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New p repa ra t ions  of the phenothiazine s e r i e s  have recen t ly  been introduced into clinical  p rac t i ce  for the 
t r ea tmen t  of a r r h y t h m i a s :  ethmozine* and its  die thylamino analog (DAAE) [1].  Invest igat ion of the an t i a r rhy th -  
mic  act ivi ty  of these  compounds has shown that DAAE has a s t ronge r  and longer  action than ethmozine on ar~ 
rhy thmias  a r i s ing  in the late s tage of myocard ia l  infarc t ion in dogs [2]. On the bas i s  of expe r imen ta l  data in 
the course  of the study of the action of these compounds on ionic cu r r en t s  it  has been suggested that the an t i a r -  
rhy thmic  act ivi ty  of e thmozine and its analog is connected with the i r  influence on the fas t  inward sodium cu r -  
ren t  (INa) [4].  DAAE thus d e p r e s s e s  INa by a g r e a t e r  degree  than ethmozine and for  a longer  t ime.  

The a im of the p r e s e n t  invest igat ion was to study the effect  of DAAE on INa. Since some an t i a r rhy thmic  
agents ,  l idocaine for  example ,  affect  sodium conductance by the i r  action f r o m  the inner  side of the cell  m e m -  
b rane  [3, 5, 7], whereas  o ther  p repa ra t ions ,  notably e thmozine,  affect  INn f r o m  the outer  side of the cell  m e m -  
b rane  [3, 4], i t  was in te res t ing  to study the t ime cour se  of changes in INa under  the influence of DAAE when 
added to the e x t r a -  and in t race l lu la r  medium of the ca rd iomyocy te s .  

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 single myocy tes  i so la ted  f rom the adult r a t  hear t .  The method  of i so l a -  
tion of the myocy tes  was as follows [8].  Under e ther  anes thes ia  the hear t  was r emoved  f r o m  adult Wis tar  r a t s  
weighing 180-250 g, p laced in cold no rma l  per fus ion  solution, and a cannula was introduced into the aor ta .  To 
wash the hear t  f ree  f rom blood it was per fused  for  5 rain by Langendorf f ' s  method (37~ at the r a t e  of 8-10 
m l / m i n  with normal  per fus ion  solution with the following composi t ion (in raM): N a C 1 -  118, K C 1 -  4.8, CaC12 - 
0.9, KH2PO 4 -  1.2, MgSO 4 -  1.2, NaHCO 3 - 25, bovine s e r u m  1 m g / m l  ( f rom Serva,  West G e r m a n y ) ,  pH 7.4. 
The solution was sa tu ra ted  with carbogen (95% 02 + 5% CO2). The per fus ion  p r e s s u r e  in the aor ta  was 60-80 
m m  Hg. Af ter  the hear t  had been r insed  f ree  f r o m  blood the no rma l  per fus ion  solution was rep laced  by ca l -  
c i u m - f r e e  solution containing 0.8 m g / m l  of the enzyme col lagenase  ( f rom Sigma, USA). Af ter  per fus ion  for  
20-30 min with solution containing col lagenase ,  the p r e s s u r e  in the ao r t a  fell  to 30-40 m m  Hg; per fus ion  with 
the enzymes  ceased  at this per iod and for  5 rain the p r epa ra t i on  was r insed  with c a l c i u m - f r e e  solution. The 
hea r t  was then r emoved  f rom the cannula and cut into p ieces  with s c i s s o r s ,  with vigorous  shaking in 50 ml  of 
the s ame  solution. The resul t ing suspension was f i l te red  through nylon t i s sue  and allowed to stand for  5 rain to 
sed iment  the cel ls .  The superna tant  was then carefu l ly  poured off and the cel ls  resuspended  in 10-15 ml  of 
c a l c i u m - f r e e  solution. The cell  suspens ion  was kept at r oom t empera tu r e .  C a l c i u m - f r e e  per fus ion  solution 
was used in the expe r imen t s  as the ex t r ace l lu l a r  solution. 

Voltage c lamping was c a r r i e d  out by in t r ace l lu l a r  d ia lys is ,  a technique or iginal ly  developed for  nerve  
ce l l s  [6] and adapted by the wr i t e r s  for  hea r t  cel ls  [10]. The method is essen t ia l ly  as follows: a single hea r t  
cell was drawn up into a conical  pore  (the outer  and inner  d i a m e t e r s  of which were  20-30 and 10-15 ~ r e s p e c -  
t ively) at the end of a V-shaped  polyethylene tube, under  visual  control  (Diaver t  inver ted  mic roscope ,  f r o m  
Leitz,  West G e r m a n y ) .  One cell  was fixed in the pore ,  pa r t  of the cell  m e m b r a n e  was rup tured  by means  of a 

*Ethmozine  is 2 -ca rbe thoxyamino-10- (3 -morpho ly lp rop iony l ) -pheno th iaz ine  hydrochlor ide .  
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Fig.  1. Act ion of DAAE (8 x 10 -~ g / m l )  on e u r r e n t - v o l t a g e c h a r a c -  

t e r i s t i c  curve  of INa of a s ingle  hea r t  cel l  ( subs tance  added f rom 
ou te r  s ide of m e m b r a n e ) ;  a) control ,  b) 3 rain of act ion of DAAE, 
c) 15 rain of r ins ing  with normal  pe r fus ion  solution.  Expe r i m e n t a l  
condi t ions:  holding potent ia l  - 1 0 0  mV; i n t r a c e l l u l a r - m e d i u m :  
T r i s - F  140 raM, EGTA 2 raM, pH 7.3, t = 22~ 

Fig.  2. Act ion of DAAE (8 • l0 -6 g / m l )  ins ide  m e m b r a n e  on INa of 
s ingle  hea r t  ce l l .  h 1) T r a c e  of INamax r e c o r d e d  in cont ro l  d u r -  
ing m e m b r a n e  depo la r i za t i on  to - 3 7  mV, 2) act ion of DAAE in-  
s ide  cel l  for  6 rain. II: c u r r e n t - v o l t a g e  c h a r a c t e r i s t i c  curve  of 
INa of s ingle  hea r t  cel l  in control  (a) and a f t e r  ac t ion of DAAE for  
8 rain (b).  Expe r imen ta l  condi t ions:  holding potent ia l  - 100 mV; 

i n t r a c e l l u l a r  fluid: T r i s - F  140 raM, EGTA 2 raM, pH 7.3; t = 21~ 

Fig.  3. Act ion of p ronase  (0.8 m g / m l )  on INa of c a r d i o m y o c y t e s  
f rom ins ide  m e m b r a n e :  1) cont ro l ,  2) act ion of enzyme for  10 
rain. Expe r imen ta l  condi t ions:  holding potent ia l  - 9 0  mV; m e m -  
b rane  potent ia l  at which c u r r e n t  was r e c o r d e d  - 3 5  mV; i n t r a -  
c e l l u l a r  fluid: T r i s - a s p a r t a t e  140 raM, EGTA 2 raM, pH 7.3; t = 
20 ~ 

Kapron cord  ( d i a m e t e r  100 ~) ,  in t roduced ins ide  the V-shaped  tube, so that  the cel l  became  a c c e s s i b l e  for  in-  

t r a c e l l u l a r  per fus ion .  

A spec i a l  e l e c t ron i c  sys t em,  enabl ing compensa t ion  of l i n e a r  leakage  and s e r i e s  r e s i s t a n c e ,  was used for  
c lamping the m e m b r a n e  voltage and measu r ing  ionic cu r r en t s .  The f requency of s t imula t ion  was 1 Hz. The ex -  
p e r i m e n t s  were  c a r r i e d  out at room t e m p e r a t u r e .  

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

The r e s u l t s  of an expe r imen t  in which the act ion of DAAE on the c u r r e n t - v o l t a g e  c h a r a c t e r i s t i c s  of INn 
was s tudied a r e  i l l u s t r a t e d  in Fig .  1. In this case  the subs tance  was added f rom the ou te r  s ide  of the m e m -  
brane .  As Fig .  I shows, DAAE in a concen t ra t ion  of 8 • 10 -~ g / m l  ef fec t ive ly  d e p r e s s e d  INa over  the whole 
range of m e m b r a n e  potent ia l .  Subsequent r ins ing  with no rma l  solut ion for  15 rain led to p a r t i a l  r e c o v e r y  of the 
ampl i tude  of INa. The absence  of r e v e r s a l  potent ia l  on the c u r r e n t - v o l t a g e  c h a r a c t e r i s t i c  cu rves  of INa, shown 
in F igs .  1-3, was due to the fact  that the i n t r a c e l l u l a r  solut ion contained no Na + ions. It must  be pointed out 
that be s ide s  a d e c r e a s e  in ampl i tude  of INn under  the influence of DAAE, the kinet ic  p a r a m e t e r s  of INa were  
changed f rom the ou te r  s ide  of the m e m b r a n e :  the inac t iva t ion  constant  Th of the sodium c u r r e n t  was i nc r ea sed ,  
indica t ing  that DAAE affects  the p r o c e s s  of INa inact ivat ion.  As Table 1 shows (cel l  No. 1), at  the 5th minute 
of ac t ion of DAAE f rom the ou te r  s ide  of the m e m b r a n e  T h i n c r e a s e d  f rom 3.9 to 4.8 msec .  During r ins ing ,  
when the ampl i tude  of INa was r e s t o r e d ,  r h continued to r i s e  (Table 1, cel l  No. 1). P r e v i o u s l y  the w r i t e r s  
showed under  s i m i l a r  condit ions [4] that e thmozine  has v i r t ua l ly  no effect  on the kinet ic  p a r a m e t e r s  of INa. 
The s ame  r e s u l t s  a l so  a r e  obtained when e thmozine  was tes ted  on INa of a t r i a l  t r abecu lae  of the frog h e a r t  [3].  
It was concluded f rom these  r e s u l t s  that e thmozine  d e p r e s s e s  INn on account  of a d e c r e a s e  in m a x i ma l  conduc-  
tance of Na + ions.  DAAE evident ly  has a m o r e  complex  influence on INa. 
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TABLE 1. Action of DAAE on Inactivation of 
INn of a Single Rat Heart  Cell 

L 

Th " : 12,4 

Action of DAAE (8 X 10 "6 g/ml) 

from out s ide  

5 4,8 

from inside 

~ TIt ,mseg 
~'~ 

Rinsing 

8 
6 "~h, :1,6 

th- :3,6 
34 5,95 70 

45 15 

6,4 

10,95 

Legend: Inactivation constants calculated 
t 

f rom the equation INn (t) : INama • ( Kje ~h, -~ 

K~e th, , where INa(t) is the amplitude of 
INa at t ime tl; I N a m a  x the maximal  ampli -  
tude of INa; K 1 and K 2 are  coefficients ca l -  
culated f rom the experimental  data. 

Experiments  were ca r r i ed  out to study the action of DAAE on INa when the substance was introduced 
f rom the inner side of the cell membrane .  In this case DAAE to begin with caused delay of INa activation. 
Data on the in t racel lu lar  action of DAAE on INa are  given in Fig. 2, I. The exper iments  showed that af ter  the 
action of the substance for  6 rain f rom inside the cell there was vir tually no change in the amplitude of the max-  
imal INa, whereas inactivation was prolonged. In this exper iment  inactivation in the control was well descr ibed  
by an equation containing one exponent: 

' [ 
/Na(  l ) [Namax "exp ( - -  -'~h~ ) �9 

The value of thl was 1.6 msec  (Table 1, cell No. 2). After  the action of DAAE, a second exponent had to be in- 
troduced into the equation in o rde r  to descr ibe  the t ime course  of inactivation: 

t , t 

rhl  and Th2 were 1.6 and 3.6 msec  respect ive ly  (Tabl~ 1, cell No. 2). The coefficients obtained in the equation 
may perhaps ref lec t  the number of sodium channels for which the corresponding inactivation constant  is cha r -  
ac ter is t ic .  In the experiment  whose resul ts  are  shown in Fig. 2, I, under the influence of DAAE acting f rom the 
inner  sur face  of the membrane ,  10~0 of channels exhibited delayed inactivation. Depending on the duration of 
action of DAAE f rom the inner side of the membrane ,  the contribution of the s lower  components was inereased.  
As Table 1 (cell No. 4) shows, af ter  4a rain of action of the compound the fast  component, i.e., channels with 
fast  inactivation, d isappeared completely.  It was impossible  to r e s to re  inactivation even by prolonged rinsing 
to remove DA'AE (Table 1, cell No. 3). The amplitude of INa was inhibited less  effectively by the action of 
DAAE inside the cell than by its ex t race l lu lar  action. 

Like ethmozine [3, 4], DAAE acting f rom the outer  side of the membrane  reduced the amplitude of INa. 
In this r espec t  the two compounds were s imi lar .  F r o m  the inner side of the membrane  DAAE mainly affected 
INa inactivation, which was vir tually never  observed during the action of ethmozine [31. In this respec t  the ac-  
tions of ethmozine and its analog differed. 

Experiments  on the giant squid axon [9] showed that s t ruc tures  of the channel responsible  for inact iva-  
tion of INa are  located on the inner side of the membrane .  Trea tment  of the axon membrane  f rom inside by the 
proteoIyt ic  enzyme pronase led to complete disappearance of the inactivation process ,  whereas activation and  
the amplitude of INa showed little change. Accordingly  experiments  were ca r r i ed  out to study the effect of 
pronase  f rom inside the membrane  on INa. As Fig. 3 shows, after  the action of the enzyme for  10 rain INn in- 
activation was prot rac ted ,  whereas the amplitude of the cur ren ts  was vir tual ly  unchanged. It can thus be postu-  
lated that the s t ruc tura l  units of the sodium channel in hear t  ceils  responsible  for  inactivation are  located in- 
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side the cell.  The action of DAAE and pronase  f rom inside the s a r co l emma  (Fig. 2, I; Fig. 3) is ve ry  s imi la r  
and evidently d i rec ted  toward the same si te  in the membrane .  

It can be postulated on the basis  of these resu l t s  that DAAE, compared  with ethmozine,  has an additional 
si te for  its action on the sa rco lemma.  This fea ture  of DAAE is evidently responsible  fo r  its longer and more  
effect ive an t ia r rhy thmic  action.  
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Gutimin (guanylthiourea) is used in medicine as an antihypoxic agent I1, 3, 4, 8]. Exper iments  have 
demons t ra ted  its posi t ive effect  on ATPase  activity in the myoeardium,  brain,  and e ry th rocy tes  [1, 6]. 

Considering that the main sources  of energy  for  hear t  muscle  are  fatty acids,  in both the f ree  and the 
bound state [9-11],  the effect  of prevent ive  adminis t ra t ion  of gutimin on myocard ia l  fatty acid uptake was stud- 
ied when the hear t  was disconnected f rom the circulat ion in dogs with modera te  hypothermia.  

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

Exper iments  were c a r r i e d  out on 48 male dogs weighing 12-20 kg, kept on a diet  consist ing mainly of 
animal fat. The dogs were not fed for  24 h before  the exper iments .  Af ter  premedica t ion  ( t r imeper id ine ,  a t ro -  
pine) ,  under  endotraoheal  e the r -oxygenanes thes i a  (stage III2) together  with re laxants ,  the animals were cooled 
by a combination of the Kholod-2F apparatus and ice and snow packs covering the trunk. When the rec ta l  t em-  
pe ra tu re  was reduced to 30~ thoraeotomy was p e r fo rm ed  in the sixth r ight  in te rcos ta l  space,  and the hear t  
was disconnected f rom the c i rcula t ion  by application of tourniquets to the a t r ia l  veins (groups 3 and 4). In the 
exper imenta l  s e r i e s  (groups 5 and 6) gutimin was injected intravenously in a dose of 20 mg/kg before  cooling 
and in a dose of 45-50 mg/kg 25-30 rain before  occlusion under s imi l a r  exper imenta l  conditions. Prolonged 
disconnect ion of the hea r t  f rom the c i rcula t ion  (for 60 rain) was ca r r i ed  out in both se r i e s .  Measures  to r e -  
s to re  cardiac  act ivi ty included ca rd i ac -massage ,  ar t i f ic ia l  venti lat ion of the lungs, i n t r a - a r t e r i a l  injection of 
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