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The act ion of Rb + and Cs + ions on the degree  of inhibition of v e n t r i c u l a r  p a c e m a k e r  act ivi ty  
by fa s t  s t imula t ion  was inves t iga ted  in expe r imen t s  on the rabbi t  hear t ,  i so la ted  by 
Langendor f ' s  method,  with a complete  a r t i f i c ia l  a t r i o - v e n t r i e u l a r  block.  Rb + and Cs + ions 
were  found to shor ten  the per iod  Of pos t s t imula t ion  asys to le .  The effect  of Rb + and Cs + is 
not sens i t ive  to onabain. The reduct ion in the degree  of inhibition of ven t r i cu l a r  p a c e m a k e r  
act ivi ty  by fas t  s t imula t ion  produced by Rb + and Cs + ions is a t t r ibuted to act ivat ion of 
ac t ive  ionic t r a n s p o r t  in the p a c e m a k e r  f i be r s .  

If a complete  a t r i o - v e n t r i c u l a r  block is p r e sen t ,  t e m p o r a r y  asys to le  is produced as an o f f - r e sponse  
to fas t  e l ec t r i ca l  ven t r i cu l a r  s t imula t ion  [4]. In i ts  or igin  this pos ts t imula t ion  asys to le  is r ega rded  as  
analogous to the p reau tomat i c  pause a r i s ing  during acute complete  a t r i o - v e n t r i c u t a r  block [2, 4, 5] and the 
per iodic  a sys to l e  connected with the phenomenon of se l f - inhibi t ion of ven t r i cu la r  p a c e m a k e r  act ivi ty  [1, 4]. 

The development  of pos ts t imuIa t ion  asys to le  has been explained by re la t ive  insuff iciency of act ive  
ionic t r a n s p o r t  in the ven t r i cu la r  p a c e m a k e r  f ibers  during unaccus tomedly  h igh-f requency exci tat ion [2, 5]. 

Ouabain, a specif ic  inhibi tor  of m e m b r a n e  t r a n s p o r t  A T P a s e ,  and inhibitors of energy  metabo l i sm 
dis turbing ATP resyn thes i s  inhibit the spontaneous ven t r i cu la r  p a c e m a k e r  act ivi ty  and lengthen the p r e -  
automat ic  pause  [2, 3, 5, 10l. 

Cer ta in  p rocedures  act ivat ing the p r o c e s s e s  of act ive  ionic t r a n s p o r t  have been shown to shor ten  the 
per iod  of pos ts t imula t ion  asys to le .  These  p rocedures  included an inc rease  in the K + ion concentrat ion [5]. 
An inve r se  re la t ionship  has been found between the K + ion concentra t ion and the duration of pos ts t imula t ion  
asys to le .  The act ion of K + ions was comple te ly  abol ished by ouabain. These  exper imen t s  were  repeated  
by the p re sen t  w r i t e r s  with the s a m e  resu l t .  

To tes t  the hypothesis  of the effect  of ac t ivat ion of act ive ionic t r anspo r t  on the degree  of inhibition 
of ven t r i cu la r  p a c e m a k e r  act ivi ty by fas t  s t i rnulat ion,a  s e r i e s  of expe r imen t s  was c a r r i e d  out to study the 
effect  of Rb + and Cs + ions, which a lso  ac t iva te  m e m b r a n e  t r a n s p o r t  A T P a s e  [6, 8, 9], on the hear t .  

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

The tes t  object  was the r abb i t ' s  hea r t  i sola ted by Langendor f ' s  method.  Oxygenated Tyrode solution 
of the usual composi t ion was used for  per fus ion .  The t e m p e r a t u r e  was mainta ined at  36.5 =~ 0.3 ~ C. 

Complete a t r i o - v e n t r i c u l a r  block was produced by ligating or  clamping the supe r io r  pa r t  of the a t r i o -  
ven t r i cu l a r  conducting bundle. The ECG was r eco rded  f rom e lec t rodes  applied to the ven t r i c l e s .  Af ter  
e s tab l i shment  of an id iovent r icn la r  rhythm,  the ven t r i c les  were  s t imulated for  3 rain with supra l imina l  pulses  
of cu r r en t  a t  a f requency 2.5 t imes  higher than the in t r ins ic  f requency of ven t r i cu l a r  exci tat ion (the 
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Fig. 1. Action of Rb + and Cs + ions on duration 
of posts t imulat ion asystole (in % of initial value). 
I: 1) Initial duration of postst imutation asystole  
during perfusion of the hear t  with normal  Tyrode 
solution (100%); 2) duration of postst imulat ion 
asystole  during the action of Rb + ions; 3) r e s t o r a -  
tion of initial duration of preautomatic  pause during 
perfusion of the hear t  with normal  Tyrode solution. 
II: 1) Initial duration of postst imulat ion asystole  
during per'fusion of the hear t  with normal  Tyrode 
solution (100%); 2) effect of Cs + ions on duration 
of the preautomat ic  pause; 3) res tora t ion  of 
initial duration of preautomat ic  pause during 
perfusion of the hear t  with normal  Tyrode 
solution. 
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Fig. 2. Action of Rb + and Cs + ions on the hear t  
poisoned with K-strophanthin-f l  (in % of initiaI 
value). I" 1) Initial duration of posts t imulat ion 
asystole  during perfusion of the hear t  with normal  
Tyrode solution (100%); 2) increase  in duration 
of preautomat ic  pause under the influence of K- 
strophanthin-fl;  3) shortening of posts t imulat ion 
asystole  by the action of Rb + ions. II: 1) Initial 
preautomatic  pause during perfusion with normal  
Tyrode solution (100%); 2) increase  in duration of 
preautomat ic  pause under the influence of K - s t r o -  
phanthin-fi ; 3) shortening of posts t imulat ion asystole  
by the action of Cs + ions. 

frequency of excitation was counted before each 

period of stimulation). To determine the initial 

value of the poststimulation asystole its duration 

was measured during perfusion with a solution con- 
raining Rb + or Cs + ions and during subsequent per- 

fusion with Tyrode solution ofunchangedcomposition. 

EXPERIMENTAL RESULTS 

According to data in the literature [8] K is 
20% more active than Rb and 4-5 times more active 
than Cs in activating membrane transport ATPase, 
or the ratio between the activities of K : Rb : Cs is 
1 : 0.84 : 0.22. 

The addition of RbCI (0.1-1.5 raM) or CsCI 
(1-5 raM) to the Tyrode solution had no significant 
effect on the duration of poststimulation asystole. 

Under the influence of RbCI in a concentration 
of 2 mM (9experiments), the initial duration of post- 
stimulation asystole (mean 24 sec) was approxi- 
mately halved (to 50.3% of the initial value, P < 
0.001). During subsequent perfusion of the heart 
with Tyrode solution of unchanged composition the 
duration of poststimulation asystole returned to its 
initial level (to 100.4%, P < 0.01; Fig. 1). RbCI in 
a concentration of 2 mM reduced the frequency of 
spontaneous ventricular excitation on the average 
by 52% (P < 0.001). 

Under the influence of CsC1 in a concentration 
of 10 mM (5 experiments) , the initial duration of 
postst imulat ion asystole  was reduced a lmost  four-  
fold (to 23.1% of the initial value, P < 0.01). During 
subsequent perfusion of the hear t  with normal  
Tyrode solution the duration of posts t imulat ion 
asystole  was again increased  a lmost  to its initial 
level (to 92.9%, P < 0.01; Fig. 1). CsC1 in a con- 
centrat ion of 10 mM had no significant effect on the 
frequency of idioventr icular  excitation. 

The effective concentrat ions of Rb and Cs 
thus established were close to the concentrat ions 
required for  semimaximal  activation of membrane  
t ranspor t  ATPase .  Experiments  ca r r i ed  out on 
the crab nerve have shown that this concentration 
is 1.8 mM for  Rb and 8.0 mM for Cs [9]. 

The action of effective concentrat ions of Rb 
and Cs was tested in a ser ies  of experiments  on 
the hear t  poisoned with strophanthin. The p repa ra -  
tion K-strophanthin-fl ,  produced at the Institute of 
Chemis t ry  of Plant  Substances, Academy of 
Sciences of the Uzbek SSR (molecular weight 728), 
analogous to ouabain, when used in a concentrat ion 
of 1.4 �9 10 -7 M doubled the duration of pos ts t imula-  
tion asystole  (to 204% of the initial level, P < 0o001; 
Fig. 2) and increased the frequency of spontaneous 
excitation of the ventr ic les  on the average by 28% 
(P < 0.01). 
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The durat ionof  posts t imulat ion asystole ,  when increased  by strophanthin, was again r e s to red  to its initial 
level  by the action of Rb (9 exper iments ,  P < 0.001; Fig. 2), and by the action of Cs ions (8 experiments)  it 
was reduced to 71.5% of the initial level  (P < 0.001; Fig.  2). The frequency of vent r icu la r  excitat ion was 
reduced by 68 (P < 0.001) and 89% (P < 0.001) respec t ive ly .  

The resu l t s  show that Rb + and Cs + ions, which inc rease  the act ivi ty of membrane  t ranspor t  ATPase ,  
reduce  the posts t imulat ion inhibition of ven t r i cu l a r  pacemaker  act ivi ty.  The action of Rb and Cs on the 
durat ion of posts t imulat ion asystole  was identical,  allowing for  the gradient  and activity.  These  resul ts  can 
be rega rded  as confirmation of the view that the inhibition of ven t r i cu la r  pacemaker  act ivi ty by h igh- f re -  
quency st imulat ion is connected with the state  of act ive ionic t r anspor t  and the act ivi ty of membrane  t r an s -  
por t  ATP a se .  

The fact that Rb + and Cs + ions continue to act  even a f te r  poisoning of the hear t  by strophanthin was 
unexpected.  Since ouabain abolishes the activating action of these ions on ATPase  [71, it might be expected 
that they would not ac t  on the poisoned hear t .  This expectation would be increased  because K-s t rophanthin-  
fi, both in Saidkarimov's  [5] and our own exper iments ,  abolished the action of K + ions on the duration of 
posts t imulat ion asys to le .  The possible explanation of this fact  is that we used much lower  concentrat ions 
of ouabain than those which abolished the action of Rio and Cs in the exper iments  on the squid axon [7]. 
However,  those concentrat ions (104-10 -4 M) could not be used on the hear t  because of thei r  high toxicity.  
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