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The present study examines the effect of naloxone, mu-opioid receptor antagonist, on pro-
lactin (PRL) gene expression and secretion induced by estradiol (E) treatment in vivo. Adult
rats were ovariectomized (OVX) and implanted with Silastic capsules containing either vehicle
(oil) or E. Three days later, NAL (2 mg/kg BW) or saline were injected 30 min prior to
sacrifice. To examine PRL secretion in vitro, the pituitaries were incubated in the superfusion
system for 3 hrs. Superfusates were collected at 10 min intervals on ice and subjected to PRL
radioimmunoassay. Endogenous release of PRL in OVX 4 E rats was significantly higher than
that in OVX rats (mean + SE; 24.5 + 3.1 vs 145 + 2.9 ng/10 min). A single injection of
NAL clearly inhibited PRL release in vitro from pituitaries derived from OVX + E rats, but not
from OVX group. PRL mRNA was determined by RNA-blot hybridization assay with nick-
translated PRL c¢DNA. E stimulated PRL mRNA about 3 fold over that shown in OVX group.
Treatment of NAL suppressed the E-stimulated PRL mRNA in OVX + E group, but not in
OVX group. These data clearly showed that the NAL-induced inhibition of PRL secretion was
well correlated with changes in PRL mRNA level and this inhibitory process appears to be
mediated in E-dependent manner.
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trol, but it is not fully clarified yet (Nikolics et al.,
1985). Both estrogen (E) and thyrotropin-releasing
hormone (TRH) are strong stimulators for PRL
secretion (Leong et al., 1983). E is able to stimu-

Prolactin (PRL) is one of polypeptide hormones
synthesized and secreted from lactotrophs of
anterior pituitary. PRL plays an important role in
the development of breast, milk production and

many other functions related to reproduction (Tol-
lis, 1980). The regulation of PRL is rather compli-
cated, since the feedback signal of steriod hor-
mones and neural influences are dually involved
(Leong et al., 1983). PRL secretion is predomi-
nantly under inhibitory tone such as dopamine
from the hypothalamus (Ben-Jonathan, 1985).
Recent evidence also indicates that one of the
neuropeptide (GAP) derived from GnRH precur-
sor may be an inhibitory substance for PRL con-
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late PRL synthesis and PRL mRNA level in va-
rious experimental systems (Maurer, 1982; Maurer
and Gorski, 1977).

Several lines of evidence suggest that endoge-
nous opioid peptides (EOP) are involved in the
regulation of PRL secretion (Meites et al., 1979;
Baumann and Rabil, 1990). In fact, the treatment
of naloxone (NAL), a specific opioid antagonist,
brought about decrease in the basal, proestrous
surge and stress-induced PRL secretion (leiri et
al., 1980; Selmanoff and Gregerson, 1986). The
NAL-induced inhibition of PRL secretion was cer-
tainly influenced by steroid milieu, but the precise
role of steroids, in particular, E on PRL regulation
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by NAL remains to be elucidated. Moreover, no
attempt has yet been made to elucidate the action
of EOP in PRL gene expression in the anterior
pituitary. The present study was, therefore, under-
taken to determine the alteration of PRL mRNA
and PRL release for the elucidation of the possible
inhibitory role of EOP on the E-induced PRL
gene expression and secretion.

Meterials and Methods

Materials

Naloxone, 177 -estradiol, bovine serum albu-
min (BSA), bacitracin, Nonidet P-40, formaldehy-
de and chloramine T were obtained from Sigma
Chemical Co. (St. Louis, MO). Silastic capsules
were purchased from Dow Corning (Midland, Mi).
E. coli polymerase |, DNase I and EcoRI were
purchased from Bethesda Research Lab. (Gaith-
ersburg, MD). Nitrocellulose filter paper (BA 85,
0.45 xm of pore size) was obtained from
Schleicher and Schuell (Keene, NH). Formamide
was obtained from BDH Chemicals (Atherstone,
Warwickshire). 3?P-dATP was purchased from
New England Nuclear (Boston, MA).

Animals and Experimental Treatments

Adult female Sprague Dawley rats, weighing
200-250 g, were obtained from Seoul National
University Animal Breeding Center. They were
housed under the controlled photoperiod condi-
tion (14 hr light and 10 hr dark, lights on 06:00
h). Food and water were available ad libitum. Rats
were ovariectomized (OVX) for 10 days and re-
ceived subcutaneous implants of Silastic capsule
(15 mm in length; id 1.57 mm and od 3.18 mm)
containing either sesame oil or 17f -estradiol
(235 xg/ml in oil) for 3 days. NAL was dissolved
in saline (0.9% NaCl) and 2 mg/kg BW was in-
jected subcutaneously (2 mg/kg B. W.) to OVX +
E rats. The four experimental groups were set: 1)
OVX + oil + saline, 2) OVX + E + NAL, 3)
OVX + E + saline and 4) OVX + E + NAL.
Rats were sacrificed by decapitation between
08:30 h and 09:00 h.

In Vitro Superfusion System
The rat pituitaries were transferred to superfu-
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sion chamber following chopping into eight small
pieces. The superfusion medium (Krebs-Ringer
phosphate buffer, pH 7.4 with 0.1% BSA, 10 mM
glucoce and 0.02 mM bacitracin) was delivered to
the superfusion chamber at a speed of 50-70 .1/
min by a peristalitic pump with a consistent supply
of air at 30°C. Following stabilization period (3
hr), fractions were collected at 10 min intervals on
ice for 3 hrs. The superfusates were stored at
—20°C until assayed by PRL radioimmunoassay
(RIA).

PRL Radioimmunoassay

The concentration of PRL in superfusates was
measured in duplicate by a double antibody RIA
procedure (Ahn et al., 1990). PRL RIA kit was
supplied by the NIADDK and PRL level was ex-
pressed in terms of rPRL-RP-3 standards.
rPRL-I-5 was iodinated by chloramine T method
and '®I-labelled PRL (6000-8000 cpm/tube) was
used. Anti-rPRL-s-9 serum was used at the final
dilution of 1:125000. The minimum detection
level was about 0.02 ng/ml and inter- and in-
tra-assay variations were approximately less than
12%.

RNA-blot Hybridization

The rat PRL ¢cDNA in plasmid SP65 was a kind
gift from Dr. R. A. Maurer (Univ. of lIowa, lowa).
Its size with the complete PRL coding sequence
was about 0.8 kb (pPRL-2; Gubbins et al., 1980).
The plasmids were transformed to E. coli (HB 101
strain), amplified in LB medium and the trans-
formations were subsequently lysed by alkali
{Maniatis et al., 1982). The PRL cDNA was cut by
EcoRI and purified by electroelution. PRL cDNA
(500-600 ng) was nick-translated using E. coli
polymerase | and DNase | with 3?P-dATP (Davis
et al., 1986). The specific activity was 3 —5 X
107 cpm/zg. The total cytoplasmic RNA was pre-
pared by the method of White and Bancroft
(1982). Briefly, the individual pituitaries were re-
moved immediately and homogenized by a glass
homogenizer (100 1 capacity) containing 50 41
of 10 mM Tris-HCI (pH 7.0), 1 mM EDTA and
1% Nonidet P-40 with 10 revolutions of pestle.
The homogenate was transferred to a 1.5 ml ster-
ile microcentrifuge tube and incubated for 1 min
on ice. Following centrifugation at 12,000 g for 5
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min, 50 xl of supernatanit was transferred to a
sterile tube containing 30 .1 of 20 x SSC (1 X
SSC; 0.15 M NaCl and 0.015 M trisodium citrate)
plus 20 xl of 37% (v/v) formaldehyde. This mix-
ture was incubated at 60°C for 20 min to denature
RNA. For analysis of PRL mRNA level, Northern
blot analysis and/or slot-blot hybridization were
used. The detailed procedure was the same as
that previously described (Ahn et al., 1990).

Statistics

Data were analyzed by using an one-way analy-
sis of variance (ANOVA) with p < 0.05 required
for statistical significance. Fisher’s least significance
difference test was used for the post-hoc com-
parison.

Results and Discussion

Figs. 1 and 2 depict the time course of PRL
secretion from the superfused rat pituitaries. The
basal levels of PRL release in OVX + oil and
OVX + E groups were stable, but our preliminary
data showed that during the first 3 hrs (samples
were not collected), PRL release in vitro was ex-
tremely high. Following the initial period, PRL re-
lease in vitro became rather plateau and this phe-
nomenon appears due to removal of the strong
inhibitory influences from the hypothalamus, as
previously shown (Bentley and Wallis, 1986). The
endogenous release of PRL in OVX rats was
approximately 15 ng/ml. A single injection of
NAL brought about decrease in PRL release, but
the mean release of PRL was not modified.
Estrogen implants to OVX rats significantly stimu-
lated PRL release with high amplitude. The mean
release of PRL was highly significant when com-
pared to that observed in OVX rats. The E-simu-
lated PRL release was markedly suppressed by a
single injection of NAL (Fig. 3). When E was im-
planted to OVX rats, PRL mRNA increased more
than 3-fold over that in OVX rats (Fig. 4). A single
injection of NAL markedly inhibited PRL mRNA
accumulation in OVX + E rats, but not in OVX
rats. The present study clearly demonstrated that
NAL was highly effective in suppressing the E-in-
duced PRL release and PRL mRNA level in the
rat pituitaries. And the change in PRL mRNA level
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Fig. 1. PRL release in vitro from superfused pituitaries
derived from ovariectomized (OVX) + oil treated rats.
Animals received either saline (SAL) or naloxone (NAL,
2 mg/kg BW) 30 min before sacrifice. Each point repre-
sents the mean + SE. Experiments were replicated 4
times.

40

+——se SAL {n=6)
o——o NAL (n=4)
30
N /\ I\

20 |

In Vitro PRL Release (ng/10 min/pituitary)

3 6 9 12 15 18

Collection Intervals (10 min)

Fig. 2. PRL release in vitro from superfused pituitaries
derived from ovariectomized and E (235 . g/ml) treated
(OVX + E) rats. Either saline or naloxone (2 mg/kg
BW) was injected 30 min prior to obtaining pituitary
preparations. Each point represents the mean + SE.
Experiments were replicated 4-6 times.

was positively correlated with changes in PRL re-
lease in vitro (see Figs. 3 and 4), suggesting that
the secretory activity of PRL may be a consequ-
ence of alteration of PRL mRNA.

The present finding that the NAL-induced in-
hibition of PRL release was E-dependent, indi-
cates that the steroid milieu may be critical for the
action of EOP. In fact, Blank et al., (1980) showed
that NAL was unable to stimulate PRL secretion in
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Fig. 3. Effect of naloxone on the estrogen-induced PRL
release. Each bar represents the mean PRL release {+
SE, n=4—6) during 3 hr superfusion period. *OVX
+ E > OVX + SAL, OVX + E + NAL.

immature male and female rats, which have
apparently low levels of E. It has also been shown
that E induces the significant changes in hypotha-
lamic EOP, such as f -endorphin and met-enk-
ephalin (Hong et al., 1982; Petraglia et al., 1982).
The most relevant changes in hypothalamic EOP
was ensued at the proestrous stage of the rat (Bar-
den et al, 1981; Kumar et al, 1979). Similar
changes also occurred during physiological condi-
tions characterized by high levels of E (Lee et al.,
1980; Petraglia et al., 1982; Wardlaw and Frantz,
1983). The mechanism by which the NAL inhibits
PRL release as well as PRL mRNA level remains
unknown. It is, however, plausible to assume that
E initially affects the hypothalamic EOP tone,
which in turn influences the responsiveness of lac-
totrophs. Indeed, Wilcox and Roberts (1985) clear-
ly demonstrated that E can regulate POMC gene
expression in the hypothalamus. It is also possible
that E directly affect lactotrophs to regulate PRL
gene expression. These two mechanisms seem to
operate in a complementary manner. It has been
well documented that E is able to stimulate PRL
secretion and synthesis, as shown in primary cul-
ture of rat pituitary cells (Lieberman et al.,, 1982)
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Fig. 4. Effect of naloxone on the estrogen-induced PRL
mRNA accumulation. Animals received either saline
(SAL) or naloxone (NAL, 2 mg/kg BW) 30 min before
sacrifice. The total cytoplasmic RNA was isolated from
the pituitary and PRL mRNA was determined by
RNA-blot hybridization assay with the rat PRL cDNA.
The density of PRL. mRNA was scanned by desitometry
and expressed as an arbitrary unit (the density of saline
injected group of OVX rats was set as 1.0). Bars are the
mean + SE (n=3).

-

and GH cell lines (Amara et al., 1987). The E-in-
duced PRL mRNA appears to be achieved
through the receptor-mediated mechanism involv-
ing PRL transcription (Maurer, 1982). The altera-
tion in E receptor density appears to be well
correlated with PRL gene expression (Schull and
Gorski, 1984). It is of interest to note that the
E-increased PRL mRNA was mediated by two dis-
tinct steps, indicating direct and/or indirect
mechanisms (Shull and Gorski, 1985).

In this experimental protocol where NAL was
subcutaneously injected to rats, it is rather difficult
to determine whether NAL affects directly on the
pituitary or indirectly through the hypothalamus. It
is possible that NAL initially acts upon the
hypothalamus to suppress EOP tone which in tum
influences the function of pituitary. However, as
discussed above, the other possibility that EOP ex-
erts directly at the level of pituitary cannot be
ruled out, since the opiate receptors evidently ex-
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ist at the pituitary cells (Simantov and Levy,
1984). Moreover, our preliminary study using GHj
pituitary tumor cells showed that NAL was effec-
tive in inhibiting the basal and the E-induced PRL
mRNA levels (data not shown). Then, it seems
likely that the EOP influence may exert dually. No
matter where NAL acts upon, the present finding
evidently indicates that the antagonism of EQP te-
ceptor, particular, mu-receptor, was effective in
modulating the responsiveness of PRL to E. Final-
ly, it is of interest to note a possible intracellular
signalling in the NAL-induced PRL regulation. In
the pituitary cells, there is no evidence that EOP
modulates adenylate cyclase activity. It is, howev-
er, tempting to postulate that NAL may change
the intracellular cAMP level which in tum influ-
ences PRL secretion as a consequence of PRL
gene expression as shown in many other systems
(Comb et al.,, 1987; Montminy et al., 1986). With
respect to cAMP action on PRL gene expression,
Maurer (1981) clearly demonstrated that a cAMP
analogue can stimulate PRL transcription. There-
fore, further exploration of intracellular mediator
of EOP in the pituitary cells will provide a better
insight into the molecular events underlying the
NAL-induced inhibition of PRL gene expression.

References

Ahn, H., S. K. Yu, B. N. Cho, K. Kim, K. Ryu, and W. K.
Cho, 1990. Alteration in prolactin messenger ribonuc-
leic acid level during the rat estrous cycle: Effect of
naloxone. Korean J. Zool. 33: 183-190.

Amara, J.F., C. V. ltallie, and P. S. Dannies, 1987. Reg-
ulation of prolactin production and cell growth by
estradiol: Differentiation in sensitivity to estradiol
occurs at the level of messenger ribonucleic acid accu-
mulation. Endocrinology 120: 264-271.

Barden, N., Y. Merand, D. Rouleau, M. Garson, and A.
Dupont, 1981. Changes in S -endorphin content of
discrete hypothalamic nuclei during the estrous cycle
of the rat. Brain Res. 204: 441-445.

Baumann, M. H. and J. Rabil, 1990. Mu-selective opioid
peptides stimulate prolactin release in lactating rats. J.
Neuroendocrinol. 2: 271-276.

Ben-dJonathan, N., 1985. Dopamine: A prolactin-inhibi-
ting hormone. Endocrine Rev. 6: 564-589.

Bentley, A. M. and M. Wallis, 1986. Effects of two en-
kephalin analogues, morphine sulfate, dopamine and

Korean J. Zool.

Vol. 34, No. 3

naloxone on prolactin secretion from rat anterior
pituitary gland in vitro. J. Endocr. 109: 313-320.

Blank, M. S., A. Panerai, and H. G. Friesen, 1980.
Effects of naloxone on luteinizing hormone and pro-
lactin in serum of rats. J. Endocr. 85: 807-315.

Comb, M., S.E. Hyman, and H. M. Goodman, 1987.
Mechanisms of trans-synaptic regulation of gene ex-
pression. TINS. 10: 473-478.

Davis, L. G., M.D. Dibner, and J.F. Battey, 1986.
Methods in Molecular Biology. Elsevier Science Pub-
lishing Co. Inc., New York, N.Y. pp. 80-83.

Gubbins, E. J., R. A. Maurer, M. Lagrimini, C. R. Erwins,
and J. E. Donelson, 1980. Structure of the rat prolac-
tin gene. J. Biol. Chem. 255: 8655-8662.

Hong, J-S., K. Yoshikawa, P. M. Hudson, and L. L. Up-
house, 1982. Regulation of pituitary and brain en-
kephalin systems by estrogen. Life Sci. 31:
2181-2184.

leiri, T., H. T. Chen, G. A. Campell, and J. Meites, 1980.
Effects of naloxone on the proestrous surge of prolac-
tin and gonadotropin in the rat. Endocrinology 106:
1568-1570.

Kumar, M. A.S., C.L. Chen, and T.F. Muther, 1979.
Changes in the pituitary and hypothalamic content of
methionine-enkephalin during the estrous cycle of
rats. Life Sci. 25: 1687-1696.

Lee, S., A.E. Panerai, D. Bellabara, and H. G. Friesen,
1980. Effects of endocrine modifications and pharma-
cological treatments on brain and pituitary concentra-
tion of B -endorphin. Endocrinology 107: 245-248.

Leong, D. A., S. Frawley, and J. M. Neill, 1983, Neuro-
endocrine control of prolactin secretion. Ann. Rev.
Physiol. 45: 109-127.

Lieberman, M. E., R. A. Maurer, P. Claude, and J. Gors-
ki, 1982. Prolactin synthesis in primary cultures of
pituitary cells: Regulation by estradiol. Mol. Cell En-
docrinol. 25: 277-294.

Maniatis, T., E. F. Fritsch, and J. Sambrook, 1982.
Molecular Cloning: A laboratory manual. Cold Spring
Harbor Laboratory, Cold Spring Harbor, N.Y. pp.
88-91.

Maurer, R. A, 1981. Transcriptional regulation of the
prolactin gene by ergocriptin and cyclic AMP. Nature
294: 94-97.

Maurer, R. A., 1982. Estradiol regulates the transcription
of the prolactin gene. J. Biol. Chem. 257: 2133-2136.

Maurer, R. A. and J. Gorski, 1977. Effect of estradiol 17
B and pomozide on prolactin synthesis in male and
female rats. Endocrinology 101: 76-84.

Meites, J., J. F. Bruni, D. A. Van Vugt, and A. F. Smith,
1979. Relation of endogenous opioid peptide and
morphine to neuroendocrine function. Life Sci. 24:
1325-1336.



July 1991 Kim et al.

Montminy, M., K. Sevarino, J. Wagner, G. Mandel, and
R. Goodman, 1986. Primary structure of the gene en-
coding rat preprosomatostatin. Proc. Nat. Acad. Sci.
U.S.A. 83: 6682-6686.

Nikolics, K., A.d. Mason, E. Szonyi, J. Ramachandran,
and P. H. Seeburg, 1985. A prolactin-inhibiting factor
within the precursor for human gonadotropin-releasi-
ng hormone. Nature 316: 511-517.

Petraglia, F., A. Panalva, V. Locatelli,
Panerai, A.E. Genazzani, and A .. Muller, 1982.
Effects of gonadectomy and gonadal st-v.... replacement
on pituitary and plasma endorphin le.els in the rat.
Endocrinology 111: 1224-1229.

Selmanoff, M. and K. A. Gregerson, 1986. Suckling in-
duced prolactin release is suppressed by naloxone and
stimulated by A -endorphin. Neuroendcrinology 42:
255-259.

Shull, J. D. and J. Gorski, 1984. Estrogen stimulates pro-
lactin gene transcription by a mechanism independent
of pituitary protein synthesis. Endocrinology 114:
1550-1557.

Shull, J. D. and J. Gorski, 1985. Estrogen regulates the
transcription of the rat prolactin gene in vitro through
at least two independent mechanism. Endocrinology

D. Cocchi, A.

—Naloxone on Prolactin Gene Expression

431

116: 2456-2462.

Simantov, R. and R. Levy, 1984. Opiate mechanisms:
Characterization of selected neuroblastoma glioma
cells with an enhanced response to opiate antagonists.
In : Central and peripheral endorphins: Basic and cli-
nical aspect. (Muller, E. E. and A. R. Genazzani eds.)
Raven press, New York, N.Y. pp. 65-70.

Tollis, G., 1980. Prolactin: Physiology and Pathology. In
. Neuroendocrinology. (Krieger, D.T. and J.C.
Hughes eds.) PH Publishing Co. Inc., New York, N.Y.
pp. 321-328.

Wardlaw, S. L. and A. G. Frantz, 1983. Brain £ -endor-
phin during pregnancy, parturition and the postpartum
period. Endocrinology 113: 1664-1668.

White, B. A. and F. C. Bancroft, 1982. Cytoplasmic dot
hybridization: Simple analysis of relative mRNA in
multiple small cell or tissue samples. J. Biol. Chem.
257: 8569-8572.

Wilcox, J.N. and J.L. Roberts, 1985. Estrogen de-
creases rat hypothalamic preopiomelancortin messen-
ger ribonucleic acid levels. endocrinology 117:
2392-2396.

(Accepted March 23, 1991)

Prolactin

e e A - 2 (AL Ea

£ oA Tolf 4= o ZE2A(E)
3} ¥-ul ol v 2| =
A o] s
%.0]| .naloxone(2 mg,/kg)-& 3| sF54F81 ¢ o}
4 341 ZF-Eck i okdl= A 108-217

GAAA F ol ZERAS 2B g A
A E oil el gk of 2F(OVX)oll 4] Bek &
+ 3.1vs14.5 £ 2.9 ng, 710 min)
W52 2A 74
AAF ol 2R S Helgh Ay
9l oed o] 2f7-2 PRL mRNA2| Z7b&

o172} 7 7l mu-opioid receptor antagonisz} o] ZE 2 Al 2] &)l 2|sH 4]
, ol9k2re PRLS| fal <putadsh ule] wape 2
o 2.2 Aol o &4 L Al <babet.

aradsh gl Beel AP wo
sl dabslo} 9w

zelol 2|si 4 %% prolactin(PRL) 322
mu-opioid receptor antagonistq) naloxone?| o
A2 A A% F oil 2L E(235 pg/ml)7t BolodE AES
A E5 HsbrA =
o g 73 H
of 4/ 2] PRL mRNAE= PRL cDNAE 2123+ RNA-blot hybridizationel] 2|3) 4
T(OVX + E)o] s alalol 4 Husls PRLS yh4d
o3t Ekvh(PRL #w)2] 3§33 £ SE: 24.5
. OVX + E 43 #ol 4 naloxone?| z}z|ol] 23 4 PRL 3
~8k5l o v}, off “Ri"‘\l‘e- Aelshz| L o Tl A= & Wl fdeh W4
T 14 PRL mRNA®S] of o] o ZFo] ulell 4 oF 3u] 1} S}
naloxonexelo] ls 4 23 odx=|odch wleps L

T e 2|0 0/X|= naloxone2| &

xpadshebel b Yxbd Eotat)

I R |
& 2Asideh 4%
¥l sfoll 4alahm 393
in vitro superfusion systemel]
Yalo] 4 PRL2| 2l 8 243k92, = ehsal

2 4pahgd o).

3
7

25l PRLE| 4L



