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Abstract. The effect of metoclopramide, a dopamine antagonist, and L-dopa on plasma 
aldosterone (PA), plasma renin activity (PRA), and plasma prolactin (PRL) was studied in 
eight spontaneously hypertensive rats (SHR) and eight Wistar- Kyoto normotensive rats 
(WKY). Basal PRL levels were greater (P < 0.005) in the SHR (24.3 -+ 1 .O nglml) than in the 
WKY (13.7 -+ 0.7 nglml). Baseline PA in the SHR (49.9 & 7.2 ngldl), although higher, were 
not statistically different from those in the WKY (38.0 k 7.0 ngldl). Basal PRA in the SHR 
(1 1 .O 2 0.6 nglml hr-l) was not different from that of WKY (1 1.4 2 0.8 ng/ml hr-l). Although 
both groups of rats displayed significant PA, PRA, and PRL responses to metoclopramide 
the responses were greater (P < 0.01) in the SHR. These responses to metoclopramide 
remained exaggerated even after the rats were pretreated with L-dopa. However, adminis- 
tration of L-dopa resulted in similar suppression of all three hormones in the SHR and in the 
WKY. These findings suggest that there is altered dopaminergic modulation of secretion of 
PA, PRA, and PRL in the SHR. Alterations in peripheral and central dopamine control of 
hormone secretion may play a role in the pathogenesis of essential hypertension in the SHR. 

Spontaneously hypertensive rats (SHR) 
are regarded as a good animal model for the 
investigation of human essential hyperten- 
sion (1, 2). Hypertension in SHR is 
hemodynamically similar to  essential 
hypertension, both resulting ultimately 
from increased peripheral vascular resis- 
tance. Various pathogenesis mechanisms of 
hypertension in this model have been 
studied. Alterations in central neuro- 
transmitters and the hypothalamic -pitu- 
itary axis have been described (3-5). There 
is evidence of heightened sympathoadrenal 
activity, particularly at 1-3 months of age 
when blood pressure in these animals is 
rising rapidly (6-8). There is also evidence 
that exaggerated cardiovascular and hor- 
monal responses to environmental stimuli 
may play a role in development of hyper- 
tension in SHR (5, 8, 9). 

Levodopa and the dopamine agonist 
bromocriptine have been reported to cause 
significant depression of blood pressure in 
human essential hypertension (10, 11) and 
in SHR (12, 13). It was concluded that the 
hypotensive mechanism of dopamine 
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agonists involved a central effect of depress- 
ing sympathetic nerve activity or prolactin 
secretion (1 1 ,  12). Recent studies in the rat 
(14), and in man (15 - 18) suggest that there 
is dopaminergic modulation of aldosterone 
secretion. In order to investigate a possible 
alteration in dopaminergic control of al- 
dosterone secretion in SHR, we have com- 
pared the effects of metoclopramide, a 
dopamine antagonist ( 19), on plasma renin 
activity (PRA) and plasma aldosterone (PA) 
in SHR and Kyoto- Wistar controls. We 
have also studied the effect of preadminis- 
tration of levodopa on metoclopramide- 
induced changes in PRA and PA in both 
groups of rats. 

Materials and methods. Spontaneously 
hypertensive (SHR) and normotensive male 
rats weighing 200-225 g were maintained at 
23" on a light-dark cycle of 14:10, fed 
Purina rat chow, and watered ad libitum. A 
25-cm polyethylene catheter (PE 50) was 
inserted into the left common carotid artery 
under Nembutal anesthesia as previously 
described (5). The catheters were ex- 
teriorized and kept patent by flushing with 
heparinized saline. Studies were conducted 
48 hr after surgery, all samples were 200 pl, 
and volume was maintained with 0.9% 
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saline replacement. Hormone levels were 
measured in response to a 200 pl intraarte- 
rial bolus of 0.9% saline, or of 200 pg/kg 
metoclopramide, or of 30 mg/kg L-dopa, or 
metoclopramide in combination with L-dopa 
given 30 min prior to metoclopramide. 
Collections were made at -30, 0, 5, 10, 15, 
30, and 45 min. 

PRA and PA were performed by RIA as 
previously described using [ 1251]iodoangio- 
tensin I and [3H]aldosterone obtained from 
New England Nuclear Corporation, Bos- 
ton, Mass. (20, 21). The coefficients of 
variation were 6% within assay and 15% 
interassay for PRA and 6% within assay 
and 14% interassay for PA. Plasma PRL 
was measured by double-antibody RIA 
using reagents provided by NIAMDD 
with PRL RP-1 serving as the reference 
preparation (5). Potassium was measured 
by atomic absorption spectrophotometry . 
Hormonal responses to metoclopramide 
and L-dopa were evaluated with paired t 
tests and group comparisons were made by 
multivariant analysis (22). 

Mean arterial blood pressures were mea- 
sured using a physiograph pressure trans- 
ducer with recorder. These measurements 
were performed at times of blood sampling 
after administration of metoclopramide. 

Results. Mean arterial blood pressure 
(MAP) prior to metoclopramide adminis- 
tration was greater (P < 0.001) in the SHR 
(161 2 20 mm Hg) than for  the Wis- 
tar-Kyoto rats (108 ? 8 mm). The MAP in 
both groups of rats did not change signifi- 
cantly from 5 through 45 min after meto- 
clopramide. Baseline PA in the SHR (49.9 k 
7.2 ng/dl), although higher, was not statisti- 
cally different from baseline values in the 
normotensives (38.7 ? 7.0 ng/dl) (Fig. 1) .  
At sampling times 5 through 45 min after 
metoclopramide administration the PA was 
elevated (P < 0.005) above the baseline 
values in both groups (Fig. 1). There was no 
significant increase in PA in either groups 
after the sham (saline) injection and blood 
sampling with volume (saline) replacement 
(Fig. 1). There were significantly greater (P 
< 0.01) PA responses in the SHR than the 
normotensives at 15, 30, and 45 min after 
metoclopramide . 

Baseline PRA in the SHR (11.0 5 0.6 

30- 
1 
i 

50 - 

40 - 

ng/ml hr-l) (Fig. 2). Injection of a bolus of 
saline (sham) did not significantly increase 
PRA in either group. PRA after metoclo- 
pramide was elevated(P < 0.01) above 
baseline values in the SHR at 10 min and in 
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FIG. 2. Mean plasma renin activity (PRA) response 

to metoclopramide in eight SHR (-) and in eight 
normotensive Wistar-Kyoto rats, and to a sham 
(saline) injection in eight SHR (-a-). Vertical bars 
represent SEM. 
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both groups at 15,30, and 45 min. The PRA 
response to metoclopramide was greater (P 
< 0.01) for the SHR than for the Wistar 
normotensives at 10 through 45 min. 

Baseline PRL was higher (P < 0.005) in 
the SHR (24.3 2 1.0 ng/ml) than the Wistar 
normotensives (10.4 2 0.7 ng/ml) (Fig. 3). 
There was a significant (P < 0.05) PRL ele- 
vation in both groups at 5 min, and maximal 
PRL responses in the SHR (71.8 5 8.1 
ng/ml) and the controls (35.0 5 4.6 ng/ml) 
occurred at 10 min after metoclopramide 
administration. Prolactin responses to  
metoclopramide were similar for the SHR 
and the controls at all sampling times from 5 
through 45 min after metoclopramide. 

Administration of L-dopa depressed PA 
in both groups of rats from 5 through 45 min 
and the suppression was similar in both 
groups (Fig. 4). PRA suppression was also 
similar for both groups. However, PRA was 
not suppressed until 10 min after L-dopa 
administration in the two groups. In both 
groups PRL was suppressed to approxi- 
mately 50% of baseline values at 15 min and 
remained 50% suppressed through 45 rnin 
following L-dopa administration. 

Plasma aldosterone, PRA, and PRL were 
suppressed 30 min after L-dopa administra- 
tion (Table I). Preadministration of L-dopa 
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FIG. 3. Mean prolactin responses to metoclopramide 
in eight SHR (-) and in eight normotensive Wis- 
tar-Kyoto rats (- --). Vertical bars represent SEM. 
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FIG. 4. Mean plasma aldosterone responses to L- 

dopa in eight SHR (-) and eight normotensive 
Wistar-Kyoto rats (- --). Vertical bars represent 
SEM. 

significantly (P < 0.05) blunted the 
metoclopramide-induced PRA response to 
metoclopramide (Table I, Fig. 2). In con- 
trast, the PA response to metoclopramide 
after L-dopa was not significantly different 
from metoclopramide alone (Table I ,  Fig. 
1). During L-dopa treatment, the SHR 
manifested greater (P < 0.05) PA and PRA 
responses to  metoclopramide than the 
Wistar normotensives. The PRL responses 
to metoclopramide was blunted (P < 0.001) 
in both groups at each sampling interval 
from 5 through 45 rnin following preadmin- 
istration of L-dopa (Table I, Fig. 3). The 
PRL response to metoclopramide remained 
similar in the two groups after L-dopa pre- 
treatment. Potassium levels did not change 
after administration of metoclopramide or 
L-dopa. 

Discussion. In this investigation, block- 
ade of dopamine receptors by metoclo- 
pramide resulted in a prompt and marked in- 
crease in plasma aldosterone in both SHR 
and Wistar normotensive rats. This PA re- 
sponse preceded increases in PRA and 
paralled increases in plasma PRL. How- 
ever, it is unlikely that the rise in PRL 
stimulated aldosterone secretion since 
metoclopramide can increase PA in 
hypophysectomized subjects (16). Our ob- 
servation that PA elevations after meto- 
clopramide and depressions after L-dopa oc- 
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curred prior to changes in PRA suggests 
that dopaminergic control of aldosterone 
occurs independent of the renin - angioten- 
sin system. Recent in vitro studies have 
demonstrated that dopamine has a direct 
effect on adrenal cells since it inhibited 
angiotensin-stimulated aldosterone bio- 
synthesis (23). The more delayed effect 
of dopamine agonists and antagonists on 
PRA may reflect an indirect dopaminergic 
control mechanism for renin secretion. The 
decrease in PRA in response to L-dopa can 
be blocked by acute renal sympathetic de- 
nervation (24). L-Dopa administration re- 
sults in a reduction in efferent sympathetic 
nervous activity, presumably due to an in- 
crease in central nervous system (CNS) 
catecholamine content (6). These findings 
suggest that dopaminergic control of renin 
secretion may be modulated through alter- 
ations in sympathetic outflow from the 
CNS. 

The results of the present study suggest 
that dopaminergic control of both renin and 
aldosterone secretion is altered in the SHR. 
Compared to normotensive Wistar controls 
the SHR display exaggerated rises in PRA 
and PA after dopamine antagonism with 
metoclopramide. It is well established that 
the noradrenergic component of the sym- 
pathetic nervous system increases renin se- 
cretion, probably by stimulation of intra- 
renal P-adrenoreceptors (25). Similarly, re- 
cent evidence has been presented that both 
norepinephrine and epinephrine increase 
aldosterone secretion by stimulation of 
both a- and P-adrenoreceptors (26). Thus, it 
appears that the dopaminergic and norad- 
renergic components of the sympathetic 
nervous system act as opposing influences 
in the control of renin and aldosterone se- 
cretion. In the SHR with its greater sym- 
pathetic nervous system activity, removal 
of the dopaminergic control after metoclo- 
pramide administration would allow unop- 
posed stimulation of PRA and PA by the 
overactive noradrenergic component of the 
sympathetic nervous system. Alternatively, 
exaggerated PRA and PA responses to a 
dopamine antagonist such as metoclo- 
pramide may reflect greater sensitivity to the 
effects of dopamine in the SHR. A greater 
sensitivity to dopamine could result from 
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decreased levels of dopamine and lesser 
occupancy of dopamine receptors centrally 
and at the adrenal glomerulosa. However, 
our observation that L-dopa depressed PRA 
and PA to the same extent in both groups of 
rats would be against the latter explanation. 

The basal PA levels were slightly higher 
in the SHR, which is in agreement with an- 
other recent report (9). However, there was 
no statistical difference in these levels be- 
cause of the small numbers of animals in 
each group. These slightly higher levels of 
PA, despite normal PRA, could be ex- 
plained on the basis of relatively greater 
counterregulatory effects of the dopamin- 
ergic component of the sympathetic ner- 
vous system on renin release in the SHR. 
Age-related reductions in PRA in the 
SHR could also be explained by a com- 
pensatory increase in tonic inhibitory 
dopaminergic control in renin secretion in 
the older SHR. Thus, the high PRA in the 
early stages of development of hyperten- 
sion in the SHR (27) could reflect gener- 
alized increases in sympathetic nervous 
activity. The normal to decreased PRA 
values noted in the SHR after develop- 
ment of sustained hypertention (27) may 
be related to the evolution of relatively 
greater tonic inhibitory dopaminergic con- 
trol of renin secretion. 

Higher basal PRL levels have been pre- 
viously observed in the SHR and in patients 
with essential hypertension (4, 5, 7). As 
previously proposed, the hyperprolac- 
tinemic state in the SHR probably reflects 
decreased dopaminergic activity at the 
hypothalamic level (5). It is unlikely that 
elevated prolactin levels result in the al- 
tered aldosterone and renin secretion in re- 
sponse to dopamine antagonists. Rather, as 
previously proposed, hyperprolactinemia is 
probably a marker of altered central 
dopaminergic activity. The role of altered 
dopaminergic activity in the development 
of hypertension in the SHR remains to be 
elucidated. However, the results of a recent 
study demonstrate that treatment of SHR 
with bromocriptine for 3 weeks results in a 
30% reduction in blood pressure from 
hypertensive to normotensive levels (13). It 
was proposed by these investigators that 
the reduction in blood pressure resulted 

from depression of the elevated PRL levels 
in the SHR. However, the results of the 
present study suggest that dopamine may 
partly exert its vasodepressor effects by 
tonically inhibiting both renin and aldo- 
sterone secretion in the SHR. 

We wish to thank Ms Pamela Joyce for her assis- 
tance in the preparation of this manuscript. 
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