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(4) 837–842, 1997.—The ef-
fect of intrathirdventricular (ITV) injections of 

 

b

 

-endorphin, anti-

 

b

 

-endorphin antiserum, Met-enkephalin, Leu-enkephalin,
and naloxone on the initial activation and final development of steroid hormone-mediated induction of female sexual recep-
tivity was studied in ovariectomized female rats. The lordosis response to male mounts in ovariectomized rats after subcuta-
neous (SC) estradiol benzoate (EB) and progesterone (Prog) priming was facilitated by 

 

b

 

-endorphin, and Met-enkephalin
(10 

 

m

 

g·5 

 

m

 

l

 

2

 

1

 

), but inhibited by Leu-enkephalin, when the peptides were injected into the third ventricle at the time of SC EB
priming. A lower dose Met-enkephalin had no effects. Lordosis behavior in steroid hormone-primed rats was significantly fa-
cilitated when ITV injections of Met-enkephalin were given 1 h prior to behavioral testing (47 h after EB priming). At 1 h
prior to behavioral testing (47 h after EB priming), ITV injection of 

 

b

 

-endorphin significantly inhibited lordosis behavior, es-
pecially at the higher dose of 

 

b

 

-endorphin (10 

 

m

 

g·5 

 

m

 

l

 

2

 

1

 

). Under those conditions, Leu-enkephalin had no effect. Lordosis be-
havior of ovariectomized female rats receiving SC steroid hormones and ITV injection of anti-

 

b

 

-endorphin antiserum was
significantly inhibited when anti-

 

b

 

-endorphin antiserum was injected at the time of EB priming. However, lordosis was signif-
icantly facilitated when anti-

 

b

 

-endorphin antiserum was injected 1 h prior to the behavior testing (47 h after EB priming). In
contrast, ITV injection of the opioid antagonist naloxone given either at the time of EB priming or 1 h prior to behavioral
testing (47 h after EB priming) decreased lordosis behavior. The present results suggest that 1) 

 

b

 

-endorphin, Met-enkephalin,
and Leu-enkephalin have differential effects in the control of lordosis behavior; 2) the opioidergic systems may modulate ini-
tial-stage and final-stage estrogen-induced lordosis behavior; and 3) the opioidergic systems could be divided into the endor-
phinergic modulation-type and enkephalinergic modulation-type, based on their effects on lordosis behavior. © 1997
Elsevier Science Inc.
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INHIBITORY effects of opioid peptides on female sexual be-
havior in estrogen–progesterone-primed rats have been re-
ported by many investigators [see review (14)]. For example,
Sirinathsingjhi et al. (19) observed that 

 

b

 

-endorphin inhibited
estrogen-activated lordosis behavior in ovariectomized rats

primed with subcutaneous (SC) injection of estrogen and
progesterone, and naloxone, an opioid receptor antagonist,
completely blocked 

 

b

 

-endorphin–mediated inhibition. How-
ever, we recently reported that in estrogen–progesterone-
treated ovariectomized rats, intrathirdventricular (ITV) infu-
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sion of 

 

b

 

-endorphin at the time of estrogen priming facilitated
lordosis behavior (21). Furthermore, 

 

b

 

-endorphin-induced fa-
cilitation of lordosis behavior was observed in rats in which
estrogen was implanted locally into the septal and preoptic re-
gions but not when estrogen was given into the ventromedial
hypothalamus (21). Beta-endorphin–induced facilitation of
lordosis was exclusively observed within the initial 6 h of estro-
gen action, and after that, inhibition of lordosis occurred (22).

Because previous evidence indicated that 

 

b

 

-endorphin ad-
ministered at the time of estrogen priming facilitated lordosis,
we decided to examine the effects on lordosis of two other
opioid peptides, Met-enkephalin and Leu-enkephalin, admin-
istered at the time of estrogen priming. For comparison, we
also examined the effects of these opioid peptides on lordosis
when administered just prior to behavioral testing. Further-
more, we tested the effects of anti-

 

b

 

-endorphin antiserum in-
fusion on lordosis behavior.

 

METHOD

 

Preparation

 

Sprague–Dawley female rats (Yenoue Labo. Animal Co.
Kumamoto, Japan), weighing 200–230 g, were used in these
experiments. They were housed under controlled lighting
(LD, 12:12, lights on, 0600–1800 h) and temperature conditions
(23 

 

6

 

 1.0

 

8

 

C, relative humidity, 60%), and had access to food
(Oriental Enzyme Co., Tokyo) and water ad lib. Ovariectomy
in the experimental animals was carried out at least 2 to 3
weeks prior to the sexual receptivity test.

Two to 3 days after ovariectomy, the rats were implanted
with outer guide cannulae [ext. tube, 0.8 mm (o.d.), int. tube,
0.45 mm (o.d.)] into the third ventricle. The cannulae implan-
tation surgery was carried out under Nembutal anesthesia
(25–30 mg/kg, IP) to position cannulae according to coordi-
nates obtained from the rat brain atlas of König and Klippel
(9). We confirmed cerebral spinal fluid flow from the third
ventricle in all animals.

 

Hormone and Drug Treatments and Behavioral Testing

 

Two to 3 weeks after surgery, the ovariectomized rats re-
ceived 8 

 

m

 

g or 10 

 

m

 

g estradiol benzoate (EB, Sigma, St. Louis,
MO) via the SC route. EB was dissolved in 0.1 ml sesame oil
on day 1 (1900 h), and 0.1 mg progesterone (Prog, Sigma) was
dissolved in 0.1 ml sesame oil on day 3 (1400 h). Beta-endor-
phin, Met-enkephalin, and Leu-enkephalin (Protein Res.,
Osaka, Japan) were dissolved in 0.9% saline in a concentra-
tion of 1.0 

 

m

 

g·1.0 

 

m

 

l

 

2

 

1 

 

or 2.0 

 

m

 

g·1.0 

 

m

 

l

 

2

 

1

 

, and naloxone (Endo
Labo., New York, NY) was dissolved in 0.9% saline in a con-
centration of 1.0 

 

m

 

g·1.0 

 

m

 

l

 

2

 

1

 

. ITV injections of these drugs (1.0

 

m

 

g·1.0 

 

m

 

l

 

2

 

1

 

 

 

or 10.0 

 

m

 

g·5.0 

 

m

 

l

 

2

 

1

 

) or saline (1.0 

 

m

 

l), and camel
anti-

 

b

 

-endorphin antiserum and normal rabbit serum (NRS),
were carried out at the time of SC EB-priming, or at 1 h prior
to behavioral testing (47 h after EB priming). Anti-

 

b

 

-endor-
phin antiserum and NRS were diluted with artificial cere-
brospinal fluid 100

 

3

 

, 500

 

3

 

, and 2500

 

3

 

. Five hours after SC
Prog treatment, the test for lordosis behavior was conducted
in an observation room during a period of darkness testing oc-
curred between 1800 and 1900 h. Two sexually experienced
males were introduced into a circular chamber (80 cm diame-
ter, 60 cm high), and were habituated for about 30 min. Next,
a female was introduced into the chamber. As previously re-
ported in the procedural details for the sexual behavioral test,
we used a total of six sexually active males. The occurrence of
lordosis behavior, expressed as a lordosis quotient [LQ, num-

ber of lordosis responses divided by the number of male
mounts (20 times) 

 

3

 

 100], was used as an index for female
sexual receptivity. Following the protocol of Arai et al. (2),
the lordosis reflex score (LS) also was recorded and the
strength was rated on a scale from zero (no response) to three
(strongest possible reflex).

 

Statistical Analysis

 

The data were represented as means 

 

6

 

 SEM, and statisti-
cally significant difference between mean values were assessed
by one-way or three-way analysis of variance (ANOVA) and
an unpaired 

 

t

 

-test. A probability level of 0.05 or less was ac-
cepted as a significant difference.

 

RESULTS

 

Figure 1 shows the effect of ITV injection of opioid pep-
tides on the LQ. The three-way ANOVA detected significant
main effects of opioid peptide (A), 

 

F

 

(3, 151) 

 

5

 

 13.47, 

 

p

 

 

 

5

 

0.0001, dose (B), 

 

F

 

(1, 151) 

 

5

 

 4.99, 

 

p

 

 

 

5

 

 0.0269, interaction be-
tween drug and dose (A 

 

3

 

 B), 

 

F

 

(3, 151) 

 

5

 

 9.93, 

 

p

 

 

 

5

 

 0.0001,
interaction between drug and time of ITV injection (A 

 

3

 

 C),

 

F

 

(3, 151) 

 

5

 

 52.59, 

 

p

 

 

 

5

 

 0.0001, interaction between opioid
dose and time of opioid ITV injection (B 

 

3

 

 C), 

 

F

 

(1, 151) 

 

5

FIG. 1. Effects of various doses of b-endorphin (b-EP), Met-
enkephalin (M-EK) and Leu-enkephalin (L-EK) on the lordosis
quotient (LQ). Ovariectomized rats were primed with estradiol
benzoate (EB, 8 mg) and progesterone (Prog, 0.1 mg) at an interval of
43 h. Lordosis behavior was tested 5 h after Prog priming. LQ
signifiers number of lordosis responses/number of 20 mounts 3 100
(%). (2) devotes no ITV injection. E signifies ITV injection at EB
priming; T devotes ITV injection at 1 h prior to the behavioral test.
Data is represented as means 6 SEM. NS, not significant [by one-way
ANOVA, in 1 mg group, F(3, 37) 5 1.48, p . 0.05 and in 10 mg group,
F(3, 41) 5 0.45, p . 0.05]. Number of subjects is included at the
bottom of each column. At the top, experimental procedures and
light:dark cycles (LD 12:12, 0600–1800 h, lights on) are shown. The
ovariectomized rats received subcutaneous (SC) injection of EB
(8 mg, at 1900 h, day 1), followed by SC injection of Progesterone
(Prog, 0.1 mg, at 1400 h, day 3). After Prog treatment, behavioral
testing was conducted (1900–2000 h, day 3). E devotes animals
receiving ITV injection at EB priming. T signifies animals receiving
ITV injection 1 h prior to the behavioral test.
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33.15, 

 

p

 

 

 

5

 

 0.0001, and an interaction of opioid 

 

3

 

 dose 

 

3

 

 time
(A 

 

3

 

 B 

 

3

 

 C), 

 

F

 

(3, 151) 

 

5

 

 4.12, 

 

p

 

 

 

5

 

 0.0077 (Table 1).
As shown Fig. 1, the LQ significantly increased with ITV

injection of 

 

b

 

-endorphin when SC EB was received, but sig-
nificantly decreased with the ITV injection at 47 h after EB.
Enkephalins, however, had different effects than 

 

b

 

-endorphin.
The larger dose of Met-enkephalin significantly increased the
LQ at the time of SC EB treatment. With both doses, the LQ
significantly increased when ITV injection of Met-enkephalin
occurred 47 h after EB. With ITV injection of Leu-enkephalin
at the time of SC EB priming, the LQ was significantly de-
creased. ITV injection of Leu-enkephalin at 47 h after SC EB
priming had no significant effect on the LQ.

Table 2 shows the effects of ITV injection of various doses
of anti-

 

b

 

-endorphin antiserum and NRS on lordosis responses
following EB and Prog. the LQ, 

 

F

 

(3, 24) 

 

5

 

 10.72, 

 

p

 

 

 

5

 

 0.0001,
and the LS, 

 

F

 

(3, 24) 

 

5

 

 12.25, 

 

p

 

 

 

5

 

 0.0001, were significantly de-
creased by ITV injections of anti-

 

b

 

-endorphin antiserum (at
the 100 

 

3

 

 and 500 

 

3

 

 dilutions) at the time of SC EB priming.
With ITV injection of anti-

 

b

 

-endorphin antiserum (100 3 di-

lution), the LQ significantly increased if injection occurred
before the behavioral testing, F(1, 18) 5 4.95, p 5 0.041.

The effects of naloxone on sexual behavior are illustrated
in Fig. 2. In the case of ITV injection of naloxone, the mean
LQs of two groups [E, F(1, 23) 5 21.6, p 5 0.0001 and T, F(1,
18) 5 23.0, p 5 0.0001] decreased significantly in comparison
with the saline control. The main results described above are
summarized in Table 3.

DISCUSSION

The present study demonstrated that b-endorphin, and
Met- and Leu-enkephalin, had different effects on female sex-
ual receptivity in ovariectomized rats treated with estrogen
and progesterone. Lordosis behavior was facilitated by ITV
injection of either b-endorphin, or Met-enkephalin, at the
time of EB priming at the initial stage of estrogen action, but
inhibited by Leu-enkephalin at the time of EB priming (Fig.
1). Furthermore, ITV injection of anti-b-endorphin serum at
the initial stage of estrogen action inhibited lordosis behavior.
In contrast, immunization with an anti-b-endorphin antiserum
inhibited the lordosis response when given at the initial stage
of estrogen action, but facilitated lordosis behavior when in-
jected 1 h before behavioral testing (Table 2). A specific opi-
oid antagonist, naloxone, significantly inhibited lordosis be-
havior at both stages (Fig. 2). Thus, both facilitation and
inhibition of steroid actions on female sexual receptivity are
modulated by opioidergic systems.

It has been clearly demonstrated that the localization of
b-endorphin– and Met-enkephalin–containing neurons in the
brain are different (1,3,6). There are regional distributions of
b-endorphin–containing neurons in the septo-preoptic region
and midbrain, and throughout the arcuate nucleus of the hy-
pothalamus including arcuate nucleus cell bodies (10). The
present study suggests that opioid-mediated effects on female
sexual receptivity may occur in the forebrain or hypothalamic
region. Thus, the functions of the opioidergic system when
opioids are provided at the initial stages of estrogen action
may be facilitation of lordosis behavior.

TABLE 1
THREE-WAY ANOVA TABLE ON THE EFFECTS OF

OPIOID PEPTIDES, THEIR DOSES, AND TIME OF THEIR
INJECTIONS ON FEMALE SEXUAL BEHAVIOR

Source df
Sum of
Squares Mean Squares F-Test p-Value

Drug (A) 3 7001.721 2333.907 13.465 0.0001
Dose (B) 1 865.511 865.511 4.993 0.0269
AB 3 5165.252 1721.571 9.934 0.0001
Time (C) 1 272.461 272.461 1.572 0.2119
AC 3 27334.208 9111.403 52.568 0.0001
BC 1 5745.111 5745.111 33.146 0.0001
ABC 3 2141.362 713.787 4.118 0.0077

Error 151 26172.449 173.327

TABLE 2
EFFECTS OF ITV INJECTION OF VARIOUS DOSES OF ANTI-b-ENDORPHIN (b-EP) ANTISERUM OR

NORMAL RABBIT SERUM (NRS) ON LORDOSIS RESPONSES FOLLOWING EB AND PROG

No. of
Rats

Lordosis Responsesa

(mean 6 SEM)

One-Way ANOVA Test

df F-Ratio Prob. df F-Ratio Prob.

LQ (%) LS LQ LS

ITV injection at EB priming
NRSb (1003) (6) 75.8 6 4.8 1.47 6 0.14 (3,24) 10.72 p 5 0.0001 (3,24) 12.25 p 5 0.0001
anti-b-EP antiserumb (1003) (8) 46.9 6 6.0†c 0.86 6 0.12†

(5003) (7) 54.0 6 4.3† 1.08 6 0.06*
(25003) (7) 73.3 6 2.8 1.40 6 0.05

ITV injection before testing
NRS 3 100 (9) 72.8 6 4.0 1.53 6 0.15 (1,18) 4.95 p 5 0.041 (1,18) 2.16 p 5 0.136
anti-b-EP antiserum 3 100 (10) 85.0 6 4.7* 1.81 6 0.13

Estradiol benzoate (EB, 8 mg/rat) and pregesterone (Prog, 0.1 mg/rat) were injected subcutaneously at 1900 h (on day 1) and at 1400 h (on
day 3), respectively.

aLordosis responses: lordosis quotient (LQ) and lordosis reflex score (LS) were measured by tests of 20 mounts at 48–49 h after EB priming.
bAnti-b-EP antiserum (1.0 ml) or NRS (1.0 ml) is diluted with artificial cerebrospinal fluid.
cSignificantly different from NRS 3 100, *p , 0.05, †p , 0.01 (by unpaired t-test).
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The opioid neuronal system has received much attention
and study. To date, three different opioid receptors have been
identified, although the existence of others have been sug-
gested (1,12). The receptors are pharmacologically distinct,
and show different affinity for endogenous ligands. b-endorphin
binds to all three types of receptors, dynorphin primarily to
the k, and enkephalin to m and d receptors (11). The proen-
kephalin A- and proenkephalin B-derived peptides may show
affinity for all receptors, depending on the end-product of
peptide cleavage (5,15). It has been reported that there are
multiple, varied effects of opioid on female sexual behavior
(13). The present data have shown that ITV injection of Leu-
enkephalin significantly inhibited lordosis behavior of ova-
riectomized rats primed with estrogen and progesterone.
Obviously, two different mechanisms are involved in the en-
dorphinergic and enkephalinergic systems with regard to rat
sexual receptivity. First, b-endorphin and Met-enkephalin in
high doses at the initial stages of estrogen feedback act to fa-
cilitate estrogen-activation of lordosis behavior; in contrast,
Leu-enkephalin acts to inhibit lordosis in that system. Second,
b-endorphin at the final stages of estrogen feedback acts to in-
hibit lordosis behavior, but Met-enkephalin acts to facilitate
lordosis behavior at that stage. Moreover, the results of nalox-
one microinfusion (Fig. 2) indicate that the Met-enkephalin
neuronal system may be involved in not only the activated be-

havior, but also in inducing lordosis behavior. The present
data suggest that there are the functional differences between
endorphinergic systems and enkephalinergic systems through-
out the duration of estrogen’s priming effects on female sex-
ual behavior. In addition, enkephalinergic modulation in the
final stage of lordosis induction may act as an antagonist to
endorphinergic systems.

It may be hypothesized that if endogenous opioid systems
facilitate initial estrogen action on female sexual behavior;
then naloxone, an opiate receptor antagonist, may inhibit that
behavior. In general, animals receiving 8 mg EB (SC) expressed
about 65–70%LQ. Thus, in the naloxone experiment, a 10 mg
dose of EB was chosen. Furthermore, we expected to obtain a
moderate lordosis response (submaximal lordosis performance 5
about 80%LQ, mean values) in experimental animals, and con-
ducted preliminary tests of lordosis in our animals.

On the other hand, with regard to the initial activation of
the effects of estrogen on sexual receptivity, Gorski and Ya-
nase (8) have reported that when apomorphine was injected
simultaneously with EB, 48 h prior to the behavioral test, 1.5
or 3.0 mg of apomorphine acutely facilitated lordosis behav-
ior. IP injection of 50 mg epinephrine had an effect similar to
that apomorphine. These findings, taken together with our
own, may indicate that the endorphinergic systems interact
with the adrenergic system to activate estrogen-induced sex-
ual behavior. Resolution of this question awaits further inves-
tigation. However, we observed that ITV injection of Leu-
enkephalin significantly inhibited lordosis behavior in estrogen
and progesterone primed ovariectomized rats. In estrogen
activated animals that received the ITV injection of Met-
enkephalin, the results showed that facilitatory control by Met-
enkephalin on sexual behavior was affected. Thus, enkephalin-
ergic modulation of sexual behavior is divided into two differ-
ent types: facilitatory effects at the initial stage steroid action
(“methionine type”), and nonfacilitatory (or inhibitory) effects
at the final stage of steroid action (“leucine type”).

In a previous study (22), we reported the effects of ITV in-
jection of b-endorphin on lordosis behavior in ovariectomized
rats receiving one of two treatment: EB-EB or EB-Prog. The

FIG. 2. Effects of ITV injection of naloxone (NLX, 1.0 mg) on
lordosis quotient (LQ). The ovariectomized rats received 10 mg EB
and 0.1 mg Prog. Data represent mean 6 SEM. A one-way ANOVA
was applied to analyze statistical significance. NS, not significant, F(1,
24) 5 0.45, p . 0.05. Other legends as same as in Fig. 1.

TABLE 3
SUMMARY OF OPIOID PEPTIDE EFFECTS ON

ESTROGEN-ACTIVATED SEXUAL RECEPTIVITY IN
OVARIECTOMIZED RATS

b-Endorphin
Anti-b-Endorphin

Antiserum

[E] ↑ ↓
[T] ↓ ↑

Met-Enkephalin Leu-Enkephalin Naloxone*

[E] ↑ ↓ ↓
[T] ↑ — ↓

Rats were primed with estradiol benzoate (SC EB, 8 mg, * 10 mg)
and progesterone (0.1 mg, SC) with an interval of 43 h, and tested for
lordosis reflex in response to male mount 48 h after the EB- priming.
Drugs were injected into the third ventricle either at the time of EB
priming [E] or at 1 h prior the behavioral test (47 h after SC EB treat-
ment) [T].

↑ , facilitation; ↓ , inhibition; —, no change of lordosis response ex-
pressed in term of lordosis quotient. See Table 2 and Fig. 1.
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lordosis behavior in rats following two injections of EB was
facilitated by b-endorphin, if that opioid peptide was given
exclusively during the several hours after the first EB priming.
In contrast, injection of b-endorphin after Prog injection, or
on the day following the second EB injection, inhibited be-
havioral receptivity. b-Endorphin facilitation of lordosis was
exclusively observed within the initial 6 h of estrogen action,
and after that, inhibition of lordosis occurred. It is impossible
to create a sufficient lordosis reflex without estrogen in the
CNS; for example, antiestrogen (CN-55, 945-27) effectively
inhibits lordosis behavior if administered within 12 h of estro-
gen (7). In the present study, it was interesting to note that
opioidergic modulation could cause opposite results at the ini-
tial stage and the final stage of estrogen action. With regard to
the initial stage of estrogen action, we have already reported a
facilitatory effect of ITV b-endorphin, injected at the time of
EB implantation, was observed into medial septo-preoptic ar-
eas. With regard to the final estrogen action, Wiener and
Moss (25) reported an inhibition of lordosis behavior in estro-
gen- and progesterone-primed ovariectomized rats when 100
ng b-endorphin was injected into the third ventricle. Thus, ef-
fects in the final stages estrogen action are quite different
from those in the initial stages.

As to the control center in the brain of the lordosis reflex,
Sakuma and Pfaff (16–18) have suggested that the mesen-
cephalic central gray (MCG) plays an important role in the
regulation of lordosis behavior. Thus, the MCG electrical
stimulation facilitates, and the MCG lesions inhibit lordosis
behavior in ovariectomized-steroid primed rats. In addition, mi-
croinfusion of luteinizing hormone-releasing hormone (LH-RH)
in the MCG facilitates sexual behavior (16,20). The endor-
phinergic systems, in the final stages of EB action, may act on
the specific mechanisms of LH-RH activation to augment the
lordosis reflex at level of the midbrain, as has been suggested
by Sakuma and Pfaff (16). Facilitation of lordosis behavior by
naloxone injected into the MCG in estrogen-primed ovariec-
tomized rats has also been reported (19,20). This evidence
may be closely related to the inhibition of lordosis response
by ITV injection of b-endorphin on the day of behavioral test-
ing. Nonspecific behavioral inhibition is one of the physiologi-
cal actions that endorphins and enkephalins exert (4). For ex-
ample, b-endorphin strongly inhibited estrogen-activated
behavior. We observed “no movement” in some animals fol-
lowing injection of 1 mg or 10 mg b-endorphin 1 h prior the be-
havioral test (at 60 min after ITV injection of 10 mg b-endor-
phin, “no movement” was observed in four animals).

Moreover, to investigate the action sites of opioidergic sys-
tem in the brain, we studied the effect of ITV injection of
naloxone on lordosis behavior in ovariectomized rats received
with an anterior roof deafferentation (ARD), a cut between
the septum and preoptic area and treated with EB and Prog
(24). In sham-ARD control rats, lordosis responses signifi-
cantly decreased by ITV injection of naloxone at the time of
EB priming. In contrast, lordosis in the ARD-operated rats
maximally facilitates, as previously reported by Yamanouchi
and Arai (26). Lordosis responses in the ARD-operated rats
could not decrease by ITV injection of naloxone at the time of
EB priming. The data suggested that endorphinergic action to
facilitate lordosis behavior was closely related to the limbic-
forebrain inhibitory influences on lordosis behavior. Further
studies are required to consider these matters.

In conclusion, female sexual receptivity was activated by
b-endorphin and Met-enkephalin, and inhibited by Leu-
enkephalin, in the initial stage of estrogen action. A facilita-
tory effect on lordosis behavior was seen when, at the final
stage of steroid action, Met-enkephalin was infused into the
third ventricle. The effect of naloxone was opposite to that of
ITV Met-enkephalin in the final stage of steroid action. In
contrast, no inhibitory effect on lordosis behavior was seen
when, during the final stage of estrogen action, Leu-enkepha-
lin was infused into the third ventricle. The present results
suggest several conclusions. First, there are differential effects
among the b-endorphin, Met-enkephalin and Leu-enkephalin
peptides to control lordosis behavior. Second, the opioidergic
systems may modulate initial stage and final-stage estrogen-
induced lordosis behavior. Third, opioidergic actions can be
divided into the “endorphinergic modulation type” and the
“enkephalinergic modulation type.”
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