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The action of te t rodotoxin (TT), which blocks the fas t  inward sodium cur ren t ,  on a r r h y t h m i a s  
developing 24 h a f te r  occlusion of the co rona ry  a r t e r y  in ten dogs was studied. After  in t rave-  
nous injection of TT in a dose of 0.5-3.0 #g/kg body weight the number  of ven t r i cu la r  e x t r a -  
sys to les  was significantly reduced,  and in four  an imals  the sinus rhythm was comple te ly  r e -  
s tored .  The max ima l  an t i a r rhy thmic  effect  occur red  3-5 rain a f te r  injection. It is suggested 
that the development  of a r r h y t h m i a s  and the an t ia r rhy thmic  action of drugs in the late s tage of 
myoca rd i a l  infarct ion a re  connected with the fas t  inward sodium cur ren t .  
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Dis turbances  of rhythm in the ea r ly  s tage of exper imenta l  m y o c a r d i a l  infarct ion (the f i r s t  f ewminu tes  
a f te r  occlusion of the co rona ry  a r t e ry )  a re  assoc ia ted  with slow conduction, for  these  a r r h y t h m i a s  can be 
abolished by subs tances  depress ing  the slow inward cu r r en t  [6, 13, 14]. 

The m e c h a n i s m  of a r r h y t h m i a s  in the late stage of infarction,  which begins 6-8 h a f te r  l igat ioa of the 
co rona ry  a r t e r y  and continues for  2-3 days [8, 13], is not yet  known. In this connection it is a n i a t e r e s t i n g  fact  
that subs tances  which a r e  effective an t i a r rhy thmics  in the late stage of infarction,  namely  e tmozin  [1, 3, 7], 
mexi le t ine  [5], e t c . - p o s s e s s  the common p rope r ty  of inhibiting the fas t  inward sodium cur ren t  of myocard ia l  
f ibers  [4, 12]. Moreover ,  it has been shown in the case  of an t i a r rhy thmies  of the phenothiazine s e r i e s  that the 
longer  the drug inhibits the sodium cur ren t ,  the longer  its an t i a r rhy thmie  action in the late  s tage of infarct ion 
continues [2]. These  observat ions  suggest  that the appearance  of a r rhy thmias  in the late  s tage of infarct ion is 
somehow connected with the fas t  sodium channels and that the an t ia r rhyfhmic  action of drugs  in this per iod is 
due to the i r  abil i ty to influence the fas t  inward sodium cur ren t .  In the p r e s e n t  investigation,  in o rde r  to study 
the ro le  of a d e c r e a s e  in the fas t  [award cu r ren t  in the product ion of the an t i a r rhy thmic  effect  [n the late  s tage  
of infarct ion,  the action of te t rodotoxin (TT), a specif ic  b locker  of the fas t  inward cur ren t ,  was invest igated.  
The an t ia r rhy thmic  act ivi ty  of TT was d i scovered  prev ious ly  in a r r y t h m i a s  induced by aconitine and b y g l y -  
cos[de poisoning [9]. 

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

Exper imen t s  were  ca r r i ed  out on mongre l  dogs on both sexes  weighing 8-20 kg. Under peatobarbi ta l  
anes thes ia  (30-35 m g / kg ,  intravenously)  and ar t i f ic ia l  r e sp i ra t ion ,  the thorax was opened under s t e r i l e  con-  
ditions through the fourth left  in te rcos ta l  space .  The pe r i ca rd ium was then opened and the left descending 
coronary  a r t e r y  was f reed  f rom surrounding t i s sues  for  a dis tance of 1-2 cm f rom the aur ic le  of the left 
a t r ium.  Ligation of the a r t e r y  was ca r r i ed  out in two s tages  by H a r r i s '  method [8]. For  subsequent  in t r a -  
venous injection a polyethylene ca the te r  was introduced into the ex te raa I  jugular  vein, channeled under  the 
skin,  and secured  in the neck. The thorax  was closed and the an ima l ' s  natural  breathing r e s t o r e d .  The ECG 
in s tandard lead II was recorded  22-24 h a f te r  the operat ion and, if ma rked  a r r h y t h m i a  was p resen t ,  TT was 
injected. The initial dose of TT was 0.5 #g/kg; the action of TT in doses  of 1, 2, and 3 #g/kg was then tes ted .  
The cor responding  quantit ies of TT were  dissolved in 5-10 ml physiological  sal ine and injected in the cour se  
of 1 rain. The min ima l  dose causing a m a rked  an t i a r rhy thmic  effect  (a reduct ion in the number  of ex t r a sys to le s  
by m o r e  than 50%) was taken to be the threshold .  The ECG was r eco rded  before  and during injection of TT and 
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Fig. 1. Ant iar rhythmic  effect of TT 24 h after  occlusion 
of coronary  a r t e ry .  1) ECG before operation; 24 h af ter  
operation; 3) after  injection of 1 ~g/kg TT; 4) after injec- 
tion of 2 #g/kg TT; 3 and 4) 3rd minute after  injection. 
Time m a r k e r  5 sec.  

throughout the period of its action. To reduce the central  action of TT, chloralose (100 mg/kg) was injected 
intravenously into the animals.  Injection of chloralose had virtually no effect on the ar rhythmia .  The inter-  
vats between injections of TT were 1 h. 

EXPERIMENTAL RESULTS 

The resuRs of one typical experiment are given in Fig. I. They show that 24 h after occlusion of the 
coronary artery marked ventrieular extrasystoles developed. As a result of injection of 2 ~g/kg TT the num- 
ber of ventrieular extrasystoles was significantly reduced. In half that dose, TT had virtually noantiarrhythmie 
action. In all ten experiments the percentage of ventricular eetopic excitations was determined both before in- 
jection of TT and at the time of development of maximal antiarrhythmie effect. The threshold doses of TT in 
different experiments were between 0.5 and 3 #g/kg. Injection of TT in these doses considerably reduced the 
percentage of ventricular extrasystoles [on average from 80~4.5 to 6.6 • (P< O.001)]. The sinus rhythm 
was fully restored in four animals. The maximal effect was achieved toward 3-5 rain after injection of TT. 
On average the effect was reduced to half the maximal value after 22 rain. 

The results indicate clearly that TT effectively depresses ventricular arrhythmias arising 24 h after 
occlusion of the coronary artery. The explanation of the mechanisms of the antiarrhythmic action of TT is 
closely linked with the mechanism of arrhythmias in the late stage of the infarct. However, since the causes 
of development of arrhythmias under these conditions are not yet known, all that can be done at present is to 
examine some of the possible situations in which a decrease in the sodium current may be the cause of cessa- 
tion of the arrhythmias. 

One of them is that in the late stage of an infarct the mechanism of the arrhythmias is similar to that of 
the dlsturbanees of rhythm arising during the act[on of the alkaloid aconitine on the myoeardium. Voltage 
clamp experiments have shown that aconitine changes the properties of the fast sodium channels, delays their 
inactivation, and causes the development of an inward current between values of the potentials in which under 
normal conditions no such current is present. TT completely blocked the action of aconitine and suppressed 
the inward current evoked by it [13]. Furthermore, in experiments on the cat heart in vivo, cardiac arrhythmias 
induced by aconitine were abolished by intravenous injection of TT [9]. Taken as a whole, these results suggest 
that in the late stage of infarction changes in the properties of the fast sodium channels resembling those of 
aconitine poisoning arise in the zone of ischemia. In that case the antiarrhythmie action of TT is linked with 
the fact that it d i rect ly  suppresses  the ectopie focus of excitation. 

Another possible way in which TT may act d i rect ly  on the ectop[c fucus s tems f rom the resul ts  of ex- 
per iments  which showed that the s teepness of diastolic depolarizat ion is much g r e a t e r  in Purkin]e f ibers iso-  
lated from the zone of the infarct  than in f ibers  isolated f rom areas  of intact myoeard ium [10]. If the increased 
ability of Purkinje f ibers  to contact automatical ly is the cause of ectopie activ[ty in the late stage of the infarct,  
a decrease  in the inward cu r ren t  under the influence of TT may abolish the automatic activity as a resu l t  of 
inhibition of phase 0 of the t r ansmembrane  action potential of these f ibers .  
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The an t i a r rhy thmic  action of TT can a lso  be exhibited in the case  when a r r h y t h m i a s  in the late stage of 
infarct ion a r e  due to the c i rcula t ion  of excitation. It has recen t ly  been shown that  in dogs in the late s tage of 
infarction,  cel ls  of the working m y o c a r d i u m  genera te  a sodium-dependent  action potential  which, spreading  at 
reduced speed ove r  the nonhomogeneous myoca rd ium,  can induce c i rcula t ion  of exci tat ion [11]. In that  case  a 
dec r ea se  in the veloci ty  of conduction of exci tat ion as a resu l t  of a dec r ea se  in the sodium cur ren t  under  the 
influence of TT can lead to a conduction block and can stop the a r rhy thmia .  

It can be concluded that the fact  that  a r r h y t h m i a s  can be abolished by the action of TT, a specif ic  b locker  
of the fas t  inward sodium cur ren t ,  d i scovered  by this invest igat ion will help to r evea l  the t rue  causes  of de-  
velopment  of a r r h y t h m i a s  and of the an t i a r rhy thmic  effect  of drugs  in the late s tage of myoca rd ia l  infarct ion.  

2. 
3f 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 

L I T E R A T U R E  C I T E D  

N. V. Kaver ina ,  Z. P. Senova, Yu. I. Vikhlyaev, et al., Fa rmako l .  Toksikol . ,  No. 6, 693 (1970). 
V. V. Lyskovtsev ,  Z. P. Senova, I. A. Ju r i av icus ,  et al . ,  Byull. ]~ksp. Biol. Med., No. 3, 243 (1979). 
L. V. Rozenshtraukh,  R. L. V e r ' e ,  and B. Laun, Vestn.  Akad. Med. Nauk SSSR, No. 10, 52 (1978). 
I. A. Jur iav icus ,  L. V. Rozenshtraukh,  A. I. Undrovinas,  et al., Kardiologiya,  No. 9, 118 (1978). 
J. D. Allen, R. G. G. J am es ,  J.  G. Kelly,  et al., Pos tgrad .  Med. J. ,  5_33, Suppl. 1, 35 (1977). 
P. F. Cranefield,  A. L. Wit, and B. F. Hoffman, Circulat ion,  4__7.7, 19 (1973). 
P. Danilo, W. B. Langan, M. R. Rosen,  et al. ,  Europ .  J.  Pha rmaco l . ,  4__~5, 127 (1977). 
A. S. H a r r i s ,  Circulat ion,  1, 1318 (1950). 
T. F. Huang, Eur .  J. Pha rmaco l . ,  2_.6_6 , 77 (1974). 
R. Lazza ra ,  N. E1-Sherif ,  R. R. Hope, et al., Ci rcu la t .  Res . ,  4.~2, 740 (1978). 
R. Lazzara ,  R. R. Hope, N. E1-Sherif ,  et al., Am. J .  Cardiol . ,  4_1.1, 872 (1978). 
E. M. Vaughn Wil l iams,  Pos tgrad .  Med. J. ,  5__33, Suppl. 1, 30 (1977). 
A. L. Wit and J .  T. Bigger,  J r . ,  Pos tg rad .  Med. J. ,  5._.3.3, Suppl. 1, 98 (1977). 
D. P. Zipes,  H. R. Besch,  J r . ,  and A. M. Watanabe,  Circulat ion,  5_~.1, 761 (1975). 

ACTIVATION OF LIPID PEROXIDATION 

DURING PAINFUL EMOTIONAL STRESS 
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Accumulat ion of p r i m a r y  and secondary  lipid peroxidat ion (LPO) products  were  invest igated by 
ul t raviole t  spec t ropho tomet ry  and f luorescence  of Schiff bases  in var ious  t i s sues  of Wis ta r  ra t s  
subjected to painful emotional  s t r e s s  (PES). The quantity of LPO products  was shown to in- 
c r e a s e  under  the influence of PES main ly  in the hear t ,  and also significantly,  although to a 
l e s s e r  degree  than in the hear t ,  in skele ta l  musc l e s  and bra in .  The i nc r ea se  in content of 
hydroperoxides  in all the organs  studied was s m a l l e r  than the i nc rea se  in the content of f lu-  
o rescen t  Schiff bases ,  the end products  of LPO. 

KEY WORDS: painful emotional  s t r e s s ;  lipid peroxidat ion.  

The role  of emotional  s t r e s s  in the etiology of human d i seases  is widely known, but the actual  me tabo l i c  
link through which the harmful  action of high concentrat ions of ca techolamines  and glucocor t icoids  in s t r e s s  
is effected r equ i re s  fu r the r  study. One of the main  mechan i sm of injury to cell s t r uc tu r e s  is act ivat ion of 
lipid peroxidat ion (LPO) [2, 3]. It was shown recen t ly  that a f t e r  painful emotional  s t r e s s  (PES) an inc rease  
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