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INVOLVEMENT OF THE ADRENAL GLANDS IN THE HYPOTENSIVE
RESPONSE TO BROMOCRIPTINE IN SPONTANEOUSLY HYPER-
TENSIVE RATS

T.C. HAMILTON

Beecham Pharmaceuticals, Medicinal Reseach Centre, Coldharbour Road, The Pinnacles, Harlow, Essex, CM19 SAD

1 The dopamine agonist, bromocriptine, produced a hypotensive response following oral adminis-
tration to conscious normotensive and spontaneously hypertensive (SH-) rats.

2 In SH-rats the dose-related falls in blood pressure to bromocriptine, 3 to 30 mg/kg orally or
intraperitoneally, were biphasic, an initial fall at 1 h being followed by some recovery at 2 h and a
subsequent fall in blood pressure at 4 and 6 h.

3 The dopamine antagonists, metoclopramide, sulpiride, haloperidol and pimozide, had little or no
effect on the hypotensive response to bromocriptine, 10 mg/kg orally, in SH-rats.

4 Pretreatment with a-methyl-p-tyrosine augmented the hypotensive response to bromocriptine,
10 mg/kg orally, in SH-rats.

5 In adrenal demedullated SH-rats, the hypotensive response to bromocriptine, 3 to 30 mg/kg
orally, was abolished.

6 In SH-rats the hypotensive response to bromocriptine, 10 mg/kg orally, was prevented by the
B-adrenoceptor blocking drugs, propranolol and oxprenolol, but was unaffected by (+)-propranolol
and by the cardio-selective B-adrenoceptor blocking drug, atenolol.

7 In SH-rats pretreated with bromocriptine, 10 mg/kg orally, and then anaesthetized, the pressor
responses to low doses of intravenous adrenaline were reversed to depressor, indicating that bromo-
criptine possesses a-adrenoceptor blocking activity.

8 The results suggest that the hypotensive response to bromocriptine in conscious SH-rats is
mediated by adrenaline released from the adrenal medullae which, in the presence of a-adrenoceptor

blockade, stimulates vascular 8-adrenoceptors producing vasodilatation.

Introduction

Postural hypotension is one side effect of the clinical
use of the dopamine agonist, bromocriptine, in the
treatment of parkinsonism, acromegaly and infertility
(O’Mullane, Davis, Hipkin & Walker, 1976; Green-
acre, Teychenn, Petrie, Calne, Leigh & Reid, 1976;
Brosens, 1977; Linch, Shaw, Muhlemann & Ross,
1978; Price, Debono, Parkes, Marsden & Rosen-
thaler, 1978). In the treatment of hypertension,
bromocriptine has been used successfully either alone
(Stumpe, Kollock, Higuchi, Kriick & Vetter, 1977)
or in combination with other antihypertensive drugs
(Kaye, Shaw & Ross, 1976; Lewis, Henderson &
Fisher, 1976). Examination of the effect of bromo-
criptine on the blood pressure of animals is limited to
a few studies: bromocriptine reduces blood pressure
after intravenous and central administration to anaes-
thetized cats (Fliickiger, 1976; Leighton & Parmeter,
1979) and is also hypotensive after intravenous
administration to anaesthetized dogs (Clark, 1977;
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Lokhandawala, 1979). In the present study, in con-
scious spontaneously hypertensive rats, bromocrip-
tine reduced blood pressure after acute dosing and
the mechanism of this response has been investi-
gated.

Methods

Male spontaneously hypertensive (SH) rats (14 to 24
weeks old), derived from the Japanese strain
(Okamoto & Aoki, 1963), and male Sprague-Dawley
rats were used for these studies.

Some SH-rats were anaesthetized with methohexi-
tone sodium, 45 mg/kg intraperitoneally, and sub-
jected to unilateral adrenalectomy and contralateral
adrenal demedullation (SHAD-rats). SHAD-rats
were used in experiments 4 to 8 weeks post-
operatively.
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Indirect measurement of blood pressure and heart rate
in conscious rats

Rats were placed in an incubator (32°C) for 20 to 30
min. Systolic blood pressure (1 mmHg =~ 133 Pa) and
heart rate were then measured indirectly in restrained
conscious rats with a W+W blood pressure recorder,
model 8002 (Kontron Intertechnique, St Albans,
Herts); each determination was the mean of at least 6

readings. Groups of 6 animals were usually used, -

measurements being made pre-dose (zero), 1, 2, 4, 6
and, usually, 24 h after dosing.

In drug-interaction studies with, for example,
dopamine antagonists and B-adrenoceptor blocking
drugs, these drugs were given intraperitoneally (i.p.)
immediately before bromocriptine orally. In the case
of a-methyl-p-tyrosine, SH-rats were pretreated
intraperitoneally according to the relevant pretreat-
ment schedule (see Results) before the oral adminis-
tration of bromocriptine.

Adrenaline reversal in anaesthetized SH-rats

Groups of 6 SH-rats were dosed orally with bromo-
criptine, 10 mg/kg, or vehicle, 1 or 6 h before being
anaesthetized with pentobarbitone sodium (75 mg/kg
i.p.). Changes in blood pressure produced by intra-
venous doses of adrenaline were recorded from the
carotid artery with a Bell and Howell physiological
pressure transducer (1 mmHg = 133 Pa) connected to
a chart recorder.

Measurement of plasma prolactin levels

Plasma prolactin levels were determined in groups of
6 SH-rats 1 and 6 h after oral dosing with bromocrip-
tine, 10 mg/kg or vehicle. At the appropriate time,
the animals were rapidly anaesthetized with ether and
blood quickly removed from the abdominal aorta
with heparinized syringes. After centrifugation of the
whole blood, the plasma prolactin was measured
using the NIAMID rat prolactin radioimmunoassay
kit supplied by the NJAMID-NIH pituitary hormone
programme.

Statistical analysis

Student’s ¢ test was used to evaluate the significance
of differences between vehicle- and bromocriptine-
treated rats in the plasma prolactin and adrenaline
reversal tests and for significance of differences in
changes in blood pressure between rats receiving
bromocriptine alone and those receiving bromocrip-
tine together with an antagonist. Values of P<0.05
were considered to be significant.

Drugs
The following drugs were used: adrenaline bitartrate

(Sigma), atenolol (ICI), bromocriptine mesylate
(Sandoz), haloperidol (Janssen), a-methyl-p-

tyrosine methyl ester hydrochloride (Sigma), meto-
clopramide (Beecham), oxprenolol hydrochloride
(Ciba), pimozide (Janssen), propranolol and
(+)-propranolol  hydrochloride (ICI), sulpiride
(Delagrange). Doses are expressed as base. Bromo-
criptine, pimozide and sulpiride were dissolved in
water with the aid of tartaric acid. Haloperidol was
used from the commercially available ampoules.
Other drugs were dissolved in water or saline (0.9%
w/v NaCl solution).
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Figure 1 Percentage change in systolic blood pressure
(BP) and heart rate (HR) produced by bromocriptine 1
(@), 3 (m), 10 (A), 30 (O) mg/kg orally or control
vehicle (O) in groups of 6 SH-rats. Vertical bars show
s.¢. mean. The basal BP and HR of each group were,
respectively, for bromocriptine 1 mg/kg, 213 = 3 mmHg
and 412 *+ 19 beats/min; for 3 mg/kg, 199 = 7mmHg and
427 * 20 beats/min; for 10 mg/kg. 213 = 4 mmHg and
418 = 15 beats/min; for 30 mg/kg, 200 = 1 mmHg and
443 + 15 beats/min and for the control group, 209 + 5
mmHg and 419 + 18 beats/min. Abscissa scale shows
time (h).

Results

Effect of bromocriptine on the blood pressure and
heart rute of conscious SH- and normotensive rats

Bromocriptine, 3 to 30 mg/kg, caused similar dose-
related falls in blood pressure, with little change in
heart rate, whether administered intraperitoneally or
orally to SH-rats. Figure 1 shows that the oral
administration of bromocriptine, 1 mg/kg, had little
effect on blood pressure whilst 3, 10 and 30 mg/kg
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Effect of bromocriptine (10 mg/kg orally) on plasma prolactin levels in SH-rats
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Values are mean * s.e. mean from 6 rats/group apart from * for which 5 animals were used.
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Figure2 Effect of (a) metoclopramide (30 mg/kgi.p.), (b) sulpiride (10 mg/kgi.p.), (c) pimozide (1 mg/kgi.p.) and
(d) haloperidol (0.5 mg/kg i.p.) on the change in systolic blood pressure (BP) produced by bromocriptine 10 mg/kg
orally or control vehicle in SH-rats; (M) represents animals receiving bromocriptine and an antagonist, (A), (@),
(O) animals receiving, respectively, bromocriptine, an antagonist or control vehicle alone. Vertical bars show s.e.
mean. Groups of 6 rats were used apart from those in the sulpiride experiment for which groups of 9-11 rats were
used. The basal BP of each group was in (a) for bromocriptine, metoclopramide, the combination and the control
groups respectively, 211 + 5,207 * 6,220 + 6 and 199 + 7mmHg; (b) for bromocriptine, sulpiride, the combination
and the control groups respectively 231 * 7,233 +7, 228 + 5, 230 = 7 mmHg; (c) for bromocriptine, pimozide, the
combination and the control groups respectively, 206 = 4, 205 + 4, 212 = 6 and 207 = 2 mmHg; (d) for

bromocriptine, haloperidol, the combination and the control groups respectively 199 + 3,200 + 1,202 + 2, 198 + 5
mmHg. Abscissa scale shows time (h).
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caused dose-related biphasic reductions in blood
pressure: an initial fall in blood pressure at 1 h was
followed by partial recovery at 2 h and then further
decreases at 4 and 6 h.

In most subsequent experiments bromocriptine
caused a biphasic fall in blood pressure but in a few
experiments (see Figure 2a) blood pressure continued
to fall at 2 h.

In normotensive rats, bromocriptine, 10 and 30
mg/kg orally, caused falls in blood pressure similar in
magnitude and time course to those described for
these doses in SH-rats.

Effect of bromocriptine on plasma prolactin levels in
conscious SH-rats

Bromocriptine, 10 mg/kg orally, significantly reduced
plasma prolactin levels in SH-rats both 1 and 6 h after
dosing (Table 1).

Effect of dopamine antagonists on the blood pressure
response to bromocriptine in conscious SH-rats

The fall in blood pressure produced by bromocriptine
was unaffected by metoclopramide (10 and 30 mg/kg
i.p.) (Figure 2a) and slightly but significantly,
reduced at 1 h only (P<0.05), by sulpiride (10 mg/kg
i.p.) (Figure 2b).

Interpretation of the effects of pimozide (1 mg/kg),
and haloperidol (0.5 mg/kg), both intraperitoneally,
on the blood pressure response to bromocriptine is
complicated by the reductions in blood pressure
caused by pimozide and haloperidol per se (Figures 2c
and d). However, in animals receiving both pimozide
and bromocriptine the fall in blood pressure was
slightly greater (at 2 h significantly different from that
of bromocriptine alone P<0.02) than that in animals
receiving either drug alone (Figure 2c). Haloperidol
reduced the fall in blood pressure to bromocriptine,
but only at 1 h (P<0.001) (Figure 2d). In these experi-
ments there were no significant changes in heart rate
in any group of animals.

Effect of inhibition of catecholamine synthesis on the
blood pressure response to bromocriptine in conscious
SH-rats

In SH-rats that received a-methyl-p-tyrosine (200
mg/kg i.p.) 1 h previously, the fall in blood pressure
to bromocriptine (10 mg/kg orally) was augmented
compared to the response in animals receiving
bromocriptine alone (Figure 3); the bromocriptine
response was significantly (P<0.05) increased at 1 h
after a-methyl-p-tyrosine. a-Methyl-p-tyrosine per se
caused a gradual decline in blood pressure between 2
and 6 h after dosing without any change in heart rate.

% change in BP
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Figure 3 Effect of pretreatment with a-methyl-p-
tyrosine (200 mg/kg i.p.) on the change in systolic blood
pressure (BP) produced by bromocriptine, (10 mg/kg
orally) or control vehicle in SH-rats. Vertical bars show
s.e. mean. Groups of 6 rats were used. The basal BP of
each group was for bromocriptine, 228 + 6 mmHg (A );
for a-methyl-p-tyrosine, 206 * 4 mmHg (@); for the
combination group 219 = 6 mmHg (@), and for the
control group 226 + SmmHg (O). Abscissa scales shows
time (h). '

Effect of adrenal demedullation on the blood pressure
response to bromocriptine in conscious SH-rats

In SH-rats previously subjected to unilateral adrenal
demedullation and contralateral adrenalectomy
(SHAD-rats), the fall in blood pressure to bromo-
criptine (10 mg/kg orally), was almost abolished
whereas in intact SH-rats the same dose of bromo-
criptine produced a marked, biphasic fall in blood
pressure (Figure 4). Similarly, at 3 and 30 mg/kg
orally, bromocriptine produced little or no fall in
blood pressure in SHAD-rats.
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Figure 4 Comparison of percentage change in systolic
blood pressure (BP) produced by bromocriptine (10
mg/kg orally) in SH-rats (O) and SHAD-rats (H)
(6/group). Vertical bars show s.e. mean. The basal BP of
each group was, respectively, for SH-rats, 200 = S
mmHg, and for SHAD-rats, 237 = 7 mmHg. Abscissa
scale shows time (h).



Effect of B-adrenoceptor blocking drugs, and of
(+)-propranolol, on the blood pressure response to
bromocriptine in conscious SH-rats

The non-selective B-adrenoceptor blocking drugs,
propranolol and oxprenolol (1 mg/kg i.p.) reduced or
abolished the fall in blood pressure to bromocriptine
(10 mg/kg orally) in SH-rats (Figures 5a and b) where-
as (+)-propranolol, and the cardio-selective g-
adrenoceptor blocking drug, atenolol (both 1 mg/kg
i.p.) had no effect on the bromocriptine response
(Figure 5c and d).

The B-adrenoceptor blocking drugs, and (+)-
propranolol, had little effect on the basal blood
pressure of SH-rats though propranolol, oxprenolol
and atenolol caused bradycardia; bradycardia also
occurred in animals that received both bromocriptine
and a B-adrenoceptor blocking drug.

Adrenaline reversal in anaesthetized SH-rats

In SH-rats that had received vehicle 1 or 6 h before-
hand, adrenaline, (0.3 to 300 ug/kgi.v.) caused dose-
dependent pressor responses whereas, in animals
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dosed 1 or 6 h previously with bromocriptine (10
mg/kg orally) low doses of adrenaline (0.3 and 1
png/kg) were depressor and the pressor responses to
higher doses of adrenaline were reduced (Figure 6).

100
80
60}
40f

20

of — " 1 L : L -

03 1 3 10 30 100 300
ug/kg i.v.

—20r o

Change in diastolic BP (mmHg)

40l ¥kxx

Figure 6 Effect of pretreatment 1 h previously with
bromocriptine (10 mg/kg) orally ( A) or control vehicle
(O) on the change in diastolic blood pressure evoked by
intravenous adrenaline (0.3 to 300 ug/kg) in groups of 6
SH-rats anaesthetized with pentobarbitone sodium (75
mg/kgi.p.). *, **, ***, **** indicate P<0.05,0.02,0.01,
6.001 respectively.

Effect of (a) propranolol, (b) oxprenolol, (c) (+)-propranolol and (d) atenolol (each at 1 mg/kgi.p.) on

the change in systolic blood pressure (BP) produced by bromocriptine (10 mg/kg orally) or control vehicle in
SH-rats; (@) represents animals receiving bromocriptine and an antagonist; (A), (@), (O) animals receiving,
respectively, bromocriptine, an antagonist or control vehicle alone. Vertical bars show s.e. mean. Groups of 6 rats
were used. The basal BP of each group was in (a) for bromocriptine, propranolol, the combination and the control
group respectively, 229 + 8, 223 + 4,230 = §, 222 =+ 9 mmHg (b) for bromocriptine, oxprenolol, the combination
and the control groups respectively, 215 + 4, 232 + 5, 222 + 2, 212 = 7 mmHg; (c) for bromocriptine, (+)-
propranolol, the combination and the control groups respectively 212 + 4,210 + 4, 214 +6 and 205 + 4 mmHg and
(d) for bromocriptine, atenolol, the combination and the control groups respectively 204 = 4,206 + 3,212 = 4,207 +

4 mmHg. Abscissa scale shows time (h).
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Discussion

In conscious SH-rats the acute oral or intraperitoneal
administration of bromocriptine caused a dose-
related fall in blood pressure without affecting heart
rate. A fall in blood pressure also occurred in normo-
tensive rats treated with bromocriptine orally sugges-
ting that the drug’s activity is hypotensive in nature
and independent of any aetiological factor(s) specific
to SH-rats. The hypotensive response to bromocrip-
tine in rats was biphasic, an initial fall in blood
pressure at 1 h being followed by recovery towards
pre-dose levels at 2 h and then a further fall in blood
pressure over the next 4 h. Two other dopamine
agonists, lergotrile and pergolide, also cause a bi-
phasic reduction in blood pressure in SH-rats (Yen,
Stamm & Clemens, 1979).

That the bromocriptine-induced hypotensive res-
ponse in SH-rats is mediated by stimulation of dopa-
mine receptors seems unlikely since, of the four
dopamine antagonists (pimozide, metoclopramide,
sulpiride and haloperidol) used, only sulpiride and
haloperidol caused a slight reduction in the bromo-
criptine response at a single time interval (1 h).
Similarly, haloperidol reduced only the initial hypo-
tensive response to lergotrile whereas the hypoten-
sive response to pergolide was prevented over its
entire time course (4 h) (Yen et al., 1979). In contrast
to the findings in the present study, vascular dopa-
mine receptors have been implicated in the hypoten-
sive response to intravenous bromocriptine in the
anaesthetized dog (Clark, 1977).

The elevation of plasma prolactin levels in some
hypertensive patients may indicate a reduction in the
activity of central dopamine receptors involved in the
regulation of blood pressure: moreover in these
patients bromocriptine reduced blood pressure and
plasma prolactin levels (Stumpe ez al., 1977). In the
SH-rat, a hypertensive model in which plasma prolac-
tin levels do not differ from those in normotensive
rats (Flack, Hamilton, McClelland & Poyser, 1979),
bromocriptine reduced plasma prolactin levels at
times when blood pressure was reduced. However, it
seems unlikely that this is a causal relationship since
the hypotensive response was not prevented by dopa-
mine antagonists. Others (e.g. Fliickiger, 1976) have
shown that the reduction in prolactin levels by
bromocriptine is due to the dopamine stimulant
properties of the drug.

The mechanism of the hypotensive response to
bromocriptine in the rat differs from that causing its
behavioural actions in this species: the latter effects
are prevented for several hours by pimozide
(Johnson, Loew & Vigovret, 1976) at the dose which
failed to prevent the hypotensive response to bromo-
criptine. Using a pretreatment schedule for a-methyl-
p-tyrosine which decreases brain levels of catechol-
amines but has little effect on those in the adrenal

glands (Snider, Hutt, Stein, Prasad & Fahn, 1976),
the hypotensive response to bromocriptine was
augmented compared to that in animals receiving
bromocriptine alone. Therefore, in contrast to the
behavioural actions of bromocriptine which are
reduced by pretreatment with a-methyl-p-tyrosine
(Johnston et al., 1976; Jenner, Marsden & Reavill,
1979), the hypotensive activity of the drug is not
dependent on intact catecholamine synthesis in the
brain.

The time course of the behavioural actions of
bromocriptine is characterized by prolonged duration
after a slow onset (Johnson et al., 1976; Jenner et al.,
1979) and is therefore similar to the second phase of
the blood pressure response to bromocriptine. The
possibility that each phase of the hypotensive res-
ponse to bromocriptine is due to a different
mechanism is an attractive one but is not supported
by the abolition of the response, over its entire time
course, by adrenal demedullation. The present study
in SH-rats provides no satisfactory explanation for
the biphasic nature of the time-course of the hypo-
tensive response to bromocriptine: the initial res-
ponse may be due to the parent drug, the subsequent
recovery and delayed fall in blood pressure represen-
ting respectively, the time for metabolism of bromo-
criptine and the onset of pharmacological activity of
the metabolites. From studies in the rat, Silbergeld,
Adler, Kennedy & Calne (1977) and Jenner et al.
(1979) have suggested that bromocriptine-induced
hypothermia and circling behaviour respectively may
be mediated by active metabolites.

That the biphasic hypotensive response to bromo-
criptine is abolished by adrenal demedullation
indicates the involvement of adrenal medullary
catecholamines in the response. The persistence of
the response to bromocriptine after a-methyl-p-
tyrosine may seem contradictory to this evidence but
a-methyl-p-tyrosine has little effect on adrenal
medullary catecholamines (Snider et al., 1976).
Furthermore, since the non-selective 8-adrenoceptor
blocking drugs, oxprenolol and propranolol, but not
(+)-propranolol, antagonize the biphasic hypoten-
sive response to bromocriptine in intact SH-rats, a
mechanism involving stimulation of 3-adrenoceptors
is implicated. These data suggest that stimulation of
vascular B,-adrenoceptors by adrenaline released
from the adrenal medulla by bromocriptine and/or
metabolites produces vasodilatation and hence the
hypotensive response. Further evidence supporting
this hypothesis is provided by the failure of the
cardioselective  B-adrenoceptor blocking drug,
atenolol, to affect the biphasic hypotensive action of
bromocriptine.

Bromocriptine possesses a-adrenoceptor blocking
activity in vitro (Gibson & Samini, 1978; Buylaert &
Bogaert, 1978) and this has been confirmed in vivo
since, in SH-rats, pretreatment with bromocriptine



caused reversal. However, the a-adrenoceptor
blocking activity of bromocriptine per se is not solely
responsible for the hypotensive action of bromocrip-
tine since the drug is inactive as a hypotensive in the
SHAD-rat while prazosin, another a-adrenoceptor
blocking drug, is equally effective as a hypotensive in
the SHAD- and SH-rat (unpublished observations).
However, the a-adrenoceptor blocking activity of
bromocriptine is necessary for the drug’s hypotensive
action since, as shown by reversal of the response of
low doses of injected adrenaline from pressor to
depressor, this activity of bromocriptine will allow
adrenaline released from the adrenal medulla to exert
a vasodilator action by stimulation of vascular 8,-
adrenoceptors.

In conclusion, this study has shown that both
phases of the hypotensive response to bromocriptine
in SH-rats are mediated by adrenaline released from
the adrenal medulla which causes vasodilatation by
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