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Abstract. Noradrenergic mechanisms have a stimulatory role in regulating prolactin
(PRL) secretion in the rat. We investigated the mechanism by which the a,-adrenergic
system stimulates PRL release in urethane-anesthetized male rats. Intracerebroventric-
ular injection of norepinephrine (2 ug/rat) or epinephrine (100 ng and 1 ug/rat) caused
an increase in plasma PRL levels. The PRL increase induced by epinephrine was much
greater than that by norepinephrine. Intracerebroventricular injection of phentolamine (1
ug/rat), an «-antagonist, blunted the plasma PRL increase induced by epinephrine (100
ng intracerebroventricularly). Plasma PRL levels were increased by intravenous injection
of a,-agonists, clonidine (15 1g/100 g of body wt), and xylazine (200 xg/100 g of body
wt). Plasma PRL increase induced by clonidine or xylazine was suppressed by intrave-
nous injection of naloxone (125 ug/100 g of body wt), an opiate antagonist. These
findings suggest that «,-adrenergic mechanisms stimulate pituitary PRL secretion, at
least partly, by activating endogenous opioid peptides in the rat.
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renergic systems play a stimulatory role in regu-

lating prolactin (PRL) secretion. Intraventricular
injection of norepinephrine (NE) (1) or microinjection
of NE and epinephrine into the mediobasal hypothal-
amus (2) stimulates PRL release in conscious male rat.
L-threo-3,4-dihydroxyphenylserine, a synthetic com-
pound which is directly converted to NE, stimulates
PRL release in conscious and urethane-anesthetized
male rats (3). Clonidine, an «»-agonist, also stimulates
PRL secretion in conscious ovariectomized rats (4-6)
or conscious and urethane-anesthetized male rats (7-
9). On the other hand, phenoxybenzamine and phen-
tolamine, as-antagonists, suppress the proestrous PRL
surge in ovariectomized, estrogen-treated rats (10).
Blockade of NE systhesis by diethyldithiocarbamate
also prevents estrogen-induced PRL release in ovariec-
tomized rats (11). Furthermore, selective destruction of
ascending noradrenergic pathways by 6-hydroxydopa-
mine blunts both stress-induced PRL release in male

Several lines of evidence suggest that brain norad-
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rats (12) and proestrous PRL surges in female rats (13).
However the mechanisms by which noradrenergic sys-
tems stimulate PRL secretion remain to be elucidated.
In this study, we report that endogenous opioid peptides
may be involved in PRL release induced by wa,-adre-
nergic stimulation.

Materials and Methods

Wistar strain male rats weighing 250-300 g (Japan
Animal Co., Osaka, Japan) were used throughout the
experiments. They were maintained in a temperature-
controlled room (23 £ 1°C) on a 12-hr dark and 12-hr
light schedule (lights on 0600-1800). Laboratory chow
(Oriental Yeast Co., Tokyo, Japan) and tap water were
given ad libitum. After overnight fasting, animals were
anesthetized with urethane (150 mg/100 g of body wt
ip). Fifty minutes after anesthesia, test substances were
injected into the lateral ventricle in a volume of 10 ul/
rat or into an exposed external jugular vein in a volume
of 100 ul/100 g of body wt. Blood samples of 0.6 ml
were withdrawn from the other jugular vein 20 min
before, immediately before, and 10, 20, and 40 min
after the injection of test substances as previously de-
scribed (14). Plasma was promptly separated and kept
at —20°C until assayed. Plasma PRL levels were meas-
ured by specific radioimmunoassay using a kit supplied
by the NIDDK as previously described (14). NIDDK-
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rat PRL RP-3 was used as the standard. The intraassay
and interassay coefficients of variations were 6.8 and
8.7%, respectively.

Clonidine HCI and naloxone HCl were kindly sup-
plied from C. H. Boeringer Japan Co. (Osaka, Japan)
and Endo Laboratories (New York, NY), respectively.
Norepinephrine bitartrate, epinephrine bitartrate,
phentolamine mesylate (REGITINE), and xvlazine
HCI were purchased from Wako Chemical Co. (Osaka,
Japan), Tokyo Kasei Co. (Tokyo, Japan), Ciba-Geigy
Japan Co. (Tokyo, Japan), and Bayer Japan Co. (To-
kyo, Japan), respectively. Drugs were dissolved in phys-
iologic saline immediately before use.

Statistical differences were evaluated by one-way
analysis of variance with Duncan’s new multiple range
test and Student’s ¢ test as appropriate.

Results

As shown in Figure I, intracerebroventricular (icv)
injection of epinephrine (100 ng and 1 ug/rat) caused
a dose-related increase in plasma PRL levels. Intracer-
ebroventricular injection of NE (1 ug/rat) also caused
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Figure 1. Effect of epinephrine (100 ng and 1 ug/rat icv) and norepi-
nephrine (1 ug/raticv) on plasma PRL levels in urethane-anesthetized
male rats. Saline was injected icv in a control group. Mean = SE
values are shown. Numbers of animals are shown in parentheses.
®:epinephrine, 1 ng; M:epinephrine 100 ng; A:NE, 1 ug; and O:saline.
TP < 0.05 and™P < 0.01 vs basal levels.

an increase of plasma PRL levels. However, the plasma
PRL increase induced by epinephrine was much greater
than that by NE. Simultaneous icv injection of phen-
tolamine (1 wpg/rat) blunted the plasma PRL increase
induced by epinephrine (100 ng/rat icv; mean = SE
peak PRL: phentolamine 4 epinephrine 4.5 = 0.7 ng/
ml vs vehicle + epinephrine 14.2 £ 4.3 ng/ml, P <
0.05).

Intravenous (iv) injection of clonidine (15 ug/100
g of body wt) and xylazine (200 ug/100 g of body wt)
resulted in a rise in plasma PRL levels as shown in
Figures 2 and 3. Intravenous injection of naloxone (125
ug/100 g of body wt) did not cause any change in
plasma PRL levels. Pretreatment with naloxone sup-
pressed the plasma PRL increase induced by clonidine
as shown in Figure 2. Naloxone also partially blocked
the PRL increase induced by xylazine (Fig. 3).

Discussion

We showed that icv injection of epinephrine and
NE stimulated PRL secretion. We used the urethane-
anesthetized male rats as an experimental model, since
the basal PRL levels are stable under anesthesia and
stimulatory effects of various substances such as L-
threo-3,4-dihydroxyphenylserine, leumorphin, and gal-
anin (3, 14, 15) in PRL secretion were observed in both
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Figure 2. Effect of naloxone (125 ng/100 g of body wt iv 20 min
before) and cionidine (15 ng/100 g of body wt iv) on plasma PRL
levels in urethane-anesthetized rats. Mean = SE values are shown.
Numbers of animals are shown in parentheses. C:saline + clonidine,
®:natoxone + clonidine, A:naloxone + saline, and A:saline + saline.
*P < 0.05 vs naloxone + clonidine group and naloxone + saline

group.
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Figure 3. Effect of naloxone (125 1ug/100 g of body wt iv 20 min
before) and xylazine (200 ng/100 g of body wt iv) on plasma PRL
levels in urethane-anesthetized rats. Mean = SE values are shown.
Numbers of animals are shown in parentheses. O:saline + xylazine,
®:naloxone + xylazine, and A:naloxone + saline. *P < 0.01 vs
naloxone + xylazine group and naloxone + saline group. **P < 0.05
vs naloxone + saline group.

anesthetized and conscious rats. NE and clonidine stim-
ulate PRL release in both urethane-anesthetized and
conscious rats (1, 2, 4-9). Therefore, urethane anes-
thesia itself may not alter PRL response to a-adrenergic
stimulants. The peak plasma PRL after the injection of
epinephrine was much greater than that of NE, and
phentolamine blunted the plasma PRL increase in-
duced by epinephrine. Epinephrine is known to be
more potent as ay-agonist than NE (16). These findings
suggest that a-adrenergic mechanisms are involved in
epinephrine- and NE-induced PRL release, although
we cannot exclude the influences of local vasoconstric-
tion and cardiovascular changes induced by icv injec-
tion of epinephrine and NE. It is less likely that the
systemic effect of a,-agonists may alter PRL secretion,
since clonidine and xylazine stimulated PRL release in
a dose-related manner (7 and our unpublished data).
Lien et al. (17) observed the inhibition of PRL secretion
at a small dose of clonidine (5 ug/100 g of body wt).
The discrepancy may be explained by the dose of
clonidine used. Clonidine may mainly activate postsyn-
aptic a,-receptors at the dose used in this study (15 ug/
100 g of body wt), since it can stimulate PRL release in
epinephrine- and NE-depleted rats treated with dopa-
mine-g-hydroxylase inhibitors (6, 9).

We demonstrated that PRL increase induced by
clonidine and xylazine was blunted by iv injection of
naloxone, an opiate antagonist. The «z-adrenergic sys-
tem is known to interact with and to stimulate the
endogenous opioid system (18-21). Recently, we have
reported that clonidine decreased the dopamine levels
in the mediobasal hypothalamus and that naloxone
blocked mediobasal hypothalamus dopamine decrease
induced by clonidine (22). Endogenous opioid peptides
are known to inhibit the activity of tuberoinfundibular
dopamine, which is a major PRL-inhibiting factor (23,
24). It was also reported that both an a-antagonist (10)
and naloxone (25) blocked the proestrous PRL surge.
Taken together, the present study indicates that ao-
adrenergic mechanisms may stimulate PRL secretion,
at least partly, through the activation of endogenous
opioid peptides. Further studies are required to eluci-
date the physiologic role of a-adrenergic receptors in
regulating PRL secretion.
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