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Abstract Estrogen action is necessary for evidencing the
stimulatory action of mifepristone and naloxone on prolac-
tin (PRL) secretion during late pregnancy. Our aim is to
determine the mechanism mediating this facilitator action
of estrogens. To investigate the hypothalamic mechanisms
involved in estrogen actions in PRL secretion at the end
of pregnancy, we measured the effect of pretreatment with
the estrogen antagonist tamoxifen on the expression of
tyrosine hydroxylase (TH), hormone receptors (ERa and
B, PRs, PRLR;,,q)), and p- and x- opioid receptors (ORs)
at mRNA (by semiquantitative RT-PCR) and protein (by
western blot for TH, PRLR,,,, ERa, PRs, p- and ORs)
levels in extracts of medial basal hypothalamus (MBH) and
serum PRL, E, and P, levels (by RIA) in mifepristone- and
naloxone-treated rats. Tamoxifen administration partially
prevented PRL release induced by the combined treatment.
TH expression diminished and ERa expression increased in
mifepristone-treated rats at mRNA and protein levels and
tamoxifen partially prevented these changes with no effect
on PRs expression. Mifepristone increased PRLR ;.
mRNA levels; this increase was blocked by tamoxifen.
Combined tamoxifen and mifepristone treatment decreased
p- and k-ORs mRNA but not protein levels. In conclusion,
E, induces neuroadaptive mechanisms necessary to facili-
tate PRL release preceding delivery. Acting through ERa,
E, modulates hypothalamic dopaminergic neurons activity,
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regulating TH, p- and x-ORs and PRLR,, expression,
and is necessary for evidencing the effects of P, with-
drawal. Its presence on days 14 and 15 of pregnancy is
crucial to facilitate the opioid system modulation of PRL
secretion at the end of pregnancy in the rat.
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Introduction

Prolactin (PRL) secretion is regulated by ovarian steroids
that control both its synthesis and release. Various studies
have shown that progesterone (P,) has an inhibitory con-
trol on PRL release during late pregnancy [1, 2]. Thus, the
spontaneous P, fall observed on days 21-22 of pregnancy
is accompanied with an increase in PRL. Premature with-
drawal of P, by ovariectomy or PGF,, treatment on days 19
or 20 of pregnancy is followed by an increase in PRL 12-24
hs later [1-4] and is mediated through a decrease in dopa-
minergic activity in the medial basal hypothalamus (MBH)
[4]. This effect of P, fall seems to be dependent on estro-
gen action [5] since administration of the estrogen receptors
(ERs) antagonist tamoxifen prevented the increase in circu-
lating PRL [3, 6]. We also demonstrated that the blockade
of the central inhibitory action of P, by the antiprogesterone
mifepristone reduces dopaminergic tone within 8-10 h [7],
which alone is not sufficient to release PRL within this time
frame [3, 8], however, PRL increases 48 h after mifepristone
treatment, after a decline in circulating P, [3]. Supporting
these results, we have also found that mifepristone treat-
ment on day 19 of pregnancy induces lactotroph activation
and stimulation of PRL synthesis, but with a low rate of
secretory granule exocytosis and therefore no increment
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in serum PRL [9]. However, administration of the opioid
antagonist naloxone to mifepristone treated rats induces an
acute release of PRL and exocytotic images of PRL granules
in the lactotrophs indicative of lactotroph activation show-
ing that at this time the opioid system inhibits PRL secretion
in a mechanism depending on the lifting of the P, inhibi-
tory tone, since naloxone administered alone had no effect
[8, 9]. This mechanism is also active during the decline in
circulating P, seen on day 21 of pregnancy, since the mag-
nitude of PRL secretion in response to naloxone on this day
is inversely correlated with serum P, concentration [8]. Fur-
thermore, estrogen action from days 14-16 of pregnancy
is crucial for activation of the opioid system as an inhibi-
tory system for PRL secretion, because the administration
of tamoxifen, on days 14 and 15, prevents the stimulatory
action of mifepristone and naloxone on PRL secretion in
control [6] and stressed rats [10].

Estradiol (E,) acts at the hypothalamus-pituitary gland
level to stimulate PRL synthesis and secretion by inhibit-
ing dopamine transmission. At the pituitary gland level,
E, controls PRL gene expression, decreases the number of
dopamine D, receptors and increases lactotroph sensitivity
to PRL releasing factors (PRFs) [11]. At hypothalamic level,
E, inhibits tyrosine hydroxylase (TH) activity, the rate-lim-
iting enzyme involved in dopamine synthesis in the arcuate
nucleus dopaminergic neurons [11]. Although the existence
of prolactin releasing factors is controversial [11, 12], E,
increases lactotroph sensitivity to other regulators [13, 14]
and modulates ER-expressing neurons in the paraventricu-
lar nucleus (PVN) and supraoptic nucleus (SON), that pro-
duce two putative PRFs: TRH and oxytocin [15].

During early pregnancy in the rat, E, serum levels are low
but begin to increase gradually at days 15—16 until reach-
ing the peak that precedes delivery. However, despite this
gradual increase, it seems clear that the elevated P, serum
levels at the end of gestation block the stimulatory action of
E, on PRL[1, 2, 6, 10].

Hypothalamic dopaminergic neurons express different
isoforms of ER [16], progesterone receptor (PR) [16] and
PRL receptor (PRLR) [17] and the hormonal environment
modulates their expression [18, 19]. In particular, high ERa
expression in tuberoinfundibular dopaminergic (TIDA)
neurons is observed during late pregnancy [16]. Using
double staining immunohistochemistry (IHC), it has been
demonstrated that ER and PR are co-expressed in many
hypothalamic regions [20]. PRLR expression in hypotha-
lamic nuclei varies depending on the reproductive state,
increasing in rats during pregnancy and lactation [21, 22]
or in E, treated rats [23] compared to animals in diestrus.
PRL activates its own receptor and stimulates dopamine
transmission in hypothalamic hypophysotropic areas, pro-
moting the negative feedback loop to limit its own secre-
tion [24, 25].
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Endogenous opioid peptides have dual effects on PRL
release, they can suppress the activity of TIDA neurons
[26-28] thereby increasing PRL secretion, [6, 29, 30] on
lactating, cycling and early pregnant rats, and at the end of
pregnancy they can be stimulatory or inhibitory depending
on the experimental model used [8, 31, 32].

A sparse p-opioid receptors (ORs) expression is observed
in dopaminergic neurons of the arcuate nucleus, compared
with the abundant expression of this receptor in the median
eminence [33], suggesting a modulatory action of endog-
enous opioids in TIDA neurons from the arcuate nucleus,
mediated by activation of p-OR at presynaptic level [33,
34]. E, and P, regulate the expression of the p-OR in
the preoptic area and in the arcuate nucleus [35, 36] and
may regulate its activation [37]. Unlike p-OR expression,
k-opioid receptor (k-OR) is abundant in the arcuate nucleus
and in the median eminence [33] and E, ability to suppress
the inhibition of TIDA neurons is mediated by this opioid
receptor subtype [38].

The aim of the present work is to study the mechanisms
whereby E, modulates the inhibitory action of P, and the
opioid system on PRL secretion at the end of pregnancy,
using as a model, the PRL release induced by mifepristone
and naloxone administration on day 19 of pregnancy in rats.
We evaluated the expression levels of TH, PRLR ), ERat
and 3, PRs, and p- and k- ORs in the MBH in order to estab-
lish a neurochemical correlate of E, actions in the regulation
of PRL secretion at the end of pregnancy.

Materials and Methods
Animals

Virgin female rats, 3—4 months old (200-220 g), bred in
our laboratory and originally of the Wistar strain were
used. They were kept in a light (06:00-20:00 h) and tem-
perature (22 +2 °C)-controlled room; rat chow (Cargill,
Argentina) and tap water were available ad libitum. Vagi-
nal smears were taken daily; virgin rats showing two or
three consecutive 4 day cycles were used. Rats were made
pregnant by being caged individually with a fertile male on
the night of pro-oestrus. Vaginal smears were checked for
the presence of spermatozoa on the following morning and
that day was considered day 0 of pregnancy. Rats from our
colony normally deliver on day 22 of pregnancy. All the
procedures performed on the animals were in accordance
with the guidelines suggested by the NIH guide for the
Care and Use of Laboratory Animals (NIH publication No
86-23, revised 1985 and 1991) and the UK requirements
for ethics of animal experimentation (Animals Scientific
Procedures, Act 1986). The procedures were approved
by the Institutional Animal Care and Use Committee of
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the School of Medical Sciences, Universidad Nacional
de Cuyo, Mendoza, Argentina (Protocol approval No
17/2012).

Drugs

Naloxone (NAL) and the antiprogesterone mifepristone (Mp)
(17-hydroxy-11-[4-dimethyl-amino-phenyl]-17(-propinyl-
estra-4,9-dien-3-one; RU-486) were obtained from Sigma
Chemical Co, St Louis, MO, USA. Tamoxifen citrate (Tm)
was provided by Gador S.A., (Buenos Aires, Argentina).

Experimental Design

Tamoxifen citrate, dissolved in 0.14 M NaCl, 0.5% (v/v)
Tween 80 or vehicle was administered per os at a dose of
500 pg/kg body weight on days 14 and 15 of pregnancy. On
day 19 of pregnancy, mifepristone, dissolved in sunflower
seed oil, at a dose of 5 mg/kg or vehicle were adminis-
tered subcutaneously at 08:00 h and naloxone, dissolved in
0.9% (w/v) NaCl was injected i.p. at a dose of 2 mg/kg at

17:30 h. Control animals were treated with saline. Thirty
minutes after naloxone or saline administration, animals
were sacrificed by decapitation and trunk blood was col-
lected to determine PRL, E, and P, serum levels by RIA.
Brains were removed and the MBH were dissected to
extract total mRNA with TRIzol, in order to determine TH,
ERa and ERB, PR, PRLR ., k-and k-opioid receptors and
B-actin expression by semi-quantitative RT-PCR. After total
mRNA extraction with TRIzol, proteins were isolated from
phenol-ethanol supernatants, according to the manufacturer
instructions. The p-and k-opioid receptors, ERa, PR A, PR
B, PRLR;,,,) and TH protein expression were determined
by Western blot.

Brain Tissue Sampling

After decapitation the brains were rapidly removed and
immediately placed on an aluminum plate at 4°C for the
cutting of coronal rat brain slices (2 mm) using a rat brain
matrix (RBM 4000C; ASI Instruments, Inc., Warren, MI,
USA). The sections were collected onto glass microscope

Table 1 Sequences and condi-

tions for the PCR reactions Primer Sequence 53’ Cycles, n Gen Bank .
accesion N
TH
Sense CCCCACCTGGAGTATTTTGTG 25 NM 012740.3
Antisense ATCACGGGCGGACAGTAGACC
ERa
Sense AATTCTGACAATCGACGCCAG 30 NMO012689
Antisense GTGCTTCAACATTCTCCCTCCTC
ERP
Sense GCCAATCATGTGCACCAGTTCCTT 32 NMO012754
AAAGCCAAGAGAAACGGTGGGCAT
PRA+B
Sense CCCACAGGAGTTTGTCAAGCTC 31 NMO0228471
Antisense TAACTTCAGACATCATTTCCGG
PRL R 1)
Sense AAAGTATCTTGTCCAGACTCGCTG 23 NMO012630.1
Antisense AGCAGTTCTTCAGACTTGCCCTT
pOR
Sense ACCTGGCTCCTGGCTCAACTT 34 NMO013071
Antisense TGGACCCCTGCCTGTATTTTG
kKOR
Sense AGTCCCCCATCCAGATTTTCC 32 NM 011011.2
Antisense ACGGCAATGTAAAGGTCCAC
B-actin
Sense CGTCCGCCCTAGGCACCA 25 BC063166
Antisense TTGGCCTTAGGGTTCAGAGGGG

All reactions were carried out with the following cyclic parameters: 95°C for 1 min, 62°C for 1 min and
72°C for 1 min, except for TH, for which the annealing temperature was 58 °C. All the reactions were
terminated with a 5 min extension at 72 °C
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slides and immediately frozen. A block of tissue corre-
sponding to MBH comprising the arcuate nucleus, periven-
tricular nucleus and median eminence was microdissected
and processed for total RNA or protein extraction.

RNA Extraction and RT-PCR

Total RNA was isolated from the microdissected MBH from
rats on day 19 of pregnancy with TriZol (GIBCO-BRL),
according to the manufacturer’s instructions. Integrity of
the isolated total RNA was examined by 1% agarose gel
electrophoresis, and RNA concentration was determined by
ultraviolet light absorbance at 260 nm. Reverse transcrip-
tion (RT) was carried out using 10 pg of total RNA from
the MBH of each rat. RT was performed at 37 °C for 60 min
using 200 U of Moloney murine leukemia virus reverse
transcriptase (GIBCO-BRL). Aliquots of the reverse tran-
scription reaction were amplified with rat specific primers
(Table 1). For the end point PCR amplification, oligonucle-
otide primers (0.5 uM each) were incubated with 5 pl of
cDNA template in a 35 pl PCR reaction mixture contain-
ing 1.5 mM MgCl,, 25 mM KCI, 10 mM Tris—HCI, pH 9,
1 ul of deoxynucleotides (I mM each), and 1 unit of Taq
polymerase (Invitrogen). Before proceeding with the semi-
quantitative PCR, the conditions (annealing temperatures,
duration of each step and number of cycles) were estab-
lished for MBH such that the amplification of the products
was in the exponential phase, and the assay was linear with
respect to the amount of input RNA (see Table 1 for spe-
cific conditions of each amplification). RNA samples were
assayed for DNA contamination by PCR without the prior
reverse transcription. The products of each reaction were
separated on 1.5 % agarose gels containing 0.5 mg/ml ethid-
ium bromide and photographed with a digital camera. Band
intensities of RT-PCR products were quantified using the
NIH Image software; relative levels of mRNA were calcu-
lated as the ratio of signal intensity for the target genes rela-
tive to B-actin cDNA. The results are expressed as arbitrary
OD units.

Western Blots

The TRIzol protein fractions were dissolved, separated
by SDS-PAGE and electrotransferred to Hybond mem-
branes as described previously [4]. After rinsing and
blocking with BSA, 2% horse serum [4], the membranes
were probed with anti-TH (monoclonal mouse anti-TH
generously provided by Dr. C. Cuello, McGill University,
Montreal, Canada, 1/500) [7] using horseradish peroxi-
dase-conjugated secondary antisera (1/3,000 polyclonal
goat anti-mouse, Dako Cytomation), anti-ERa (rabbit
polyclonal antibody sc-7207, Santa Cruz Biotechnology
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Inc., Dallas TX, 1/300), anti-PR A+B which recognizes
both PR isoforms with similar affinity (rabbit polyclonal
antibody PR130, generated and tested in the Endocrinol-
ogy and Hormone Dependent Tumors Laboratory of the
National University of Litoral, Santa Fe, Argentina, 1/250)
[39], anti PRLR (rabbit monoclonal [EPR7184(2)] anti-
body ab170935, Abcam, Cambridge, UK, 1/1000), anti-
pu-OR (rabbit polyclonal antibody sc-15310, Santa Cruz
Biotechnology, Inc., Dallas TX, 1/750) and anti-k-OR (rab-
bit polyclonal antibody sc-9112, Santa Cruz Biotechnology,
Inc., Dallas TX, 1/750) using horseradish peroxidase-con-
jugated secondary antisera (1/3000 polyclonal goat anti-
rabbit; Dako Cytomation, CA, USA). The membranes were
re-probed with anti-B-actin (1/10,000 mouse monoclonal
antibody, Sigma. St. Louis, MO, USA) and horseradish per-
oxidase conjugated secondary antisera (1/2000 polyclonal
goat antimouse immunoglobulins Dako Cytomation, CA,
USA) as loading and transfer control. After three washes in
PBS-T, specific receptor bands were detected by chemilu-
miniscence (ECL™, Amersham) using a ChemiDoc XRS+
System with Image Lab Software from Bio-Rad and then
quantified by densitometry using digital image processing
by the NIH Image 1.6/ppc freeware program.

Hormone Determinations

Serum concentration of PRL was measured by a double-
antibody radioimmunoassay (RIA) with reagents supplied
by Dr A. F. Parlow from the National Hormone and Pituitary
Program. PRL was radioiodinated using the chloramine T
method and purified by passage through Sephadex G-75 and
polyacrylamide agarose (ACA 54; LKB, Bromma, Sweden)
columns. The assay sensitivity was 1 ng/ml serum and the
inter- and intra-assay coefficients of variation were less than
10%. The PRL antibody does not cross-react with placen-
tal lactogen. Serum P, and E, were measured using com-
mercial kits (DSL-3400 and DSL-4800 double-antibody
radioimmunoassay from Diagnostic Systems Laboratories,
Webster, TX, USA). Assay sensitivities were <70 and 10
fmol/tube, respectively, and the intra-assay coefficients of
variation were <10%. All the samples were measured on
the same assay in duplicate.

Statistical Analysis

Statistical analysis was performed using two-way analysis
of variance (ANOVA) with the statistical computer analysis
system GraphPad Prism. When ANOVA revealed statistical
differences, we applied the Bonferroni post hoc analysis.
When variances were not homogeneous, log transformation
of the data was performed. Differences between means were
considered significant at the p<0.05 level.
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Fig. 1 Effect of mifepristone and tamoxifen treatments on circulating
levels of (a) PRL, (b) P, and (¢) E, in rats on day 19 of pregnancy
treated with naloxone or vehicle. Tamoxifen (Tm; 0.5 mg/kg) was
administered at 12:00 h on days 14 and 15 of pregnancy; mifepristone
(Mp; 5 mg/kg) or vehicle was administered at 08:00 h and naloxone
(NAL; 2 mg/kg) or saline was administered at 17:30 h on day 19. Ani-
mals were sacrificed at 18:00 h on day 19 of pregnancy. Results are
means + SEM of groups of eight animals in each experimental group.
*p<0.001 compared to vehicle + NAL or Mp+SAL; *p<0.01 com-
pared to Mp+NAL. Two-way ANOVA followed by Bonferroni post-
hoc test

Results

Effect of Naloxone, Tamoxifen and Mifepristone
Treatments on PRL Secretion and Serum P, and E,
Levels

Naloxone administration on day 19 of pregnancy to mife-
pristone pre-treated rats induced a significant increase in
serum PRL levels. In accordance with previous studies [6],
administration of the ER antagonist tamoxifen on days 14
and 15 of pregnancy partially prevented the serum PRL
increase induced by the combined treatment with naloxone
and mifepristone (Fig. 1a).

No significant changes in P, (Fig. 1b) or E, serum levels
(Fig. 1c) were observed between the different pharmaco-
logical treatments performed.

Effect of Naloxone, Tamoxifen and Mifepristone
Treatments on TH Expression Levels in MBH

Since the activity of hypothalamic dopaminergic neurons
maintains an inhibitory tone on PRL secretion, in all the
experimental groups we evaluated TH expression levels
as an indicator of dopaminergic activity. Blockade of P,
biological activity by the antagonist mifepristone, signifi-
cantly decreased MBH TH expression measured by RT-
PCR (Fig. 2a) and western blot (Fig. 2b). This effect was
prevented when tamoxifen was administered on days 14
and 15 of pregnancy prior to mifepristone treatment on day
19. Naloxone administration did not modify the effects of
mifepristone, tamoxifen or their combination. Tamoxifen
administered individually did not modify significantly TH
expression levels (Fig. 2a, b). These results suggest that the
decrease in dopaminergic tone induced by inhibition of P,
action is mediated by estrogen action.

Effect of Mifepristone and Tamoxifen on ER and PR
Expression Levels in the MBH

Considering the important role of sexual hormones on
dopaminergic regulation of PRL secretion, first we evalu-
ated whether the reduction in TH expression levels induced
by blockade of P,, may involve changes in ER expression
levels. Interestingly, the administration of the PR antago-
nist mifepristone, on day 19 of pregnancy, significantly
increased the relative ERa protein (Fig. 3a) and mRNA
contents measured by RT-PCR (Control: 0.90+0.03 vs
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Fig. 2 Effect of mifepristone and tamoxifen treatments on TH expres-
sion in the MBH on day 19 of pregnancy. Tamoxifen (Tm; 0.5 mg/kg)
was administered at 12:00 h on days 14 and 15 of pregnancy; mife-
pristone (Mp; 5 mg/kg) or vehicle (V) was administered at 08:00 h
and naloxone (NAL; 2 mg/kg) or saline was administered at 17:30 h
on day 19. Animals were sacrificed at 18:00 h on day 19 of pregnancy.
a mRNA abundance measured by RT-PCR in rats treated with Nal-
oxone or vehicle. Upper panel RT-PCR representative bands. Lower
panel TH mRNA expression levels relative to B-actin. b TH protein
abundance relative to f-actin after mifepristone and tamoxifen admin-
istration. Upper panel western blot representative bands. Lower panel
TH protein expression relative to p-actin. Results are means+SEM
of groups of seven animals in each experimental group *p<0.05,
**p<0.01 compared with all the other respective groups using two
way ANOVA followed by Bonferroni test for multiple comparisons

Mp: 1.07+0.05; p<0.05) without affecting the expres-
sion of ERP mRNA (results not shown). Moreover, tamoxi-
fen administration prevented the increase of ERa protein
expression induced by mifepristone treatment (Fig. 3a) and
also lowered significantly ERa protein in control rats.
Since PR expression in the hypothalamus can be mod-
ulated by E,, we also tested whether the recovery of TH
expression levels observed in the tamoxifen treated groups
involves changes in PR expression. Tamoxifen admin-
istration on days 14 and 15 of pregnancy did not induce
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significant changes in the relative PR A and PR B protein
expression (Fig. 3b) between groups. Also, no effect in the
relative total PR mRNA expression was observed suggest-
ing that the effects of tamoxifen do not involve changes in
PR expression levels in the MBH (data not shown). Also,
ten hours after mifepristone administration, no changes in
PR A or PR B protein expression were observed (Fig. 3b).

Effect of Tamoxifen and Mifepristone Treatments on
PRLRj,p) Expression Levels in the MBH

Taking into account that treatment with mifepristone
induced an increase in the PRLR ;) expression levels in
the anterior pituitary (unpublished results), that estrogens
induce hypothalamic PRLR ., expression [23] and that
PRL acting through PRLR regulates TH expression [22],
we evaluated the expression levels of this receptor in MBH
after tamoxifen and mifepristone treatments. Treatment
with the P, antagonist mifepristone on day 19 of preg-
nancy increased the relative PRLR,,,) mRNA expression
when compared with the other groups (Fig. 4a). Tamoxifen
administration on days 14 and 15 of pregnancy had no effect
per se, but prevented the effects of mifepristone (Fig. 4a).
Protein PRLR levels measured by Western blot showed no
significant differences among the groups, although in the
control and mifepristone-treated groups the values were
higher, but much more variable when compared with both
tamoxifen-treated groups (Fig. 4b).

Effect of Tamoxifen and Mifepristone Treatments on p-
and k-ORs Expression Levels in the MBH

Since ovarian steroids modulate the activity of the opioid
system, and ORs and opioid peptides are expressed in the
MBH, we evaluated whether tamoxifen and mifepristone
treatments during gestation could modify p- and x-ORs
expression on day 19 of pregnancy, to determine whether
their actions on PRL release may be mediated through
changes in OR expression. Only the combined administra-
tion of tamoxifen and mifepristone decreased the relative
p- and k-ORs mRNA expression, measured by RT-PCR
(Fig. 5a, c). However, at protein level, no changes in the
expression of these receptors were observed (Fig. Sb, d).

Discussion

The present results show that the previously reported
decrease in hypothalamic dopaminergic activity induced by
P, removal [4] or blockade of its action [7] at the end of
pregnancy is dependent upon estrogen action. Accordingly,
the present results show that the reduction of TH expres-
sion by mifepristone [7] was prevented by the previous
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Fig. 3 Effect of mifepristone and tamoxifen treatments on MBH con-
tent of ERa and PR protein abundances relative to B-actin in rats on
day 19 of pregnancy. a ER a: western blot representative bands (lef?)
and protein expression relative to B-actin (right); b PR: western blot
representative bands (/eff) and protein expression relative to p-actin
or PR A and PR B isoforms and PR B/PR A ratio (right and below).
Tamoxifen (Tm; 0.5 mg/kg) was administered at 12:00 h, on days 14

administration of tamoxifen, indicating that E, action is
necessary to evidence the fall in TH expression induced by
P, action blockade. Furthermore, this fall in dopaminergic
activity, evidenced by decreased DOPAC/DA ratio [7] or
TH expression (present results) is not sufficient to induce
PRL release, but must be present to evidence the action of
PRL releasing stimuli, such as acute naloxone administra-
tion. Thus, the effects of mifepristone and tamoxifen upon
naloxone-induced PRL release can be correlated with the
expression of TH at protein and mRNA levels, the rate-limit-
ing enzyme for dopamine synthesis and an important marker
of dopaminergic neuron activity [7, 11]. It was demonstrated

and 15 of pregnancy; mifepristone (Mp; 5 mg/kg) or vehicle (V) was
administered at 08:00 h, on day 19. Animals were sacrificed at 18:00 h
on day 19 of pregnancy. Results are means +SEM of groups of 5-6
animals in each experimental group. *p < 0.05 compared with the other
groups; #p <0.05 compared with the respective control (not treated
with tamoxifen) groups using two way ANOVA followed by Bonfer-
roni test for multiple comparisons

that the decrease of P, at the end of pregnancy is necessary
for the reduction in dopaminergic neuronal activity and con-
sequent facilitation of PRL secretion [6, 8, 40]. Although
premature P, withdrawal, triggered by PGF, -induced lute-
olysis, decreases dopaminergic activity and facilitates PRL
secretion [4], the diminution of TH expression induced by
mifepristone is not sufficient to induce PRL secretion at least
within 10—12 h of the antiprogesterone treatment. However,
concomitant naloxone treatment facilitates PRL secretion
but does not modify TH expression suggesting that naloxone
effects on mifepristone treated rats do not involve changes in
dopamine activity, confirming previous results [7].
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Upper panel RT-PCR representative bands. Lower panel PRLR .,
mRNA expression levels relative to B-actin. b PRLR ) protein abun-
dance; Upper panel western blot representative bands. Lower panel
PRLR ;o) protein expression relative to B-actin.Tamoxifen (Tm;
0.5 mg/kg) was administered at 12:00 h, on days 14 and 15 of preg-
nancy; mifepristone (Mp; 5 mg/kg) or vehicle (V) was administered
at 08:00 h, on day 19. Animals were sacrificed at 18:00 h on day 19
of pregnancy. Results are means +SEM of groups of seven (for RT-
PCR) or four (for western blots) animals in each experimental group.
*p<0.05 compared with the other groups using two way ANOVA fol-
lowed by Bonferroni test for multiple comparisons

It is interesting to note that changes in PRL serum
levels were not directly related to changes in E, and P,
serum levels, because they were not altered by any of the
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pharmacological treatments, at least in the time frame used
in this study. On the other hand, it seems that E, action may
involve the participation of ERa, because we observed an
increase in ERa expression in mifepristone treated animals
that could mediate the decreased TH expression observed
in them [7], and furthermore, tamoxifen treatment blocked
the increase in ERa and also diminished its levels in con-
trol rats. It is known that E, diminishes TH mRNA levels in
TIDA neurons [41]. No alteration in ERB mRNA expression
was observed. ERa is the main receptor subtype implicated
in the neuroendocrine regulation of reproduction [42], and
although both subtypes are E, sensitive, ERa expression
in the arcuate nucleus is higher than ERf} [43]. Previously,
we have demonstrated [9] that the blockade of P, actions
by mifepristone treatment on day 19 of pregnancy induces
a significant lactotroph activation. This activation can be
correlated with the increased ERa expression levels in the
MBH (mRNA and protein) observed in the present work as
well as in the anterior pituitary [44], without changes in ER]
mRNA expression levels. These data might suggest a direct
or indirect participation of E, in this effect, by a mechanism
mediated by ERa activation.

Neuroendocrine regulation of PRL secretion changes
during late pregnancy and allows the establishment of a
hyperprolactinemic state during lactation. These changes
allow that the short negative feedback loop of PRL secretion
be refractory and induce the appearance of neuroendocrine
systems like the serotonergic [45] and the opioid [8, 10],
which in other experimental situations are able to stimulate
PRL secretion, but at the end of pregnancy are inhibitory.
Then, it can be speculated that the presence of E, on days
15 and 16 of pregnancy and its gradual increase up to the
end of gestation is key in this adaptive process. Tamoxifen
administration on day 18 of pregnancy is not capable to pre-
vent the rise in PRL induced by mifepristone and naloxone
on day 19 of pregnancy [6, 8]. However, tamoxifen admin-
istered on days 14 and 15 completely blocks mifepristone
plus naloxone induced PRL secretion on day 16 [6] and par-
tially on day 19 of pregnancy [6]. These effects of tamoxifen
may be exerted through a direct action on TIDA neurons or
by changes in the pre-synaptic modulation of these neurons
that result in changes in TH expression.

E, induces PR expression in the hypothalamus [46]. The
PR gene contains E, response elements that promote PR
mRNA transcription [46]. There are two PR isoforms, the
long form (PR B ~116 kDa) and the truncated form (PR A
~81 kDa), which differ in their ability to activate different
target genes within a cell and the PR B/PR A ratio in terms
of mRNA and protein varies between different brain areas
and under different hormonal conditions [47]. However,
tamoxifen administration on days 14 and 15 did not change
the isoforms A or B nor their ratio. These data indicate that
tamoxifen prevents mifepristone action on TH expression
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without modifying the levels of PR expression. It has been
shown that mifepristone administration to parturient rats
did not induce changes in both hypothalamic PR isoforms
protein expression [48] and P, fall induced by PGF,, had
no effect on the expression of both PR isoforms at protein
or mRNA levels [4]. Based on this evidence and consid-
ering that mifepristone induced an increase in the ERa
expression, our results suggest that estrogenic inhibition of
hypothalamic dopaminergic activity may be exerted via a
mechanism involving changes in ER expression levels with-
out affecting PR expression. Furthermore, since it has been
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12:00 h, on days 14 and 15 of pregnancy; mifepristone (Mp; 5 mg/kg)
or vehicle (V) was administered at 08.00 h, on day 19. Animals were
decapitated at 18:00 h on day 19. Results are means + SEM of groups
of seven animals in each experimental group.*p <0.05 compared with
the other groups using two way ANOVA followed by Bonferroni test
was used for multiple comparisons

described that estrogen induces the expression of its cognate
receptors [49, 50] it is quite possible that the reduced ER,,
expression observed in the tamoxifen treated rats may be a
consequence of the blunting of the estrogen action upon the
expression of its receptors.

The two PRLR isoforms (long and short) are expressed in
the arcuate nucleus [21]. The long isoform is involved in the
short negative feedback loop, in which PRL controls its own
secretion increasing TH expression levels and dopaminergic
activity [21, 24, 25]. During late pregnancy and lactation,
an increase in PRLR,,,., expression has been described in
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the arcuate nucleus [21, 22, 51] in opposition to the inhibi-
tion of PRLR ;) €Xpression in the preoptic area observed in
ovariectomized animals that received a prolonged pregnancy-
like regimen of P, and E, [52]. Our results suggest that the
blockade of P, action by mifepristone treatment significantly
increases PRLR mRNA, through an estrogenic action once
P, action has been removed. Indeed, E, treatment induces
PRLR ) expression in hypothalamic dopaminergic neurons
[23] and treatment with tamoxifen prevents the effect of mife-
pristone (present results). The pattern of changes observed in
ERa and PRLR expression after mifepristone or PGF,, [4]
suggest that the elevated P, levels at the end of pregnancy
prevent E, stimulation of ER and PRLR expression. Inter-
estingly, PRLR ;,,,,) expression in MBH and in the anterior
pituitary increases simultaneously [44] suggesting that the
PRL short negative feedback loop may be still functional at
the end of gestation resulting in a residual sensitivity to PRL
[9]. However, the increase in PRLR mRNA induced by mife-
pristone was not translated to a corresponding increase in the
PRLR protein levels, most probably because the time elapsed
(10 h) after mifepristone administration was not sufficient to
evidence changes in the expression of the protein.

In the present work, a significant reduction in p-and
k-ORs mRNA levels was observed after tamoxifen and
mifepristone treatments. It is interesting to point out that
the decreased ORs mRNA expression is not reflected in the
receptor protein expression. This lack of correlation may be
due to a different synchronization between mRNA expres-
sion and synthesis of their respective proteins. Although it is
generally accepted that pregnancy and parturition are char-
acterized by increased hypothalamic levels of B-endorphin,
Met-enkephalin and the p-ORs, controversial results have
been observed due to different experimental conditions,
including brain areas studied and techniques used for pro-
tein determination [53, 54]. Moreover, it has been shown
that in late pregnancy, p- and x-ORs are involved in regula-
tion of PRL secretion, through a mechanism that directly
or indirectly involves changes in dopaminergic activity [55,
56]. Opioid neurons expressing B-endorphin and enkepha-
lins, also express ER [57, 58] and ovarian steroids can regu-
late the expression of both peptides [59, 60]. However, there
is some discrepancy regarding the effect of sex steroids on
the opioid system, which may depend not only on their pres-
ence or absence but also on the concentrations and duration
of exposure [61]. Indeed, E, and P, treatment to ovariecto-
mized rats can alter the u-OR density in the hypothalamus.
In most cases, E, treatment by itself does not affect p-OR
density but in combination with P,, u-OR density decreases
in the hypothalamus [62, 63] and increases in the arcuate
nucleus [64]. On the other hand, it has been shown that E,
can stimulate endogenous opioid peptides release inducing
internalization of the u-OR, while P, blocks E, action [36].
The effect of E, is mediated by ERa activation [65] because
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tamoxifen inhibits p-OR internalization by reducing endog-
enous opioid peptides release [65]. Thus, the blockade of E,
and P, effects by tamoxifen plus mifepristone administra-
tion, may modify endogenous opioid peptides synthesis and
release, and thus, regulate the expression of their receptors.
Also, it is important to consider that besides dopaminergic
neurons, other neurons localized in MBH, shuch as POMC
and kisspeptin-neurokinin B-dynorphin (KNDY) neurons
express [i-and k-ORs and are regulated by ovarian steroids
[37, 66]. Thus, mifepristone and/or tamoxifen may be acting
upon other neurons expressing opioid receptors, that may be
related or not to the regulation of PRL secretion.

In conclusion, we demonstrated that E, plays an impor-
tant role in the neuroadaptive mechanisms necessary to
facilitate the PRL release that precedes delivery. The results
obtained in this study suggest that E, acting through ERa
modulates the activity of the hypothalamic dopaminer-
gic neurons, regulating TH, p- and k-ORs and PRLR )
expression, and its presence on days 14 and 15 of pregnancy
is crucial to facilitate the opioid system modulation on PRL
secretion at the end of pregnancy in the rat. Apparently, E,
action is necessary in order to evidence the effects of P,
withdrawal on TH, ER and PRLR ., expression.
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