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Ouabagenin in concentra t ions  below 7 �9 10 -6 mo le / l i t e r ,  unlike strophanthin K and ouabain, 
which comple te ly  inact ivate  the sodium pump of the f rog ' s  skin, init ially d e p r e s s e s  the 
sodium flux slightly but l a t e r  has no effect on sodium t ranspor t .  The p r e s e n c e  of sugar  in 
the molecule  of the glycoside potent ia tes  i ts  action, evidently by faci l i tat ing s t rong binding 
with (Na +, K+)-ATPase .  

Cardiac  g lycos ides  and their  aglycones  have not only a cardiotonic,  but also a na t r iu re t i c  action, and 
in both cases  the dominant fac tor  is inhibition of the sodium pump [3, 5, 6]. Activi ty of the g lycos ides  is  
considerably  higher than that of the aglycones [1, 10]. 

To a s s e s s  the role  of the sugar  component in the specif ic  action of g lycos ides  it was  decided to inves -  
t igate the kinet ics  of action of the glycoside and aglycone on sodium pump. F r o g ' s  skin was  chosen as the 
tes t  object,  for  unlike the kidney [8], sodium t r anspo r t  in it is complete ly  abolished by strophanthin [4]. 

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

Active sodium t r a n s p o r t  through the abdominal  skin of male  winter  f rogs  (Rana t empora r ia )  was  
studied by measur ing  the shor t - c i r cu i t ed  cur ren t  [2]. All the exper imen t s  were  c a r r i e d  out in constant 
t e m p e r a t u r e  v e s s e l s  at 25~ P repa ra t i ons  of strophanthin G (ouabain) and ouabagenin were  provided by the 
f i rm  Sandoz A. G. (Switzerland), and strophanthin K was  obtained f r o m  the Fac to ry  of the Pha rmaceu t i ca l  
Chemical  Resea rch  Insti tute in Khar 'kov;  g lycosides  and aglycones were  added to R inge r ' s  solution bathing 
the inner  surface  of the f r o g ' s  skin. 

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  

Strophanthin K, ouagain, and ouabagenin can complete ly  abolish act ive  sodium t r anspor t  in the f rog '  s 
skin (Fig. 1), but the dose of the glycoside requi red  to do this  is much sma l l e r  than that of the aglycone. 
However ,  when concentra t ions  of the drugs depress ing  sodium t r anspo r t  by 50% were  used for  about 30 min 
(Fig. 1, expe r imen t s  Nos. 2 and  4), quali tat ive difference was c lea r ly  seen between the act ions of the g lyco-  
s ides and aglycone. Strophanthin K and ouabain gradual ly  but comple te ly  inact ivated the sodium pump, 
whe reas  ouabagenin init ially reduced the sodium t ranspor t ,  but t he r ea f t e r  the opera t ion  of the pump be -  
came stabil ized.  This di f ference in the action of the p r epa ra t i ons  is  a lso  re f lec ted  in the re la t ionship  be -  
tween the concentrat ion of the drug and the t ime during which it r educes  sodium t r anspo r t  by 50% (Fig. 2). 
Both strophanthin K and ouabain a re  not only more  powerful  inhibi tors  of sodium t ranspor t ,  but in all con- 
cent ra t ions  t es ted  they also produced a p r o g r e s s i v e  inhibition of the sodium pump, the effect  being c lea r ly  
dependent upon the dose. Ouabagenin, by contras t ,  in concentra t ions  below 7 �9 10 -6 mole / l i t e r ,  init ially p r o -  
duced a smal l  dec rea se  in the flux, but the p r o c e s s  the rea f t e r  became  stabilized. 
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Fig. 1. Dynamics of action of cardiac  glycosides and aglycone on 
sodium t ranspor t  in f rog '  s skin. Arrow indicate s addition of ouabagenin 
in concentrat ions of 3.8 �9 10 -5 M (1) and 1" 10 -5 M (4), strophanthin 
2.36- 10 -6 M (2), and ouabain 3.3 �9 10 -6 M (3). Ordinate, s h o r t - c i r -  
cuited current  (in ~A/cm2); abscissa ,  t ime (in rain). 

Fig. 2. Time taken to reduce sodium t ranspor t  by 50% as a func- 
tion of logari thm of concentrat ion of drug. Ordinate, t ime (in rain) ; 
abscissa ,  log of concentrat ion of strophanthin K (1), ouabain (2), and 
ouabagenin (3). Each point r epresen t s  mean resul t  of 6-22 exper i -  
ments. 
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Fig. 3. Effect of ouabagenin on sodium t r ans -  
por t :  1) addition of ouabagenin to skin a in dose 
of 7.6 �9 10 -6 mole / l i te r ;  2) solution with ouaba- 
genin f rom skin a t r an s f e r r ed  to inner surface 
of skin b; 3) ouabagenin r insed out with R inger ' s  
solution; 4) 7.6 �9 10 -~ mole / l i t e r  ouabagenin 
added to skin a and b; 5) a fur ther  7.6 �9 10 -~ 
mole / l i t e r  ouabagenin added to skin. Ordinate, 
shor t -c i rcu i ted  current  in/~A/cm 2 (I for p r e p a r a -  
tion of skin a, I I fo r  skin b); abscissa ,  t ime (in min). 

The feature of the action of ouabagenin mentioned 
above could occur  because the aglycone, unlike the g lyco-  
side, fo rms  a dissociating complex with the enzyme, 
and in concentrat ions below 7- 10 -6 m o l e / l i t e r  it is im-  
possible to obtain 50% reduction in sodium t ranspor t ,  or  
the aglycone is f i rmly bound with the var ious  compo- 
nents of the f rog ' s  skin, and for  this reason it d isappears  
quickly f rom the Ringer ' s  solution. To analyze this a l-  
ternative experimental ly experiments  were  ca r r i ed  out 
on 10 membranes  by the following scheme. Ouabagenin 
was added to half of the objects, and after  depress ion of 
the sodium transport ,  when the p roce s s  was stabilized, 
the Ringer '  s solution with ouabagenin in contact with 
the inner surface of the skin was t r an s f e r r ed  to a f resh 
prepara t ion of skin, while the skin exposed to its action 
was r insed with Ringer ' s  solution. The resul ts  given in 
Fig. 3 show clear ly  that the R inger ' s  solution with 
ouabagenin reduced sodium t ranspor t  in the f resh speci-  
men by the same extent as in the original  object and, 
consequently, the concentration of the inhibitor in solu- 
tion is not significantly reduced af ter  incubation of skin 
in it. On the other hand, res tora t ion  of the sodium flux 
after  removal  of the inhibitor by rinsing demonst ra tes  
the instability of its binding with the enzyme. Con- 
versely ,  after  removal  of the strophanthin K by rinsing 
and, as experiments  on the ur inary  bladder of the frog 
Rana catesbiana have shown, after  removal  of ouabain, 

added in a concentrat ion of 1" 10 -7-1" 10 -4 m o l e / l i t e r  by rinsing the sodium t ranspor t  is not r e s to red  [7]. 
The resul ts  thus demonstra te  that the charac te r i s t i c  kinetics and the higher activity of strophanthins K and 
G than of ouabagenin are  due to the presence  of sugar in the molecule of the glycoside, facilitating its f irm 
bonding, probably with the molecule of (N a +, K+)-ATPase.  This enzyme is the chief point of action of the 
cardiac glycosides  in the sys tem of active sodium t ranspor t  [9]. 
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