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The authors of a number of works [2, 11, 22, 23, 26, et al .]  have advanced the hypothesis that  tetanus toxin 
may increase the exc i tab i l i ty  of muscles and end-pla tes  and may even throw the lat ter  into a state of au tomat ic  ex -  

c ia ta t ion.  It has been assumed that  these mechanism underl ie the muscular r igidi ty  observed in tetanus. Harvey's hy-  
pothesis [23], which holds that tetanus toxin, being a cholinesterase inhibitor, causes continual  exci ta t ion of end-  
plates as a resutt of accumulat ion  of ace ty lchol ine ,  has a t t racted speciaI  at tention.  This hypothesis Ied to a whole 
series of confirmatory works, but their  results were very inconsistent. 

We may now consider the central  origin of the muscular r igidi ty  to be solidly established [4-6, 28, 29]. How- 
ever, the problem of the action of tetanus toxin on the peripheral  neuromuscular apparatus has lost none of its i m -  
portance.  We stil l  do not know whether this toxin affects neuromuscular transmission or the character is t ics  of the 
changes which develop in this case. Elucidation of these problems is also of general  interest in connection with the 
study of the pharmacolog ica l  properties of tetanus toxin and the solution of cer ta in  problems of neuromuscular phys- 
iology. 

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

Our experiments  were conducted on spinal (CT-Thl) cats without anesthesiaX.(ether was adminis tered only during 
preparat ion of the animal) .  Toxin in a dose of 1/100 MLD was in jec ted  f ract ional ly  into the left  gastrocnemius mus-  
cle 6-8 h and 1.5-6 days before the experiment .  We studied the e l ec t r i ca l  responses of the muscle (act ion potentials) 
on isolated and rhythmic indirect  s t imulat ion at various frequencies under normal  conditions, during poisoning with 
tetanus toxin, and under the supplemental  act ion of proserine (0.25 m l / k g  adminis tered intravenously) and d -paracur -  
arine (0.3 m g / k g  adminis tered intravenously). The muscle was s t imulated indirect ly  through the per ipheral  end of 
the sc ia t ic  nerve (the branches leading to other muscles were transected) with supramaximal  square pulses lasting 0.1 
msec. A vol ley  of 10 pulses at different frequencies was employed in rhythmic st imulat ion.  In the experiments  in-  
volving administrat ion of d-paracurar ine  we determined the rate at which neuromuscular transmission was blocked un-  
der normal  conditions and in te tanus- toxin poisoning, testing conduct ivi ty every 2 see. The act ion potentials  of the 
muscle  were led off by the method of Eccles and O'Connor [19]. 

A tota l  of 46 animals  were used in the experiments:  10 in the experiments  with proserine (8 in the control and 
5 in the e x p e r i m e n t - l . 5  h after administrat ion of the toxin) and 35 in the experiments  with d-paracurar ine  (10 in the 
control  and 20 in the e~per iment - -6-8  h and 1.5, 3, and 6 days after administrat ion of the toxin, 6 animals  in each  
group). 

The results of our investigations were uniform and we may consequently l imi t  ourselves to a general  description 
of the data. 
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Fig. 1. Electr ical  responses of normal  and tetanus-toxin poisoned 
gastrocnemius muscle to indirect  rhythmic st imulat ion at various 
frequencies under the act ion of proserine (1.5 days after adminis t ra-  
tion of toxin~, 

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

An isolated indirect  s t imulat ion produced an isolated action potent ia l  in both the normal  and " te tanized"  mus-  
cles (Fig. l a  and b); the " te tanized"  muscle  did not exhibi t  the mul t ip l i c i ty  of responses to a single s t imulat ion 
character is t ic  of the act ion of cholinesterase inhibitors [1, 7, 14, 18, 23]. 

A mul t ip l ic i ty  of responses appeared after administrat ion of the cholinesterase inhibitor proserine (Fig. l c  and 
d). However, the effect  of proserine on the " te tanized"  muscle  was substantially less marked,  occasional ly  being 
almost  ent i re ly  lacking.  This was espec ia l ly  obvious on rhythmic indirect  s t imulat ion.  

Thus, comparison of the effects of tetanus toxin and the cholinesterase inhibitor which we tested, proserine [14], 
revealed both a s imi lar i ty  and a functional  antagonism in the actions of these substances. 

Experiments involving supplemental  administrat ion of d-paracurar ine  enabled us to establish that there is a 
functional  synergism in the effects of te{anus toxin and this drug. It is manifested in the fact  that a curare block 
develops more rapidly in the presence of tetanus intoxicat ion (Fig. 2). While  under our exper imenta l  conditions the 
rate at  which neuromuscular transmission was blocked under the influence of d-paracurar ine  was 195• 15 sec, 6-8 h 
after administrat ion of the toxin i t  was increased by a factor of ah-nost 1.5 (144• 15 sec). The rate of curare-b lock  

development  increased with the duration of intoxicat ion (the difference was s ta t is t ical ly  rel iable) .  We observed a 
para l le l  progressive decrease in the in i t ia l  ampl i tude  of the act ion potent ia l  of the " te tanized"  muscle in response 
to indirect  s t imulation.  

It may be seen from the  ma te r i a l  presented that  tetanus toxin ac tual ly  affects neuromuscular transmission. 
However, this act ion is not analogous to that  of cholinesterase inhibitors. The mul t ip l i c i ty  of responses which Har- 
vey noted [23] in a " te tanized"  muscle on indirect  s t imulat ion and which enabled him to hypothesize that tetanus 
toxin has the properties of cholinesterase inhibitors apparently resulted from the pecul iar i t ies  of his exper imenta l  
conditions and~ perhaps, from increased specimen exci tab i l i ty ,  a phenomenon which may also be observed in normal 
muscle  [19, 22]. 
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Fig. 2. Dynamics of the changes in the action potentials  of the gas t rocnemi-  
us muscle  under the influence of d-paracurar ine  under normal  conditions 
and at various intervals  after administrat ion of toxin. A-D) Responses of mus-  
c le  to indirect  s t imulat ion before administrat ion of d-paracurar ine;  AI-D1) 

at instant of development  of block. 

The data obtained enable  us to conclude that tetanus toxin causes a disruption of neuromuscular  transmission. 

It is at present diff icult  to say in which portion of the process this disruption occurs or what its mechanisms 
are (the problem is now being studied). It may theore t ica l ly  be assumed that each of the stages of synaptic trans- 
mission (the presynapdc apparatus, the end-p la te ,  and the transition between the end -p l a t e  and the muscle  fiber), 
as wel l  as the muscle  fiber itself, may be acted upon by tetanus toxin. Possible ac t iva t ion  of cholinesterase has also 

been suggested. It is quite probable that  the mechanism by which neuromuscular transmission is disrupted in tetanus 
intoxicat ion is an impai rment  of mediator  discharge by the presynaptic apparatus. This hypothesis is in accord with 
the exper imenta l  results of Ambache et al.  [12], who showed that  tetanus toxin disrupts ehol inergic  transmission in 

the rabbit  iris, a t tenuat ing ace ty lchol ine  discharge, as wel l  as with data indicat ing that a " te tanized"  muscle does 
not lose its capac i ty  to react  to ace ty lchol ine  and carbochol ine [12, 23]. 

The results of the experiments involving administrat ion of proserine and d-paracurar ine  are in good agree -  
ment  if we assume that  neuromuscular transmission is disrupted under the influence of tetanus toxin and,in turn, sub- 
s tant iate  this assumption: if tetanus toxin causes a disruption of neuromuscular transmission, i t  is c lear  that the de -  
polar izat ion block which develops as a resuit of the excess of ace ty lchol ine  under the act ion of proserine must be 
a t tenuated when the muscle  is poisoned with toxin; for the same reason, a curare block,  produced as a result of in-  
sufficient end-p la t e  depolar izat ion,  develops more rapidly in a " te tanized"  than a normal  muscle.  

The theory that tetanus toxin disrupts neuromuscular transmission may also explain a pecul iar i ty  which we de -  
t ec ted  in the responses of the " te tanized"  muscle  to indirect  rhythmic s t imulat ion at  a compara t ive ly  high frequency 
(see Fig. lb) .  This pecul iar i ty  lay in the fact  that, in contrast to the normal muscle,  the poisoned muscle  was cap -  
able  of responding with increasing act ion potentials  to the first few st imuli  in the rhythmic series and main ta ined  its 
responses at  the frequency pessimal for the normal  muscle (see Fig. l a  and b). 

This phenomenon may be explained in the following manner.  It is wel l  known that a neural  impulse leaves 
behind an increased probabi l i ty  that  synchronous discharge of ace ty lchol ine  quanta wil l  occur under that ac t ion of 
the following pulse [24]. As a result, when the nerve is subjected to br ief  rhythmic s t imulat ion at  a rather high (but 
not extreme) frequency, before the presynaptic block develops [3, 8, 10, 21] the media tor  mobi l i za t ion  and discharge 
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mechanisms are ac t iva ted  [21]. Under normal  conditions, when al l  the muscle fibers and their synaptic apparatuses 
are in a compara t ive ly  uniform functional state, this mechanism promotes a pessimal muscle react ion because of 
the almost simultaneous development  of a depolar izat ion end-p la te  block in a l l  or a major i ty  of the motor units. 
In poisoning, when there are substantial differences in the functional state of the synaptic apparatuses of various 
muscle fibers, rhythmic s t imulat ion promotes involvement  in the react ion of those fibers which did not react  to the 
first few st imuli  because of disrupted synaptic transmission. The drawing of new muscle fibers into the react ion is 
manifested in the total  action potent ia l  of the poisoned muscle and maintenance  of the same re la t ive  response level  
on further s t imulat ion as a result of the intermit tent  ac t iv i ty  of the individual  muscle fibers and groups of fibers. 

This type of muscle react ion to indirect  rhythmic s t imulat ion is not observed solely in tetanus intoxicat ion.  
It is also noted in other cases of re la t ive ly  reversible functional disruption of neuromuscular transmission not pro-  
duced by end-p la t e  depolar izat ion [9, 15, 25]. 

That  tetanus toxin causes a disruption of neuromuscular transmission is of interest in several  respects. First, 
it  explains the long-known fact that, despite the r igidity,  muscular atrophy develops in loca l  tetanus, resulting from 
denervation of the muscle. It must be noted that  Harvey [23] pointed out the presence of denervation phenomena 

in the affected muscle.  

The disruption of neuromuscular transmission which occurs under the influence of tetanus toxin enables us to 
compare  its action with that of botulin toxin, which is known to disrupt transmission by hampering mediator  dis-  
charge [13, 15, 16, 27]. This comparison is of interest because of the s imilar  amino acid  composit ion of the 2 tox-  
ins and the fact  that they are products of the vi ta l  ac t iv i ty  of anaerobic Ciostridia.  Such comparisons have already 

been made in the l i terature  [13, 17, 21]. 

In connection with the data presented above special  interest inheres in the fact  that  tetanus toxin, l ike  strych- 

nine, is be l ieved to be an agent which speci f ica l ly  disrupts postsynaptic inhibit ion [17, 20, 21]. It is assumed [20, 
21] that this is effected by l iberat ion of a special  inhibitory media tor  in the inhibited synapses. This makes a press- 
ing problem of the specif ic  mechanisms by which tetanus toxin acts on synaptic apparatuses of varying functional 
impor tance ,  and, on the other hand, forces us to turn to the question of the mechanisms underlying their act iv i ty .  

If the hypothesis that an inhibitory mediator  is l iberated in inhibi ted synapses is confirmed and it is shown 

that tetanus toxin acts on the presynaptic apparatus, i t  must be acknowledged that this toxin can block the discharge 
of mediator ,  regardless of the nature of the lat ter .  The results of our investigations enable  us to assume that unusual 
denervation phenomena may develop in the central  nervous system in tetanus intoxicat ion.  

S U M M A R Y  

Comparison of the effects produced by tetanus toxin and proserine (neostigmine) demonstrated in experiments 
on cats that tetanus toxin was not a cholinesterase inhibitor,  There exists a functional antagonism between the ac -  
tion of the tetanus toxin and that of proserine. At the same time, functional synergism was found to exist between 
the act ion of the toxin and that of d-paracurar ine  as evidenced by the fact  that curare block developed more rapidly 
in the toxin-poisoned muscle than in the normal one. With increase- of intoxicat ion periods there was a drop in the 
act ion potent ia l  ampl i tude  in the muscle,  and curare block developed more rapidly.  A character is t ic  response of the 

intoxicated muscle to indirect  rhythmic .stimulation with a fairly high frequency (pessimal for the normal muscle) 
was an increase in the act ion potent ia l  during the in i t ia l  st imuli ,  and a re la t ive  maintenance  of its value during the 

la ter  st imuli .  

The results of this work permit  a Conclusion that  tetanus toxin disturbs the neuromuscular transmission, 
The possible mechanisms of this effect  are discussed. It is very l ikely  that tetanus toxin influences the excretion of 

the media tor  by the presynaptic apparatus. 
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Al l  a b b r e v i a t i o n s  of p e r i o d i c a l s  in the  a b o v e  b ib l iography  are l e t ter -bY- le t ter  t rans l i t er -  
a t i o n s  o f  the  a b b r e v i a t i o n s  as  g i v e n  in the or ig ina l  R u s s i a n  journal .  Some or all  o [  th i s  per i -  

od i ca l  l i terature may well  be avai lable  in English translation. A complete l is t  of the cover-to- 

cover Engl ish translations appears a t  the back of this issue. 
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