disease on the organs arc the scouclac of the interrupted eouilibriun
botucen the symnathetic and parasywpathetie systems, shich bears the rerula-
tion of the unconsclous functions of life.

Y

COTCLUCNI0N FOR THT PRACTICE

“The examination of tho nervous svoton in snthrnx lends to the followine

et f

conclderations uhich give a better insicht inte some problems of the nractice.

In anthrax, ithe derencration of the ncursdl olenents do2s nob nroccecd
cvenly in oll narts, not cven in the srue neural nuclei, and the arrdvael of
dcath should deperd upon tho localization, the temno, the intensity ond the
extent of the ampearance of the duitructionz, Ulie reoriratory center is
histoloyric2lly not ropresented Lr- 2 proun of ronolion cellway nevertheless there

“1s no doubt that lecion of this conter cances the suddon death. Mo ovher center
conos in consideration, in conncction uith the blood ifinddneg, wnich could be
rosponsible with its functional dinorder for cuch a ronld anpearance of death.

WVith tetanus as a nourvotronic discozse, anthrast has 1% coron that no
result Az padned from a cwrative sorwe Lheraony, cince the vitael ceonters are
alrcady affected., That the rosulis with socelfic anthiwor corwa coan be so
multiform and that the curative aciion iz the better the earlicr i1t is ~dmine
istored is comletoly explainable from this fact, 7Thus, 100 ce seruw vhen
adminicstercd in time can have a strikine eflect, while a dose of more than a
liter, coiven too late, cannot save the 1ifo of ihe animals,

AUAPHYLATS. ‘

It 45 not the numose of the examinatica to +ive an explanation conceirn-
ing the essence of true ananhyloaxis, for no hintolo~lenl basis could explain
viral dndividual hynersensitlvity can accoirlich,  The syintoms of anaphylacticly
shocle alone, which PLESSOW descerinies, noine out Loot rosts uwpon a stliue
lation of tie C,N.S, Fxcitement, starmin:, liciiiyr ite ' (itching), wrticaria,
swollen eyclids and faco, salivation, cov™h, molriies, . hoa, dullneeas,
wealiiness of heart and metcordcn, vhich syantoms zre sunv.: weed by CCLELD with
symntoms ol choklny and c:tensive edemas, are all the - lne of stimulation
or paralysis of those neural centers wilch at the stoxrt ol whe investigation
(at the first part of this study) have been recaniiulated.

Gl

POLEVACCT AL TVOJULATION REACTICT,

In znthrasz vaccination, & series of unwoanted inoculction reactions may
occur which can very scridusly har.a the nonularr ccecoptonce of this tyne of
diccase provention., According to inteusity and tyve, these are denerdent
unon the type snocies of animal and unon the individual., “he zoat is the
most sensltive amony the domestic aninals, then comes the horse, while the
sheep, cattlo and buffalo show less susceptibility in this respect. In its
most frequently occurring form, the inoculation reaction appears as a nainless

e
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swzlling of the skin vhich ean e denonntrated after
ol Pas

clther s o 1isited local cdemn, at which the tenner
reaain normal, or ascociat

a few days to a month
ature and the apon-tite '
‘ cd with ceneral svamioms such ac fever, disturbed
amoetite, constination. The larce swollinrs chould be somevhat later develop
than the smaller ones. ot only can they start out from the site of inocula-
tion, bul they can occur also on citensive varts of the skin; at ubich then

the swollen arcas are zepavated Ly normal narts, Ralbibs are susosed %o

CAa o
1llustrate this pleturo wll, Horsecs afier inoculation vill somctimnes sufler
on the neck surface on cxiencive edenas vhich extend from the chest and forew
leps to the throat, swollen eyelids, atoxda, and ouickened breathing, Definite
dyspnea has not been deseribed in India alfter anthra; vaccination., In buffaloos
at Celcbes, bluc dicscoloration of the abdominal skin was scen.

Tho edematz can ve sterile, and trials to demonsirated bacilli in them
vore unsuccessful,  Serum injections also do not have any success in suth cases,

Concernine the provability of the occurrence of nostvaecinal inocul.ation
recactions nothing can he saild in advance, QUIN noints out that in the labora-
tory tho vaccine can look comnletely harsless, and yet in the pnractice it may
cive obnortunlity to comvlicatlons. Uonctines, small or strongly diluted doces
rake much ore serlous sy@ntoms than larror doses., QUIN has seen v 'h the uso
of the sasio vaccine amons horscs in a certadn herd that inoculation suellips
occurrcd in a rerion, which were abzent in another herd and at other land area,
VILJOu, CURSCH, and FOURID hove found thzt sometdics after the first larre
dose of vaccine which the animals received they die on 2 subsccuent injection
of a small aount of contasion, vhile otherc axre able to take a larpe amoant.of
virulent bacilli without any difficulty after a small douso of vaceins, Here
scems 1o be a paradoxically incommlcete Lmuaunizing action as corplication,

From the rosults of the exominntlon of the whole nervous system, a logical
united ciplnantion can be drawn for all thasc findinss. The histological
findinzs have chown that ncural lesions can oceur Loth by the infection with a
virulent strain and by vaccination; thece lesions are the more intensive the
larrcer is the virulence and adiinistored dosare. The wassaro through an
infection wvith very virulent strains will nob necessarily create an inereased
defense asainst its repetition. Thus, according lo MIKKLR, the deprec of viru-
lence and the immunizdng ability of an anthrom bacillus are wholly different
cualities, NAZZUCHI also sces that very virnlont stirains till somotimos not
12411 the rabbits, yet the overcormin~ of the infcetion had not left the smallest
Lmmunity after itcelr.

These otherwise well and generally knovwn facts uzre azain tested at our
lcboratory. Althourh the below followins resulis are cuoposed to be treated in
a followinz later publication, for the szl of illustiration here are given
preliminary communications. From a serics of rabults, wiich were infected with
the very virulent Poerwakarta anthrax strain, some reusirced alive, either wii
the heln of snccific serum, or in on une:mlainable shontoncous manner, as
MAZZUCET hos adready alco found. that is remorkable in this aot very small
nuwber of cnces ie the fact that due to the nassage throush the infeetion the
defensive ability is not incrcaced, butl rather it is diminished, for the second
fatally acting infective dose is much smaller in some cascs than tho first,
and 15 in itsclf harnless for the rormal rabbits., They tolerate 1 cc B.:d.S.
vaccine, and cerrvainly hipgher doscs of the much wealer P.G.V.vaceine, without
difficulty, while in the below following cases a small amount is lethal,

ALl these animals died from definite anthrax. Incrcased defense could
never be found; un until the present the rosistance apoinst a repsated inocu-
lation aluweys scemed to be diminished. Ve chould Le able to aquote that the
similtaneous indeatatisn-with serum did not let the infective dose cose to
its effect, but then it. showld be still remark~d that the aninals kedt so
"alive are derived from a series in which, with the exception of these feu,
none did die with the same treatmont. liorcover, with purpose the infecsi _
tive doss was taken so large that it could not be assumed that tho elaboraiion
of such a large amount of contagion could have been done without the active
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collavoration of the organisn. On the conirary, for the diminished defense
a very plausible reason can be given.

This 1s eeplainable with a cumulativ

) Y, g . - N 0

action of the agent. Since a virulent anthryzx strain is w.. .le to nrovoke
immunity, in the first inlection the nervous :

systen is surcly attacked, but
By the Immeorfect imaurdzation, a cumula-
tho second ruch milder infcetion, cven
vith an attenuated contarion, 4he dastructive action ol the first dosape of
contagion is continued, vheircly vital nerve ccrteors can Ls so devastated
that death conos., ' ’

not sufficiently to reoult in dealh.
tion can tako place indeed, and ot

Rabbit Date of inocu= Dosorc of P orwaksria strain Died (date)

l'o. - lation
835  1b Dec. 351 100 H.L.D. | o

28 Jmo 33,' y 100 l‘:.L.D; ' " ' 29 Jan. 36'
&7 28 Jan. 26 1 LLL.D. : |

| 10 Feb, 35! 1 H.L.D. " 12 Feb. 36

89 ' 2‘3 Jm. 36' l :':.LQDO . Co

10 Feb, 34! 1 LL.D. 12 Feb, 36¢
207 18 Feb. 351 100 iLL.D. + & ce serus ,

31 Mar. 350 0.5

25% . 3 iar, 35Y 100 iLL.D. + 1 ce oserum 25 lar. 360

215 19 Feb. 36¢ 100 I.L.D. + & ce scrun \
24 i 30 . 1 N.L.D. .27 Yir. 36!
208 18 Feb, 381 100 ...L.D. + 2 ce soiu
31 lar, 33! 0.5 ¢cc Boi..le Vacelios Cohor, 30!
22 18 Feb, 36! 100':.L.n. 4+ 5 ce sarus
51 bar 330 0.5 cec .B.%. vaceine g tae, 36!
214 18 Teb, 340 100 L L.D. + 3 cc serun
31 ar, 3510 1 cec P.G,V. vocednn 2 Aor, 36!
231 19 Feb, 36! 100 :,L.D. ;
2y lax, 36! 1 ce D%, vaceine 30 sar 36!
172 10 Feb, 34! 100 ii.L.%. .
21 Teb, 301 1 ce L.l l. vaccino 25 Feb, 36!
341 3 May 3450 1 LD,
9 Junz 35! 1 ¢cc DR, vacein: U June 34!

— e ~—

Since death itsclf can coinz in this wanner, how much casier can then the
mony harlecs iroculation recetions develon, In anthrast oreas, some animals
are supoosed to have opnortunity to »nass throurh a not fotsl infection which
nerhaps did not result in any serious elinically demounstrable symbtoms, yet

t could have nroducnd a certain doersree of ncural lesions. “here patholozical

.chanzes on the parv of the symmothicus «anelia can be demonstrated in anthrox,

a sywpathicus disturbance due to 2 cuaulative action can be ecasily explained
in a subseauent infection or vaceination.

ey
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The vasoconstrictors which are under tonue, can loso this entirelvy -
t1ally as the central or neripheral cymmathicus centers lose t;gi} g§n¥§§1
over thfn. FULLER also points out that, at the tonus chanste of the symmathis
cus, nsv 211 sywntoms of the patholorical picture apnear simultaneouslyﬁ The
l;oiliuy in the cystea alternates stronely, and so in the various regioné of
tiic sympathetic the tonus can show varietics. In the ranglion cells which
once wera affected by degnoration, a regenoration is not ﬁossible, although
antazonistic cell sroups can bring a certzin rather hish funetional compen-—
sation. The lability of the vegetative immervation is thereby indeed increased”
5o that equilibrium imbalances will occur nuch more casily. As to its expan-
sion, it supposcdly depends upon the citent of the funetional paralysis, vhile
retrograde neruzl palsies can be hinted also by the increasing oxtent of the
cdemata. Just the fact that one cannot find any bacteria, voints to a func-
tional vasomotor disturbance. Thus thoe edemata at far remote skin areas can

i

be zlso explained us a more centrally occurring cumulative paralysis. That

“.¢ adninistration of speeific serum in this stare does not help any lonpger, is
usovious, for the disturbed function is the. result of the fact that the neural
c¢lements have absorbed harmfu® circulating substonces, ond they underwent proto-
plasma changes which by a lator administration of antibodies could not be '
undone any more, If disturbances have not yet advanced too much, then results
can still bo cxpected from such stimul which can again restore the t- us dis-
placement, i.e., local aoplication of could (douche, regrigerating substances)
or inisction of adrenaline.

' !

Postvaccinal inoculation reactions rest very probebly upon cumulative
cction of the mystierious anthrax toxin. Even vhere they occur after the first
vaceination, let it be that it is an individual hynersensitivity or anaphy--
laxis, an eerlior natural infection could have .already wrenared the neural
centers, It depends however now upon how far the primary lesions have pro-
gressed, or tho inoculation reactions are more or less cxtended or serious.
The vaccine can apnear completely harmless in the laboratory, and yet in the
practice it can bring unexnectod and unuanted cywntoms, Whe' even small and
diluted doses of vaccine somotimes give morc intensive rcactlons, depends
upon tho stage of preparation by the nrimary cause. The foet that in well-knowa
anthrax areas the results can be the most fatal is thus cuite understandable,
and that a cuscentibility is localired at certnin arecas and in certain herds,
15 explained not from the commosition cnd strengih of the vaccine but 4t is in

connection with the cause which acts jointly in the area and/or in the herdn i.e., *+.

tho degree of the preparation of the nervous systen., They cre then not necessarily
limited to the vasomotor disorders, bubt tlic vost vacecinal inoculation reactions

can also cause, of course, other functional vejetative lesions, such as tachyp-

nea and tachycardia, constipation, mcteorisn, ataxia, and so on.

Herewith, the obsorvation of VILJOEN et 21. is also exslained who stated
that a largzer dose of vaccine sometlies does not 'protect aoinst a subsequent
* weak infection. Rather, the large vaccine doscg can har:m tbe neural centra
which may show intensive changes microscopically. ihat is nerhans galned on
the one side by the provocation with a larsor. concentration of lmrune sub-
stances is destroyod on the other side by the desiruction of vital neoural
clements, The bizarrness of the total reazction picture is the result of 1z
fact that the tissue destruction takes nlace so unevenly in the nervous system, .
and moreover at the tonus changes in the symwpathicus and parasmpathicus not all
symptoms of a disorder used to occur simultancously. i

COMPARATIVE HISTOPATHOLOCIC INVASTIGATION

TETANUS,

The material for the brain examination is obtained from two gZuines-pigs,
one rabbit and a horse. The horse ani the cuinca-pigs were killed at the
apnearance of definitely observeble syuntoms of the disease, The rabbit, - -
which was infected with a dose of tetanus culture vhose .amount corrcsnonds to -
1000 M.L.D. of the guinea-pih, was killed within 24 hours, to compare the
pathological changes in this stage with thos of anthrax at the sawme werlod. In
the horse and the guinea pig, the hyperemia and the edema of the wi.ole CES are
striking. Glial proliferation is visible chiefly in the white substance and
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and it is questionable in the arca of the ronrlion cells. Certninly, wve

find in the medulla pblongata satellitism in. connection with the small can~vlion
cells, The degenerative processes of the neural cells show cverywhere Eucﬁ
agreemont with those described in onthrsz.znonz which the perivheral celluiar
colliquation and the scverance ol the dendrits attract attention.

The rabbit shows the histolojzical victurc of a Lezinning reaction, with-
out any serious neural lesions haviny comec to'a full development, If we comnare
this stage in the pathological process with that in anthrzsx in the semno peribd
of infection, yet provoked with only a dose of 1 ¥.L.D, of the contarion, then
the nourotropic nature of the anthrax process scems to be definite, at which
its wmalignancy comes egpeclally to cuprension. lore than in other discascs,
the pathological cell pictures are in apreement, at which the intensity of the
lesions in the brain and tho cerebellum in tetanus exceeds thoss in anthrax,
novertheless in the latter the ganglion destruction in the nedilYa oblonrata
is evidently stronger. Even from the wuch stronger rogressive. zlial reactions
in anthrax, the harmfulness of the arent is.anparent for the organism.

RARTES,

. To be able to cowmarc the histo-pathological picturo in the brain of this
neurotropic discase with that of anthrox, three rabbits were infecteu intra- .
muscularly with rabies material, and killed at the first appearance of the
clinical symptoms, after three wokks.

A fundamontzl difference fro.: anthrax is in the formation of perivascular
lymphocytic concentration which speak definitely arainst the last mentioned
discase, A slizht glial multiplication is found mostly in the cerebral cortex,
and a definite difference frow anthrax is the aliost total lack of satellitism
in the mcdulla oblongata, and of repgressive phenomena on the glial cells.
Althoush convineing pictures of gan-lion disintegration occur in all parts,
yet there are found no forms of vehencnt cellular destruction, vacuolieation
and colliquation., Even in the ccrcivllum the loss of neural cdlls is visibly

less, In gencral, the coursc of antirax encephalitis is much rore malignant
than that of rables.

RAUSCHBRAND,

From two ruinca-pips and & cals the €l was fived for cxamination limncediately
aftor the death of the animals. A1l bave been infected intramuscularly and died
within 24 hours on its conseauences. ‘The typicsl »rsucchbrand swellin in the
guloca-pig sproad over the wholo rear half of tho body, while in the calf it
took the wholelLback portion., ilthoush thus an enormous bacterial process pore
mits to suspoct an intensive roaction on the part of the nervous system, the
histological picture did not emrec with tho expectation, Only in the guinea-pig
18 it possible to find a hint of & circulatory disorder as a slight dilation of
thu lymphatic capillaries. 3mall-cclluler infiltrations are entirely absent.

The rlial reaction is much loss than in anthrax, and a progrossivo rultiplication
is noticeable only in tho medulla oblongata anons the satellites of the small
zanglion cells., The disintenration ol the noursl cells in the entire nervous
system is much less than in onthrox., The cerebellus in this respoet had some-
what more sufforod than the cerabrym., Tho rost intensive desoneration was lound
in the medulla oblonmata, nevertheless nowhere are found vacuolization or

colliguation of the gzonglion cells, which can charactorize the tissuc picture
of anthrax.

HAEMORRHACIC CEPTICEITA.

The material of cxamination in this discase was acquircd exclusivelyfrom
rabbits which dicd within 20 hours after the infection. Thc histo-pathological
picture was dominatcd by the cnorzous symvtons of stasis and edema of the
entire CilS. Glial reactions are absent, while smell-collular infiltrations
are not.found at 211. Uithout shotine tho varioty of pathologicsl ccllular
changes as described in anthrzx, the disintegration of the ganglion cclls is
hume. Nevortheless, over tte wholc extensiorn of the nervous systenm, the histo-
logical picturc rewinds us strofzly of putrefaction, Shrinkage and swolling
of the cells, with louss of protonlasm characteristies and of the stoining
.8b11ity in many cases give the tissue the appearance of an undefineable g estruc-
tion without active cellular reaction, whercby the sirilarity with tissue

T
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putrainction bocones very larse. Jcvern intoxdications also brine on such
tissue crhaustion or death, where raactions which noint to rcsistonce or:
defense are cntirely missing., In no other rconect is therclore the histolo-
gica.'l. plcturoe of the CK3 in septiccesiia co: nm.rnble with that of ﬁm‘.l'n.'

PICTURE APPENDIX

FIGURE l: Vacuolized ganglion cells, medulla o'blongata, rabbit, Smesr -

preparation, Giemsa ataining.

FIGURE 2: Large ga.nglion cells, medulla oblongata, Sheep No. 7.

Severance of dendrits, fibrillary disintegration and formation of pericellula.r
zZ0one, .

FIGURE 3: Marked vacuolization in five large geanglion ce].ls, medum
oblongata, perkutut (dove). K = resldue of necleus.




