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Activation of the sympathicoadrenal  sys tem during occlusion of the coronary  a r t e ry  leads to a sharp r i se  
in the blood catecholamine level [6] and to complex changes in metabol ism in the hear t  muscle,  which cause 
dis turbances of the contract i le  function and rhythm of the hear t  [ 1, 6, 8]. It is not yet  c lear  to what extent the 
eatecholamines re leased  by the sympathetic nerve endings of the hear t  contribute to determining the cha rac te r  
of functional and s t ruc tura l  dis turbances  in the myoeardium in acute ischemia.  The investigation descr ibed be-  
low was ca r r i ed  out to study this problem. 

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

Experiments  were ca r r i ed  out on 79 chemical ly  desympathized and 63 control  male Wistar ra ts  weighing 
140-175 g. Guanethidine (Isobarin, f rom Pliva, Yugoslavia) was used to produce desympathization [5]. The 
method of imposing an increas ing frequency of contract ion on the hear t  [4] and creat ion of maximal loading by 
occlusion of the aorta  for 10 sec were used as function tests.  P a r a m e t e r s  of the contract i le  function of the 
hear t  were recorded  after  2, 5, and 10 sec. Systolic p re s su re  in the left ventricle and its maximal  rate of r i se  
and fall (dP/dt ) ,  and the end-diastol ic  p r e s su re  (EDP). were measured .  The intensity of contract i le  function 
(ICF) [3] and the contract i l i ty  index (CI) [9] were calculated. Acute experiments  were ca r r i ed  out under u r e -  
thane anesthesia (160 rag / I00  g) under open chest  conditions with art if icial  ventilation. The p res su re  in the 
left ventr icle  was recorded  by means of a catheter  inserted through the apex of the hear t  and connected to the 
t ransducer  of a Mingograph-34 e lec t romanomete r  (Elema, Sweden). The ECG and the f i rs t  derivat ive of p r e s -  
sure were recorded  simultaneously by the DE-1 instrument.  The resul ts  were analyzedby Student 's t test .  The 
hear ts  of the experimental  and control ra ts  were stained with hematoxylin and eosin, Scharlach R, Sudan black, 
and Nile blue sulfate to detect  neutral  fat and acid lipids, by Selye 's  method for fuchsinophilic granules ,  and by 
Shabadash's  method for glycogen. Acute myocardia l  i schemia was induced by high ligation of the anter ior  de-  
scending branch of the left coronary  a r te ry .  

EXPERIMENTAL RESULTS 

Disturbances  of the cardiac rhythm appeared during the f i rs t  minutes af ter  occlusion of the coronary  a r -  
tery.  They were more  severe  in the control  animals and took the form of the appearance of polytopic ventr icular  
ex t rasys to les  (single and grouped);  vent r icular  fibril lation developed frequently.  The a r rhy thmias  in the ex- 
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TABLE I. Parameters of Contractility of Left Ventricular Myocardium of Control (1) and 
Desympathized (If) Rats 24 h after Ligation of Coronary Artery (M • m) 

Parameter 

SP, mm Hg 

EDP, mm Hg 

ICF, mm Hg'min/mg 

-1 
dP/dtmax, mm Hg.sec 

-1 
dP/dtmin, mm Hg, sec 

-1 CI, sec 

Heart rate, beats/rain 

*P  < 0.05. 

before 
r$ ~ ligation 

I 111=k4,2 
II 835=3,5 

I 8,2+__0,4 
II 6,25=0,7 
I 112,65=6,9 

lI 88,735554,8 
I 2667555 159 

lI 2123:t:91 
I 1927• I27 

II 1433• 
i 44,75::t= 1,48 

I 3 8 •  1,02 
331555 11,29 

II 32155519,59 

Experimental conditions 

It difference, t first day after ~ % of initial before 
ligation ] value stimulation 

805554,3* 
745=2,11" 
6,6• 
5,65550,77 

72,34• 10,46" 
71,98• 
15285=91,0" 
1070555 144 
8385=49,6* 
750• 19,2" 

31,36• 1,32" 
19,69• 

352• 17,4 
3685= 17,3 

--27,93 
--10,84 
--I9,51 

--35,76 
--18,88 
--42,71 
--49,6 
--56,51 
--47,66 
--29,92 
--48,18 

805554,3* 
745552,11" 

6,6-+0,62* 
5,65550,77 

72,34• I0,46" 
71,985556,0 
1528-+-91,0" 
1070555 144 
8385=49,6* 
750555 19,2" 

31,36555 1,32" 
t9,695=2,81" 

352555 17,4 
36855517,3 

frequency of stimulation 
per minute 

450 480 

54• 502=4,61 
64• 1,02 58• 1,02 

8,05550,64 9,35=0,64 
7,3_____0,33 8,0___+ 1,25 

53,75555,74 51,15=4,94 
73,95552,13 70,4555 1,60 
908555 145 880555 144 
917555 133 900• 
533• 56 5405= 57 
650• 48 633--+ 36 

23,7555 1,72 24,8• 
18,65553,73 19,05553,20 

per•  an ima l s  were  of the s ingle  v e n t r i c u l a r  e x t r a s y s t o l e  type.  Ana lys i s  of the ECG showed no c l e a r  d i f -  
f e r ences  in the t ime  cou r se  of the p a r a m e t e r s  in the e xpe r i m e n t a l  and cont ro l  an ima l s .  Card iac  con t r ac t i l i t y  
24 h a f t e r  l iga t ion of the c o r o n a r y  a r t e r y  was d e p r e s s e d  in both control  and desympa th ized  r a t s  (Table 1). A 
d i f fe rence  was found in the max ima l  r a t e  of r i s e  of the sys to l i c  p r e s s u r e  and the value of CI, which were  lower  
in desympa th i zed  an ima l s  than in the con t ro l s ,  by 29.97~ (P < 0.05) and 37.21% (p < 0.01) r e s p e c t i v e l y .  It wil l  
be r e c a l l e d  that the con t rac t i l e  function of the desympa th ized  h e a r t  was in i t i a l ly  lower  than that  of the intact  
hear t ,  and for  that r e a s o n  the equal values  of the p a r a m e t e r s  of ca rd i ac  con t r ac t i l i t y  r e f l e c t  d i f fe ren t  d e g r e e s  
of d e p r e s s i o n  of this  function in the control  and desympa th i zed  r a t s  a f t e r  occ lus ion  of the c o r o n a r y  a r t e r y :  the 
deg ree  of lower ing  of the p a r a m e t e r s  of c a rd i ac  function of the cont ro l  r a t s  was g r e a t e r  (Table  1), The m a x i -  
mal  fo rce  and r a t e  of c a r d i a c  con t rac t ion  of the control  r a t s  with i n c r e a s e d  a o r t i c  r e s i s t a n c e  was achieved 
dur ing the f i r s t  occ lus ion  and continued during the next two occ lus ions .  The range of i n c r e a s e  of sys to l i c  p r e s -  
su r e  (SP) dur ing the f i r s t  occ lus ion  was g r e a t e r  than be fore  the opera t ion  but i t  did not exceed the value of 
this  p a r a m e t e r  in the cont ro l  an ima l s .  During loading with an i nc r e a s i ng  f requency of con t rac t ions  in the in-  
f a r c t ed  hea r t  of the cont ro l  r a t s  up to 450 b e a t s / m i n ,  SP fel l  by 32%and ICF by 25~0. Under  s i m i l a r  condit ions 
SP and ICF in the hea r t  of the desympa th i zed  an imal  fel l  by 13 and 8% r e s p e c t i v e l y  (Table 1). 

Morphologica l  examinat ion  of the musc le  of the lef t  ven t r i c l e  2, 6, and 24 h a f t e r  occ lus ion  of the a r t e r y  
r e v e a l e d  defini te  d i f f e rences  in the t ime cou r se  of the s t r u c t u r a l  changes in the m yoc a r d i um  of the e x p e r i m e n -  
tal  and cont ro l  hea r t s .  The hemodynamic  d i s tu rbances  in the cont ro l  r a t s  a f t e r  2 h were  widesp read  in c h a r a c -  
t e r  and cons i s t ed  of d i la ta t ion  of the blood v e s s e l s  and the i r  engorgementwi thb lood ,  and the f o r m a t i o n o f a r e a s  of 
s t a s i s  and pe r •  h e m o r r h a g e s ;  the s t r u c t u r e  of the musc le  f i be r  was unchanged. In desympa th ized  r a t s  
hemodynamic  d i s t u r b a n c e s  were  confined main ly  to the zone of i schemia ,  musc l e  f i be r s  had los t  t he i r  c r o s s -  
s t r i a t i o n  and were  unevenly s ta ined,  with s igns  of fuchsinophi l ia ;  glycogen was absen t  not only in the zone of 
i s ehemia ,  j u s t  as  in the cont ro l  an imals ,  but a l so  in many musc le  f ibe r s  outs ide its l im i t s .  No s igni f icant  
t rend  could be de tec ted  in the hea r t  of the cont ro l  an ima l s  a f t e r  6 h. In the e x p e r i m e n t a l  r a t s  musc le  f ibe r s  in 
the zone of i s c h e m i a  were  swollen and vacuolated,  in some p a r t s  they were  f r agmented  with fuchsinophi l ia  and 
fat ty degenera t ion ,  and a m a r k e d  leukocyte  r e s p o n s e  was obse rved .  In boundary a r e a s  the musc le  f ibe r s  were  
hype rch romic ,  without t he i r  c r o s s  s t r i a t ion ,  and showed fat ty  degenera t ion .  Af te r  24 h s igns of in fa rc t  f o r m a -  
tion were  p r e s e n t  in the m y o c a r d i u m  of the desympa th i zed  animal ;  neu t ra l  fat  accumula ted  in the musc le  f ib res ,  
in the v e s s e l  wal ls ,  and beneath the ep ica rd ium.  A c h a r a c t e r i s t i c  fea ture  of the control  r a t s  at this  t ime was 
the appea rance  of g ranu le s  of ac id  l ip ids  in the musc le  f ibe r s  and in the v e s s e l  wal ls ,  which were  absent  in the 
myoca rd ium of in tac t  and de sympa th i zed  an ima l s  (Fig.  1 and 2). 

These  findings a r e  evidence that  i f  the influence of the sympa the t i c  nervous  s y s t e m  of the h e a r t  is  de -  
p r e s s e d  by desympa th iza t ion  of the an imal ,  the i s chemic  focus undergoes  more  rap id  loca l iza t ion .  It was a lso  
shown that in desympa th i zed  r a t s  with the same  type of m y o c a r d i a l  l e s ion  a r r h y t h m i a s  appea red  in a s m a l l e r  
pe rcen tage  of c a s e s  and they were  l e s s  s eve re ,  evidence of exhaust ion of the r e s e r v e s  of the med ia to r ,  n o r -  
ad rena l in ,  in the h e a r t  of the desympa th i zed  animal .  Data on the diffuse in f i l t r a t ion  of the h e a r t  musc le  and 
wal ls  of the v e s s e l s  of the h e a r t  with neu t ra l  fat  in the desympa th ized  r a t s  and the accumula t ion  of acid  l ip ids  

1335 



Fig. I. Myocardium of left ventricle of control rat (period of ischemia 24 h) : a) 
loosening of muscle fibers with loss of cross striation, small loci of infiltration by 
leukocytes in zone of ischernia (hematoxylin-eosin, ]00x ); b) fuehsinophilia of 
single fibers in zone of ischernia (stained by Selye's method, 70 • c) fatty de- 
generation of fragmented fibers in zone of ischernia (Sudan black, 300 • d) acid 
lipid granules in vessel wall and in muscle outside zone of ischemia (Nile blue, 
70• 

in the heart of the control animals indicate a difference in the character of change in lipid metabolism in the 
desyrnpathized and normally innervated heart in acute myocardial ischemia. Free fatty acids are known to 
play an important role in the energy metabolism of the rnyocardium, for which they are the principle source of 
energy. Meanwhile high concentrations of these compounds inhibit the contractile function of muscle fibers, 
especially in myocardial infarction [ I, 7]. The accumulation of neutral fat in the heart of the desyrnpathized 
animal points to a disturbance of lipolysis. The discovery of acid lipids in the myocardiurn of the control ani- 
mals is evidence of intensification of lipolysis and depressed utilization of fatty acids [ I, 71. In both cases the 
developing fatty infiltration of the muscle fibers is an indication of a disturbance of energy formation in the 
myocardiurn and is one of the factors responsible for depression of the contractile function of the heart. 

It can be concluded that the difference observed in the functional and structural changes in the myocar- 
dium of normal and desyrnpathized animals can be attributed to the state of the sympathetic nervous system of 
the heart and, in particular, to the abolition of weakening of the pathogenic effect of increased concentrations of 
noradrenalin mediator on the myocardium in the desyrnpathized rats, such as is observed under these condi- 
tions in control animals on account of the marked excitation of the syrnpathicoadrenal system. This conclusion 
is confirmed also by the fact that adrenal function is preserved in the desyrnpathized animals [2]. 
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Fig. 2. Myocardium of left vent r ic le  of desympath ized  ra t  (period of i s chemia  24 h).  
a) Leukocytic infi l t rat ion of necrot ic  musc le  f ibers  ( h e m a t o x y l i n - e o s i n ,  100 x) ;  b) 
region of necrot ic  f ibers  s tained by PAS reac t ion  (dias tase  § PAS react ion,  100 x ) ; 
c) i nc rea se  in amount  of neutra l  fat (Sudan biack, 70 • ); d) fatty inf i l t ra t ion of 
musc le  and ves se l  outside zone of i sehemia  (Sudan black,  70 x ). 

LITERATUI2E C I T E D  

A. M. Vikhert  and N. M. Cherpanenko,  in: Metabol i sm of the Myocard ium [in Russ ian] ,  IVloscow (1975), 
p. 373. 
O. V. Volkova, Neurotrophic  Dis turbances  [in Russ ian] ,  Moscow(1978) .  
V. I. Kapel 'ko,  F. Z. Meerson,  M. G. Pshennikova,  et  al., Kardiologiya,  No. 12, 50 (1975). 
F. Z. Meerson  and V. I. Kapet 'ko,  Vest. Akad. Med. Nauk SSSR, No. 11, 14 (1970). 
Z. I. Sobieva, M. N. Karpova,  and E. V. Bogdanova, Patol .  Fiziol . ,  No. 4, 66 (1980). 
R. P. Kar l sbe rg ,  P. A. Penkoske,  P. E. Crye r ,  et al. ,  Card iovasc .  Res. ,  13, 523 (1979). 
L. H. Opie, in: Myocardia l  Infarct ion [Russian t r ans la t ion l ,  Moscow (1975), p. 76. 
W. Raab, E. Stark,  and W. Gigee,  Circulat ion,  J ,  754 (1959). 
U. P. Veragut  et al. ,  Cardiology (Base l ) ,  47, 96 (1965). 

1337 


