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In expe r imen t s  on an isolated segment  of the upper  par t  of the f rog ' s  s tomach,  hemicholinium and 
t r ie thylchol ine prevented the action of aeetylchol ine,  choline, a recol ine ,  neost igmine,  and e se r ine ,  while in 
exper iments  on the frog rectus  abdominis musc le ,  they prevented the action of nicotine, subecholine (diio- 
dide of the dicholine e s t e r  of suber ic  acid),  a reco l ine ,  neost igmine,  and e se r ine .  This  action is r evers ib !e  
and depends on the concentra t ion of the substances  (both inhibitors of acetyichotine synthesis  and c.h0linomi- 
tact ic  agents) given and the durat ion of the i r  action on the t i ssues .  

The view is widely held that the action of chol inomimeties  does not depend on l ibera t ion of ace ty l -  
choline media to rs ,  and it is based on the concept that this media tor  is l ibera ted  only by presynapt ic  nerve  
endings,  t towever ,  the resu l t s  of the Iatest  investig-ations have shown that acetylcholine can be synthesized 
in the postsynapt ie  pa r t  of the synapse  and also by Shwann cel ls  [3, 7, 8, 16]. This  r a i s e s  once again the 
quest ion of the mechanism of act ion of cho! inomimetic  drugs.  

Repor t s  have r ecen t ly  been published of a number  of new chemical  compounds capable of causing 
specif ic  inhibition of aeetylehol ine  s3mthesis in the t i ssues:  hemicholinium (ftC-3; c~-~ ' -d imethylamino-  
e thanol-4 ,4 ' -b isacetophenone)  and t r ie thylcholine (N-triethylaminoethanol;  the t r ie thyl  analog of choline). 
These  subs "t.ances have been shown to produce spec i f i c  inhibition of acetylcholine s~aathesis by competi t ive 
d isp lacement  of choline f rom the Corresponding biochemical  react ions [1, 4, 5, 10, 14, 17, 18]. 

We have investig'ated the action of hemicholinium and tr iethylchoIine on exci ta t ion of the hi 0nusea r ine -  
sensi t ive)  chol inergic  r e cep to r s  of the smooth muscles  of the f rog ' s  s tomach and the N (nicotine-sensi t ive)  
choi inergic  r ecep to r s  of the f rog ~ a n a  ridibunda) rec tus  abdominis muscle under  the influence of ace ty l -  
choline chloride ( lx  10 -~, 1 x 10-s), a reeol ine  hydrobromide  (1 x 10-s), nicotine base,  and subecholine 
(1 x 10 -~, 1 x 10 -6 on the rec tus  muscle)  and of the an t ichol ines te rase  substances neostigmine (5 x 10 -{, 
2 x 10 -4) and e se r i ne  sa l icyla te  (5 x 10-~). 

Exper iments  on the isolated segment  of the s tomach were ca r r i ed  out f rom October  to Feb rua ry .  Ac-  
cording to S. t~. Belen 'kaya [2], acetylchol ine,  a reco! ine ,  and pi locarpine exci te  the gas t r ic  muscu la tu re  of 
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Fig. 1. T r a c e  of contract ions  of 
segment  of upper par t  of frogts 
s tomach.  Ar.  10 -5 indicates a c -  
tion of a recol ine  in concentra t ion 
of 1 x 10-5; TEC 0.5%, action of 
t r ie thylchol ine in concentra t ion 
of 5 x 1O-~; R i m - r i n s i n g .  

the frog,  the react ion to these chol inomimetics  cor responding  to 
that observed  in mammals  a f te r  denervat ion of the stomach.  S . t .  
Matveeva [6] found that degenerat ive changes" take place in the in t ra -  
mura l  plexuses a.nd ganglia of the f rog ' s  digestive t rac t  during the 
winter;  this p rocess  of winter degenerat ion may proceed  far  enough 
to cause death of individual par ts  o r  all of the neuron. 

EXPERI~XIE  N TA  L M E T H O D  

Isolated segments  of the upper par t  of the s tomach or  the 
rectus  abdominis muscle of the frog were pIaced in a j a r  of 

*Read at a Sswnposium on WImportance of Humoral  Fac to r s  in Synap- 
tic T ransmis s ion  of Excitat ion," Kazan'  (1965); see also " P r o c e e d -  
ings of the l l t h  All-Union Conference of Pha rmaco log i s t s  M fin 
Russian],  Moscow (1965). 
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Fig. 2; Trace of contractions of 
segment of upper part of frog's 
stomach. HC-3 2 x I0 -5 repre- 
sents action of hemicholinium in 
concentration of 2 x I0 -s. Re- 
mainder of legend as in Fig. 1. 
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T r a c e  of cont rac t ion  of 
i so la ted  f rog  rec tus  abdominis  
musc l e .  1) Act ion of neost igminc 
in concent ra t ion  of 2 x 10 -4 (1 
rain); 2) act ion of t r ie thylchol ine  
i n  c o n c e n t r a t i o n  o f  2 • i 0  -4 on  

the s a m e  nmsc le  a f t e r  r ins ing  
out neos t igmine  (30 min); 
3)  combined act ion of t r i e t h y l -  
choline (2 x 10 -4) and neos t ig -  
mine (2 x 10-4; 1 min) on the 
s a m e  musc le ;  4) liquid bathing 
m u s c l e  r cp laced  by solut ion of 
t r ie thylchol ine  (2 x i0 -4) and 
choline (5 x 10-~; 5 min); 5) a c -  
tion of neos t igmine  in concen-  
t r a t ion  of 2 x 10 -G (1 rain). 

SchucItcr+s (st~m+ach) or [{inger+s solution thL'ough which air was 
c~mtinuottsty bubbled+ Contract ions were recorded  oa a kymograph .  
A[togdthe r 60 expe r ime nts we re pe rfo rmcd  on o rgans  kd<cn from 
(;0 different  frogs of both sexes .  

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

P r e l i m i n a r y  admin is t ra t ion  of hem[chol inium or  t r i e thy l -  
choline p reven ted  the effects  of the chol inomimet ie  drugs  used in 
these expe r imen t s .  The sens i t iv i ty  of the smooth musc le  of the 
s tomach  and the s t r i a ted  rectus  abdominis  musc le  to the chol inomi-  
met ic  drugs  used was r e s t o r e d  a f t e r  r ins ing (Figs.  1-3). To p r e -  
vent the act ion of choI inomimet ics ,  high concent ra t ions  were  r e -  
quired of hemicholinium (2 x 10 .5 and higher)  at~d, in pa r t i cu l a r ,  of 
t r i e thy lchol ine  (5x 10 -3 for the s tomach  m u s e l e s ,  2 x i0 -'~ for  the 
rec tus  abdominis  muscle) ,  and the higher the concentra t ions  of 
cho l inomimet ics  used in the expe r imen t  and the longer  the i r  act ion,  
the g r e a t e r  the concentrat ions and durat ion of act ion of these  drugs  
on the t i s sues  had to be. In some e x p e r i m e n t s  (especia l ly  in the 
case  of spontaneous rhythmic act ivi ty)  hemichol in ium and  t r i e thy[ -  
choline ini t ia l ly i nc reased  the tone of the ga s t r i c  muscu la tu re ,  and 
this was followed by its rela.,mtion. Tr ie thylehol ine  p reven ted  con-  
t i nc tu re  of the s t r i a t ed  musc le  produced by neos t igmine .  The b lock-  
ing act ion of t r ie thylchot ine was abol ished by choline (Vig. 3). The 
blocking act ion of hemicholinium oa the isolated s t r i a t ed  musc le ,  
as is r epor ted  in the l i t e ra tu re ,  was abol ished by neos t igmine  but 
not by choline [15]. 

I Ience,  these expe r imen t s  c l e a r l y  demons t r a t ed  the abi l i ty  of 
speci f ic  ildaibitors ofacetylchoHne synthes is  (hemichoIinium and 
t r ie thylchol ine)  to prevent  the act ion of cho l inomimet ics  d i r ec t ly  or  
ind i rec t ly  exci t ing t i ssue  chol inergic  r e c e p t o r s  of smooth  (M r e -  
ceptors )  o r  s t r i a ted  (N recep to r s )  f rog  musc le .  

Severa l  worke r s  have shown e x p e r i m e n t a l l y  [4] that h e m i -  
cholinium abol i shes  ~he effect  of frequent  s t imula t ion  of p regang l i -  
onie f ibe r s  but does not prevent  the act ion of ex t r i n s i c  (pha rmaco-  
logical)  ace ty lchol iae  on ganglion ce l t s .  The pene t ra t ion  of h e m i -  
cholinium into ce l l s  has been shown to be d i recHy propor t iona l  to 
the degree  of the i r  exci tat ion.  Natura l ly  hemichol in ium pene t ra t e s  
m o r e  xpidly into an e l e c t r i c a l l y  s t imula ted  axon than into ganglion 
ce l l s  whose indirect  exci tat ion p r o g r e s s i v e l y  fell with a d e c r e a s e  

in the number of quanta of acetylcholine liberated by the stimulated anon in the presence of hemicholinium. 
The ability of hemicholinium and triethylch01ine observed in our experiments to prevent excitation of the 
isolated frog rectus abdominis muscle under the influence of cholinomimetics is in full agreement with 
published data concerning the posts~aptic action of these inhibitors of acetylcholine synthesis on neuro- 
muscular synapses of a recently isolated muscle [15, 17, 20]. 

There are no grounds for assuming that hemicholinium or triethylcholine participates in biochemical 
mechanisms of the postsynaptic membrane in any other ~ y  tharL in the biochemical mechanisms of the pre- 
syrmptie membrane. Nachmansohn [16] considers that the biochemical processes taking place in tile two 
membranes at a time of cholinergic excitation are id.entical. Finally, it will be noted that the results of the 
experiments described in this paper agree with previously published data on the analogous effect of sub- 
stances inhibiting acetic acid formation in the tissues on the action of pharmacological cholinomimetics 
[19]; like choline, acetic acid is essential for acetylcholine synthesis. 
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