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Severe degenerat ive changes in the heart  are sometimes associated with disturbances of the ac t iv i ty  of the 

nervous system, involving profound disturbances of the metabol ic  processes in the myocardium. These are i n t i m a t e -  
ly  connected with morphological  and functional  changes in the myocard ium and are regulated by complex  neuro-  

humoral  mechanisms, in which a leading role is played by the parasympathet ic  and sympathet ic  divisions of the 
au tomat ic  nervous system, 

One way of demonstrating the impor tance  of these mechanisms is by excluding the parasympathet ic  innerva-  

t ion of the heart.  Nevertheless, very few investigations have been made along these lines. After vagotomy, for in-  
stance, E. S. Troshanova [10] demonstrated a decrease in the glycogen content and in the succinate dehydrogenase 

ac t iv i ty  in the heart  muscle of rabbits. V. A. Govyrin confirmed these findings in experiments on cats and found 
that  the ATPase act ivi ty  of the heart  tissue was lowered. In these circumstances there was no change in the con-  
tent  of adenosinepolyphosphate and creat inephosphate in the myocardium [2]. Histological  investigations also re-  

vea led  degenerat ive  changes in the heart  muscle after vagotomy [11]. However, no information could be found in 
the l i terature concerning the effect  of  vagotomy on the state of  the contrac t i le  proteins of the myocardium respon- 
sible for performing its basic function. 

In the present invest igat ion the fract ional  composit ion of the myocardia l  proteins, the content of the principal  
corltracti le proteins, and their  ATPase ac t iv i ty  were studied after b i la te ra l  division of the vagus nerves, at the same 
t ime  or successively. 

Taking into consideration data  in the l i terature  concerning differences in the metabol ic  processes in the atr ia  
and ventricles [9], various parts of the myoeardium were invest igated.  

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

Experiments were conducted on dogs weighing 10-12 kg, including 18 control animals. In 12 dogs both vagus 

nerves were divided simultaneously in the neck. The animals were sacrif iced on the 4th day. In 7 dogs vagotomy 
was performed in two stages: the left  nerve was divided first, and the right vagus nerve 2 weeks later.  One week 
after this the animals were sacrificed. In a l l  the series of experiments the heart was extracted under ether anesthesia, 
with a r t i f i c ia l  respiration, washed with i c e - c o l d  physiological  saline,  and placed on ice.  All  subsequent procedures 
on the tissue were carried out in a cold room (*2~ 

For fractionation of the myocard ia l  proteins and isolat ion of myosin, I. I. Ivanov's method was used [4]. The 
ATPase ac t iv i ty  of the actomyosin and myosin was determined by P. M. Zubenko's method [3], and the phosphorus 

was then determined by Lowry's method [16]. During invest igat ion of the ATPase ac t iv i ty  of the myosin no mag-  
nesium salts were added to the incubation mixture. The ATPase act ivi ty  was ca lcu la ted  in terms of protein nitrogen. 

To determine the state of the heart  tissue after vagotomy, the cholinesterase ac t iv i ty  was measured and the 
ace ty lchol ine  determined by Hestrin's method [14]. The cholinesterase act ivi ty  of the tissue was expressed as the 

amount of ace ty lchol ine  broken down by 1 g tissue per hour of incubation. The exper imenta l  results were analyzed 
s ta t i s t ica l ly  by Student's method [8]. 

Institute of Normal and Pathological  Physiology, Academy of Medical  Sciences of the USSR, Moscow (Presented 
by Active Member of the Academy of Medical  Sciences of the USSR V, V. Parin). Translated from Byulleten'  Eks- 
per imenta l 'no i  Biologii i Medltsiny, Vol. 62, No. 7, pp. 52-58, July, 1966. Original  a r t ic le  submitted November 
30, 1964. 
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E X P E R I M E N T A L  R E S U L T S  

Investigation of the tissue of different portions of the heart of the heal thy dogs revealed no difference in the 

total  content of sarcoplasmic and myofibr i l lary  proteins in the tissues of the right and left  ventricles (see table).  

Likewise there was no significant difference in the ATPase ac t iv i ty  of the actomyosin of these portions of the heart. 

However, the myosin content  in the  left  ventr ic le  was higher than in the right. The a t r ia l  tissue differed consider-  

ably from the ventr icular ,  for i t  contained less sacroplasmic and, in part icular,  less contract i le  proteins, const i tut-  
ing the main  mass of the myofibr i l lary proteins. These results are in agreement  with those reported by other inves-  

tigators [ la ,  15, 17]. 

The ATPase ac t iv i ty  of the actomyosin and the myosin isolated from the atr ia l  tissue, ca lcu la ted  in relat ion 
to the nitrogen of these proteins, was higher than in the ventr icular  tissue (see table).  A same pattern was observed 
by A. V. Palladin [6]. The cholinesterase ac t iv i ty  also was higher in the atria,  presumably because of the dis t inc-  
t ive  pattern of the innervation of the atr ia  (see table) .  This suggestion is supported by the results of h is tochemical  

investigations conducted by E. M. Krokhina and E. K. Plechkova [8]. 

Hence the differences in the content of contract i le  proteins and in the enzymic  act iv i ty  between the ventricles 
and atria were evident ly  due to the different functions performed by these divisions of the heart. 

Simultaneous and successive division of the two vagus nerves had no effect on the content  of sarcoplasmic 
proteins in the right and left  ventricles and sl ightly lowered their content in the atria. 

After the simultaneous division of both vagus nerves the content of the principal  cont rac t i le  proteins - ac to-  

myosin and myosin - remained unchanged in the right vent r ic le  and the atria,  and fel l  by 21% below the normal  
l eve l  in the left  ventr icle .  In these circumstances the total  content of the myofibr i l lary proteins was unchanged as 
a result of  an increase in the content of the fraction of the myofibri l lary proteins soluble in med ia  with low ionic 

strength, which I. I. Ivanov calls fraction "T" [4]. After the successive division of the vagus nerves these changes 
were not observed. 

The ATPase ac t iv i ty  of the actomyosin of a l l  divisions of the heart  increased after one-s tage  vagotomy. The 
ATPase ac t iv i ty  of the myosin rose only in the left  ventr ic le .  After successive vagotomy the increase in the ATPase 
ac t iv i ty  was less pronounced. The cholinesterase act ivi ty  of the ventr icular  and atr ial  tissues fel l  by more than half  
after successive vagotomy. 

The results of these experiments thus showed that simultaneous division of the vagus nerves had a more marked 
effect on the metabo l ic  processes than the successive operation. Evidently in the case of successive division of the 
vagus nerves, compensatory and adapt ive  mechanisms are brought into play. 

The one-s tage  exclusion of  the parasympathet ic  innervation of the heart  was ref lected mainIy  in the cont rac-  

t i l e  proteins of the left  ventr ic le ,  and in these circumstances the increase in the ATPase ac t iv i ty  of the actomyosin 
and myosin l ikewise were more marked in the lef t  ventr icle .  In the normal ly  working heart, the work performed 
by  the left  vent r ic le  is 2 .5-3  t imes greater  than that performed by the right vent r ic le  [1]. 

Considering that the cessation of vagus influences intensifies the sympathet ic  effects on the myocardium, the 
secreted ca techolamines  give rise to a change in the ca lc ium concentrat ion [12] and acce le ra te  the ATP metabo-  
l ism [7]. These findings are in agreement  with the observed increase in the ATPase ac t iv i ty  of the actomyosin and 
myosin and they are evidence of an increase in the ut i l iza t ion of energy necessary for the contract i le  ac t iv i ty  of 
the heart. The decrease in the content of  actomyosin and myosin in the left  ventr ic le  after vagotomy may probably 
be regarded as the result of intensified work of the heart, dur*ng which the synthesis of contract i le  proteins lags be -  

hind their  breakdown. The results obtained thus demonstrate the par t ic ipat ion of central  parasympathet ic  influences 
in the regulat ion of the metabol ic  processes of the myocardium. 

S U M M A R Y  

The object  of invest igat ion was the inf luence  of b i l a te ra l  division of the vagus nerves in the neck on the f rac-  
t ional  composit ion of the myocardia l  proteins, the content of the basal contract i le  proteins and the enzymat ic  ac -  
tivity. The cardiac  ventricles and auricles were analyzed.  The experiments were carried out on 87 adult  dogs. The 
investigations showed that simultaneous division of the left  and right vagus nerves was followed by a decrease in the 
content of actomyosin and myosin in the left  cardiac  ventr icle .  

In successive d iv is ionof  the vagus nerve no such changes were noted. Vagotomy caused an increase in the 
AT, Pase act ivi ty  of actomyosin and myosin in all  parts of the heart. 
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The activity of cholinesterase was markedly reduced. Changes in the enzymatic  activity were more pro- 

nounced after a simultaneous division of both vagus nerves, 

The decrease in the content of contracti le proteins and the increase in their ATP-ase activity in the left 

ventricle were apparently due to an increased functional load on the left ventricle caused by vagotomy. 
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