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In e a r l y  te tanus the fal l  in m e m b r a n e  potential  (MP) of skele ta l  musc le  f ibers  is nonspecff ic  
in c h a r a c t e r :  it is connected with the development  of hyperac t iv i ty  of the musc le s ,  and when 
this is abolished by division of the ne rve ,  the MP of the skele ta l  musc le  f ibers  r e tu rns  to 
no rmal .  In the la te  s tage of tetanus poisoning the functional p rope r t i e s  of the tetanie and 
tonic musc le  f ibers  a r e  a l t e red  to a g r e a t e r  degree  than in ea r l y  te tanus .  Adminis t ra t ion  of 
ATP,  cys te ine ,  and phenylephrine apprec iab ly  r a i s e s  the MP of the poisoned musc le  f ibe r s .  
KEY WORDS: te tanus;  muscle  f ibe r s ;  membrane  potential .  

In the "paralytic" stage of tetanus direct repetitive stimulation of a striated muscle causes it to con- 
tract, followed by a prolonged tonic aftereffect. The refractory period is considerably increased, the con- 
duction velocity along the motor nerve fibers is slowed, and often a partial block of the transmission of ex- 
citation from nerve to muscle appears and the ultrastructure of the synapses is altered. These changes are 
accompanied by a progressive disturbance of synthesis of the neuroplasm in the nerve cells and of its prox- 
imal-distal transport along thick nerve fibers [2, 4, 6]. 

It was accordingly decided to study whether the level of polarization of striated muscle fibers changes 
in the course of tetanus poisoning and whether this is connected with the selective depression of activity of 
the tetanic neuromuscular synapses while the activity of the tonic synapses remains unchanged. 

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

Exper imen t s  were  c a r r i e d  out on frogs 0Rana ridibunda) and albino ra t s  (weight 170-150 g). Tetanus 
toxin (1 MLD for  mice ,  0.00005 rag) was injected into the f rogs  in a dose of 1 rag/100 g body weight in t r a -  
muscu l a r l y  and into r a t s  in doses of 0.00001 mg/100 g body weight i n t r amuscu la r ly  (to produce local  tetanus) 
and 0.1 rag/100 g in t ravenous ly  (to produce genera l i zed  tetanus) .  On the 4th-5th day a f te r  rece iv ing  the toxin 
the frogs developed a p a r o x y s m a l  syndrome ,  which changed on the 10-12th day into "para ly t ic"  tetanus.  Lo -  
cal  tetanus appeared  in the r a t s  48 h a f t e r  the injection and genera l i zed  tetanus 30-35 h a f t e r  the injection. 

The m e m b r a n e  potential  (MP) of the musc le  f ibers  was de te rmined  in the f rogs  in an isola ted tetanic 
musc le  (sar tor ius)  and a tonic musc le  (the tonic bundle of the i leof ibrular is  and the rec tus  abdominis) ,  and 
in r a t s  ha the mixed gas t rocnemius  musc le .  The MPs of the musc le  f ibers  were  r eco rded  by the method 
descr ibed  e a r l i e r  [5]. 

ATP  and cysteine in doses of 10 mg/kg  and phenylephrine in a dose of 0.1 mg/kg  were  injected in t ra -  
per i toneal ly ;  s t rychnine in a dose of 0.2 rag/100 g body weight was injected in t ramuscu la r ly .  

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

The initial object  was to study the functional p rope r t i e s  of the var ious  types of muscle  f ibers  in frogs 
with genera l i zed  tetanus at a t ime  before  d is turbances  o c c u r r e d  in axop la sm t r anspor t ,  the conduction of 
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excitation along the nerve f ibers ,  neuromuscular  t ransmiss ion ,  and the pa ramete r s  of excitability of the 
muscles  themselves [1, 3, 4, 8]. Despite this, in frogs with the general ized f o r m  of tetanus a marked de- 
c rease  was found in ~ of the fibers chiefly of the tetanic muscles ,  whereas MP of the tonic muscle fibers 
usually showed no marked change. Meanwhile the tetanic f ibers  of the poisoned muscle,  unlike the tonic, 
lost their  ability to respond by a marked increase  in MP after  the addition of adrenalin in a concentration of 
1 .10  -G g / m l  to the Ringer ' s  solution surrounding the muscle.  A lowering of the polarizat ion level of the 
skeletal muscle f ibers  in general ized tetanus also was observed in the ra ts .  

These changes can be explained by the onset of prolonged hyperact ivi ty of the tetanic muscle f ibers 
during the spasms ,  leading to their  fatigue and to a fall in MP, as is observed during prolonged tetanic s t im-  
ulation of a skeletal  muscle [12]. The resul ts  of experiments  in which the sciat ic nerve of ra ts  was divided 
in the ea r ly  stage of tetanus and of poisoning of the frogs with strychnine confirmed this hypothesis~ In the 
f i rs t  case depression of the muscular  spast ie i ty  in the rats  r e s to red  the normal  MP of the f ibers ,  whereas 
the appearance of spast ic i ty  af ter  injection of strychnine into the frogs lowered the MP of the tetanic muscle 
fibers by about the same degree as in the poisoned animals with an intact innervation of their  skeletal mus-  
cles.  

It can be concluded f r o m  these resul ts  that changes in the level of polarization of the muscle f ibers in 
frogs and rats  on the appearance of muscular  spast ic i ty  in the stage of "spast ic" tetanus are predominantly 
neurogenie in charac ter .  

As the damage to the tetanie neuromuscu la r  synapses in tetanus poisoning p rogres sed  and their  ac -  
t ivity was blocked in the late "paralyt ic" stage in the animals the functional proper t ies  of the tetanie and 
tonic muscle f ibers were changed by a much g rea t e r  degree than in ea r ly  tetanus. In this stage MP of the 
f ibers of both tetan[c and tonic muscles  fell in the frogs.  The ability of both types of affected muscles in the 
frogs to respond by hyperpolar izat ion to the action of exogenous adrenalin (in a concentration of 1 �9 10 -~ 
g/ml) was res tored.  A sharp fall in NIP of the fibers of the mixed gas t rocnemius  muscle was observed in 
the zone of development of the paralyt ic  stage of tetanus in the rats  also. 

tt can be concluded f r o m  the resul ts  of these experiments  as a whole that the most  specific picture of 
damage to the peripheral  neuromuscula r  junctions develops maillly in "paralyt ic"  tetanus, when significant 
disturbance of the activity of the tetanie neuromuscular  synapses appear.  However, it was not c lear  how 
revers ib le  the changes in the level of polar izat ion of the muscle f ibers  are ,  or  whether they were connected 
with a deficiency of h igh-energy  compounds in the muscles  in tetanus [:10]. In the next se r ies  of experiments 
this p rob lem was therefore  studied in ra t s  with experimental  "paralyt ic"  tetanus t rea ted  with injections of 
AT:P and eysteine - the la t te r  a reae t iva tor  of thiol enzymes part icipating in synthesis [7]. These substances 
were used in doses which, under normal conditions, had no effect on the level of polarization of healthy mus- 
cle fibers. As Table I shows, injections of these substances into poisoned animals appreciably increased the 
MP of the muscle fibers in the zone of damage by tetanus toxin. These results show that poisoned muscles 
can evidently assimilate ATP and cysteine from the circulatory system and incorporate them into their me- 
tabolism, when they determine the level of polarization of the muscle fibers. 

The next problem to be studied was the extent to which the ability of the damaged rat muscle fibers to 
respond by hyperpolarization to the action of adrenergic substances on the muscle was modified. Since in 
warm-blooded animals adrenalin injected intravenously and intraperltoneally is quickly inactivated in the 
organs and tissues [9], the sympathomimetic agent phenylephrine was used for these purposes. The results 
of these experiments showed that, unlike ATP and cysteine, phenylephrine produced a hyperpolarizing effect 
in the fibers of normal muscles, and an even stronger effect in the fibers of the poisoned muscles. This in- 
dicates that in "paralytic" tetanus the changes in metabolism were not severe enough to cause the muscle 
fibers to completely lose their ability to respond by changes in the level of polarization of their membranes 
to pharmacological stimulation of the activity of the sodium pump [11]. 

To sum up, it can be concluded that in "spastic', tetanus the changes in polarization of the muscle fi- 
bers are predominantly secondary in character, associated with hyperactivity of the motor centers, whereas 
in "paralytic" tetanus the fall in MP arises probably as a result of profound disturbances of the activity of 
the tetanic neuromuscular synapses. 
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