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Exper iments  on f rogs  and ra t s  have shown that the an t i cu ra re  and, in pa r t i cu la r ,  the ant i -  
pa ramyon  act ivi ty of choline-potent iat ing drugs is not ent i re ly  dependent on the ant ichol in-  
e s t e r a s e  ac t ionof the  compounds.  It is postulated that the antagonism to musc le  re laxants  
is pa r t i a l ly  due to the i r  chol ine-sens i t iz ing  action. 

The suggestion has been made [13, 19, 22] that the an t i cu ra re  effect  of choline-potentiat ing (anticholin- 
e s te rase)  drugs  is not due ent i re ly  to inhibition of cho l ines te rase  (CE), but also to a nonant ichol ines te rase  
action. 

In the p resen t  investigation antagonism was studied between therapeut ic  choline-potentiat ing agents not 
only with D- tubocurar ine ,  but also with its Soviet subst i tute pa r amyon  [2]. 

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

In exper iments  on ma le  f rogs  all  the compounds were  injected subcutaneously.  Choline-potentiat ing 
drugs  were  injected 10 rain a f te r  a t ropine (1 mg/kg)  and 1 rain before  D- tubocura r ine  (2 mg/kg)  or  p a r amy o n  
(2.5 mg/kg) ,  which, in control  exper iments ,  when injected into f rogs  rendered  the an imals  unable to turn  
ove r  when placed on the i r  back for  m o r e  than 20 rain. The antagonist ic  effect on the musc le  re laxants  was 
r ega rded  as pos i t ive  if the p a r a l y s i s  las ted not m o r e  than 2 rnin. The choline-potent iat ing act ivi ty of the 
compounds was expres sed  as the negative logar i thm of the concentra t ion in which, acting for  100 rain, the 
sensi t iv i ty  of the isolated frog rec tus  abdominis musc le  to acetylcholine (AC) was inc reased  by 10 t imes  

(PPl0). 

In exper iments  on ma le  r a t s  anesthet ized with urethane (1 g/kg,  in t raper i toneal ly)  and injected with 
a t ropine (10 mg/kg ,  in t raper i toneal ly) ,  pa r amyon  in a dose of 1.1 mg /kg  in t ravenously  produced pa ra ly s i s  
last ing for  6-20 rain. The moment  of onset of pa ra ly s i s  was de te rmined  f rom cessa t ion  of movemen t  of a 
f lag inser ted  into the d iaphragm.  The animals  were  kept al ive during pa ra ly s i s  of the[r  r e s p i r a t o r y  musc les  
by ar t i f ic ia l  r e sp i ra t ion  [6]. The effect  of the choline-potentiat ing drugs  was regarded  as posi t ive  if, when 
injected at the t ime  when the d iaphragm stopped contract ing,  the pa ra lys i s  was abolished in the course  of 
the next 5 rain. Minimal  doses  abolishing the pa ra lys i s  in each of two exper imenta l  r a t s  were  de te rmined  
(ED2/2 [51). 

Ant ichol ines terase  act ivi ty was de te rmined  by a co lo r ime t r i e  method [11] and exp re s sed  as negative 
logar i thms of concentrat ions n e c e s s a r y  to inhibit hydrolys is  of AC by one-half  (PI0.5). Total  CE of f rog thigh 
musc l e s  (subs t ra te  AC) and ace ty l -CE of ra t  b ra in  (subs t ra te  mecholine) were  used. The CE act ivi ty of the 
r a t s '  d iaphragm was de te rmined  h is toehemica l ly  [14] 5 min a f t e r  injection of the compounds in effect ive 
doses, and expressed by a conventional six-point scale. 
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TABLE 1. 

Animals  

F rogs  

ndices of Activi ty of Choline-potent iat ing Agents in Exper iments  on F rogs  and Rats 

Activi ty invest igated and 
unit of m e a s u r e m e n t  

An t i cu ra re  act ivi ty  (EDs0 in m m o l e s / k g )  
Ant iparamyon act ivi ty  (EDs0 inmmoles /kg)  
Ant ichol ines te rase  act ivi ty on 

musc le  CE (PI0. 5) 
Choline-potent iat ing act ivi ty on f rog  

O h0 

1.2 
1.2 
6.8 

5.2 

r 

O 

2.7 

8.1 

6.8 

< 

4.3 
2.5 
7.6 

6.2 

Rats  Ant iparamyon  act ivi ty  (EDff2 in 
m m o l e s / k g )  

Ant ichol ines te rase  act ivi ty on 
ace ty l -CE (PI0. 5) 

Inhibition of d iaphragm CE (in points) 

* Maximal  effect  28%. 
~Calcumted by extrapolat ion.  
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Fig. 1. Relat ionship between antagonism 
to musc le  re laxants  and dose of choline-  
potentiat ing drugs  in exper imen t s  on f rogs .  
a) Ant icura re  effect; b) an t iparamyon effect; 
1) effect of neost igmine;  2) of a rmin;  3) of 
galanthamine.  Absc i ssa ,  doses  of choline-  
potentiat ing compounds (in mg/kg) ;  o rd in-  
ate, f requency of prevent ion of p a r a l y s i s  
(in percent ) .  

like cu r a r e ,  p o s s e s s e s  not only an ant ipolar izing,  
evidently cannot be at t r ibuted to inhibition of CE. 

EXPERIMENTAL RESULTS 

The results of the experiments on frogs are given 
in Table i. They show absence of correlation between 
antieurare and anticholinesterase activity (r = 0.4), whereas 
correlation between the anticurare and choline-potentiat- 
ing activities is high (r= 0.96). It has previously been 
shown [8] that the potentiating effect of the frog rectus 
abdominis muscle is due not only to inhibition of CE, but 
also to a choline-sensitizing action. This suggests that 
the an t i cu ra re  effect is due pa r t i a l ly  to a cho l ine - sens i t -  
izing action. 

The ant iparamyon act ivi ty  differed f r o m  the ant i -  
c u r a r e  act ivi ty not only in that it was exhibited by only 
some  compounds,  but also that it was weakened by an in- 
c r e a s e  in dose (Fig. 1). These  d i f fe rences  a r e  undoubtedly 
due to the c h a r a c t e r  of the action of pa r amyon  which, un- 

but also a depolar iz ing effect [4]. The an t iparamyon e f f ec t  
Relat ively  weak CE inhibitors a r e  act ive pa r amyo n  anta-  

gonists ,  whereas  s t rong CE inhibitors (phosphacol and oxazil) not only do not abolish,  but may  actual ly  p ro -  
long pa r amyon  p a r a l y s i s .  These  findings a re  in ag reement  with the view of Podlesnaya  [3] that subs tances  
acting mainly  through CE inhibition can potent ia te  the effect of pa r amyon  by inhibiting i ts  hydro lys i s .  It is 
highly significant that an an t iparamyon effect  is obse rved  p r e c i s e l y  in those compounds which have a m a r k e d  
chol ine-sens i t iz ing  action [7]. This  conf i rms  the hypothesis  that antagonism to musc le  re laxants  m a y  la rge ly  
be de te rmined  by chol ine-sens i t iz ing  action. 

The chol ine-sens i t iz ing  act ion is exhibited a f t e r  adminis t ra t ion  of s m a l l e r  doses  than the ant ichol ine-  
s t e r a s e  action [10], so that with an i nc rea se  in dose  the antagonism between chol ine-potent ia t ing agents and 
pa r amyon  is rep laced  by syne rg i sm.  

In exper imen t s  on ra t s ,  the an t iparamyon act ivi ty  of the compounds did not coincide with the i r  ac t iv -  
ity in exper imen t s  on f rogs ,  p r e s u m a b l y  because  of spec i e s - spec i f i c  d i f fe rences .  These  may  be based on 
the m o r e  m a r k e d  fac i l i t a to ry  act ion of choline-potent iat ing agents in warm-b looded  animals  [9, 13]. Cor -  
re la t ion between an t iparamyon and an t icho l ines te rase  act ivi ty was also absent  in the exper imen t s  on ra t s  
(r = 0.2). No a g r e e m e n t  l ikewise was obse rved  in the deg ree  of inhibition of the d iaphragm CE, despi te  in-  
ject ion of equally effect ive doses  of the compound.  
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The absence  of cor re la t ion  between an t ichol ines te rase  act ivi ty and antagonism to musc le  re laxants  
indicates that this effect of choline-potent iat ing compounds is due par t ia l ly  to the i r  nonant ichol ines te rase  
action. It has been shown prev ious ly  that the ehol inomimetr ic  act ion does not play any significant role  in 
the an t i cu ra re  effect [16]. The fac i l i t a to ry  action, which probably  plays an important  ro le  in the an t i cu ra re  
and, perhaps ,  in the an t iparamyon action on warm-b looded  animals  [17], in the opinion of highly competent  
inves t iga tors  [20], is not the only nonant iehol ines terase  m e c h a n i s m  abolishing the block to neuromuscu la r  
conduction. The effect of t e t r ae thy lammonium is produced ent i re ly  through this fae i l i t a to ry  action [15]. Ex-  
pe r imen t s  with D- tubocura r ine -C  it  have shown that c u r a r e  p a r a l y s i s  can be abolished without d i sp lacement  
of the muscle relaxant from the cholinergic receptors of the muscles [21]. 

The results of this investigation suggest that the blocking of neuromuscular conductivity without libera- 
tion of receptors occupied by the muscle relaxant may be based on a choline-sensitizing action. Recovery 
of conductivity through the neuromuscular synapse on account of this choline-sensitizing action may take 
place through the recruiting of some of the reserve [18] receptors into synaptic transmission. For com- 
pounds possessing neither anticholinesterase nor facilitatory action, for example, for nikethamide or imid- 
azole [I, 12], the sensitizing action may be the sole cause of antagonism to muscle relaxants. The anti- 
curare effect of choline-potentiating agents in the experiments on cold-blooded animals was evidently deter- 
mined both by their antieholinesterase and their choline-sensitizing action. In experiments on warm-blooded 
animals, their facilitatory action was added to the others. 

The different types of action of choline-potentiating agents when used as antagonists of muscle relax- 
ants differ in their importance. R can be assumed that the choline-sensitizing action is more important, 
and the anticholinesterase action less important, in the antiparamyen effect than in the anticurare effect. 
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