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There are indicat ions in the l i tera ture  that  botulinus toxin attacks the per iphera l  apparatus of the vagus 
nerves [6]. 

In the ear l ier  work of one of us [1], the condit ion of  the parasympathet ic  innervat ion of  the heart  of warm-  
blooded animals  was studied a t  various periods of botulinus in toxicat ion.  It was found that  botulinus type A toxin 
injures the cenl~al portions of the vagai  innervafion of the heart ,  for the most  part.  The interference with the 
parasympathet ic  innervation was evidenced b y  the disappearance of the inotropie effect  o f t h e  vagus nerves on 

the hear t  a t  the beginning of the intoxicat ion,  and then of the chronot~opic ef fec t  also. 

Some cl in ic ians  [4] allow the possibi l i ty that  botulinus toxin attacks not only the neural  apparatus of the 

heart,  but also the hear t  muscles themselves independently.  

With regard to the a t tack  on the hear t  of  co ld -b looded  animals  by bomlinus toxin, the l i te ra ture  only 

contains information on the act ion of  botulinus toxin on isolated frog hear t  [2, 3, 5]. 

Thus, S. G. Serebryanaya and G. L. Shkavera noted that  botulinus toxin leads to a no t iceab le  weakening,  

sometimes to a decreased frequency, of the contractions of  isolated frog heart;  a t ropinizat ion of the heart  

averts the act ion of  the toxin. The authors came  to the conclusion that botulinus toxin has a vagotropic act ion,  
i .e . ,  sfim ulates the parasympathet ic  nerve endings and as a result  causes a weakening of  hear t  action.  

In this work we tr ied to discover whether the vagal  inf luence on frog heart  is disrupted a t  various periods 

of botulinus in toxica t ion  and to establish whether the effect  of  botulinus toxin on isola ted frog hear t  is rea l ly  
connected with s t imulat ion of  the parasympathet ic  nerve endings or whether the toxin is able  to ac t  on the 

hear t  muscle  independent ly.  

E X P E R I M E N T A L  M E T H O D  

In the first series of experiments  (27 expericnents), the heart  of frogs, both poisoned and not poisoned by 
means of  bomlinus toxin, isolated by Straub's method with the vago-sympathe t i c  nerve trunks preserved intact ,  

were used. 

Since frogs are usually only sl ightly sensitive to this toxin, we used large d o s e s -  from 3000 to 6000 (mouse) 

MLD (1 MLD was 0.00005 rag) - -  to produce a marked in toxicat ion (pr imar i ly  deve lopment  of paralyses).  The 
t o x i n  was introduced into the spinal lymph sac; after this, the auimals  were kept  for 3-14  days at  room temper-  
atureo Then the hear t  was removed and the r a g e - s y m p a t h e t i c  trunk was s t imula ted  with current from an induction 

ce i l  (with an e Iee t romot ive  force of 2.5 V in the pr imary circuit) .  

In the second series .of exper iments  (23 experiments) ,  the ef fec t  of  the toxin on isola ted frog hear t  which 

had been a ~ o p i n i z e d  beforehand was tested, a n d  on the isolated ventr ic le  as well .  
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A cannula was inserted iu die ventricle, which was separated from the auricles. Platinum electrodes 
which were connected to the secondary windin}' of an induction( 'oi lwere brought in contact with the ventricle 

muscle,and rhythmic stimuli, above threshold in strength, were administered with a fl:equency of 30 or 20 per 
m inu re .  

Isolated frog heart is very stable lo botulimts toxin. G. L. Shkavera and S. G. Serebryanaya used concen- 
trations from 1 : 2000 to I : 400 [5]. We diluted the botutilms type A toxin in Ringer's solution and used it in 

concentrations of from 1 �9 10-a- l .5  " 10 -3. The heart was perfused with the solution, contahfing 1-1,5 mg of 
toxin, for 5-80 minutes. 

In order to e l iminate  the accumulat ion o[ metabolites,  the toxin in the cannula was replaced with fresh 
portions from t ime to time. 

E X P E R I M E N T A L  R E S U L T S  

At first we investigated the inhibitory effect of the vagus nerve on the heart 3-14 days after administering 

botulinus toxin to the frogs. The investigation showed that st imulation of the vago-s)~npathetic trunk produced 

the usual inhibitory effect on the heart until  the fourth to fifth day after administration of the toxin. On the 

Fig. 1. Stimulation of  the vago-syrnpathetic trunk of the isolated frog heart 

on the 5th (a) and oll the 8th (b) day after poisoning with botulinus toxin. 
The t ime mark for curve (a) 2 seconds; for curve(b),3 seconds; (d) is the distance 

between the induction coils. 

m 

Fig. 2. Action of botulinus type A toxin on isolated frog heart (a) unatropinized, 

b) atropinized and on isolated heart ventricle (c). 

The t ime marker for curves a and b is 3 seconds; marker for st imulation of the 

ventricle in curve c is everg-2 seco~lds;(+)--moment  of toxin administration. 
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eight  to thirteenth day we observed not iceable  disruptions of the inhibi tory ac t ion of the vagus nerve: during 
s t imulat ion of this nerve, the negat ive  inotropic act ion on the hear t  decreased (Fig. 1). In addition, the 

i r r i tabi l i ty  of the vago-sympathe t ic  trunk decreased.  Thus, if  a not iceable  vagal  effect  on the heart  was 
observed in the control animals  when the distance between the induction coils was 120-140 ram, then in the 
poisoned animals  i t  was observed at  60-100 ram. No disruptions whatsoever of the vogel  act ion on the hear t  
were observed in the control experiments  on frogs which had not been poisoned and which were kept under the 
same conditions as the exper imenta l  frogs. 

Thus, experiments on frogs poisoned with botulinus type A toxin showed that  by the 8-14th day of intoxi-  

cation,  a no t iceab le  disruption of the parasympathet ic  innervation of the hear t  developed.  

Next we were posed with the question whether the parasympathet i  c innervat ion of the isolated hear t  of 
a frog which had not been poisoned is a t tacked during perfusion of  the hear t  with massive doses of botulinus 

toxin (up to 1.5 mg  per 1 ml) .  

Before and after introduction of the toxin into the heart,  we checked the effect  of  s t imulat ion of  the vago-  

sympathet ic  trunk. We found that perfusion of  the hear t  with botulinus toxin, accompanied  by sharp hypodynamics,  
does not cause a no t iceable  disruption of the inhibitory effect  of  the vagus nerve on the heart. Negat ive  ino-  
and chronotropic act ion was evidenced to the same extent  as before introduction of  the toxin into the heart.  

Consequently, notwithstanding the presence Of signs that  the isolated heart  was poisoned with botulinu~ toxin, 
the lat ter ,  apparently,  was not able  to cause disruption of the vagus nerve endings, even though the in t ramural  
nervous system of the hear t  was washed with a solution containing a considerable concentrat ion of toxin. 

As regards disruption of  vagal  infl,~ences on the hear t  of a flog which had previously been poisoned with 

bomlinus toxin, these disruptions, apparently,  are connected pr imar i ly  with a t tack  on the central  sectio~ls of the 
prasympathet lc  innervat ion of  the heart. Thfs conclusion agrees with the results of experiments  on warm-  

blooded animals [1]. 

The next series of  experiments  was set up for the purpose of  checking whether the inhibi tory act ion of  
bomlinus toxin on isolated frog hear t  is ac tua l ly  connected with s t imulat ion of the vagus nerve endings. For 
this purpose, the hear t  was perfused with l~inger's solution containing atropine sulfate a t  a concentrat ion of 

1 " 10-~-1" 10 -4 before the administrat ion of toxin. 10-20 minutes later ,  the ac t ion of  botulinus toxin in the 
concentrations ~ v e n  above was tested when i t  was introduced into the ventr ic le  i m m e d i a t e l y  after the remova l  

of  the atropine solution from the cannula or after p re l iminary  washing of the hear t  with Ringer's solut ion.  

The exper imen~ which were carried out showed that  e l imina t ion  of  the parasyTnpathetic nerve endings 

by at ropinizat ion did not change the usual picture of  the depressant act ion of  botulinus toxin on isolated frog 

hear t  (Fig. 2). 

In order to prove that atropine e l imina ted  the parasympathe t ic  nerve endings under the conditions of our 

experiments ,  we set up 4 control experiments  in which the vago-sympathe t i c  trunk of the a t ropinized hear t  was 
s t imulated.  Consequently, the act ion of botu!inu.~ toxin on i so la ted  frog hear t  was evident  independent ly  on the 
e l imina t ion  of  preservation of the functioning of the parasya~apathetic nerve endings. Apparently,  botulinus 

toxin in large doses attacks the hear t  muscle  of frogs independent ly.  

Experiments in which the toxin was introduced into an isolated ventr ic le  which was contract ing in response 

to independent  s t imulat ion of  the muscle  by an induced current, above threshold in strength, also indica ted  the 

d i rec t  effect  of botulinus toxin on hear t  muscle.  

As Fig. 2c shows, th.e contractions of an isolated ventr ic le  weakened sharply during perfusion with 
botulinus toxin. I t  should be observed that  the i r r i tab i l i ty  of the ventr icular  muscle  did not change after 

a t tack by the toxin: the stimulus threshold remained  constant. 

Control exper iments  with pre l iminary  a t ropinizat ion of  the ventr ic le  y ie lded  the same results. 

L I T E R A T U R E  C I T E D  

[1] Mikhai lov,  V. V., Byu11. eksperim, biol. i reed, ,  195G Vol. XLI, pp. 42-45. 

!31 



[2] Petrovskii, Yu. A., Naumenko, Ya. A., and Baturenko, T. I., in the book: Botulism, pp. 399-411, 
(Dnepropetrovsk, 1937). 

[3] Serebryanaya, S. G. and Shkavera, G. L., Fiziologichesky Zhurnal SSSR, 193q, Issue 3-4, pp. 495-503. 

[4] Changli-Chaikin, P, F., Botulism, pp. 276-277 (Dneprope~ovsk, 1937). 

[5] Shkavera, G. L. and Serebryanaya, S. G., Voprosy pitaniya, 1941, Vol. X, Issue 1, pp. 36-42. 

[6] Guymn, A. C. and MacDonald, M. A., Arch. NeuroL a. Psychiat., Vol. 5'/, pp. 578-592 (1947). 

132 


