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Abstract
Interventional potential of piperazine in Barium Chloride (BC) -induced ventricular arrhythmias was
investigated in the rats. Various forms of arrhythmias were induced in 10 rats and piperazine (30mg/kg)
was given in each case to reverse arrhythmia to sinus rhythm. Five out of six cases of induced ventricular
tachycardia (83.3%) were reverted to sinus rhythm by piperazine. Again, 33% success was seen when
ventricular fibrillation was induced. One of the three cases was reverted to the sinus rhythm as was also the
only case of pulsus bigeminus observed. Piperazine, therefore, has the potential of a good anti-arrhythmic
agent. Piperazine was shown to be a more effective antiarrhythmic agent than propranolol against BCinduced ventricular fibrillation. Propranolol not only failed to revert any of the ventricular fibrillations
to sinus rhythm, but in two of four cases was not able to reverse the induced ventricular tachycardia.
Although piperazine failed to control ventricular fibrillation with the same degree of effectiveness,
piperazine has a remarkable therapeutic value in the management of ventricular tachycardia.
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Introduction
Arrhythmia refers to disruption of normal sequence of
electrical impulses causing abnormal heart rhythms. It is a
potentially lethal cardiovascular condition. The incidence
of ventricular arrhythmias is not well documented. Atrial
fibrillation is the most commonly sustained of various kinds
of cardiac arrhythmias [1]. It has a prevalence of six per cent
in the population over 65 years of age [1]. Atrial flutter has
an incidence of 88/100,000 persons per year and increases
with age [2]. Patients over 80 years have been documented
to have an incidence of 587/100,000 [2].
Anti-arrhythmic drugs act by either slowing conduction
or lengthening the refractory period of cardiac tissue [3].
Arrhythmias have been induced with drugs or whole heart
ischaemia [4-7] and the ability of a test drug to reverse the
induced arrhythmia to sinus rhythm is taken as evidence of
anti-arrhythmic effect.
Prompt management of arrhythmic conditions, especially
ventricular arrhythmia, is imperative as a proportion of the
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population presenting with ventricular arrhythmias will be at
high risk of sudden cardiac death [8]. Although a giant stride has
been taken in understanding basic cardiac electrophysiology,
many facts about arrhythmogenesis remain largely unknown.
This has made treatment of various tachyarrhthmias an
empirical trial often inadequate in preventing life threatening
arrhythmias. This has necessitated the introduction of
many anti-arrhythmia devices which include traditional
pacing systems such as inhibited single and dual chamber
pacemakers (AA1, VVl, DVl, and DDD) for the control of
bradyarrhythmia and for overdrive suppression of certain
tachyarrhythmia [9], radio-frequency ablation, and burst
pacing systems and implantable cardioverters for control of
both su-praventicular tachycardia and fibrillation [10,11],
and synthesis of wide spectrum of drugs with varying electrophysiologic properties [12]. Many of these agents had been
used for other ailments before serendipity, coupled with some
good sense, necessitated their use as antiarrhythmic drugs.
Quinidine for instance was first used as an antimalarial agent
before Jean Baptiste de Senac [13] noted its anti-arrhythmic
effect and lignocaine, a local anaesthetic, was discovered
fortuitously during a cardiac surgery to have anti-arrhythmic
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properties [14]. The search for anti-arrhythmic drugs still
continues, as each drug is associated with adverse effects
some of which may be quite serious.
Recently, Onuaguluchi and Ghasi [15] showed that
piperazine citrate treatment in human volunteers might be of
some value in the management of dysrhythmic conditions.
Furthermore, cardioprotective effect of piperazine in the
rat has also been demonstrated [16]. Consequently, it was
decided to study the effects of piperazine on BC-induced
arrhythmias in the anaesthetized albino rat connected to an
electrocardiographic machine. For comparative purposes,
effects of propranolol, a standard anti-arrhythmic drug, were
also evaluated in the same animal model.
The rat has been chosen as the animal model for this
study as it withstands the rigors of cannulation more than
most other animals, and has been used by many other
investigators to determine the ECG changes due to various
factors even though the rat has short QT intervals and no ST
segment [17-23].

Material and Methods
Albino Wistar rats of either sex weighing between 200 and
250g were used. They were anaesthetized with thiopentone
sodium (50mg/kg) intra-peritoneally and placed in a supine
position with the four limbs tied to a dissecting board. A
longitudinal incision about 1.5cm in length was made in the
middle of the neck and the skin reflected laterally to expose
one of the external jugular veins. The vein was dissected of
fat and other tissues. Two cotton threads for ligature were
then passed under the vein. A small incision was made on
the vein between these ligatures. A polythene cannula filled
with heparinized saline (10 i.u. of heparin per ml of normal
saline) was inserted into the vein and secured in position
with the inferior ligature. The superior ligature was used to
occlude the vessel about the point of cannulation.
The animal was then connected to an electrocardiographic
(ECG) machine (Bioscience 400 series Washington
Oscillograph) by means of pin electrodes inserted
subcutaneously into the right forelimb and left hind limb.
ECG records were obtained on Lead II channel of the ECG
machine. ECG recordings were obtained at a paper speed
of 10mm per second.
Singh et al. [24] had shown that BaCl2 of 3mg/kg i.v was
adequate for the production of ventricular arrhythmia in dogs.
However, in the present study it was found that the dosage
between 12.5mg/kg and 15mg/kg of BaCl2 was required
to induce ventricular tachycardia in the rat, which was
sometimes found to induce ventricular fibrillation within 15
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seconds. Therefore, cardiotoxicity response to BaCl2 would
appear to show species variations. Because a consistent lethal
dose was required for this study and BaCl2 at this dose range
did not regularly produce ventricular fibrillation, a larger dose
of BaCl2 was therefore employed. Ventricular fibrillation
was induced by intravenous (jugular vein) administration of
barium chloride (20 mg/kg). In all cases, the animals died
within, if untreated, one minute of ventricular fibrillation.
To evaluate the anti-arrhythmic action of piperazine,
ventricular dysrhythmia was established with BaCl2 (20mg/
kg) in 16 of the animals. The effect of piperazine (30 mg/
kg) on the BaCl2–induced arrhythmia was studied in 10 of
the rats. Ability of the drug to revert the arrhythmia to sinus
rhythm was taken as an indication of its anti-arrhythmic
activity on the particular preparation. For comparative
purposes, the anti-arrhythmic effect of propranolol (50mcg/
kg) on the BaCl2-induced arrhythmia in the rat was similarly
undertaken in the remaining 6 rats.

Results
BaCl2 of 20mg/kg was used to induce arrhythmias in 21
Wistar rats of either sex. Five of the rats that were not treated
with piperazine following BaCl administration died within
one minute from ventricular fibrillation. Among the 10 rats
with BaCl2-induced dysrhythmia, treated with piperazine,
five of the six cases of ventricular tachycardia were
successfully reverted to sinus rhythm. Figure 1 shows the
electrocardiograms in which the BaCl2-induced ventricular
tachycardia was reverted to sinus rhythm. Ventricular
fibrillation was induced in another three rats.
In one of the three animals, induced fibrillation was reverted
to tachycardia (Figure 2). Interestingly, in one rat, piperazine
reversed the BaCl2-induced fibrillation to sinus rhythm
(Figure 3). However, piperazine at a dose of 30mg/kg
failed to reverse the ventricular fibrillation induced in one
of the rats to the sinus rhythm (Figure 4). The only case
of pulsus bigeminus seen was reverted to sinus rhythm by
piperazine (Figure 5).
In another group of six rats with ventricular arrhythmias,
propranolol at a dose of 50mcg/kg reversed two of the four
cases of ventricular tachycardia to sinus rhythm. Figures 6
shows the electrocardiogram of one of the two rats where
ventricular tachycardia was reverted to sinus rhythm while
Figure 7 is an electrocardiogram showing inability of
propranolol to revert barium chloride-induced ventricular
tachycardia to sinus rhythm.

Discussion
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Figure 1: BC-induced ventricular tachy-cardia in the rat was reverted to sinus rhythm by piperazine (P)

Figure 2: BC-induced ventricular fibrillation in the rat was reverted to ventricular tachycardia by piperazine (P)

Figure 3: BC-induced ventricular fibrillation in the rat was reverted to sinus rhythm by piperazine (P) 30mg/kg

Figure 4: Piperazine (P) failed to re-vert ventricular fibrillation induced by BaCl2 (BC) in the rat to sinus rhythm

Figure 5: BC-induced pulsus bigeminus in the rat was reverted to sinus rhythm by piperazine (P)

Figure 6: BC-induced ventricular tachycardia in the rat was reverted to sinus rhythm by propranolol
The results of this study have shown that piperazine is a definite
and potent antiarrhythmic agent. The drug has been shown to
affect various forms of BC-induced ventricular arrhythmia.
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Five out of 6 cases of induced ventricular tachycardia
(83.3%) were reverted to sinus rhythm by piperazine. Again,
33% success was seen when ventricular fibrillation was
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Figure 7: Propranolol failed to revert ventricular tachycardia induced by BaCl2 (BC) in the rat to sinus rhythm. The
animal died within one minute of barium chloride administration
induced. One of the three cases was reverted to the sinus
rhythm. Piperazine, therefore, has the potentials of a good
anti-arrhythmic agent.
Barium is known to stimulate all muscles in the mammalia
causing strong vasoconstriction, violent peristalsis,
convulsive tremors, and increased excitability and force
of contraction of the heart [25]. In terms of ionic fluxes,
the effects of barium on the heart and other excitable
membranes are largely attributable to the decline in the
outward diffusion of K+ from the cell (that is, inhibition of
the transient outward and delayed rectifier currents) without
any decrease in the actively transported influx, that is, the
inward rectifier protein [26]. The result is accumulation of
K+ ions within the cells at the expense of extracellular K+.
Actually, hypokalaemia is the main electrolyte disturbance in
barium toxicity [25,27,28]. Indeed cardiac toxicity induced
by Ba2+ has been successfully treated with potassium salt
solution given intravenously [25,28,29]. This is because
the most important concern regarding K+ depletion is its
influence on ventricular fibrillation, which is the leading
cause of sudden cardiac death and a major contributor
to cardiovascular mortality [30]. Studies in experimental
animals have demonstrated that K+ depletion lowers the
threshold for electrically induced ventricular fibrillation in
the ischaemic myocardium and also increases spontaneous
ischaemic ventricular fibrillation [31,32]. The fact that
Ba2+ is able to reactivate myocardial Na+-K+ATPase after
depression by inhibitors of the enzyme such as ouabain in
vitro [33], suggests that Ba2+ may in fact enhance active
transport of K+ into the cell in vivo.
Piperazine is a direct non-specific, non-vascular smooth
muscle relaxant. It has been shown to inhibit barium chloride,
histamine, 5HT and acetylcholine-induced contractions in
the guinea-pig ileum and rabbit duodenum [34-36]. It also
antagonizes adrenaline-induced contraction of the guineapig
vas deferens and oxytocin-induced contractions in the rat
uterus [34,35].
The normal cardiac cell at rest maintains a trans-membrane
potential approximately 80 to 90mV negative to the exterior.
This gradient is established by pumps, especially Na+K+ATPase, and fixed anionic charges within cells [30].
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There is both an electrical and a concentration gradient
that would move Na+ ions into resting cells. However, Na+
channels, which allow Na+ to move along this gradient, are
closed at negative transmembrane potentials so Na+ does
not enter normal resting cardiac cells until it is depolarised
above a threshold potential. In contrast, a specific type of
K+ channel protein (the inward rectifier protein) is in an
open conformation at negative potentials [30].
Since BaCl2 does not have any negative effect on the potassium inward current and may indeed increase K+ influx
at negative transmembrane potentials (increased phase 4
slope), it is understandable why BaCl2 elicits automaticity
of the cardiac muscle.
From the foregoing discussion, piperazine has been shown
to inhibit the effects of BaCl2. It is therefore reasonable to
conclude that its predominant ionic effect is blocking the
potassium channels.
Piperazine may, therefore bring about its anti-arrhythmic
action by decreasing Ca2+ current, and inhibiting transient
outward, delayed rectifier, and especially inward rectifier
K+ currents since action potential duration may be
influenced by several ion currents simultaneously [37]. It
has also been established that transient outward and delayed
rectifier currents actually result from multiple ion channel
sub-types [38,39], and that acetylcholine-evoked
hyperpolarization results from activation of a K+ by
hetero-oligomerization of multiple, distinct channel
proteins [40]. Piperazine may, therefore, be affecting any
of these potassium ion channel sub-types. Incidentally,
some piperazine derivatives have been shown to inhibit the
potassium channels [41,42].
Potassium channel block would be expected to produce a
series of desirable effects, such as, decreased automaticity,
reduced defibrillation energy requirement, and inhibition
of ventricular fibrillation due to acute ischaemia [43,44].
Furthermore, the increase in action potential duration
because of the prolongation of the Q-T interval would
increase refractoriness which should be an effective way
of treating re-entry rhythm [45,46].
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Beta-adrenoceptor agonists, like Ba2+, decrease the plasma
concentration of K+ by promoting the uptake of the ion.
Beta-blocking agent such as propranolol negates this
buffering effect [47], and contributes to its anti-arrhythmic
action. Similarly, piperazine may negate the arrhythmogenic
effect of BaCl2 by blocking the K+ channels. Since most K+
channel blocking drugs also interact with beta-adrenergic
receptors, such as sotolol that prolongs cardiac action
potential by inhibiting K+ currents [48], and other channels
(example, amiodarone), a multiple mechanism of action
may equally be possible in the case of piperazine. Sotolol
is more effective for many arrhythmias than other betablocking agents, probably because of its additional K+
channel-blocking actions [30].
It is, therefore, understandable why piperazine in this study
proved to be a more effective antiarrhythmic agent than
propranolol, as propranolol does not inhibit K+ currents.
Propranolol not only failed to revert any of the ventricular
fibrillations to sinus rhythm but in two instances it was
not able to reverse the induced ventricular tachycardia
to the sinus rhythm. Piperazine, on the other hand, was
successful in reverting five of the six cases of BaCl2–
induced ventricular tachycardia to sinus rhythm.
The therapeutic value of piperazine in the management
of ventricular tachycardia was very excellent. It, however
failed to manage ventricular fibrillation with the same
measure of success. It is, however, interesting to witness any
success at all as ventricular fibrillation is a rare phenomenon
usually observed by a very few physicians who have by
chance recorded the incident at the time of death. The
patients were best treated not with drugs but with DCcardioversion, the application of a large electric current
across the chest [30]. Therefore, piperazine should have its
proper place as an antiarrhyhmic drug, since it is affordable
and is well tolerated with minimal adverse effects.
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