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In experiments on simulated atrial and ventricular arrhythm~as produced in dogs and rats by various 
chemical (aconitine, aeetyleholine, ouabaine) and physical agents and also by disturbance of the coronary 
circulation it was shown that an alkyl derivative of aimaline-N-propyl-aimaline bromide-possesses the 
same spectrum of antiarrhythmic action as aimaline itself, but its activity and toxicity are several times 
higher .  

Recent  a t t empts  to obtain a imal ine  de r iva t ives  with higher  an t i a r rhy thmic  act ivi ty  have led to syn-  
thes i s  [6] of N - p r o p y l - a i m a l i n e  b romide  (NPAB), which is s eve ra l  t imes  s t ronge r  than the natural  alkaloid 
and influences the r e f r a c t o r y  per iod of the isola ted guinea pig a t r i um [5]. 

I t  was decided to inves t iga te  this a imal ine  der ivat ive* on exper imen ta l  models  of a t r i a l  and v en t r i -  
cu la r  a r r h y t h m i a s  in o rde r  to de te rmine  the s p e c t r u m  of its an t i a r rhy thmic  action. 

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

E x p e r i m e n t s  we re  c a r r i e d  out on dogs and r a t s .  The methods of s imulat ing exper imenta l  a r r h y t h -  
mias,  desc r ibed  in e a r l i e r  r epo r t s  [1, 2], consis ted  of reproducing  a t r i a l  a r r h y t h m i a s  e i ther  in the m e c h a -  
nically injured t i s sue  of the r ight  a t r i u m  followed by e lec t r i ca l  s t imulat ion (model of a t r i a  flutter),  o r  ap -  
pl icat ion of a swab soaked in 0.05% aconit ine n i t ra te  or  5% acetylchol ine solution to the r igh t  a t r i um (model 
of a t r i a l  f ibr i l la t ion  ) . 

2 

Fig. 1. An t i a r rhy thmic  act ion of NPAB 
in a u r i c u l a r  f lu t ter  in dogs (ECG, lead 
II). 1) Nembutal  anes thes ia ;  2) 30 min 
a f t e r  a p p e a r a n c e  of a r rhy thmia ;  3, 4, 
and 5) 2 rain, 3rain, and 3 min 20 sec  
a f t e r  beginning of in t ravenous infusion 
of NPAB (0.1 m g / k g / m i n ) .  

Ven t r i cu la r  t a chya r rhy thmias  were  produced in dogs 
by two-s tage  l igat ion of the descending branch  of the left  
co rona ry  a r t e r y  or  by poisoning the an imals  with ouabaine 
(65-75 #g /kg) ,  and in r a t s  by aconitine poisoning (30 #g /kg ) .  
Ven t r i cu la r  f ibr i l la t ion was p loduced in r a t s  by intravenous 
injection of ca lc ium chlor ide  (10% solution, 3.5 m l / k g ) .  

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 29 t e s t s  on 19 dogs NPAB abolished a t r ia l  t a chya r -  
rhy thmias  of different  f o r m s  and genes is .  

In a t r ia l  f lut ter ,  c h a r a c t e r i z e d  by dissocia t ion of 
act iv i ty  of the two divisions of the hear t  (the ra te  of a t r i a l  
cont rac t ion  was 561 :~ 27/ra in ,  ven t r i cu la r  297 =~ 14/min) ,  
in t ravenous infusion of NPAB at the r a t e  of 0.1 m g / k g / m i n  
r e s t o r e d  the c o r r e c t  sinus rhy thm in eve ry  case  (Fig. 1). 
The effect ive dose (ED) of the compound va r i ed  f r o m  0.2- 
0.7 m g / k g  (mean 0~445 :~ 0.05 m g / k g ) .  

* The compound was supplied by I. F. Makarevich  at the 
Kha r ' kov  Pha rmaceu t i c a l  Chemical  R e s e a r c h  Inst i tute.  

Kha r ' kov  R e s e a r c h  Inst i tute  of Work Hygiene and Occupational D i sease s  (Presen ted  by Academic ian  
V. V. Par in) .  T rans l a t ed  f r o m  Byulle ten '  ]~ksper imental 'noi  Biologii i Meditsiny, Vol. 67, No. 4, pp. 60-63, 
April ,  1968. Original  a r t i c l e  submit ted  May 12, 1968. 
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TABLE i. Ant ia r rhy thmic  Act ivi ty  and Toxici ty of NPAB and Aimal ine  

Tes t  

At r ia l  f lu t ter  in dogs . . . . . . . . . . . .  
At r ia l  f ibr i l la t ion in dogs produced by 

aconitine . . . . . . . . . . . . . . . . . .  
Ven t r i cu l a r  t a chya r rhy thmia  in dogs: 

with expe r imen ta l  myocard ia l  
infarc t ion . . . . . . . . . . . . . . . . . .  
poisoned with ouabaine . . . . . . . . .  

Aconit ine a r r h y t h m i a  in r a t s :  . . . . . .  
P ro t ec t ive  act ion . . . . . . . . . . . . .  
Curat ive  act ion . . . . . . . . . . . . . .  

Toxici ty fo r  guinea pigs on int ravenous 
injection . . . . . . . . . . . . . . . . . . .  

Toxici ty for  mice  on in t raper i tonea l  
injection . . . . . . . . . . . . . . . . . . .  

* By int ravenous injection. 
By in t raper i tonea l  injection. 

Dose 

ED100 

ED100 

ED 

ED100 

ED 

ED 

LDloo 

LDso 

NPAB 

0.44 :~ 0.05 

0.32 :~ 0.04 

2.1 • 0.24 
0.58 ~- 0.1 

0.5* 
0.5 

7.05 ~- 0.32 

19 :~ 1.3 

Aimal ine  

3.0 �9 0.24 

2.6 �9 0.18 

8.8 * 1.2 
2.7 :~ 0.35 

15r 
5 

27.1 �9 3.7 

150 :~ 5 

in m g / k g  

Fac tor  by 
which indices 
differ  

6.8 

8 

4.2 
4.5 

30 
I0  

3.8 

7.9 
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f 
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Fig. 2. P ro t ec t i ve  an t i a r rhy thmic  act ion of NPAB 
in r a t s  with ven t r i cu la r  f ibr i l la t ion produced by 
CaC12 (ECG, lead II). A) Control  exper iments ;  
1) nembutal  anes thes ia ;  2, 3, 4) 1 min, 1 min 
30 see,  and 2 rain a f t e r  injection of CaC12; 
B) effect  of CaC12 agains t  the background of 
NPAB action: 1) nembutal  anes thes ia ,  
2) 5 rain a f t e r  injection of NPAB (i mg /kg ) ;  
3, 4) 1 and 5 rain a f t e r  injection of CaC12. 

NPAB, if injected in the same  way, abolished 
p e r s i s t e n t  a t r i a l  f ibr i l la t ion produced by local  ap-  
pl icat ion of aconit ine.  ED of the compound r e s t o r -  
ing sinus rhy thm var i ed  f r o m  0.2-0.6 (0.325 ~: 0.04) 
m g / k g .  

In expe r imen t s  on dogs in which a t r ia l  f ib r i l -  
lation was reproduced  by a combinat ion of the act ion 
of acetylchol ine  and mechanica l  s t imulat ion of the 
r ight  a t r ia l  wall,  p r e l i m i n a r y  admin is t ra t ion  of 
NPAB in a dose of 0.3-0.5 m g / k g  inc reased  the r e -  
s i s t ance  of the myoca rd ium to the a r rhy thmogenic  
effect  of acetylchol ine  (considered to be due to 
shor tening of the r e p o l a r i z a t i o n p h a s e  of m e m b r a n e s  
of the myocard ia l  f ibers) ,  and t e m p o r a r i l y  p r e -  
vented the development  of a t r ia l  f ibri l lat ion.  

The compound thus was able to suppres s  ec -  
topic impulse  fo rmat ion  both a t  single and at mul-  
t iple heterotopic  p a c e m a k e r s  appear ing  in the a t r i a l  
t i s sues  and to r e s t o r e  the dominant role  of the 
nomotopic p a c e m a k e r  of the hear t .  

NPAB also p roved  to be highly effect ive in expe r imen ta l  ca rd iac  a r r h y t h m i a s  cha r ac t e r i z ed  by ec -  
topic impulse  fo rmat ion  in the ven t r i c les .  

Tes t s  on dogs with exper imen ta l  myocard ia l  infarc t ion showed that r epea ted  injection of NPAB in 
doses  of 0.4-0.5 m g / k g  signif icant ly weakened ectopic impulse  fo rma t ion  and reduced the hear t  ra te  ~light- 
ly.  Af ter  the mean concentra t ion  of the compound had reached  2.1 ~= 0.24 m g / k g  as  a r e s u l t  of accumula t ion  
following repea ted  inject ions in the course  of the exper imenta l  day, ven t r i cu l a r  t a ehya r rhy thmia  was abol-  
ished comple te ly  in 6 of the 8 expe r imen ta l  an ima l s  and a r egu la r  sinus rhy thm was r e s t o r e d  for  46 �9 17 
min.  The durat ion of the pa r t i a l  an t i a r rhy thmic  effect  (when the number  of ectopic cont rac t ions  was r e -  
duced by m o r e  than 50%) was 109 :~ 19 min. In addition, NPAB slowed the card iac  act ivi ty  of all the animals ,  
on the ave rage  by 26%. 
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NPAB also abolished ven t r i cu la r  t aehyar rhy thmia  produced in dogs by poisoning with the cardiac 
glycoside.  After  in t ravenous infusion at the ra te  of 0.1 r a g / k g / m i n ,  the compound sIowed the hear t  ra te  
to normal  fo r  10ng per iods  in animals  poisoned with ouabaine and prevented death. The ED of NPAB as 
es tabl ished on this model of a r rhy thmia  var ied  in 5 exper iments  f r o m  0.4 to 0.7 (0.58 ~ 0.1) mg/kg .  

Exper iments  on 110 ra t s  showed that  NPAB has a pro tec t ive  and an t ia r rhythmic  action in aconitine 
poisoning, abolishing the a r rhy thmia  and significantly (P < 0.05) increasing the survival  ra te  of the poisoned 
animals .  EDh0 of the compound, calculated by the method of Miller  and Tainter ,  was 0.33 �9 0.07 mg/kg .  
NPAB also had a pro tec t ive  and defibri l lat ing action, prevent ing the development  of lethal vent r icu la r  f ibr i l -  
lation in ra t s  poisoned with calc ium chlor ide (Fig. 2). EDh0 of the compound determined on this model of 
a r rhy thmia  was 0.54 • 0.22 mg/kg.  

NPAB thus has a spec t rum of an t ia r rhythmic  action as broad as that of aimaline.  However, according 
to our findings, this der ivat ive  of a imal ine is 4.2-10 t imes  s t ronge r  in its an t ia r rhythmic  activity in va r i -  
ous models of exper imenta l  a r rhythmia ,  and is f rom 4 to 8 t imes  more  toxic for  animals  of different  spe-  
cies (Table 1). 

This conclusion regard ing  the s imi la r i ty  between the spec t ra  of an t ia r rhy thmic  action of NPAB and 
aimaline is in ag reemen t  with the observat ions  of He i s t r ache r  and Pi l la t  [3, 4], m ad e  by means of a m ic ro -  
e lec t rode  technique, and showing that these compounds affect  the dynamics of depolar izat ion and r epo l a r i z a -  
tion of t he  Purkinje  f ibers  in calves  in a s imi l a r  manner,  and also with our own findings reveal ing analogous 
changes in function of the conducting sys t em ar is ing  in guinea pigs a f te r  adminis t ra t ion  of NPAB and 
aimaline. 

Consequently, the introduction of an alkyl group into the aimaline molecule leads to a marked increase 
in the antiarrhythmic activity and toxicity of the compound but does not affect the spectrum of its antiar ~ 
rhythmic action. 
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