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Disturbance of the function of single medullated nerve f ibers in tetanus is preceded by slowing of axo-  
p tasm t ranspor t  f rom the cell body into its axon. The authors consider  that a change in the functional 
proper t ies  of per iphera l  nerve f ibers is connected with disturbance of the act ivi ty of neurons as trophic 
cente rs .  

We have previous ly  shown that in the paralyt ic  stage of tetanus phasic neural influences on the skeletal 
muscles  are  lost  because of dis turbances of the trophic influences of the spinal cord motor  centers  on their  
per iphera l  nerve f ibers [7]. 

In face of data showing changes in nucleoprotein and protein metabolism in the motoneuron in tetanus 
[1, 10] and of the irnportant role of the axoplasm in nutrition of nerve fibers [2], we decided to investigate 
whether the functional changes in nerve fibers during tetanus are  associa ted  with disturbance of the flow of 
axoplasm from the nerve cell body into the axon. 

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 frogs (Ran___a ridibunda) poisoned with tetanus toxin (1 M. L. D. for 
the mouse is equivalent to 0.0000081 mg of d ry  toxin), s t rychnine,  chlorpromazine ,  and phenol. The poisons 
were injected into the right gas t rocnemius  muscle in the following doses (per 100 g body weight): tetanus 
toxin 1.4 rag, s trychnine 0.1 mg, phenol 10 rag. Chlorpromazine was injected into the dorsal  lymph sac in 
a dose of 25 rag. The exper iments  were pe r fo rmed  on special  prepara t ions  of poisoned and nonpoisoned 
animals .  To analyze the optical nonhomogeneity of the axoplasm, its movement  was recorded  by means of 
a type MKU-1 miniature motion picture camera .  F rom 2 to 6 thick medullated f ibers of the f rog ' s  sciat ic  
nerve were dissected by Tasak i ' s  method. The prepara t ion  was placed on the stage of the microf i lming ap-  
para tus  and photographs were taken with a magnification of 630 x for 2-3 h at a speed of 2 f rames / ra in .  
The p rocessed  film was examined with a p ro jec to r  at a film speed of 24 f r a m e s / s e c .  The veloci ty of flow 
of the axoplasm was calculated with the use of a s ca l e  grid, one division of which was equivalent to 10 # 
the magnification being the same as that of the single nerve f ibers .  Altogether 241 single nerve fibers were 
examined in the exper iments ,  41 of them being controls .  

To study the function of single nerve f ibers of the sciat ic  nerve,  one thick medullated nerve f iber  was 
dissected Tasak i ' s  method. The tests used to ref lect  the functional state of the single nerve fiber were  the 
duration of the absolute and relative r e f r ac to ry  periods and the veloci ty of conduction of the nervous im-  
pulse. The method by which there pa ramete r s  were determined was descr ibed previously  [6]. Altogether  
97 single medullated nerve f ibers ,  including 35 controls ,  were investigated. 

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

Despite in t ramuscular  injection of toxin, as a rule the f rogs showed no signs of development of local 
tetanus. However, when the veloci ty of flow of the axoplasm was investigated, the changes of the "poisoned" 
side were g rea te r  than on the control  side. 
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The resuIts showed that in the early stages of poi-  
soning the rate of flow of the axoplasm on the poisoned 
side increased slightly.  At later stages  (on the 4th-5th 
day after injection of the toxin), when permanent mus-  
cular rigidity or frequent spontaneous spasms were ob- 
served,  the rate of flow of the axoplasm on the "poisoned" 
side was reduced, while on the "nonpoisoned '~ side it was 
increased.  Later still  (6th-9th day after poisoning), when 
the spastic  stage in the animals had been followed by the 
paralytic stage,  the flow of axop!asm on the "poisoned" 
side was seen to have stopped, while it still  continued on 
the control side.  

The spastic and paralytic stages of tetanus poison- 
ing can thus be distinguished by the rate of flow of the 
axoplasm. The changes described above evidently arose 
because of the specif ic  action of tetanus toxin on the 
neural e lements ,  because the asphyxia assoc iated  with 
paralys is  of the musc les  of respiration did not s ignif icant-  
ly modify the rate of flow of the axoplasm [6]. 

In the next s er i e s  of experiments  strychnine or 
pheno l -~ubs tanees  inducing c o n v u l s i o n s - w a s  injected 
into frogs.  Phenol damages the spinal motoneurons,  
while strychnine affects the sys tem of internuncial neurons 
[3, 8]. In other experiments  the ve loc i ty  of axoplasm flow 
was investigated while the activity of the motoneurons 
was inhibited because of weakening (by chtorpromazine)  
or strengthening (reproduction of Sechenov inhibition) of 
supraspinat influences on them [4]. It will be seen in 
Table 1 that strychnine, by blocking inhibitory p r o c e s s e s  
in the spinal cord, acts in approximately  the same way 
as tetanus toxin in the spastic stage; the rate of flow of the 
axoplasm diminished slightly. The poss.ible initial ac -  
celeration of axoplasm flow could not be recorded. These 
results  may be explained by assuming that in the exper i -  
ments with strychnine, in contrast to the comparat ively  
s lowly  developing tetanus poisoning, severe  poisoning 
developed rapidly with well marked muscular  rigidity. 
During poisoning with phenol, on the other hand, against 
the background of development of spasms we observed a 
marked increase in the ve loc i ty  of flow of the axoplasm, 
i .e . ,  the stimulant effect  of phenol was s imi lar  to the 
action of another cell  p o i s o n - t h e  toxin of botulism [6]. 
After administration of chlorpromazine the ve loc i ty  of 
flow of the axoplasm increased slightly. Sechenov inhi- 
bition caused a s imi lar  effect. 

The study of functional propert ies  of the nerve 
f ibers showed that in tetanus only two stages can be 
distinguished instead of the three stages  observed by 
studying movement  of the axoplasm: preservat ion  of the 
properties of single nerve fibers at the normal l e v e l  in 
the ear ly  stages and their modification in the paralytic 
stage,  i .e . ,  only in cases  when we recorded cessat ion  of 
flow of the axoplasm. Under these conditions the ve loc i ty  
of spread of the nervous impulse was sharply reduced 
and the duration of the refractory periods increased.  We 
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may conclude from a compar ison  Of the resul ts  of our function tests with those obtained by Er langer  and 
Gasse r  [9] for nerve fibers of types A, B, and C that in tetanus poisoning the thick medullated nerve fibers 
lose their  ability to conduct the nervous impulse rapidly and in their  functional proper t ies  they come to r e -  
semble tonic nerve f ibers .  In poisoning with s trychnine,  phenol, or chlorpromazine ,  no changes in the func- 
tional proper t ies  of the thick medullated nerve fibers were observed.  

The fact that the functional proper t ies  of single nerve fibers are dependent on the amount of axoplasm 
entering the axon from the nerve cell body shows that in tetanus poisoning these changes are  evidently the 
resul t  of interruption of the flow into the nerve fiber of the trophic mater ia ls  neces sa ry  for maintaining its 
ability to conduct nervous impulses rapidly. 

Since it was impossible to determine to which type (sensory or motor) the thick medullated nerve 
f ibers  belonged when they were isolated from the whole nerve trunk, several  additional ser ies  of exper i -  
ments were performed.  In them we attempted to discover  what changes took place in the function of nerve 
f ibers  in the central  or  dorsal  roots.  As Table 1 shows, the values of the r e f r a c t o r y  periods and conduc- 
tion velocity of the nervous impulse in the ventral  and dorsal  roots of frogs and cats* varied with the stage 
of poisoning. In the spast ic  stage no changes were found compared with the controls ,  while in the paralyt ic  
stage the r e f r a c t o r y  periods increased  sharply and the velocity of conduction of the nervous impulse fell 
in fibers belonging to both the ventral  and dorsal  roots.  

The results  show that in para ly t ic  tetanus all the thick medullated nerve fibers may be affected r ega rd -  
less of whether they belong to the sensory  or  motor  division of the nervous sys tem.  This points to the 
"central"  pathogenic action of tetanus toxin on the nerve cells from which the thick medullated fibers 
emerge .  In this respec t  the mechanism of action of tetanus toxin is close to that of the exotoxins of other 
microorganisms of the genus Clostridium-the agents of botulism and gas gangrene [5]. 
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*Dose of tetanus toxin 0.2 m g / k g  (intramuscularly).  
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