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An investigation of presynaptic ax-adrenoceptor
subtypes in the pithed rat heart
James R. Docherty

Department of Clinical Pharmacology, Royal College of Surgeons in Ireland, St Stephen's Green, Dublin 2,
Ireland

1 The presynaptic cardio-inhibitory and postsynaptic pressor responses to the a-adrenoceptor
agonists xylazine and cirazoline, and the interaction with the antagonists yohimbine and prazosin,
were examined in the pithed rat.
2 Evidence was found to suggest that, as well as the already established pre- and postsynaptic m2-
and postsynaptic al-receptors, presynaptic al-receptors are present.

Introduction

When it became clear that there were two major
groups of peripheral x-adrenoceptor, there was an
initial subclassification into ocl- postsynaptic and a2-
presynaptic adrenoceptors (Langer, 1974). It is now
known that a2-adrenoceptors are not restricted to
nerve terminals but are also present on vascular
smooth muscle cells (Drew & Whiting, 1979;
Docherty, MacDonald & McGrath, 1979; Timmer-
mans, Kwa & van Zwieten, 1979), and this and other
observations have led to a more general subclassifica-
tion independent of receptor location (Starke &
Langer, 1979). However, it has generally been as-
sumed that presynaptic a-adrenoceptors are exclu-
sively, or at least predominantly, of the M2-type,
although one study suggests that al-receptors may
also be present (Kobinger & Pichler, 1980). The
object of the present investigation was to examine
presynaptic a-adrenoceptors in the pithed rat heart,
and to demonstrate that, as well as a2-receptors,
a I-receptors are present.

Methods

Male Wistar rats (225-275g) were pithed by the
method of Gillespie, MacLaren & Pollock (1970)
and respired with 100% 02, 1 ml/100 g per beat, at a
rate of 60/min. Heart rate was extracted from carotid
arterial pressure, and the right jugular vein was used
for drug injections.

Cardioaccelerator responses were obtained to
single pulse (0.05 ms, supramaximal voltage) stimu-
lation of the sympathetic outflow at T1 every 2 min

(Docherty & McGrath, 1980). Cumulative dose-
response curves were obtained to each agonist: pre-
synaptic effects were assessed as the inhibition of the
cardioaccelerator response to a single pulse, meas-
ured 5 min after drug injection; postsynaptic effects
were assessed as the rise in diastolic blood pressure
measured 5 min after injection (Docherty &
McGrath, 1980). In interaction experiments, the an-
tagonist was injected intravenously 10 min before
beginning the agonist dose-response curve. Agonist
ID50 values (dose producing 50% inhibition of the
cardioaccelerator response to a single stimulus pulse)
and ED50 values (dose producing a rise in diastolic
pressure of 50 mmHg) were obtained from each indi-
vidual experiment. Differences in ID50 or ED50 val-
ues between groups were compared by Student's
ttest for unpaired data.
Drugs used were cirazoline hydrochloride (gift:

Synthelabo, Paris); prazosin hydrochloride (gift:
Pfizer, Sandwich); yohimbine hydrochloride (Sigma,
Poole); xylazine hydrochloride (gift: Bayer, Lever-
kusen). Drug stocks were prepared in distilled water
and drug dilutions were administered in 0.9% w/v
NaCl solution (saline), except for prazosin (distilled
water).

Results

In pithed rats basal heart rate was in the range of
280-330 min', and resting diastolic pressure was
30-40 mmHg. High concentrations of agonists
(> 1 mg/kg) produced marked falls in heart rate, but
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Table 1 Effects of a-adrenoceptor antagonists on the cardio-inhibitory and pressor responses to the agonists
xylazine and cirazoline

Presynaptic ID50
Xylazine Cirazoline

23
(5.5-99)

l

1200*
(380-3700)

36
(15-88)

5.5
(2.5-12)

33*
(20-53)

61*
(47-79)

35*
(19-66)

99*
(26-370)

/ 1200*
(840-1700)

Postsynaptic ED50
Xylazine Cirazoline

940 29
(430-2100) (21-41)

38

(16-92)
4700* 190*

(3500-6500) (51-700)
420*

(240-740)
1000 >1000*

(430-2500)

/ >1000*

Effects of agonists are expressed as dose (jig/kg) producing 50% inhibition of the cardioaccelerator response to

stimulation (ID50) or a rise in diastolic blood pressure of 50 mmHg (ED5o); effects were measured S min after
injection of the agonist. Values shown are geometric mean and 95% confidence limits, obtained from linear
regression analysis of cumulative dose-response curves, and are the mean of at least 4 experiments.
*Denotes response to agonist significantly different from response to agonist in absence of antagonist (Student's
ttest, P<0.05).

heart rate was near pre-injection level at 5 min, when
nerve-mediated responses were measured, except in
the case of cirazoline (28 ± 5 min-1 below pre-
injection). In some animals, cirazoline (1 mg/kg) was
fatal. Low doses of cirazoline produced small rises in
heart rate and the tachycardia was prevented by
prazosin (100 t4g/kg) but not by yohimbine
(1 mg/kg).

Single pulse stimulation produced a cardioacceler-
ation of 24± 1.4 min-I (n = 28). Antagonist drugs
caused an initial large inhibition of the cardioacceler-
ation, but the response had recovered by 1 min prior
to agonist injection to 95±1.6%, 89±4.7%,
87 ± 6.5% and 91 ± 5.4% of control after yohimbine
(0.1 and 1 mg/kg) and prazosin (0.1 and 1 mg/kg),
respectively (n = 4-14, in all cases not significantly
different from saline effects). The combination of
yohimbine (0.5 mg/kg) and prazosin (0.5 mg/kg) sig-
nificantly reduced the single pulse response to
83±3.9% of control (P<0.05 when compared to
saline effects).

Xylazine and cirazoline produced dose-dependent
pressor responses and dose-dependent inhibition of
the cardioacceleration to a single stimulus pulse. In
the presence of yohimbine (1 mg/kg), the dose-
response curves for each agonist were shifted to the
right with ID50 and ED50 values significantly differ-
ent from controls, although the shift in ID5o was

greater for xylazine (Table 1). Prazosin (1 mg/kg) did
not affect responses to xylazine but produced large
shifts in the ID50 and ED50 of cirazoline. Against

cirazoline, prazosin and yohimbine were approxi-
mately equi-effective presynaptically, even at the
lower concentration of 100 rLg/kg, but the combina-
tion of yohimbine (0.5 mg/kg) and prazosin
(0.5 mg/kg) produced a significantly greater shift in
the ID50 than either drug alone in a dose of 1 mg/kg
(P< 0.01 in both cases) (Table 1).

Discussion

It is now established that pressor responses in the
pithed rat are mediated by both al- and x2-

adrenoceptors (see Docherty & McGrath, 1980). In
the present experiments, the pressor response to the
M2-agonist xylazine (Docherty & McGrath, 1980)
was antagonized by yohimbine but not by prazosin,
and the pressor response to the ml1-agonist cirazoline
(Roach, Lefevre & Cavero, 1978) was antagonized
by prazosin and to a lesser extent by yohimbine.
However, whereas the presynaptic inhibitory effects
of xylazine were antagonized by yohimbine but not
by prazosin, the presynaptic inhibitory effects of
cirazoline were antagonized by yohimbine and
prazosin to a similar extent. The nature of the pre-

synaptic actions of cirazoline is clarified by the fact
that the combination of yohimbine and prazosin to-
gether was more potent than either drug alone, con-

firming that cirazoline acted on both as- and 02-

adrenoceptors.
The existence of presynaptic ml-receptors in the

No antagonist

Yohimbine
(100 pg/kg)
Yohimbine
(1 mg/kg)
Prazosin
(100 gg/kg)
Prazosin
(1 mg/kg)
Yohimbine
(0.5 mg/kg) +
Prazosin
(0.5 mg/kg)
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pithed rat heart has been suggested previously
(Kobinger & Pichler, 1980). The present results con-
firm and extend those findings, but whereas Kobing-
er and Pichler concluded that pre- and postsynaptic
a,-receptors (likewise a2) differed from each other,
the present data are explicable without the necessity
of a further subdivision of x-adrenoceptors.
Cirazoline was predominantly an al-agonist post-
synaptically but a mixed agonist presynaptically,
which suggests that al-receptors are a relatively
smaller proportion of the receptor population pre-
synaptically than postsynaptically. In agreement with
this, yohimbine caused a greater shift presynaptically
than postsynaptically in the dose-response curve of
xylazine, and prazosin caused a greater shift post-
synaptically than presynaptically against cirazoline;
differences in the linkage between receptor activa-
tion and response may also contribute.

In a previous study (Roach et al., 1978), cirazoline
had little effect on the tachycardia produced by con-
tinuous stimulation of cardioaccelerator nerves in the
pithed rat, in contrast to the present results which
employed intermittent stimulation. However, con-
tinuous stimulation is an unsuitable method for the

assessment of possible presynaptic inhibitory effects
of an agent which itself produces a tachycardia. In
preliminary experiments for the present study,
cirazoline had inconsistent effects on the tachycardia
to continuous stimulation at a frequency of 0.1 Hz
(Author, unpublished results). Similar apparently
contradictory findings have arisen with the al-
agonist, St 587, in the pithed rat: it did not affect the
tachycardia to continuous stimulation (De Jonge,
Van Meel, Timmermans & Van Zwieten, 1981), but
inhibited the tachycardia to intermittent stimulation
(Kobinger & Pichler, 1982).

In conclusion, while the present results confirm the
existence of an ax-receptor-mediated inhibition of
cardioaccelerator responses in the pithed rat, it re-
mains to be established whether these are true pre-
synaptic autoreceptors and whether these receptors
are widespread in peripheral nerves.
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