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Cordarone ,  o r  amiodarone  hydrocblor ide  (Fig. 1A ), is used in cl inical  cardiology and card iac  su rge ry  
for  the prevent ion and control  of  a r r h y t h m i a s  [2]. The re  is ,  as yet,  no genera l  ag reemen t  r ega rd ing the  action 
of cordarone  on e lec t r i ca l ly  exc i tab le  m e m b r a n e s .  In expe r imen t s  with in t race l lu la r  record ing  of act ion po-  
tent ia ls  (AP) of a s t r ip  of rabbi t  m y o c a r d i u m ,  cordarone  lengthened the repo la r i za t ion  t ime  without changing 
e i ther  the ascending phase o r  the amplitude of AP,  and on those grounds it was suggested that  cordarone  blocks 
m e m b r a n e  pe rmeab i l i ty  for  K + ions [7]. Other  invest igat ions showed that  cordarone  also leads to a dec rease  
in the amplitude of AP and in the ra te  of diastolic depolar izat ion of the rabb i t  s inoaur icu la r  node [4]. 

Consider ing the c loseness  of  the p rope r t i e s  of the ionic channels of nerve  and musc le  m e m b r a n e s  [5], 
the action of  cordarone  on ionic cu r ren t s  of  the Ranvie r  node was invest igated,  and detai ls  are  given below. 

EXPERIMENTAL METHOD 

E x p e r i m e n t s  were  c a r r i e d  out on Rsnv ie r  nodes of  isola ted f rog nerve  f ibers  by the voltage c l amp  method 
[3, 6]. The ends of  the f iber  were  divided in isotonic KC1 solution (114 raM). Corda rone  was added to the 
R i n g e r ' s  solution in a concentra t ion of 7" 10-4M. The expe r imen t s  were  c a r r i e d  out at 12-14~ and pH 7.2 
(maintained with the aid of 5 mM Tr i s ) .  Sodium (INa) and potass ium (IK) cu r ren t s  were  m e a s u r e d  f rom peak 
and s t eady-s t a t e  values of t he  m e m b r a n e  cu r r en t  obtained in r e sponse  to a stepwise change of m e m b r a n e  po- 
tential  (E). 

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

Replacement  of normal  R i nge r ' s  solution by solution containing cordarone  led to a change in the ionic 
cu r r en t s .  Cur ren t -vo l t age  c h a r a c t e r i s t i c s  of INa  and I K before and 1 rain a f t e r  applicat ion of 7" 10-4M 
cordarone  are  shown in Fig. lB.  As a r e su l t  of the applicat ion of cordarone ,  both inward  and outward INa  were  
reduced without any change in the i r  r e v e r s a l  potential ,  indicating a dec rease  in sodium permeab i l i ty .  No 
changes in the kinetics of INa  were  observed .  The reduct ion of INa  by cordarone  was r e v e r s i b l y  potentiated 
both during repe t i t ive  s t imulat ion of the node by a s e r i e s  of depolar izing pulses  (each 7 m s e c  in duration), and 
(and pa r t i cu la r ly  effectively) by prolonged (1 sec) depolar izat ion of the m e m b r a n e .  

The r e su l t s  of  a typical  expe r imen t  to r evea l  the potent ia l -dependent  blocking of sodium channels by 
cordarone  are  given in Fig. 2A. The magnitude of this block, developing during a prolonged (1 sec) condit ion- 
ing shift  of potential ,  was m e a s u r e d  by means  of a s e r i e s  of shor t  tes t ing s t imuli  applied at in te rva l s  of  300 
m s e c .  The duration of these  s t imul i  (3 msec )  was chosen to be smal l  enough to ensu re  that  repe t i t ive  s t imu la -  
t ion by i tse l f  did not cause  any changes in I ~ a  (Fig. 2, 2). It m u s t  be emphas ized  that  an inc rease  in the 
following f requency of the pulses  to 10 s e c - ~ d i d  not lead to any change in INa .  Conditioning depolar iza t ion 
1 sec in duration (Fig. 2, 3) induced a dec rease  in INn , and af ter  the end of this  depolar iza t ion INn was r e s t o r e d  
in accordance  with an exponential  law with a t ime  constant  of 600 m s e e .  Consider ing that  the dec rease  in the 
f i r s t  peak  of INn , m e a s u r e d  immedia te ly  af ter  the end of conditioning depolar izat ion,  is affected main ly  by the 
p r o c e s s  of fas t  sodium inactivation (the H - p r o c e s s ) ,  the degree  of slow potent ia l -dependent  lowering of INa  
was e s t ima ted  by ext rapola t ion  of the INn r e c o v e r y  curve  (the broken line in Fig.  2, 3) to the t ime of ending 
of conditioning depolar izat ion.  It  will be c l ea r  f rom Fig.  2, 4 that  conditioning hyperpolar iza t ion  caused a m o r e  
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Fig.  1. Ef fec t  of  cordarone  (A) on INa  and IK of Ranvie r  node (B). Cur ren t -vo l t age  c h a r a c t e r -  
i s t ics  of s o d i u m ( I , 3 ) a n d  po tass ium (2, 4) channels before  (1, 2) and a f t e r  (3, 4) applicat ion of 
7- 10-4M cordarone .  Curves  2 and 4 plotted for  s t eady-s t a t e  level  of  ionic cur ren t ,  m e a s u r e d  
at the end of 17 m s e c  of the square  pulse.  Holding potential  - 70 inV. 

Fig. 2. Potent ia l -dependent  blocking of INn by cordarone .  A) Trac ings  of INa  in r e sponse  to 
s e r i e s  of  depolar iz ing pulses  (3 msec)  applied without a conditioning shift  of potential  (2), and 
a f t e r  depolar iz ing (3) and hyperpolar iz ing  (4) conditioning shif ts  of m e m b r a n e  potential .  1) Pulse  
p r o g r a m .  Each pulse of the s e r i e s  depolar ized  the m e m b r a n e  to the level  E -~ - 1 8  inV. Number s  
of t r a c e s  2, 3, and 4 show sh i f t s  of potential  counted f rom holding potential  o f - 9 3  inV. B) De-  
pendence of propor t ion  of  sodium channels f ree  f rom slow potent ia l -dependent  block (ordinate) 
on m e m b r a n e  potential  E during conditioning shift of potential  (abscissa) .  

than twofold i nc r e a s e  in INa,  and i t a l s o  showed how blocking of the sodium channels developed when the 
m e m b r a n e  potential  r e tu rned  to the 93 mV level .  The t i m e  constant  of this  p r o c e s s  (600 msec )  is the s ame  
as that  obtained for  t r a c e  3; in o ther  words ,  the kinet ics  of the lowering and r e c o v e r y  of INn was the s a m e  
at  the s ame  potential .  

The dependence of the propor t ion  of sodium channels f ree  f rom slow potent ia l -dependent  blocking on 
m e m b r a n e  potential  during a conditioning shift  of potential  is shown in Fig. 2B (the s ame  exper iment ;  the 
ra t io  of the ex t rapo la ted  value of  I Na, m e a s u r e d  a t  the end of the conditioning shift  of potential  E ,  to the value 
of INa  m e a s u r e d  without a p r e l i m i n a r y  shift  of  potential ,  is plotted along the ordinate) .  In different  e x p e r i -  
ments ,  long (1 sec) hyperpola r iz ing  pu lses ,  shifting the m e m b r a n e  potential  by up to 130 mV, were  able to 
r e s t o r e  INn,  when d e p r e s s e d  by co rda rone ,  up to 50-90% of i ts  no rmal  value m e a s u r e d  before  applicat ion of 
co rda rone  and with a holding potential  of  80 inV. 

It was shown prev ious ly  that  agents  blocking INa  can in te rac t  e i ther  with open sodium channels  [1, 5, 8] 
o r  with channels in a s tate  of  inact ivat ion [1, 5, 6]. The fact  that  in the p re sen t  exper imen t s  long (1 sec) de-  
polar iza t ion  caused  a sha rp  inc rease  in the intensi ty of blocking of the sodium channels ,  whereas  a s e r i e s  of 
shor t  (3 m s e c )  pulses  did not change the blocking action of cordarone ,  suggests  that  this an t ia r rhy thmic  i n t e r -  
acts  with inact ivated sodium channels .  

No detai led invest igat ion of the effect  of cordarone  on IK was undertaken.  Under the influence of 7 �9 10 -4 M 
c0rdarone ,  I K was reduced by 15% (Fig. 1B). This  r e su l t  is typical  of  all the expe r imen t s  of  the s e r i e s .  No 
changes  were  obs e rved  in the kinet ics  of  I K. 

The re  is no doubt that  the potent ia l -dependent  lowering of sodium pe rmeab i l i t y  r evea led  by these  ex p e r i -  
men t s  is d i rec t ly  r e l a t ed  tothe an t i a r rhy thmic  action of cordarone .  It  can be tenta t ively  suggested that  the 
clinical  effect  of  the drug is enhanced by f ac to r s  shifting the r e s t ing  potential  of  the myoca rd ia l  ce l l s  toward  
depolar izat ion,  e.g.,  when the K + ion concentra t ion in the externa l  solution is inc reased .  

The authors  a r e  grateful  to V. N. Yakovenko for  help with the design of  the e lec t ronic  appara tus .  
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The kynurenines - metabol i tes  of t ryptophan on the kynurenine pathway of in termedia te  metabol i sm - 
possess  centra l  and per iphera l  pharmacological  effects  [2] and, in par t icu la r ,  they in terac t  with monoamines ,  
the i r  p r e c u r s o r s ,  and psychotropie  drugs.  Kynurenine and its metabol i tes  [1, 3, 4] lower  blood p r e s s u r e  in 
r a t s .  The effect  of kynurenine on the vascular  effects  of serotonin,  noradrenal in ,  and acetylcholine has been 
invest igated in detail  [1]. This paper  descr ibes  a continuation of the study of i ts  metabol i tes .  

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 noninbred female ra t s  weighing 200-250 g (from the Rappolovo nursery) ;  
the animals were  anesthet ized with ure thane (0.7 ml of a 25% solut ion/100 g body weight, i .e . ,  1.75 g /kg ,  in t ra -  
peri toneal ly) .  The sys temic  blood p r e s s u r e  was r eco rded  by a m e r c u r y  manomete r  in the caro t id  a r t e ry .  
The sys tem of polyethylene tubes of the manom e te r  was f i l led with heparin solution (1500 un i t s /ml )  to prevent  
the blood f rom clotting. The original  p r e s su re  in different  exper iments  var ied  between 90 and 120 ram Hg. 
All solutions were  made  up in f r e sh  physiological saline immediate ly  before  injection into the femoral  vein in 
a volume of 0.1 ml in the course  of 3 sec.  At the beginning of each exper iment  three  o r  four control  injections 
of physiological saline were given. Fluctuations of p r e s su re  caused by them were  indistinguishable f rom those 
occur r ing  spontaneously. Serotonin sulfate was injected in a dose of 0.5-5 ~g, in mos t  exper iments  in doses of 
1 and 2.5 gg (the p r e s su re  was lowered  by 8-21 m m  Hg for  35-60 sec), noradrenal in  b i ta r t ra te  was injected 
in doses of 0.5-2 pg, in mos t  exper iments  0.5 and 1 pg (the p r e s s u r e  was r a i s ed  by 4-8 mm Hg for  50-180 
se(r? and acetylcholine was injected in doses of 0.1 and 0.2 ~g (the p r e s su re  was lowered by 9-14 mm Hg for  
25-60 sec). Changes in the effects  of serotonin and noradrenal in  were  de termined in each exper iment  f rom 
the difference between the means  of the th ree  o r  four control  tes ts  before  injection of the kynurenines,  taken 
as 100%, and the mean of two tes t s  af ter  injection of the kynurenines,  when the changes (in amplitude of dura-  
tion) were  maximal .  The dose of kynurenines chosen in p re l iminary  exper iments  as mos t  effective for  in t e r -  
action with serotonin and noradrenal in ,  but not i tself  changing the blood p r e s s u r e ,  was 200 ]~g. This las t  fea-  
tu re  of the method is ve ry  important ,  for  kynurenine and its metabol i tes  [1, 3, 4] lower  the blood p r e s su re  in 
ra t s  over  a wide range of doses.  
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