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INTRODUCTION

Current evidence suggests that endogenous opioid peptides (EOP) tonically inhibit
luteinizing hormone (LH) secretion (Ferin et al., 1984; Meites et al., 1979). This inhibition
is mainly based on the observations that administration of opiate antagonists, such as

naloxone led to an increase in LH levels whereas exogenous opiates depressed LH secretion
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(Panerai et al., 1985; Piva et al., 1986). Although the direct effect of EOP on pituitary
gonadotrophs cannot be ruled out (Blank et al., 1986; Cacicedo and Franco, 1986), EOP
appears initially to act at the level of the hypothalamus. In fact, naloxone promoted
luteinizing hormone releasing hormone (LHRH) secretion in wvitro from the mediobasal
hypothalamus (MBH) as well as the, median eminence nerve terminals (Cieslak and
Pawlikowski, 1986; Drouva et al., 1981; Kalra et al., 1987; Wilkes and Yen, 1981). The
cellular action mechanism by which EOP influences the neural LHRH apparatus remains,
however, unknown.

A variety of neurotransmitters and several intracellular messengers, such as Ca?*, cAMP
and phosphatidylinositol cascade appears to be involved in LHRH secretion (Drummond,
1983; Negro-Vilar et al., 1986; Ojeda et al., 1986; Weiner and Ganong, 1978). For
instance, LHRH release from the MBH fragments aprears to be a Ca®*-dependent
exocytotic process, probably involved Ca?t-influx through voltage-dependent Ca®* channels
(Drouva et al., 1984). cAMP generating adenylate cyclase activity is somehow participated
in the neural process of LHRH secretion (Ramirez et al., 1985). In fact, the administration
of dbcAMP was highly effective in eliciting LHRH release from the superfused MBH derived
from ovariectomized estrogen primed rats (Kim and Ramirez, 1985). Adenylate cyclase
stimulators, such as forskolin and cholera toxin were also highly potent in stimulating
LHRH release from similar preparations (Kim and Ramirez, 1986). Furthermore it has been
well documented that the activation of PGE, is heavily involved in LHRH release as
indicated by in vivo as well as in wvitro studies (Heaubne and Dray, 1984; Kim and Ramirez,
1986; Levine and Ramirez, 1980; Ojeda et al., 1982). Although the molecular mechanism
through which prostaglandins are involved in the activation of the LHRH neurosecrtory
process remains to be elucidated, it has been rostulated that PGE, appears to increase
intracellular cAMP which in turn triggers LHRH release from the median eminence nerve
terminals (Ramirez et al., 1986). EOP inhibits adenylate cyclase activity in the brain tissues
as well as neuroblastoma cell lines (Collier and Lay, 1974; Simantov and Levy, 1984; Van
Inwegen et al., 1975; Yu et al., 1985). These observations raised the possibility that the
inhibitory influence of EOP on LHRH release may be mediated through the cellular pathway
of the PGE,-cAMP generating system.

The present study, therefore, aims: 1) to re-examine the role of Ca?t in the neural
process of LHRH sccretion evoked by either depolarization or PGE, infusion, and 2) to test
the hypothesis that EOP would influence the PGE,-stimulated LHRH release from hypoth-
alamic preparations, presumably through modulating cAMP levels.

MATERIALS AND METHODS

Animals and tissue preparations
Immature female rats of Sprague-Dawley (weight 90~100 g at 24~26 days of age; Seoul
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National University Laboratory Animal Center) were maintained in a temperature controlled
environment under a 14-h light, 10-h dark photocycle (light on at 06:00h) with food and
water supplied ad libitum. Animals at 28 days of age were ovariectomized (OVX) and
implanted with Silastic capsules(10 mm in length, id 1. 575 mm, od 3. 175 mm; Dow Corning)
containing 17f-estradiol (235 pg/ml in oil; Sigma) as previously described (Kim and
Ramirez, 1982; Ramirez et al., 1980). Two days later, animals were sacrificed at 10:00~
10:30 h. Their brains rapidly removed and the mediobasal hypothalamus (MBH) was then
dissected as defined previously (Kim and Ramirez, 1982).

Experiments

Exp 1. To examine the functional role of Ca®* in the process of LHRH secretion induced
by depolarization, pulses of K* (30 mM) were delivered into superfusion chamber containing
MBHs (4 units/chamber) continuously perfused with either control or Ca**-free medium
following an one-hr control period.

Exp 2. To further explore the involvement of Ca?' in LHRH release in response to
PGE,, pulses of PGE,(1x10-¢M; Sigma) were delivered into superfusion chamber containing
MBHs continuously perifused with either control or Ca?*-free medium. In Exp 1 and Exp
2, an intermittent infusion mode (10 min-on, 40 min-off) was used, and the concentration
of PGE, (1x10°M) was a highly effective dose as indicated previously (Kim and Ramirez,
1986).

Exp 3. To examine the hypothesis that EOP may inhibit the PGE,-induced LHRH release,
three experimental groups were employed: 1) PGE, (from 1x107M to 1x107*M), 2)
PGE,+ p-endorphin (1x107°M) and 3) PGE,+ B-endorphin-+naloxone (1x107°M). PGE,
was initially dissolved in ethanol and aliquots were added to incubation medium to obtain
appropriate concentrations. Control tubes contain ethanol at similar concentration. g-endorphin
(Sigma) and naloxone (Sigma) were diluted in distilled water and further dissolved with
incubation medium to a desired concentration.

Exp 4. To test the hypothesis that an inhibitory influence of EOP on LHRH release
may be mediated through adenylate cyclase-cAMP system, hypothalamic P, membrane
preparations were incubated with either 1) PGE, (from 1x107"M to 1x107*M), 2) PGE,+
B-endorphin (1x107°M) or 3) PGE,+ g-endorphin (1x 10 °M) +naloxone (1x107*M).

Experiments were repeated by either four times (Exp 1 and Exp 2) or more than five
times (Exp 3 and Exp 4).

In vitro superfusion and static incubation systems

Details of in vitro superfusion has been described previously (Kim and Ramirez, 1985;
1986). Briefly the MBHs were allowed to adjust to the superfusin system for 30~50 min
and effluents were then collected on ice at 10 min interval for 4 hr.

In static incubation system, the MBHs were incubated in a polypropylene multiwell plate
(Falcon) vials as described previously (Ojeda et al., 1982). The incubation medium was

consisted of Krebs-Ringer Phosphate (KRP) (pH 7.4) containing BSA in an atmosphere of
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95% CO0./5% O, The tissues were preincubated for 30 min and at the end of this period,
the medium replaced by a fresh medium containing the test substrates. The medium were
centrifuged at low speed for 10 min and supernatant was assayed for LHRH content.
Neither incubation medium nor substances interfered with LHRH radicimmunoassay.
LHRH radioimmunoassay (RIA)

Samples were neutralized to pH 6,5~7.5 with 2N NaOH added to phosphate buffer prior
to LHRH RIA. LHRH concentration was determined in duplicate by a RIA procedure
(Kim and Ramirez, 1985; 1986) using Chen-Ramirez LHRH antiserum (CRR-11-B-72) at
a final dilution of 1:200,000. Synthetic LHRH (Sigma) was used for radioiodination and
served as the reference standard. The sensitivity at 80% binding was approximately 0.5
pg/tube. The inter and intra-assay coefficient of variation were 7~8% and 4~5% for 2-pg
dose of synthetic LHRH, respectively.

Adenylate cyclase assay and ¢cAMP RIA

Details of this method has been described previously (Kim and Ramirez, 1986). Briefly
the MBHs were initially homogenized in ice-cold buffer medium (500 p!) which consists
of Tris-HCl (25 nM), n-dithiothreitol(1 mM) and EDTA(] mM), pH 7.4. The homoge-
nates were centrifuged at 800xg for 10 min at 4°C. The supernatant was centrifuged
again at 10, 000xg for 10 min at 4°C. The pellets were resuspended with 1 final pellets
ml of buffer medium and subjected to another centrifugation at 10, 000xg for 10 min. The
(designated as P, membrane preparation) were reconstituted with 1 ml of buffer and used
as source of adenylate cyclase (Daly et al., 1982). Protein content was measured by the
method of Bradford (1976) using BSA (fraction V) as the reference standard. Aliquots
of P, membrane preparation (20 ul) were preincubated with appropriate test agents in
incubation medium at 4°C for 30 min. Incubation medium consisted of Tris-HCl buffer
(100 mM), MgCl, (16 mM), EGTA (0.8 mM), BSA (2 ng/ml), n-dithiothreitol (2 mM)
and theophylline (20 mM) fortified with GTP (10 @M, pH 7. 4). The reaction was initiated
by adding ATP (4 mM) into reaction tubes in a shaking water bath at 37°C. After a 15
min incubation, sodium acetate buffer (50 mM, pH 4.75) was added to the assay tubes and
the assay tubes were then placed in boiling water bath for 2 min to terminate enzymatic
reaction. Supernatant were obtained by centrifugation at 2000xg for 20 min at 4°C and
subjected to cAMP RIA. All values were corrected for small amount of endogenous cAMP
presents in the control samples which were incubated without ATP or for a cross-reaction
of ATP with the antiserum to cAMP.

cAMP concentrations were determined by a validated RIA procedure described previously
(Kim and Ramirez, 1986; Steiner et al., 1972). Synthetic cAMP (Sigma) served as the
reference standard and were used for radioiodination. The sensitivity of the assay was 0. 10
pmol/tube. The inter-and intra-assay coefficients of variation were 5~10% and 4~59% at

5.0 pmol/tube respectively.
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Statistical analysis

Student’s t-test were used for analysis of data. When more than two groups were
considered, an one-way analysis of variance (ANOVA) were employed with a p{0. 05 required
for statistical significance. Fisher’s least significant difference test was used for the post-hoc
comparison (Kirk, 1969).

RESULTS

An intermittent infusion of K* (30 mM; 10 min-on, 40 min-off) resulted in rhythmic release
of LHRH from MBH superfused with either control or Ca?t-free medium(Fig. 1). Each
pulse of K+-stimulation significantly (p<0.01) promoted in witro LHRH release as compared
to its basal level. Pulsatile secretory pattern of both groups was a highly synchronous
manner, however the magnitudes of LHRH release from MBH superfused with control
medium were significantly higher (p<0.01) than those from MBH perfused with Ca2*-free
medium. The MBH with PGE, resulted in pulsatile release of LHRH, and pulses of LHRH
went down markedly compared to the first peak of LHRH. In the condition of either control
or Ca?*-free medium, the secretory pattern was indistinguishable indicating that the PGE,-
augmented LHRH release was an extracellular Ca®t-independent manner (Fig. 2).
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Fig. 1. Effect of K* infusion on LHRH release Fig. 2. Effect of PGE; infusion on LHRH release
in vitro from hypothalamic fragments superfused in wvitro from hypothalamic fragments superfused
with either control or Ca%**-free medium. with either control or Ca?'~free medium,
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Fig. 3. Effect of g-endorphin and naloxone on Fig. 4. Effect of p-endorphin and naloxone on
the PGE,-induced LHRH release from hypoth- the PGEg-evoked ¢cAMP production by hypoth
alami. alamic P, membrane preparations.

The MBH incubated with increasing doses of PGE, ({from 1X10""M to 1Xx10™‘M)
promoted LHRH release in a dose-related manner. When p-endorphin (1x1075M) were
added to the medium, PGE,-enhanced LHRH release from MBH was clearly attenuated
except at 1x107°M of PGE,(Fig. 3). The basal level remains however unaffected. Addition
of naloxone (1x1073M) counteracted the inhibition of LHRH secretion by S-endorphin.
The hypothalamic P, membrane preparation with increasing doses of PGE, resulted in
increment of cAMP production in a dose dependent manner with a clear inhibition by
B-endorphin treatment. Administration of naloxone partially antagonized the inhibition of
B-endorphin effect on PGEjevoked cAMP production, whereas this compound further
augmented LHRH release which already increased by PGE, (Compare Fig. 3 and 4).

DISCUSSION

The present data demonstrated that EOP plays an important role in presynaptically
modulating the neural LHRH apparatus, presumably through PGE,-adenylate cyclase-cAMP
generating system. First, the PGE,-induced LHRH release was extracellular Ca?+-independent
since the reduction in Ca?" influx did not affect the responsiveness of LHRH to PGE,.
However, depolarization induced LHRH release was a clear Ca2*-dependent process, through

voltage-dependent Ca?* channels as shown in a variety of experimental models(Rubin, 1972).



October 1987 Kim et al.—Opiate receptor and LHRH release 347

Second, EOP such as $-endorphin inhibited LHRH secretion presumably through reduction
in adenylate cyclase-cAMP activity., Third, the inhibitory effect of EOP on LHRH release
appears to be mediated by specific opiate receptor on the MBH since naloxone, a potent
mu-receptor antagonist was highly effective in antagonizing the g-endorphin action on LHRH
release as well as cAMP production.

Interestingly, the administration of naloxone further potentiated LHRH release induced by
PGE,, but partially attenuated the inhibition of cAMP production by g-endorphin suggesting
that a cellular pathway by adenylate cyclase-cAMP may not be the sole pathway in the
neural regulation of LHRH secretion. In fact, it has been recently shown that the
phosphatidylinositol cascade is involved in activation of the neural LHRH apparatus (Negro-
Vilar et al., 1986; Ojeda et al., 1986). It is, however, of interest to note that activation
of protein kinase C by phorbol ester was ineffective in increasing PGE, levels, whereas it
apparently augmented LHRH release from the median eminence nerve terminals (Ojeda et
al., 1986). Therefore it seems possible that two cellular pathways, such as diacyl glycerol-
protein kinase C activation and PGE,-cAMP system may operate in a complementary
manner. The interactions between both intracellular transducing system may be the case
that LHRH release is maximally enhanced as suggested by Ojeda et al., (1986). Such a
complementary pathway is operative as shown in many different experimental models
(Michell, 1983; Nishizuka et al., 1984). Although Ca2* appears a key intracellular messengers
in the process of neural secretion, the PGE,-induced LHRH release appears to be not
necessarily dependent on extracellular Ca?* influx. Recent evidence provided that mobilization
of intracellular Ca?t appears, however, a key step in the PGE,-induced LHRH release
(Ojeda and Negro-Vilar, 1985). Phosphatidylinositol cascade-protein kinase C is also involved
in intracellular Ca?t mobilization (Nishizuka et al., 1984). More importantly, it is of interest
that p-endorphin induced Ca?* uptake in the brain tissues (Guerrero-Munoz ef al., 1979)
suggesting that the inhibitory effect of EOP could be exerted through Ca?* mobilization.

It has been well documented that many neurotransmitters participate in the control of
LHRH release in particular catecholamines are the major regulatory input to the neural
LHRH apparatus (Blank et al., 1983; Kalra and Kalra, 1983; Weiner and Ganong, 1978).
Ojeda et al., (1982) showed that LHRH release induced by norepinephrine (NE) was
completely inhibited by treatment with prostaglandin synthesis inhibitors, such as
indomethacin suggesting that PG activity, particularily, PGE, may be an essential mediator
for the NE-induced LHRH release (Heaulme and Dray, 1984; Negro-Vilar, 1982).
Furthermore the accumulation of cAMP elicited by NE or a-adrenergic receptor agonists
was virtually abolished by treatment of hypothalamic slices with indomethacin (Partington
et al., 1980). Therefore it is tempting to postulate that PGE, may be required an interme-
diary for the NE-stimulated cAMP production in the hypothalamus. Since the action of
EOP on LHRH release may be initially mediated through modulation of NE(Kalra and

Simpkins, 1981; Miller et al., 1985), it is feasible to speculate that the activation of opiate
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receptor by EOP may inhibit the adenylate cyclase system to decrease cAMP levels which

in turn attenuate LHRH release from the median eminence nerve terminals,
ABSTRACT

The present study attempts to elucidate: 1) the possible role of Ca?* on PGE,-induced
LHRH release and 2) the inhibitory influences of endogenous opioid peptides (EOP) on
LHRH release as well as cAMP production. Depolarization by K+ (30 mM) induced LHRH
release was Ca® -dependent, whereas PGE, (1 x107*M) evoked LHRH release was a Ca®t-
independent process since pulses of PGE, produced LHRH pulses from mediobasal hypoth-
alamus superfused with either control or Ca?t-free medium. PGE, evoked a dose-related
increase in LHRH release and cAMP production. When g-endorphin (1x107°M) were
added to different doses of PGE,, the increment of LHRH by PGE, was abolished as
paralleled with inhibition of cAMP production. Naloxone (1x1073M) antagonized the
inhibitory effect of B-endorphin on LHRH release and cAMP production. Interestingly
naloxone further potentiated PGE,-evoked LHRH release, whereas it partially attenuated
inhibition of cAMP production by g-endorphin.

These data clearly demonstrated that EOP plays an important role in presynaptically
inhibiting the neural LHRH apparatus and its cellular mechanism of action by which -
endorphin inhibits LHRH release appears to be mediated by attenuation of PGE,-cAMP
facilitatory pathway.
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