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Participation of the opioid system in the regulation of prolactin secretion
in androgenized rats. effect of ovarian steroids
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Abstract

We examined the role of the opioid system on the regulation of prolactin secretion in neonatally androgenized rats and evaluated the
participation of ovarian steroids in this regulation. Androgenized rats exhibited an increase of prolactin secretion with higher serum
circulating levels in the afternoon (1800) than in the morning (1000). The administration of the opioid antagonist naloxone (2 mg,/kg, 30
min before decapitation) reduced serum prolactin levels in both groups. To identify the opioid receptor subtypes involved in this
regulation, opioid agonists were administered i.c.v. 15 min before the decapitation (1000). The p-opioid receptor agonist DAMGO
([o-Al&?, NMe-Phe*, Gly®-ol]-enkephalin) caused a significant increase in serum prolactin concentration. The selective k-opioid receptor
agonist U-50, 488H (trans-( +)-3,4-dichloro-N-[2(1-pyrrolidinyl)-cyclohexyl]-benzene acetamide methane sulfonate salt) induced a small
but significant increase in serum prolactin levels but no effect was observed after administration of the 3-opioid agonist DPDPE ([p-Pen?,
D-Pen®]-enkephalin). The role of oestradiol and the opioid system in the continuous secretion of prolactin was also study. Chronic
gonadectomy (3—4 weeks) reduced serum prolactin concentrations measured at 1000 but the administration of naloxone had no effect.
Three days of oestrogen treatment (2 p.g/rat in oil) restored serum prolactin levels compared with ovariectomized animals and this effect
was abolished by naloxone treatment. Interestingly, acute ovariectomy or administration of tamoxifen to intact androgenized rats did not
prevent the continuous secretion of prolactin observed in these animals and naloxone treatment reduced serum prolactin levels in both
groups of rats. We also examine the participation of adrenal progesterone and the endogenous opioid peptides on the regulation of
prolactin levels in androgenized rats. After adrenalectomy, no changes in serum prolactin levels (1000) were observed compared with the
control anima and naloxone treatment significantly reduced circulating prolactin levels. Progesterone treatment to intact androgenized
rats significantly increased prolactin levels and the administration of naloxone blocked the stimulatory effect of the steroid. These results
suggest that the opioid system play a role in the regulation of prolactin secretion in androgenized rats modulated by the persistence of
oestrogen action. Moreover, the presence or absence of progesterone did not modify the regulation of prolactin secretion by the opioids.
The .- and k-opioid receptor subtypes are the ones involved in the modulation of pituitary prolactin secretion. © 1999 Elsevier Science
B.V. All rights reserved.

Keywords: Naloxone; Opioid peptide; Opioid receptor, specific; Steroid, ovarian; Prolactin; Androgenized rat

1. Introduction land et al., 1982) and dopaminergic systems (Demarest et
al., 1981).

Endogenous opioid peptides play a role in the regula-
tion of prolactin secretion in rats during pro-oestrous (leri
et al., 1980), stress (Rossier et a., 1979), pregnancy
(Sagrillo and Voogt, 1991; Soagje and Deis, 1994, 1997)
and lactation (Ferland et al., 1978; Selmanoff and
Gregerson, 1986). Although a direct effect of opioids at
the level of the anterior pituitary gland cannot be ruled out
completely (Enjalbert et al., 1979), it has been accepted

Neonatal administration of androgens to rats modifies
the mechanisms that regulate hormone secretion by the
pituitary. Female androgenized rats are characterised by
having an ovulatory failure, a persistent vagina oestrous
and elevated serum concentrations of oestrogen and pro-
lactin (Barraclough, 1961). Also in these rats, there are
changes in the functionality of the noradrenergic (L ooking-
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that endogenous opioid peptides act at central level in the
regulation of prolactin secretion (Buydens et al., 1986;
Dobson and Brown, 1988; Soaje and Deis, 1994). The
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opioid peptides mediate their physiological effects by act-
ing on three distinct opioid receptors named the w, k and
8, which have been recently cloned in different tissues and
cell lines (Evans et al., 1992; Chen et d., 1993; Meng et
al., 1993). Many studies have implicated the opioid recep-
tor subtypes . and k in the stimulation of prolactin release
(Krulich et al., 1986; Leadem and Y agenova, 1987; K apoor
and Willoughby, 1990). On the other hand, it has been
established that steroids can influence both hypothalamic
endogenous content of opioid peptides and its binding to
the respective receptors (Wilkinson et al., 1985; Bridges
and Ronsheim, 1987; Weiland and Wise, 1990). In turn,
the ovarian steroid environment markedly alters the opiate
regulation of prolactin secretion (Limonta et al., 1987,
Singh et a., 1992; Maggi et a., 1993; Soge and Deis,
1997). Therefore, it is clear that the role of the opioid
system in the control of prolactin secretion depends on the
endocrine milieu.

In the present study, we examined the role of the opioid
system on the regulation of prolactin secretion in neona
tally androgenized rats and evaluated the participation of
ovarian steroids in this regulation.

2. Materials and methods

2.1. Animals

Female rats (200-250 g) bred in our laboratory and
originaly derived from the Wistar strain were used. An-
drogenization was done by injecting s.c. 50 n.g of testos-
terone propionate (Schering, Argentina) to 3-day-old fe-
male pups. All neonates were returned to their respective
dams after treatment. The litters were adjusted to six or
eight pups per dam and were weaned from their dams at
approximately 22 days of age. The experiments were
conducted when the androgenized rats were 3—4 months of
age. The animals were kept in alight (lights on from 0600
to 2000) and temperature (22 + 2°C)-controlled room; rat
chow (Cargill, Argentina) and tap water was available ad
libitum. Vaginal smears were taken daily and only androg-
enized rats in constant oestrous during at least 1 week of
sampling were used.

2.2. Surgical procedures

A group of intact androgenized rats was surgically
implanted with cannulas into the right lateral ventricle 3
days before the intracerebroventricular (i.c.v.) drugs injec-
tion. This procedure was done between 0900 and 1200.
Androgenized rats were positioned in a stereotaxic frame
and a stainless-steel guide cannula was inserted into the
lateral ventricle according to the coordinate system of
Paxinos and Watson (1986) (M/L 1.5 mm, A/P —0.4
mm relative to bregma, 4 mm, relative to dura). Cannulas

were fixed to the skull using dental acrylic and sealed until
the time of drug injection. Placement of cannulas was
verified histologically and only those animals with the
cannulalocated in the lateral ventricle were included in the
study.

Groups of androgenized rats were ovariectomized
through two dorsolateral incisions and used either two
days (acute ovariectomy) or 3—4 weeks (chronic ovariec-
tomy) after surgery respectively. Another group of androg-
enized rats was adrenal ectomized through two dorsolateral
incisons 20 h before the experiment. The adrenaec-
tomized rats were provided with an ample supply of 0.9%
(w/v) NaCl as drinking water after operation. All surgical
procedures were done under ether anaesthesia.

2.3. Experimental procedures

2.3.1. Experiment 1

This experiment was done to determine serum prolactin
concentration at 1000 and at 1800 in neonatally androge-
nized rats and to establish the role of the opioid system on
prolactin secretion in these animals. The opioid antagonist
naloxone (Sigma, St. Louis, MO, USA) was administered
to androgenized rats (2 mg/kg i.p. at 0930 or 1730). The
animals were decapitated 30 min after treatment. Control
animals were injected with saline. Blood samples obtained
by decapitation were alowed to clot at room temperature
and serum was separated and stored frozen (—30°C) until
assayed for prolactin.

2.3.2. Experiment 2

To identify the opioid receptor subtypes involved in the
regulation of prolactin secretion in androgenized rats, opi-
oid agonists or saline used as vehicle were administered
i.cv. in avolume of 5l /rat. On the day of the experi-
ment, the w-opioid agonist DAMGO ([p-Ala?, NMe-Phe?,
Gly®-ol]-enkephalin; Sigma) 5 w.g/rat, the k-opioid ago-
nist U50-488H (trans-( 4+ )-3,4-dichloro-N-[2(1-pyrro-
lidinyl)-cyclohexyl]-benzene acetamide methane sulfonate
salt; Upjohn) 20 wg/rat and the 3-opioid agonist DPDPE
([p-Pen?, p-Pen®]-enkephalin, Sigma) 20 w.g/rat were ad-
ministered 15 min before decapitation. The drugs were
injected using a 10 | Hamilton microsyringe (at approxi-
mately 2.5 .l /min) connected to a 30-gauge stainless-steel
injector that protruded 1 mm beyond the tip of the guide
cannula into the right lateral ventricle. Serum samples
were obtained by decapitation at 1000.

2.3.3. Experiment 3

This experiment was performed to the effect of oestra-
diol and the opioid system on prolactin secretion in andro-
genized rats. Acute ovariectomized rats were treated with
naloxone (2 mg/kg, i.p.) or saine at 0930. Chronic
ovariectomized rats were previoudly injected s.c. at 1700
with oestradiol-benzoate (2 wg/rat in oil, Schering, Ar-
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gentine) or vehicle during three consecutive days respec-
tively. On the fourth day either saline or the opioid antago-
nist, naloxone (2 mg,/kg) were administered i.p. at 0900.
Ovariectomized rats (acute or chronic), injected with ail
and saline were used as control. Another group of intact
androgenized was treated with the antioestrogen tamoxifen
citrate (Gador, Argentina).This drug was dissolved in 0.14
mol NaCl, 0.5% (v/v) Tween 80 and administered per Os
in a dose of 500 wg,/kg body mass at 2000 the day before
and at 0800 on the day of the experiment. Naloxone or
saline were injected at 0930. All animals were decapitated
at 1000 and blood samples were obtained.

2.3.4. Experiment 4

This experiment was performed to determine the effect
of progesterone and the opioid system in the continuous
secretion of prolactin in androgenized rats. Adrenalec-
tomized animals were treated with either naloxone or
saline at 0930 and decapitated 30 min after. A group of
intact androgenized rats was injected s.c. with two doses of
progesterone (5 mg/rat in oil, Schering, Argentina) at
2000 the day before and at 0800 on the day of the
experiment. Control animals were treated with oil. The rats
were decapitated at 1000, 30 min after naloxone or saline
administration.

2.4. Prolactin determination

Prolactin was measured by a double-antibody radioim-
munoassay using materials generously provided by the
NIDDK’s National Hormone and Pituitary Program. Pro-
lactin was radioiodinated using the chloramine T method
(Niswender et al., 1969) and purified by passage through
Sephadex G-75 and polyacrylamide agarose (ACA 54;
LKB, Bromma, Sweden) columns. The results are ex-
pressed in terms of the rat prolactin RP-3 standard prepara-
tion. The sensitivity of the assay was 1 ng/ml serum and
the inter- and intra-assay coefficients of variation were less
than 10%.

2.5. Satistics

Statistical evaluations were performed using Student’s
t-test to assay significant differences between means of
two groups. One-way analysis of variance followed by
Tukey's test was used for multiple comparisons. A value
of P <0.05 was considered statisticaly significant
(Snedecor and Cochran, 1967).

3. Results

3.1. Experiment 1. serum prolactin concentrations in in-
tact-androgenized rats. effect of naloxone treatment

Serum prolactin levels measured in the afternoon (1800)
were significantly higher (P < 0.05) than the values ob-
tained in the morning (1000) and treatment with the opioid

antagonist naloxone induced a significant decrease in serum
prolactin levels in both groups of androgenized rats (Fig.
1.

3.2. Experiment 2: effect of the intracerebroventricular
administration of different opioid agonists on prolactin
secretion in intact androgenized rats

Intracerebroventricular administration of the p-agonist
DAMGO caused a significant increase in serum prolactin
concentration measured at 1000. The selective k-opioid
agonist U-50, 488H was able to induce a small but signifi-
cant increase in serum prolactin concentration but no effect
was observed after administration of the 8-opioid agonist
DPDPE (Fig. 2).

3.3. Experiment 3: serum prolactin concentrations in
ovariectomized—androgenized rats: effect of oestrogen and
nal oxone treatment

Androgenized rats have polyfollicular ovaries but not
corpora lutea, therefore, ovariectomy in these rats prevents
oestrogen action. Chronic gonadectomy significantly (P <
0.01) reduced serum prolactin concentrations while the
administration of naloxone had no effect. After three days
of oestrogen trestment an increase in serum prolactin
concentration measured at 1000 was observed when com-
pared with ovariectomized animals. This increased was
prevented by treatment with naloxone (Fig. 3a). Interest-
ingly, acute ovariectomy or administration of tamoxifen to
intact androgenized rats did not prevent the continuous
secretion of prolactin observed in these animals and nal ox-
one treatment reduced serum prolactin levelsin both groups
of rats (Fig. 3b).

3.4. Experiment 4: effect of progesterone and naloxone
treatment on serum prolactin levels in androgenized rats

Since androgenized rats have no corpora lutea, proges-
terone levels in these rats are mostly of adrenal origin
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Fig. 1. Effect of saline or naloxone administration on serum prolactin
concentration at 1000 or 1800 in androgenized rats. Results are means+
S.E.M of groups of 8 to 12 animalsin each experimental group. * P < 0.05
compared with saline-injected group (Student's t-test); ® P < 0.05 com-
pared with the respective value at 1000 (one-way analysis of variance
followed by Tukey's test).
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Fig. 2. Effect of opioid agonists on serum prolactin concentration at 1000
in androgenized rat. Animals were injected i.c.v. with either vehicle
(saline) or DAMGO or U-50, 488 or DPDPE 15 min before decapitation.
Results are means+ S.E.M of groups of seven to nine animals in each
experimental group. *P < 0.05 and **P < 0.01 compared with the con-
trol group (vehicle) (Student’s t-test).
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Fig. 3. Effect of oestrogen and naloxone treatment on serum prolactin
concentrations (1000) in ovariectomized—androgenized rats. (2) Animals
after chronic ovariectomy (chronic OVX) pre-treated with either vehicle
(ail) or oestradiol (OE) were injected with either saline or naloxone at
0930, respectively. Results are means+ S.E.M of groups of seven to nine
animals in each experimental group. **P < 0.01 compared with intact +
oil +sal rats; ® P < 0.05 compared with chronic ovx + oil + saling; *P <
0.05 compared with chronic ovx+OE+saline (one-way andysis of
variance followed by Tukey’ stest). (b) Intact androgenized rats pre-treated
with tamoxifen and acute ovariectomized (acute OV X) rats were injected
with either saline or naloxone at 0930, respectively. Results are means+
S.E.M of groups of seven to nine animals in each experimental group.
**P < 0.01 compared with tamoxifen+ naloxone rats, *P < 0.05 com-
pared with acute ovx + naloxone (one-way analysis of variance followed
by Tukey’s test).
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Fig. 4. Effect of progesterone and naloxone treatment on serum prolactin
levels (1000) in androgenized rats. Adrenalectomized rats (ADX) were
injected with either saline or naloxone at 0930, respectively. Intact
androgenized rats pre-treated with either vehicle (oil) or progesterone (P)
were injected with either saline or naloxone at 0930, respectively. Results
are means+ S.E.M of groups of seven to nine animals in each experimen-
tal group. *P < 0.05 compared with ADX + oil + sdline; ®p <0.05com-
pared with intact+ oil + saline; **P < 0.01 compared with intact + P+
saline (one-way analysis of variance followed by Tukey’s test).

(Jahn and Deis, 1986; Deis et a., 1989). When adrenalec-
tomy was performed serum prolactin concentrations mea-
sured at 1000 were similar to control values and naloxone
treatment significantly reduced serum prolactin levels asin
the intact control group. Progesterone treatment to intact
androgenized rats significantly increased circulating pro-
lactin levels that was significantly reduced by naloxone
(Fig. 4).

4, Discussion

Neonatally female rats treated with androgens is a very
interesting model to study the neuromodulatory mecha-
nisms that regulate the increased and constant prolactin
secretion observed in these rats. It has been shown that
neonatal exposure to androgens modifies the activity of the
tuberoinfundibular dopaminergic neurones, being this al-
teration responsible at least in part of changes in the
pattern of prolactin secretion (Demarest et al., 1981). Our
results showed that androgenized female rats exhibit an
increase of prolactin secretion with higher circulating lev-
els in the afternoon than in the morning. This may suggest
that the region generating the prolactin rhythm is not
affected by androgenization as observed by others (Y ogev
and Terkel, 1980; Vaticon et a., 1985). Since serum
prolactin concentration was reduced by treatment with the
opioid antagonist naloxone in the morning as well asin the
afternoon, prolactin secretion seems to be stimulated by
the endogenous opioid peptides in these androgenized
animals. Other investigators have examined the role of the
opioid system on the regulation of the prolactin release in
androgenized rats. In agreement with our data, Limonta et
al. (1989) reported that an acute injection of naloxone
significantly decreases serum levels of prolactin in normal
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males and in androgenized females. Moreover, Petersen
and Barraclough (1986) demonstrated that prepubertal an-
drogen treatment does not affect the ability of morphine to
induce the release of prolactin.

Several studies have implicated the opioid receptor
subtypes . and « in the stimulation of prolactin release in
rats (Krulich et al., 1986; Leadem and Yagenova, 1987,
Kapoor and Willoughby, 1990). Using i.c.v. administration
of the specific p-, k- and 3-opioid agonists, we demon-
strate that the w and k opioid receptor subtypes are
involved in the induction of prolactin release by opioid
peptides in androgenized rats. It has been demonstrated
that the high oestrogen milieu described in androgenized
rats may be responsible for the elevated serum levels of
prolactin (Ratner and Peake, 1974; Lookingland et al.,
1982). Moreover, oestrogen environment may also influ-
ence the action of the opioid system (Limonta et al., 1987;
Singh et al., 1992; Sogje and Deis, 1997). Previous reports
showed that oestrogen stimulates prolactin secretion in
normal ovariectomized animals by acting on the hypothala-
mic—pituitary axis (Caligaris and Taleisnik, 1976, Ray-
mond et al., 1978; Caron et a., 1994). Oestrogen treatment
is also able to restore the elevated serum prolactin levelsin
androgenized rats after ovariectomy (Lookingland et a.,
1982). The presents results confirm this statement since
chronic gonadectomy reduced serum prolactin levels and
prevented the effect of the opioid system on prolactin
secretion. Interestingly, oestrogen treatment restored serum
prolactin levels and its regulation by the opioid peptides.
The major focus of this study was the responsiveness of
androgenized rats to acute ovariectomy or acute tamoxifen
treatment. Both treatments were incapable to prevent the
participation of the opioid system in the regulation of
prolactin secretion previously induced by oestrogen action.
It may be considered that an acute fall in circulating
oestrogen levels is not sufficient to abolish the high serum
prolactin concentration and the participation of the opioid
system on prolactin secretion. Most probably, in androge-
nized rats, a prolonged effect of oestrogen is till present
after acute ovariectomy sufficient to maintain activated the
opioid system and consequently sustain high levels of
prolactin in circulation. This prolonged action of oestrogen
was also shown in pregnant rats in which the blockade of
the oestrogen receptor by tamoxifen on days 14-15 of
pregnancy prevented the inhibitory action of the opioid
system on day 19. However, no effect was observed when
tamoxifen was administered on day 18 of pregnancy (Sogje
and Deis, 1997). On the other hand, it is well known that a
single dose of oestrogen given to chronicaly ovariec-
tomized rats, is more effective on prolactin release three
days after administration (Caligaris and Taleisnik, 1976;
Cardn et al., 1994). Thus, after a chronic gonadectomy a
previous sensitisation of the hypothalamus pituitary axis
by oestrogen may be necessary to restore the elevated
serum prolactin levels and the activation of the opioid
system in these animals.

It has been shown that in the arcuate nucleus the
neurons responsible for producing opioid peptides are able
to concentrate oestrogens (Morrell et al., 1985), thus a
subset of B-endorphin or dynorphin containing neurons in
the medial basal hypothalamus accumulates oestradiol
(Morrell et a., 1985). Interestingly long-term application
of oestrogen in the arcuate nucleus induced a continuous
hyperprolactinemia with a simultaneous regulatory—inhibi-
tory influence of the opioid system on the prolactin secre-
tion (Caron and Deis, 1996). In a recent work it was also
observed the presence of p-opioid receptor mRNA ex-
pressing cells in the arcuate nucleus of the male rats
(Mitchell et a., 1998). Also, it has been well established
that steroids can influence both hypothalamic endogenous
opioid content and its binding to the respective receptors
(Wardlaw et al., 1982; Wilkinson et al., 1985; Bridges and
Ronsheim, 1987; Weiland and Wise, 1990; Hammer et al.,
1994). Moreover, evidences indicate that a long oestrogen
treatment increases receptor densities (Wilkinson et al.,
1985; Hammer and Bridges, 1987). Since opioid action in
chronic ovariectomized rats was restored after three days
of oestrogen treatment, the effect of oestrogen may involve
an increase of binding sites to naloxone.

It is well established that androgenized rats have poly-
follicular ovaries without having corpora lutea, and they
exhibit persistent vaginal estrous and lack cyclic preovula
tory luteinizing hormone and follicle-stimulating hormone
surges (Barraclough, 1961). Thus, progesterone levels in
androgenized rats are mostly from the adrenals which can
be a source of significant amounts of the steroid in rats
(Resko, 1969; Piva et al., 1973; Deis et al., 1989). Our
results obtained in adrenalectomized rats clearly indicate
that progesterone from adrenal origin is not involved in the
regulation of prolactin secretion in androgenized rats.
However, the administration of two doses of progesterone
to intact androgenized rats induced a significant increase in
serum prolactin levels at 1000, in agreement with previous
results demonstrating that high levels of progesterone are
able to increase significantly serum prolactin levels in
intact androgenized rats (Jahn and Deis, 1986). Since this
increase of prolactin levels was blocked by naloxone treat-
ment, the effect of progesterone on prolactin release, seems
to be mediate by the opioid system.

In conclusion, in this study we extend earlier results
confirming the participation of the opioid system on pro-
lactin release in androgenized rats. Our results demonstrate
that the modulatory effect of the opioid system on pro-
lactin release seems to be dependent on the persistence of
oestrogen action in acute ovariectomized and tamoxifen
treated androgenized rats. The results obtained in
adrenalectomized rats demonstrate that the presence or
absence of progesterone did not modify the regulation of
prolactin secretion by the opioids. Furthermore, consider-
ing the location of .- and k-opioid receptors at the arcuate
nucleus together with the presence of oestradiol receptors,
we may suggested that in the modulation of prolactin
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release in androgenized rats, participate the opioid system
with the necessary presence of oestrogen and most proba
bly through its antidopaminergic effect.
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