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The functional state of the muscle receptors was studied in experiments on frogs by recording 
the spontaneous afferent impulse flow and that evoked by stretching the gastrocnemius muscle 
in the peripheral portion of the divided sciatic nerve or in dorsal roots IX-X of the spina[ cord. 
Strychnine, if injected into the general circulation or applied directly to the muscle, reduced 
spike ger~eration in the muscle receptors, but if applied to the spinal cord, it increased spike 
generation. 
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Details  of exper iments  to sLudy the effect  of strycl~mine on spontaneous and evoked act ivi ty of muscle 
r e c e p to r s  a re  desc r ibed  below. 

EXPERIMENTAL METHOD 

Experiments were carried out on frogs (Rana temporaria) with the brain and spinal cord intact. Re- 
ceptor activity was studied in the gastrocnemius muscle, as reflected in the afferent impulse flow arising 
spontaneously and evoked by stretching the muscle, and recorded in dorsal roots IX-X of the spinal cord 
or in the peripheral segment of the divided sciatic nerve. Potentials were recorded by air-filled silver 
electrodes with interelectrode distance 3-5 ram. The muscle receptors were stimulated by stretching the 
gastrocnemius muscle with a load of 50 g or by means of a special device stretching the muscle at a stand- 
ard speed for 1 rain. Evoked afferent activity was recorded I0, 20, and 60 sec after the beginning of muscle 
stretching. The mean number of spikes per second was calculated from the records of unit activity and 
their mean amplitude determined. The results were subjected to statistical analysis. 

Strychnine (0.1~c strychnine nitrate) was administered, depending on the object of the experiment, by 
injection into the submandibular lymph sac (i ml) or applied (filter paper soaked with 0.1% strychnine solu- 
tion) di rec t ly  to the spinal co rd  or  gas t rocnemius  muscle .  

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

Three  s e r i e s  of exper iments  were ca r r i ed  out: 1) with s t rychnine injected into the general  c i r cu la -  
tion (lymph sac),  I1) with s t rychnine applied to the gas t rocnemius  muscle ,  and III) with s t rychnine applied 
to the spinal cord.  

In the exper iments  of s e r i e s  I the sciat ic  nerve  (or dorsa l  roots  IX-X of the spinal cord) was divided 
uni la tera l ly  before the injection of s t rychnine ,  so that af ter  its injection no spasms developed in the muscles  
on the same side; the af ferent  impulses  r eco rded  before the injection of s t rychnine served to r e f l ec t  the 
original  functional s tate  of the r e c e p t o r s .  

The exper iments  of this s e r i e s  showed (Table 1, Fig. 1A, B) that the flow of spontaneous and evoked 
afferent  impulses  f rom the muscle  r ecep to r s  diminished af ter  adminis t ra t ion of s t rychnine and that the de- 
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Fig. 1. Effect  of s t rychnine  on f requency of spontaneous and evoked a f fe ren t  
impulses  f r o m  musc le  r e c e p t o r s .  A and ]3 r e f e r  to 2 and 10 rain r e spec t i ve ly  
a f t e r  injection of s t rychnine  into lymph sac ;  C and D r e f e r  to 10 min af ter  
appl icat ion of s t rychnine to ga s t rocnemius  musc le  and spinal  cord r e s p e c t i v e -  
ly; 1) before ,  2) a f ter  injection of s t rychnine .  Arrow m a r k s  beginning of m u s -  
cle s t re tching.  

Fig. 2. Spike act ivi ty  in dorsa l  roo ts  IX-X of spinal 
cord  before  (I) and a f te r  (II) applicat ion of stryc_hnine to 
musc le  (A) and spinal  cord  (B): 1) spontaneous,  2) evoked 
a f fe ren t  act ivi ty .  Cal ibra t ion signal:  50 #V, 0.02 sec .  
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c r e a s e  was much g r e a t e r  f r o m  those musc l e s  i n w h i c h p a r o x y s m a l a c t i v i t y  was observed .  The longer the 
s p a s m s ,  the g r e a t e r  the dec r ea s e  in the f requency and ampli tude of the r e c o r d e d  impulses .  

Application o[ s t rychnine  to the gas t rocnemius  musc le ,  as  well as i ts  injeet ioninto the lymph sac ,  was 
followed by a de c r ea s e  in the flow of a f ferent  impulses  f rom the musc le  into the CNS (Table 1; Figs .  1C and 
2A). 

In the expe r imen t s  in which s t rychnine was applied to the spinal cord the opposite effect  was obtained 
{Table 1; Figs .  1D and 2B); the flow of a f ferent  impulses  f rom the musc le  was inc reased  and not reduced.  

In all  the expe r imen t s  the f requencies  of spontaneous and evoked impulses  showed s ta t i s t i ca l ly  s igni-  
ficant changes but the changes in their  ampli tude were  not significant .  

The r e su l t s  indicate that adminis t ra t ion  of s t rychnine has an effect  on the functional s tate  of the m u s -  
cle r e c e p t o r s  mani fes ted  as a dec r ea s e  in thei r  f requency of generat ion of both spontaneous and evoked 
af ferent  impulses  and that this effect  takes place by seve ra l  pathways.  

One cause of the change in the functional s tate  of the musc le  r e c e p t o r s  is the occu r rence  of musc le  
s p a s m s .  This is conf i rmed by the fact  that a f te r  admin is t ra t ion  of s t rychnine ,  spike generat ion in r e c e p t o r s  
of musc l e s  in a s tate  of tetanic spa sm was reduced by a much g r e a t e r  degree  than in the r e c e p t o r s  of m u s -  
cles not in s p a s m  and also by the fact that the degree  of dec r ea se  in r ecep to r  activity depends on the du ra -  
tion of the s p a s m s .  The r e su l t s  a re  in ag reemen t  with data in the l i t e ra tu re  concerning the effect  of muscu-  
l a r  act ivi ty and, in pa r t i cu l a r ,  of fatigue of  a musc le  on the functional state, of the r e c e p t o r s  located in it  
[1-3]. 

Strychnine has a d i r ec t  action on musc le  r e c e p t o r s ,  as  shown by the reduction in the flow of  af ferent  
impulses  f rom the musc les  in which the development  of s t rychnine s p a s m s  was prevented by p r e l i m i n a r y  
division of the ne rves  to the musc le ,  ann a lso  by expe r imen t s  in which strychnine was applied d i rec t ly  to 
the musc le .  The r e s u l t  of the d i rec t  action of s t rychnine on the r e c e p t o r s ,  like the r e su l t  of pa roxysma l  
muscu la r  act ivi ty,  is a worsening of the functional s tate  of the musc le .  

Final ly,  s t rychnine  affects  musc le  r e c e p t o r s  also via the CNS. Muscle r e c e p t o r s  have been shown to 
be subordinated to central  effects  [5, 7, 8]. As a drug which blocks inhibitory synapses  [4, 6, 9-11], s+xych- 
nine modif ies  the c h a r a c t e r  of these effects .  Since applicat ion of s t rychnine  to the spinal cord  in the p r e s -  
ent exper imen t s  led to an inc rease  in both spontaneous and evoked r e c e p t o r  act ivi ty,  the inhibi tory neurons 
of the spinal cord can be cons idered  to have an inhibi tory action on musc le  r e c e p t o r s .  
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