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Actions of dopamine and apomorphine on the
vasoconstrictor responses of perfused mesenteric
arteries of mouse, rat and rabbit
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Dopamine (10-7-10-* M) and apomorphine (5 x 10~ = 5§ x 10~*M) inhibited the vaso-
constrictor responses of the perfused mesenteric artery preparations of rat, rabbit and
mouse to adrenergic nerve stimulation but did not affect responses to added noradrenaline.
The inhibitory effects of both dopamine and apomorphine were prevented by haloperidol
(3 x 10-7 M) but not by yohimbine (3 x 10-% M) in rat and rabbit mesenteric artery prepara-
tions. In contrast, yohimbine (3 x 10~8 M), but not haloperidol, antagonized the inhibitory
effect of dopamine and apomorphine in mouse mesenteric artery preparations. In higher
concentrations, dopamine (10-*~10-4 M) produced a direct vascoconstrictor effect, which
involved post-junctional a-adrenoceptors in all three species. However, in preparations
contracted with 10~7 M 5-hydroxytryptamine and in the presence of phentolamine (3 X
10~ M) and propranolol (10-% M), dopamine (10-%-10-*M) produced a direct relaxant
effect in rabbit mesenteric artery preparations but not in those of rat and mouse. It is
suggested that inhibition of neurogenic vasoconstrictor responses, by dopamine and apo-
morphine, may be mediated through a specific prejunctional inhibitory dopamine receptor
in the mesenteric artery of rat and rabbit whereas in the mouse they involve activation of
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a-adrenoceptors.

Specific dopamine receptors which mediate vaso-
dilatation have been identified in renal, mesenteric
(Goldberg 1972), coronary (Schuelke et al 1971)
and cerebral (von Essen 1972) vascular beds. Such
vascular dopamine receptors are in a post-junctional
location (Goldberg et al 1978). It has been postulated
that postganglionic sympathetic nerves also contain
dopamine receptors, stimulation of which inhibits
the release of noradrenaline following nerve stimu-
lation (Langer 1974). Inhibition of stimulation-in-
duced noradrenaline overflow by dopamine has been
reported for rabbit ear artery (Hope et al 1978), cat
spleen and nictitating membrane (Enero & Langer
1975) and mouse vas deferens (Hurst et al 1979). Such
inhibition by dopamine may be due to an action on
specific prejunctional dopamine receptors (Hope
et al 1978) or through a prejunctional «-adreno-
ceptor (Hurst et al 1979). Species variations exist.
For example, an inhibitory prejunctional dopamine
receptor is present in rat vas deferens (Tayo 1977),
but not in that of guinea-pig (Stjarne 1975) and
mouse (Hurst et al 1979). We have investigated the
effects of dopamine and apomorphine on constrictor
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responses in mesenteric artery preparations of rat,
rabbit and mouse. The aim is to determine whether
dopamine acts on pre- or post-junctional receptors
and to obtain evidence, if any, of species differences
in the distribution of such receptors.

METHODS
Adult albino rabbits (2-2-5 kg), Sprague-Dawley
rats (250-300 g) and mice (20-25 g) were anaestheti-
zed with pentobarbitone sodium (40 mg kgt iv.
for rabbits, 40 mg kg? i.p. for rats) and 259%
urethane (1-5 g kg~ i.p. for mice).

In rat and mouse, the superior mesenteric artery
was cannulated and the preparation excised as
described by McGregor (1965). In rabbit, a branch
of the mesenteric artery was cannulated and excised
along with the corresponding piece of mesentery,
which was about the same size as the rat preparation.
The artery was perfused with Krebs solution main-
tained at 37°C and bubbled with 5% CO, in
oxygen, at a constant flow rate of 5 ml min~* for
rat and rabbit and 1 ml min—! for mouse. Vaso-
constriction was monitored as changes in perfusion
pressure via a pressure transducer connected to a
Devices M2 recorder.
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Stimulation of perivascular adrenergic nerves was
carried out with a pair of platinum electrodes, one
of which was positioned around the proximal end
of the artery and the other on the supporting plate.
A Grass S44 stimulator was used to deliver 1 ms
square wave pulses at 20Hz and 10V for 30s
and repeated every 5 min. The constrictor responses
obtained were due to activation of intramural
nerves and not to activation of smooth muscle cells
as they were abolished by 10~* M tetrodotoxin.

Vascoconstrictor responses to noradrenaline were
obtained by injection of doses of 10"-10°M in a
volume of 0-1 ml into the perfusion fluid at a point
just proximal to the artery. In each experiment, the
test dose of noradrenaline was selected so as to
produce approximately 509, of the maximal vasco-
constrictor responses.

Vascoconstrictor responses, measured as increases
in perfusion pressure, were obtained to sympathetic
nerve stimulation and noradrenaline before, during
and after infusion of dopamine and apomorphine.

Drugs. Dopamine hydrochloride (Sigma), apo-
morphine hydrochloride (Sigma), (—)-noradrena-
line bitartrate (Sigma), phentolamine hydrochloride
(Ciba), haloperido! (Seranase, Searle), yohimbine
hydrochloride (Martindale Samoore Ltd), cocaine
hydrochloride (Sigma), and S5-hydroxytryptamine
creatinine sulphate (Sigma).

Statistical analysis. The unpaired Student’s s-test
was used. Probability levels less than 0-05 were taken
to indicate significant differences between group
means.
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RESULTS
Rat mesenteric artery
Nerve stimulation produced an increase in per-
fusion pressure varying between 30-210 mm Hg
(mean + se. 112 + 167mmHg, n 15) in
different preparations.

Infusion of dopamine (10~%, 5 x 10-7 and 10-*m)
or apomorphine (5 x 10-"and 5 x 10-*M) did not
affect the responses of the artery to added nor-
adrenaline but reduced the responses to nerve
stimulation in a dose-dependent manner (Table 1,
Fig. 1). The inhibition of neurogenic vasoconstric-
tion both by dopamine and apomorphine was
reversible and reproducible. Concentrations of
dopamine higher than 10-¢ M inhibited the responses
to added noradrenaline. This inhibition was slow
in onset and difficult to reverse even with prolonged
washing.

The dopamine receptor antagonist haloperidol
(3 x 107mM) had no effect on responses to
nerve stimulation or to added noradrenaline but
reduced the inhibitory effect of dopamine and
apomorphine on neuronally mediated vasoconstric-
tion. In contrast, yohimbine (3 x 107M), a
relatively selective prejunctional «-adrenoceptor
antagonist, produced a 10-15%, increase in responses
to nerve stimulation but did not affect the inhibitory
effect of dopamine or apomorphine (Tabie 1, Fig. 1).

Injection of dopamine (0-1 ml volume) in con-
centrations of 10-°%— 5 x 10~* M caused direct vaso-
constriction which was blocked by 3 x 107'm
phentolamine.

In preparations previously contracted by infusion
of 10" M S-hydroxytryptamine (5-HT), injection of

Table 1. Inhibition by dopamine and apomorphine of adrenergic nerve mediated constrictor responses of isolated
perfused mesenteric artery of rat, rabbit and mouse, and the effect on this of haloperidol and yohimbine. The
magnitude of the effect of dopamine and apomorphine is expressed in terms of percentage reduction of control
response.

Rat mesenteric artery
% inhibition + s.e.
In presence of

Mouse mesenteric artery
% inhibition + s.e.
In presence of

Rabbit mesenteric artery
% inhibition + s.e.
P! In presence of
Haloperidol

Yohimbine Haloperido! Yohimbine Haloperidol Yohimbine
Dopami Control 3 x 10" 3 x10*Mm Controi 3 x 10-"m 3 x 10-*m Control 3 x 10'm 3 X 10~*M
pamine
10-'m 175 + 10 2:1 1 0-6** — 213+ 08 68 + 06 — 62+ 04 73108 0
(12) ) 110) (6) Q) [¢A)
$x 107"m 31'3(112:)1‘3 53 ?:6)0-5" 29-6 (:g:)l-Z 414 + 17 154 1+ 09* 384 112 158 (;{5:)09 19-5 (%:) 1-3 26 ;i: 11
10-*m 466 + 1-11 112 &£ 1-1** 419 + 1'6 563 + 15 292 + 32* 578 + 22 316+ 15 384 120 93 +38°
. (12) ) ()] (10) ©) ) 5) 3 (O]
Apo hine
S x 107'™m 92 + 07 26 + 0-7* — 137+ 13 86 4 0-5* —
® [)) 8) ()] [£)]
10-*m 167 £ 107 79+ 1-3* 1924+ 16 295+ 09 1334 #2% 312420 32+ 11 47416 0
8) “) @) (€3] ) @ ) )
Sx10*m 344 1 13 195+ 19% 296 4 205 446 + 114 267 + 144* 403 + 1S 45+ 125 52 +22 28408
®) @ Q) ®) @ 3) @ Q) @
* P < 0-05 compared with control.
** P < 0-01 compared with control.
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DA(1076M)

F1G. 1. Constrictor responses of rat isolated perfused
mesenteric artery to periarterial nerve stimulation
(20 Hz, 10V, 1 ms for 30s) (Panel A & B) and to
0:-1 ml of 10-? M noradrenaline (Panel C). Infusion of
10-* M dopamine (DA) produced depression of the
responses to nerve stimulation (Panel A & B) which
was reversed on washing with perfusion fluid free of
dopamine. Haloperidol (3 x 10-7 M) prevented the
effect of dopamine, but did not affect the responses to
nerve stimulation (Panel A). Yohimbine (3 x 108 M)
did not affect the responses to dopamine, but slightly
potentiated the responses to nerve stimulation (Panel
B). Infusion of 10-* M DA did not influence responses
to 0-1 ml of 10~ M noradrenaline (Panel C).

0:1 ml acetylcholine 5 x 107% to 10-?M produced
a large fall in perfusion pressure reflecting vaso-
dilatation, but injection of 0-1 m! dopamine 10~ to
5 x 107*m had no effect on the perfusion pressure.

Rabbit mesenteric artery

Nerve stimulation produced an increase in per-
fusion pressure varying from 25-180 mm Hg (mean
+ s.e. 95 + 216 mm Hg, n = 10). Infusion of
dopamine (10--10-¢*M) and apomorphine (5 x
1077-5 x 10-* M) resulted in an immediate depres-
sion of the vasoconstrictor responses to nerve
stimulation, which was reversible on washing.
These concentrations of dopamine and apomorphine
did not affect the responses to added noradrenaline
(Fig. 2).

Haloperidol, 3 x 10-M had no effect on
responses to nerve stimulation or to added nor-
adrenaline but reduced the inhibitory effects of
both dopamine and apomorphine (Table 1, Fig. 2).
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Fi1G. 2. Panels A, B and C. Constrictor responses of
rabbit isolated perfused mesenteric artery to peri-
arterial nerve stimulation (20 Hz, 10V, 1 ms, 1559)
(Panel A & B) and to 0-1 ml of 10-? M noradrenaline
(Panel C). Infusion of dopamine (10-* M) inhibited the
responses to nerve stimulation (Panel A & B). Halo-
peridol (3 x 10-? M) blocked the inhibitory responses
of dopamine, while itself did not affect responses to
nerve stimulation (Panel A). Yohimbine (3 x 10-* M)
did not influence the inhibitory effect of dopamine but
itself potentiated the responses to nerve stimulation
(Panel B). Infusion of 10-* M dopamine did not affect
responses to 0-1 ml of 10-7 M noradrenaline (Panel C).
Panel D: Vasodilator responses of isolated perfused
rabbit mesenteric 'artery, previously contracted by
10-7M S-hydroxytryptamine. Injection of O-1ml of
5 x 10-*m dopamine produced vasodilatation which
was abolished by infusion of 3 x 10-? M haloperidol.

Yohimbine (3 x 10-® M) on the other hand, pro-
duced a 5-109 increase in responses to nerve
stimulation but did not affect the inhibitory effect
of dopamine or apomorphine (Fig. 2).

Injection of dopamine (0-1 ml volume) in con-
centrations between 10~ and 5§ x 10~* M produced
a direct vasoconstriction which was blocked by
3 x 107 M phentolamine.

In preparations previously contracted by 107" M
5-HT, and in the presence of 10-® M phentolamine,
injection of 0-1 ml of dopamine in concentrations
between 10-°-10-*M, produced concentration-



DOPAMINE AND APOMORPHINE ON VASOCONSTRICTOR RESPONSES

dependent vasodilatation, which was not affected
by propranolol (10-*M) but was blocked by halo-
peridol (3 x 10-? M) (Fig. 2D).

Mouse mesenteric artery

Nerve stimulation produced an increase in per-
fusion pressure varying from 15-85 mm Hg (mean
+ s.e.35 + 1005 mm Hg, n = 6).

Infusion of dopamine (10--10~*M) and apo-
morphine (5 x 107 - § x 10~*M) produced a
reversible depression of vasoconstrictor responses
to nerve stimulation but not of added noradrenaline.
Yohimbine (3 x 10-®*mM) blocked the inhibitory
effects of dopamine and apomorphine but halo-
peridol (3 x 10-"m) did not (Fig. 3, Table 1).
Such concentrations of yohimbine and haloperidol
had no depressant effect on the responses to nerve
stimulation in the absence of dopamine.

Injection of dopamine (volume of 0-1ml) in
concentrations between 10-* and 10~*M produced

AJ‘WLML
DA(1076M) DA{1076M)

Vohir:lbine
(3x1078M)

B.J\-Judw\../\..q’“ o
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+ -7
Haloperidol (3x107"M)
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c JZS mmHg
M
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F16. 3. Constrictor responses of mouse isolated per-
fused mesenteric artery to periarterial nerve stimulation
(20Hz, 10V, 1 ms for 30s) (Panet A & B) and to
0-1 ml of 10-? M noradrenaline (Panel C). Infusion of
10-*M dopamine produced reversible inhibition of
responses to nerve stimulation (Panel A & B), which
was blocked by 3 x 10~ M yohimbine (Panel A) but
not by 3 x 10-7 m haloperidol (Panel B). Haloperidol
(3 x 10-?m) alone did not affect the responses to
nerve stimulation (Panel B). Infusion of dopamine
(10-*m) did not affect the responses to 0-1 ml of
10~ M noradrenaline (Panel C).
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vasoconstriction, which was blocked by 3 x 10-"m
phentolamine.

In preparations previously contracted by infusion
of 10-"M 5-HT and in presence of 10-* M phentol-
amine, injection of 0-1 ml dopamine 10-7 to 10~* M
produced no vasodilatation.

DISCUSSION

The vasoconstrictor responses to sympathetic nerve
stimulation were inhibited by infusion of dopamine
and apomorphine in concentrations that did not
affect responses to exogenous noradrenaline in all
three species studied. In high concentrations,
dopamine produced a direct vasoconstrictor effect
which involved postjunctional a-adrenoceptors in
all three species, since their action could be blocked
by phentolamine,

Dopamine which has less than 29, of the potency
of noradrenaline as a vasoconstrictor in rabbit
ear artery (de la Lande & Harvey 1965) has been
shown to be equipotent with noradrenaline in
inhibiting stimulation-induced release of transmitter
noradrenaline from rabbit ear artery (McCulloch
et al 1973), cat spleen and nictitating membrane
(Enero & Langer 1975).

Our results indicate that in both rat and rabbit
mesenteric artery preparations the inhibition by
dopamine and apomorphine of neurogenic vaso-
constrictor responses may be mediated through a
specific prejunctional inhibitory dopamine receptor,
since these effects of dopamine and apomorphine
can be blocked by haloperidol and not by yohim-
bine. We however obtained no evidence of pre-
junctional dopamine receptors in mouse mesenteric
artery. In this tissue the inhibitory action of dop-
amine and apomorphine may be mediated solely
through the activation of prejunctional a-adreno-
ceptors, as it was antagonized by yohimbine but
remained unaffected by haloperidol. This agrees
with the results obtained by Hurst et al (1979) on
the mouse vas deferens.

We have also examined the possibility that
inhibition of neurogenic vasoconstrictor action
could occur if dopamine activated the vasodilator
postjunctional dopamine receptors on vascular
muscle cells. This does not seem to be a possible
explanation in rat and mouse mesenteric arteries,
as a direct relaxant effect of dopamine or apo-
morphine could not be demonstrated in these
preparations. However, in rabbit mesenteric artery,
direct relaxant effects were observed with both
dopamine and apomorphine, these effects persisted
in the presence of propranolol but were greatly
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reduced by haloperidol. The relaxant effects of
dopamine and apomorphine were therefore medi-
ated through a specific postjunctional dopamine
receptor. However, it is unlikely that such a post-
junctional action contributed to the inhibition by
dopamine of neurogenic responses, since the con-
centration of dopamine that inhibited the neuro-
genic response failed to stimulate the postjunctional
dopamine receptors.
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