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Atypical 3-adrenoceptors in the rat isolated common carotid
artery
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1 The possible existence of atypical P-adrenoceptors in vascular smooth muscle of the rat common

carotid artery was examined in this study.
2 Isoprenaline produced concentration-dependent relaxation of noradrenaline (10-7 M) precontracted
ring segments of the carotid artery. The relaxation was not affected by endothelial denudation.
3 Propranolol (10-8 M-3 x 10-7 M) shifted the isoprenaline curve to the right without suppressing the
maximum response. However, the slope (0.74) of the Schild plot was significantly (P<0.05) less than 1.
4 Salbutamol (02), CGP 12177 and BRL 37344 ( 3) also concentration-dependently relaxed
noradrenaline precontracted artery segments. These relaxations were not affected by propranolol
(10-7 M). Pretreatment of the artery segments with BRL 37344 did not desensitize the tissue to the
relaxant effect of isoprenaline, CGP 12177 and salbutamol.
5 It is concluded that atypical P-adrenoceptors exist in vascular smooth muscle of the common carotid
artery.
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Introduction

P-Adrenoceptors were classified into ,- and P2-adrenoceptors
based on the differential affinities of some tissues to a series
of sympathomimetic amines by Lands et al. (1967a). Since
then, there have been reports of responses produced by P-
adrenoceptor agonists which are relatively insensitive to pro-
pranolol and other P-adrenoceptor antagonists. Such res-
ponses include lipolysis in rat adipose tissue (Arch et al.,
1984; Wilson et al., 1984), relaxation of rat proximal (Bian-
chetti & Manara, 1990) and distal colon (McLaughlin &
MacDonald, 1990; Kirkham & Kelly, 1992), fundus
(McLaughlin & MacDonald, 1991) and guinea-pig ileum
(Bond & Clarke, 1988). These atypical P-adrenoceptors are
designated P3-adrenoceptors (Arch, 1989). The distribution of
these receptors is not limited to the gastrointestinal tract.
Clark & Bertholet (1983) demonstrated a vasorelaxant effect
of pindolol, a non-specific ,-adrenoceptor antagonist with
significant intrinsic sympathomimetic activity in canine
isolated perfused mesenteric vessels. A similar observation
has also been made in the rat aorta precontracted with KCI
(Doggerell, 1990). In both instances, the vasorelaxant effect
of pindolol was not significantly inhibited by propranolol,
thus suggesting the presence of an atypical P-adrenoceptor
subtype different from the conventional ,- and P2-adreno-
ceptors. In a recent study, it was shown that propranolol
antagonized the vasorelaxant effect of isoprenaline in the rat
aorta (Gray & Marshall, 1992). However, the K8 value
(3 x 10-1 M) was much less than values of 1-3 x 10-9M
expected from an action on conventional 0j- and P2-adreno-
ceptors. This observation would probably support the
presence of atypical P-adrenoceptors in the rat aorta. The
present studies were designed to determine the possible
existence of P3-adrenoceptors in vascular smooth muscles of
the rat.

Methods

Sprague-Dawley rats of either sex weighing 150-200 g were
used in this study. Each rat was anaesthetized with
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chloroform and bled through a cut in the abdominal aorta.
The common carotid arteries were isolated and carefully
cleaned of any connective tissue. Thereafter ring segments
(3-4 mm) were set up for isometric tension recording, in a
30.0 ml organ bath containing Krebs solution of the follow-
ing composition (mM): NaCl 119, NaHCO3 25, KCI 4.7,
MgSO4 1.5, CaC12, 2.5, KH2PO4 1.2 and glucose 11.0. The
solution was bubbled continuously with a 95% 02 and 5%
CO2 gas mixture. The pH was approximately 7.4. To obtain
relaxant responses, the arterial segments were contracted with
noradrenaline (10-7 M). This concentration of noradrenaline
usually produced about 85-90% of the maximum contrac-
tion in this tissue. Ascending concentrations of the agonists
were added cumulatively to generate a concentration-res-
ponse curve. Unless otherwise stated, the endothelium was
maintained intact as shown by the ability of carbachol
(10-6 M) to relax noradrenaline precontracted ring segments.
When antagonists were used, each antagonist concentration
was added to the bath and allowed to equilibrate with the
tissue for 30min before the agonist concentration-response
curve was repeated. In all cases, only one agonist/antagonist
pair was tested on any one preparation and only one
antagonist concentration was tested on each preparation.
Antagonist potency was expressed as the pA2 value obtained
according to Arunlakshana & Schild (1959). Antagonism was
assumed to be competitive when the slope of the Schild
regression line was not significantly different from 1. In
preliminary experiments, the potency of isoprenaline was not
affected by including cocaine (3 x 1O6 M) and deoxycor-
ticosterone acetate (10-5 M) in the Krebs solution to block
uptake, and uptake2 respectively. These blockers were
therefore not routinely used in this study.

Drug solutions

The following drugs were used in this study; carbachol hy-
drochloride, (-)-noradrenaline (arterenol) hydrochloride,
( ± )-propranolol hydrochloride (all from Sigma), ( ± )-CGP
12177 (4-[3-[l,1-dimethyl(ethyl)amino]-2-hydroxypropoxy]-1,
3-dihydro-2H-benzimidazol-2-one hydrochloride), salbuta-
mol, (± )-isoprenaline (isoproterenol) hydrochloride (RBI)
and BRL 37344, (R*R*)-(+ )-[4-[2-[2-(3-chlorophenyl)-2-
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hydroxyethylamino]propyl]phenoxyacetic acid (courtesy of
Smithkline Beecham, Epsom, Surrey). All the compounds
were dissolved in distilled water or dilute hydrochloric acid.

Statistical analysis

Results are presented as mean ± s.e. of n number of
experiments. Mean values were compared by Student's t test
and differences between mean values were accepted as
significant when P< 0.05.

Results

Isoprenaline (10-8 M-10-5 M), produced concentration-
dependent relaxation of noradrenaline (10-' M) precontracted
ring segments of the rat common carotid artery (Figure 1).
The pD2 value was 7.1 ± 0.1 (n = 8). In all cases, isoprenaline
produced 100% relaxation (of the induced tone) and in some
cases, even a little relaxation below the baseline. The relaxa-
tion was rapid in onset and the peak response was attained
within 90s. Propranolol (10-8M-3 X I0- M) shifted the
isoprenaline concentration-response curve to the right with-
out reducing the maximum response (Figure 2). The Schild
plot gave a straight line with a slope of 0.74 ± 0.07. As this
value was significantly (P<0.05) less than 1, the X-intercept
(8.85) was therefore strictly not a pA2 value. Isoprenaline
(10-8 M-1O-5 M) relaxed the precontracted ring segments of
the carotid artery with or without the endothelium.
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Figure 1 Inhibitory effect of isoprenaline (0), CGP 12177 (0),
salbutamol (A) and BRL 37344 (A) on ring segments of rat com-
mon carotid artery precontracted with noradrenaline (10-' M). Each
point represents the mean ± s.e. of 4-8 experiments.
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represents the mean ± s.e. of 4 experiments.

Relaxant effects of selective P-adrenoceptor agonists on
the precontracted carotid artery

CGP 12177 (106M-3 x 10-5M), BRL 37344 (10-5M-
3 x IO- M) and salbutamol (10-6M- 10-4M) also concen-
tration-dependently (Figure 1) relaxed ring segments of the
carotid artery contracted with noradrenaline (10-7M). The
relaxant effects of CGP 12177 and salbutamol were rapid in
onset and a peak response was usually attained within 120 s.
On the other hand, the relaxant effect of BRL 37344 was
slow in onset and the peak response was achieved in about
5-8min. Removal of the endothelium did not modify the
relaxant effect of CGP 12177, BRL 37344 and salbutamol.
pD2 values were 5.4 ± 0.1 (n = 8), 4.3 ± 0.1 (n = 5) and
5.1 ± 0.1 (n = 4) for CGP 12177, BRL 37344 and salbutamol
respectively. CGP 12177, BRL 37344 and salbutamol were
full agonists in this preparation producing the same max-
imum response as isoprenaline. Propranolol (10-7 M) did not
significantly (P> 0.05) affect the relaxant responses to CGP
12177, BRL 37344 and salbutamol. pD2 values for these
agonists in the absence and also in the presence of pro-
pranolol (10-7 M) are shown in Table 1. This concentration
of propranolol (i.e. 10-7 M) produced a concentration-ratio
of approximately 30 against isoprenaline.

Effect ofpretreatment with BRL 37344 on the relaxant
effect of isoprenaline, CGP 12177 and salbutamol

Since it has been consistently observed in non-vascular
smooth muscles that pretreatment of the tissues with BRL
37344 induces cross-desensitization to other agonists acting
on atypical P-adrenoceptors (e.g. McLaughlin & MacDonald,
1990), an attempt was made to determine whether such a
phenomenon can occur in a vascular smooth muscle prepara-
tion. This was done by establishing concentration-response
curves to isoprenaline, CGP 12177 and salbutamol (in the
presence of propranolol, 10-7 M, to block Pj- and P2-adreno-
ceptor subtypes) before and after BRL 37344 (10-4 M). The
results show that in artery segments treated with BRL 37344
(10-4 M) for 30 min, there was no reduction in the potency of
isoprenaline (Figure 3). There was also no change in the
maximum response. The relaxant effects of CGP 12177 and
salbutamol were also not modified by pretreating the tissues
with BRL 37344. pD2 values for the agonists before and after
pretreatment with BRL 37344 (10-4 M) are shown in Table 2.
As shown in Figure 3, a pre-exposure of the arterial segments
to BRL 37344 did not affect the response to a subsequent
addition of the same concentration of BRL 37344.

Discussion

P-Adrenoceptors in vascular smooth muscles were initially
classified as P2-adrenoceptors (Lands et al., 1967b). Later
studies using more selective agonists and antagonists have
shown that vasodilatation could result from activation of ,I-
or P2-adrenoceptor subtypes. For example, while P2-adreno-
ceptors predominate in the guinea-pig pulmonary artery
(O'Donnell & Wanstall, 1985) and human saphenous vein
(Ikezono et al., 1987), P3-adrenoceptors appear to pre-
dominate in the rabbit facial vein (McPherson & Bevan,

Table 1 Effect of propranolol on the relaxant effect of
CGP 12177, BRL 37344 and salbutamol in ring segments of
the rat common carotid artery precontracted with
noradrenaline (10-7 M)

Agonist

CGP 12177
BRL 37344
Salbutamol

pD2 values
Control Propranolol (10J- M)

5.4± 0.1 (n=8)
4.3±0.1 (n=5)
5.5±0.2 (n=4)

5.4±0.1 (n=8)
4.5 ±0.07 (n=6)
5.4±0.1 (n=4)
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Figure 3 Concentration-response curves for isoprenaline before (0)
and after (0) pretreatment with BRL 37344 (10-4 M) for 30 min (a)
and the effect of pretreatment with BRL 37344 (10-4M) on the
relaxant response to a subsequent addition of BRL 37344 (b) on

noradrenaline-precontracted rat common carotid artery segments.

Table 2 Effect of pretreatment with BRL 37344 (10-4M,
for 30 min) on the relaxant potency of Isoprenaline, CGP
12177 and salbutamol in ring segments of the common
carotid artery precontracted with noradrenaline (10-7M)

Agonist

Isoprenaline
CGP 12177
Salbutamol

pD2 values
Before BRL 37344 After BRL 37344

5.8±0.1 (n=4)
5.6±0.1 (n=4)
5.4± 0.2 (n=4)

5.9±0.1 (n=4)
5.6±0.1 (n=4)
5.4±0.2 (n=4)

1987), coronary and cerebral arteries (Edvinsson & Owman,
1974; Edvinsson et al., 1976). In most other vessels, the
isoprenaline-induced relaxation is mediated mainly via

P2-adrenoceptor activation with a little contribution from
,1-adrenoceptors (Taira et al., 1977; Cohen & Wiley, 1978;

O'Donnell & Wanstall, 1985). Isoprenaline and propranolol
are non-selective PI- and P2-adrenoceptor agonist and
antagonist respectively. It would therefore be expected that
propranolol would antagonize isoprenaline competitively.
However, results obtained in the present study show that
even though propranolol produced a surmountable anta-
gonism of isoprenaline-induced relaxation of precontracted
ring segments of the rat common carotid artery, the
antagonism did not satisfy the criteria for competitive
antagonism. The Schild-plot was a straight line with a slope
of 0.74 which was significantly different from 1. These results
are therefore consistent with isoprenaline interacting with
two sites having high and low affinities for propranolol pro-
bably corresponding to AI- and P2-adrenoceptor subtypes

(high affinity) and atypical (p3?) P-adrenoceptors (low
affinity). It seems unlikely that P2-adrenoceptors are involved
in the relaxant response to isoprenaline in the carotid artery
based on the very low potency of salbutamol in this prepara-
tion. Salbutamol is a potent and selective P2-adrenoceptor
agonist. pD2 values reported in the literature vary from 7.0 in
the guinea-pig lung strip (Schreurs et al., 1980) to 8.3 in
uterine smooth muscle (Granger et al., 1985). The low pD2
value (approximately 5.0) obtained in the present study is
therefore not consistent with activation of P2-adrenoceptors.
This is supported by the fact that the potency ratio
isoprenaline:salbutamol is greater than 100, a value that is
about 10 fold greater than the usual potency ratio of about
10 observed in tissues containing conventional P2-adreno-
ceptors (Arch et al., 1984; Piercy, 1988). The high
isoprenaline:salbutamol potency ratio observed in this study
is similar to that obtained in brown adipose tissue of the rat
(Arch et al., 1984). Confirmation of salbutamol interacting
with an atypical rather than conventional P2-adrenoceptors
was provided by the observation that propranolol (10-7 M)
did not significantly affect salbutamol-induced relaxation of
the carotid artery. This concentration of propranolol is at
least 10 times its pA2 value at conventional P2-adrenoceptor
sites. A similar conclusion was reached concerning the rabbit
jejunum where propranolol antagonized salbutamol with a
pA2 value of 6.6 (Norman & Leathard, 1990).
CGP 12177 is a potent non-selective Pj- and P2-adreno-

ceptor antagonist (Staehelin et al., 1983; Bahouth & Malbon,
1988). It is also an agonist at atypical P-adrenoceptors,
stimulating thermogenesis in brown adipose tissues (Mohell
& Dickers, 1989) and lipolysis in white adipose tissues (Lan-
gin et al., 1991) of the rat. In the present study, CGP 12177
behaved as a full agonist producing the same maximum
relaxation of the precontracted carotid artery and was
equipotent with isoprenaline (in the presence of propranolol,
10-' M, to block PI- and P2-adrenoceptors). The relaxant
effect of CGP 12177 was not antagonized by propranolol
(10-vM) thus confirming interaction of CGP 12177 with
atypical P-adrenoceptors in the carotid artery. Another selec-
tive agonist used to demonstrate the presence of atypical
P-adrenoceptors in the carotid artery is BRL 37344. This
compound is a potent stimulant of lipolysis in both brown
and white adipose tissues of the rat (Arch et al., 1984; Wilson
et al., 1984). The lipolytic effect of BRL 37344 was not
antagonized by propranolol at the usual ,- and P2-adreno-
ceptor blocking doses. BRL 37344 also potently relaxed
smooth muscles of the gastrointestinal tract including the rat
proximal colon (Bianchetti & Manara, 1990), distal colon
(McLaughlin & McDonald, 1990; Kirkham & Kelly, 1992),
gastric fundus (McLaughlin & Macdonald, 1991) and
oesophagus (de Boer et al., 1993), guinea-pig colon (Coleman
et al., 1987) and ileum (Bond & Clarke, 1988). These res-
ponses were resistant to antagonism by propranolol. Results
obtained in the present study showed that BRL 37344
relaxed the precontracted ring segments of the carotid artery.
The relaxation was slow in onset and took a longer time
(compared with isoprenaline, CGP 12177 and salbutamol) to
attain a peak response. This is similar to the slowly develop-
ing relaxation induced by BRL 37344 in smooth muscles of
the gastrointestinal tract. However, the potency was very low
(5.0) compared to values previously reported for other tissues
such as the rat distal colon (McLaughlin & MacDonald,
1990; Kirkham & Kelly, 1992) and oesophagus (de Boer et
al., 1993). It is however close to the value obtained in the rat
fundus (McLaughlin & MacDonald, 1991). The reason for
this rather poor potency is not known.

Cross-desensitization to all agonists is a common occur-
rence in tissues pretreated with BRL 37344. In the rat distal
colon for example, pretreatment of the tissue with BRL
37344 resulted in a rightward shift of the dose-response curve
to isoprenaline and BRL 37344 (McLaughlin & MacDonald,
1990). This phenomenon has been interpreted as indicating a
common site of action for the agonists. In the present study,
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pretreatment of the tissues with BRL 37344 did not reduce
either the potency of or the maximum response to
isoprenaline, CGP 12177 and salbutamol. This could suggest
that the atypical P-adrenoceptors in the carotid artery may
differ from that in the gut tissues or that the coupling
mechanism is not irreversibly affected by BRL 37344.

It was therefore concluded that there are atypical
P-adrenoceptors mediating relaxation in the rat common
carotid artery and that CGP 12177 might be a useful com-
pound for identifying such receptors in vascular smooth
muscles. The physiological significance of these atypical

P-adrenoceptors in the vascular smooth muscle cannot be
determined from this set of results. However, the receptor
might be involved in the regulation of blood flow to some
organs. For example, P3-adrenoceptor mediated vasodilata-
tion is mainly seen in vessels of the skin and fat in conscious
dogs (Shen et al., 1992).
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