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Division of a nerve leads initially to accelera t ion of the flow of axoplasm in the r egene ra t -  
ing axons, followed by a decrease  in its velocity.  Botulinus toxin damages regenera t ing 
f ibers  much more  rapidly than intact. Division of a nerve during botulism does not s t imu-  
late axoplasm t ranspor t  in the regenera t ing nerve f ibers .  

Poisoning with botulinus toxin is charac te r i zed  by a disturbance of axoplasm synthesis in the tetanic 
moto r  neurons.  This is one cause of the para ly t ic  syndrome,  the par t ia l  blocking of t r ansmiss ion  f rom 
nerve to muscle ,  and the appearance of tonic contract ions in response  to indirect  stimulation of the affected 
musc les  [3, 9]. On the other  hand, both in human subjects and animals with botulism, there  is a very  long 
period of r ecove ry  of the contract i le  function of the muscles ,  much longer than the t ime required for  r e s t i -  
tution of the nerve  f ibers  af ter  division of nerve  trunks [7, 11, 12]. 

All these observat ions suggest that the slow r ecove ry  of motor  activity of the skeletal musc les  after  
botulism is due to a dis turbance of the regenera t ive  capacity of the affected nerve cells because  of a de- 
f ic iency of axoplasm. 

To tes t  this hypothesis it was decided to study changes in the flow of axoplasm and in the functional 
state of the thick medullated nerve f ibers  during regenera t ion in intact animals and animals poisoned with 
botulinus toxin. 

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

Exper iments  were ca r r i ed  out on f rogs  (Rana ridibunda). Under s ter i le  conditions the peroneal  nerve 
was divided at the level of the upper third of the leg 1-28 days before the acute exper iment .  In the ear ly  
stages af ter  the operation botulinus toxin type A (1 M.L.D. for  mice  = 0.00001 mg of the dry  substance) was 
injected into the thigh muscles  on the side of the operation in a dose of 0.3 rag/50 mg body weight. In some 
experiments  the t runk of the peroneal  nerve was divided in f rogs receiving a pre l iminary  injection of botu- 
linus toxin in the same dose. 

The flow of axoplasm in the thick medullated nerve f ibers ,  the indices of their  r e f r ac to r iness ,  and the 
veloci ty of conduction of the nervous impulses were recorded  in acute experiments  by methods descr ibed 
previously  [4]. The effect of media tors  on the process  of regenera t ion was investigated in frogs in which a 
deficiency of adrenalin or  acetylcholine synthesis was induced by extirpation of the adrenals and pancreas  
respect ive ly  by A. V. Kibyakov's  method. The metabolic  dis turbances ar is ing in the medullectomized and 
depancreat ized animals were compensated by injection of adrenalin or acetylcholine in a dose of I ml /50 g 
body weight (concentration 1 �9 10 -4 g/ml)  into the ventral  vein 45 min before the acute experiment began [2]. 
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TABLE 1. Velocity of Movement of Axoplasm during Regenerat ion of Thick Medullated Nerve Fibers  under 
Normal  Conditions and in Botulism 

Group of animals 

~ n t a c t .  i . . . . o . . . . . J . G , . . . , o . , . ~ . 

Division of nerve:  
ear ly  stage of regenera t ion  
late 

Division of nerve  +botulinus toxin 
Para lys i s  due to injection of botulinus 

toxin plus division of nerve  . . . . . . . . .  

NO. of 
f ibers  

24 

19 
17 
14 

75 

Time after  
divis ionof 
nerve (in 
days) 

1-7 
12-29 

12-24 

14-27 

Time 
after  in- 
jection 
of toxin 

M 

18-24h 

2 - - 3  

days 

Velocity, 
R 

287"2.1  

533 • 4.2 
268• 
146 • 7 

No move-  
ment 

P 

<0.001 

< 0.001 
<0.001 
<0.001 

TABLE 2. Changes in Functional Proper t i es  of Regenerat ing Thick Nerve Fibers  against the Background 
of Acetylcholine and Adrenalin Deficiency in Animals with Botulinus Poisoning 

Group of animals 

Control  . . . . . . . . . . . .  
Ea r ly  stage of r e g e n e r a -  

tion . . . . . . . . . . . . . .  
Late stage of r e g e n e r a -  

tion . . . . . . . . . . . . . .  
Demedullation . . . . . . . .  
Demedullation + adrenalin.  
Depancreat izat ion . . . . . .  
Depancreat izat ion + 

acetylcholine . . . . . . .  
Pa ra lys i s  due to botulinus 

toxin . . . . . . . . . . . . .  
Late stage of regenera t ion 

+ botulinus toxin 
(pareses of skeletal  
muscles)  . . . . . . . . . .  

Time 
af ter  di-  
vision of 
nerves  
(in days) 

8-20 
2 
2 
2 

8-20 

No. of 
expts. 

Conduction veloci ty 
of nervous im-  
pulse (in msec)  

M 

57.7 

55.7 

47.2 
44 
48.1 
49.5 

48.3 

46.3 

10 

10 

2O 
9 
8 

13 

7 

8 

45.8 

P 

<0.1 

<0.001 
<0.01 
<0.001 
<0.001 

<0.01 

<0.001 

<0.001 

Late stage of regenera t ion 

absolute 

M 

1.7 

2.9 
2 
2.4 
2.2 

2.4 

2.5 

2.7 

P 

<0.1 

<0.001 
<0.001 
<0.01 
<0.001 

<0.001 

<0.002 

<0.001 

M 

4.1 

relat ive 

P 

<0.1 

<0.002 
<0.001 
<0.001 
<0.001 

<0.001 

<0.002 

<0.001 

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

Results indicating movement  of labeled amino acids, radioact ive isotope, and enzymes in the axons 
of the centra l  end of the divided nerve  [8, 10, 13] demonst ra ted  the need for  direct  measurement  of the 
veloci ty of movement  of the axoplasm in the regenera t ing  thick medullated axon. 

As Table 1 shows, the flow of axoplasm was considerably increased in the f ibers  of the central  end 
of the divided nerve in the f i rs t  week after  operation, but la ter  (after 1-14 days) movement  of the axoplasm 
began to slow down and its velocity was below normal .  This conf i rms the fact that increased formation and 
displacement  of the neuroplasm in the axon evidently coincides with the development of chromatolys is  and 
activation of nucleoprotein metabol ism in the body of the nerve cell [6, 10]. 

However, the functional state of the regenerat ing nerve fiber showed changes which were not s t r ic t ly  
dependent on the veloci ty of axoplasm t ranspor t .  In the ear ly  stages of regenerat ion,  for  instance, despite 
an increase  in the veloci ty of axoplasm t ranspor t ,  the thick f ibers  of the central  end of the divided nerve  
conducted nervous impulses at the same speed, and possessed  the same values of absolute and relat ive r e -  
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f rac to r iness  as intact nerve  f ibers  (Table 2). During the period of weakening of the axoplasm flow the func- 
tional proper t ies  of thick medullated nerve f ibers  composing the centra l  end of the divided nerve were ap- 
preciably  changed; the conduction velocity of the nervous impulses was reduced while the duration of the 
phases of absolute and relat ive r e f r ac to r ines s  increased  (Table 2). 

The combination of slowing of the axoplasm flow and a dec rease  in the veloci ty of conduction of the 
nervous impulse and increase  in r e f r ac to ry  period thus led to the conclusion that the late stage of regen-  
eration is charac te r ized  by a deficiency of t rophic mater ia l s  in the nerve f ibers  essent ial  for their  normal  
functional activity.  

Since the mos t  important  t rophic substances,  namely adrenalin and acetylcholine, enter  the nerve 
cells  mainly in the region of the body [2, 13], where they activate nucleoprotein metabol ism [1], it was ne-  
c e s s a r y  to determine the functional proper t ies  of the regenera t ing  nerve  f ibers  in the p resence  of a de-  
f iciency of media tor  format ion in the body. 

As Table 2 shows, in the presence  of a revers ib le  disturbance of acetylcholine and adrenalin syn-  
thesis  in the body, the spread of the nervous impulse in the regenerat ing axons is slowed, while the r e -  
f r ac to ry  period is increased  compared with the control .  Injection of compensatory  doses of adrenalin or 
acetycholine did not r e s t o r e  the normal  functional state of the regenera t ing axon by compar ison with the 
intact nerve f ibers  [5]. 

Hence, when media tor  synthesis is disturbed in the body the functional proper t ies  of the regenerat ing 
medullated nerve f ibers  are  changed soon after  division of the nerve trunk and are  not res to red  after  sa tu ra -  
tion of the body with the corresponding media tor .  

Having discovered these proper t ies  of  the change in velocity of axoplasm t ranspor t  and in the func-  
tional proper t ies  of the regenerat ing thick medullated nerve  f ibers  in intact animals,  the next step was to 
d i scover  whether botulinus toxin exerts  its usual stimulant effect on neuroplasm synthesis [4] at the stage 
of regenera t ion of the thick medullated nerve  f ibers  in frogs at which the axoplasm flow is re tarded,  and 
thei r  r e f r ac to ry  periods increase .  On the other hand, it was also interest ing to d iscover  whether nerve 
cells  damaged by botulism, in which axoplasm synthesis  is depressed  [4], respond by activation of this p ro -  
cess  soon after  division of the test  nerve trunk. As Tables 1 and 2 show, in the late stages of regenera t ion 
botulinus toxin slowed the axoplasm flow still  more ,  but had no appreciable effect under these conditions 
on the conduction velocity of the nervous impulse or on the absolute and relat ive r e f r ac to ry  period. In late 
botulism, at t imes when movement  of the axoplasm had ceased,  division of the nerves  did not r e s to re  its 
flow in the thick medullated nerve f ibers  of the central  end of the damaged nerve and had no effect on their  
functional state.  

These resul ts  suggest  that the long r ecove ry  period of the motor  function of the affected muscles  in 
convalescence af ter  botulism may be due to deep inhibition of cytoplasm synthesis in nerve cells damaged 
by the toxin. 
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