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In the presence of nonanticholinesterase concentrat ions of neostigmine and myotol the 
bologram of logari thm of concentration versus  effect of acetylcholine was significantly 
shifted to the left along the concentration scale,  parallel  to the original line. Cadmium 
chloride (1 x 10 .6 M) abolished this shift. With an increase in the cadmium chloride 
concentration to 1 x 10-4 M, the curve of logar i thmof concentration versus  effect of ace ty l -  
choline was shifted to the right, parallel  to the bologram obtained in the absence of cad-  
mium chloride; the contracti le response of the intestine to myotol was absent. 

Acetylchol inesterase drugs have been shown to have a direct  action on cholinergic recep tors  [1, 5, 
10, 16, 23, 24, 26, 28]. In par t icular ,  potentiation of acetylcholine effects by the action of nonanticholines- 
t e rase  concentrations of neostigmine and armine* have been shown to be due to the direct  effect of these 
drugs on cholinergic s t ruc tures  [14, 15, 29,30]. This is a fur ther  argument in support of the hypothesis 
that ant icholinesterase drugs interact  with a l loster ic  areas  of cholinergic receptors  [4, 7]. 

In the investigation descr ibed below an attempt was made to obtain additional evidence regarding the 
nature of interaction between anticholinesterase drugs and the a l loster ic  and i sos ter ic  a reas  of cholinergic 
receptor  s t ruc tures .  

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

The effect of neostigmlne (a revers ible  chol inesterase inhibitor) and of myotol (an i r revers ib le  cho- 
l inesterase  inhibitor [2, 19]) was investigated in 130 experiments  on isolated duodenal segments of sexually 
mature  noninbred albino rats .  The segments of intestine were placed in a jar  filled with oxygenated Krav-  
kov 's  solution at 37~ 

The relationship between concentration and effect of acetylcholine in the presence of nonanticholin- 
es te rase  concentrations of neostigmine and myotol was studied by the cumulative curve method [31]. The 
action of acetylcholine was investigated after  exposure of the segment of intestine for  30 min to a solution 
containing these drugs. To determine the degree of action of the drugs on acetylchol inesterase  activity 
in sections through the rat  duodenal wall, a histochemical  method was used to determine its activity [27]. 
In the experiments  of ser ies  II the effect of neostigmine and myotol in nonanticholinesterase concentrat ions 
was studied on the acetylcholine effects in the presence and in the absence of cadmium chloride (1x 10 -6 M 
to IxIO-4M). 

The cumulative curves were subjected to regress ion  analysis [22]. 

*The ethyl-p-ni t rophenyl  e s t e r  of ethylphosphinic acid. 
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Fig. 1. Choline-sensit izing action of 
nonanticholinesterase concentrat ions of 
meostigmine (A) and myotol (B) and its 
abolition by cadmium chloride (C and D). 
I) Regress ion line for bologram of log- 
ar i thm of concentration versus  effect of 
acetylcholine; II) for  bologram of log- 
a r i thm of concentration ve r sus  effect of 
acetylcholine in the presence of neo-  
stigmine (3• 10-8 M); IV) for  the same 
bologram in the presence  of myotol 
(1 • 10-16 M); III) for bologram of log- 
ar i thm of concentration ve r sus  effect 
of acetylcholine against the background 
of action of cadmium chloride (1 • 10-6 
M) in the presence of neostigmine; V) 
for  same bologram in the presence  of 
myotol. Confidence limits of c o r r e -  
sponding curves  are  shaded. 

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

The investigation showed that in the presence of non- 
anticholinesterase concentrat ions of neostigmine (3• 10-8 M) 
and myotol (1• -16 M), the bologram of the logari thm of 
concentration versus  effect of acetylcholine was significantly 
shifted to the left (between the l imits of 20 and 80% of the 
maximum effect) along the concentration scale paral lel  to 
the original curve (Fig. 1A, B). 

In the next ser ies  of experiments ,  the concentration 
of cadmium chloride (1• 10 -6 M) which, with an exposure 
of 50 rain, did not change the cha rac te r  of the cumulative 
curves  for acetylcholine and produced no significant effect 
on the tone and contracti le proper t ies  of the smooth muscles  
of the rat  duodenal segment was determined. 

Against the background of cadmium chloride in this 
concentration,  and in the presence of neostigmine (3• 10 -8 
M) and myotol (1• 10 -16 M) the shift of the bolograms of 
logari thm of concentration ve r sus  effect of acetyleholine 
was abolished (Fig. 1C, D). Meanwhile, during exposure 
for 5 rain to cadmium chloride in a concentration of 1 • 10 -4 
M, the smooth muscle of the duodenal segment was relaxed 
and its tone lowered. Against this background the bologram 
of logari thm of concentration ve r sus  effect of acety[choline 
was significantly shifted to the right, paral lel  to the original 
line, along the concentration scale (within the l imits of 20 
and 80% of the maximal effect), while the contracti le r e -  
sponse to myotol,  which was c lear ly  visible before admin- 
istrat ion of cadmium chloride,  was absent (Fig. 2). 

With an increase  in the duration of action of cadmium 
chloride (1• 10-4 M) to 20 rain, the contract i le  response to 
acetylcholine also disappeared.  Nicohexonium (2• M) 
had no effect on the charac te r  of the cumulative curves  for  
acetylcholine and myotol. 

The experiments  thus showed that in nonanticholin- 
es te rase  concentrat ions,  neostigmine and myctol had no 

substantial effect on the contracti le proper t ies  and tone of isolated segments of the rat  duodenum, but had 
a choline-sensi t iziug action. This was manifested as a significant parallel  shift to the left of the bologram 
of logari thm of concentration ve r sus  effect of acetylcholine along the concentration scale.  The choline- 
sensitizing action of neostigmine and myotol in these concentrat ions was evidently the resul t  of their  effect 
on al loster ic  a reas  of the cholinergie receptors ;  in the i r  interaction with these areas ,  these compounds 
noncompetit ively potentiated the effects of acetylcholine. 

A s imi lar  action of the ant ieholinesterase drugs was also seen relative to the al loster ic  a reas  of 
muscar ine- l ike  eholinergic recep tors ,  for  in the presence of the gangliolytic agent nicohexonium (2• 10 -4 
M), both neostigmine and myotol,  in nonanticholinesterase concentrat ions,  continued to exert  their  choline- 
sensitizing action. 

These resul ts  give experimental  confirmation that ant icholinesterase drugs can act as a l los ter ic  ef-  
fec tors ,  noncompetit ively increasing the effectiveness of interaction between acetylcholine and isos ter ic  
a reas  of cholinergic receptors  [25, 29]. 

These experiments  also indicate the role of SH-groups in the mechanism of interaction of neostigmine 
and myotol with a l los ter ic  and i sos ter ic  a reas  of muscar ine- l ike  eholinergic s t ruc tures .  In fact, against 
the background of cadmium chloride ( ix  10 -6 M) which does not significantly al ter  the charac te r  of the cu-  
mulative curves  for  acetylcholine,  the shift of the bolograms of the logar i thm of concentration ve r sus  effect 
of acetylcholine produced by neostigmine and myotol was abolished. 
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Fig. 2. Inhibition of contract i le  response  of duodenum 
to myotol  against  the background of blocking of thiol 
groups  by cadmium chloride ( isolated segment  of the 
ra t  duodenum): 1) cumulat ive curve  for  myotol  s tar t ing 
with a concentra t ion of 3• 10-7 M; 2) cadmium chloride 
( l x  10 -4 M) for  5 min.  Ar row indicates t ime  of r insing 
with K r a v k o v ' s  solution. 

This fact  conf i rms  the p resence  of thiol groups  in a l los te r ic  a r e a s  of the musca r ine - l i ke  chol inergic  
r ecep to r s  and the i r  role  in the m e c h a n i s m  of the chol ine-sens i t iz ing  action of nonant ichol ines terase  con-  
centra t ions  of neost igmine and myotol .  

The r e su l t s  suggest  that  the sulfhydryl  groups of a l los te r ic  a r e a s  of musca r ine - l i ke  chol inergic  r e -  
ceptors  a re  evidently more  sensi t ive  to the blocking effect  of ca lc ium chloride than the thiol groups of the 
i sos te r i c  a r e a s  of the chol inergic  r e cep t o r  s t ruc tu re s .  

The role  of SH-groups of i sos t e r i c  a r e a s  of musca r ine - l i ke  chol inergic  r e c e p t o r s  was demons t ra t ed  
in another  s e r i e s  of expe r imen t s  in which, against  the background of higher  concentra t ions  of cadmium 
chloride ( lx  10 -4 M) with a 5-min exposure ,  the contract i le  response  to myotol  was abolished and the bolo-  
g r a m  of logar i thm of concentrat ion v e r s u s  effect  of acetylcholine was significantly shifted para l le l  to the 
original  to the right along the concentrat ion scale .  With an inc rease  in the exposure  to 20 min,  the response  
to acetylcholine l ikewise was abolished.  

The r e su l t s  of these  expe r imen t s  a re  in ag reemen t  with the w r i t e r s '  e a r l i e r  data for  the role  of SH- 
groups of nicot ine- l ike chol inergic  r e c e p t o r s  in the m e c h a n i s m  of action of neost igmine [17]. 

The r e su l t s  showing the role  of thiol g roups  of a l los te r ic  and i sos t e r i c  a r e a s  of cholinergic r ecep to r s  
in the mechan i sm of action of an t ichol ines te rase  drugs  co r r e l a t e  well  with data in the l i t e ra tu re  on the i m -  
por tance of these  s t ruc tu r e s  during in teract ion of a number  of chol ine-posi t ive  and chol ine-negat ive drugs 
with cholinergic r ecep to r  s t ruc tu re s  [6, 9, 11, 18, 20, 21]. 
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