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Exper imen t s  on ra t s  showed that  s t rophanthin K (0.1 rag/100 g body weight) reduces  the A T P  
and ADP content in the ra t  myocard ium by 23 and 26.6% re spec t ive ly  but does not change the 
AMP level .  Convallatoxin (0.07 rag/100 g) i nc rea se s  the A T P  concentra t ion by 33%, does not 
change the ADP level ,  and lowers  the AMP concentra t ion by 51%, and this effeet  is a e e o m -  
panied by the appearance  of inosine monophosphate ,  inosine, and adenosine.  Both glycosides  
i nc rea se  the content of reduced fo rms  of nicot inamide coenzymes;  convaIlatoxin a lso  in-  
c r e a s e s  the combined concentra t ion  of oxidized and reduced fo rms  of NAD, with a tendency 
fo r  the combined content of NAD and NADP to i nc rea se .  

In the analys is  of the therapeut ic  effect  of the card iac  glycosides  specia l  a t tent ion is paid to the i r  
e f fec t  on myocard ia l  me tabo l i sm [10, 12]. Prev ious  invest igat ions [8, 91 showed that the glycosides  l ibera te  
ca techolamines  f rom sympathe t ic  ne rve  endings where  they a r e  s t o r ed  in the fo rm of complexes  with 
adenyl nucleot ides,  chiefly ATP [1]. 

This  accounts  for  the cons iderable  in t e re s t  in the study of the effect  of ca rd iac  glycosides  on the 
eontent of adenyl nucleotides in the hear t  musc le  and the compar i son  of the s ta te  of the i r  phosphowla t ion  
with the content of n icot inamide-adenine  dinueIeotides,  subs tances  with a ve ry  impor tan t  role  in the 
me tabo l i c  eontrol  of ene rgy  product ion in the cell .  This  was the object  of the invest igat ion desc r ibed  below. 

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

.Albino ra t s  weighing 180-230 g were  used.  The ca rd iac  glycosides  s t rophanth inKand convallatoxin 
w e r e  injected in t raper i tonea l ly  in doses  of 0.1 rag/100 g and 0.07 rag/100 g body weight r e spec t ive ly .  The 
an imals  we re  decapi ta ted  1 h a f t e r  inject ion of the drugs,  as when the ca techolamine  concentra t ions  were  
inves t igated [9]. 

Adenyl nucIeotides were  identified by e l ec t ropho re s i s  on p a p e r  [2, 13] and inorganic  phosphorus was 
de te rmined  by De lo ry ' s  method in G r i g o r ' e v a ' s  modif icat ion [3]~ The concentra t ion of adenyl nucleotides 
was de te rmined  on the SF-16 s pec t ropho t ome te r  a t  wavelengths of 260 and 290 nm and e x p r e s s e d  in 
# m o l e s / g  wet weight of t i s sues .  The combined content of oxidized (NAD + NADP) and reduced  f o r m s  (NAD- 
H 2 + NADP.  H2) of n ico t inamide-adenine  dinucleotides was de te rmined  in a hear t  musc le  homogenate  by the 
method of Huff and Per l zwe ig  [11] and e x p r e s s e d  in #g/g  wet  weight of t i s sue .  

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

Three  f rac t ions  (differing in the i r  posi t ion re la t ive  to the cathode) cor responding  to AMP, ADP,and 
A T P  were  found on e lec t rophore t i c  f rac t ionat ion of the adenyl nucleotides f rom the control  group of an ima l s .  
The A T P  content was 40% of the to ta l  content of adenyI nucleotides (Table 1), in a g r e e m e n t  with data in the 
l i t e ra tu re  [6]. Inject ion of s t rophanthin was followed by a d e c r e a s e  of 23 and 26.6% in the A T P  and ADP 
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TABLE 1. Effect of Cardiac Glycosides on 
Content of Adenyl Nueleotides (in gmoles/g 
tissue) and Inorganic Phosphorus (in mg %) 
in Heart Muscle of Rats 1 h after Intraperi- 
toneal Injection (M • m) 

Parameter 
studied 

ATP 

ADP 

AMP 

Combined 
content of 
adenyl 
nucleotides 

IMP 
Inosine 
Adenosine 
Inorganic' 

phosphorus 

Contlol 

2,4-----0,16 

2,18+0,115 

1,47-----0,08 

6,06-----0,27 

absent 
absent 
absent 

26,8-+-2,0 

Strophanthin 

1,85---+0,12 
P~--2<O,OI 

1,6-+-0,08 
P1--2<0,001 
1,2ff"-0,16 

P1_2>0,05 
4,6-'-0,2 

P1--2<0,001 
absent 

absent 
absent 

30,83----- 1,47 

P~_~>0,05 

Convallatoxin 

3 

3,2---+0,238 
P1--3<0,02 
2,23• 
Px-a>O,05 
0,72-----0,12 
PI-8~0,001 
6,16-----0,26 

PI--3>0,05 
0,85--0,06 
0,18+0,02 
0,26-----0,027 
36,14~2,7 

P1--3<0,01 

TABLE 2. Effect of Strophanthin and Convallatoxin on Content of 
Nicotinamide Coenzymes (in Vg/g wet weight of tissue) in Myocardium 
of Rats 1 h after IntraperitoneaI Injection (M• 

Preparation and dose 

1. Control (n = 10) 
2. Strophanthin 0.1 rag/100 g (n = 

10) 
3. Convallatoxin 0.07 rag/X00 g 

(n = 10)  

NAD + 
NAD P 

340, I-+25,2 
333,1--20,25 

Pt_~>O,05 
391,5m25,1 

Pa--~>O,05 

Combined Ratio NAD+ 
NAD'H2 + content of; I NADP 

nicotin- 
NADP.H~ amide co- ] ~  

enzymes I NAD P'I-Iz 

189,9--'- 13 
234 + 15,5 

P1--~<0,02 
237,1~ 12,5~ 

Pl-- 3<0,01 

530--37,2 
565, I-- 25,1 

28,6~36,6 

P1_3<0,001 

1,75-0,07 
1,47-0,12 

1,64--0,05 

P~_3>o,05 

l eve ls  r e s p e c t i v e l y  c o m p a r e d  with the i r  o r ig ina l  va lues .  T h e r e  was  no s ign i f i can t  change in the A M P  con-  
cen t r a t ion .  The combined  content  of adenyl  nue leo t ides  fell  by 24% main ly  on account  of the d e c r e a s e  in 
the A T P  and A D P  l eve l s .  The inorgan ic  phosphorus  concen t r a t i on  showed a tendency  to i n c r e a s e .  

The changes  a f t e r  in jec t ion  of conval la tox in  w e r e  m o r e  m a r k e d  and va r i ed  in c h a r a c t e r .  E l e c t r o -  
p h o r e s i s  showed s ix  f r ac t i ons  (relat ive to the cathode)  c o r r e s p o n d i n g  to adenos ine ,  inosine,  AMP,  inosine 
monophospha te  (IMP), ADP,  and A T P .  The A T P  level  was  33% h ighe r  than ini t ia l ly ,  but  A D P  was  unchanged.  
Unlike s t rophanth in ,  conval la tox in  led to a m a r k e d  d e c r e a s e  (by 51%) in the A M P  level  and this was  a c c o m -  
panied by the a p p e a r a n c e  of i ts  dephosphory la t ion  p roduc t s  (adenosine) .  The  adenos ine  f o r m e d  in all p r o b -  
abi l i ty  was  deamina ted  by d e a m i n a s e  to inos ine .  The a p p e a r a n c e  of IMP and inosine could be evidence  of 
ac t iva t ion  of  the deamina t ion  of  the adenyl  nue leo t ides .  The content  of inorgan ic  phosphorus  was  s igni f icant ly  
i n c r e a s e d  by 34% c o m p a r e d  with the cont ro l .  T h e s e  r e su l t s  a r e  diff icul t  to i n t e r p r e t  b e c a u s e  the two g ly -  
cos ides  have d i v e r g e n t  ac t ions .  In K o n d r a s h o v a ' s  opinion [5], the ac t ion  of s t rophanth in  on the m y o c a r d i u m  
is b a s e d  on mi ld  uncoupl ing of  oxidat ive and e n e r g y - y i e l d i n g  p r o c e s s e s .  Under  these  condit ions the in ten-  
s i ty  of  phospho ry l a t i on  lags  behind the sha rp ly  i n c r e a s e d  in tens i ty  of oxidation,  the P / O  ra t io  fa l ls ,  and as  
the e x p e r i m e n t s  d e s c r i b e d  above show, this m a y  lead to a d e c r e a s e  in the A T P  leve l .  Meanwhile  eonva l l a -  
toxin,  in the dose used,  p roduced  a sma l l  d e c r e a s e  in the in tens i ty  of both r e s p i r a t i o n  and phosphory la t ion  
[4], with no consequen t  change in the P / O  ra t io .  A s h a r p  i n c r e a s e  in the in tens i ty  of m y o c a r d i a l  c o n t r a c -  
t ions  m a y  a l so  be a c c o m p a n i e d  by  an i n c r e a s e  in A T P  fo rma t ion ,  even if the P / O  ra t io  is l owered  [7]. 

St rophanthin  had no s ign i f i can t  e f fec t  on the concen t r a t i on  of the  ox id ized  f o r m s  of  n ico t inamide  c o -  
e n z y m e s  (Table 2) but i t  i n c r e a s e d  the content  of  t h e i r  r e d u c e d  f o r m s  by 23% o v e r  the con t ro l ;  the ra t io  
NAD + NADP/NAD "H2 + NADP.  H 2 showed a tendency  to fal l .  
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The action of convallatoxin was more marked and it led to an increase in the combined content of 
nicotinamide coenzymes by 18% and of their  reduced form by24%, a tendencytoward an increase iuthe oxidized 
form of NAD, but with no significant change in the NAD + NADP/NAD �9 H 2 + NADP. H 2 ratio. The increase 
in the content of nicotinamide coenzymes is evidence of active function of the respi ra tory  chain. 

These results show that the increase in the contractile power of the myocardium produced by the gly- 
cosides is accompanied by changes in the level of adenyl nucleotides and of nicotinamide coenzymes, i.e.,  
factors controlling metabolism at the molecular level.  
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