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Abstract. The effects of a potent opioid peptide FK33-824, [D-Ala?, MePhe*, Met(0)*-
olJenkephalin, on luteinizing hormone (LH) and prolactin (PRL) secretion were investigated
in conscious castrated male rats with chronically implanted indwelling cannulae. Intraven-
tricular injection of FK33-824 (1, 10, and 100 ng/rat) resulted in a rapid and dose-related
decrease in plasma LH whereas it increased plasma PRL levels in the rat. Similar results
were obtained with B8-endorphin (1 pg/rat). Intravenous injection of naloxone, an opiate
antagonist, blunted the LH and PRL responses to FK33-824 and 8-endorphin. Pretreatment
with pimozide, a dopamine antagonist, blunted the PRL but not LH responses to FK33-824.
Specific destruction of the serotoninergic neural system by 5,6-DHT in combination with
PCPA did not affect the LH and PRL responses to FK33-824. These results suggest that the
opioid peptide inhibits LH secretion and stimulates PRL release via opiate receptors in the
central nervous system in conscious orchiectomized rats and that central dopaminergic

mechanisms are involved in PRL release induced by the opioid peptide.

The recent identification of endogenous
opioid peptides, which are concentrated in
the hypothalamus and the pituitary gland,
have suggested that opioid peptides play a
role in regulating the secretion of pituitary
hormones (1). Exogenous opioid peptides
such as B-endorphin and Met>-enkephalin
stimulate PRL release (2—6) and inhibit LH
secretion (4, 7) in the rat. Opioid peptides
also change the turnover and the release of
brain dopamine (5, 8, 9) and serotonin (10,
11), which are known to influence the se-
cretion of PRL and LH in opposite direc-
tions (12—16).

In the present study, we examined the
effects of a potent Met-enkephalin analog
FK33-824 (17), Tyr—p-Ala—Gly-MePhe-
Met(O)-ol, on plasma LH and PRL levels in
conscious castrated male rats with chron-
ically implanted indwelling cannulac. We
also studied the interaction of the opioid
peptide with brain dopamine and serotonin
in the regulation of LH and PRL secretion
in these animals.

! Supported in part by grants from the Ministry of
Education and the Ministry of Health and Welfare,
Japan.

Materials and Methods. Wistar strain
male rats (Japan Animal Co., Osaka)
weighing 200—250 g were maintained on
Oriental laboratory chow (Oriental Yeast
Co., Tokyo) and water ad libitum in an air-
conditioned room under artificial lighting
(light on 0600— 1800 hr).

The animals were orchiectomized under
chloral hydrate anesthesia (35 mg/100 g
body wt, ip). A Silastic catheter was then
implanted into the right atrium according to
a modification of the technique of Szabo
and Frohman (18). A PE-10 cannula was
also implanted into the right lateral ventri-
cle, using a modification of the method de-
scribed by Altaffer et al. (19). Every 2-3
days, an extension tube (PE-50) was con-
nected to the intraatrial catheter ex-
teriorized over the back of the neck and
rinsed with the heparinized saline (100
1U/ml), to maintain patency of the cannula
and to adapt the animals to the blood sam-
pling.

The experiments were begun 7 to 10 days
after the surgery. When the same group of
rats was used, each experiment was per-
formed at an interval of 1 week. On the day
of the experiment, 0.4-ml blood samples
were withdrawn from the indwelling right
atrial catheter into the heparinized tubercu-
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lin syringes every 10 min for 3 hr starting at
1100 hr. Test substances were given in-
traventricularly through the indwelling
cerebroventricular cannula or intrave-
nously through the right atrial catheter.

Plasma was promptly separated and
stored at —20° until assayed. Blood cells
were resuspended in saline and returned to
the rats following the next blood sampling.

Plasma LH and PRL concentrations were
measured by double antibody radioim-
munoassay using the kits provided by
NIAMDD, the rat pituitary hormone dis-
tribution program. NIAMDD-rat LH-RP-1
and rat PRL-RP-1 were used as the stan-
dard preparations. The minimum detectable
quantities of LH and PRL were 5 and 1
ng/ml, respectively, and the coefficient of
variation between assays averaged 12%.
Analysis of variance in combination with
Duncan’s new multiple range test was used
for statistical evaluation.

INHIBITION BY FK33-824 OF LH SECRETION

FK33-824 ([ D-Ala?, MePhe*, Met(O)3-
ollenkephalin, Sandoz, Basel) and human
B-endorphin (Daiichi Pharmaceutical Co.,
Tokyo) were dissolved in physiological
saline and injected intraventricularly in a
volume of 10 ul per rat 1 hr after starting
the experiment. Naloxone hydrochloride
(Endo Labs., New York) dissolved in saline
was injected intravenously 3 min before the
injection of FK33-824 or B-endorphin.
Pimozide (Fujisawa Pharmaceutical Co.,
Tokyo) was dissolved in 0.1 M tartaric acid,
diluted with saline, and injected 20 min be-
fore the injection of FK33-824. 5,6-
Dihydroxytryptamine (5,6-DHT, Sigma, St.
Louis, Mo.) was dissolved in physiological
saline containing 0.1% ascorbic acid.
para-Chlorophenylalanine (PCPA, Nakarai
Chemical Co., Kyoto) was dissolved in 0.5
N NaOH, which was adjusted to pH 9.0 by
0.5 N HCL. 5,6-DHT was injected intraven-
tricularly 7 days before and PCPA was
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FiG. 1. Effects of the intraventricular injection of either 8-endorphin (1 wg/rat) or FK33-824 (FK, 1,
10, and 100 ng/rat) on plasma LH levels in a representative conscious castrated male rat. Right upper
and middle panels show the effect on plasma LH of naloxone (125 ug/100 g body wt) injected intrave-
nously 3 min before B-endorphin (1 ug/rat, icv) or FK33-824 (100 ng/rat, icv) administration.
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FiG. 2. Effects of the intraventricular injection of
B-endorphin (1 pg/rat) and FK33-824 (1, 10, and 100
ng/rat) with or without intravenous injection of
naloxone (125 g/100 g body wt) on plasma LH levels
in conscious castrated male rats. Plasma LH values
are expressed as the maximum percentage change
(basal %) for 60 min after the injection from each mean
basal value of plasma LH before the injection. The num-
bers in parentheses refer to the number of animals in
each test group. Statistical differences: saline vs 8-
endorphin, P < 0.01; B-endorphin vs naloxone + 8-
endorphin, P < 0.05; FK33-824 1 ng vs 10 ng, P <
0.01; FK33-824 10 ng vs 100 ng, P < 0.05; FK33-824
100 ng vs naloxone + FK33-824 100 ng, P < 0.01;
B-endorphin vs FK33-824 100 ng, P < 0.01; saline vs
FK33-824 1 ng, P > 0.05.

given ip in two divided doses at 48 and 24 hr
before the experiment in the same rats as
described by Collu et al. (20).

Results. When blood samples were col-
lected every 10 min for 3 hr in conscious
castrated male rats, plasma LH levels were
elevated and pulsatile in nature whereas
plasma PRL levels were rather stable. In-
traventricular administration of saline (10
ml/rat) did not affect the pulsatile LH re-
lease nor plasma PRL levels.

As shown in Figs. 1 and 2, plasma LH
levels were rapidly suppressed by g-
endorphin (1 pg/rat) which was injected in-
traventricularly 1 hr after the start of the
experiment. The intravenous injection of
naloxone (125 ug/100 g body wt), a specific

opiate antagonist, blunted the inhibitory
effect of B-endorphin on LH release.

As shown in Figs. 1 and 2, LH release
was inhibited by intraventricular injection
of FK33-824 (10 and 100 ng/rat), a synthetic
Met*>-enkephalin analog, whereas a smaller
dose of FK33-824 (1 ng/rat) did not affect
the spontaneous LH release. The intrave-
nous injection of naloxone (125 wg/100 g
body wt) blunted the LH response to
FK33-824 (100 ng/rat).

When the maximum responses of plasma
LH were compared within 60 min after drug
injection, the inhibitory effect of FK33-824
on LH release was dose related and more
potent than that of 8-endorphin on a molar
basis (Fig. 2).

On the other hand, plasma PRL levels
were increased by SB-endorphin (1 wg/rat)
and FK33-824 (1, 10, and 100 ng/rat) in a
dose-dependent manner in these animals
(Fig. 3). The peak values of plasma PRL
were obtained 10 min after the injection of
the opioid peptides.

As shown in Fig. 4, the intravenous in-
jection of pimozide (50 ©g/100 g body wt), a
specific dopamine antagonist, raised
plasma PRL levels and FK33-824 (10 ng/rat,
icv) did not further increase plasma PRL
levels in these animals. Plasma LH levels
and the LH response to FK33-824 were not
influenced by pimozide administration.

Pretreatment with 5,6-DHT (50 wg/rat,
icv), a drug toxic to the serotoninergic sys-
tem, in combination with PCPA (60 mg/100
g body wt, ip, in two divided doses), an
inhibitor of serotonin biosynthesis, did not
affect either the LH or PRL responses to
FK33-824 (10 ng/rat, icv) in conscious or-
chiectomized rats (Fig. 4).

Discussion. The present study demon-
strates that intraventricular injections of
FK33-824, a synthetic Met®>-enkephalin
analog, as well as B-endorphin suppress
plasma LH levels and stimulate PRL re-
lease in conscious, freely moving castrated
male rats. The action of FK33-824 is dose
related and is blocked by a specific opiate
antagonist, naloxone, suggesting that the
opioid peptide inhibits LH release and
stimulates PRL secretion via central opiate
receptors in the castrated rat. These results
support earlier findings that endorphins
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FiG. 3. Effects of the intraventricular injection of 8-endorphin (1 ug/rat), FK33-824 (1, 10, and 100
ng/rat), and saline (10 ul/rat) on plasma PRL levels in conscious castrated male rats. Naloxone (125
18/100 g body wt) was injected intravenously 3 min before 8-endorphin (1 ug/rat) administration. All
values are the mean = SE of 5—10 animals in each group. The arrow indicates the time of injection of

the opioid peptides.

such as Met®-enkephalin and B-endorphin
inhibit LH secretion in castrated rats (4, 7)
and stimulate rat PRL release (2—6). The
potent stimulating effect of FK33-824 on
PRL secretion (21—23) and inhibitory ac-
tion on plasma LH (22) also have been re-
ported in human beings.

Opioid peptides stimulate the turnover of
dopamine in the hypothalamus (5, 8) and
the release of dopamine into the hypophys-
ial portal vessels (9). Apomorphine, a
dopamine receptor simulator, inhibits
episodic LH release in ovariectomized rats
(12). PRL secretion is known to be inhibited
by brain dopamine (14). We then studied
the possible involvement of dopamine on
changes in plasma LH and PRL induced by
FK33-824 in castrated rats. The present
study shows that PRL release induced by
FK33-824 is inhibited by pimozide, a
dopamine antagonist, whereas the inhibi-
tion of LH release induced by the opioid
peptide is not affected. These results
suggest that central dopaminergic systems
play a role in PRL secretion induced by the

opioid peptide, but not in the LH response
to FK33-824. The involvement of dopamin-
ergic mechanisms in PRL secretion induced
by opioid peptides has been suggested
by previous reports (23—24). In contrast to
these results, Spampinato et al. (26) failed
to demonstrate a reduction of PRL responses
to the opioid peptide after a-methyl-p-tyro-
sine treatment.

It has been reported that 8-endorphin and
[ D-Ala] MetS-enkephalin increase serotonin
turnover in rat brain (10, 11). The intraven-
tricular injection of serotonin inhibits LH
secretion (13) and stimulates PRL release
(15, 16) in the rat. These reports suggest a
possible involvement of serotoninergic
mechanisms in plasma LH and PRL
changes induced by the opioid peptide. In
the present study, however, the LH and
PRL responses to FK33-824 were not in-
fluenced after specific destruction of sero-
toninergic neural systems by 5,6-DHT and
PCPA in castrated rats. Spampinato et al.
(26) and Tache et al. (27) also failed to
demonstrate the reduction of the PRL re-
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F1G. 4. Effects of the intraventricular injection of FK33-824 (10 ng/rat) on plasma LH (left panel)
and PRL (right panel) levels in conscious castrated male rats pretreated with either pimozide or
5,6-DHT in combination with PCPA. Plasma LH values are expressed as percentage change (basal %)
from each mean basal value of plasma LH obtained before the injection. All values are the mean = SE
of 5—9 animals in each group.
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