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Summary-Studies were undertaken to evaluate the effects of estradiol and prolactin on striatal 
dopamine receptor activity. Dopamine receptors were quantified in partially purified striatal membranes 
bv equilibrium binding using r3Hlspiroperidol. When we investigated whether the D-2 dooamine 
receptor activity changes dur& the estrous cycle, the results suggest an increase in dopamine receptor 
density in diestrous, without modifications in the affinity. The finding that in ovariectomized rats the 
dopamine receptor binding parameters remained unchanged, suggests that gonadal steroids are not 
essential in the mechanism of action of this receptor. Results of activity of D-2 dopamine receptors 
showing that hyperprolactinemia fails to increase the number of these receptors do not support the 
hypothesis that circulating prolactin regulates the activity of these striatal dopamine receptors. 
Administration of estradiol benzoate (250 pg/kg per day) to hyperprolactinemic rats, by S.C. injection, 
significantly decreased both the density and the affinity of the striatal dopamine receptors. The present 
data indicate that, although prolactin does not seem to modify the activity of striatal dopamine receptors, 
it could modulate the estrogen-induced hypersensitivity of these receptors. 

INTRODUCTION 

It is now well established that estrogens can affect 

the nigrostriatal dopaminergic system. In the female 
rat, striatal dopaminergic content [l], as well as in 
oitro amphetamine-stimulated dopamine release [2] 
vary as a function of the estrous cycle. Moreover, in 
vitro dopamine release of ovariectomized female rats 
is markedly altered following exogenous estrogen 
and progesterone manipulations [2]. Chronic es- 
trogen treatment increases the density of striatal 

dopamine receptors in the rat [3]. On the other hand, 
administration of low doses of estrogen for a brief 
period of time has been shown to result in striatal 
dopamine receptor hyposensitivity 24 h after the 
last dose [4], while an hypersensitive state is obser- 
ved after 48 h or longer. This biphasic response may 
be mediated by separate molecular mechanisms, and 
it has been suggested that this striatal dopamine 
receptor hypersensitivity may be mediated, at least in 
part, by the catecholestrogens [5]. 

The effects of estrogens on the central nervous 
system have been proposed to be mediated via the 
modulation of pituitary prolactin release [6]. Dop- 
amine receptor concentrations are increased fol- 
lowing prolactin treatment [3,4], and this horm- 
one can also stimulate dopamine release from 

perifused striata of male rats when infused in 
vitro [7]. However, other reports do not agree with 
this conclusion. Some investigators have found that 
chronic estradiol treatment of hypophysectomized 
rats lead to increased dopamine receptor density [3]. 
Others observed that hyperprolactinemia failed to 

*To whom all correspondence should be addressed. 

increase striatal receptors in male and female 
mice[8] or in female rats grafted with prolactin 
secreting adenomas [9]. 

It has been suggested that the central effects of 
estrogens on the dopamine system are independent 
of their effects on the pituitary[lO]. Thus, prolactin 
and estradiol may have similar but independent 
actions on striatal dopamine receptors. 

In order to clarify the effects of prolactin and 
estradiol on striatal dopamine receptors, the follow- 
ing series of experiments were carried out. 

Animals 

EXPERIMENTAL 

Female Wistar rats were kept under controlled 
conditions of light (12 h light/l2 h darkness) and 
temperature. Sanders (Madrid) rat chow and water 
were available ad libitum. 

Studies during the estrous cycle 

Estrous cycles were monitored by daily vaginal 
smears, and only those animals exhibiting 3 or more 
consecutive 4-day cycles were used in this study. 

Groups of 6 rats, 76 days old, were killed in 3 
different phases of the estrous cycle (diestrous, 
proestrous and estrous). 

Ovariectomy 

A group of 6 female rats, 30 days old, were 
ovariectomized, under i.p. tribromoethanol (0.25 
g/kg body wt) anesthesia. Rats of the same age were 
sham-operated to be used as controls. The two 
groups of rats were decapitated 46 days after the 
operation. 
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Induction of hypeprolactinemia Binding experiments 

At the age of 30 days, groups of 6 rats were 
submitted to a medial laparotomy under i.p. tri- 
bromoethanol(O.25 g/kg body wt) anesthesia. After 
exposing the right kidney, a deep pocket was opened 
between the capsule and the renal parenchyma at the 
inferior kidney pole. A litter-mate donor was 
decapitated, its pituitary gland quickly removed, the 
neural lobe discarded and the pars distalis grafted in 
the kidney pocket under the capsule [ll]. As a 
control, rats of the same age were sham-operated by 
just opening the kidney pocket. To study striatal 
dopamine receptors in this situation, a group of 6 
hyperprolactinemic rats and a control group were 
sacrificed 46 days after the induction of hyper- 
prolactinemia. 

Estrogen administration 

Twenty-four days after the induction of hyper- 
prolactinemia two groups of 6 rats received for 21 
days a S.C. injection (0.2ml) of either estradiol 
benzoate (250 pg/kg body wt) or the oil vehicle. 
Rats were sacrificed 24 h after the last injection. 

The binding experiments were performed accord- 
ing to Creese and Snyder[l2] with modifications. 
Triplicate 200-~1 aliquots of the membrane pre- 
parations ( 150-200 pg protein, as determined by 
the Lowry method [ 131) were incubated with 
seven different concentrations of [“H]spiroperidol 
[31 Ci/mmol, New England Nuclear) at 37°C for 
15 min. The reactions were terminated by filtering 
the incubation medium through Whatman glass 
filters (GF/F). The filters were washed 3 times with 
5 ml of homogenization medium. Filter bound 
radioactivity was determined by liquid scintillation 
counting (Biofluor New England Nuclear). The 
difference between the amounts of [‘H]spiroperidol 
bound to striatal membranes in the absence and in 
the presence of (+)butaclamol (1OP M) was desig- 
nated as specific binding of [‘Hlspiroperidol to D-2 
dopamine receptors. 

A Scatchard analysis of the data using linear 
regression was performed to determinate the equili- 
brium dissociation constant (&) and site numbers 

(B,,,). 

Striatal membrane preparation 

After respective treatments, all animals were 
killed by decapitation between 0830 and 0930 h. The 
corpus striatum was dissected as defined by a coronal 
cut through the optic chiasm and dorsal and lateral 
cuts within the perimeter of the corpus callosum to a 
depth of approximately 2 mm. 

Striata were homogenized in 50~01. ice-cold 
50 mM Tris-HCl buffer (pH 7.4). Homogenization 
was performed in a glass homogenizer with a glass 
pestle at 1500r.p.m. (0-4”C) for 20s. The crude 
homogenate was centrifuged at 25,000 g for 10 min 
and the pellet was washed twice with the same buffer. 

Statistical analysis 

Differences between group means were evaluated 
using analysis of variance followed by t-tests. 

[3H]Spiroperidol binding characteristics during the 
estrous cycle 

The binding of [3H]spiroperidol to partially 
purified rat striatal plasma membranes was 
quantified during the estrous cycle. Receptor affinity 
remained unchanged all along the cycle. The num- 
ber of dopamine binding sites (B,,,) may fluctuate 
during the estrous cycle as shown in Fig. 1. The 
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Fig. 1. Characteristics of affinity and density of striatal dopamine receptors in three different phases of 
the estrous cycle (diestrous, proestrous and estrous). Each value represents the mean k_SEM of six 

determinations. 
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Fig. 2. Effects of ovariectomy on the affinity and density of striatal dopamine receptors. Female rats, 
ovariectomized at 30 days of life, were killed 46 days after this operation. Each value represents the mean 

f SEM of six determinations. 

maximal binding capacity was observed in diestrous 
(152k7 fmol/mg protein) while it was lower in 
proestrous (134 f 7 fmol/mg protein) and estrous 
(137 f 8 fmol/mg protein). 

The increase in the striatal dopamine binding 
sites is significant in diestrous vs proestrous (P < 
0.05) but not vs estrous. These results suggest that 
the hormonal state in the different phases of the 
estrous cycle may influence the number of D-2 
receptors striatum. 

Eflects of ovariectomy on the activity of striatal 
dopamine receptors 

Affinity and density of striatal dopamine receptors 
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were determined in ovariectomized rats in order to 
test the possible effect on these receptors of the 
absence of gonadal steroids. As illustrated in Fig. 2, 
ovariectomy failed to alter either the affinity or the 
density of striatal dopamine receptors. They were 
identical in ovariectomized rats (B,,,,, = 199 + 
38 fmol/protein; Kd = 0.19 f 0.11 mM) and in sham- 
operated controls (B,, = 184 f 12 fmol/mg pro- 
tein; Kd = 0.20 f 0.05 nM). 

The absence in ovariectomized rats of variations 
in the affinity or in the density of striatal dopamine 
receptors, suggest that gonadal steroids are not 
essential for the action of this receptor, even 
though they can participate in the modulation of its 
activity. 
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Fig. 3. Characteristics of affinity and density of striatal dopamine receptors of hyperprolactinemic rats. 
This hormonal state was induced at 30 days of life and the rats were killed 46 days after this operation. 

Each value represents the mean *SEM of six determinations. 
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Fig. 4. Effects of estradiol benzoate on the characteristics of affinity and density of striatal dopamine 
receptors in hyperprolactinemic rats, 24 days after the induction of hyperprolactinemia, animals received 
during 21 days a S.C. injection (0.2 ml) of either estradiol benzoate (250 pg/kg body wt) or the oil vehicle. 
Rats were sacrificed 24 h after the last injection. Each value represents the mean *SEM of six 

determinations. 

Effects of prolactin on the activity of striatal dopamine 
receptors 

Another study was carried out with hyperprolac- 
tinemic rats to determine whether elevation of 
prolactin levels in plasma was able to affect 
dopamine receptors in striatum. As indicated in Fig. 
3, differences were not found in the affinity nor in the 
number of striatal dopamine receptors between 
hyperprolactinemic rats (I$,,,, = 2 10 + 16 fmol/mg 
protein; Kd = 0.16 f 0.03 nM) and sham-operated 
controls (B,,, = 197 * 22 fmol/mg protein; Kd = 
0.17 rt 0.04 nM). Thus, chronic hyperprolactinemia 
failed to increase the concentration of striatal 

dopamine receptors, although, as has been pre- 
viously reported [ 111, the concentration of prolactin 
in plasma is several-fold higher in the hyper- 
prolactinemic than in control animals. Therefore, it 
seems likely that prolactin has no effect on the 
activity of these dopamine receptors. 

Administration of estradiol to hyperprolactinemic rats 
decreases the striatal dopamine receptor sensitivity 

As shown in Fig. 4, administration of estradiol 

(250 pg/kg body wt, s.c.) to hyperprolactinemic rats 
for 21 days, caused a significant decrease in the 
binding capacity (P < 0.05), as well as in the affinity 
(P ~0.05) of striatal dopamine receptors (B,,,,, = 
159 f 17 fmol/mg protein; Kd = 0.10 f 0.02 nM), 
when compared with sham-operated controls 

(B,, = 207 f 20 fmol/mg protein; K,, = 0.17 * 0.02 
nM). Thus, the.permanently elevated levels of pro- 
lactin in plasma were able to counteract the repor- 
ted capacity of estrogens to induce hypersensitivity 
of the striatal dopamine receptor [3]. 

DISCUSSION 

The results of the study of striatal dopaminergic 

binding sites during the estrous cycle in the rat 
indicate an increase in dopamine receptor density in 
diestrous, without modifications in the affinity. 
These results are similar to those described in rat 
anterior pituitary, although they are not conclusive 
because it is necessary to increase the number of 
determinations with each day of the cycle. 

It has been reported in the rat anterior 

pituitary [ 141 that the number of these receptors was 
constantly high from diestrous to proestrous as long 
as serum prolactin remained low and that in pro- 
estrous there was a rapid and marked decrease in 
receptor number which was coincident in time with 
the preovulatory prolactin surge. Subsequently, 
[‘Hlspiroperidol binding gradually increased, while 
prolactin returned to basal levels. It is possible that 
striatal and anterior pituitary dopamine receptors 
may be regulated by ovarian steroids and/or 
prolactin. However, it is quite intriguing that the 
decrease in the number of these receptors occurs 
after estrogens in the blood have reached their 
highest levels [ 141. 

Progesterone, which is known to reverse the 
stimulatory effect of estradiol on prolactin secretion, 
could participate in the increase of receptor number 
observed in diestrous. A few reports have indicated 
that this steroid can modify the activity of the 
nigrostriatal dopaminergic system [ 15, 161. Never- 
theless, the possibility that slight increases in serum 
prolactin may also participate in the decrease of 
dopamine receptor number cannot be excluded. A 
major decrease in D-2 receptor levels was observed 
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in hypothalamus during sexual development be- 
tween 19 and 30 days of age [17]. This decrease is 
coincident in time with the previously reported 
increases in plasma levels of prolactin and free 
estradiol. 

The absence in ovariectomized rats of variations 
in the affinity or in the density of striatal dopamine 
receptors suggests that the gonadal steroids are not 
essential for the action of this receptor, even though 
they can participate in the modulation of its activity. 

Differences were not found in the affinity or 
number of striatal dopamine receptors between 
hyperprolactinemic and control rats. These data do 
not support the hypothesis that circulating prolactin 
regulates the activity of this striatal dopamine 
receptor [3,6]. They are consistent with results pre- 
viously reported showing that hyperprolactinemia 
failed to increase both the number of D-2 dopamine 
receptors [15, 16,181 and dopaminergic activity 
[19] in the nigostriatal dopaminergic neurons. 

The administration of estradiol to hyperprolac- 
tinemic rats decreased the striatal dopamine recep- 
tor sensitivity. In the literature, the effects of 
estrogens and prolactin on tuberoinfundibular 
dopamine neurons terminating in the median 
eminence and on the incertohypothalamic dopa- 
minergic neurons, are well documented [20,21]. 
However, the initial proposition that the effect 
of estrogen on the nigrostriatal system is modul- 
ated by pituitary prolactin[6] has been contested 
by other reports [3, lo]. In fact, it has been sug- 
gested that estradiol and prolactin may have similar 
but independent actions on striatal dopamine 
receptors [lo]. 

It has been shown that doses and timing of 
estradiol treatment may influence the up- or down- 
regulation of striatal dopamine receptors [lo]. This 
biphasic response may be mediated by separate 
molecular mechanisms [4]. The situation of hyper- 
sensitivity may be mediated, at least in part, by 
2-hydroxy-estradiol [S]. The catecholestrogens may 
be involved in the expression of some of the actions 
of the estrogens in the central nervous system, as 
they have been shown to decrease the in vivo turn- 
over rate of catecholamines in the anterior part of 
the medio-basal h~thalamus [22] and to inhibit 
tyrosine hydroxylase activity in the corpus stria- 
turn [23]. 

Recently, it has been reported that very small 
doses of estradiol were able to increase dopamine 
turnover with no changes of dopamine concen- 
trations in the striatum and nucleus accumbens [24]. 
This eff ect was seen 30 min after the steroid injection 
and it is probably non-genomic and presynaptic. 
Diffusion or active transport of this steroid across the 
cell membrane could generate ion conductance 
changes and thereby alter the spontaneous activity of 
these cells in a way similar to that observed in the 
hypothalamus. Thus, a membrane-linked effect of 
estrogens could alter dentritic release, autoreceptor 

sensitivity and degradation of dopamine. These 
modifications may affect the activity of the enzyme 
adenylate cyclase. A CAMP-dependent protein 
kinase has been involved in the activation of soluble 
tyrosine hydroxylase from rat striatum [25]. This 
activation, coupled with presynaptic mechanisms, 
may then result in maximal stimulation of dopamine 
metabolism, as reflected by increased dopamine 
levels in the corpus striatum, high spontaneous 
release of dopamine and high responsivity of the 
dopaminergic terminal to amphetamine-stimulated 
dopamine release during a facilitatory phase [26]. 

In vitro treatment of secretory endometrial mem- 
branes with 37-P-estradiol stimulates 3-4-fold the 
activity of adenylate cyclase [27]. Cyclic nucleotides 
have been also implicated in short-term regulation of 
hormone binding in target tissue, probably by con- 
trolling the phosphorylation state of the re- 
ceptor[28]. If this peripheric mechanism exists in 
the central nervous system, it may be responsible, at 
least in part, for the effects of estradiol on the 
nigrostriatal system. 

In rabbits, the existence of binding sites for 
prolactin in substantia nigra and, to a lesser extent, in 
striatum, has been described [29]. Prolactin is also 
synthesized in hypothalamus [30]; the cell bodies in 
the medial basal hypothalamus have fibers projec- 
ting to the rest of brain. Thus, it seems clear that 
prolactin has to be considered as a neural as well as a 
pituitary product. This raises the possibility that this 
hypothalamic product, acting as a neuromodulator, 
may participate in managing the different possible 
responses to sex steroids, in addition to the classical 
neurotransmitter system. 

It has been reported 1321 that both the level and 
the cycling pattern of cerebrospinal fluid prolactin 
production were maintained unchanged, even 
though hypophysectomy had completely obliterated 
its presence in the plasma, and also that a sustained 
and intense hyperprolactinemia indeed affects the 
cerebrospinal fluid prolactin level. The mechanism 
of action of prolactin on striatal dopaminergic 
receptors may be similar to that described for other 
peptides [31] and could be mediated by adenylate 
cyclase. It has been described above that this enzy- 
me may be also regulated by estrogens. Therefore 
prolactin and estrogens could ptay a modulating role 
on dopamine receptor activity via regulation of 
adenylate cyclase. 

The results indicate that the hyperprolactinemic 
situation antagonizes the action of estradiol on 
striatal dopamine receptor sensitivity. This modula- 
tory effect of prolactin may be similar to the pre- 
viously described one for hypophysectomized rats 
treated with haloperidol[33]. It has been reported 
that the administration of prolactin to hypophysec- 
tomized rats could partially antagonize the 
devel~~pment of the neuroieptic-induced dopamine 
receptor h~rsensitivity. A possible e~lanation for 
this effect could be that prolactin may increase 
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dopamine release in the striatum [7]. This release 

could regulate the number of dopamine receptors 
and decrease their density and/or affinity ir diverse 14. 

physiological or pathological conditions. Two of 

these situations could be the development of 
dopamine receptor hypersensitivity induced by the 15. 

administration of haloperidol or by the elevation of 
estrogen levels in plasma. 

In summary, estrogens participate in the regula- 16. 
tion of the activity of striatal dopamine receptors. 

This action is not essential for the actuation of D-2 

dopamine receptors. Prolactin does not seem to 

modify the activity of these receptors, but it may 
17. 

modulate, at least under some circumstances, the 
estrogen-induced striatal dopamine receptor hyper- 
sensitivity. 18. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

REFERENCES 

Crowley W. R., O’Donohue T. L. and Jacobowitz D. 19. 
M.: Changes in catecholamine content in discrete 
brain nuclei during the estrous cycle of the rat. Brain 
Res. 147 (1978) 315-326. 
Becker J. B. and Ramirez V. D.: Sex differences in the 
amphetamine-stimulated release of catecholamines 20. 
from rat striatal tissue in vitro. Brain Res. 204 (1981) 
361-372. 
Di Paolo T., Poyet P. and Labrie F.: Effect of prolactin 
and estradiol on rat striatal dopamine receptors. Life 
Sci. 31 (1982) 2921-2929. 21. 
Gordon J. H. and Perry K. 0.: Pre- and postsynaptic 
neurochemical alterations following estrogen induced 
striatal dopamine hypo- and hypersensitivity. Brain 
Res. Bull. 10 (1983) 425-428. 22. 
Clopton J. K. and Gordon J. H.: The possible role of 
2-hydroxyestradiol in the development of estrogen- 
indiced striatal dopamine receptor hypersensitivity. 
Brain Res. 333 (1985) l-10. 
Hruska R. E. Pitman K. T. and Silbergeld E. K.: 23. 
Prolactin increases the density of striatal dopamine 
receptors in normal and hypophysectomized male rats. 
Life Sci. 30 (1982) 547-553. 
Chen Y. F. and Ramirez V. D.: Prolactin stimulates 24. 
dopamine release from male but not from female rat 
striatal tissue superfused in vi&o. Endocrinology 111 
(1982) 1740-1742. 
Morgan D. G., Mobbs C. V., Anderson C. P.. Sinha Y. 25. 
N. and Finch C. E.: Hvperprolactinemia fails to in- 
crease striatal dopamine ieceptors in male and female 
C57BL/6J mice. Eur. J. Pharmac. 107 (1985) lOl- 
104. 
Cronin M. J., Reches A., MacLeod R. M. and Login I. 26. 
S.: Tumors producing chronic hyperprolactinemia do 
not alter [3H]spiperone binding and dopamine turn- 
over in the corpus striatum of the female rat. Eur. J. 
Pharmac. 91 (1983) 229-234. 27. 
Bedard P., Boucher R., Di Paolo T. and Labrie F.: 
Interaction between estradiol, prolactin and striatal 
dopaminergic mechanisms. In Advances in Neurology 
(Edited by R. G. Hassler and J. F. Christ). Raven Press, 
New York, Vol. 40 (1984) pp. 489-495. 28. 
Esquifino A. I., Ramos J. A.-and Tresguerres J. A. F.: 
Possible role of dopamine in changes in LH and PRL 
concentrations aft& experimentally induced hyper- 
prolactinemia in rats. J. Endocr. 100 (1984) 141-148. 29. 
Creese I. and Snyder S. H.: A simple sensitive radio- 
receptor assay for antischizophrenic drugs in blood. 
Nature, Lond. 270 (1977) 180-182. 
Lowry 0. H.. Rosehrough N. J., Parr A. L. and 

Randall R. J.: Protein measurement with the Folin 
phenol reagent. J. biol. Chem. 193 (1951) 265-275. 
Pasqualini C., Lenoir V., El Abed A. and Kerdelhue 
B.: Anterior pituitary dopamine receptors during the 
rat estrous cycle. Neuroendocrinology 38 (1984) 39- 
44. 
Nausieda P., A. Keller W. C., Weiner W. J. and 
Klawans H. L.: Modification of postsynaptic 
dopaminergic sensitivity by female sex hormones. Life 
Sci. 25 (1979) 521-526. 
Dluzen D. and Ramirez V. D.: Himodal effect of 
progesterone on in uitro dopamine function of the rat 
corpus striatum. Neuroendocrinology 39 (1984) 149- 
155. 
Herdon J. H. and Wilson C. A.: Changes in hypo- 
thalamic dopamine D-2 receptors during sexual 
maturation in male and female rats. Brain Res. 343 

Di Paolo T., Rouillard C. and Beradel P.: 17-p- 

(1985) 151-153. 
Rupniak N., Hong M., Mansfield S., Fleminger S., 

Estradiol, at a physiological dose, acutely increases 

Dyer R., Jenner P. and Marsden C. D.: Elevation of 
circulating prolactin concentrations may not cause 

dopamine turnover rat brain. Eur. J. Pharmac. 117 

striatal dopamine receptor supersensitivity. Eur. J. 

(1985) 197-203. 

Pharmac. 93 (1983) 195-200. 
Wise P. M.: Effects of hyperprolactinemia on estrous 
cyclicity, serum luteinizing hormone, prolactin, 
estradiol and progesterone concentrations and cate- 
cholamine aciiviiy in microdissected brain areas. 
Endocrinology 118 (1986) 1237-1245. 
Moore K. and Demarest K. T.: Tuberoinfundibular 
and tuberohypophyseal dopaminergic neurons. In 
Frontiers in Neuroendocrinolonv (Edited bv W. P. 
Ganong and L. Martini). RavYkn ‘Press. Niw York. 
Vol. 7 (1982) pp. 161-196. 
Lookingland K. J. and Moore K. E.: Effects of 
estradiol and prolactin on incertohypothalamic 
dopaminergic neurons in the male rats. Brain Res. 323 
(1984) 83-91. 
Parvizi N. and Wuttke W.: Catecholestrogens affect 
catecholamine turnover rates in the anterior part of the 
medio-basal hypothalamus and medial preoptic area in 
the male and female castrated rat. Neuroendocrinology 
36 (1983) 21-26. 
Foreman M. M. and Porter J. C.: Effects of cate- 
cholestrogens and catecholamines on hypothalamic 
and corpus striatal tyrosine hydroxylase activity. J. 
Neurochem. 34 (1980) 1175-1183. 

Andrews D. W., Langan T. A. and Weiner N.: Evi- 
dence for the involvement of a cyclic AMP-in- 
dependent protein kinase in the activation of soluble 
tyiosine hidroxylase from rat striatum. Proc. natn. 
Acad. Sci. U.S.A. 80 (1983) 2097-2101. 

Becker J. B., Beer M. E. and Robinson T. E.: Striatal 
dopamine release stimulated by amphetamine or 
potassium: influence ovarian hormones and the light- 
dark cvcle. Brain Res. 311 (1984) 157-160. 
Bergamini C. M., Pansini F., Bettochi S., Segale V., 
Dallocchio, Basni B. and Mollica G.: Hormonal sen- 
sitivity of adenylate cyclase from human endo- 
metrium: modulation by estradiol. J. steroid Giochem. 
22 (1985) 299-303. 
Fleming H., Blumenthal R. and Guspide E.: Rapid 
changes in specific estrogen binding elicited bv CAMP 
or cGMP in cytosol from human-endometrial cells. 
Proc. natn. Acad. Sci. U.S.A. 80 (1983) 2486-2490. 
Di Carlo R., Muccioli G., Lando D. and Bellussi G.: 
Further evidence for the presence of specific binding 
sites for prolactin in the rabbit brain. Preferential 
distribution in the hypothalamus and substantia nigra. 
Life Sci. 36 (1985) 375-382. 



Role of estrogens on striatal dopaminergic activity 689 

30. Schachter B. S., Durgenian S., Harlan R. E., Pfaff D. 32. Barbanel G., Ixart G., Arancibia S. and Assenmacher 
N. and Shivers B. D.: Prolactin mRNA exists in rat I.: Probable extrapituitary source of the inmunoreac- 
hypothalamus. Endocrinology 114 (1984) 1947-1949. tive prolactin measured in the cerebrospinal fluid of 

31. Agnati L. F., Fuxe K., Benfenati F., Calani M. F., unanesthetized rats by push-pull cannulation of the 
Battistini N., Cavicchioli L., Galli G. and Hokfelt T.: 3rd ventricle. Neuroendocrinology 43 (1986) 476-482. 
Differential modulation by CCK-8 and CCK-4 of 33. Gordon J. H. and Diamon B. I.: Enhancement of 
[aH]spiperone binding sites linked to dopamine and hypophysectomy induced dopamine receptor hyper- 
5-hydroxytryptamine receptors in the brain of the rat. sensitivity in male rats by chronic haloperidol ad- 
Neurosci. Letr. 35 (1983) 179-183. ministration. J. Neurochem. 42 (1984) 523-528. 


