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Exper imen t s  on isolated rabb i t  hea r t s  and also on hea r t s  with a comple te  a t r ioven t r i cu la r  block 
were  c a r r i e d  out to study the effect  of an excess  or  deficiency of sulfhydryl  groups on automat ic  
act ivi ty of the card iac  p a c e m a k e r s .  Unithiol and cys te ine  in concentra t ions  of 1 �9 10-6-1 �9 10 -4 
g / m l  were  used as  donors  of sulfhydryl  groups and a deficiency of these  groups was produced by 
addition of alloxan in concentra t ions  of 1 �9 10-5-5 �9 10 -5 g /ml .  Changes in the concentrat ion of sulf -  
hydryl g r o u p s  were  found to have no marked  action on automatic  act ivi ty of the s inoatr ia l  node. 
An excess  of sulfhydryl  groups led to pos ts t imula t ion  depress ion  of automatic  act ivi ty of poten- 
t ial  p a c e m a k e r s  of the ven t r i c l e s  and could lead to the development  of Luciani ' s  per iods .  Con- 
ve r se ly ,  with a deficiency of sulfhydryl  groups,  automat ic  act ivi ty of the ven t r i cu la r  p a c e m a k e r s  
inc reased  shapr ly ,  a t r ioven t r i cu la r  conduction was disturbed,  and pos ts t imula t ion  depress ion  of 
automat ic  act ivi ty was cons iderably  r e d u c e d .  Dis turbances  of card iac  act ivi ty evoked by a defi-  
ciency of sulfhydryl  groups were  comple te ly  abolished by unithiol or cyste ine .  
KEY WORDS: sulfhydryl  groups;  ca rd iac  p a c e m a k e r s ;  automat ic  act ivi ty;  pos ts t imula t ion  de-  
p r e s s ion  of automat ic  act ivi ty;  a t r ioven t r i cu la r  block. 

Data in the l i t e ra tu re  on the effect  of changes in the content of t i s sue  sulfhydryl  groups on card iac  ac t iv i -  
ty a re  cont radic tory .  Most invest igat ions have dealt  with the action of acetylcholine on the hea r t  during a defi-  
c iency of SH groups.  Severa l  w o r k e r s  have shown that  blocking sulfhydryl  groups by sal ts  of the heavy meta ls ,  
fo rming  mercap t ide  bonds, abol ishes  the r e s po nse  of the hear t  to vagus nerve  s t imulat ion and to injection of 
ace ty lcho l ine  [2, 7], and also d e p r e s s e s  A T P a s e  act ivi ty  in the myocard ium [10, 11, 12]. According to o b se r -  
vat ions by other worke r s ,  oxidizers  of SH groups (alloxan, d ihydroascorbic  acid, etc.) potentiate chol inergic  in- 
f luences on the hea r t  [3, 4] and do not lower A T P a s e  activity~ Substances act ing as donors of sulfhydryl  groups 
a r e  used in cl inical  medicine in ca se s  of poisoning by sa l t s  of heavy meta ls  and overdosage  of cardiac  glyco-  
s ides [5, 6]. 

The effect  of changes in the concentra t ion of sulfhydryl  groups on automatic  act ivi ty of the card iac  pace-  
m a k e r s  has  not been studied. The object  of this invest igat ion was to study the effect  of a deficiency or excess  
of sulfhydryl  groups  on automat ic  act ivi ty  of the s inoat r ia l  node and the potent ia l  ven t r i cu l a r  p a c e m a k e r s  of 
the hear t .  

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 isolated hea r t s  of 24 rabbi t s .  T y r o d e ' s  solution of the following c o m -  
posit ion (in m m o l e s / l i t e r )  was usedfo r  perfusion by Langender f f ' s  method: NaC1 137, KC1 2.7, CaC12 1.8, 
MgC12 1.0, NaHCO 3 12.0, NaH2PO 4 0.4, and glucose 5.5. The t e m p e r a t u r e  of the solution was 36.5 �9 0.3~ and 
its pH 7.3-7.4. 

Cyste ine  and unithiol in concentra t ions  of 1 .10-~-1  �9 10 -4 g / m l  were  used as donors of sulfhydryl  groups 
[4]. A deficiency of SH groups was c rea ted  by means  of alloxan, which does not fo rm mercap t ide  bonds [3]. 

Labora to ry  of Exper imen ta l  Cardiology,  P.  K. Anokhin Insti tute of Norma l  Physiology,  Academy of 
Medical  Sciences of the USSR. Depar tment  of Pharmaco logy ,  P h a r m a c e u t i c a l  Faculty,  I. M. Sechenov F i r s t  
Moscow Medical Inst i tute.  (Presen ted  by Academic ian  of the Academy of Medical Sciences of the USSR P.  A. 
Fedorov.)  T rans la t ed  f rom Byul le ten '  l~ksper imenta l 'noi  Biologii i Meditsiny, Vol. 82, No. 10, pp. 1165-1168, 
October ,  1976. Original  a r t i c le  submit ted F e b r u a r y  13, 1976. 

This material is protected by ~opyright registered in the name o f  Plenum Publishing Corporation 227 West 17th Street, New York, 'iV. Y. I0011. No part [ 
o f  this publication may be reproduced, stored in a retrieval system or transmitted in any form" or by any means electronic mechanical, photocopying, 1 I microfilming, recording or otherwise, withou t written permission o f  the publisher. A copy of  this article is available ~om the publisher for $ 7. 50. 

1454 



_ -  

,7 s e e  
2 l i l t  

J 

Fig. 1. Effect of excess  of sulfhydryl groups on duration of preautomatic pause: 1) 
initial duration of preautomatic pause after cessat ion of fast e lect r ical  stimulation of 
ventr icles  of isolated rabbi t ' s  hear t  for 3 min under conditions of total a t r iovent r icular  
block; 2) twofold increase  in preautomatic pause after action of unithiol for 15 rain in 
concentrat ion of 5" 10 -5 g /ml ;  3) preautomatic  pause during perfusion of hear t  with o r -  
dinary Tyrode '  s solution. Record  of e lect r ical  activity of rabbit  ventr ic les .  

Alloxan was given in concentrat ions of 1 �9 10-5-5 �9 10 -5 g /ml ,  sufficient to oxidize up to 20% of the total content 
of SH groups in the t issues  or up to 50% of the SH groups of nonprotein thiol compounds [4]. 

The action of these substances was studied on the intact isolated hear t  and on a hear t  with complete a t r io-  
ventricular block. The block was produced by applying a soft clamp to the upper parts  of the bundle of His. 
After  abolition of the flow of impulses f rom the sinoatr ial  node, automatic activity a r i s e s  in potential cardiac  
pacemakers ,  so that the effect of a deficiency and excess of SH groups on the activity of the ventr icular  pace-  
makers  was est imated from the frequency of spontaneous excitation and the duration of the preautomatic  pause 
ar is ing after cessat ion of fast e lec t r ica l  stimulation of the ventr ic les .  Stimulation by square pulses of above- 
threshold strength, with a duration of 3 msec and a frequency 2.5-3 t imes higher than the spontaneous frequen- 
cy of excitation, was ca r r i ed  out for 3 min. 

Elec t r ica l  activity of the a t r ia  and ventr icles  of the hear t  was recorded.  The experimental  resu l t s  were 
subjected to stat is t ical  analysis  by Student 's method. 

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  

In the experiments  of ser ies  I on 12 isolated rabbi t s '  hear ts  the effect of unithiol and cysteine as donors 
of sulfhydryl groups was studied on automatic activity of the sinoatrial  node and of the potential ventr icular  
cardiac pacemakers .  During the action of these compounds in concentrat ions of 1 �9 10-6-1.10 -4 g /ml  no signif- 
icant changes took place in automatic activity of the sinoatrial  pacemaker ,  which continued to generate  impulses 
at a mean frequency of 172 �9 6.8 per minute. Under these c i rcumstances  no disturbances of int racardiac con-  
duction were observed.  

Under conditions of complete a t r ioventr icular  block unithiol (or cysteine) in the same concentrat ion also 
had no significant effect on the frequency of idioventricular excitation, which averaged 58 �9 4.6 per minute, 
during perfusion of the hear t  for 10-20 rain. Meanwhile these substances considerably facilitated posts t imula-  
tion depression of  automatic activity of  the potential ventr icular  pacemakers .  For  instance, on the cessat ion of 
fast  e lec t r ica l  stimulation of the ventr ic les  of a hear t  with complete a t r ioventr icular  block the preautomatic  
pause was 16 �9 2.1 sec. Cysteine in concentrat ions of 1 �9 10-'5-5 �9 10 -5 g/ml increased the duration of the p re -  
automatic pause after perfusion for 10-15 min to 43 :~ 3.2 sec (P < 0.01), and unithiol in the same concentrat ion 
increased it to 30.4~ 2.9 sec (19 < 0.02). After perfusion of the hear t  for 12-15 min with ordinary Tyrode ' s  solu-  
tion the duration of the preautomatic  pause re turned again to its initial value (Fig. 1). 

During the action of unithiol or cysteine under conditions of complete a t r ioventr icular  block Luciani ' s  
periods,  i.e., periodic depression of automatic activity of the idioventricular pacemaker ,  developed in 30% of 
the experiments .  This phenomenon, evidence of the development of functional "weakness ~ of the potential pace-  
maker,  was abolished by perfusion of the hear t  with ordinary Tyrode ' s  solution. 

In the experiments  of ser ies  II on 12 isolated rabbi t s '  ventr ic les  the effect of a deficiency of sulfhydryl 
groups caused by alloxan on automatic activity of the cardiac  pacemakers  was investigated. During the action 
of alloxan in concentrat ions of 1 .10-5-5  �9 10 -5 g/ml on the intact hear t s ,  a t rans ient  increase  in the frequency 
of cardiac contract ions occur red  within the f i rs t  few minutes,  the pacemaker  migrated into the a t r ia ,  a tr ial  and 
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Fig.  2. Effect  of deficiency of sulfhydryl  groups on isolated r abb i t ' s  hear t :  1) 
ini t ial  sinus rhythm;  2) development  of comple te  a t r ioven t r i cu la r  block af ter  ac -  
tion of alloxan for 2 min in concentra t ion of 5 .10  -5 g/ml;  3) development  of burs t  
of ven t r i cu ta r  t achysys to le  af ter  action of alloxan for 10 min; 4) r e s to r a t i on  of 
r egu la r  sinus rhy thm and of a t r i oven t r i cu l a r  conduction af ter  action of cys te ine  
for  15 min in concentra t ion of 5" 10 -5 g / m l .  Record  of e lec t r i ca l  act iv i ty  of a t r ia  
(a) and ven t r ic les  (b) of isolated rabb i i  hear t .  
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Fig. 3. Effect  of deficiency of sulfhydryl  groups on duration of preautomat ic  
pause:  1) initial duration of p reau tomat ic  pause af ter  cessa t ion  of fas t  e l e c t r i c a l  
s t imulat ion of ven t r ic les  of isolated rabbi t  hea r t  for 3 min under conditions of 
comple te  a t r ioven t r i cu la r  block; 2) d i sappearance  of preautomat ic  pause a f te r  ex-  
posure  for  10 rain to alloxan in concentrat ion of 5 '10 -2 g /ml ;  3) p reau tomat ic  
pause  af ter  exposure  for 15 min to cyste ine  in concentrat ion of 5 �9 10 -5 g /ml .  Re -  
cording of e l ec t r i ca l  act iv i ty  of rabb i t  ven t r ic les .  

ven t r i cu la r  ex t r a sys to l e s  appeared ,  and in t raca rd iac  conduction was dis turbed up to the degree  of complete  
a t r ioven t r i cu la r  block. Against  this  background grouped ven t r icu la r  ex t r a sys to l e s  and burs t s  of ven t r icu la r  
t achysys to le  frequently appeared  (Fig. 2). 

Under conditions of comple te  a t r ioven t r i cu la r  block alloxan, in the s ame  concentra t ions ,  led to a marked  
and pe r s i s t en t  i nc rease  in the f requency of id ioventr icular  excitat ion f rom 62~ 4.6 to 87 �9 5.7 per  minute (P < 
0.02). In 50% of expe r imen t s  polytopic ven t r i cu la r  ex t r a sys to l e s  and burs t s  of pa roxysma l  ven t r icu la r  t a c h y s y s -  
role were  observed .  The preautomat ic  pause a r i s ing  a f te r  the r e m o v a l  of s t imulat ion was sharp ly  reduced by 
alloxan or d i sappeared  comple te ly  (on ave rage  f rom 23 i 2.7 to 3 :~ 0.4 sec;  P < 0.01) (Fig. 3). 

The action of al loxan was las t ing and did not d i sappear  a f t e r  perfusion of the hea r t  with ord inary  TyrodeTs 
solution for 30-40 min. The addition of unithiole or cyste ine  to the perfus ion solution in a concentra t ion of 
5 .10  -5 g / m l  comple te ly  abolished all  the effects  of alloxan: After  perfusion for 10-15 min the a t r i a l  and ven-  
t r i cu l a r  rhy thm and the durat ion of pos ts t imula t ion  asys to le  re tu rned  to thei r  initial values  (Figs.  2 and 3). 
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The resul t s  of these experiments  show that an excess  or deficiency of sulfhydryl groups had no marked 
effect on automatic activity of the sinoatrial  node. Meanwhile a change in the concentrat ion of SH groups had a 
m a r k e d  effect on automatic activity of the more  distal pacemakers  and on in t racardiac  conduction. In the 
presence  of an excess  of sulfhydryl groups automatic activity of the potential pacemakers  of the hear t  was de- 
pressed ,  as shown by an increase  in the duration of the preautomatic Pause after  the removal  of rapid  e lect r ical  
stimulation and the appearance of Luciani ' s  periods [1, 8]. Conversely,  in a deficiency of SH groups automatic 
activity of the potential pacemakers  of the hear t  was sharply increased and dis turbances of a t r ioventr icular  
conduction appeared.  As a resu l t  atr ial  and ventr icular  ex t rasys to les  and burs ts  of paroxysmal  ventr icular  
tachysystole  developed and the postst imulat ion asystole  diminished or disappeared.  These resu l t s  agree  with 
"the view that substances blocking sulfhydryl groups have a digital is-l ike action [6, 9]. Disturbances of auto- 
matic activity of potential cardiac pacemakers  and also the complete a t r iovent r icu lar  block ar is ing under these 
c i rcumstances  were revers ib le  in charac te r  for they were abolished by the addition of unithiol or  cysteine,  do- 
nors of sulfhydryl groups, to the perfusion solution. 

Ext rasys to les  of varied origin, disturbances of in t racardiac  conduction, and burs ts  of ventr icular  t achysys -  
tole are  complicat ions of severa l  hear t  diseases .  The resul t s  of this investigation show that an excess  of sulf- 
hydryl  groups,  while having virtually no effect on automatic activity of the s inoatr ial  node, has a marked in- 
hibitory action on the activity of heterotopic foci of excitation. This suggests  that preparat ions  containing sulf- 
hydryl  groups may be used for the t rea tment  of these dis turbances of cardiac  activity. 
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