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The ef fec t  of  the an t i a r r t hym i c  drug e tmozin  and its diethylamino analog (DAA-etmozin) was 
compared  in dogs with ven t r i cu l a r  a r r h y t h m i a s  caused by ligation of the co rona ry  a r t e r y .  
Both compounds were  shown to abol ish ven t r i cu la r  a r r h y t h m i a s .  However ,  DAA-etmozin  
had a m o r e  rapid  and prolonged action.  The e lec t rophys io logica l  p rope r t i e s . 0 f  e tmozin  and 
DAA-etmozin  were  studied by the vol tage c lamp method on f rog  a t r i a l  t r abecu lae .  Both 
compounds were  shown to r educe  the fas t  inward sodium cur ren t ;  DAA-etmozin  had a 
s t r onge r  and m o r e  prolonged action. 
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I t  was shown prev ious ly  that  aey l  de r iva t ives  of phenothiazine pos se s s  an t i a r rhy thmic  act ivi ty  [1, 8]. 
One such compound,  the Soviet p r epa ra t i on  etmozin,  has a l ready  been used cl inical ly [2, 4]. The fu r the r  study 
of the re la t ionship  between the chemica l  s t r u c t u r e  of 10 -acy l amino -de r iva t i ve s  of phenothiazine and the i r  ant i -  
a r r h y t h m i c  act ion led to the d i scove ry  of a compound which, accord ing  to s e v e r a l  t e s t s ,  has s t ronge r  a n t i a r -  
rhy thmic  act ivi ty  than e tmozin  i tself .  The diethylamino analogs of e tmozin  (DAA-etmozin) we re  shown to be 
twice as ac t ive  and to ac t  for  twice as long [5, 7]. In expe r imen t s  on a model  phospholipid m e m b r a n e ,  DAA- 
e tmoz in  showed twice the affinity of  e tmozin  for  the m e m b r a n e  [3]. 

The objec t  of this invest igat ion was to c o m p a r e  the effect  of e tmozin  and its analog on ven t r i cu la r  d i s -  
turbances  of t h e c a r d i a c  rhy thm in waking an imals  with expe r imen ta l  myocard ia l  infarct ion and also to study 
the e lec t rophys io log ica l  p rope r t i e s  of these  compounds.  

EXPERIMENTAL METHOD 

Experiments were carried out on dogs weighing 10-16 kg. The animals were anesthetized with pento- 
barb i t a l  sodium (35 mg/kg) in t ravenously .  Under asept ic  conditions the thorax was opened a t  the level  of the 
fourth i n t e r cos t a l  space.  The p e r i c a r d i u m  was divided and the descending branch  of the left co rona ry  a r t e r y  
mobi l ized  a t  the level  of the apex of the left  aur ic le .  Two-s t age  ligation was c a r r i e d  out by the method 
desc r ibed  in [9]. The wound was closed in l aye r s ;  a control  r ecord ing  of the ECG in s tandard lead II was 
c a r r i e d  out a f t e r  24 h. Substances  for  tes t ing  were  injected in t ravenous ly  in doses  of  1-3 mg/kg (etmozin) and 
0.5-1.5 mg/kg (DAA-etmozin).  The numer i ca l  r e su l t s  were  subjected to s ta t i s t i ca l  ana lys i s  [6]. 

Ionic cu r r en t s  were  recorded  on isolated a t r i a l  t r abecu lae  of Rana ridibunda. The p r epa ra t i ons ,  75-120 
in d i ame te r  and 3-5 m m  long, was placed in a per fus ion  chamber  with a double suc ro se  gap [11]. To r eco rd  
the t r a n s m e m b r a n e  potent ia l  (TMP) and apply c u r r e n t  to the p repara t ion ,  low-ohmic (under 5 k~2) ex t race l lu l a r  
Ag-AgC1 e lec t rodes  with aga r  b r idges  were  used.  To c lamp the TMP and r e c o r d  ionic c u r r e n t s ,  the Dagan 
(USA) e lec t ronic  c i rcu i t  was used. The output vol tage of the ampl i f i e r  with negat ive feedback,  c lamping the 
TMP, was • 90 V and the ampl i f ica t ion  fac tor  25,000. When the cu r ren t s  were  r eco rded  the ass igned TMP was 
s tabi l ized on the p r e p a r a t i o n  for  less  than 100 #sec .  The test ing c o m p a r t m e n t  of the chambe r  (200 # wide) 
with a double s u c r o s e  gap was per fused  with R i n g e r ' s  solution of the following composi t ion  (in mM) : NaC1 114, 
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Fig. i. Effect of etmozin and DAA-etmozin in doses of 1, 2, and 3 mg/kg on 
ventricular arrhythmias in waking dogs after 24 h. A: left side- graph show- 
ing effect of etmozin on total number of beats (top curve) and percentage of 
ectopic beats (bottom curves), n) Number of animals, *) P < 0.05 [not shown 
in Russian original]; right side - ECG of dog in standard lead II: a) 24 h after 
ligation of coronary artery (background); b) 2 rain after injection of etmozin in 
dose of 2 rng/kg, c) I0 rain after, d) 15 rain after injection. ECG recorded at 
speed of 25 ram/see, but for great illustrativeness the ECG of some experi- 
ments was recorded at a speed of 2,5 mm/sec. C) Control. B: left side- 
graph showing effect of DAA-e~ozin (legend as in Fig. IA); right side - ECG 
of dog in standard lead Ih a) background, b) 1 rain after injection of DAA- 
etmozin in dose of 1 mg/kg, c) 45 rnin after, d) 60 rain after injection. 

KCI 2.7, CaCI 2 1.8, Tris-HCl I0, glucose 6.5, pH of the solution 7.5-7.6. All experiments were carried out at 
20-22~ The fast inward sodium current in the control and under the influence of etmozin and DAA-etmozin in 
concentrations of 5 �9 10-6/ml was recorded in the presence of substance D-600 to suppress the slow inward 
C a ++ currents. 

EXPERIMENTAL RESULTS 

E t m o z i n ,  in d o s e s  of  be tween  1 and 3 mg/kg ,  g iven  to wak ing  dogs with  v e n t r i c u l a r  a r r h y t h m i a s ,  r e d u c e d  
the t o t a l  n u m b e r  of  c a r d i a c  c o n t r a c t i o n s  on a v e r a g e  by  21%. As  F ig .  1A shows ,  with an  i n c r e a s e  in t h e  dose  of 
etmozin the percentage of ectopic beats was reduced. A 100% effect (complete suppression of the ectopic 
rhythm) developed only after administration of etmozin in a dose of 2 mg/kg. The action of the compound began 
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Fig.  2. Effect  of DAA-e tmoz in  on fas t  inward sodium c u r r e n t s  (INa). A 
and B) F a m i l y  of curves  of c u r r e n t s  r e c o r d e d  a t  d i f ferent  va lues  of TMP 
before  and a f t e r  ac t ion of DAA-e tmoz in  (5 ' 10 -6 g/ml) for 10 rain. On 
r igh t  s ide in A and B, numbers  1-6 denote vol tages  of depo la r i za t ion  
s teps  (in mV) : 15, 25, 30, 40, 60, and 80; on left  s ide  co r re spond ing  out-  
ward c u r r e n t s  a r e  shown. C) V o l t a g e - c u r r e n t  cu rves  plot ted for peak 
values  of c u r r e n t s  taken f rom A and B. a) Control ;  b) ac t ion of DAA- 
etmozin.  Ca l ib ra t ion  for A and B shown in B: potent ia l  60 mV, c u r r e n t  
6.6" 10 -7 A, t ime 2 msec .  

a f te r  2-3 rain and l a s ted  10-15 min, a f t e r  which the ven t r i cu l a r  e x t r a s y s t o l e s  and t achyca rd ia  r e a p p e a r e d .  
E tmozin  in a dose of 3 mg/kg did not cause  comple te  d i sappea rance  of the a r r h y t h m i a .  In some  an ima l s  the 
compounds aggrava ted  a r r h y t h m i a  and caused vomit ing and motor  exci ta t ion.  In Fig.  1A four f ragments  of the 
EEG f rom one expe r imen t  a r e  shown; c l e a r l y  the compound acted a f te r  2-3 rain and its effect  ceased  a f t e r  
15 rain. 

Since EDs0 for  DAA-e tmozin  was only half that  for  e tmozin  i t se l f ,  doses  of 0.5-1.5 mg/kg were  chosen for 
tes t ing [7]. In a dose of 1 mg/kg, DAA-e tmoz in  reduced the total  number  of hea r t  beats  in dogs with myoca rd i a l  
in farc t ion  on ave r age  by 30%. As Fig.  lb  shows, the pe rcen tage  of ectopic beats  fe l l  immed ia t e ly  a f t e r  i n j ec -  
tion of the drug. The a n t i - a r r h y t h m i c  ac t ion of DAA-e tmoz in  inc reased  with an i n c r e a s e  in i ts dose.  In some 
an imals  the compound comple te ly  abol ished the d i s tu rbances  of rhy thm in a dose of as  l i t t le  as  0.5 mg/kg and 
the effect  las ted  more  than 1 h. F r agmen t s  of an ECG of one expe r imen t  a r e  i l l u s t r a t ed  in Fig.  1B; c l e a r l y  
DAA-e tmoz in  in a dose of 1 mg/kg abol i shed  the a r r h y t h m i a  imed ia te ly  af te r  in jec t ion  and the effect  l as ted  for  
about  I h. 
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Fig.  3. Compar i son  of ac t ion  of DAA-e tmozin  and e tmozin  in concert- 
t r a t ions  of 5 �9 10 .6 g / m l  on fas t  inward sodium c u r r e n t s .  A) D e c r e a s e  in 
INa under  influence of DAA-e tmoz in :  1) cont ro l ;  2, 3, 4) a f t e r  ac t ion 
of DAA-e tmoz in  for 15 rain; curve  2) INa 5, 10, 15, and 20 min a f te r  
beginning of r ins ing  p r e p a r a t i o n  with no rma l  RingerTs solution. In A 
and B: c u r r e n t s  during depo la r i za t ion  step of 40 mV f rom r e s t i n g  
potent ia l  level .  Ca l ib ra t ions  for  A and B shown in B: c u r r e n t  6 .6 '  
10 .7 A;  t ime  2 msec .  C) Change in peak  value of fas t  inward c u r r e n t  
under  influence of e tmoz in  (a) and DAA-e tmoz in  (b) followed by r in s ing  
p r e p a r a t i o n s  with no rma l  R inger l s  solution. Values of c u r r e n t  in con-  
t ro l  taken as  100%. Each point  r e p r e s e n t s  r e s u l t s  of five expe r imen t s .  

The effect  of DAA-e tmoz in  in a concen t ra t ion  of 5 �9 10 -6 g/ml  on the fas t  inward sodium c u r r e n t  (INa) 
r e c o r d e d  a t  d i f fe ren t  values  of TMP is shown in Fig.  2A, B. The v o l t a g e - c u r r e n t  c h a r a c t e r i s t i c  curve  plot ted 
for  s ix  values  of inward c u r r e n t  taken f rom Fig.  2A and B is i l l u s t r a t ed  in Fig.  2B. C l e a r l y  DAA-e tmoz in  con-  
s i d e r a b l y  reduced  the ampl i tude  of INa a f t e r  act ing for  10 rain. 

The r e s u l t s  of one e x p e r i m e n t  to study the ac t ion of DAA-etmozin  on the value of INa and i ts  dynamics  
during r i n s ing  with no rma l  R i n g e r ' s  solut ion a r e  i l l u s t r a t ed  in Fig.  3A and B. The combined r e s u l t s  for changes 
in the sodium c u r r e n t  under  the influence of DAA-e tmozin  and e tmozin ,  followed by r ins ing ,  a r e  shown in 
Fig .  3C. C l e a r l y  DAA-e tmoz in  and e tmozin  i t se l f ,  a f te r  ac t ing  for 10 min,  reduced  INa by 50 and 30% r e s p e c -  
t ively .  Unlike e tmozin ,  however ,  r in s ing  out DAA-e tmoz in  for 20 min did not lead to r e s t o r a t i o n  of the sodium 
cu r ren t .  DAA-e tmoz in  thus had the ab i l i ty  of e tmozin  to produce the fas t  inward sodium c u r r e n t  but i ts ac t ion  
on INa l a s ted  longer .  
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This compara t i ve  study of the effect  of  e tmozin and its diethylamino analog showed that the la t ter  has 
advantages .  DAA-etmozin,  while s imi l a r  in the c h a r a c t e r  of its e lec t rophys io logica l  p rope r t i e s ,  has a s t ronger  
and m o r e  prolonged act ion on the fas t  inward sodium current .  In exper iments  on dogs With ven t r i cu la r  a r r h y t h -  
mias  a r i s ing  24 h a f t e r  two-s tage  ligation of the left descending co rona ry  a r t e ry ,  DAA-etmozin  produces  a 
rapidly  increas ing,  m o r e  s table ,  and m o r e  prolonged effect.  If it is r eca l l ed  that the act ivi ty  of an t ia r rhy thmic  
drugs on this model  of a r r h y t h m i a  indicates their  poss ib le  cl inical  eff icacy more  accura te ly ,  DAA-etmozin  can 
be r ega rded  as a highly p romis ing  compound for fur ther  study. 
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