
M E C H A N I S M  O F  C H A N G E S  IN T H E  P O L A R I Z A T I O N  

O F  C R O S S - S T R I A T E D  M U S C L E  F I B E R S  

IN E X P E B I M E N T A L  B O T U L I S M  A N D  D E N E R V A T I O N  

Vo V .  M i k h a i l o v  a n d  V .  V .  M o r r i s o n  UDC 616~ 

In r a t s  with genera l i zed  bo tu l i sm the d e c r e a s e  in membrane  potent ia l  (MP) of the ske le ta l  
m u s c l e s  is nonspecif ic  in c h a r a c t e r :  it is a s s o c i a t e d  with the development  of hypoxia, and 
when a r t i f i c i a l  r e s p i r a t i o n  is appl ied  the MP level  of the ske le ta l  m u s c l e s  r e t u r n s  to n o r -  
mal .  In local  bo tu l i sm of one hindlimb in r a t s  and f rogs  the level  of po l a r i za t i on  of the musc le  
f ibe r s  is r educed  jus t  as  a f t e r  denerva t ion .  However,  the concent ra t ions  of ca t echo lamines  
and e l e c t r o l y t e s  differ  cons ide rab ly  in poisoned and denerva ted  m u s c l e s .  In poisoned and 
denerva ted  ske le ta l  m u s c l e s  d i f ferent  changes in the value of MP a l so  a r e  found a f t e r  a d -  
m i n i s t r a t i o n  of ATP,  cys te ine ,  and phenylephrineo 

In bo tu l i sm the te tanic  n e u r o m u s c u l a r  s t r u c t u r e s  a r e  s e l ec t i ve ly  damaged  while the tonic s t r u c t u r e s  
r e m a i n  intact .  At the same t ime the recep t ive  zone is widened and sens i t iv i ty  to m e d i a t o r s  is i n c r e a s e d  
[2, 8, 12]. Degenerat ion is absent  in thick te tanic  nerve  f ibers ,  while growth of nerve  f i b r i l s  is  often ob-  
s e r v e d  in the reg ion  of the end -p l a t e s  [6, 12]. Neve r the l e s s ,  some w o r k e r s  [5, 12] r e g a r d  the changes in 
the functional p r o p e r t i e s  of the ske le ta l  musc l e s  in bo tu l i sm as  the r e s u l t  of t he i r  comple te  denervationo 

It was accord ing ly  i n t e r e s t i n g  to de te rmine  how the changes in the level  of po l a r i za t i on  and in the 
concent ra t ion  of e l e c t r o l y t e s  and ca techo lamines  differ  in ske le ta l  m us c l e s  poisoned with botulinus toxin 
and denerva ted  by divis ion of the regional  ne rve  t runks .  

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

Expe r imen t s  were c a r r i e d  out on f rogs  (Rana ridibunda) weighing 50-80 g and on albino r a t s  weighing 
170-280 g. Type C botulinus toxin (1 MLD for  m i c e =  0.0006 mg of the dry  substance)  was in jec ted  into the 
l eg  musc l e s  of the f rogs  in a dose of 0.2 rag/100 g. With th is  dose the f rogs  developed a genera l  pa ra ly t i c  
syndrome  a f t e r  4-5 days .  The r a t s  r e c e i v e d  an inject ion of 0.0001 rag/100 g of the toxin into the l eg  musc l e s  
and a dose of 0.01 rag/100 g i n t r a p e r i t o n e a l l y .  In the f i r s t  ease ,  local  bo tu l i sm of the m u s c l e s  of the l imb 
into which the toxin was in jec ted  developed 3-4 days a f t e r  poisoning,  while in the second case  a genera l  p a r -  
a ly t ic  syndrome developed 18-20 h a f t e r  inject ion of the toxin~ The l eg  m us c l e s  were  denerva ted  by dividing 
the sc ia t i c  nerve in the upper  th i rd  of the thigh. 

The membrane  potent ia l  (MP) of the musc le  f ibe r s  in the f rogs  was de t e rmined  in the i so la ted  tetanic  
s a r t o r i u s  musc le  and in a tonic bundle of the i l eo f ibu la r i s  musc le ,  while in r a t s ,  which were  anes the t i zed  
with pen tobarb i ta l  in a dose of 3-4 rag/100 g body weight,  it was de t e rmined  in the mixed gas t rocnemius  
musc l e .  The MP was r e c o r d e d  by g lass  m i c r o e l e c t r o d e s  with a tip l e s s  than 1 # in d i ame te r ,  f i l led  with 
2~ M KC1 solut ion.  The m i c r o e l e c t r o d e s  were  i n s e r t e d  into the t es t  m u s c l e s  at  a d is tance  of 3-4 mm f rom 
the point of en t ry  of the ne rve .  The b iopoten t ia l s  were  led to the input of a type $1-4 osc i l lo scope  and r e -  
co rded  photographica l ly  f rom the s c r e e n .  The total  po ta s s ium and sodium concent ra t ions  in the m u s c l e s  
were  de t e rmined  by f lame photomet ry  and the ca techo lamine  concent ra t ion  f l u o r o m e t r i e a l l y .  
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June 16, 1971. 
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E X P E R I M E N T A L  R E S U L T S  

As the resul ts  in Tables 1 and 2 show, during development of the general ized paralyt ic  syndrome in 
the ra t s  the value of MP and the concentrat ions of potassium, sodium, and adrenalin in the muscles  fell 
progress ive ly ,  while at the same time the noradrenal in  concentrat ion rose .  Similar changes were found 
also in frogs,  but in these animals with general ized botulism both catecholamines accumulated in the tetanic 
sar tor ius  muscle,  while in the tonic rectus  abdominis muscle the noradrenal in concentrat ion was unchanged 
while the adrenalin concentrat ion fell a l i t t le.  At this stage of poisoning i r r igat ion of the paralyzed muscles  
with solutions of adrenalin and acetylcholine in a concentration of l x  10 -6 g/ml,  which is usually used to 
study the effect of media tors  on the polarizat ion level [1, 3], led to a corresponding increase  or  decrease  in 
the MP value~ 

Generalized botulism is charac te r ized  by hypoxia, i.e., a state in which the level of polarizat ion of the 
cell membranes  is lowered [7]~ It was therefore  decided to investigate to what extent this fact determines  
the part ial  depolarization of the muscle  f ibers in total para lys is  of the skeletal muscles  in botulism. As 
Table 1 shows, compensation of the r e sp i r a to ry  fai lure by art if icial  ventilation of the lungs r e s t o r e s  the 
normal  level of polar izat ion of the gast rocnemius muscle f ibers  of the poisoned ra ts  at the stage of depres -  
sion of spontaneous respirat ion,  thus showing that the changes in lesions of this form are revers ib le .  

In local botulism the lowering of the polar izat ion level and the deficiencies of potassium and adrenalin 
accompanied by an excess of sodium and a normal  concentrat ion of noradrenal in in the muscle  were ob- 
served only 2-3 days af ter  the development of paralysis~ These changes remained constant la ter  (until 2 
weeks) with the exception that in the late stages the concentrat ion not only of adrenalin, but also of no radren-  
alin in the para lyzed muscles  was lowered (Table 2). Similar changes were found in frogs~ 

In both general ized and local botulism the decrease  in MP was thus regular ly  linked with a selective 
decrease  in the potassium concentrat ion in the muscle  tissue ; no corre la t ion was found between the level 
of MP and the catecholamine concentrat ion in the poisoned muscles  despite the ability of the biogenic amines 
to modify the polarizat ion level of muscle fibers [10]o This last  p roper ty  is usually attr ibuted to disturbance 
of the activity of the sodium pump [11], a sys tem functioning with the part icipation of ATP [9]. Table 1 
shows that 15-20 min af ter  intraperi toneal  injection of ATP (10 mg/kg,  a dose delaying the development of 
muscular  degeneration after  division of the nerve [4]) the level of polarization of the f ibers  of the poisoned 
muscles  rose  considerably.  A s imi lar  effect was observed after  the corresponding injection of the the ra -  
peutic dose of phenylephrine (0ol mg/kg) and a specially chosen dose of cysteine (10 mg/kg)o These r e -  
sults show that a reversable  deficiency of ATP and sulfhydryl groups probably a r i ses  in the affected m u s -  
cles,  when the muscle  f ibers a re  still capable of increas ing  the polar izat ion of their  membranes  in response  
to the action of the stable sympathomimet ie  agent phenylephrine.  

However, the mixed charac te r  of the muscle  did not permit  the action of the various drugs on phasic 
and tonic muscle f ibers separa te ly  in ra ts  to be differentiated. 

In technically s imi lar  experiments  on rats  after  division of the nerve trunks it was found that, despite 
the decrease  in MP in the denervated mixed muscle,  the decrease  in the potass ium level in the ear ly  and 
late stages af ter  division of the nerve was less  marked than in the same muscle  when poisoned with botuli-  
nus toxin. The sodium concentration, on the other hand, was unchanged in the ear ly  period af ter  denerva-  
tion, and later  it increased.  A more  marked deficiency of adrenal in  developed in the denervated muscles  
than in the poisoned muscles ,  but the noradrenal in concentrat ion in these muscles  was normal .  Injection 
of ATP and cysteine into the rats  increased the MP value ve ry  slightly in the denervated muscles ,  and only 
phenylephrine r e s to red  the MP level to the control values.  

It can be concluded f rom these resul ts  that changes in the polar izat ion of muscle  fibers and in the con-  
tent of catecholamines and e lect rolytes  in the skeletal muscles  in botulism and after  denervation are d i s -  
s imi la r  in cha rac te r .  The reason for this is evidently because in botulism mainly the activity of the tetanie 
fibers is depressed and the activity of the tonic neuromuscular  s t ruc tures  remains  intact, whereas  af ter  
denervation the trophic influence of both phasic and tonic nerve fibers on the effector  is completely abolished. 

1. 
2. 
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