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In our previous investigations [3] it was found that the depressam action of botulinus toxin on the isolated
frog heart is dependent o the direct action of the toxin on heart muscle. In connection with this, the problem
of the possible effect of botalinus toxin on the metabouc processes of energy-rich phosphoric combinations i
ihe heant musele interesied us, since there are indications that in a number of cases the fall of the efficiency of
the hean is connected with the disruption of the resynthesis of adenosinetriphosphoric acid and phosphocreatine
[4, 8, 9). It has been esta>lished, in particular, that the contractions of an isolated heart which has been broughe
into a state of hypoergy is sucngthened considerably by the additon of sodium adenosinetriphosphate (ATP) sole-
tion to the perfusion fluid {1, 6).

However, if the hypoergy of the heart was evoked by the use of thiol poisons, which can Inactivate enzymes
containing sulfhydryl groegs, then the ability of the heart to suengthen its contractions in the presence of ATP
was spent. The amplitude of the cardiac contractjons increased only when substances containing sulthydryl
groups, such as cysteine, were added to the perfusica finid,

In the present work we set ourselves the problem of establishing whether the introduction of ATP and cys-
tcine from without had azy stimulating effect on the contraction of isolated frog heart poisoned with botulinus
toxia,

EXPERIMENTAL METHODS

A frog heart was isolated by Straub's method and perfused for 5-15 rninutes with Ringers soltion (1 mi).
After the initial contractions were recorded, the perfusing fluid was replaced by a solution of botulivus type A
toxin (120 observations). 1 mnl of the solution contained 0.75-1.5 mg of toxin, corresponding to 15,000-30,000
MLD (1 MLD = 0.00005 mg)‘ After 5-15 minutes, the ventricle was washzd with Ringer's solution. If the heart
contractions were stronger after this manipulation, botulinus toxin was introduced again (the effect of ATP and
cysteine was tested, as 2 rnle, only when the replacement of the toxin solutjon by Ringer's solution was not ac-

companied by an increased amplitude of cardiac contractions).

In 3 serics of experiments (52 experiments), the action of ATP on a heart poisoned with botulinus toxin
was studied. ATP was uscd at a dilution of 17108 ~ 1 - 107¢ g/ml (1 m1 of the fluid perfusing the heart con-
tained comrespondingly ¢.01-0,1 mg of ATP),

in the 4th series (35 c\penmcms). the action. of cysteinc and ATP together and of cysteine alone was
studicd, 1-2 drops of cysteine solution at 2 dilutionof 1- 1021w 1-107¢ g/m} was used [€].

In addition, in 7 experiments we watched the effect of the toxin on the isolated heant of a frog with bote-
linus intoxication. For tXis purpose, 0.15-0.3 mg of diluted toxin was injected into the spinal Iymphatic sac of
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the frog. The heant was removed afier 2-8 days, when paralysit of the extremities developed, while in 2 frogs
zespiratory mevemenss were abset,

All the mbstances ased iz the experiments were dissolved In Ringer's solution. To avoid accumulation of
the metabolic produco, the fxids perfusing the heant were replaced by fresh portions from dme o dme,

EXPERIMENTAL RESULTS

Botulinus type A toxin, s<ministesed to the isoiated hean, caused a quick and comsiderable fall i the am-
plimde of the cardiac contractus. la 40 experiments the amplitude was only 25-15% of the oxiginal (Fig. 1, a),
which agrees with the dawa of 5. G, Serebryanaya and G. L. Skkaver [7). The toxin had the same actica on the
solated beant of a frog with preliminary bomlinus intoxication.

In our experiment the following fact called attention 10 iself: the more the cardiac contractions weme
weakened by the ue of the 1oxin, the less they were strengthened when the ventricle was perfused subsequently
by Ringer's sokution. Washing the heart with Ringer's solution after a second administration of toxin usaally did
not result in & poticeable incrrase in the amplitade of the cardiac contractions or remained totally ineffectfve.

In the fir: series of expeniments we tested the action of ATP on the heart, whether the cardiac contractiont,
weakened by the effect of the zoxin, were re-established by the subsequent washing of the ventricle with Ringer's
Duid. :
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Fig. 1. Efiect of ATR on the contractions of isolated {rog heart poisoned with
bomlinus t=xin.

2) Adminiszation of borulinus toxin (1+10°%); b} administration of ATP (1-107%
¢) adminiszmation of toxin aftez washing the ventricle with Ringes's solutioss

d) second administration of ATP.

Cms (icp 1o bottom}: record of heart contractions; time marker (3 seconds);
¥~ faoma2za of administraticn of the test substances into the heart.

Under these conditiors, stimulation of cardiac activity typical of ATP was observed. The amplitude of the
cardiac cootractions increased 400% and more, not infrequently exceeding the level registered before the admin-
isuadon of botlinus toxia into the heart,

In 2 2nd series of esperiments we stodied whether the stimulant action of ATP would persist if it was ad-
ministered 2gainst a backgruund of continuing perfusion of the heart with bowmlinus toxin. After pessistent depres-
sicn of tse heant action dwe 1o the action of oxia, the hean wai-not washed with Ringes's solutios and 0.1 ml of
ATP solation diluted 10 1-307% 10 1107 was added to the cannula. The volume of the pesfusing fluid practicall
did not change under these conditions, while the ATP concentration remained the same as i the first series of
experiments, i.e., 1-107% 30 1-10°% g/ml. The amplitude of the cardiac contractions iscrezsed noticeably



(by 2¢0-4007 and mosc) io the presence of ATP, lu spite of the continuing pe:fmléd of the ventricle with botg-
Uoos toxin (Fig. 1,0}

a the 3rd series of experiments we tnvestigated whether the depressant action of botulinus toxia os the
teart pernsists §f it Is introduced into the ventricular cavity simultancously with ATP. Experiments showed that
ATP administcred with the toxin initfally promoted the strengthening of the cardiac contractions and at firt
ghacz: forestalled the inhibitory action of the toxin on the heart. Howcver, afier 2-4 minutes the amplitude of
the contractions fell, and repeatcd administzation of ATP remained without efiect,

Essentially, in the fimst two series of experiments the mcngthcning of the action of the heart polsoned by
botulius toxin wat observed only during the inftial we of AT? ako. If the heart was washed with Ringer sola-
tice after being acted upon by ATP and then again perfused with toxin (Fig. 1, c), the stimalant action of ATP
on the heart was not evoked by repeated administration of ATP (Fig. 1, d) or was very weakly evidenced,

Thus, ATP administcred together with torin or zgainst a background of toxin activity temporarily blocked,
put ¢id not eliminate, the inhibitory effect of botulinus toxin cn the heart. Consequently, ATP cannot be regarded
a8 an antidote for botulinus toxin.

Fig. 2. Action of ATP in combination with cysteine on the contraction of isolated frog
heart poisoned by botulinus toxin.

a)Repeated administration of ATP(1 - - 1074 together with botulinus toxin (1 * +107%;

b) addition of cysteine (1 * 107%); ¢) administration of toxin after washing the ventricle
with Ringer®s solution; d) adininistration of cysteine; ¢) addition of ATP solution.
Symbols are the same as in Fig. 1.

In the 21 experiments of the 4th series we tested the effect of cysteine on the coatractions of the heart
poisoned with toxin, when repeated application of ATP did got show any stimulant action (Fig. 2, a). Immedi-
ately after the additiod of cystine, the amplitude of the cardiac contractions grew considerably (Fig. 2,b) and
was kept at a high level  for 3-4 minutcs; in addition, we obs=rved that, in the presence of cysteine alone, 3
beart poisoned with botalinus toxin began to contract more energetically. However, in § cases oat of 19, such
an effect was absent. However, {f ATP solution was added to the cannula containing ths mixture of cysteine and
toxin, the amplitude of the cardiac contractions increased and reached the original level. 1n Fig. 2, d it s ap~
‘pareat that cysicine had o noticeable action against a backgiound of toxin perfusion of the heart. It was encugh
10 234 ATP solution to the cannula for the cardiac contraction to increase considerably (Fig. 2, ¢), although ATP
@sed before this in the absence of cysteine did not evoke the nsual stimulation of the cardiac action (see Fig. 2,4}

It follows from the experiments of the 4th series that if the heart poisoned by toxin stops reacting to the
scp&rate administration of ATP and cysteine, their concurtent administration evokes anew a strengthening of the
fac comtractions. Taus, cysteine and ATF mutually maiotain the ability to stimulate the wock of the heant
poisoped by botuhnus toxin,

All the cxpcrirm.ms dexcribed above indicate indirectly that borulinus toxin acts on the epergy metaboliss
of the heart muscle, disrupting the processes of resynthesizing adenosinetriphosphoric acid. The fact that ATP
added to the perfusion flnid of the heart poisoned by botulinus toxin facilitates the strengthening of the cardiac
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contractions favom such & hypothesis, Repeated ATP administration is not accompanied by socl: scdoa. Appare
cutly, the initial administration of ATP sthinulates the decompasition of the rescrves of eoergy substances sll
stored {n the heart muscle, Repeated administration of ATP docs not have the same efiect becnnse the energy
tescrves of the heart affected by toxin are depleted, and resynthesis of them Jdoes pot oocur. Wir chserved a
similar picture of abscnce of the effect due to repeated administration of ATP when the resyminesis of energy-
sich phosphons compounds was deliberately disrupted by the elimination of the respiratory and glycolyde pw-
cesses in the bean tissue [2).

On the other hand, on the batis of experiments with cysieine, the hypothesishinot exchunzd that botnlimm
toxin irhibits the activity of adencsinetriphosphatase by blocking its sulfhydryl groups and diszmps the vtilization
of ATP when in prolonged contact with heart tissue. It 13 possible that the strengtheaing of ther cardiae contrac-
tiors undes the influence of cysteine, the bearer of sulfhydryl groaps, depends on this when the ATP expands in
ability to stimulate cardiac activity.

However, the question still remains unexplained which specific metabolic reactions anr :disrupted, which
enzyme systems blocked by botulinus toxin, Nevertheless, the fact of the independent action of botulinos toxis
con the cardiac muscle and it part in the energy metabolism of the hearnt fs sufficiently interexing and requires
further study.
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