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Despite the extensive appl icat ion of a number of drugs for the re l ie f  of spasm of the smooth muscle elements 
of the viscera,  the mechanism of their spasmolytie action remains unknown. 

In the present work we have studied the influence of a number of substances on the response of isolated smooth 
muscle to direct  e lec t r ica l  stimulation. 

The products we investigated included myotropic substances, 2,4-dinitrophenol,  and substances which influenced 
specific b iochemica l  systems. We also studied the influence of the change of the ionic composition of the solution 
bathing the muscle (absence of KC1) on direct  e lec t r ica l  exci tabi l i ty .  

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

We used smooth-muscle  segments of taenta coli  from guinea pigs. 

Direct  e l ec t r i ca l  st imulation was applied by square-wave pulses of ampl i tude  3 V, frequency 20 cycles,  and 
duration 10 mseconds. The st imulating e lect rode was insulated except  for the tip, and was made of ntchrome wire 
of d iameter  about 50 g inserted into the muscle.  The indifferent e lectrode was immersed in Tyrode's  solution which 

bathed the muscle.  We have previously described the mechanica l  recording devices [2]. 

When the Tyrode's  solution contained no KC1, an equivalent  amount of NaC1 was added; control experiments 
showed that this exchange did not al ter  the mechanica l  properties of the smooth muscle. 

Al l  the substances to be investigated were added direct ly  to the solution bathing the muscle. 

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

Contract ion of the smooth muscle induced by direct  e l ec t r i ca l  s t imulat ion lasted only during the stimulus 
period, In certain experlments,  the smooth muscle reacted to dlreet  e l ec t r i ca l  st imulation by relaxation; this effect 
usually occurred when muscle tone was raised. 

The extent  of the contraction depended on the ampli tude of the stimulus and on the duration of the individual 
pulse (the opt~mal pulse duration was 10 mseeonds or more). A change of  frequency from 20 to 100 cycles had no 
appreciable  influence on the response. 

The figure shows the influence of the substances investigated on the height  of the contraction. 

Despite the ex t remely  re laxed condltlon of the muscle,  2, 10 -7 adrenalin or 1" 10 -5 atropine did not reduce 
the response to direct  e l ec t r i ca l  st imulation (the reduced ampl i tude  of the contractions under the influence of atro- 
pine was not s ta t is t ieal ly  significant),  In the experiments with adrenal in there was some tendency for the response 
to be increased. 

Spasmolyt[n ( 4 . 1 0  -5) and dimedrol  (1 -10 "4) suppressed the smooth muscle contraction by 26 and 39% respec- 
t ively ,  It is however important  to note that the concentrations used were many times higher than the value 1- 10 -6 
which blocks the act ion of both acetylehol ine  and histamine. 
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Promedol (2.10-4) ,  dtbazol  (4 .10-5) ,  and papaverine hydrochloride ( 4 . 1 0  -5) reduced the response by 42, 43, 
and 63~ respectively.  Although the effects of  promedol  and dibazol  were not s ignif icant ly greater  than that  of d[- 
medrol  and spasmolyttn, there could be no doubt of  the increased effect  from papavertne.  
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Influence of drugs on the tone and response of 
smooth muscle to direct  e lec t r ica l  stimulation. 
Ordinate:  Below - mean values (percentage) of 
the re laxat ion of smooth muscle under the in- 
fluence of the substances investigated (the re-  
laxation of the muscle caused by adrenalin is 
taken as 100%); Above - ampl i tude  of the mus- 
cular contractions in response to direct  e l ec -  
tr ical  st imulation applied during the act ion of 
the substances (ampii tude of contraction of  the 
muscle in normal Tyrode's solution taken as 
100%). The mean values are given together 
with the confidence limits.  

As can be seen from the figure, the absence of KC1 from 
Tyrode's  solution, main ta ined  for 15 min,  did not alter the re-  
sponse. 

A study of the act ion of  2 ,4-dinl t rophenol  showed that 
exposure of  the muscle to Tyrode's  solution containing 2 .5 .10  -s  

of this substance reduced the response by 86%. 

In our experiments ,  evident ly,  the d i rec t  local  s t imula-  
tion of smooth muscle caused some indirect  muscular s t imula-  
tion as well  as s t imulat ion of the intramural  nervous system of 
the taenia colt  of the guinea pig. However, from the exper i -  
ments with atropine which blocks exci ta t ion  of the cholinergic 
nerves of taenia colt,  it is evident  that  the basis of the exc i t a -  
tion of the smooth muscle was direct  e l ec t r i ca l  s t imulat ion of 
the muscle fibers. El iminat ion of the to ta l  effect  of the nerv-  
ous component  by means of a tropine did not apprec iab ly  al ter  
the response. 

Relaxation of the smooth muscle caused b.y adrenal in or 
atropine was as a rule associated with hyperpolar iza t ion and 
s tabi l izat ion of the membrane  of the smooth muscle fibers [g, 6]. 
However, as can be seen from the results, the hyperpolar izat ion 
did not prevent the direct  e l ec t r i ca l  stimulus from ef fec t ive ly  
depolar iz ing the muscle fiber membrane  [7]. We may  there-  
fore suppose that hyperpolar izat ion of the membrane  is the re-  
lease mechanism for the re laxat ion  of the muscle induced by 
adrenalin and atropine. 

At the present t ime l i t t le  is known about whether the 
hyperpolar izat ion of  the smooth muscle fiber membrane  is the 
result of  the act ion of these substances on the whole membrane ,  
or on certain portions speci f ica l ly  sensitive to cer tain substances. 

Hyperpolar izat ion and s tabi l iza t ion  of the ce l l  membranes 
of smooth muscle [10] due to changes of the tonic composit ion 
of Tyrode 's  solution (absence of KC1) are also without effect  on 
the contract i le  properties of smooth muscle.  

Previously [2] we showed that hyperpolar iza t ion of the 
cel l  membranes occurs also when smooth muscle  is re laxed 
by papaverine.  However, as the results show, re laxat ion  in- 

duced by papaverine differs from re laxat ion caused by adrenal in or atropine. As can be seen from the figure, papa-  
verine and other myotropic substances differ from atropine and adrenal in  in strongly preventing the contract ion of 
smooth muscle in response to direct  e l ec t r i ca l  st imulation.  We cannot therefore hold to the be l i e f  that the basis of 
the muscular relaxat ion from papavertne is the change of polar izat ion of the smooth muscle membranes.  

Papaverine has no cholinolyt ic  properties [9], although, as can be seen from the experiments  with atropine, 

such properties could not change the response of the muscle to direct  e l ec t r i ca l  st imulation.  

In our study of the influence of papaverine on the biochemistry  of smooth muscle we showed that  it  suppresses 
the absorption of oxygen by the muscle [8], and enhances the ac t iv i ty  of creat inktnase [1]. These results are of par t i -  
cular interest in relat ion to investigations [4] in which it was shown that oxygen lack in the solution surrounding the 
muscle leads to loss of smooth muscle tone when there is a 50-80% reduction of the creat in  phosphate in the muscle.  

The results we have given lead to the conclusion that in the mechanism of ac t ion of  papaverine,  not only is there 
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an influence on smooth muscle membrane polarization, but also destruction of the biochemical processes responsible 
for the energy of contraction of the smooth muscle fibers plays an important part. 

Unlike papavertne, 2,4-btnitrophenol preventsthe resynthesis of ATP by lowering smooth-muscle tone; the 
demand of the muscle for oxygen is initially enhanced, and subsequently suppressed [3]. Therefore, both papaverine 
and 2,4-dinitrophenol interfere with the metabolism of the high-energy compounds, and tn this way alter the con- 
[tactile properties of smooth muscle. 

The tendency for adrenalin to increase the response of smooth muscle to direct electrical stimulation is evi-  
dently due to the fact that the smooth muscle of  taenia coil increases in length while its contractile power remains 
unchanged. It is also possible that the increased formation in the muscle of lactic acid under the influence of adrena- 
lin [11, 12] could lead to an increased response. 

S U M M A R Y  

Neither the absence of KC1 from Tyrode's solution or the presence of 2 .10  -7 adrenalin or 1 .10  -5 atropine 
altered the response of the smooth muscle of a section of guinea pig taenta coli to direct electrical stimulation. 
The response was depressed by 26, 39, 42, 43, 63, and 86% through the action of 4 . 1 0  -5 spasmolyttn, 1 .10  -4 di- 
medrol, 2 .10  -4 premedol, 4 . 1 0  -5 dibazol ,4.10 -5 papavertne, and by 2 .5 .10 -5 2,4-dtnitrophenol respectively. 
From published reports and our own results the explanation of the spasmolytic effects of adrenalin and atropine in 
smooth muscle appears to be that they act  by an alteration of the condition of polarization of the smooth muscle 
fiber membranes, whereas papaverine appears to act both on the cell membrane and on the biochemical reaction of 
smooth muscle. 
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