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Abstract

Azepexole, an a,-adrenoceptor agonist (125, 250 and 500 wg/kg i.v.), was examined for its effect on ouabain-induced
ventricular premature beats, ventricular tachyarrhythmias and lethality in guinea-pigs. The doses of ouabain required to cause
ventricular arrhythmias and lethality were significantly higher in azepexole-treated animals. However, it did not offer any
protection in reserpinised guinea-pigs. Idazoxan, the a,-adrenoceptor antagonist (100 pg/kg i.v.) inhibited the protective action
of azepexole while corynanthine, the @,-adrenoceptor antagonist (1 mg/kg i.v.), potentiated the effect. Azepexole inhibited the
rate of the ouabain-induced rise in mean arterial blood pressure and the peak pressor response. In isolated paced left atria of
guinea-pig, azepexole (2.76 X 1073 M) did not offer any protection against extrasystolic contractions induced by ouabain.
Therefore the protective effect of azepexole may be mediated through the stimulation of a,-adrenoceptors and the resultant

suppression of the indirect neural components of ouabain toxicity.
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1. Introduction

Centrally mediated alterations of the autonomic
nervous system, mainly by the release of catechol-
amines and other neurotransmitters are considered to
be a major cause of digitalis-induced ventricular ar-
rhythmias (Saxena and Bhargava, 1975; Gillis and
Quest, 1980). Many groups of drugs which can de-
crease sympathetic activity such as B-adrenoceptor an-
tagonists (Sekiya and Vaughan Williams, 1963; Dohad-
walla et al., 1969), ganglion blocking agents (Gillis et
al., 1975) and drugs that interfere with catecholamine
storage and release viz. reserpine (Dogget and Case,
1975), 6-hydroxydopamine (Saito et al., 1974),
guanethidine (Raines et al., 1968), bretylium (Papp and
Vaughan Williams, 1969) and a-methyl-m-tyrosine
(Ciofalo and Treece, 1970) were found to induce signif-
icant protective effect against digitalis-induced arrhyth-
mias. Clonidine (Lechat and Schmitt, 1982; Thomas
and Tripathi, 1986) and some of its derivatives like
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flutonidine (Thomas and Varma, 1993) and St-93
(Thomas and Stephen, 1993) were shown to increase
the doses of ouabain required to cause ventricular
arrhythmias and lethality.

The azepine derivative azepexole (B-HT 933) has a
chemical structure different from clonidine but exerts
typical clonidine-like actions on the cardiovascular sys-
tem (Kobinger and Pichler, 1977; Kobinger, 1978). It is
chemically 2-amino-6-ethyl-5,6,7,8-tetrahydro-4 H-oxa-
zolo[4,5-d] azepine and is more selective to a,-adreno-
ceptors than clonidine (Kobinger and Pichler, 1980a;
Timmermans and Van Zwieten, 1980; Deniards et al.,
1983). It exhibits a 300-fold selectivity for the a,- over
the a,-adrenoceptors (Rhodes, 1986). Pharmacological
studies indicate its selectivity for a,-adrenoceptors both
in the central nervous system and in the periphery
(Kobinger and Pichler, 1980b; Andén et al., 1982). It
was reported that azepexole has no protective effect
against digoxin-induced arrhythmias in guinea-pigs
(Plunkett and Tackett, 1983). Contrary to their results,
azepexole exhibited significant antiarrhythmic effects
against ouabain-induced arrhythmias and lethality in
the present study. This study also elucidates its possi-
ble mode of action.
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2. Materials and methods

2.1. Ventricular arrhythmias and lethality induced by
ouabain

Guinea-pigs of either sex (350-450 g) were used in
this study. The method described by Thomas and Tri-
pathi (1986) was utilized. The animals were anaes-
thetized by pentobarbitone sodium and positive pres-
sure artificial respiration was maintained throughout
the experiment. The mean arterial blood pressure was
recorded on a Gemini Recorder (Ugo Basile, Model
7070) through a Bentley Trantec physiological pressure
transducer and limb lead II electrocardiogram was
recorded on a Grass Polygraph (Model 7D). Ouabain
solution (80 ng/ml) was continuously infused at a rate
of 100 n1/min. The amount of ouabain required per kg
body weight to cause ventricular premature beats, ven-
tricular tachyarrhythmias (denoted by ventricular
tachycardia or ventricular fibrillation associated with a
sudden fall in blood pressure) and lethality was deter-
mined in control and drug-treated animals. Azepexole
was administered intravenously 10 min prior to ouabain
infusion and the haemodynamic effects of the drug
were also observed.

2.2. Ouabain-induced rise in mean arterial blood pressure

During the experiment (1) above, mean arterial
blood pressure was recorded at 2 min intervals
throughout the infusion period of ouabain until the
onset of ventricular tachyarrhythmia. The rate of rise
of mean arterial blood pressure induced by ouabain
and the peak pressor effect reached were noted for
control and azepexole (250 ng/kg)-treated guinea-pigs.

2.3. Effect in reserpinised guinea-pigs

Two groups of six guinea-pigs each were adminis-
tered reserpine (5 mg/kg i.m.) 24 h before the experi-
ment. The experimental procedure was the same as in
2.1. above. The first group was administered normal
saline and the second group azepexole (250 rg/kg), 10
min prior to ouabain infusion.

2.4. Effect after a-adrenoceptor blockade

a ;-Adrenoceptor antagonist

Corynanthine hydrochloride (1 mg/kg i.v.) was ad-
ministered to six animals, 10 min before azepexole (250
1g/kg), while another three groups of six animals each
were administered azepexole, corynanthine and normal
saline, respectively, before ouabain infusion.

a yAdrenoceptor antagonist
Idazoxan (100 pg/kg iv.) was administered to six
guinea-pigs and after 10 min, azepexole was adminis-

tered at a dose of 250 wg/kg. Another three groups of
six animals each were also studied, one as control and
the others were treated with azepexole and idazoxan,
respectively, before ouabain infusion.

2.5. Ouabain-induced arrhythmias in isolated paced left
atrium of guinea-pig

The method described by Thomas and Varma (1991)
was employed. Briefly, the left atrium from adult
guinea-pigs were dissected free and hung vertically on
a stimulating electrode and the free end was tied to an
isometric transducer (Type DYO, Ugo Basile, Italy) in
an organ bath containing Ringer Locke solution at
37 + 1°C bubbled with oxygen. The atria were driven at
a constant rate of 1 Hz of 2 ms duration at twice the
threshold voltage delivered by a square wave pulse
generator (Grass, Model S44, USA). QOuabain at a
concentration of 107%* M was added and the atrial
contractions were recorded on a microdynamometer
(Ugo Basile). The time taken for the development of
premature beats was noted. After a stabilization period
of 60 min, azepexole at concentrations of 2.76 X 107>,
2.76 X 10~* and 2.76 X 1072 M (n = 5 for each concen-
tration in separate experiments) was added to the bath,
challenged with ouabain and differences in the onset
or duration, if any, were assessed. A set of six control
experiments were also conducted.

The drugs used in this study were: azepexole
(Boehringer Ingelheim), corynanthine hydrochloride
(Sigma), idazoxan (Reckitt and Colman), ouabain oc-
tahydrate (Sigma) and reserpine (Boehringer Ingel-
heim). All the drugs except reserpine were dissolved in
normal saline for intravenous infusion. Reserpine was
dissolved in a minimal amount of glacial acetic acid,
the pH of which was adjusted to 5.5 by 0.1 N NaOH
and diluted with distilled water to give a concentration
of 1 mg/ml.

2.6. Statistics

The results were statistically analyzed using
Student’s t-test. Probability was established when the
value was less than 0.05.

3. Results
3.1. Haemodynamic effects of azepexole in guinea-pig

Azepexole produced a biphasic response on mean
arterial blood pressure. The initial rise in mean arterial
blood pressure was followed by a gradual but consis-
tent fall (Table 1). There was significant reduction in
the heart rate immediately after intravenous adminis-
tration of azepexole. Mean arterial blood pressure and
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Table 1
Effect of azepexole on mean arterial blood pressure and heart rate
in guinea-pigs

Dose (ug/kg) n

Predrug  Postdrug

1 min 5 min 10 min

Mean arterial blood pressure (mm Hg)

125 5 45+ 3  50+3 29423 3042°
250 6 44+ 3 49+2 29+1° 30+1°
500 6 45+ 3 53+3°%  24+3°  2743°
Heart rate (bt / min)

125 6 255+ 7 229+4% 21444° 21245°
250 6 240+10 226+8% 223+67 211+8P
500 6 250+ 4 228+5% 205+7° 202+7°

AP <0.05, ® P <0.01 and © P < 0.001 compared to respective pre-
drug control values (paired ¢-test).

heart rate values at the end of 5 and 10 min were
significantly lower as compared to their respective pre-
drug values at 125, 250 and 500 ug/kg doses. Azepex-
ole did not induce any significant change in the elec-
trocardiogram of guinea-pigs.

3.2. Effect of azepexole on ouabain-induced cardiac ar-
rhythmias and lethality

At doses of 125, 250 and 500 pg/kg, azepexole
increased the doses of ouabain required for the onset
of ventricular premature beats and ventricular tach-
varrhythmia compared to that of the control group
(Table 2). However, at lower doses it was not effective,
Similarly, azepexole at doses of 125, 250 and 500
wg/kg, caused significant increases in the doses of
ouabain required to cause lethality (Fig. 1).

3.3. Effect of azepexole on the ouabain-induced rise in
mean arterial blood pressure

Intravenous administration of ouabain produced a
gradual increase in blood pressure in guinea-pigs. It
attained a maximum peak before the onset of ventricu-
lar tachyarrhythmia and fell subsequently along with
ventricular tachyarrhythmia. Azepexole induced signifi-
cant inhibition in the rate of rise of blood pressure
induced by ouabain (Fig. 2). Similarly, the peak pressor
response caused by ouabain was also significantly lower
(P < 0.01) in azepexole-treated guinea-pigs (30.8 + 2.8

Table 2
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Fig. 1. Effect of i.v. administration of azepexole on ouabain-induced
lethality in guinea-pig. * P <0.05, ™" P <0.001 compared to con-
trol. Values are expressed as mean + S.E.M. of the doses of ouabain
(ng/kg body weight) required to cause lethality (n: Control — 11,
125 ng - 9,250 g — 8 and 500 ug - 8).
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Fig. 2. Effect of azepexole (250 ug/kg i.v.) on the ouabain-induced
rise of mean arterial blood pressure (MABP) in guinea-pig. Values
are expressed as the means of five to six experiments. Vertical bars
show S.E.M.

mm Hg) compared to that of control animals (49.0 + 4.6
mm Hg).

3.4. Interaction studies

In reserpinised guinea-pigs, the doses of ouabain
required to induce ventricular premature beats, ven-

Effect of azepexole on ouabain-induced ventricular arrhythmias in guinea-pigs

Drug (dose) n Ventricular premature beats Ventricular tachyarrhythmias
Control 11 172.8 + 3.7 2114+ 85

Azepexole (ug / kg)

125 9 2035+ 55°¢ 258.7+123°

250 8 2206+ 64 ° 2783+ 139 ¢

500 8 260.4 +12.1 ¢ 3498+ 132 ¢

> p <0.01 and ¢ P < 0.001 compared to control (unpaired #-test). Values are expressed as the means + S.E.M. of the doses of ouabain (ug/kg

body weight) required to cause the arrhythmic stages.
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Fig. 3. Effect of corynanthine (Cor) (1 mg/kg i.v.) on the protective
action of azepexole (Azp) (250 pg/kg i.v.) against ouabain-induced
lethality in guinea-pig. Values are expressed as the means and
S.E.M. of the doses of ouabain (ug/kg body weight) that caused
lethality. * P < 0.05 compared to control (n=6), and * P <0.05
compared to azepexole (n = 5).

tricular tachyarrhythmia and lethality were higher
(235.30 + 8.60, 412.00 + 22.70 and 467.60 4+ 13.50, re-
spectively) compared to controls. Azepexole did not
alter the arrhythmogenic and lethal effects of ouabain
in reserpinised animals (245.20 + 11.70, 400.60 + 18.20
and 481.60 + 11.30 for ventricular premature beats,
ventricular tachyarrhythmias and lethality, respective-
ly). Corynanthine, an a,-adrenoceptor blocking agent,
not only failed to inhibit the protective effect of
azepexole (Table 3), but it also induced significant
potentiation of the protective effect of azepexole (P <
0.05 for ventricular premature beats and P < 0.01 for
ventricular tachyarrhythmia) whereas idazoxan, the
specific «a,-adrenoceptor antagonist, showed significant
inhibition (P < 0.05 for ventricular premature beats
and P < 0.01 for ventricular tachyarrhythmia) of the
antiarrhythmic effect of azepexole (Table 3). Similarly,
corynanthine potentiated the protective effect of
azepexole against lethality induced by ouabain (Fig. 3)
while idazoxan showed significant inhibition (Fig. 4).

Table 3
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Fig. 4. Effect of idazoxan (Ida) (100 pg/kg i.v.) on the protective
action of azepexole (Azp) (250 pg/kg i.v.) against ouabain-induced
lethality in guinea-pig. Values are expressed as the means and
S.E.M. of the doses of ouabain (ug/kg body weight) that caused
lethality. © P <0.05 compared to control (#=6) and * P <0.05
compared to azepexole (n = 6).

3.5. Effect of azepexole on ouabain-induced extrasystolic
contractions in isolated paced left atrium of guinea-pig

Control preparations developed extrasystolic con-
tractions on exposure to ouabain for 6.78 + 1.21 min.
Azepexole at concentrations of 2.76 X 1077, 2.76 X
10~ and 2.76 X 1073 M, did not accord any protection
against ouabain-induced extrasystolic contractions in
isolated paced left atrium of guinea-pigs. At the high-
est concentration of azepexole, the incidence of ex-
trasystolic contractions was at 6.94 + 0.70 min. Simi-
larly, the duration of the extrasystolic contractions also
remained unaltered with all the three concentrations of
azepexole.

4. Discussion

In the present study, azepexole showed significant
protection against the arrhythmogenic and lethal ef-

Effects of corynanthine and idazoxan on the antiarrhythmic effect of azepexole

Drug (dose /kg) n Ventricular premature beats Ventricular tachyarrhytmia
Control 6 197.1+ 9.2 260.3 + 16.0

Azepexole (250 wg) 6 2619+ 9.0 3494 + 16.4

Corynanthine (1 mg) 6 176.5 + 6.9 264.6 + 16.0

Corynanthine (1 mg) + azepexole (250 ug) 5 2976+ 11.0 2 454.7 + 248 °

Control 6 188.6 + 6.7 2343+ 6.6

Azepexole (250 ug) 6 2594+ 204 337.0 + 28.7

Idazoxan (100 ug) 5 208.6 + 12.9 2522 +12.7

Idazoxan (100 pg) + azepexole (250 ug) 6 2030+ 6.1° 2385+ 7.2°b

2 P<0.05 and " P <0.01 compared to azepexole. Values are expressed as the means + S.E.M. of the doses of ouabain (ug/kg body weight)

required to cause the arrhythmic stages.



G.P. Thomas / European Journal of Pharmacology 276 (1995) 215-221 219

fects of ouabain. This is in contrast to the previous
finding of Plunkett and Tackett (1983) where azepexole
at a dose of 5 ug/kg (i.v.) failed to alter the toxic and
lethal effects of digoxin in their study. Even though
azepexole is highly selective for «a,-adrenoceptors
(Rhodes, 1986), its relative potency is 0.006 compared
to clonidine (Kobinger and Pichler, 1977). Kobinger
and Pichler (1977) used 300 pg/kg (i.v.) of azepexole
in cats and dogs and 500 wg/kg (i.v.) in rats, for
inducing significant centrally mediated cardiovascular
effects. Van Zwieten and Timmermans (1980) observed
that 30 wpg/kg administered through cat’s vertebral
artery produced a significant hypotensive effect,
whereas the same dose administered intravenously did
not induce any significant effect. Thus a dose of 5
ng/keg used intravenously by Plunkett and Tackett
(1983) in their study is insufficient to produce any
significant centrally mediated cardiovascular effects. In
preliminary studies it was observed that in guinea-pig
62.5 ug/kg failed to induce any significant hypotensive
or antiarrhythmic effects. So in the present study,
azepexole was administered intravenously at doses of
125, 250 and 500 pg/ke.

In all the above doses, azepexole produced signifi-
cant protection against the cardiotoxic effects of
ouabain. It was observed that the hypotensive effect of
azepexole was not dose-dependent in these doses. The
blood pressure values in anaesthetized guinea-pigs are
relatively low (40-55 mm Hg), giving little scope for a
dose-dependent lowering of blood pressure in the dose
range used in this study. Moreover, the mean arterial
blood pressure readings, taken 10 min after intra-
venous administration of azepexole, may not represent
the peak hypotensive effect of the drug. The species
specific factors such as the negligible vagal tone (Tripa-
thi et al., 1984) and the role endothelin plays in the
maintenance of blood pressure (Veniant et al., 1994)
also can modify the blood pressure response in guinea-
pig depending on the mode of action of the test drug.
Thus the blood pressure values in this study serve only
as an indicator of the centrally mediated effect. Higher
doses of azepexole were not used, in order to avoid
possible non-specific effects.

Digitalis-induced arrhythmias are the net resuit of
an interplay of its effects on the myocardium (Ferrier,
1977; Smith et al., 1984) the central nervous system
(Gillis and Quest, 1980) and the autonomic nervous
system (Saxena and Bhargava, 1975). Although it has
been suggested that an alteration in the function of the
sympathetic nervous system is the primary mechanism
by which ventricular arrhythmias are generated by digi-
talis (Saxena and Bhargava, 1975), it can act directly on
myocardium to induce changes in automaticity, con-
duction and/or the effective refractory period and
thereby elicit arrhythmias. Premature beats induced by
ouabain in left atrium (Thomas and Varma, 1991) are

the result of a direct effect of ouabain as they exclude
the indirectly mediated effects of the central nervous
system and the autonomic nervous system. In the pres-
ent study, azepexole, up to a concentration of 2.76 X
1073 M, failed to offer any protective effect against
ouabain-induced arrhythmias in left atrium, indicating
that azepexole may be acting upon the indirect compo-
nents of the toxic effects of ouabain. These results also
indicate that the protective effect of azepexole is not
due to any direct effect on the myocardium.

In reserpinised guinea-pigs, azepexole was unable to
alter the arrhythmogenic or lethal doses of ouabain.
The absence of any protective effect in reserpinised
animals supports the assumption that it is the indirect
components of ouabain toxicity that are affected by
azepexole, as the effect produced by ouabain in reser-
pinised animals would be comparable to a situation
where indirect components of its toxic effects are ab-
sent or inhibited.

The involvement of «,-adrenoceptors in some of the
pharmacological actions of clonidine-like drugs have
been demonstrated (Drew, 1976; Hamilton and Long-
man, 1982). At a dose of 1 mg/kg, corynanthine, an
a,-adrenoceptor antagonist (Weitzell et al., 1979), did
not have any effect on ouabain-induced arrhythmic
stages and lethality, whereas it potentiated the protec-
tive effect of azepexole. Prazosin is reported to cause a
significant antiarrhythmic effect against ouabain-in-
duced arrhythmias (Lechat and Schmitt, 1982; Thomas
and Tripathi, 1986). a,-Adrenoceptor agonists can in-
hibit the release of catecholamines and a,- adrenocep-
tor antagonists can inhibit the action of any released
catecholamines at effector sites. The potentiation of
the protective effect of azepexole by corynanthine,
observed in this study may be due to its antagonism at
a,-adrenoceptors, preventing activation by any released
catecholamines.

Idazoxan, the selective a,-antagonist (Al-Damluji et
al., 1988), completely abolished the protective effect of
azepexole against arrhythmias and lethality, indicating
the involvement of a,-adrenoceptors in its protective
action.

In the present study, azepexole significantly inhib-
ited the pressor effect induced by ouabain. The
ouabain-induced rise in blood pressure in guinea-pigs
is mainly due to the activation of the sympathetic
nervous system (Trzeciakowski, 1985). Thus the simul-
taneous inhibition of the pressor effects and reduction
in the arrhythmogenic and lethal effects of ouabain
indicate that both may be the consequence of the
suppression of ouabain-induced sympathetic stimula-
tion by azepexole.

Most of the evidence derived from studies of digi-
talis overdosage in neurally intact animals firmly sug-
gest a distinct contributory role of the adrenergic ner-
vous system in the genesis of cardiac arrhythmias (Cagin
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et al., 1974; Gillis and Quest, 1980; Sivam et al., 1980).
All the clonidine-like centrally acting antihypertensive
drugs are known to act on the central a,-adrenocep-
tors in the brainstem to reduce sympathetic tone and
thereby lowering blood pressure (Kobinger, 1978; Isaac,
1980; Van Zwieten and Timmermans, 1983). Azepex-
ole decreases sympathetic tone by stimulation of «a,-
adrenoceptors (Pichler et al., 1980). Thus, it is possible
that the reduction in the sympathetic tone is the cause
of its protective effect against the arrhythmogenic and
lethal effects of ouabain.

Higher concentrations of digitalis often induce ven-
tricular arrhythmias in patients. Withdrawal of digitalis
and the use of lignocaine or phenytoin are indicated in
their treatment. This study shows the effectiveness of
azepexole against ouabain-induced ventricular arrhyth-
mias and points to its potential as an antiarrhythmic in
such clinical conditions. Clonidine which has been
shown to have a significant antiarrhythmic effect against
digitalis-induced experimental arrhythmias, can pro-
duce abnormalities like sinus bradycardia and sinus
arrest in patients treated for cardiovascular disorders.
Since the pharmacological profile of azepexole is very
similar to that of clonidine, further studies and careful
analysis of potential side effects are required to estab-
lish the clinical utility of azepexole.
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