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Summary--Recent evidence suggests that the effects of the opioids on gonadotropin release 
may depend on the endocrine status existing in the experimental animal. In the brain, the 
effects of the opioids are exerted through the interaction with different classes of opioid 
receptors (mu, delta, kappa, etc.). Among these, the mu receptors appear to be particularly 
relevant to the control of gonadotropin secretion. Different groups of experiments have been 
performed in the rat in order to analyze whether changes of circulating levels of sex steroids 
may have an impact on the binding characteristics of hypothalamic mu opioid receptors, as 
evaluated by a receptor binding assay performed on plasma membrane preparations, using 
[3H]dihydromorphine as a mu ligand. In a first series of experiments, it has been observed that 
the ontogenesis of hypothalamic mu opioid receptors is different in male and in female rats: 
the concentration of mu sites, similar in animals of the two sexes at 16 days of age, increases 
in females, but not in males, between day 16 and day 26 of life. This sexual difference persists 
in 60-day old animals, when the brain is fully mature. It has also been observed that the pattern 
of maturation of hypothalamic mu receptors can be reversed by neonatal castration of males 
and by neonatal testosterone treatment of females. In a second series of experiments, it has 
been shown that in the hypothalamus of regularly cycling female rats the concentration of mu 
receptors varies during the different phases of the estrous cycle. In particular, a rather high 
density of mu sites during diestrus day 2 and the morning of the day of proestrus was found; 
this is followed by a progressive decline during the afternoon of the day of proestrus and the 
day of estrus, with a minimum value of the concentration of mu receptors being recorded in 
the first day of diestrus. These fluctuations seem to be linked to the physiological changes of 
serum levels of ovarian steroids: in fact, in a third series of experiments, it has been found 
that the positive feedback effect on LH release, exerted by the treatment of ovariectomized 
female rats with estrogens plus progesterone, is accompanied by a significant decrease of the 
concentration of hypothalamic mu opioid receptors; treatments with estrogens alone, able to 
induce a negative feedback effect on LH secretion, are not associated with modifications of 
hypothalamic mu receptors. These data seem to indicate that hypothalamic mu receptors may 
be involved in the positive but not in the negative feedback control of LH secretion. Finally, 
it has been observed that during pregnancy there is a significant increase of the concentration 
of hypothalamic mu opioid receptors followed by a return towards control levels during the 
postpartum period. On the other hand, the simulation of the levels of sex steroids present 
during the first half of pregnancy, obtained through a long-term treatment of ovariectomized 
animals with estrogens plus progesterone, was not accompanied by any modification of the 
concentration of hypothalamic mu receptors. On the basis of these last results, the authors 
would then be inclined to suggest that, during pregnancy, the concentration of hypothalamic 
mu opioid receptors is not linked to endocrine phenomena, but may be related to the stressful 
conditions represented by pregnancy itself and by the oncoming delivery. The present findings 
strongly suggest that, in particular conditions, a strict link may exist between the endocrine 
environment and the binding characteristics of mu opioid receptors at hypothalamic level. 

INTRODUCTION 

The secretion of  the anterior pituitary hormones 
(e.g. gonadotropins and prolactin) is controlled 
at hypothalamic level not only by the classical 
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neurotransmitters (e.g. norepinephrine, dopa- 
mine, serotonin, etc.), but also by a large series 
of  peptides present in the brain. Among the 
peptides involved in such a control, a large body 
of  data show that a prevalent role is played by 
the opioids [1, 2]. 

In the brain, the naturally occurring opioids 
(met- and leu-enkephalins, endorphins, dynor- 
phin, etc.) interact with specific binding sites. 
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Different classes of opioid receptors (named 
respectively mu, kappa, delta, etc.) have been 
described [3]. Among these, the mu receptors 
appear to be particularly relevant for the control 
of gonadotropin secretion [4], while the recep- 
tors of the mu and kappa families seem to be 
especially involved in the control of prolactin 
release [5-6]. 

Evidence exists suggesting that the endocrine 
effects of exogenously administered opioids and 
of their antagonists (e.g. naloxone) may depend 
on the endocrine status existing at the time of 
the experiment, and especially on the circulating 
levels of sex steroids. For example, it has been 
shown that morphine, a rather specific ligand 
for the mu receptors, when given into the 
cerebral ventricles (i.v.t.), increases the release 
of LH in adult normal male rats, but decreases 
the secretion of this hormone when given to 
castrated male rats [7]; moreover, it has also 
been reported that i.v.t, administered morphine 
is able to increase serum prolactin levels in adult 
normal male rats, but is totally ineffective after 
orchidectomy [8]. 

The present report will summarize the data 
obtained in the authors' laboratory on the 
modifications induced by changing blood levels 
of sex steroids on the binding characteristics of 
brain mu opioid receptors in the hypothalamus 
of the female rat. The emphasis of the present 
studies was on the opiatergic system of the 
hypothalamus, because this region of the brain 
plays a major role in various neuroendocrine 
processes, and is also particularly rich both 
in mu opioid receptors and in fl-endorphin, 
the possible physiological ligand for these 
receptors [9, 10]. 

In particular, this paper will describe the 
changes of the binding characteristics of hypo- 
thalamic mu binding sites in experimental 
models characterized by different patterns of sex 
steroid levels. The following situations will be 
considered: (a) the effect of neonatal endocrine 
manipulations; (b) the effect of estrous cyclicity; 
(c) the effect of different treatments (performed 
in ovariectomized female rats) with gonadal 
steroids able to induce positive or negative 
feedback effects on gonadotropin secretion; and 
(d) the effect of pregnancy and of parturition. 

In the experiments described, tritiated dihy- 
dromorphine (DHM), a typical mu receptor 
ligand, has been used in a receptor binding assay 
performed on plasma membrane preparations 
obtained from hypothalamic tissue, as described 
in detail elsewhere [11, 12]. The maximal bind- 

ing capacity (B .... expressed as fmol/mg pro- 
tein) and the dissociation constant (Kd) of DHM 
to mu sites have been evaluated using the pro- 
gram LIGAND developed by Munson and 
Rodbard[13], adapted for a Macintosh com- 
puter, and kindly provided by Dr G. E. Rovati 
(Milano, Italy). 

EFFECTS OF NEONATAL ENDOCRINE 
M A N I P U L A T I O N S  ON THE C O N C E N T R A T I O N  

OF H Y P O T H A L A M I C  M U  RECEPTORS 

The neural mechanisms which control pro- 
lactin and gonadotropin secretion are totally 
different in male and in female mammals [14, 15]; 
this has also been confirmed by studies in 
which the opioids and their antagonists have 
been utilized. For instance, naloxone, a typical 
opioid antagonist, has been repeatedly found to 
decrease serum prolactin levels in adult male 
rats [8], but not in adult females [16, 17]. More- 
over, naloxone stimulates LH release in pre- 
pubertal female rats, but not in prepubertal 
male rats [17, 18]. 

The sex differences in the mechanisms con- 
trolling prolactin and gonadotropin secretion 
have been ascribed to a different pattern of 
"organization" of the brain in the two sexes. 

It is presently recognized that, in the male 
rat, the neuroendocrine brain develops towards 
a male pattern of control of prolactin[14] 
and gonadotropin[15] secretion because it is 
exposed, during the neonatal period, to the 
presence of testosterone secreted by the testes. 
It has also been reported that it is possible 
to "masculinize" the feminine neuroendocrine 
brain by administering testosterone to the neo- 
natal female rat, and conversely to "demas- 
culinize" the neuroendocrine male brain by 
orchidectomizing the male rat immediately after 
birth [14, 15]. 

More recently, it has been found that 
naloxone decreases serum prolactin levels in 
normal male rats and in neonatally androgenized 
females, but is ineffective in normal females and 
in neonatally orchidectomized males [17]. 

The present experiments have been designed 
in order to analyze whether, in the rat, changes 
of the endocrine environment soon after birth 
could affect the subsequent development of 
the binding characteristics of hypothalamic mu 
opioid receptors. It is known that, at least in the 
rat, the opioid systems are not fully mature at 
birth and may consequently be manipulated by 
hormonal treatments (see [19] for references). 
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The binding characteristics of DHM were eval- 
uated in the hypothalami of." (a) normal male 
rats; (b) normal female rats; (c) neonatally 
androgenized (1.25 mg testosterone/rat on day 2 
of life) female rats; and (d) neonatally deandro- 
genized (castration on day 2 of life) male rats. 
The animals were sacrificed at 16, 26 and 60 
days of age. 

The results summarized in Table 1 show 
that, in the rat, a sexual difference exists in the 
maturation and development of hypothalamic 
mu receptors. Apparently, at 16 days of age 
the density of the hypothalamic mu receptors 
is identical in normal males and females; in 
females, but not in males, a consistent increase 
in the concentration of hypothalamic mu recep- 
tors occurs between days 16 and 26. Because 
of this, the concentration of hypothalamic mu 
receptors at this age is higher in females than in 
males. This sexual difference is still present at 
60 days, when the brain is fully mature. In fact, 
at 60 days of age, the concentration of mu 
receptors in normal females remains elevated; 
moreover, at the age of 60 days, the density 
of mu sites increases in the hypothalamus of 
neonatally castrated males to reach the levels 
found in females. At this time interval, there 
were no changes in the number of hypo- 
thalamic mu receptors in normal males and in 
androgenized females. 

No changes of the affinity of DHM to mu 
receptors were detected among the different 
experimental groups. 

The present data indicate that the sexual 
dimorphism in the ontogenesis of hypothalamic 
mu receptors (as shown by the different pattern 
of development in normal females vs normal 
males) may be under the control of the amounts 
of androgens present at birth. Apparently, the 
androgens spontaneously present in normal 
males, or administered to females in the perina- 
tal period, block the development of hypo- 
thalamic mu receptors toward a female pattern. 
The absence of androgens in neonatally cas- 
trated male rats permits, on the contrary, the 

appearance of a female situation, even if at a 
later stage. 

The findings presented here are in agreement 
with previous studies indicating that endocrine 
manipulations performed in the neonatal period 
may modify the development of brain naloxone 
binding sites in the sexual dimorphic nucleus 
of the hypothalamic preoptic area [20, 21] as 
well as the immunoreactivity of met-enkephalin 
fibers present in the periventricular region of the 
preoptic area [22]. 

It remains for further studies to ascertain 
whether the sexual differences in the concen- 
tration of hypothalamic mu receptors found in 
the present work might explain the differential 
responses of prolactin and of the gonadotropins 
to opioid agonists and antagonists previously 
described to occur in the two sexes [18]. 

E F F E C T  E X E R T E D  BY E S T R O U S  C Y C L I C I T Y  
O N  T H E  C O N C E N T R A T I O N  O F  H Y P O T H A L A M I C  

M U  O P I O I D  R E C E P T O R S  

Several data in the literature indicate that, 
in female animals and in women, the effects 
of the opioids and of their antagonists on 
gonadotropin secretion largely depend on the 
levels of estrogens and progesterone present at 
time of administration [2, 17, 23]. 

In a recent experiment performed in the 
authors' laboratory [24], the modifications of 
the binding characteristics of mu opioid recep- 
tors have been studied in the whole brain of 
female rats during the different phases of the 
estrous cycle, which are characterized by differ- 
ent secretory rates of estrogens and progester- 
one [25, 26]. The results obtained showed that, 
in the total brain of the female rat, the concen- 
tration of mu opioid receptors changes signifi- 
cantly during the different phases of the cycle. 
In particular, it has been found that the 
concentrations of mu opioid receptors in the 
whole brain, which are low during the second 
day of diestrus, increase during the morning 
of the day of proestrus reaching their maxi- 
mum value at 1200 h; after this time there is a 

Table I. Effect of neonatal endocrine environment on the concentration of hypothalamic mu 
opioid receptors in rats of different ages 

Days of age 

Groups 16 26 60 

Normal males 103.40 + 5.95 122.46 _+ 4.82 104.25 +_ 12.58 
Castrated males 139.12 + 18.94 122.41 +_ 11.89 156.46 + 23.58* 
Androgenized females 130.67 + 14.20 107.46 + 6.91 130.14 + 20.33 
Normal females (estrus) 108.51 + 7.59 168.23 _+ 21.53"[" 148.74 -t- 12.24"t 

K a = 0.52 nM. Groups of 6 animals were used. Values of Bma x (fmol/mg protein) of [3H]DHM 
are presented as mean + SE. *Significant (P < 0.05) vs normal males of the same age; 
tsignificant (P < 0.05) vs 16-day old females. 



116 ROBERTO MAC, GI et aL 

significant and progressive decline of the con- 
centration of mu receptors, which return at 
1800 h to the levels found in the early morning 
of the day of proestrus. During all these studies, 
the changes in the concentration of mu recep- 
tors were not accompanied by any change in the 
affinity constant. 

To complement these data, the present exper- 
iments have been performed in order to analyze 
possible changes of the binding characteristics 
of opioid receptors of the mu type at the level 
of the hypothalamus (the region of the brain 
mainly involved in the control of gonadotropin 
secretion) during the different phases of the 
estrous cycle of the female rats. To this purpose 
different groups of female rats with a regular 
4-day estrous cycle were killed by decapitation 
in different phases of their cycle, i.e. at 1000 h of 
the first and the second day of diestrus, at 1000, 
1200, 1400, 1600, 1800 and 2000 h of the day of 
proestrus, and at 1000, 1200, 1400, 1600 and 
1800 h of the day of estrus. For comparison, 
female rats ovariectomized 3 weeks before were 
also used. Serum concentrations of LH, estra- 
diol (E2) and progesterone (P) were measured by 
RIA to accurately monitor the different phases 
of the estrous cycle. 

It is clear from Fig. 1 (panel A) that the 
concentration of opioid receptors of the mu 
type shows significant variations during the 
different phases of the estrous cycle also in 
the hypothalamus. The concentration of hypo- 
thalamic mu opioid receptors resulted to be 
of 131.08 fmol/mg protein in the morning of 
diestrus day 2, showed an increase at 1400 h 
of the day of proestrus and then started a 
significant decline with a nadir at 2000h 
(68.08 fmol/mg protein; P < 0.05) of the day of ~ 
proestrus. A significant increase of mu sites 
occurred at 1600 h of the day of estrus. During 
the other times of observation the values fluctu- 
ated around the low levels found at 2000 h of 
the day of proestrus. The minimum value of the 
concentration of mu binding sites were recorded 
in the morning of the first day of diestrus 
(35.85 fmol/mg protein); the analysis performed 
by LIGAND detected during diestrus day 1 
also a significant increase of the affinity (Kd, 
0.193 nM) of DHM for the mu hypothalamic 
receptors when compared to those observed in 
the second day of diestrus and during the morn- 
ing of the day of proestrus (ranging from 1.41 
to 1.92 nM). 

It is interesting to note that ovariectomized 
female rats show a concentration of hypo- 

thalamic mu receptors significantly lower 
(66.42 fmol/mg protein) than that observed in 
the second day of diestrus and in the morning 
of the day of proestrus, but in ovariectomized 
animals the affinity of DHM is significantly 
increased (0.342nM) and similar to that 
measured in the first day of diestrus. 

The present data underline that during the 
different phases of the estrous cycle the binding 
characteristics of mu opioid receptors show 
important changes not only in the whole brain 
but also in the hypothalamus of the female rat. 
In fact, the results seem to show a first period 
of the estrous cycle (second day of diestrus, and 
morning of proestrus) characterized by a rather 
high density of hypothalamic mu sites; this is 
followed by a progressive decline during the 
afternoon of the day of proestrus and the day of 
estrus with a minimum value of the concen- 
tration of mu receptors recorded in the first day 
of diestrus. Two small peaks of mu density are 
observed during the day of estrus. 

It is interesting to ask the question whether 
these estrous cycle-linked modifications of the 
concentration of brain mu opioid receptors 
might be considered as primary, or whether they 
might be induced by the changes of the steroid 
"milieu" occurring during the different phases 
of the estrus cycle. 

Figure 1 (panel B and C) shows the 
plasma levels, measured by RIA, of LH, E 2 
and P detected during the experiment. It is 
evident that the decline of mu opioid receptors 
in the hypothalamus during the afternoon of 
the day of proestrus seems to be coincident 
with the LH surge. It is also apparent from 
Fig. 1 that the higher concentrations of hypo- 
thalamic mu receptors are present during the 
period of the estrous cycle characterized by high 
serum levels of E2, and that the decrease of the 
density of the mu sites starts concomitantly with 
the increase of P secretion. Moreover, in the 
hypothalamus of ovariectomized animals, there 
is a low concentration of mu binding sites 
accompanied by an increase of the affinity simi- 
lar to that observed during the first day of 
diestrus, when both E 2 and P are at low levels. 
The data would then imply that the changes of 
the concentration of the hypothalamic mu re- 
ceptors are linked to, if not induced by, the 
modifications of serum levels of both E2 and P. 
However, the fluctuation of opioid receptors 
occurring during the day of estrus appears 
difficult to explain on the basis of changes of sex 
steroid secretion. 
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The results reported here are in agreement 
with the studies which have shown that, during 
the preovulatory surge of LH, the LH-releasing 
response of rats to naloxone is reduced or abol- 
ished [17, 27] suggesting a decrease of the opi- 
atergic inhibitory tone on the secretion of LH [2]. 
The results are in contrast with those of Weiland 
and Wise [28] who, using an autoradiographic 
procedure, have reported no modifications of 
naloxone binding sites in discrete regions of the 
hypothalamus of female rats during the day of 
proestrus. Moreover, in contrast with the pre- 

sent data these authors [28] have found a signifi- 
cant increase of hypothalamic naloxone binding 
in 7-day ovariectomized rats vs the values ob- 
served at proestrus in intact animals. This dis- 
crepancy may be due to the different interval 
after castration (3 weeks in the present study vs 
7 days in the study of Weiland and Wise [28]). 

In conclusion, the present data indicate that 
in the female rat, in a physiological situation, 
a link seems to exist between serum levels of 
sex steroids and the density of hypothalamic mu 
opioid receptors. 
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Fig. 1. Concentration of  hypothalamic mu opioid receptors (panel A) and serum LH (panel B), 
17fl-estradiol and progesterone (panel C) during the various phases of the estrous cycle of female rats. 
(Groups of 10 animals were used; values represent mean + SE; OVX: 3-week ovariectomized animals.) 
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E F F E C T S  O F  SEX S T E R O I D  T R E A T M E N T  
O N  T H E  C O N C E N T R A T I O N  O F  

H Y P O T H A L A M I C  M U  R E C E P T O R S  

This series of experiments were designed in 
order to evaluate whether steroid regimes able 
to elicit negative or positive feedback effects on 
LH secretion might modify the concentration 
of hypothalamic mu opioid receptors in adult 
castrated female rats. 

Adult female rats, ovariectomized 3 weeks 
before, have been treated according to the fol- 
lowing schedules: (a) short-term treatment-- 
ovariectomized animals were injected s.c. with 
two doses (7.5#g/rat) of estradiol benzoate 
(EB) in the morning of experimental days 1 and 
2 and sacrificed 6 h after the second injection of 
EB; (b) long-term treatment--Silastic capsules 
filled with crystals of 17fl-estradiol free base (E2) 
were implanted s.c. in ovariectomized animals; 
these were sacrificed two weeks after E 2 implan- 
tation; these are standard procedures known to 
induce a negative feedback effect on gonado- 
tropin release [26]; (c) finally, ovariectomized 
female rats were treated s.c. with 7.5 #g/rat of 
estradiol benzoate in the morning of exper- 
imental day 1 and with 5 mg/rat of progesterone 
on the morning of experimental day 3. The 
animals were sacrificed 6 h after the adminis- 
tration of progesterone. This type of treatment 
is known to induce a positive feedback effect 
on LH secretion[26]. At the end of each 
experiment, serum levels of LH were measured 
by radioimmunoassay concomitantly with the 
evaluation of the concentration of hypothalamic 
mu binding sites. 

As expected, both short-term and long- 
term estrogen treatment induced a significant 
decrease of serum LH levels, while the combined 
treatment with estrogen plus progesterone 
induced a significant increase in serum LH levels 
(Table 2). 

Table 2 also shows that in the female rats 
treated only with estrogens, both in the short- 
term or in the long-term experiment, there are 
no apparent changes in the concentrations of 
the hypothalamic mu opioid receptors, vs the 
ovariectomized vehicle-treated control animals. 
In no instance were there changes of the dis- 
sociation constant (Kd) of the DHM to mu sites. 
These results suggest that the negative feedback 
effect of estrogens on LH release probably does 
not involve alterations of the hypothalamic mu 
receptors. 

Moreover, it is evident from Table 2 that 
the treatment with estrogen plus progesterone 

Table 2. Effect of gonadal steroid treatment on the 
concentration of hypothalamic mu opioid receptors in 

3-week ovariectomized (OVX) female rats 

LH Hypothalamic mu sites 
Treatment (ng/ml) (Bmax; fmol/mg protein) 

OVX 10.66 + 2.02 117.22 + 15.24 
EB 4.19 + 0.35* 108.97 ± 12.97 
OVX 13.02 ± 1.67 118.12 ± 4.93 
E 2 3.11 ± 0.37* 112.76 ± 6.35 
OVX 16.74 + 0.78 106.20 ± 5.65 
EB-P 39.43 _+ 6.22* 90.14 ± 3.33* 

Ka= 1.12 nM. Groups of 10 animals were used. Values 
represent mean + SE. *Significant (P < 0.05) vs 
vehicle-treated OVX of the same group; EB = 
estradiol benzoate; E2= 17fl-estradiol; P =  proges- 
terone. 

brings about a significant decrease of the con- 
centration of dihydromorphine binding sites in 
the hypothalamus vs that found in control 
animals. Also in this experiment, there were no 
changes of the affinity. These data are compat- 
ible with the hypothesis that the positive feed- 
back effect of estrogen plus progesterone on LH 
secretion might be due to changes in the concen- 
tration of hypothalamic mu binding sites. 

Several investigators have analyzed the effects 
of treatment with estrogens on opioid receptor 
binding. In agreement with the findings here 
reported, Jacobson and Kalra[29] reported 
that the acute treatment of 3 week-ovari- 
ectomized female rats with EB does not modify 
the binding of tritiated naloxone, an opiate 
antagonist, in the mediobasal hypothalamus 
and in the preoptic area. On the contrary, 
some authors have demonstrated a significant 
increase in naloxone binding in the anterior 
hypothalamus of ovariectomized female rats 
following more prolonged (12 weeks,[30]; 
2 weeks,[31]) estrogen treatment through the 
implantation of Silastic capsules filled with 
estrogens. The present data are in contrast with 
those of We±land and Wise[28] who have 
recently reported that the implantation of 
Silastic capsules filled with E2 for 2 days induces 
a decrease of naloxone binding in discrete 
regions of the hypothalamus of 7-day ovari- 
ectomized female rats. 

In the authors' opinion, all these data cannot 
be directly compared with those reported in 
this paper because of the differences in the 
experimental models used (e.g. different type 
and duration of treatments, time of recovery 
after castration, autoradiography vs biochemi- 
cal assay, etc.); moreover, all these authors 
used naloxone a ligand, which also binds to 
other kinds of opioid receptors [9]; in the pre- 
sent experiments, on the contrary, dihydro- 
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morphine was used, which is a rather specific 
ligand for opioid mu receptors. 

It must be pointed out, however, that a 
general agreement seems to exist on the fact that 
the treatment with estrogens plus progesterone, 
able to produce a positive feedback effect on 
LH secretion, induces a significant decrease of 
the opioid receptors in different regions of the 
hypothalamus in ovariectomized rats [28, 29]. 

All these data are compatible with the 
hypothesis proposed here that the positive 
feedback effect of estrogen plus progesterone 
on LH secretion might be due to a decrease of 
the concentration of hypothalamic mu bind- 
ing sites and consequently to a decrease of the 
opiatergic tone bringing to a gradual decrease of 
the inhibitory influences on LH secretion; this 
may obviously facilitate the occurrence of the 
LH surge [2]. 

E F F E C T S  E X E R T E D  BY P R E G N A N C Y  A N D  
P A R T U R I T I O N  O N  H Y P O T H A L A M I C  

M U  O P I O I D  R E C E P T O R S  

Serum levels of pituitary and gonadal hor- 
mones show marked changes during pregnancy 
and at parturition[14,32-34]. The concen- 
trations of/~-endorphin in the brain have also 
been shown to change during pregnancy and 
lactation [35]. Because of this, it was found of 
interest to analyze the binding characteristics of 
the mu subpopulation of opioid receptors in the 
hypothalamus of female rats at different stages 
of pregnancy, on the day of parturition and, 
during the postpartum period, both in lactating 
and in non-lactating animals. In particular, the 
mu receptors have been measured in the hypo- 
thalamus of female rats killed on day 7 or on 
day 15 of pregnancy, on the day of parturition 
(day 22), as well as 12-18 h and 6-8 days after 
delivery. At the last time interval, the data were 
obtained from females that had been suckled by 
their pups, and from those that had been separ- 
ated from their offspring immediately after par- 
turition. Cycling female rats killed in the day of 
estrous served as controls. The results obtained 
(Table 3) show that the hypothalamic concen- 
tration of mu opioid receptors was significantly 
higher than in controls on day 15 of pregnancy 
and on the day of parturition; after delivery 
the concentration of mu receptors returned 
to control values, irrespective of whether the 
measurement was performed in lactating or in 
non-lactating animals. In no instances there 
were variations of the Ka of DHM to mu 
receptors. 

Table 3. Hypothalamie concentration of mu opioid receptors 
during pregnancy and after parturition in female rats 

Controls (estrus) 180.32 + 15.17 
7 Days 225.63 + 23.70 
15 Days 272.66 + 26.95* 
22 Days 273.53 + 18.92" 
12-18 h Postpartum 189.75 + 24.14 
6-8 days Postpartum (non-lactating) 226.61 + 18.34 
6-8 days Postpartum (lactating) 261.01 + 20.30 

K d ffi 0.8 nM. Groups of 6 animals were used. Values of 
Bin, x (fmol/mg protein) are presented as mean + SE. 
*Significant (P < 0.05) vs controls. 

The data presented here show that the hypo- 
thalamic concentration of mu opioid receptors 
significantly increases throughout pregnancy 
and returns towards control levels during the 
postpartum period. The increase in the density 
of opioid receptors reported here to occur in 
the hypothalamus of pregnant rats seems to 
indicate that the hypothalamic opiatergic tone 
markedly increases during pregnancy. This 
enhanced opiatergic activity may be either 
primary, or intervene as the consequence of 
several factors. These may include: (a) the 
changes of the gonadal steroid environment 
which characterize this particular physiological 
condition [34, 36-40]; and (b) the preparation 
for the stress of parturition. 

In order to ascertain whether the modifi- 
cations of the density of mu receptors observed 
during pregnancy may be due to the changing 
levels of sex steroids, additional experiments 
were performed. Adtdt 7-day ovariectomized 
female rats were implanted subcutaneously with 
Silastic capsules filled with E: and capsules filled 
with P; this treatment was able to produce 
serum levels of these steroids comparable to 
those found during the first half of pregnancy 
(E 2, 30 pg/ml; P, 220 ng/ml). A second group of 
animals received only capsules filled with estra- 
diol. Animals were killed on day 14 of treat- 
ment. Control groups included ovariectomized 
rats implanted with empty Silastic capsules and 
normal cycling female rats killed on the day of 
estrus. 

As illustrated in Table 4, treatment with E2 
alone induced a decrease of the secretion of LH. 
In contrast with the positive feedback effect on 
LH secretion exerted by the acute EB + P treat- 
ment (see Table 2), the long-term treatment with 
E2 + P performed in this experiment produced a 
significant decrease of plasma LH levels. This 
result is in line with the finding of a decrease of 
LH levels during middle pregnancy (data not 
shown). 

Table 4 clearly shows that the treatments 
with E2 and E2 + P were unable to induce any 
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Table 4. Effect of gonadal steroid treatment on the 
concentration of hypothalamic mu opioid receptors in 

7-day ovariectomized (OVX) female rats 
LH Hypothalamic mu sites 

Treatment (ng/ml) (Bmax; fmol/mg protein) 
OVX 8.145 _+ 1.24 152.36 + 35.04 
E 2 0.918 + 0.29* 171.80 + 17.20 
E2 + P 0.102 _ 0.02* 149.30 _+ 16.42 
K a = 1.32 nM. Groups of 10 animals were used. Values 

represent mean _+ SE. *Significant (P < 0.05) vs 
vehicle-treated OVX animals. E2= 17fl-estradiol; 
P = progesterone. 

modif ica t ion  o f  the concen t ra t ion  o f  hypo tha la -  
mic mu  op io id  receptors  or  to modi fy  the 
affinity o f  D H M  to the m u  sites (both  when the 
da t a  were analyzed  vs those in ovar iec tomized  
rats  or  in females kil led on the day  o f  estrus). 
There  are no previous  da t a  which may  be 
direct ly  c o m p a r e d  with those o f  the two studies 
here repor ted .  However ,  in par t ia l  agreement  
with the present  observat ions ,  H a m m e r  and  
Bridges[31] have repor ted  tha t  the concen-  
t ra t ion  o f  [3H]naloxone b inding  sites is par t icu-  
lar ly  high in the media l  p reopt ic  area  o f  the 
h y p o t h a l a m u s  ( M P O A )  o f  p regnan t  rats  (day 12 
o f  gestat ion),  and  shows a significant decline in 
lac ta t ing  animals  12 days  af ter  delivery. 

These authors[31]  also repor ted  a greater  
b ind ing  o f  na loxone  in the M P O A  of  E 2 + P- 
t rea ted  rats  than  in ovar iec tomized  animals .  
Me thodo log ica l  differences (b inding assay,  type 
o f  l igand used, b ra in  region studied,  etc.) mus t  
be considered to explain  these discrepancies.  

On the basis o f  the present  results the au thors  
would  then be incl ined to suggest that ,  dur ing  
pregnancy,  the concen t ra t ion  o f  hypo tha lamic  
m u  op io id  receptors  is not  l inked to endocr ine  
phenomena ,  bu t  might  be related to the stressful 
condi t ions  represented by p regnancy  itself  and  
by the oncoming  delivery. Brain op io id  pept ides  
have been actual ly  demons t r a t ed  to be signifi- 
cant ly  affected by stressful st imuli  o f  var ious  
na ture  [40-43].  

One might  also pos tu la te  that  the hypo-  
tha lamic  system of  op ia te  receptors  m a y  p lay  
a m a j o r  phys io logica l  role dur ing  pregnancy  
and  pa r tu r i t ion  by regulat ing mate rna l  pa in  
percept ion.  I t  has been clearly shown that  
the pa in  threshold  is significantly increased in 
p regnan t  rats,  and  that  this effect can be abol -  
ished by t r ea tment  with the opia te  an tagon i s t  
na loxone  [44]. 

Moreover ,  it has been shown tha t  ma te rna l  
behavior ,  which develops  dur ing  lac ta t ion,  is 
related no t  only  to gonada l  s teroid levels [38, 45] 
but  also to opia tergic  inputs  [46, 47]. Thus,  the 
decreased opia tergic  act ivi ty observed  in the 

h y p o t h a l a m u s  o f  lac ta t ing  rats  might  be necess- 
ary for the onset o f  maternal  behavior.  Endogen-  
ous op io ids  are  also known  to inhibi t  oxytoc in  
release [48]; for  instance,  the admin i s t r a t ion  o f  
morph ine  to lac ta t ing  mice and  rats  has been 
shown to decrease the weight gain o f  the pups  
dur ing  suckling [49, 50]. Therefore,  it is poss ible  
that  the decrease in hypotha lamic  opioid  activity 
dur ing  lac ta t ion  might  be di rected to faci l i ta t ing 
oxytoc in  release and  therefore  to p r o m o t i n g  
lactat ion.  
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