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ABSTRACT 

Ventricular fibrillation (VF) is a life-threatening arrhythmia that 
leads to death unless electrical defibrillation is applied in time. Recent 
publications indicate that VF can be either sustained (SVF), requiring 
electrical defibrillation, or transient (TVF), reverting spontaneously 
into sinus rhythm. Since VF cannot be totally prevented by drugs, a 
new antiarrhythmic therapeutic approach has been proposed: drug-
induced enhancement of the ability of the heart to defibrillate by 
itself. 

In this study we examined the defibrillating potency of two 
antiarrhythmic phenothiazines, ethmozine (ETM) and ethacizine 
(ETA), as well as their effects on catecholamine uptake and on the 
electrophysiological properties of the myocardial cell membrane. 

The antiarrhythmic-defibrillatory activity was examined in cats; 
the inhibitory effect on [3H]-norepinephrine (NE) uptake was 
examined in rat brain synaptosomes, and the electrophysiological 
membrane effects were examined by microelectrode recordings in 
perfused strips of heart ventricle from guinea-pigs. 

The results indicate that: 1. ETA exhibits similar but stronger 
antiarrhythmic-defibrillating and NE reuptake inhibitory effects than 
ETM; 2. ETA at ΙΟ-6 Μ decreases ventricular conduction time and 
increases Vmax while ETM at this concentration does not change them; 
3. The defibrillating ability of the drugs can be related to their 
inhibitory potency on NE reuptake. 
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We suggest that the risk of sympathomimetic arrhythmogenicity is 
prevented by the previously described, membrane stabilizing Class 1 
antiarrhythmic properties of these drugs. 
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INTRODUCTION 

Ventricular fibrillation (VF) is one of the major causes of sudden 
death in humans. Once VF appears, the heart ceases to function as a 
pump, blood circulation terminates, and death is imminent, unless 
electrical defibrillation is applied within a few minutes. Following the 
assumption that electrical defibrillation is the only method that can 
terminate VF in humans, the currently used antiarrhythmic drugs are 
aimed at preventing initiation of VF by decreasing the incidence of 
ventricular premature beats and/or ventricular arrhythmias which can 
lead to VF. However, from clinical and theoretical considerations, it 
seems now that since different mechanisms can be involved in the 
initiation of VF 111, it is almost impossible with drugs to totally 
prevent the appearance of ventricular arrhythmias and, thereby, VF. 
Because of these limitations, a new antifibrillatory therapeutic 
approach has been proposed to help the heart to defibrillate by itself 
121. 

Self-terminating VF (transient VF - TVF) has been observed in 
various small mammals such as rats, guinea-pigs and rabbits 13/. The 
ability of the hearts of small mammals to defibrillate has been 
correlated with their ventricular muscle mass 141. It was suggested that 
V F in small hearts tends to terminate spontaneously since they do not 
have the minimal number of cells required for the maintenance of the 
fibrillating process /4,5/. Following this theory, it has been suggested 
that the human heart, with a large muscle mass, cannot defibrillate 
spontaneously. However, recent publications indicate that VF can 
terminate spontaneously in relatively large mammalian hearts 
(puppies) /6/ and even in humans /7-10/, while the small hearts of 
birds (pigeons and'hens) /6/ exhibit sustained ventricular fibrillation 
(SVF). In addition, it has been found that certain drugs, such as 
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bretylium tosylate and its derivative clofilium / l l , 12 / , several tricyclic 
antidepressants and phenothiazines /13-16/, enhance the ability of the 
heart to defibrillate spontaneously. These facts led us to investigate 
the physiological differences between SVF and TVF as well as the 
mechanisms involved. 

The results, obtained in animals of both sexes and of various 
species and ages /6,13,17/, indicate that: a) the ability to defibrillate 
spontaneously is a normal feature in young mammals; b) this ability 
decreases with age; c) the age span in which TVF appears varies 
between species; d) there is no significant difference between the 
cardiac muscle mass of mammals that exhibit TVF and those that 
respond with SVF; and e) in TVF the cardiac cells of both ventricles 
exhibit a relatively slow rate and well synchronized fibrillating 
activity, while in SVF the ventricular cells fibrillate at a higher rate 
and in a less synchronized manner. 

On the basis of these results we hypothesize that TVF requires 
high intercellular synchronization /6,18/. A similar hypothesis has also 
been proposed by Kobrin et al. /19/. In young mammals this 
intermyocardial cell synchronization is obtained by high sympathetic 
and low parasympathetic cardiac activity at the time of VF, caused by 
sympathetic predominance of the heart autoregulation /6,14-17/. This 
hypothesis has been supported by the fact that the above-mentioned 
drugs reported to enhance the occurrence of self defibrillation /11-16/ 
share the ability to increase the local cardiac level of ca techo lamines , 
during VF, by inhibition of catecholamine reuptake into the 
adrenergic nerve terminals and/or inhibition of MAO activity /20-22/. 
The role of catecholamines in self-defibrillation has been emphasized 
by the fact that various compounds that elevate catecholamine level 
(like amphetamine) transform SVF into TVF /14,15,17,23/, while 
beta-adrenergic blockers (propranolol and pindolol), administered in 
mammals which exhibited TVF before their administration, 
transformed the type of VF into SVF /15,17/. 

In this study we examined the electrophysiological and 
defibrillating activity of two antiarrhythmic phenothiazies: ethmozine 
(ETM) (moricizine) /24/ and its new diethylamine analogue -
ethacizine (ETA) /25,26/, as well as their effect on catecholamine 
reuptake. 

MATERIALS AND METHODS 

The drugs used were received from the department of Prof. N.V. 
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Kaverina, Russian Academy of Medical Sciences, Moscow, Russia. 
The drugs were prepared f rom powder and dissolved in saline. 

Antiarrhythmic-defibrillatory activity 

The antiarrhythmic-defibrillatory activity of E T M and E T A was 
examined on 10 cats per drug, of both sexes. The cats were 
anesthetized with 15-25 mg/kg i.v. sodium pentobarbital. The hearts 
were exposed through a midline thoracotomy and a room air respirator 
was applied through a tracheal cannula. L n ECG and intra-arterial 
blood pressure were recorded on a Grass Polygraph. 

The fibrillating stimuli (train of rectangular pulses: 2-15 V, 100 
pps, and duration of 0.1-1.0 msec, for a period of 0.5 sec) were 
delivered through 2 silver needle electrodes attached to the 
pericardium on the left ventricle. The fibrillating stimuli were 1.5-2 
t imes the strength of the fibrillating threshold. 

Animals were designated as having SVF if V F failed to terminate 
spontaneously within 90 sec and required electrical defibrillation. 
Animals that exhibited 2-5 consecutive episodes of V F of short (20-60 
sec) duration were designated as having TVF. 

[3H]-Norepinephrine uptake 

The uptake of [3H]-norepinephrine (NE) into synaptosomes was 
measured essentially as described by Coyler and Snyder /27/. 
Forebrain (whole brain minus brain stem and cerebellum) of adult 
male Charles-River rats was homogenized in 10 vol of ice-cold 0.32 
Μ sucrose in a Potter-Elvehjem homogenizer (10 strokes), using a 
tef lon pestle. The homogenate was centrifuged at 1000 g for 10 min 
and the resulting supernatant containing the synaptosomal membranes 
was used for the uptake study. A standard assay contained: 50 μΐ 
homogenate, 50 μΐ tritiated NE (3 χ ΙΟ"8 Μ, 11.4 Ci/mmole) and 850 
μΐ modified Krebs-Ringer-phosphate buffer (119 m M NaCl, 3.9 m M 
KCl, 0.65 m M M g S 0 4 , 0.51 m M CaCl2 and 0.19 m M sodium 
phosphate buffer , pH 7.4 in a total volume of 1.0 ml). The buffer 
solution was equilibrated with 95% 0 2 - 5% C 0 2 for 10 min prior to 
use. The buffer also contained glucose (2 mg/ml), ascorbic acid (0.2 
mg/ml), E D T A (0.06 mg/ml) and pargyline (10-4 M). The tubes were 
preincubated at 37°C for 10 min, at which time the radioactive 
compounds were added. After incubating at 37°C for 4.0 min the 
reaction was stopped by adding desmethyl-imipramine (1 χ ΙΟ"5 M) 
and rapidly cooling the tubes on ice. Specific uptake was measured in 
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the presence of 1 χ ΙΟ 5 Μ desmethyl-imipramine. The incubate was 
diluted in 5 ml ice-cold buffer and filtered under vacuum through 
Whatman GF/C filters. Filters were washed 3 times with 5 ml ice-cold 
buffer and counted in 4 ml Optifluor in a Packard 300C scintillation 
counter. The inhibitory effect of ETM and ETA was assessed by 
replacing 50 μΐ of the buffer in the incubation assay by 50 μΐ of the 
tested drug (ΙΟ*7 Μ - ΙΟ*4 M). 

Microelectrode recording in guinea-pig ventricular myocytes 

Ten adult guinea-pigs of either sex (200 - 300 g) were stunned by a 
blow to the neck and rapidly exsanguinated. The heart was removed 
and the left ventricle dissected free in oxygenated Tyrode 's solution at 
room temperature. The excised ventricle was placed in a 10 ml tissue 
chamber lined with Sylgard. The bath was perfused at a constant rate 
of 3-5 ml/min and gassed with 95% 0 2 and 5% C 0 2 . The temperature 
of the perfusate was maintained at 33 ± 0.5°C. 

Transmembrane potentials were recorded from left ventricular 
myocytes, according to Bigger et al. /28/, through glass capillary 
microelectrodes having a resistance of 10-15 MOhms. The 
microelectrodes were filled with 3M KCl and were attached to a silver 
wire leading to a home-made amplifier having high input impedance. 
The records of transmembrane potential and the dV/dt of their phase 0 
were displayed on a dual beam storage Tektronix cathode-ray 
oscilloscope and photographed with a polaroid camera. 

Driving stimuli (2 pps, 10 V and duration of 0.1 msec) were 
delivered to the left ventricular strip by means of a bipolar silver 
electrode using a Grass model S88 stimulator. 

RESULTS 

Defibrillating effect in open chest anesthetized cats 

Intravenous administration of either ETM or ETA elevated the 
fibrillating threshold and exhibited a significant defibrillating effect. 
VF that was induced after their administration either by electrical 
stimuli or by coronary occlusion and reperfusion terminated 
spontaneously within 2-60 seconds after its initiation (Fig. 1, Table 1). 
It was found that the defibrillating effect of ethacizine was more 
prominent than that of ethmozine at equal dosage levels. It was also 
found that the effectiveness and duration of this cardioprotective 
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Fig. 1: Self-terminating electrically induced ventricular fibrillation (TVF) in a cat 
treated with ethacizine (1 mg/kg). From top to bottom: L^ ECG, time (T) 
in sec, blood pressure (BP). St - electrical stimuli. 

TABLE 1 

Compound Relative (%) ED 5 0 mg/kg IC 5 0 (u) for NE 
defibrillating bolus infusion uptake1* 

activity TVF/VF* 

Ethacizine 7 5 - 8 0 1 3 1.7xl0"5 

Ethmozine 5 5 - 6 0 3 7 4xl0"5 

TVF/VF - Number of TVF out of total number of VF, obtained in cats treated by 3 
mg/kg in bolus. 
# Measured in brain synaptosomes 

effect (the period of time during which VF terminated spontaneously) 
was dose-dependent. The minimal effective doses of i.v. injection 
(bolus) needed for obtaining a protective duration of 10-20 min were 
1 mg/kg for ETA and 3 mg/kg for ETM. The minimal effective doses 
of slow i.v. infusion needed for obtaining protective duration of 4-6 h 
were 3 and 7 mg/kg respectively (Table 1). 

Ethmozine and ethacizine have to be injected slowly, since fast i.v. 
administration can cause side effects /29/, including partial AV block, 
changes in cardiac vector. These side effects terminate within a few 
minutes after termination of drug administration. 

Electrically induced VF in animals treated with an overdose of 
either ETM or ETA either transformed into sinus rhythm, through 
transient ventricular tachicardia (TVT) (Fig. 2), or exhibited sustained 
ventricular tachycardia. 

Administration of a beta-blocker (propranolol) following ETM or 
ETA treatment antagonized their defibrillating effect in a competitive 
manner. 
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Fig. 2: Self-terminating electrically induced ventricular fibrillation in a cat treated 
by overdose of ethacizine (3 mg/kg) reverting to sinus rhythm through 
transient ventricular tachycardia. 

Inhibitory effect on catecholamine uptake in rat brain synaptosomes 

Examination of the two compounds showed that they share the 
ability to inhibit NE uptake in the rat brain synaptosomal preparation 
in vitro, and that ethacizine exhibited a stronger effect than ethmozine 
(Table 1). 

Electrophysiological effects in guinea-pig ventricular myocytes 

Administration of ETA (1(H M) increased Vmax by 21% (after 5 
min perfusion) and decreased conduction time in guinea-pig 
ventricular myocytes (Fig. 3), while administration of ETM at the 
same concentration had no effect. Administration of either ETA or 
ETM at the same concentration of ΙΟ-6 Μ in preparations pretreated 
with beta-blocker showed a 19% decrease in Vmax after 5 min 
perfusion. 

DISCUSSION 

ETM and ETA are structurally closely related phenothiazine 
derivatives synthesized by Prof. Kaverina and her colleagues in the 
Russian Academy of Medical Sciences /24-26Λ They have both been 
reported to be potent antiarrhythmic and antifibrillating drugs in 
animals and in humans /29-36/, ETA exhibiting a similar but more 
potent antiarrhythmic effect with a longer duration of action than 
ETM /25,34,37,38/. 

Ethmozine and ethacizine, like other phenothiazines and tricyclic 
antidepressants, have been grouped as Class I antiarrhythmics /38-42/, 
although Bigger /41/ notes that "there is some confusion with the 
classification of moricizine" in the Vaughan Williams Class I 
subgroups /43/. 
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Fig. 3: Mfcroelectrode recordings of action potential (AP) in guinea-pig 
myocardial cell (lower trace) and V m a x of phase 0. Α-control; B-3 min of 
infusion of ethacizine 10~6 M; C-5 min of perfusion. Calibration: 
horizontal - 20 msec; vertical - for V m a x 100 V/sec and for AP 20 mV. 
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It has been reported that through their direct Class I antiarrhythmic 
effects they both produce concentration - frequency dependent 
reduction of the fast Na+ inflow current /42,44/, whereas Makielevsky 
et al. /45/ suggest that the effect of ETA on the Na+ inward current 
differs from that of ETM. According to their reducing effect on the 
Na+ inward current, they both produce a concentration dependent, 
moderate reduction in action potential upstroke velocity (Vmax), in 
action potential amplitude, in action potential duration, in the duration 
of an effective refractory period, and in the overshoot of the slow 
response action potential, as well as a slight decrease in conduction 
velocity, in excitability of cardiac fibers and in their membrane 
responsiveness /41,42,44,45/, while resting potential remains 
unchanged/46Λ 

Although ETM and ETA are closely related compounds, several of 
their effects have been reported to be diametrically opposed. For 
example, ETM has been reported to increase the slow Ca++ inward 
current /46/ while Starmer et al. /47/ reported that ETA decreases the 
slow Ca++ inward current in a frequency-voltage-concentration 
manner. Similar reports about different actions of ETM and ETA exist 
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also with regard to the inotropic effects of ETM (positive) and ETA 
(negative) /48/, as well as on their effect on SA node and AV junction 
/49/. 

These "direct" effects and especially the fact that ETM and ETA 
decrease the spontaneous sympathetic discharge 1501 can explain the 
antiarrhythmic properties of these drugs. 

The results of our present study on CNS synaptosomes indicate 
that ETM and ETA exhibit an inhibitory effect on NE uptake. Similar 
reuptake inhibitory properties are exhibited by many phenothiazines 
and tricyclic antidepressants /51,52/. Due to their ability to inhibit 
catecholamine reuptake and their vagolytic property 1531, ETM and 
ETA share certain indirect sympathomimetic effects, i.e., they 
increase Vmax, increase intercellular conductance and electrotonic 
space constant, and thereby increase conduction velocity and 
intercellular coupling and synchronization /23,54,55/. 

Since ETM and ETA exhibit strong defibrillating ability, which is 
not found in many Class I antiarrhythmics, we suggest that their 
defibrillating potency results from their inhibitory effect on 
catecholamine reuptake /23/, in addition to their cholinolytic one /56/. 
This assumption fits the finding that ETA, which is more potent in 
inhibition of catecholamine reuptake, exhibits more potent 
defibrillating ability. This hypothesis is also strengthened by the fact 
that administration of a beta-adrenoceptor blocker (propranolol) in 
animals pretreated with ETM or ETA antagonizes their defibrillating 
effect. 

Taking into consideration these direct and indirect effects, it seems 
that ETM and ETA share with other phenothiazines and tricyclic 
antidepressants properties known to affect in opposite directions the 
action potential configuration and its intercellular propagation. This is 
probably the reason which led Bigger /41/ to describe ETM as having 
a unique electrophysiologic profile. 

Since ETM and ETA share two opposite effects, what is their net 
effect in vivo? 

We suggest that the effect of ETM and ETA depends on the 
physiological situation. In all cases, except VF, the dominant effect is 
that of a Class I antiarrhythmic. According to these Class I properties, 
and especially due to their ability to decrease sympathetic discharge 
even in the case of myocardial infarction /50/, they both serve as 
potent antiarrhythmic drugs. For these reasons, they have been 
described as drugs which at therapeutic doses, do not cause severe 
side effects and do not elevate the normal ventricular rate /57/. 
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On the other hand, during VF sympathetic activity is enhanced and 
the catecholamine level is thereby increased, mainly due to the 
inhibitory effect of the drugs on catecholamine reuptake. Due to the 
increase in cardiac catecholamine level, intracellular resistance 
decreases and intercellular coupling increases. With ETA Vmax and 
conduction velocity increase. These indirect effects lead to an 
enhancement of intercellular synchronization and help the heart to 
defibrillate by itself. 

CONCLUSION 

It was found that both ETM and ETA have a potent defibrillating 
effect, in addition to their antiarrhythmic and antifibrillating ones. 
This defibrillating effect can be related to their inhibitory effect on the 
catecholamine reuptake demonstrated in this study, while the risk of 
sympathomimetic arrhythmogenicity is prevented by the membrane 
stabilizing Class I antiarrhythmic property of the drugs. We suggest 
that during clinical and experimental conditions, other than VF, ETM 
and especially ETA serve as antiarrhythmic drugs, while during VF 
they serve as defibrillating drugs, enhancing the ability of the heart to 
defibrillate by itself. These complementary cardio-protective 
properties might serve as a lead for the development of new more 
effective antiarrhythmic-defibrillating drugs. 
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