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Pathomorphological Changes in Rabbit Organs Aotusted by Botulism
orobes and Type A and R Botulinal Toxins

By: prof. B.A, USPENSKII (ODESSA)

FPaculty of Pathological Anatony (director: prof. B.A. USPENSKII),
State Medical Institute, ODB3SA

(?ransiated by: Bdward Lachowics, Maryland, Medical-Legal Poun-
dation, Ino,, 700 Fleet Street, Baltimore, Maryland, 21202)

It has been established that, in nataral scurces and in the
soil, the enoountered spores of Cl. botulinuas are of the A, B, C
and D types, as well as the E type; also, that the latter variety
of the causative agent is predominant in certain countries such
as: USA, Denmark 8weden, Japarn and the USSR, This has also been
confirmed by the data on epidemiology (L.A. ZUBKO, 1960).

Ve know from the bibliography that, in natural conditions of
botulinal infection, the organs of man and animale are invaded by
miorobes with a certain quantity of toxin, Bmall doses of toxin

weaken ("sensitize”) the organism, consequently conditions develop

in which bdotulinal becillus is cblxynultiply and to produce new
quantities of toxin (S.M, MINERVIN and XOTLYARBVSKAYA, 1937).

The ooncept of the action of the botuliem miorodic group had
been considerably widened following the isolation of pure toxina

of that group. S.M. MINERVINE et al. discovered that dotulinal toxii

of the A, B, C and B types parslyse the phagooytio function of

- 1 -

|
|
g

’1T7TTV?C/407




1
1 &J

leukocytea, Later, YU.I. DONETS noticed in coeloas the same charsc-
teristios of the toxins with respect to the retiouloendothelial
system. It has been determined by way of experizentsl tests that
the action of the B toxin is much weaker and of shorter duration,
1f compared with the toxin type A (V.V, KHATUNTSEV, 1960). The
potential effects of the A and B toxins on the nervous syetem were
studied in complicated physiological experiments, which proved
that, simultaneously with the paralysis of the ocholinergic nerves,
s profound disorder in the synergy between the adrenergic and
cholinergic processes takes place during the intoxication with
wotulisa (V.V, MIKHAILOV, 1956).

Tollowing the discovery of B microbe and ite toxin (E.D. KUSER-
BIR, 1937, 1960), along with other investigations, studies were
also oconducted which involved white mice and guinea pigs in testing
the effects of pure toxin and the effects of the aicrode + toxin
of this type of botulisa. The obtained data permitted us to Qde-
termine that most extensive injuries in the organs and in the
system were found in all experimental animals infected with these
miocrobes (culture) (L.A. ZUBKO, 1960).

Such many-sided research, involving idividual biologiocsl
properties of various types of the csusative agents of botulies,
along with a study of the action of pure toxin and of the microbdes
+ toxin, bas 80 far never been duplicated in the pathomorphological
inveatigations. At the same time, it is important, no doudt, to
xnow in such investigstions the course of morphological reactions

in tissues and in orgsns. In a plan of this kind, the examination
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of morphologicel reactions peoullar to botulism has to be considered
also for this reason that, on the one hand, there exists a sufficient
]

number of slip-ups about the causative agent’s histotrophism to the

elements of neural tissues (I.I. ZILBERG, N.A. GOVSEEV, 1937) and,

on the otker haund, about botulism as a disease of the toxinfectious

nature, which inflicte injuries to various organs and to the aystenm.
Our task included an explanation of the extent of character-

istic morphological changes that ococur in the organism of animale

a8 a result of poisoning with pure toxins and due to infection with

microbes + toxin of Cl. botulinum of the A and E types. In addition,

we strived as much a8 possible to determins e prevalent degree of ! J

the characteristic morphological changes in the organiex of snimals, ’

We run tests at the ladoratory of the Microdiologicsl De-
partment, Medical lnstitute, Odessa, supervised by prof, S.M, MINER=-
VIN. The experiments were performed on 20 young male rabbite. The
radbits were selected in pairs, each animal weighed 2 kxg. In order
to exclude prior to the experiment a possibility of infectious or
slimentary diseases in experimental animals, the rabdbite remained
under observation for one month and, et the same time, they re-
ceived a h1¢honloric food. The animale were sufficiently beefed by
the end of this period, as their weight increased by 250 to 300 gm,
and they had no symptome of any disease, We infected one rabdbbit
of each pair with botulinal microbes and the toxin (¥T), while the
other rabdbit received pure toxin (T). The first 10 animale received
botulinal toxin type A (first group) and the other 10 rebdits re-
‘ceived type B toxin (eecond group). The infection and the poisoning
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of most animale were gccomplished vifh a8 single enteral adainis-
tration, except for 2 rabdbite in the first group and 4 in the second
group, which received the microbes (MT) and pure tocxin (T) aleo
with a single administration, but subcutaneourly into the anterior
abdominsl wall., The doses were oomput;d in Dlx and their titer was
determined on white mice, Ibp per volume ratio this implied one

cubic centimeter of diluted toxin and the same doee wae used for
diluted aicrobic culture,

The clinical symptoms of botulism developed in animals of both
groups io & lesser or & higher degree after 30 hours follcwing the
administration of microbes (MT) and pure toxim (T), althoughr the
symptoms were much clearer and more widespread in animale of the
second group. The effects of the microbes and toxin (MT) of the E
type were more intense and causded respiratory disorders, paresis e
of extreaities, weakening of the trunk muscles and salivation in
all animales of this experimental group, Toward the 5th day we ob-
served in radbits of both groups a decreased weight, on the average
by 150 to 200 gm. After 30 houre following the administration of
microbes and toxin, two snimale died in each group due to air
embolism. Pour rabbits died on the 5th day, one of the first group
and three of the second group, and concurrently with these animals
died their pairs poisoned with pure toxin. On the 1C2th dey diead
tw. pairs of the first group and one pair of the second group. The
last pair of the first group of animale died on the 20d day follow-
ing the beginning of the experiment, during which time we observed

in one rabbit infected with microbes (MT) in eddition to the paresis
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of limbs, also severe respiratory disorders and tdynﬁnia at the

tizme, when the other animal of this pair showed no symptons of any
diseass,

The autopsy performed on the first group of animals 30 hours
after the beginning of the experiment showed no observable changes
in the conditions of the organs and tiesues of rabdbits infected
with microbes and toxin (MT), and the same applied to the animals
polisoned with pure toxin (T). & corsiderable hyperemia was visidle
in pie mater encephali and in pia mater spinalis, also in the ;

aucous membrans of the respirstory tract and in the gastrointestinai

tract with multiple small hemorrhages there, The liver, kidneys,
lungs and skeletal muscles were plethoric and succulent, Chenges
of this kind prevailed om subsequent days only in the organs of
animals, which were infected with microbes (MT). We also noticed
hemodynamic disorders in the organs of snimals of the second group.
Bven during the first 30 hours of the experiments, we detected
microscopic traces of the parenchymatous dystrophy in addition to
vascular disorders in the kidneys and liver of rabbits poisoned
with the toxin (T). The discussed changes in the organe of animals
infected with microbes (MT) were pboorvod on days much later. Yet,
the hemodynamic disosders disappeared by the 12th day of the experi-
sent. By this time, the lungs, liver and kidneys retained no excessivs
succulence, nor any moderate hyperemia.

We used in the histological research: parts of the brain of
the spinal cord with ganglions intervertebrale; parts of the femorsl

nerve and of the solar ganglion; parts of the lungs; of the gaairo-
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intestinal tract; of liver, spleen, kidney and heart; muscles of the
dorsua «nd shin, and the thyroid and adrenal glande, For staining
the preparations we used van GIZON’S hematoxylin-eosin according
t0 the method of NISSL, and we also used HERXHEIKER'’S scarlet red.
We mentioned in our macroscopic report that rabbits of the
first group showed an increased succulence in tiesues and in orguns
after 3O hours following the .beginning of experiments, At the time
of the histological investigation, this conditiorn appeared likeva
seLaration of tibers to various degrees in the structures of con-
nective tissues, accompanied by spacious fissures. 3 imilar changee
were detected in pia pater encephali and in the stroma of ite vascu-
lar plexuses, with the presence of the dropsical dystrophy in the

ejpithelial villi (figure 1). The separation of fibers and the swelling

Pigure 1 - Fuclei of the e ;ithelial villi of the vascular jplexus
with diffused contours and large vacucles in the jroto-
plasm, Hemstoxylin-eosin, Ocular 8, lens 40,

of the elements of connective tissues could be detected in the

1).tersuscular cellular tissues of the shin &nd in dorsal muscles,
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also in the trabeculae of the liver, in the submucosa layer of the
intenstines, in the intervertebral capsules and in those of the
sympathetic ganglions, in the epineural and perineural membranes

of the femoral nerve, in the stroma of the spleen and in the cere-
bral layer of the suprarenal glundl.'Soparato folliclies in the
thyroid gland were observed stretched, with flattened epithelial
cells and with a psle-colored colloid, Prequently, with the discusaed
changes with also detected diapedesic hemorrhages in the serous
tegnina and in the parenchyma of the organs,

On the fifth day of the experiments, the histological changes
in the organs of animals assumed already consideradble diversities
on account of the effects of the toxin and due to microbic factor,
The organs of animals jinfected with microbves (MT) manifested more
changes and this condition expressed iteelf in the increased up-
pearance of the symptoms of aropsical dyetrophy, which encroached
on ependymal cells of the lateral and third ventriclee, as well as
on the tissues of white autter in the brain, aleo in the asppearance
of a distinct swelling of the rerve cells in part of the brain stem

and in the development o: hydromyelia (figure 2 ).

[
We observed in the lungs the capillaries with a swollen and E
basophil-stained endothelium; alveoli were filled with a pule-stained ;
homogenous zass in which single leukocytes were &8 numerous, s8s the f
cells of the alveolar epithelium. In some ol thLe pulmunary veins :
we noticed a dilated lumen and recently intermixed thrombdi (figure 3).!

The epithelium of the ccnvoluted rensl canaliculi (sic!) showed E

& condition of incipient perenchymatous dystrophy. The capillary '
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ncts of the brain, of xidneys ana liver were partly iilatel, and

one 3vild often observe in the surrounding tissues the emergence

Pigure 2 - Hydromyelia tn the thoracic cord, 3tainins u-roriing to
N13SL, Vcular 3, lens U,

?igure )} - Pulwonur, vein, jurietal throudbus recant.y i:ternixel,
Hematoxylin-eusin. Ocular 8, lena .C.

of erythrocytes. The aoryhologicsl changes in the vrzuns -f anivals

»0180ned with the toxin were iess developed close to tne 12th day,
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However, following the infection with microbes, the changes in

tissues (connective tissues) and the intracellular hydropic changes
remained, They were detected in neural cells of the brain stem, in
intervertebral ganglione, as well as in the cell3 of the solar
Zanglion knots, alternuting with tihe appearance of the hyperchrou- !
mato8is and a8 distinct swelling of the cellular tody,

A 8light cellalar proliferation was noticed .- the ceredbra’
hemispheres around individual vessels of the sub orticel w-ite
substance, The cells in the central part of the liver lstu.es ~on-
tained small 1ipoidal inclusions. Arteries of the 3ple2n rare illated
and filled with hemolyzed erythrccytes,

Changes of similar kind were also noticed in orguns of a rebbit,
wnich was infected with aicrobes 'MT) and died on tae 2.ni day; at
the same time, no morpholorzical chanzes could be latectel .:. tne '
orguns of the other rabbit of this pair,

The pathomorphological changes revealed uwany ;eculiarities ir

a group of animals airck either from the toxin (T}, nor due to *re

microbes (MT, of the type B botulisa, After 30 hours of the toxin's f
action, considerable dystrophy changes aprearei .in adiitinn to the
nenodynamic disorders; they reached, e.g. in tne csnvoluted rensil

canaliculi, the s“age of necrobiosis and recrosis (figure ¢,

Although disorders in the metaboliam of wa'ter ascre nct en.
countered to such an extent as in the case of polacning ;;th L.
toxin of the type A botulism, yut we also dete~tzl Yere u e~y far
wileepreud swelling in the elements of connective tiesues, This wad

noticed in interstitiul tissues of the lunga, 1" the zyocardi.u:
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(figure 5), liver, submucosa .ayer of the amall intestine, stroma

of the thyroid gland, in the capsules of the suprarenal glande, in

Pigure ; - Bpithelial necrosis in convoluted renal canaliculi with
a serous impregnation of BOWMAN'Y capsulen, Yematoxylin
-e08in, Ocular 1%, lens 7, . 6

Figure 5 - Swelling of intermediate tissuee in nyocardium, 'lemato-
xylin-eosia, Ccular 10, lens 20.

spleen and in fiber atructures of the pia mater encephali and pla

mater spinalie. o
Apparently, the indicated changes were unrelated to the per-
_— 1) --
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sistent processes which follow the action of the toxin, because they

were considerably less developed on the fifth experimental day. How-
ever, in the organs of animals infected with the microbes (MT), the
arpeured swelling in the intermediate connaective tissues was more
eiguificant qualitatively and quantitatively; it distinguished itself
& by duration lasting from the first 30-hour 3axperimental period

to 5 and even 12 days,

This process could be observed in the lungs as eurly as duriug
tiie 30-hour experimental period; it appeared as a swellin, of
adventitial and periadventitial tissues around the 1ilated arterles
of the muscular type (figure 6). Prequeatly, the area o0 the swelling
was extensive and it often encroached on parts of the vessel tunicza
muscularis (indicated by arrow on figure h); it stairei faintly with
hematoxylin, but well with toluidine blua. The swellins strongly
magnified in some parte appeared like a homogenecus mass, while i:
other parts of the preparation it had a lumpy appearance. In 8d-
dition to the changes alreudy mentioned, we noticed, after 5 to
12-day experimental period, a parenchymatous and fatty dystrophy
in the liver and kidneys, We also observeld in two radbits a serous |
impregnation of the liver lobules with the separa‘tion of ties from
the caplllary network, and a developed cellular reascticn in the
stroma (figure /).

As we know, one can frejuently detect, sven in healtnhy rabbits,
histiocytic congestions in the liver etroma, but, in the case of

botulisam, in our experiments they appeared in consiiersdbly increased
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nunbers and more diversified, A serous impregnation of the liver ties,

Pigure 6 - Lungs, Swelling of intermediate tissues spreni around
dilated artery. Hematoxylin-eocsin, Ocular 10, lens 8,

Pigure 7 - Serous hepatitis. Hematoxylin-eosin, uvculer 10, lens 4(,

sombined with a similarly expressed cellular reuction, suggests to
ue to regard this process as a serous hepatitis,

The cellular prouliferation in other organs, aiso ia the organs

- 12 -
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of animals of the first group, was hardly noticeable,

The dlscussed data of the puthomorphological investigation
showed under experimental conditions a diversity in activities of
the causative agents of botulism of the A and E types. A separate
administratioson of the toxin (T) and '‘microbes (MT) to radbbits con-
d.tioned a development of various pathological processes in the
organs and tissues of animals. This diversity revealed itself in
the morphological peculiarities of proceeses, as well as in a stage
of their manifestations.

The most interesting morphological changes followed the action !
of the toxin (T) and the microbes (MT) of the type E botulism. The ‘
duration and the prevalence of the process appeared characteristic :
of microbic infectione. Among the besic manifestations of patho- ;
logical processes we noticed hemodynamic disorders, dysirophic and
necrotic changes, peculiar ewellinge in irtermeciate tiscuea and
slightly developed cellular proliferations.

The euumerated morphological changes have some similarity with
the pathology of botulisa in man, Thus, E.A. EURAEV, desc~riting in
detaill the anatomical pathology of this disease, stressed the spread-
ing of changes in the vascular system and the early destructive
1jsorders in connective tissues, along with a slight v:ellular re-

action, R,M, PISHMAN, examining fatal cases of botulism, .oticed

in the firet two daye, besides the changes in the vetcular systen,
6l80 & necrosis of the epithelium in canaliculi of tne kidneys,.
S.A. SNEGUROVSEII mentioned a frequent appearance of dystrophiec

chunges in the liver and occurrencee of serous hepatitie, AP AVISIN

i
|
|
|
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L.&, POPOVA and I.B. BONDAREVSEAYA published their histopathologic
studies of the organs of a victim of botulism, who died on the 6th
day after the infection, Theae authors aleso refer to the firet
category of changes: injuries in the vescular wall in the form of
s focal swelling of endothelium, its necrobiosis and, sometimes,
the homogenation of the vaacular wall in the celom. They discoveredi
the quotsd changes in a sectior of the brain etem, in peripheral
parts of tne nervous eystem and in other internal organs,

Rogirdlooa of the numerous investigations of microtiologists,
the question about the pathogenesis of botulism is ujp t- *he yresent
time left open (K.I. MATVEEV, 1959), Many theories ave teen ai-
vanced which describe the causative agent of the dinease as a de-
structive antimetabolite of the fermentative kind tnat ie capable
to spread by hematogenic weans. It follows hence that the circulatory
system is one of the first involved in the patholosical process
which conditions the diseusec even at its eurly stage in a patient,
ana by way of many hemodynamic disorders in experiments, by dys-
trophic and necrotic changes in the organs and in tissues of various
systems, including the nervous syetem. Judging froxz the data obtained
in a phyeiological research (V.V. MIKHAILOV, 1956), the discuased
hemodynaric disorders originate, according to all probabilities,
irom & disturbance in the synergiem of the vascular innervation.

Howaver, the prevalence of dyatrophic and necroatic prcceasees
i the organism of rabbits tends to provide a basis to confirm the

etatements of microbiologists about the toxinfectious 5enenis of

tnie disease.

L3S
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Conclusions

1. The morphological changes, which appeared in the organs
and tissues of rabbite due to the action of microbes and pure toxin
of the A and B types of botulism, were diverse,

2. The effect of microbes und of pure toxin of the E type
causes the most significant and widespread morphological changes
in the organs of many systems in experimental animals. These morpho-
logical changes, &8 such, are characteristic indications of dis-~
turbances in the metabolic processes, including thLose of necrosis
and of the peculiar swellings in the connective-tissue formations.
The cellular reaction was slightly develcped in the presence of
both types of the causative agents.

3., The duration of the pathogenic effects 02 pure toxins of
botulism is considerably shorter (up to 5 days) than the effects

of microbves (up to 22 days).
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Summar copied

" Bxperiments were conducted on 20 rabdbits given pure toxin
and infected with microbes + botulism toxins of A and E type,.
Tathomorphological studies showed that the actionsof tizee patho-
genic factors are different for tke ore and tre other typee of
botulism patbhogenes, Characteristic of the A type hotulism are
hemodynamic disorders of the endotbelium with formation of perinurel <’
venous thrombi, metabolic disorders with the prevalence of hydropic
dystrophy. The action of the E type botulism pathogene causes deep
changes in the parenchyma including necrosis and also caused a
peculiar swelling irn the cornective tissue, The cellular reaction

was slightly expressed in both types of pathogenes. ¢




