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The g r e a t  impor tance  of a f fe ren t  s y s t e m s  of the hear t  in ensur ing  an aaeqaate  t rophic bas is  for  c a r -  
diac act ivi ty  is demons t ra ted .  Division of the s e n s o r y  roots  of the ~agus ne rve  and spinal deafferea ta t ion  
of  the hear t  lead to changes in t h e  ECG, and d is turbances  of the s t r u c t u r e  and prote in  me tabo l i sm of the 
hea r t  musc l e .  
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Numerous  morphologica l  invest igat ions [4, 7-15, 17] have shown that the af ferent  innei'vation of the 
hear t  is effected thorough the vagus nerves  and the dorsa l  roots  of the upper  5 thoracic  segments  of the 
spinel cord  (D1-Ds). 

Because  of the impor tance  of the a f fe ren t  sect ion of the ref lex arc  as the initial link in mechan i sms  
of regulat ion of body functions,we invest igated the ef fec t  of spinal and vagus deafferentat ion of the hear t  on 
ca rd iac  function and on myocard ia l  me tabo l i sm.  

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

Exper iments  were  c a r r i e d  out on ma le  ca t s .  The spinal  gangl ia  were  ext i rpated in the animals  of one 
group (20 eats)  at the level Di-D ~ b i l a t e ra l ly  in one s tage ,  while in an imals  of another  group (15 cats)  the 
s enso ry  roots  of the vagus nerves  were  divided in t rac ran ia l ly  on both s ides  in two s tages  with an in terval  
of one month between opera t ions .  The ECG of the an imals  was r eco rded  in three  s tandard  and one ches t  
lead be fo re  the operat ion and at var ious  t imes  a f t e r  it. The spec t r a  of mitogenetic radiat ion of the e x p e r i -  
mental  and control  an imals  was studied [1, 2]; the prote in  f ract ion of the myocard ium were  invest igated by 
Ivanov ' s  method [6]; ATPase  was de te rmined  by Zubenko 's  method [5], phosphorus being subsequently de -  
t e rmined  by Lowry ' s  method [16]. 

EXPERIhIENTA L RESULTS 

After partial deafferentation of the heart (spinal and vagus),the heart rate increased during the first 
days after operation (by 20-40 beats/rain), returning to normal in the following weeks. However, three 
weeks after division of the roots of the left vagus nerve (stage i of the operation), the heart rate rose 
again, so that by the time of s~.ge 2 of the operation (division of roots of the right vagus nerve) the heart 
rate of these animals was higher than initially {by 30-50 beats/rain). The heart rate increased also during 
the first days after bilateral division of the vagus nerve roots (by 50-60 beats/rain). On the following days 
the heart rate slowed, and one month after the operation it was normal or below the initial level. 

The increase in heart rate soon after partial deafferentation may be regarded as due to changes in 
tone of the extracardial nerves. The slowing of the heart in the later stages was possibly due to degen:- 
erative changes in the heart muscle and in its intramural nervous apparatus arising ~on account of dis- 
turbances of the afferent innervation of the heart. 

Changes in the ventricular complex of the ECG which were found in the experimental animals, in 
the form 0f reduplication and widening of the QRS complex, displacement of the S-T interval above or below 
the isoelectric line, and distortion of the T wav.e also indicate the presence of degenerative changes [n the 
hear t  musc les  (Figs.  i and 2). 
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Fig. i. Changes in heart rate (on the left) and ECG (on the right) of cat 
No. 10 at various times after removal of the spinal ganglia. 
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Fig, 2. Changes in heart rate (on the [eft) and ECG (on the right) of cat 
No. 8 at various times after division of afferent roots of vagus nerves. 

Biochemical analysis of the protein fractions of the myoc ardium revealed a dec tease in the content of sareo- 
plasmic proteins by 12% below the normal level and also a dec rease in the content of actomyosin and in its ATPase 
activity during the first two weeks after spinal deafferentation of the heart. The normal lev el of s arc oplas raic 
proteins was observed 1-2 months and also lyear after this operation. The content of myofibrillary proteins was 
above normal on account of an iacreas e in content of the principal contactile protein, actomyosin, The ATPase 
activity of this protein was also considerably inc re'ased. 
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TABLE 1. 

Index 

Protein Corn' 

Sa rcop lasmic  I 
prote ins  I 

Myof ibr i l l a ry  J In mg 
proteins  i n i t ro -  

Actomyos in  | gen/g  

ra  t~ n J wet 
F c "o T t i s sue  

)osition and ATPase  Activity of Heart  Tissue (5I ~- 

Normal  

8.46 + 13 
P 
8.88 • 0.14 
P 
5.7 • 0.07 

P 
3.16 + 0.06 
P 

20.2 Solid res idue  in % 
ATPase  ac t iv i ty  of 

ac tomyos in  (in #g 
phospho rus /mg  
nitrog, en) 

61:6 �9 3.1 
P 

Removal of spinal ganglia at level 
DI-D 5 

Time after  operation 

2 weeks 2 months 1 y e a r  2 month 

7.46 • 0.23 
< 0.01 

8.88 ~- 0.36 

5.38 + 0.2 

3.32 

20.2 

50.1 • 2.6 

=0.05 

8.5 + 0.21 

9.76 ~- 0.22 
<0.001 
6.49 + 0.12 
< 0.001 

3.33 

20.6 

98.8 ~- 5.2 
<0.001 

8.5 + 0~23 

10.12 =e 0.3 
<0.01 

6~5 ~- 0.2;~:3 
<0.001 
3.6 

21.1 

74.0 ~ 4 ~  
=0.05 

Division of 
roots  of 
vagus ne~ 

7.73 + 0.16 
<0.01 
7.65 + 0.2 
=0.1 
5.22 ~- 0.23 

2.45 + 0.11 
<0.001 

19.6 

82.2 + 3.5 

=0.02 
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Fig. 3. Spect ra  of mitogenetic r ad ia -  
tion of hear t  musc le  af ter  r emova l  of 
spinal ganglia and division of afferent  
roots of the vagus nerves  in vivo. Num-  
bers  below show wavelengths in Ang- 
s t rom units. 

The content of sarcoplasmic an~ myofibrillary proteins 
of the myocardium was below norma~ :i-2 months after vagus 
deafferentatton. An increase of 32~ ~ ATPase activity of 
actomyosin was found (Table 1). 

The decrease in content of my~ard ia l  proteins may be 
regarded as the result of degenerative changes arising after 
partial deafferentation of the heart. A• the same time, dif- 
ferences must be noted in the effects Df vagus and spinal de- 
afferentation on myocardial protein ~etabolism. For ex- 
ample, 1-2 months after spinal deafferentation, restoration 
of the normal content of s a r c o p l a s ~  and myofibrillary pro-  
reins was observed, whereas at the s~:me time after vagus 
deafferentation the protein content w ~  still below normal. 

The spectra of mitogenetic r a t i o n  of the cat 's heart 
obtained by the method of biodetectiom a t  various times after 
spinal and vagus deafferentation are ~us t r a t ed  in Fig. 3. It 
can be seen that the spectrum of rad~tion of the cat 's  heart 
taken one Week after spinal deaffere~=~tion consists of a large 
number of narrow bands. Two non ,th~ after the operation the 
radiation spectrum of the heart c o n ~  fewer bands and they 
are wider. One year after the o p e r ~ o n  the number of spectral 
bands is smaller still and the bands '~--~e even wider. 

The radia t ion spec t rum of the ca t ' s  hearL 1-2 months after division of the ~ e r e n t  roots of the vagus 
nerves cons is t s  of a large number  of nar row bands. 

As a previous  invest igation showed [3], the radiation spec t rum of the hear t  J normal  animals  (cat, 
rabbit) cons i s t s  mainly of wide bands.  This indicates the regular i ty  9f the  m o l e c ~ r  subs t ra tum of the h e a r t  
muscles .  F o r  this  reason,  the appearance  of wider  bands in the radiation s p e c t r ~  of the hear t  2 months 
and 1 y e a r  a f te r  spinal deaffereatat ion carl be taken as evidence of the d e v e l o p m e ~  of comPensa tory  p r o -  
cesses  ia the my~card ium,  resul t ing in gradual  res tora t ion  of the molecular  regus of the myocard ia l  
substra tum and in a re turn  to a normal  radiat ion speotrum.  T h e  narrow bands o f ~ e  h e a r t ' s  radiat ion 
spectrum 1-2 months after  vagus deafferentat ion may thus indicate more  profotmd dis turbances of the 
m o l e c u ~ r  r egu la r i t y  of the myocard ia l  subs t ra tum than after  spinal deafferentat i~n,  when, as a l ready  m e n -  
tioned, par t ia l  r e c o v e r y  has a l ready  taken place.  
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The stu,~ of functional m',! biochemical disturbances and changes in the spectra of mitogenetic 
radiation of the heart muscle tb~ shows that partial deafferentation of the heart leads to definite trophic 
disturbances Ln the heart musd]e, more severe after vagus deafferentation than after spinal deafferenta- 
tion. Besides :hese quantitative: relationships, it was also found that the different type of deafferentation 
of the heart also exhibit certain ~ualitative di, fferences. 
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