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PHARMACOLOGIC CORRECTION OF DISTURBANCES 

OF CARDIAC CONTRACTILITY IN STRESS 
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Previous  investigations have shown that emotional s t r e ss  (ES) causes  marked excitation of the adrener -  
gic and p i tu i tary-adrenal  sys tems  [3], foilowed by activation of lipid peroxidation (LPO) and disturbance of ox- 
idation and phosphorylation in the mitochondria of the hear t  [5], by s t ructural  changes in the myocardium [11], 
and also by depression of cardiac  contract i l i ty [4]. It has also been shown that excessive excitation of the 
adrenergic  and p i tu i ta ry-adrenal  sys tems [6, 7, 12] and dis turbances  of the metabolism and s t ructure  of the 
hear t  [10] can be prevented by the use of drugs acting selectively on different components of the pathogenesis 
of s t r e ss  injury to the hear t .  

In this investigation the effect of certain metaboli tes  of natural an t [ s t r e s so r  sys tems of the body and 
membrane  p ro tec to r s  on cardiac  contract i l i ty  and also on the glycogen content in the myocardium was studied 
in animals during s t ress ,  for this problem has not been studied adequately. 

EXPERIMENTAL METHOD 

Experiments  were car r ied  out on 144 male albino ra ts  weighing 190-230 g. ES was produced in the form 
of an anxiety neuros is  by the method descr ibed previously [6, 7]. The animals were divided into six groups:  
1) control,  2) animals subjected to ES; groups 3, 4, 5, and 6 of animals received sodium hydroxybutyrate (GHBA), 
prolactin, propranolol ,  and ionol respectively.  GHBA was injected in a dose of 100 mg/kg intraperi toneally 30 
min before ES and 3 h after  the beginning of exposure to s t ress ,  prolact tn was injected in a dose of 2.5 uni ts /  
100 g subcutaneously 60 min before ES, propranolol  in a dose of 5 mg/kg  subcutaneously 30 rain before ES, and 
ionol in a dose of 120 mg/kg  intraperi toneal ly once a day for  3 days before ES. 

The contract i le  function of the hear t  was studied under conditions of relative res t  and during isometr ic  
contract ion (compression of the aorta for 30 sec) with respec t  to the following pa ramete r s :  the developed 
p re s su re  (Pd), velocity of contract ion (Vc) and relaxation (Vr), and the intensity of functioning of s t ruc tures  
(IFS), calculated as the product of hear t  rate and developed p ressure ,  divided by the weight of the left ventricle.  
The investiations were conducted under pentobarbital  anesthesia (8 mg/100 g) with an open chest  and under 
art if icial  respirat ion.  The p re s su re  in the left ventricle was measured  by means of a VI6-6TN e lec t romanom-  
e ter  and recorded photographically on the N-105 osci l loscope [1]. The glycogen content in the hear t  muscle of 
the ra ts  was determined by the method in [15]. Contracti l i ty of the hear t  was studied and the glycogen con- 
cen t ra t ion  measured  45 h after the end of exposure to s t ress ,  at the t ime of maximal changes in metabolism, 
s t ructure ,  and function of the hear t  [5], 

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

ES evoked marked depress ion of cardiac  contract i l i ty (Tables 1 and 2). Whereas  in a state of relative 
res t  the p a r a m e t e r s  charac te r iz ing  cardiac  contract i l i ty  were depressed  by 15-20~, after  compress ion  of the 
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TABLE 1. Effect  of GHBA, P r o l a e t t n ,  P r o p r a n o l o t ,  and Ionot on Card iac  C o n t r a c t i l i t y  a f t e r  

Exposu re  to ES (M~m) 

Parameter 

Pd, mm Hg 

IFS, mm Hg/min/mg 

Vo mm Hg/sec 

Vr, mm Hg/sec 

Legend.  

Experimental 
conditions. (n = 12 

Control 
ES 
GHBA + ES 
Prolaetin + ES 
Propanolol + ES 
Ionoi + ES 

~ntroI 

GHBA + ES 
Prolactin +ES 
Propanolol +ES 
lonol +E8 

Relative test 

109-+4,5 , 
87,3_+5,1"* 

101,0+-4,6 
112,5-+5,1 
110,9-+3,4 
99,8-+6,1 

,101,4-+3,3 
74,5-+7,7* 

100,94-8,8 
99,74-9,7 
92,4-+9,1 
97,9-+10,1 

5 gee 

211,5-+9,7 
133,3_+12,9"** 

209_+H,2 
201,3-+4,5 

205_+5,1 
195,9_+10,9 
185,8_+11 
104,2_+8,6"** 
180,1_+12,1 
172,4-+11,3 
167,9_+9,9 
161,9-+12,9 

Co ntro t 
ES 
GHBA + ES 
Prolactin + ES 
Propanotol + ES 
lonol + ES 
Control 
ES 
GHBA + ES 
Prolactin + ES 
PmpanoloI +ES 
Ionm + ES 

*P < 0.05, **P < 0.01, ***P 

4406-+247 
36504-239* 
4040=t=300 
4320-+250 
4100-+225 
3995• 
2206-+146 
1717-+185" 
2350_+166 
2199::k138 
2064• 
2097-+187 

< 0 .001 .  

7716-+188 
4817-+344" 
7019_+I97 
7912_+177 
6800_+191 
6742_+20l 

2953-+213 
I667-+161"** 
2900-+220 
2830+_210 
2790-+199 
2699-+209 

Compression of aorta 

25 see 

197,64-10,8 
117,6+15,4"** 

191-+8,8 
190,1 -+8,9 
187,7-+-9,9 
179,9_+12,3 
155,44-15,7 
84,0-+10,0"** 

I60,9_+16,2 
148,1+15,9 
149,9-+13,3 
139,9-+16,1 
6422-+470 
3650_+458** 
6195_+425 
6097_+451 
6045-+491 
5922_+488 
2763• 
1500-+122"** 
2609_+24O 
2582_+24O 
2650_+214 
2507---+199 

TABLE 2. Effect  of GHBA, P r o l a c t t n ,  P r o p r a n o l o l ,  
and Ionol on Glycogen Concen t r a t i on  [n M y o e a r d t u m  
of A n i m a l s  with ES (M~m) 

Experimental conditions (n = 12) Glycogen concen- 
tration, mg/g 

Control 
E8 
GHBA + ES 
Prolactin + ES 
Propanolot + ES 
Iono[ + ES 

Legend.  *P < 0.001. 

5,52-4-0,26 
Z06-+0.05" 
5,25_+0,32 
4,97_+0,27 
4,94_+0,3 
4,49_+0,25 

ao r t a  for  5 sec they were  reduced  by m o r e  than 309. Even g r e a t e r  changes  were  found in the a n i m a l s  of th i s  
group a f t e r  the h e a r t  had worked for  25 sec unde r  i s o m e t r i c  condi t ions .  In a n i m a l s  subjec ted  to ES the va lues  
of Pd, V o  Vr, and IFS w e r e  lower  than tn the con t ro l  by 40.5, 43.1, 45.7, and 45.9% re spec t ive ly .  

Th i s  r educ t ion  in the va lues  of p a r a m e t e r s  of c a r d i a c  c o n t r a c t i l i t y  took p lace  aga ins t  a background  of a 
sha rp  d e c r e a s e  in the g lycogen c o n c e n t r a t i o n  in the m y o e a r d i u m ,  by 2.7 t i m e s  below the con t ro l  level .  

In view that  g lyco tys i s ,  al though supply ing  the ce l l  with only  a v e r y  sma l l  p a r t  of i t s  u sab l e  ATP,  con-  
s t i tu te s  a unique  and e s s e n t i a l  componen t  of the m e c h a n i s m  supplying e n e r g y  for  the work of the c on t r ac t i l e  
a p p a r a t u s  of the c a r d i o m y o c y t e s  can now be taken as f i r m l y  e s t a b l i s h e d  [9], e s p e c i a l l y  as  r e g a r d s  p r o v i s i o n  
for  work ing  of the Ca pump du r ing  r e l axa t i on  of the h e a r t  m u s c l e  [17]. D e p r e s s i o n  of c a r d i a c  con t r ac t i l i t y ,  
inc lud ing  a d e c r e a s e  in the ve loc i ty  of r e l axa t ion ,  d i s c o v e r e d  du r ing  ES is  thus  ev iden t ly  l a r g e l y  a s s o c i a t e d  
with a fa l l  in the m y o c a r d i a l  g lycogen  level  - t h e  m a i n  s u b s t r a t e  for  g l y c o l y s i s  in the m y o c a r d i a l  cel l .  

When the p o s s i b l e  m e c h a n i s m s  of the s t r e s s - i n d u c e d  d i s t u r b a n c e s  of c a r d i a c  contract i l i ty-  a re  a s s e s s e d ,  
c o n s i d e r a t i o n  m u s t  a lso be paid to p r e v i o u s  ev idence  that  s t r e s s  induces  d i s t u r b a n c e s  of oxida t ive  phosphory l -  
at[on in m i t o c h o n d r i a  of the h e a r t  m u s c l e  [5], focal  s t r u c t u r a l  changes  in the m y o c a r d i u m  of c o n t r a c t u r a l  and 
nec rob io t t c  n a t u r e  [11], and a lso  the a c c u m u l a t i o n  of c a l c i u m  in the sareopLasm of the m y o c a r d i a l  ce l l  [14]. 

D e p r e s s i o n  of c a rd i ac  c o n t r a c t i l i t y  in ES a r i s e s  as  the r e s u l t  of a complex  s e r i e s  of d i s t u r b a n c e s  of the 
m e t a b o l i s m  and s t r u c t u r e  of h e a r t  m u s c l e ,  in which an i m p o r t a n t  ro le  is  p layed  by inh ib i t ion  of the e n e r g y  
supply for  p r o c e s s e s  of c o n t r a c t i o n  and r e l a x a t i o n  of the m y o c a r d i u m ,  due l a r g e l y  to a d e c r e a s e  [n p roduc t ion  
of g lycoly t tc  ATP on account  of a fal l  in the g lycogen  level  and in the ra te  of i ts  r e s y n t h e s i s  [13]. 
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Data given in Tables  1 and 2 on the effect  of GHBA, prolact in,  proprano[o[,  and ionol on card iac  con- 
t r ac t i l i ty  and on the glycogen content in the myoca rd ium during s t r e s s ,  show that all the subs tances  tes ted 
p reven t  depress ion  of ca rd iac  cont rac t i l i ty  and the fall in the myocard ia l  glycogen concentrat ion.  

Analysis  of the e f fec t iveness  of action of the var ious  p r epa ra t i ons  shows that sodium hydroxybutyra te ,  
a cen t ra l  inhibitor capable  of depress ing  s t r e s s - induced  activation of the adrenerg ic  and pi tu i tary  s y s t e m s  
[7], prolact in,  which can inc rease  the nonspecific r e s i s t ance  of the body [16], and l imit  excitat ion of the adren-  
e rg ic  and p i tu i t a ry -ad rena l  s y s t e m s  during exposure  to s t r e s s  [6], the p -b locker  propranolol ,  which p reven t s  
the action of high concent ra t ions  of ca techo lamines  [2], and the antioxidant iouol, which blocks excess ive  ac-  
t ivation of LPO in the hear t  [8] and r educes  the development  of the s t r e s s  react ion,  all act  in roughly the same 
way. I t  was  shown prev ious ly  that these  subs tances  p reven t  s t r e s s - induced  d i s tu rbances  of oxidative phos-  
phorylat ion in the mi tochondr ia  of the hea r t  [10] and s t ruc tu ra l  damage to myoca rd iocy tes  [6, 7, 12]. 

Consequently,  i r r e s p e c t i v e  of the i r  point of application on the var ious  links of the pathogenetic chain of 
s t r e s s - induced  injury to the hear t ,  d rugs  can p reven t  d i s tu rbances  of the metabo l i sm,  s t ruc ture ,  and function 
of the hea r t  a r i s ing  during emotional  s t r e s s .  
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