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A C T I O N  OF C A R D I A C  G L Y C O S I D E S  ON S O M E  I N D I C E S  

OF M E D I A T O R  M E T A B O L I S M  OF T H E  M Y O C A R D I U M  

IN E X P E R I M E N T A L  C A R D I O V A S C U L A R  P A T H O L O G Y  

A.  I .  C h e r k e s  a n d  S .  V .  F r a n t s u z o v a  

Exper imen t s  on r a t s  showed that cons t r ic t ion  of the abdominal  ao r t a  (cardiac  fa i lure  of he-  
modynamic  type) is  accompanied  by a d e c r e a s e  in the ca techolamine level  in the m y o c a r d i -  
um and adrena l s .  The dec r ea s e  in the ca techolamine concentra t ion in the m y o c a r d i n m  was 
m o r e  m a r k e d  90 rain a f t e r  the opera t ion ,  when the level  was 52% of i ts  initial  value.  Admin-  
i s t ra t ion  of the card iac  g lycos ides  s t rophanthin and convallatoxin under  these conditions (in 
doses  of 0.1 mg/100 g and 0.07 rag/100 g respec t ive ly)  helps to r e s t o r e  the no rma l  ca techol -  
amine level  in the m y o c a r d i u m  without changing the adrenal in  and noradrena l in  levels  in the 
ad rena l s .  

It has  been  concluded f r o m  var ious  invest igat ions [5, 6, 11] that the dec r ea se  in contract i le  power  of 
the myocard ium in hea r t  fa i lure  is based  on a d e c r e a s e  in the ca techolamine concentra t ion in the myo-  
ca rd ium.  

Adminis t ra t ion  of g lycos ides  is  the mos t  effect ive method of pha rmaeo the r apy  at  p r e sen t  avai lable  in 
ca rd iovascu la r  fa i lure .  However,  the c h a r a c t e r  of changes in the media to r  m e t a b o l i s m  of the m y o c a r d i u m  
and, in pa r t i cu la r ,  of the sympathe t ic  component,  during the t r ea tmen t  of hea r t  fa i lure  by ca rd iac  g lycos ides  
has not ye t  been explained.  

The object  of the invest igat ion desc r ibed  below was to examine this p rob l em in an imals  with e x p e r i -  
menta l  hea r t  d i s ea se .  

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

Exper imen t s  were  c a r r i e d  out On ra t s  weighing 180-210 g. The total  ca techolamine  concentrat ion 
was de te rmined  in the myoca rd ium and the concentra t ions  of adrenal in  and noradrena l in  we re  de te rmined  
sepa ra te ly  in the adrena l s  [4]. Card iovascu la r  fa i lure  of hemodynamic  type was produced by Beznak ' s  
method [10] in Kogan 's  modif icat ion [3]. The an imals  we re  sac r i f i ced  90 min (acute ca rd iovascu l a r  fai lure)  
and 7-8 days (subacute failure) a f t e r  the opera t ion.  These  t imes  were  chosen on the bas i s  of e a r l i e r  in- 
ves t igat ions  in the w r i t e r s '  l abora to ry  [1, 7, 8] of the action of ca rd iac  g lycos ides  on ca rbohydra te -phospho-  
rus ,  protein,  and e lec t ro ly te  me tabo l i sm  of the myoca rd ium in this pathology. Changes indicating reduced  
contract i le  power  of the myoca rd ium were  obse rved  in the ECG at  these  t imes  a f t e r  the opera t ion.  Stro-  
phanthin (0.1 rag/100 g body weight) and convallatoxin (0.07 mg/100 g body weight) were  injected i n t r ape r i -  
toneal ly as a single dose 30 min a f t e r  cons t r ic t ion  of the abdominal  aor ta ;  the an imals  were  sac r i f i ced  60 
min a f t e r  in jec t ion  of the drugs .  In subaeute hemodynamic  fa i lure  the s a m e  drugs  were  injected s ta r t ing  
on the second day a f t e r  the operat ion in doses  of 0.05 mg/100 g (strophanthin) and 0.035 mg/100 g (con- 
vallatoxin) once a day.  
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TABLE 1. Effect  of Card iac  Glycos ides  on Catecholamine Concen- 
t r a t ion  in Myocard ium and Adrena l s  of Ra ts  with Expe r imen ta l  Myo- 
c a r d i a l  Insuff iciency of Hemodynamic  Type 

Total catechol-tCatecholamine concentration 
amine col~cen- [in adrenals (in ~g adrenaliri 

Experimental conditions Itration in myo-[or noradrenalin/g weight of 
and preparation Icardinm (in Bglgland) 

~aoradrenalin/g ] . .. ' .  .. 
[fresh tissue) I aarena~m noraerenann 

Control 

Hemodynamic failure (90 mill) 

Hemodynamic failure + 
strophanthin (80 min) 

Hemodynamic failure + 
convallatoxin (90 rain) 

Hemodynamic failure ('/-8 days) 

Hemodyr~arnic failure + 
strophanthin (7-8 days) 

Hemodynamic failure + 
convallatoxin ('/-8 days) 

1,79~0,08 
n=35 

0,86~0,077 
n~16 

Px_2~O, O01 
1,43+0,14 

n~lO 
P~-a~O, O01 
1,34___0,06 

n---~8 
P2-4~ 0 , 001 
1,31• 

n~8 
P1-adO,01 
1,17-+-0,068 

n ~ 8  
P6-5~0, 5 
1,25• 

n~7 
PT-s~0,5 

19,75• 
n ~ 2 2  

11,34+1,37 
n~14 

P1-2~0,001 
8,94-_+-_0,74 

n~10 
P~-s~0.5 

12,8• 
n~8 

P~-4~O, 5 
11,2_1,61 

n ~ 8  
P1-5~O,O1 
12,49• 

n ~ 8  
P6-~0,5 
13,43_____0,4 

n=10 
P7_~0,5 

3,3~0,73 
n~16 

1,87~-0,5 
n~14 

0,25<:Pz_2<0,1 
1,62~0,55 

n-~10 
P2_a~0,5 
1,49~0,35 

n~8 
P~,-4~O, 5 
2,61~0,68 

n ~ 8  
Pt-~0,5 
2,26!0,5 

P6_~0,5 
2,22~0,14 

n~10 
P7-5>0,5 

EXPERIMENTAL RESULTS AND DISCUSSION 

In the animals with experimental stenosis of the abdominal aorta, 90 rain after the operation there 
was a marked decrease in the catecholamine concentration in the myocardinm (by 52%) and in the adrenalin 
concentration in the adrenals (by 42.5%) with a clear tendency toward a decrease in the noradrenalin con- 
centration in the adrenals by comparison with the control. In animals undergoing a mock operation (laparo- 
tomy without stenosis of the abdominal aorta) no significant changes were observed in these indices. The 
results agree with those obtained by Meerson et al. [5], who found a decrease in the catecholamine level in 
the myoeardium of rabbits in the crisis stage of compensatory hyperfunction of the heart. 

Injection of strophanthin and convallatoxin after the production of acute hemodynamic failure largely 
restored the normal catecholamine level in the myoeardium. This level rose by 66 and 55% respectively, 
although it did not reach the control. The levels of adrenalin and noradrenalin in the adrenals remained 
within the same limits as during cardiovascular failure. 

In the next series of experiments on rats in the later stage of cardiovascular failure (7-9 days) the 
experiments showed that the catecholamine concentration in the myocardlum was still a little below the 
control level (by 20%), but it was higher than in animals with acute failure. The adrenalin concentration in 
the adrenals was lowered within the same limits as in acute failure. 

Repeated administration of cardiac glycosides under these conditions did not restore the normal 
catecholamine level in the myocardium and adrenals. The results of these experiments are given in Table i. 

The results support the view of Manukhin [4] that the noradrenalin concentration falls rapidly in ex- 
perimental s i tua t ions  leading to s e v e r e  d i s tu rbances  of n o r m a l  phys io log ica l  functions,  and by a l e s s e r  de -  
g r ee  during a g radua l  change in the s ta te  of the c a r d i a c  function. The p a r t i a l  r e s t o r a t i o n  of the lowered  
ca techolamine  leve l  on the 7th-Sth day a f t e r  product ion  of c a r d i o v a s c u l a r  f a i lu re  is  evidence of the deve lop-  
ment  of compensa to ry  mechan i sms ;  b iosyn thes i s  and inac t iva t ion  of ca techo lamines  p robab ly  r e a c h  equi l ib -  
r i um.  

The ab i l i ty  of c a r d i a c  g lycos ides  to r e s t o r e  the no rma l  ca techolamine  leve l  in the m y o c a r d i u m  in 
acute fa i lu re ,  when this  l eve l  is  cons ide rab ly  reduced ,  i s  a mani fes ta t ion  of the i r  "economizing" effect  
[2, 9] which, under  these  same  condit ions,  extends a lso  to o ther  a spec t s  of c a r d i a c  m e t a b o l i s m  (no rma l i za -  
t ion of g lyco ly t i c  enzyme ac t iv i ty ,  in tens i ty  of r e s p i r a t i o n  and phosphoryla t ion ,  e l e c t r o l y t e  ba lance  of the 
m y o c a r d i a l  ce l l ,  i t s  p ro t e in  composi t ion ,  and so on). The i n c r e a s e  in the ea techolamine  concent ra t ion  in 
the myoea rd ium under  the influence of s t rophanthin  and conval la toxin during fa i lu re  is  evidence of involve-  
ment  of the a d r e n e r g i c  component  in the m e c h a n i s m  of the pos i t ive  t rophic  act ion of the c a r d i a c  g lycos ides  
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on the myocardium. This may to some degree explain the mechanism of the therapeutic effect of strophan- 
thin and closely related glycosides in acute myocardial insufficiency~ 
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