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The  m e c h a n i s m  of the an t i a r rhy thmic  action of l idocalne,  a p r epa ra t i on  int roduced into cl inical  p r ac t i ce  
m o r e  than 30 yea r s  ago, has not ye t  been explained. Many invest igat ions have shown that  l idocaine in t h e r a -  
peutic concentra t ions ,  not changing the veloci ty  of conduction of excitat ion along f ibers  of  the conducting s y s -  
t em and cont rac t i le  myoca rd ium [7, 8], has the p rope r ty  of inhibiting p a c e m a k e r  act ivi ty and of shor tening 
the duration of the action potential  and the r e f r a c t o r y  per iod  of Purk in je  f ibers  [7, 8, 14]. The an t i a r rhy thmic  
act ion of l idocaine is connected with these  e lec t rophys io logica l  effects .  More  recent ly ,  however ,  obse rva t ions  
have been made  which show that l idocaine in therapeut ic  concent ra t ions  se lec t ive ly  reduces  the veloci ty  of 
sp read  of excitat ion in the zone of i schemia  [9, 10]. F u r t h e r m o r e  it has  been shown that  l idoealne,  l ike t e t r o -  
dotoxin (TTX), a specif ic  b locker  of fas t  sodium channels ,  blocks the conduction of exci ta t ion in f r agmen t s  of 
m y o c a r d i u m  isolated f rom the zone of an infarct  [12]. These  findings sugges t  that the an t i a r rhy thmic  action 
of l idoeaine in myoca rd i a l  infarct ion is connected with a d e c r e a s e  in the fas t  inward sodium c u r r e n t  in the 
zone of i schemia .  

To t e s t  this hypothes i s ,  in the invest igat ion desc r ibed  below the poss ib i l i ty  of potentiat ing the a n t i a r -  
rhy thmic  action of l idocaine in the late s tage of exper imenta l  myoca rd ia l  infarct ion by combined admin is t ra t ion  
of the drug with TTX was studied. 

EXPERIMENTAL METHOD 

Experiments were carried out on mongrel dogs of both sexes weighing 10-15 kg. Under pentobarbital 
anesthesia (35 mg/kg, intravenously) a myocardial infarct was induced by two-stage occlusion of the left de- 
scending coronary artery by Harris' method [i]. The ECG (lead ]I) and the bipolar electrogram from the 
auricle of the right atrium were recorded 24 h after the operation under chloralose anesthesia (I00 mg/kg, 
in t ravenously) ,  under  ar t i f ic ia l  ventilation condit ions.  Recordings  were  obtained for  per iods  of 1 rain, at i n t e r -  
vals  of 10 rain,  fo r  1 h and the m e a n  f requency of ven t r i cu la r  ex t r a sys to l e s  pe r  minute  and the i r  pe rcen tage  
of the gene ra l  card iac  rhythm were  de te rmined .  If  m a r k e d  and las t ing ven t r i cu l a r  ex t r a sys to I e s  were  p resen t ,  
and if the f luctuations in the f requency of the e x t r a s y s t o l e s  did not exceed 10%, intravenous injections of TTX 
and l idocaine were  given. The EC G and e l e c t r o g r a m  were  r eco rded  before  and during the injection and 
throughout the per iod  of action of the drugs.  

The initial concentra t ions  were  1 p g / k g  of TTX and 4 m g / k g  of l idocaine.  In the absence of an an t i -  
a r r h y t h m i c  action, the concentra t ions  of the drugs  were  inc reased  in s teps  of I p g / k g  of TTX and 4 m g / k g  of 
l idocaine,  until m in ima l  doses  of  TTX and lidocaine causing a m a r k e d  an t i a r rhy thmic  effect ,  desc r ibed  as 
t h re sho ld  doses ,  were  a sce r t a ined  (the f requency  of the ex t r a sys to l e s  was reduced  by m o r e  than 50%). Doses  
of TTX and l tdocaine of half the threshold  values had p rac t i ca l ly  no effect  on the a r r h y t h m i a s .  T h e s e  doses  
were  taken to be subl iminal .  Af t e r  the threshold  and subl iminal  doses  of TTX and l idocaine had been e s t ab -  
l ished,  the an t i a r rhy thmic  act ion of a m i x t u r e  of subl iminal  doses  of t hese  drugs  was tes ted .  In all  e x p e r i -  
men t s  the drugs  were  d issolved in 5 m l  of physiological  sa l ine  and injected in the cour se  of  1 rain. In te rva l s  
between injections amounted to 1 h (10-40 rain a f te r  injection of the threshold  doses  the or ig inal  level  of  the 
a r r h y t k m i a s  was r e s to r ed ) .  

L a b o r a t o r y  of E lec t rophys io logy  of the Hear t ,  Al l -Union C ardiologie  Scientif ic Cen te r ,  Academy of Medi -  
ca l  Sciences  of the USSR, Moscow.  (Presen ted  by Academic ian  of the Academy of Sciences  of the USSR E .  I~ 
Chazov.)  T r a n s l a t e d  f rom Byul le ten '  ]~ksper imenta l 'noi  Biologii  i Medi ts iny,  Vol. 91, No. 1, pp. 38-40, 
J anua ry ,  1981. Original  a r t i c l e  submit ted  June 20, 1980. 

0007-4888/81/9101-0045507.50 �9 1981 Plenum Publishing Corpora t ion  45 



[llllC[Cll[I}lltll~l]C[lllltlll~[Itl}lllllll[lllll~[l 

2 

[[[~IIliII[I~ILI'I/IIL~III~[IIL~[IILJL[I[[IIJITIII[I 

IIIIIlIIIIItIII[IIIItIIiIil'lllll'l'}'ilip'l'fIffl'f[llii!lflipi 

78 

8 0  

~Tl[I;]!//ll,il~i~ ~ ,  ill;l]lllf~ll!llllli![l[ll['iil~ 

~r[!lilli[ii[l~!i[... ~1; r l l i ' i , ! , , r J ~ : - ~ ,  , �84 

Fig .  1. Potent ia t ion of an t i a r rhy thmic  action 
of  l idocaine by te t rodotoxin.  1) 24 h a f t e r  
occlusion of co rona ry  a r t e ry ;  2 and 4) action 
of 4 and 2 m g / k g ,  r e spec t ive ly ,  of  l idocaine for  
4 rain; 3 and 5) action of 2 and 1 pg /kg ,  r e -  
spect ively ,  of  TTX for  3 rain; 6) action of a 
m i x t u r e  of 2 m g / k g  l idocaine and 1 ~g/kg TTX 
for  3 rain.  All f r agments  show ECG (top t race)  
and e l e c t r o g r a m  f rom aur ic le  of r ight  a t r iur~ 
{bottom t race ) .  N u m b e r  of  ven t r i cu la r  e x t r a -  
sys to les  per  minute  shown on right.  T i m e  
m a r k e r  5 sec.  

EXPERIMENTAL RESULTS 

The r e su l t s  of one typical  expe r imen t  a re  i l lus t ra ted  in Fig. 1 and they show that  24 h a f t e r  occlusion 
of the co rona ry  a r t e r y  m a r k e d  ven t r i cu l a r  ex t r a sys to l e s  developed (asynchronism in excitat ion of a t r i a  and 
ven t r i c les  can be seen  in f r agmen t  1). TTX in a dose of 2 ~ g / k g  and l idocaine in a dose of 4 m g / k g  exhibited 
a m a r k e d  an t i a r rhy thmic  action ( f ragments  2 and 3). In half  these  doses ,  these  drugs had no effect  on the 
a r rhy thrn ias  ( f ragments  4 and 5). Inject ion of a m ix tu r e  of subl iminal  doses  of T r X  and lidocaine caused 
v i r tua l ly  comple te  r e s t o r a t i o n  of the sinus rhythm ( f ragment  6). The  r e su l t s  of  s ix  exper iments  in which 
s epa ra t e  th resho ld  doses of TTX and lidoeaine and combined subl iminal  doses  of  both were  injected. 

The r e su l t s  show that  TTX potent ia tes  the an t i a r rhy thmic  action of l idocaine in the late  s tage of ex p e r i -  
men ta l  m y o c a r d i a l  infarct ion.  S i m i l a r  r e su l t s  were  obtained prev ious ly  with the  combined action of e tmosine  
and TTX and of mexi le t ine  with TTX [2]. Potent ia t ion by TTX of the an t i a r rhy thmic  action of l idoeaine,  e t m o -  
s ine,  and mexi le t ine  sugges ts  that  the cause  of abolit ion of the a r r h y t h m i a s  in the la te  s tage of exper imenta l  
infarc t ion  under  the influence of t hese  drugs  is a dec rea se  in the fas t  inward sodium cur ren t .  This  conclusion 
is  conf i rmed  by additional obse rva t ions :  1) TTX and e tmos ine  abolish a r r h y t h m i a s  of  the hea r t  i so la ted  24 h 
a f t e r  occlusion of  the co rona ry  a r t e r y  [3]; 2) TTX and l idocaine block conduction of excitat ion in myoca rd ia l  
f r agmen t s  i so la ted  f rom the zone of i s ehemia  [12]; 3) TTX,  and also l idocaine and e tmosine ,  in concentra t ions  
giving an an t i a r rhy thmic  action,  se lec t ive ly  delay conduction in the zone of  an infarc t  but have prac t ica l ly  no 
ef fec t  on the conduction of exci ta t ion in the intact  myocardiurn  [4, 9, 10]. 

The  m e c h a n i s m  of  the an t i a r rhy thmic  action of drugs  not only explains the cause  of co r rec t ion  of the 
a r r h y t h m i a s ,  but also indicates  the poss ib le  causes  of t he i r  actual  development .  The view is nowadays widely 
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TABLE I. Antiarrhythmic Action of Threshold and a Mixture of Subliminal Doses of Lidocaine 
and TTX 

Animal 
No. 

Preparation 
and dose 

Lidocaine, mg/kg 
4 

12 
12 
4 
4 
4 

Control 
general rhythm, 
beats/rain 

119 
126 
184 
150 
]32 
100 

VES, %* 

50 
I00 
98 
98 
77 
74 

Maximal effect 

generalrhythm, VES,% 
beats/min 

I18 0 
102 44 
138 0 
130 0 
116 2t 
96 2 

Time, 
mint 

Duration, 
rains 

15 
8 

20 
18 
5 
8 

M •  6,8• 135,2-+11.8 82,8-+8 116,7-+6,5 I 1,2+7,4 2,8'+0,9 12,3-+2,5 

60 
95 
98 
81 
93 
79 

125 
126 
140 
130 
142 
96 

0 
0 
0 

31 
8 
4 

TTX, pg/kg 
2 
3 
6 
3 
1 
2 

136 
136 
182 
148 
170 
98 

27 
19 
11 
19 
10 
8 

M-+m 2,8___07 145• 84,3• 126,5+_6,8 7,2• 3,8• 15,7"+3 

67 
94 
97 
73 
85 
82 

83-+4,8 . 

Lidocaine(mg/kg) + 
TT• (~g/kg): 

2+I 
6+1,5 
6+3 
2+ 1,5 
2+0,5 
2+ 1 

120 
126 
136 
120 
128 
96 

121-+5,6 M+m 

0 
0 
0 
0 

15 
4 

3,2• 2,5-+0,4 

122 
132 
200 
140 
150 
98 

140,3-+14 3,4--+0,8 1,4• 

8 
13 
Io 
19 
I0 
I0 

1I ,7+1,6 

*Number of ventr icular  ex t rasys to les  as a percentage  of general  cardiac  frequency.  
t T i m e  taken to reach maximal  effect af ter  end of injection of drug. 
STime taken to reduce  an t ia r rhythmic  effect by 50%. 
Legend.  Same number  r e f e r s  to same animal; dec rease  in percentage  of VES significant 
(P < 0.001). 

held that an inc rease  in automatic activi ty of the Purkinje  f ibers in the late stage of myocard ia l  infarction 
leads to the appearance of ectopic loci of excitation and to disturbance of the rhythm [11]. Automatic  activity 
of Purkinje  f ibers  is due to the pacemaker  cu r r en t  Ik2, which is depressed  by l idocaine and by other  an t ia r -  
rhythmic  agents [13]. That is why it has hitherto been possible  to link together  the mechanism of development 
and also the mechan i sm of suppress ion  of a r rhy thmias  in the late stage of infarct ion by memos of  drugs.  How- 
ever ,  these  views a re  difficult to reconci le  with observat ions  showing the decisive ro le  of a dec rease  in the 
inward sodium cu r r en t  in the production of the an t ia r rhythmic  action of drugs .  TTX, which has high an t ia r -  
rhythmic  activity [1, 3], does not affect  the pacemaker  cu r ren t  Ik 2 of Purkinje  f ibers  [6]. It can accordingly 
be postulated that  if d is turbances  of  rhythm in the late s tage of infarct ion a re  in fact  due to automatic activity,  
this mus t  be bound with the sodium cur ren t .  Automatic activity of this type a r i ses  in myocard ia l  f ibers  and 
Purkinje  f ibers  under  the influence of the alkaloid aconitine. 

In voltage clamp experiments  aconitine has been shown to modify the p roper t i es  of  some fast  sodium 
channels,  and ul t imately this leads to osci l la t ions of m e m b r a n e  cu r r en t  and potential and gives r i se  to gene ra -  
tion of repeated  excitation [5]. Most  ant ia r rhythmic  drugs and TTX inhibit both aconit ine-induced a r rhy thmias  
and a r rhy thmias  a r i s ing  in the late stage of infarction. Hence the hypothesis that the mechan i sm of dis turbances  
of rhythm in the late stage of experimental  myocard ia l  infarct ion has common features  with the mechanism of 
a r rhy thmias  ar is ing under the influence of aconitine. The analogy between the aconitine ectopic focus and 
eetopic activity developing 24 h af ter  occlusion of the co rona ry  a r t e ry  emphas izes  once again the importance 
of the fast  sodium cu r r en t  in the development and terminat ion of a r rhy thmias  in the late stage of myocard ia l  
infarction. 

47 



LITERATURE CITED 

I. L.V. Rozenshtraukh, E. P. Anyukhovskii, G. G. Beloshapko, et al., Byull. Eksp. Biol. Med., No. 10, 

402 (1979). 
2. L.V. Rozenshtraukh, E. P. Anyukhovskii, G. G. Beloshapko, et al., Kardiologiya, No. 5, 62 (1980). 
3. L.V. Rozenshtraukh, E. P. Anyukhovskii, G. G. Beloshapko, et al., Byull. I~ksp. Biol. Med., No. 10, 

35 (1980). 
4. L.V. Rozenshtraukh, R. Ruffy, V. Elharrar, et al., Kardiologiya, No. 5, 63 (1979). 
5. I.A. Yuryavichyus, L. V. Rozenshtraukh, and A. V. Yushmanova, Kardiologiya, No. i, 75 (1980). 
6. D. Attwell, I. Cohen, and D. Eisner, Pi~ilg. Arch. ges. Physiol., 379, 137 (1979). 
7. J.T. Bigger and W. J. Mandel, J. Pharmaeol. Exp. Ther., 172, 239 (1970). 
8. L.D. Davis andJ. V. Temte, Cir. Res., 24, 639 (1969). 
9. N. EI-Sherif, B. J. Scherlag, L. Lazzara, et al., Circulation, 5_66, 395 (1977). 

i0. J. Kupersmith, E. M. Antman, B. F. Hoffman, et al., Circ. Res., 366, 84 (1975). 
II. R. Lazzara, N. EI-Sherif, R. Hope, et al., Circ. Res., 4_~2, 740 (1978). 
12. R. Lazzara, R. R. Hope, N. EI-Sherif, et al., Am. J. Cardiol., 41, 872 (1978). 
13. M.R. Rosen and B. F. Hoffman, Circ. Res., 3_~2, 1 (1973). 
14. F.M. Weld and J. T. Bigger, Circ. Res., 38, 203 (1976). 

CHARACTER OF CORRELATION BETWEEN 

ACTION OF PHENAZEPAM AND ITS LEVEL 

V. G. Z i n ' k o v s k i i ,  N.  Y a .  G o l o v e n k o ,  
a n d  A.  V. B o g a t s k i i  

T H E  A N T I C O N V U L S A N T  

IN T H E  MOUSE B R A I N  

UDC 615.214.22.015.11 

KEY WORDS: phenazepam; concentration in the brain; antagonism with metrazol .  

Inhibition of the convulsant action of metrazol  by injection of 1,4-benzodiazepine derivatives into ex- 
perimental  animals is a sensitive method which can be used for screening tranquil izers .  By recording mini-  
mal effective doses of metrazol  causing clonico-tonic conx~tlsions and tonic extension against the background 
of injection of benzodiazepines it is possible to study quantitatively, in both alternative and graduated forms,  
the temporal dynamics of the anticonxaflsant action of a tes t  compound. In this case it is also possible to 
study the charac ter  of interaction between agonist (metrazol) and antagonist (benzodiazepine) in the formation 
of the pharmacological response by the agonist. 

A method of simultaneous recording of the concentration of phenazepam-14C and its metabolites in the 
mouse brain and the minimal effective doses of metrazol,  intravenous injection of which causes tonic exten- 
sion in animals, is suggested below. Correlation between these parameters  is examined. 

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

Experiments were car r ied  out on female (Black• BALB/c)F 1 mice weighing 18-20 g. Phenazepam-14C 
(4 Ci/mmole) was injected in Tween emulsion intraperitoneally into the animals in a dose of 1.4 mg/kg (40 
~motes/kg).  In the interval from 10 to 120 rain after injection of the drug the minimal effective doses of 
metrazol  causing tonic extension were determined in the animals [1]. Immediately after  recording of the con- 
vulsant action of metrazol  the animals were decapitated, the brain (0.36-0.48 g) was removed, and the radio- 
active mater ia l  was extracted. For  this purpose, the animals '  brains were ground with anhydrous Na2SO 4 (1 : 5 
by weight) to form a dry powder, which was extracted with 7 ml chloroform. Model e~periments showed that 
extraction 3 times was sufficient to extract  all the radioactive mater ia l  from the mouse brain. The pooled 
extracts  were then evaporated in a vacuum drying cupboard at 50~C. The dry residue was dissolved in to luene-  
alcohol scintillator (10 ml) and the quantity of radioactive mater ia l  was determined on an SL-30 liquid pho- 
tometer  (France). The resul ts  were subjected to statistical analysis [2]. 

Laboratory of Psychotropic Agents, I. I. Mechnikov Odessa University. Translated from Byulleten'  
Eksperimental 'noi Biologii i Meditsiny, Vol. 91, No. 1, pp. 40-42, January, 1981. Original art icle sulmaitted 
May 12, 1980. 
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