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Abstract. To clarify physiological roles of catecholaminergic systems in the control of rabbit
prolactin (PRL) release, the effect of various catecholamine receptor antagonists on plasma
PRL levels was examined in conscious, freely moving male rabbits. An intravenous (iv)
injection of yohimbin (2.5 mg/kg body wt), an a,-adrenoreceptor antagonist, but not prazosin
(2 mg/kg body wt), an «-adrenergic receptor antagonist, resulted in a significant elevation of
plasma PRL. Conversely, propranolol (2.5 mg/kg body wt, iv), a nonselective $-adrenoreceptor
antagonist, and metoprolol (2.6 mg/kg body wt, iv), a 8,-adrenergic antagonist, slightly but
significantly suppressed basal levels of plasma PRL. On the other hand, haloperidol (0.5 mg/
kg body wt, iv), pimozide (0.3 mg/kg body wt, iv), sulpiride (5 mg/kg body wt, iv),
chlorpromazine (3 mg/kg body wt, iv), and YM-09151-2 (0.2 mg/kg body wt, iv), all dopamine
receptor antagonists caused a significant increase in plasma PRL. These results suggest that
dopaminergic and a,-adrenergic mechanisms exert a tonic inhibitory role and S-adrenergic
mechanisms, probably B3,, a tonic stimulatory role in the regulation of PRL release in the

rabbit.

© 1985 Society for Experimental Biology and Medicine.

There is considerable evidence that the
central catecholaminergic system influences
the secretion of prolactin (PRL) in several
mammalian species (1). However, few data
are available in the rabbit, probably due to
delayed development of a rabbit PRL ra-
dioimmunoassay. The aim of the present
study is to clarify the physiological role of
the catecholaminergic system on the regula-
tion of rabbit PRL secretion. Thus, we ex-
amined the effects of several catecholamin-
ergic antagonists on plasma PRL levels in
conscious, freely moving rabbits.

Materials and Methods. Male New Zea-
land White rabbits weighing 2-3 kg were
provided with laboratory chow (Oriental
Yeast Co., Osaka, Japan) and tap water ad
libitum in an air-conditioned room (25
+ 1°C) under an artificial light-dark schedule
(light on 0600-1800 hr). They were anesthe-
tized with pentobarbital (25 mg/kg body wt,
iv), and indwelling catheters were inserted
via incision of the right external jugular vein
into the right atrium at least 2 weeks before
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the experiment (2, 3). On the day of the
experiments, a small syringe was connected
to extension tubing attached to the indwelling
catheter at 0900 hr; then, the animals were
left undisturbed. Blood samples (0.5 ml) were
collected at 15-min intervals from 1100 to
1700 hr. The test substances were injected iv
as a bolus just after the first collection of
blood at 1100 hr. Blood samples were cen-
trifuged immediately, and plasma was stored
at —20°C until assayed. The red blood cells
were resuspended in a heparinized solution
of 0.9% NaCl and returned to the rabbits
after obtaining the next sample.

The following drugs were used: prazosin
(Taito Pfizer Co. Ltd., Osaka, Japan), an «;-
adrenoreceptor antagonist; yohimbin (Wako
Pure Chem. Industry, Osaka, Japan), an «5-
adrenoreceptor antagonist; propranolol
(Sumitomo Chem. Ltd., Osaka, Japan), a
B-adrenoreceptor antagonist; metoprolol (Fuji-
sawa Pharm. Co. Ltd., Osaka, Japan), a ;-
adrenoreceptor antagonist; haloperidol (Dai-
Nippon Chem. Co. Ltd., Osaka, Japan);, pi-
mozide (Fujisawa Pharm. Co. Ltd., Osaka,
Japan); Chlorpromazine (Shionogi Co. Ltd.,
Osaka, Japan); and cis-N-(1-benzyl-2-meth-
ylpyrrolidin - 3 - yl) - 5 - chloro - 2 - methoxy -
4-methylaminobenzamide (YM-09151-2;
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Yamanouchi Pharm. Co. Ltd., Tokyo, Ja-
pan), a dopamine receptor antagonist. All
adrenoreceptor antagonists were dissolved in
distilled water, and chlorpromazine was in
physiological saline. Haloperidol was dis-
solved in lactate, pimozide was in glacial
acetic acid, and sulpiride was in sulfate. They
were used after adjustment of pH to 4 with
1 N NaOH. YM-09151-2 was dissolved in 1
N HC(l, diluted with distilled water, and used
after adjustment of the pH to 4 with sodium
bicarbonate.

Plasma PRL were measured using the ra-
dioimmunoassay (RIA) kit supplied by the
National Hormone and Pituitary Agency,
NIADDK, and Dr. A. F. Parlow. Highly
purified rabbit PRL (AFP-1974-C) was used
for radioiodination and as the reference stan-
dard. Anti-rabbit PRL serum (AFP-
18102677) bound 20% of labeled rabbit PRL
at a final dilution of 1:400,000. The intra-
and intercoeflicients of variation for the rabbit
PRL RIA were 8.3 and 11.4%, respectively.
The minimal detectable level of the assay
was 0.03 ng/tube.

Student’s ¢ test was used for statistical
analysis of the effect of individual dopamine
receptor antagonist. Duncan’s new multiple
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range test (4) was used for multiple compar-
ison among the effects of adrenoreceptor
antagonists.

Results. Under the baseline condition of
conscious, freely moving male rabbits, plasma
PRL concentrations (mean + SEM: 5.8 £ 0.5
ng/ml) were low and stable without any
significant fluctuations (Fig. 1), in sharp con-
trast with assay of GH showing spontaneous
oscillations in an approximately 3-hr intervals
as described elsewhere (2).

An intravenous injection of yohimbin, an
ay-adrenoreceptor antagonist, caused a rapid
and significant increase in plasma PRL,
whereas prazosin, o;-adrenoreceptor antago-
nist, did not (Fig. 2).

On the contrary, an intravenous adminis-
tration of metoprolol, a B;-adrenoreceptor
antagonist, as well as propranolol, a nonse-
lective B-adrenoreceptor antagonist, resulted
in a significant decrease of plasma PRL levels
(Fig. 3). However, the effects of these two -
adrenoreceptor antagonists were different in
duration of action; suppression of PRL release
by propranolol was transient, and that by
metoprolol prolonged. Dopamine receptor
antagonists including sulpiride, pimozide,
haloperidol, chlorpromazine, and YM-09151-
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FIG. 1. Baseline prolactin secretory patterns in individual conscious, freely moving male rabbits. Open
circle shows the value below the minimal detectable level in our radioimmunoassay system.
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F1G. 2. Effect of yohimbin (2.5 mg/kg, iv), prazosin
(2 mg/kg, iv), and saline on net changes in rabbit plasma
prolactin levels. All values represent the means + SEM
from the number of determinations indicated in paren-
theses. Statistical difference is shown by asterisks; *P
< 0.05, P < 0.01 vs saline control (Duncan’s new
multiple range test).

2 were all effective in increasing plasma PRL
levels (Fig. 4), although sulpiride was a D,-
selective dopamine receptor blocker, and the
other four drugs were antagonists of both
D;- and D,-dopamine receptors.

Discussion. This study showed that plasma
PRL levels are affected by systemic admin-
istration of various catecholaminergic recep-
tor antagonists, indicating an involvement of
catecholaminergic mechanisms in the physi-
ological regulation of PRL secretion in the
rabbit as well as in other species.

In the present study, we found that yohim-
bin but not prazosin induced a marked in-
crease in basal plasma PRL levels. On the
basis of the data from the receptor binding
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studies, yohimbin is known to have 60-500
times greater affinity for the a,-adrenorecep-
tor than prazosin (5, 6), whereas the binding
affinity of prazosin to the a;-receptor is several
hundred to a thousand times greater than
that of yohimbin (5, 7). Thus it is possible
to assume that the basal secretion of PRL is
suppressed by the tonic activation of a»-
adrenoreceptor mechanisms. Our data are
consistent with the findings that yohimbin
enhanced basal PRL levels in rats (8) as well
as in primates (9) and stress-induced PRL
release in human (10). However, the effect
of clonidine, a,-adrenoreceptor agonist, on
PRL release is controversial. Gold ef al. have
reported an inhibitory effect of clonidine (10
pg/kg, iv) on PRL release in nonhuman
primates (11), but Negro-vilar et al. have
demonstrated the stimulatory effect of clon-
idine (150 ug/kg, iv) on PRL release in
ovariectomized rats (12). Our data rather
supported the former results, although the
cause of the discrepancy remains unknown.

A single iv bolus injection of propranolol
caused a small but significant decrease in

tor ‘ ®—®  cpropranolol(2.5 mg/kg) (7)
A —A

0---0
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F1G. 3. Effect of propranolol (2.5 mg/kg, iv), metoprolol
(2.6 mg/kg, iv), and saline on net changes in rabbit
plasma prolactin levels. All values represent the means
+ SEM from the number of determinations indicated in
parentheses. Statistical difference is shown by asterisks;
*P < 0.05 vs saline control (Duncan’s new multiple
range test).
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FIG. 4. Effect of sulpiride (5 mg/kg, iv), YM-09151-2
(0.2 mg/kg, iv), chlorpromazine (3 mg/kg, iv), pimozide
(0.3 mg/kg, iv), haloperidol (0.5 mg/kg, iv), and saline
on net changes in rabbit plasma prolactin levels. All
values represent the means + SEM from the number of
determinations indicated in parentheses. Statistical dif-
ference is shown by asterisks; *P < 0.05, **P < 0.01 vs
saline control (Student’s ¢ test).

plasma PRL in the present study, which is
in good agreement with the previous data in
conscious male rats (13). However, the effect
of propranolol on PRL secretion is inconsis-
tent and different under various experimental
conditions. Gala et al. have reported that
plasma PRL was increased modestly by pro-
pranolol in monkeys at a dose of 5 mg/kg,
iv (14) and in ovariectomized, estrogen-
treated rats at a dose of 50 mg/kg iv (15)
and was enhanced markedly by intracere-
broventricular injection of propranolol (50
ug/5 ul) in female rats (16). Wartofsky ef al.
have reported that propranolol had no effect
on either basal plasma PRL levels or TRH-
induced PRL release in humans (17). The
reason the effect of propranolol on PRL
release is inconsistent among different exper-
imental conditions remains unknown. How-
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ever, this discrepancy might be due to the
failure of propranolol to select the subclass
of B-adrenoreceptors. In this study, we found
that an iv injection of metoprolol, a (-
adrenoreceptor antagonist, caused a modest,
sustained decrease in plasma PRL throughout
the experiment, while plasma PRL levels
declined only transiently after propranolol,
then returned to the basal value and rather
tended to increase 75 min after the injection.
Although the role of the ,-adrenoreceptor
mechanism in controlling PRL secretion re-
mains to be investigated, there might be a
reciprocal relationship between 8;- and B,-
adrenoreceptors in the regulation of PRL
release.

On the other hand, dopamine is well es-
tablished as one of the PRL release-inhibiting
factors acting through hypophyseal portal
circulation to suppress directly PRL release
from the anterior pituitary gland, whereas
D,-, but not D;-, dopaminergic receptors
have been reported to exist (18, 19). Our
observation on stimulation of PRL release
by sulpiride and chlorpromazine agrees well
with previous findings obtained from the
rabbit (20, 21) and other species (1). YM-
09151-2, a novel benzamide, was initially
reported to antagonize the action of dopamine
through D;-dopaminergic receptors (22),
while it is now considered to be a rather
potent antagonist of D,-type receptors (23,
24). YM-09151-2, pimozide, and haloperidol
also caused a prompt and significant increase
of plasma PRL in the rabbit in our study, in
concordance with their stimulatory effects on
PRL release in other species (1, 24). Thus,
D,-dopaminergic receptor mechanisms ap-
pear to play a tonic inhibitory role in regu-
lating rabbit PRL release.

In conclusion, the catecholaminergic reg-
ulation of PRL release in the rabbit may be
accomplished by the tonic inhibition via
both a,-adrenoreceptor and D,-dopamine re-
ceptor mechanisms as well as by tonic stim-
ulation via B;-adrenoreceptor mechanisms.
The site of receptors involved in PRL secre-
tion cannot be determined by this study.

We are grateful to the National Pituitary Agency,
NIADDK, and Dr. A. F. Parlow for supplying the RIA
kit for rabbit PRL. We are also indebted to Dr. Hiroo
Maeno, Yamanouchi Pharmaceutical Company Ltd.,



148

Tokyo, Japan, for a generous supply of YM-09151-2.
This work was supported in part by grants from the
Ministry of Education, Science and Culture and the
Ministry of Health and Welfare, Japan.

12.

. Weiner RI, Ganong WF. Role of brain monoamines

and histamine in regulation of anterior pituitary
secretion. Physiol Rev 58:905-976, 1978.

. Chihara K, Minamitani N, Kaji H, Kita T, Fujita

T. Human pancreatic growth hormone-releasing fac-
tor stimulates release of growth hormone in con-
scious, unrestrained male rabbits. Endocrinology
113:2081-2085, 1983.

. Chihara K, Minamitani N, Kaji H, Kodama H, Kita

T, Fujita, T. Noradrenergic modulation of human
pancreatic growth hormone-releasing factor (hp-
GHRF 1-44)-induced growth hormone release in
conscious male rabbits: Involvement of endogenous
somatostatin. Endocrinology 114:1402-1406, 1984.

. Steel RDG, Torrie JH. Principles and Procedures of

Statistics. New York, McGraw-Hill, p22, 1960.

. Haga T, Haga K. Characterization of alpha-adrenergic

receptor subtypes in rat brain: Estimation of ability
of adrenergic ligands to displace *H-dihydroergo-
cryptine from the receptor subtypes. Life Sci 26:
211-218, 1980.

. Tanaka T, Starke K. Binding of *H-clonidine to an

a-adrenoreceptor in membranes of guinea-pig ileum.
Naunyn Schmiedebergs Arch Pharmacol 309:207-
215, 1979.

. Greengrass P, Bremmer R. Binding characteristics

of *H prazosin to rat brain a-adrenergic receptors.
Eur J Pharmacol 55:323-326, 1979.

. JurcOvicova J, Viga§ M, Langer P, Jezova D. The

role of alpha-adrenergic receptors in the mediation
of morphine or stress-induced secretion of prolactin
and growth hormone in the rat. In: Erdroczi E, ed.
Neuropeptides, Neurotransmitter and Regulation of
Endocrine Processes. Budapest, Akadémiai Kiado,
p371, 1983.

. Gold MS, Doanbedian RK, Remond DE. Further

evidence for alpha-2-adrenergic receptor mediated
inhibition of PRL secretion: The effect of yohimbin.
Psychoneuroendocrinology 3:253-260, 1978.

. Tatar P, Vigas M. Role of alpha,- and alpha,

adrenergic receptors in the growth hormone and
prolactin response to insulin-induced hypoglycemia
in man. Neuroendocrinology 39:275-280, 1984.

. Gold MS, Donabedian RK, Redmond DE. Effect of

piperoxane on serum prolactin: Possible role of
epinephrin-mediated synapses in the inhibition of
prolactin secretion. Endocrinology 102:1183-1189,
1978.

Negro-vilar A, Ojeda SR, Advis JP, McCann SM.

13.

20.

21.

23.

24,

CATECHOLAMINERGIC CONTROL OF RABBIT PRL

Evidence for noradrenergic involvement in ovariec-
tomized rats. Endocrinology 105:86-91, 1979.
Martin JB, Durand D, Gurd W, Faille G, Audet J,
Brazeau P. Neuropharmacological regulation of ep-
isodic growth hormone and prolactin secretion in
the rat. Endocrinology 102:106-113, 1978.

. Gala RR, Subramanian MG, Peters JA, Pieper DR.

The effects of serotonergic and adrenergic receptor
antagonists on prolactin release in the monkey. Life
Sci 20:631-638, 1977,

. Lawson DM, Gala RR. The influence of adrenergic,

dopaminergic, cholinergic and serotoninergic drugs
on plasma prolactin levels in ovariectomized, estro-
gen-treated rats. Endocrinology 96:313-318, 1975.

. Gala RR, Janson PA, Kuo EY. The influence of

neural blocking agents injected into the third ventricle
of the rat brain and hypothalamic electrical stimu-
lation on serum prolactin. Proc Soc Exp Biol Med
140:569-572, 1972.

. Wartofsky L, Dimond RC, Noel GL, Frantz AG,

Earll JM. Failure of propranolol to alter thyroid
iodine release, thyroxine-turnover, or the TSH and
PRL responses to thyrotropin-releasing hormone in
patients with thyrotoxicosis. J Clin Endocrinol 41:
485-490, 1975.

. Giannattasio G, De Ferrari ME, Spada A. Dopamine-

inhibited adenylate cyclase in female rat adenophy-
pophysis. Life Sci 28:1605-1612, 1981.

. Kebabian JW, Calne DB. Multiple receptors for

dopamine. Nature (London) 277:93-96, 1979.
McNeilly AS, Friesen HG. Heterologous radioim-
munoassay for rabbit prolactin. Endocrinology 102:
1539-1547, 1978.

Muccioli G, Lando D, Bellussi G, DiCarlo R. Phys-
iological and pharmacological variations in rabbit
prolactin plasma levels. Life Sci 32:703-710, 1982.

. Usuda S, Nishikori K, Noshiro O, Maeno H. Neu-

roleptic properties of cis-N-(1-benzyl-2-methyl-pyr-
rolidin-3yl)-5-chloro-2-methoxy-4-methylamino-
benzamide (YM-09151-2) with selective antidopa-
minergic activity. Psychopharmacology 73:103-109,
1981.

Jenner P, Marsen CD. Substituted benzamide drugs
as selective neuroleptic agents. Neuropharmacology
20:1285-1293, 1981.

Meltzer HY, Mikuni M, Simonoric M, Gudelsky
GA. Effect of a novel benzamide, YM-09151-2, on
rat serum prolactin levels. Life Sci 32:1015-1021,
1983.

Received March 20, 1985. P.S.E.B.M. 1985, Vol. 180.
Accepted May 10, 1985.





