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iffeog of Botullfns Toxin B on Tissue Reeviration in the Brain gf

Guinea Pigs

By: Z.P. PAX

(Received May 5. 1959)

1harmacology Department (Head - prof. V.V. VASIISVA), N.I. PIROGOV'S

lInd ttate Medical Institute, Moscow

(Translated by: Edward Lachowicz, Maryland, Medical-Legal Foun-

dation, Inc., 700 Fleet Street, Baltimore, Maryland)

Clinical manifestations of botulism are primarily disclosed

by neuroparalytic symptoms (A.M.KOFITSKII, 1937). Severe forms

of the disease are distinguished by a sharp imcrease in bulbar

0 occurrences, which may lead to a fatal end as a result of the

respiratory center paruiysls.

I att.oiugoanatomiole point out disparities tt-at develop in

,,mtientwith severe fanctional disorders, but with relatively

insignificant changes in pertinent sections of the central nervous

system (A.P. AVTSIN at al., 1957). This may indicate to a certain

extent that basic functional diacrdere in botulism are due to

changes in most any vitally important biochemical processes. A.

GUYTON and M. McDONALD 0.1947) regard the botullne toxin as a

"destructive enzyme". X.I. MATVUV (1958) traces It to antime-

tabolites.

Curariform action has been attributed to botuline toxin for

a long time. However, evidence was discovered recently that the

0 toxin possesses no such effects (A.S. BURGEN, F.DICKENS and ZAT-
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MAI, 1949).

It has also been determined that the toxin has no effect on

acetylation of choline and it does not change the activity of

cholinesteraeo (C.TARDA and H.WOLFF, 1947; J.STEVENSON and G.GIR-

VIN. 1953).

The majority of foreign authors assume that the toxin exerts

a peripheral action. They often note that the reason for develcp-

ment of muscular pasralyses is either due to injuries of the motor

nerve endings, or due to injuries in their immediste proximity

(I .AMBACH]z, 1951; J.DAVIBS, 1953).

*i Considering rather numerous reports that clarify the mocha-

nism of the botuline toxin's actions, there are but few findings

' pertinent to the toxin's effect on biochemistry of the central

* and peripheral neural systems. Hernce, we decided to investigate

. A, e.•,4to uf botulino toxin type B on tissue respiration in

tve trslr and it, myslenrephaln of guinea pigs.

We determine4 the absorption of oxygen and liberation of

carbon dioxide using WARBURG apparatus and DICKSON'S method in

moiificaticn of N.P.MSHKQOVA and S.I. SENFUIN (195C). Obser-

vations wore made every 30 minutes fur 1Y/2 hours.

The intensity of tissue respiration was expressed in m.cro-

liters of absorbed oxygen and liberated carbon dioxide per 1 mg

of dry tissues. In addition, we computed the reapiration quotient,

i.e. the relationship of liberated carbon dicxide to absorbed

oxygen. In all, we performed 125 determinations on 92 guinea piges.

Botuline toxin was administered intramuscularly to animals

in doses of I Di. and 100 DIm for one guinea pig. The minimal fatal

-- 2--

I



0

dose for one guinea pig weighing 200 to 250 gm was equal to four

mouse-Dim. The activity of 1 mg of dry toxin corresponded to 500

Dlm for guinea pigs.

Animals that received 100 Dlm were killed after 20 minutes

and those that receive4 1 Dim were killed eo.ther after 20 minutes

(let series), 24 hours (2d series), or 48 hours (3d series).

Irrespective of the dose of toxin, 20 mir.uteu after its ad-

ministration, the general condition and behavior of animals showed

no changes. Most guinea pigs that received 1 Dim showed on the 2d

day some decrease in muscular tonicity, while their general mo-

bility remained unchanged. The condition of guinea pigs deterio-

rated considerably on the 3d day: muscular tonus declined sharply

and the animals assumed a lateral position with their extremities

0uitre.•uned out.

'bservativr, made by us indicated that botuline toxin in

tDim awbe 0C minutes after is administration caused increased

libcratiorn uf carbon dioxide in brain tissues on the average by

18%, while the Increase of carbor. dioxide in tissues of myelen-

coehalon reached 42% (see Table 1).

Changes In oxygen absorption by these tissues were less ex-

pressed; one could only note a tendency toward some increase. The

tendency was more distinct in myelencephalon. The above condition

was accompanied by an Increase in the respiratory quotient by 24%

in tissues of myelencephalon and by 12% in cerebral hemispheres.

Twenty four and 48 hours after administration of toxin, the

Increase of carbon dioxide i. both these sections was somewhat

0 reduced. Also reduced in these experiments was the absorption of
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oxygen by braln tissues, while we noticed in myeiencephalon tissues

(quite like in 20 minutes after inoculation) a trend toward an in-

crease in the consumption cr oxygen.

We noticed a tendency toward & decline ir tissue respiration

.lztensity ir. cerebral hemispheres 20 minutes after edministration

of 100 Dlm dose of botuline toxin to animals, also e decrease in

the absor.tion of oxygen and in the liberation cf carbon dioxi.de.

YeT, other changes developed In myelencephalon. Here, the

absorption of oxygen decreased on the averag•e by 22P and, vice

versa, the liberation of carbon dioxide increased by 58%, i.e.

more than after administration of 1 Dlm.

Thus, we discovered that kotuline toxin causea changes in

tissue rebA.iration disslmilar in their intensity in cerebral

0 •r-;Pnrerec and it, zyelencepnalon. Trhe charges are more significant

- •- .u''-r , n. Tz..s diversity in action is conformable with

cliz.iua" ai.i:..ogicb :,dir. As we kxnow, the bulbar syndrome

re,,a&s itself as prominent in tne clinical picture of botulism

and one can discover extreme 'orphological changes in cells of the

truncal part of cerebral hemispheres, if compared wit'. ,ther

6ectins6 of the brain (A.I. AVT2.IN et al., 1957).

Resp-iratory stresses in examined tissues were primarily mani-

tested by increased liberation of carbon dioxide and by a easser

increase ir. the consumption of oxygen (in some caues even by a

decrease). Maximal changes were observed after ý0 -A.rnutes follow-

ixLg the admL.ristration of toxin. These changes were less di.'tInct

on subsequent days, includirpn the 2d and 3d day.

0 The results of our experiments and of invent.rations of the
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botuline toxin's type b effects on absorption of oxygen by brain

tissues conform with the findings of BUIGEN, who used the WARBUhG

method to examine the action of type A botuline toxin on white

.rate; he, likewise, failed to observe significant displacements

in the absorption of oxygen by tissue sections of the brain.

The fact thatmor. saigificant changes we determined in the

libera-ior, of carbon dioxide than those found in the absorption

of oxygen,obviously implies that impairments nr, dec&aroxylation

proces3es are produced under the conditions of botuline intoxi-

cation.

It can be assumed that one of the reasans for the liber-

atioz, of excessive carbon dioxide id the increased deccmposition

of keto acids, iarticularly of iyruvic acid, which appears to be

a more important bubstrate in tiasse rese irati~r. %N.E. IDVEDEVA, 0
'' ,i ;. 'OK:Ow OVA, 1,)4'.; . A verLf.&cat!in of •, :jhou•d be

j-frjtt~ in -titbse4,ient L-eietiý.,tioia:.d

1. '9otuline toxin Ln a does of i D!m ani I U DI- afferta

tile respiration of tiseuf.• in neunctphai,)n more *.,ar , -,re-

6ral he% L;t~pereO.

ý:. 7,.e administration of I Dln of bo1ut enA toX L,- 'aule

litenslfiut•ion of respirato)ry jrvzes.ea 2' mln-ate,, 'lter in

examined tiesueai they were zmnifeatel b. a ;,re, , -

creased liberaton of carbnr. dioxide and t, alvaricei :roar•,-

t.ýrj quottLent.

3. Dose of toxin increatied to I(;C Dlm induced d decline

in tie level of respiratory procesdes in cerebral vemlrbheres. 0
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The reaction In myelencephalon bruu~ht alon~gside with a decrease

In oxygen absorption also an intensified liberation of carbon

dioxide.
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