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PRESYNAPTIC EFFECT OF CLONIDINE ANTAGONIZED
BY THE TETRAMINE DISULPHIDE, BENEXTRAMINE
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Department of Chemistry and Department of Pharmacology and Therapeutics*, McGill University, Montreal, Quebec,
Canada

1 The presynaptic a-adrenoceptor blocking activity of the newly synthesized a-adrenoceptor
blocking drug, benextramine, was evaluated in the isolated left atrium of the guinea-pig heart.
2 High-voltage stimulation increased the force of contraction of electrically driven atrial strips,
presumably by releasing noradrenaline from sympathetic nerve endings. Like phentolamine,
benextramine increased the effect of high-voltage stimulation, presumably by blocking presynaptic
a-adrenoceptors.
3 Clonidine reduced the effect of high-voltage stimulation, presumably by stimulating presynaptic
a-adrenoceptors. The inhibitory effect of clonidine was antagonized noncompetitively by benex-
tramine and competitively by phentolamine.
4 Combined administration of benextramine and phentolamine only resulted in the competitive
phentolamine antagonism. Thus phentolamine protected the presynaptic a-adrenoceptors against
benextramine blockade.

Introduction

The newly synthesized drug, benextramine, blocks
postsynaptic a-adrenoceptors in the rabbit isolated
aorta and rat isolated vas deferens non-competitively
and irreversibly (Melchiorre, Yong, Benfey & Bel-
leau, 1978). It was our intention to see whether
benextramine also blocks the presynaptic a-
adrenoceptors that modulate the release of norad-
renaline from sympathetic nerve fibres in the heart.
We used a simple method for stimulating autonomic
nerves and causing the release of transmitters: sub-
jecting isolated heart muscle preparations to intense
electrical stimulation (Blinks, 1966; Katz & Kopin,
1969). In the rabbit isolated heart the sym-
pathomimetic drug, clonidine, antagonized the in-
crease in the stimulation-induced release of norad-
renaline caused by the a-adrenoceptor blocking drug,
phentolamine (Starke & Altmann, 1973). In the
guinea-pig left atrial strip clonidine reduced, and
phentolamine increased, the positive inotropic re-
sponse to intense electrical stimulation (Malta, Ong,
Raper, Tawa & Vaughan, 1980).
The experiments were carried out in the presence

of cocaine because a-adrenoceptor blocking drugs
can effect neuronal noradrenaline uptake. Thus
phentolamine potentiated the inotropic and chrono-
tropic effects of noradrenaline in the guinea-pig iso-
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lated atrium (Benfey & Greeff, 1961) and increased
noradrenaline overflow in the rabbit isolated heart by
inhibiting noradrenaline removal (Starke, Montel &
Wagner, 1971). In the rabbit heart, cocaine (15 gM)
did not inhibit the increase in noradrenaline caused
by phentolamine (Starke et al., 197 1) but reduced the
decrease in noradrenaline release caused by
clonidine (Starke & Altmann, 1973). Clonidine must
compete with endogenous noradrenaline for pre-
synaptic a-adrenoceptors, and cocaine increases the
concentration of noradrenaline in the synaptic cleft
by inhibiting its neuronal uptake.

Methods

Strips, about 2 mm wide and 8 mm long, were cut
from the outer wall of the left atrial appendage of the
heart of immature guinea-pigs of either sex, weighing
150-170g, and suspended at 37°C in a solution
consisting of (mM): NaCI 114.9, NaHCO3 24.9,
KCl4.7, CaCl2 1.8, KH2PO4 1.2, MgSO4 1.2, and
glucose 10, which was aerated with 5% CO2 in 02-
The resting tension of the strips was adjusted to
approximately half the level associated with maximal
developed tension. The tension developed in isomet-
ric contractions was recorded by means of force-
displacement transducers (Grass FT .03C) and a
polygraph (Grass). The strips were driven at a rate of
0.5 Hz through small platinum electrodes by square
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wave pulses of 1 ms duration and of an intensity.
determined in each preparation, to be just enough to
elicit contractions, generally 1 V, using a Grass
stimulator. A ten fold increase in the voltage every
10min for a period of 40s produced submaximal
positive inotropic responses which remained con-
stant for several hours.

Several control responses to sympathetic stimula-
tion were first obtained with each preparation and
then increasing concentrations of the drugs were
added to the bathing solution. The concentrations of
clonidine were increased in 10 min intervals, those of
phentolamine in 20 min intervals, and those of
benextramine in 40 min intervals. Longer time inter-
vals did not lead to greater effects.

Atropine (2 plM) was added before the start of the
experiments to inhibit the effect of acetylcholine
released from parasympathetic nerve endings.
Cocaine (20 pM) was added before the start of the
experiment to prevent an effect of the a-
adrenoceptor blocking drugs on neuronal norad-
renaline uptake. In the presence of cocaine (20 pM)
the inotropic effect of a small concentration of norad-
renaline (4 nM) was neither potentiated by phen-
tolamine (0.1-3 uM) or benextramine (0.3-30 pM)
nor inhibited by clonidine (0.01- 30 pM).
The following drugs were used: atropine sul-

phate (Merck), benextramine (N,N'-bis(6-[o-
methoxybenzylamino]-n-hexyl)cystamine tetrahyd-

rochloride monohydrate. Aldrich), clonidine hyd-
rochloride (Boehringer, Ingelheim), cocaine hyd-
rochloride (Merck), (-)-noradrenaline bitartrate
(Winthrop), and phentolamine methane sulphonate
(Ciba).

Statistical calculations were performed according
to conventional procedures (Snedecor & Cochran,
1967).

Results

Figure 1 shows that phentolamine and benextramine
had a small negative inotropic effect on atrial con-
tractions stimulated with threshold shocks and in-
creased the positive inotropic effect of intense elec-
trical stimulation. The EC50 (mean ± s.e.) of phen-
tolamine was 0.10±0.023pM (8 experiments) and
that of benextramine was 2.3 + 0.65 pMi (12 experi-
ments).

Figure 2 shows that clonidine reduced the response
to strong electrical stimulation and that phen-
tolamine shifted the clonidine dose-response curve
to the right. The EC50 of clonidine was 0.22 pm be-
fore, and 3.0 M after the addition of 1.4 pM
phentolamine; thus the dose-ratio was 13.6 and the
KB of phentolamine ([phentolamine]/dose-ratio - 1;
mean ± s.e. of 4 experiments) was 0.11 + 0.025 pM.
Thus phentolamine increased the effect of electrical
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Figure 1 Potentiation of the inotropic response to intense electrical stimulation of guinea-pig atria by phen-
tolamine (0, means of 8 experiments) and benextramine (0, means of 12 experiments). The vertical bars represent
s.e.means. *P< 0.05, compared with the controls (C). The open columns represent the initial force of contraction
and the solid columns the force of contraction in the presence of the highest drug concentration.
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Figure 2 Inhibition by clonidine of the inotropic re-

sponse to strong electrical stimulation of guinea-pig
atria in the absence (0, means of 12 experiments) and
presence of phentolamine 1.4 piM (A, means of 4 experi-
ments), and 20 min after removal of phentolamine
(1.4AM) and repeated changes of the bath fluid (A,
means of 4 experiments). The vertical bars represent
s.e.means. *P< 0.05, when compared with the
clonidine effect in the presence of phentolamine. The
solid columns represent the initial force of contraction
and the open columns the inotropic effect of high-
voltage stimulation before adding clonidine.

stimulation and reduced the effect of clonidine with a

similar potency. Twenty minutes after the withdrawal
of phentolamine and following repeated changes of
the bath fluid the potency of clonidine was increased;
thus the effect of phentolamine was slowly reversible.

Figure 3 shows that 1 MM benextramine slightly
shifted the clonidine dose-response curve to the right
(the EC50 of clonidine was 0.56 Mm) and that 14 pM

benextramine antagonized the clonidine effect non-

competitively. Forty minutes after the withdrawal of
14 pAM benextramine and following repeated changes
of the bath fluid the potency of clonidine was in-
creased; thus the effect of benextramine appeared to
be slowly reversible.

Figure 4 shows that benextramine and phen-
tolamine have the same site of action. The effect of
3 pM benextramine was similar to that of 14 pM

benextramine; the simultaneous administration of
3 uM benextramine and 1IpM phentolamine elimi-
nated the noncompetitive benextramine blockade
and only led to the competitive phentolamine
blockade.

From the results of studies in the rabbit isolated heart
(Starke et al., 1971) we assume that phentolamine
increases the inotropic effect of strong electrical
stimulation (Figure 1) by blocking presynaptic a-
adrenoceptors which augments the release of norad-
renaline. Benextramine appears to have the same
effect. Clonidine is a partial agonist on cardiac pre-
synaptic a-adrenoceptors (Werner, Starke &
Schumann, 1972; Starke & Altmann, 1973;
Medgett, McCulloch & Rand, 1978; Malta et al.,
1980; and Figure 2 of this study).

In the rabbit isolated left atrium, phentolamine (KB
31 nM) and benextramine (IC50 0.26pM) antagon-
ized the positive inotropic effect of phenylephrine
(Benfey, Belleau, Brasili, Giannella & Melchiorre,
1980). Thus the presynaptic a-adrenoceptor block-
ing potency of phentolamine (EC50 0.10 DiM) was 3.2
times lower than its postsynaptic a-adrenoceptor
blocking potency, and the presynaptic a-
adrenoceptor blocking potency of benextramine
(EC50 2.3 MM) was 8.9 times lower than its postsynap-
tic a-adrenoceptor blocking potency. But it is difficult
to determine the potency of agents acting on pre-
synaptic a-adrenoceptors accurately because the
amount of endogenous noradrenaline in the synaptic
cleft which competes for the receptors can vary wide-
ly. Thus in the rabbit heart the degree of inhibition by
clonidine of noradrenaline release during sympathe-
tic nerve stimulation was inversely related to the
release of noradrenaline in response to stimulation
before administration of clonidine (Starke & Alt-
mann, 1973).

Phentolamine blocks a-adrenoceptors reversibly
and competitively, and in the rabbit heart the effect
of phentolamine on noradrenaline release was slowly
reversible (Starke et al., 1971). Figure 2 shows that
20 min after the removal of phentolamine the
clonidine effect recovered significantly. Benex-
tramine blocks a-adrenoceptors irreversibly and
noncompetitively (Melchiorre etal., 1978; Benfey et
al., 1980). Figure 3 shows that a partial recovery of
the clonidine effect appeared to occur 40 min after
the removal of benextramine and that benextramine
acted noncompetitively.

Proof that benextramine and phentolamine act at
the same site was obtained when 3 MM benextramine
and 1 plM phentolamine were administered together:
there was only the competitive phentolamine block-
ade (Figure 4). A similar phenomenon was described
by Benfey & Grillo (1963). In the guinea-pig isolated
atrium the phenoxybenzamine blockade of the nega-
tive chronotropic effect of acetylcholine was slow in
onset and offset and the atropine blockade had a fast
onset and offset. When 0.47 liM phenoxybenzamine
was given together with 0.1 pM atropine, the slow,
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Figure 3 Inhibition by clonidine of the inotropic response to strong electrical stimulation of guinea-pig atria in the
presence of 1 JAM benextramine (0, means of 4 experiments), 14 pM benextramine (A, means of 8 experiments), and
40 min after removal of 14 Mm benextramine and repeated changes of the bath fluid (A, means of 8 experiments).
The vertical bars represent s.e.means. *P< 0.05, compared with the clonidine effect in the presence of benex-
tramine. The solid columns represent the initial force of contraction and the open columns the inotropic effect of
high-voltage stimulation before adding clonidine.

irreversible phenoxybenzamine blockade disap-
peared and only the fast, reversible atropine block-
ade remained. Thus atropine protected the mus-
carinic receptor against phenoxybenzamine
blockade.

In conclusion, we have shown that, by blocking
presynaptic a-adrenoceptors, benextramine poten-
tiates the inotropic effect of intense electrical stimu-

lation and antagonizes the inhibition by clonidine of
the inotropic effect of electrical stimulation.

This study was supported by a grant from the Medical
Research Council of Canada. Reprint requests to B.G.B.,
Department of Pharmacology and Therapeutics, McGill
University, 3655 Drummond Street, Montreal, Quebec,
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Figure 4 Inhibition by clonidine of the inotropic response to strong electrical stimulation of guinea-pig atria in the
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phentolamine (1 tim) plus benextramine (3imM) (A, means of 4 experiments). The vertical bars represent s.emeans.
*P< 0.05, compared with the clonidine effect in the presence of benextramine (3 lmM) alone. The solid columns
represent the initial force of contraction and the open columns the inotropic effect of high-voltage stimulation before
adding clonidine.
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