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The antagonism between the actions of the sympa-  
thet ic  and parasympathet ic  nerves of smooth muscle 

structures is a well known fact.  In some cases the sym-  
pa the t ic  nerve causes contract ion of a smooth muscle 
(for example ,  the retractor  penis muscle of the dog, the 

n ic t i ta t ing  membrane of the cat),  and in others i t  causes 

re laxa t ion  (for example ,  the musculature of the bronchi, 
the gastrointest inal  t ract ,  and so on). A s imilar  dualism 

Is observed in the ac t ion of the parasympathet ic  nerve. 
For a long t ime the class ical  concept  of a pure an tago-  

nism between the sympathet ic  and parasympathe t ic  sys- 

tems has been inadequate for the explana t ion  of the var -  
ie ty of their  mutual  relationships.  The nerves of one 
system may  be ei ther  inhibi tory or s t imulatory,  depend-  
ing on the region which they innervate,  and on the state 
of the tissue on which they act .  In cer ta in  doses, the a c -  

t ion of both adrenal in  and ace ty lchol ine  may  be mutua l -  

ly  potent ia t ing  [1, 5, 9, 10]. 
In exper iments  carried out on a ring of smooth mus-  

cle from the taenia  col i  of the guinea pig, Bulbring [7, 8] 

obtained results which showed a connect ion  between 
stretching and the frequency of the act ion currents and 
the membrane potent ia l  of the smooth muscle fiber. He 
found that  the effect  of mediators was s imi lar  to the 

e lec t ro tonic  influence of two di rec t  current poles. By 
the ac t ion of ace ty lchol ine  or the cathode,  the frequency 

of the act ion potent ials  is increased and the membrane 
poten t ia l  falls;  conversely,  by the act ion of adrenal in  or 
the anode, a rise in the membrane poten t ia l  and a d e -  
crease in the frequency of ac t ion  currents are observed. 
Thus, when the interval  of t ime between two act ion cur -  
rents is lengthened (under the influence of adrenal in  or 
of s t imula t ion  of the sympathet ic  nerve), re laxat ion  of 
the smooth muscle of the taenia  col i  takes p lace ,  and 
conversely,  when the act ion currents are more frequent 
(as a result of the ac t ion  of ace ty lchol ine  or of s t imu la -  
tion of the parasympathe t ic  nerve), every smal l  inc re -  
ment  of tension following af ter  every act ion current un-  
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dergoes summation with others of the same kind, thereby 
creat ing a genera l  contraction.  

These findings suggest that the ac t ion of antagonis-  
t ic  nerves usually consists essent ial ly  of a change in the 
funct ional  state,  a change in the interval  between the 
exci ta t ions  in the smooth muscle cel l ,  i .e . ,  in other 

words to a change in the l ab i l i ty  of the ce l l .  We there-  
fore undertook to investigate the act ion of the sympathe-  
t ic  and parasympathet ic  nerves on smooth muscle,  and to 

determine the l ab i l i ty  of the lat ter .  

METHOD 

Experiments were carried out on 27 dogs under mor-  
phine-ure thane anesthesia. The test ob jec t  used was the 
retractor  penis muscle of the dog, innervated by both 
sympathet ic  (sympathet ic  trunk) and parasympathet ic  
(pelvic  nerve) nerve fibers. St imulat ion of the sympa-  

the t ic  nerves causes contract ion of the muscle, and 
s t imulat ion of the parasympathet ic  ne rves - r e l axa t ion .  

Immersible  e lect rodes  were used for the nerves, and 
p la t inum needle e lectrodes for s t imulat ion of the mus- 
cle .  We determined the l imits  of the opt imal  frequency 

and also the frequencies which led to pessimal r e l axa -  
t ion during direct  s t imulat ion of the muscle. These va l -  
ues were de te rmined  before and after s t imulat ion of the 
sympathet ic  and parasympathet ic  nerves, and also after 
giving the an imal  an intravenous in jec t ion  of ei ther  1 0  
cocaine (after  11/2-2 hours) or adrenal in  (after  30-40 
minutes) in a dilution of 1:1000, or eserine in a dilution 

of 1:10,000 (after  90-40 minutes). In the exper iments  
in which we recorded the b ioe lec t r i ca l  ac t iv i ty ,  the 
muscle was a t tached under isometr ic  conditions. The 
currents of act ion in response to direct  s t imulat ion of 
the muscle were taken by nonpolarizing electrodes to 
the input of a type UIPP-2 constant current ampl i f ie r  
with a coeff ic ient  of ampl i f i ca t ion  of 50,000 and re -  
corded on the tape of an MPO-2 8- loop oscillograph. A 
reduction in the magnitude of the loops of current during 



Fig. 1. Optimum and pessimum of the frequency 
of stimulation before and after stimulation of the 
sympathetic and parasympathetic nerves. Signifi- 
cance of the curves (from above down): myogram, 
time marker (5 seconds), stimulation marker. Fig- 
ures -- frequency of stimuli per second, M.r. - 
direct stimulation of the muscle; N.e,r,-- stimula- 
tion of the parasympathetic nerve; Ns. -- stimula- 
tion of the sympathetic nerve. A and B -- tracings 
in two experiments. 

direct stimulation was achieved by the use of a separating 
transformer. The index of lability was the highest fre- 
quency of the action currents and the level of their am- 
plitude. The magnitude of the resting currents wasshown 
in millivolts on the scale of the amplifier. 

RESULTS 

In the experiments using the myographie method of 
recording, obvious shifts were observed in the limits of 
the optimal and pessimal frequencies of direct stimula- 
tion of the muscle immediately after stimulation of the 
nerves. In all cases during stimulation of the pelvic 
nerve (parasympathetic nerve), the limits of the optim- 
um and pessimum were displaced towards the lower fre- 
quencies. As may be seen from Fig. 1, A, before stimu- 
lation of the pelvic nerve, the optimal contraction de- 
veloped at a frequency of stimulation of 62 imp/see. 
After stimulation of the pelvic nerve, the limits of the 
optimum were shifted to 60 imp/see, and the pessimum 
now developed at a frequency of 80 imp/see. A differ- 
ent picture was observed after preliminary stimulation 
Of the sympathetic nerve. The limits of  the optimal and 
pessfmal frequencies of stimulation in this case were dis- 
placed towards the higher frequencies. In Fig. 1, B, we 
show the myogram from one of the experiments. We can 
see that before stimulation ef the nerves, the limits of 
the optimum and pessimum were respectively: 60 imp/ 
see-optimum, and 90 imp/see-pessimum; after stim- 
ulation of the pelvic nerve these limits felh to 58 imp/ 
see-optimum, and 80 imp/sec-pessimum, but after 
stimulation of the sympathetic nerve they were displaced 
towards the higher frequencies: the optimum amounted 

to 120 imp/see and the pessimum developed at a fre- 

quency of stimulation of 180 imp/see, 
Investigation of the bioelectrical potentials showed 

that the myographically recorded changes in the func- 
tional properties of the smooth muscle were reflected 
in the bioelectrical picture. The magnitude of the rest- 
ing current, as measured in 10 experiments, was on the 
average 16-25 my. During stimulation of the sympathet- 
ic nerve, a decrease was observed in the value of the 
resting current, by 5-7 my. Stimulation of the parasym- 
pathetic nerve most often led to an increase of 3-8 my 
in the resting current, During direct stimulation of the 
muscle, biphasic potentials of regular shape were re- 
corded, which is explained by the parallel course of the 
muscle fibers. 

Action currents of great amplitude were found at a 
frequency of stimulation of 50-70 imp/see. Increasing 
the frequency of stimulation to 80-90 imp/sec caused a 
sharp fall in the amplitude of the action currents and dis- 
turbed the correlation between the waves of action cur- 
rents and the frequency of the applied stimulation (Fig. 
2, A). After stimulation of the pelvic nerve, the ampli- 
tude of the action currents of the muscle felt; with an 
increase in the frequency of stimulation above 60 imp/ 
see, a pessimat reaction was observed (Fig. 2, B). 

Stimulation of the sympathetic nerve increased the 
functional properties of the smooth muscle, as shown by 
an increase in the amplitude of the action currents and 
by the widening of the limits of the optimum. A fall 
in the amplitude of the action currents took place only 
at a frequency of stimulation of 100-120 imp/see (Pig. 
2. C). 

During the investigation of the action of stimulation 
of the sympathetic and parasympathetic nerves on the 
functional mobility of smooth muscle, in a series of ex- 
periments we injected drugs and, on this background in- 
vestigated the functional state of the smooth muscle. In- 
jection of 2-8 ml of a 1% solution of cocaine, or of 0.2 
ml of 1:1000 adrenalin solution usually led m displace- 
ment of the limits of the optimal and pessimal frequen- 
cies of stimulation towards the higher frequencies, soon 
after the injection. Eserine, when injected in a dose of 
2-8 m! (concentration of 1:10,000), caused a displace- 
ment of the values of optimal and pessimal stimulation 
towards the lower frequencies. This effect was usually 
apparent 20-30 minutes from the moment of injection 
of the eserine. 

The experimental resuits thus show that excitation 
of both the sympathetic and parasympathetic nerves in- 
fluences a very important index of the functional state 
of a muscle-its lability. In this particular case, stimu- 
lation of the sympathetic nerve brings about a displace- 
ment of the limits of the optimum and pessimum towards 
the higher frequenctes, an increase in the amplitude and 
frequency of the action currents and a fall in the resting 
current. Excitation of the parasympathetic nerve causes 
the opposite effect: Displacement of the limits of the 
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optimum and pessimum toward the lower frequencies, 
a reduction in the amplitude and maximum frequency 
of the actio n potentials in response to direct stimulation 
of the smooth muscle and an increase in the resting cur- 
rent. Substances having a sympathotropie or parasym- 
pathotropic character act in the same way as excitation 
of the nerves. Thus the sympathetic nerve, causing con- 
traction of the retractor penis muscle, and the parasym- 
pathetic nerve which causes it to relax, affect the func- 
tional mobility of smooth muscle~ 

Smooth muscle is known to preserve its tone inprep- 
arations det~a~ved of nerves and ganglion cells [11] and 
also during the action of ganglion-blocking drugs, as 
shown by its tonic contraction and by spontaneous dis- 
charges of action potentials. The tonic state of the 
smooth muscle is probably due to changes in muscle 
metabolism. The level of the muscle metabolism of the 
body, however, is to a large extent determined by nerv- 
Ous influences, and mainly by the mediators of nervous 
influence - sympathin and aeetylcholine [3,4]. Work by 
A. V. Kibyakov and N. G. Bohdanov [2] showed that 
firstly, after division of nerves, and in particular the 
sympathetic nerve, the tonic state of smooth muscle is 
not disturbed; secondly, degeneration of divided sym- 
pathetic nerves at a certain period completely abolishes 
its tone; and thirdly, interference with the synthesis of 
sympathin leads to a sharp fall in the tone of smooth 
muscle. It may be assumed that the action of nerves, 
besides their trigger action, is directed towards changing 
the tonic state of smooth muscle which, evidently, is ef- 
feeted through the constant influence of mediators, which 
are also liberated when no excitation of the nerves is 
taking place. Excitation of the sympathetic nerve by 
means of the mediator, sympathin, increases the lability 
of the smooth muscle, gives rise to an increase in the 
amplitude and frequency of the action potentials. Ex- 
citation of the parasympathetic nerve, in this case through 
the medium of aeetyleholine, lowers the lability of the 
smooth muscle, as shown by the decrease in the ampli- 

tude and frequency of the action potentials during direct 
stimulation of the muscle. 
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Fig. 2. Action currents of smooth muscle during 
direct stimulation of the muscle before and after 
preliminary stimulation of the sympathetic and 
parasympathetic nerves. A - before stimulation 
of the nerves: a-frequency of stimulation 50-60 
imp/sec,  b-frequency of stimulation 80-90 
imp/sec;  B - after stimulation of the parasym- 
patheitc n~rve: c-frequency of stimulation 60 
imp/see, d-frequency of stimulation 70 imp/see; 
C - after stimulation of the sympathetic nerve; 
e-frequency of stimulation 100-120 imp/see.  
T ime-marker -  0.02 second. Calibration in 
millivolts. 

The "antagonism" between the sympathetic and para- 
sympathetic innervation of smooth muscle in all prob- 
ability consist s essentially of their action on the function- 

al properties of the muscle and, in particular, on its lability. 

SUMMARY 

The effect of sympathetic and parasympathetic 
nerves of a smooth muscle-the retractor penis-was in- 
vestigated. Stimulation of the sympathetic nerve extends 
the limits of the optimal and pessimal frequency of stim- 
ulation towards greater frequencies, the action current 
frequency and amplitude increase, while the value of the 
resting current decreases. 

On stimulation of the parasympathetic nerve, the 

action current frequencies become decreased, their ampli- 
tude declines and the resting current rises. 

A suggestion is made that the "antagonism" of the 
sympathetic and parasympathetic innervation of the 
smooth muscle apparently is due to the action exerted 
on the functional properties of the muscle, particularly 
on its lability. 
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