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In this work, we report experimental data indicating that narcotics can either diminish or completely prevent 
potassium contracture of a skeletal muscle, but do not affect acetylcholine contracture. 

E X P E R I M E N T A L  METHODS 
A grass frog's isolated rectus abdominis muscle was placed in a small jar containing a Ringer's solution, under 

conditions of continuous aeration. One hour after isolation of the muscle, supralirninal concentrations of potassium 

chloride (1: 1000-1: 1300, most often 1: 1500) were added to the solution washing the muscle. The muscle's contrac o 
tions were recorded on the smoked tape of a kymograph cylinder for two minutes. At the end of this time, the Ringer's 
sointion was changed several times, and then the positive reaction of the muscle to ~cetylcholine(l:  5 million - 1 : 1 
million) was tested in 5 out of 39 experiments. After a fresh washing out, one of the following narcotics was addedto 
the jar: ether (0.1-0.2 ml per 10 ml Ringer's solution), isoamyl alcohol (1: ] 000), amytal sodium (1: 10000), pentothal 
(1: 4-2000) and Neuronal (1: 4000). The reactivity of the muscle to potassium ions and acetylcholine in the above 
concentration was then tested again after 15-60 min, in all 39 experiments this time. Only one of the narcotics, used 
once, was tested in each experiment. 

The same experiments were then performed on a rat's diaphragm. The preparation was prepared according to 
Btilbring [3] and t~ansferred to a small bath containing Tyrode's solution (100 ml) saturated with oxygen through a 
hollow glass hook. A general-purpose thermostat was used to keep the temperature of the nutrient solution at 24-25 ~ 
The nerve was put on electrodes of Nllbring's design. Stimulation was done by means of an electron stimulator 
generating square-wave impulses 0.5 msec in duration and 12 imp/rain in frequency. The contractions were recorded 
on the smoked tape of a kymograph cylinder. 

The order of the experiments was as follows: the contractile reaction of the diaphragm was tested under con- 
ditions of indirect stimulation of the latter; the stimulator was then turned off, and the reactivity of the muscle to 
potassium ions was tested by adding a potassium chloride solution in supraliminal concentrations (1 : 300-1 : 250) 
to the bath containing the muscle. The diaphragm contracture was recorded for three minutes, after which the potas- 

Fig. 1. Effect of amytal sodium on 
potassium (prevented development) 
and acetylcholine (did not prevent 
development) contractures of a frog's 
rectus abdominis muscle. Concentra- 
tions: potassium chloride 1 : 1000; 
acetylcholine 1 : 1000000; amytal 
sodium 1 : 1.000000 for 60 rain, then 
potassium chloride 1 : t000, aeetyl- 
choline 1 : 1000000. 
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Fig. 2. Effect of  e thyl  ether on 

potassium (prevented development)  
and ace ty lchol ine  (did not prevent 
development)  contractures of a frog's 

rectus abdominis muscle .  Concen-  

trations: potassium chloride 1:1000, 

washed out; e thyl  ether 0.2 mt  per 
10 ml  for 30 rain; potassium chlo-  
r ide 1:1200; ace ty lcho l ine  1:1000000, 

washed out; potassium chloride 1:1000. 

slum chloride was washed out by changing the Ringer's solution three t imes.  Electr ic  s t imulat ion of the nerve was 
resumed 5-10 rain la ter ,  with the st imulator  operating under the same conditions as before.  A narcot ic  was added to 

the ba th  (1 : 750-500 h e x e n a l ,  1 : 8000-1000 amyta l  sodium, 1 : 2000-1000 Neuronal) on a background of cont inu-  
ous rhytI~rnic contractions of  the muscle .  The s t imulat ion was stopped after 88-80 min,  and the muscle ' s  react ion 

to potassium chloride tested again,  the la t ter  being used in the same concentrations as in the control  test.  

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

Al l  the experhnen ta l  narcotics considerably reduced or even to ta l ly  inhibited potassium contracture of a frog's 
rectus abdominis muscle ,  but did not inhibi t  the ace ty lcho l ine  react ion (Figs. 1 and 2, Table  1). 

The height  of the ace ty lchol ine  contractures in the control  and exper imenta l  tests showed that  the narcotics 
did not reduce the ampl i tude  of the ace ty lcho l ine  contract ion of  the muscle  in any of the five experiments.  In a 

TABLE 1. Effect of Narcotics on Reactivi ty of Frog's Rectus Abdominis  Muscle to Potassium Ions 

(1 : 1000-1 : 2000) and to Ace ty lchol ine  (1 : 5 mi l l i on -1  : 1 mi l l ion)  

Tota l  num-  

ber of  ex-  

per iments  

10 

8 

10 

5 
6 

Tota l  . . .39 

Name and concentration 

of narcotic 

Ethyl ether 1 : 100-1 : 200 
(0.1-0,2 m l  per 10 rot) 

Isoamyl a lcohol  I : t000 
Amyta l  sodium, 1 : 10000 
Pentothal,  1 : 4000-1 : 2000 

Neuronal, I : 4000 

Potassium contracture 

in-  

hibi ted 

25 

dirnin-  
ished 

11 

un- 

changed 

Reaction to 

ace ty lchol ine  

Retained 

number of tests, the narcot ics  even induced some increase in the height  of the ace ty lchol ine  contracture.  The in-  
crease in the ampl i tude  of  the contract ion cannot be ascribed to the inhibitory effect  of the narcotics on cholinesterase,  
as certain authors have assumed oN the basis of both in vitro and in vivo experiments.  Specif ic  investigations have 
been  conducted which exclude this possibil i ty:  on a tonic  muscle  exhibi t ing no ace ty lcho l ine  pessimum (frog's 
rectus abdominis  muscle),,  narcotics inhibit  chol inergic  guanidine tremors, preventing contracture; if  narcotics in-  
hibi ted hyperkinesia by inhibit ing cholinesterase and thereby promoting an accumula t ion  of a surplus of ace ty l -  
choline,  contracture would rapidly develop when the hyperkinesia of a tonic muscle  is inhibited [1]. 

The experiments  performed on a ra t ' s  diaphragm showed that,  in the exper imenta l  concentrations, the nar-  
cotics ei ther  did not change the muscle ' s  react ion to indirect  s t imulat ion at  a l l  or only sl ightly reduced it (decrease 
in the ampl i tude  of the contractions did not exceed 15-20% of the original).  There was a considerable decrease,  
however, in the height  of the potassium contracture:  hexenal  and amyta l  sodium reduced in 70% on the average,  
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Neuronal, by as much as 80%. Neuronal not only induced particularly strong inhibition of the potassium reaction of 
the muscle, but also diminished its reaction to indirect stimulation more than the other narcotics. 

If the action of the parcotic was sufficiently prolonged (over 2 hrs), total inhibition of the muzcle's reaction 
to potassium ions occurred, although the indirect excitability was retained (Fig. 3, a, b, Table 2). The effect of 
the narcotics was reversible: after the muscle had been rinsed 3-15 min with Tyrode's solution, the height of the 
potassium contracture equalled the original. 

The following main differences in the reactions of the muscles of cold- and warm-blooded animals were ob- 
served: 1) the potassium chloride concentrations inducing definite contracture of the diaphragm were 6-7 times 
higher than those exerting an analogous effect on the frog's rectus abdominis muscle; 2) the concentrations of the 
narcotics which reduced or inhibited potassium contraeture of the diaphragm were 4-5 times as high as those required 
for a similar effect on the frog's rectus abdominis muscle. 

a b 

amytal 1355 
sodium 

Fig. 3. Effect of amytal sodium on potassium contracture 
and indirect excitability of a rat's isolated diaphragm. A) 
Muscle tremors induced by indirect stimulation, potassium 
chloride added (1 : 250) when stimulation ceased, tremors 
and contraeture effeeted by KC1; B) muscle contractions 
during 45 min influence of amytal sodium (1 : 1000) in 
response to indirect stimulation; potassium chloride (1 : 
: 250) added when stimulation ceased. The tiny fluetua- 
cions recorded on the kyrnogram while the muscle was at 
rest are the movements of the rod caused by the aeration 
of the Tyrode's solution. 

TABLE 2. Effect of Narcotics on Reactivity of a Rat's Isolated Diaphragm to Potassium Ions (1 :300 - 

1 : 200) and Indirect Stimulation 

Total 
Number of 
experiments 

T o t a l . . .  23 

Name and con- 
centration of 
narcotic 

Amytal sodium, 
1 : 3000-i : I000 

Hexenal, 
1. : 750-1 : 500 

Neuronal, 
I : 2000-i : I000 

Potassium contracture I 

t ~  Q) 

4 

I 

0 

Z 

0 3 

0 6 

0 5 

0 14 

Indirect ex- 
citability 

�9 
taO 

2 1 

4 2 

2 3 

6 

Since the rat's diaphragm did not react in our experiments to acetylcholine introduced from without, we studied 
the cholinergic reaction of the muscle under conditions of its indirect stimulation. There are essential differences in 
the excitation processes caused by exogenous and endogenous acetylcholine; the results obtained in the experiments 
testing the reaction of the frog s muscle to acetylcholine and that of the rat's diaphragm to indirect stimulation when 
the muscles were poisoned with narcotics can therefore be compared only conditionally. The experimental data in- 
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dicate, however, that in both cases, the muscle's contractile reaction to potassium ions was int~tbited by narcotics 

considerably more than the reaction to acetylcholine was. These data suggest that the skeletal muscles contain a 
structural component which selectively reacts to potassium ions more than to acetylcholine and is inhibited by nar- 

cotics. The exact nature of this component is discussed in V, M. Karasik's article [2]. 

S U M M A R Y  

Narcotics reduce or even depress potassium contractum of the frog rectus abdominis, not only without decreas- 
ing, but often even with increasing its acetylcholine contracture. Analogous data were obtained on the rat phrenicus- 
diaphragm preparations. A suggestion was made on the presence of structural component in the skeletal muscle react- 
ing more selectively on the potassium ions than on the acetylcholinc this component is depressed by narcotics. Aug- 
mentation of the acetylcholine contracmre under the effect of narcotics does not depend on the cholinesterase de- 
pression, since this possibility is exluded by investigations of V. M. Karasik and E. V. Moreva in 1958. 
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All abbreviations of periodicals in the above bibliography are letter-by-letter transliter- 
ations of the abbreviations as given in the original Russian journal. S o m e  or all  o[ t h i s  peri-  

o d i c a l  l i t e r a t u r e  may  we l l  be  a v a i l a b l e  in E n g l i s h  t rans la t ion .  A complete list of the cover-to- 
cover English translations appears at the back of this issue. 
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