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OF  S T R I P E D  M U S C L E  TO A C E T Y L C H O L I N E  
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Sensitivity of the frog rec tus  abdominis muscle, to acetylcholine is increased by the action of choline- 
potentiating drugs not only through inhibition of chol ines terase  activity, but also through sensit ization of 
the cholinergic r ecep to r s  of the muscle.  

Choline-potentiating (anticholinesterase) drugs have been shown to have not only an ant ichol inesterase  
action, but also cholinomimetic [5, 12] and faci l i ta tory [7, 13] effects.  In Karas ik ' s  opinion [3, 4], a poss i -  
ble component of their  effect could be an increase  in sensit ivity of postsynaptic cholinergic recep tors  to 
acetylcholine (AC), i.e., a chol ine-sensi t iz ing action. 

In the present  investigation an attempt was made to detect this chol ine-sensi t iz ing action by compar -  
ing the potentiation of the AC effect with inhibition of chol ines terase  (CE). 
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Fig. 1. Inc rease  in amplitude of ace ty l -  
choline cont rac ture  and change in choline- 
s t e ra se  activi ty of f rog rectus  abdominis 
muscle  during contact with chol ine-poten-  
tiating substances for different t imes.  
Absc issa :  duration of contact (in rain): 
Ordinate: on the left, amplitude of con t rac -  
ture compared  with control cont rac ture  
taken as 1; on the right, percentage of r e -  
sidual chol ines terase  activity. Armin  used 
in concentrat ion of 1 x 10 -6 M, neostigmine 
1 • 10 -5 M, eser ine  and nibufin 1 x 10 -4 M. 

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

Isolated rectus  abdominis muscles  of male 
frogs (Rana temporar ia)  were  placed in a bath con- 
raining aera ted  Ringer ' s  solution at 10-12 ~ The 
potentiating action was studied by comparing the 
amplitude of the cont rac ture  produced by AC or  
earbachol in a concentrat ion of 1 x 10 -G M before and 
af ter  contact for different durations with the choline- 
potentiating substances.  CE activity was determined 
by Hes t r in ' s  method [10] in muscle homogenate 
diluted 1:10. AC chloride in a final concentrat ion of 
1.7 • 10 -3 M was used as substra te .  Incubation con-  
tinued for 1.5 h at 25 ~ Muscles were  taken f rom 4 
or  5 frogs for each test.  For  determining inhibition 
of CE in time, each muscle was cut into halves. One 
half acted as control .  

EXPERIMENTAL I~ESULTS 

AND DISCUSSION 

At all levels of the effect (Table i), some 
degree of correlation was found between potentiating 
and anticholinesterase activity for contact of muscle 
and muscle homogenate with choline-potentiating 
substances for i00 min. However, this correlation 
was not high enough to indicate that the two were 
parallel and, consequently, that one effect was thus 
direct ly  dependent upon the other. The incomplete 
dependence of the potentiating effect on the degree 
of inhibition of CE was also confirmed by the actual 
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TABLE 1. Comparat ive Effectiveness of Choline-Potentiating 
Substances Acting Upon the Frog  Rectus Abdominis Muscle 

Substance 

Nlbufin * 
Eserine 
Phosphacol 
Galanrhamine 
Neosti~mine 
ArminT 
Oxazyl 

[ ~ I t h m ~  of _molar conce_____nrration_____ss 

PPz PP* PPto PM0,1 PT0,5 

Abs: 
5,3 
4.9 
5~2 
8.7 

Abs. 
Abs. 
(4.3) 
4,7 
4,8 
6,1 
6.9 

p10~,5 ="4 

r with pIo.s 
r with pMo.i 
r with PTo.5 

[ 5,7 J 5.4 labs. 

0,76 
0.29 
0.90 

0.69 
0.52 
0,96 

0,04 

0.55 

0.72 0,55 

5.0 
6.1 
8.1 
5.3 
6.8 
7.6 
8.1 

0.71 
0.68 
0,88 

0,04 
0.72 

2.3 
1.0 
]O 
7.5 
2,3 
2.1 
5.6 

--0,20 
0.69 
0,61 

Legend: PP2,3 and 10 denote increase  in AC effect by 2, 3, and 10 
t imes; PM0.1 denotes mimetic action in 10% of experiments;  PT0. 5 
twitches in half the experiments;  PI0. 5 inhibition of CE activity by 
half. 
Note. When calculating the coefficient of co r re la t ion  r ,  absence 
of effect, marked in the table as "absent;" was a s sessed  as 0. 
* p-Nitrophenyl  es te r  of dibutylphosphinic acid. 
r Ethyl-p-ni t rophenyl  es te r  of ethylphosphinic acid. 

impossibi l i ty  of achieving a tenfold potentiation with the action of eser ine  and nibufin, even when they were 
used in concentrat ions completelyinhibi t ing the muscle CE. The absence of such a relationship was re~- 
vealed more c lear ly  still when the magnitude of the potentiation of the AC effect was compared  during the 
action of the compounds in concentrat ions equally effective relat ive to CE (inhibition of CE by half-PI0.5; 
Table 1). The resul ts  conf i rm the suggestion that inhibition of CE is not the only reason  for the increase  
in the AC effect. 

Changes in potentiation of the AC effect a re  compared  with Fig. 1 with inhibition of CE of the whole 
rec tus  abdominis muscle of the f rogs for  different exposures  to the action of armin,  neostigmine (in con-  
centrat ions  potentiating the AC effect 10 t imes  in 100 rain), nibufin, and eser ine  (in the maximally effective 
concentration).  The stepwise course  of the potentiation curves  during the action of neostigmine and a rmin  
does not cor respond  to the smooth course  of the curves  of CE inhibition, but is associa ted ra the r  with the 
nonant ichol inesterase action of these compounds.  The nonant ichol inesterase nature of the second step was 
conf i rmed by its d isappearance following contact for  100 and 150 rain with a rmin  (Fig. 2). Under these 
c i rcumstances  the inhibition of CE did not disappear.  

The increase  in potentiation in time during the action of armin,  oxazyl, galanthamine, phosphacol, 
and eserine,  used in maximally effective concentrat ions,  is i l lustrated in Fig. 3. These resu l t s  show that 
the stepwise cha rac te r  of the effect occur red  not only.with a rmin  and neostigmine, but also with other 
choline-potentiating drugs.  

The nature of the nonanticholinesterase action cannot be determined f rom these resul ts .  Since the 
faci l i ta tory action implies an increase  in the l iberat ion of AC by the nerve endings, any effect on this l ibe- 
rat ion must  cause a change in the faci l i ta tory action. Addition of magnesium chloride (1.3 mM) to the 
R inge r ' s  solution, or a decrease  in the concentrat ion of calcium chloride (to 0.5 mM), which should lead 
to inhibition of AC l iberat ion [9, 10], and addition of carbachol  (0.03 ibM), inhibiting AC synthesis  [7], had 
prac t ica l ly  no effect on the potentiation. It can thus be postulated that facilitation of AC l iberat ion has no 
essent ial  role in the potentiating effect. 

The cholinomimetic  action (PM0. l in Table 1) did not co r re la te  with the ant ichol inesterase  action but 
cor re la ted  sa t is factor i ly  with the degree of potentiation at PI0. 5 and with potentiation at low concen t ra :  
t i o n s - p p  2. Despite this, no d i rec t  relat ionship between the degree of potentiation and the mimetic action 
could be deduced because cor re la t ion  was low, especial ly with PP3- It should be added that a mimetic action 
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Fig. 2. Changes in poten- 
tiation of AC effect  by a r -  
rain af ter  r insing of the 
f rog rec tus  abdominis mus-  
cle. Absc issa :  time (in 
min) of contact  with a t ta in  
(1 • 10 -~ M). Ordinate: 
amplitude of cont rac ture  
re la t ive  to control.  Shaded 
c o l u m n - b e f o r e  rinsing; 
unshaded c o l u m n - a f t e r  
r is ing.  Mean e r r o r  is in-  
dicated above and below. 
T calculated by method of 
pai red  compar isons .  
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Fig. 3. Inc rease  in aeetyl-  
choline effect as  a resu l t  of 
t rea tment  of frog rec tus  ab-  
dominis muscle with choline- 
potentiating substances.  Ab-  
sc issa :  duration of contact  
(in rain). Ordinate: increase  
in aeetylcholine effect. Sub- 
stances used_in maximally 
effective concentrat ions:  
a) armin 1 x 10 -5 M; b) oxazyl 
I x 10 .7 M; c) galanthamine 
i x 10 .5 M; d) phosphaeol 
1 x i0 -5 M; e) eser ine  
IxlO -4 M. 

was observed in 100% of the experiments  only during the action of a r -  
min and galanthamine, whereas  a potentiating effect was always 
p roduc ed. 

Hence, the nonant ichol inesterase action, concerned Mong with the ant iehol inesterase action in poten- 
tiation of the AC effect, is nei ther  faci l i ta tory nor  mimetic .  The only possible solution is to postulate the 
p resence  of a sensi t izing action. This hypothesis  is confirmed by the fact that compounds possess ing  
marked potentiating action (armin, neostigmine, and galanthamine), in the same concentrat ions and with the 
same duration of contact, also potentiated the effect of carbachol  (a cholinomimetic compound not hydrolyzed 
by CE). At the same time, compounds not showing any additional potentiating action (eserine and nibufin) 
did not potentiate the carbachol  effect. According to data in the l i terature ,  potentiation of the carbachol  
effect is also observed during the action of phosphacol [1]. These resul ts  conf i rm the original suggestion 
that the nonant iehol inesterase potentiation of the AC effect is based on sensi t izat ion of cholinergic sys tems 
of the m u s c l e s - a  chol ine-sensi t iz ing action. 

In the course  of the experiments  it was noted that compounds possess ing  high potentiating activity 
(armin, neostigmine , oxazyl, and galanthamine) caused twitching of the muscle.  Twitching was observed 
in not more  than 30% of the exper iments  in which phosphacol was used. Concentrat ions necessa ry  to 
produce twitching (PT0.5) were close to the concentrat ions potentiating the AC effect by 10 t imes.  The mean 
t ime of origin of the twitches was close to the time of reaching tenfold potentiation. Since the concent ra-  
tions causing twitching cor re la te  more  closely with the potentiating activity than with the ant ichol inesterase  
activity, it may be considered that the twitching phenomenon is based not only on inhibition of CE [15] and 
facil i tation of AC l iberat ion [2, 12], but also on sensi t izat ion of the fast  muscle f ibers  to spontaneously 
l iberated mediator .  
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