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Abstract

This study determined the effects of acute treatment with morphine on the expression of the Oprm1, Oprk1, and
Oprd] genes (which encode w, k, and 8 receptors, respectively) in the striatum, hypothalamus, and periaqueductal
gray (PAG) in ovariectomized female rats treated with estrogen. Ovariectomized female rats were divided into five
equal groups. Two groups received estrogen (50 pg/kg, 54 h before testing) and saline (ES group) or 3.5 mg/kg mor-
phine (EM group) 2 h before euthanasia. The SS group received saline solution 54 and 2 h before the experiments.
The SM group received saline 54 h and 3.5 mg/kg morphine 2 h before the experiments. The W group remained
undisturbed. The genes expression were evaluated. OprmT and Oprk1 expression were activated, respectively, in the
hypothalamus and PAG and in the striatum and PAG by morphine only in estrogen-treated animals. Oprd1 expression
in the hypothalamus and PAG was activated by morphine in both estrogen-treated and -nontreated animals. The
Oprm1 and Oprk1 gene response to morphine might depend on estrogen, whereas the Oprd1 gene response to mor-
phine might not depend on estrogen, supporting the hypothesis of a functional role for ovarian hormones in opioid

receptor-mediated functional adaptations in the female brain.
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Background

Female gonadal hormones have an important impact on
many brain functions and behaviors related to reproduc-
tion and neurotransmission in some brain sites. These
pathways exist through direct binding to specific mem-
brane receptors or through an indirect action via genetic
mechanisms and differences in gene expression and pro-
tein content (Wilson and Westberry 2009). The regula-
tion of pituitary gonadotropin secretion may result from
a complex interaction between a gonadal steroid feed-
back mechanism and the influence of brain neurotrans-
mitter systems in the hypothalamic—pituitary system,
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and indicate if changes were made.

including the opioidergic system (Kalra 1993; Wéjcik-
Gladysz et al. 2006; Kaminski et al. 2004; Yilmaz and Gil-
more 2000).

Endogenous opioids can modulate the catecholamine
pathway, inhibit catecholamine release during times of
stress, and inhibit gonadotropin secretion (Angelopou-
los et al. 1995). Opioid receptors can have various effects
that depend on their localization in the brain. The anal-
gesic activity of these receptors has been observed in
the spinal cord and brainstem. In regions of the striatum
and hypothalamus, they appear to modulate motor and
reproductive function, respectively (Hammer et al. 1994;
Teodorov et al. 2006, 2014; Miranda-Paiva et al. 2007;
Yim et al. 2006; Sukikara et al. 2006).

The opioidergic system plays roles at both central and
peripheral sites. At central sites, the opioidergic sys-
tem plays a critical role in reproductive neuroendocrine
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function, whereas peripheral actions on carbohydrate
metabolism and insulin resistance have been reported
(Fulghesu et al. 2001). B-endorphin plays a modulatory
role by inhibiting gonadotropin-releasing hormone and
luteinizing hormone (LH) release from the pituitary.
Other studies showed that the increase in opioidergic
system activity in patients with polycystic ovary syn-
drome was suppressed by opioidergic antagonist admin-
istration (Zangeneh et al. 2011). Indeed, k- and 8-opioid
receptors have been well studied and appear to be associ-
ated with the control of gonadotropin secretion (Pfeiffer
et al. 1987; Micevych et al. 2003; Sinchak et al. 2004).

Few studies have investigated the role of opioid recep-
tor subtypes in different regions of the rat brain with
regard to how steroid hormones act in this context.
Important studies have been conducted with regard to
p-opioid receptors. The number of these receptors in the
rat brain was found to fluctuate during different phases
of the estrous cycle (Casulari et al. 1987; Stoffel et al.
2005), and this phenomenon could explain the different
pathways of the effects that modulate the release of gon-
adotropins by opioidergic agonists and antagonists dur-
ing different phases of the estrous cycle (Kalra et al. 1993;
Piva et al. 1985).

The present study evaluated the modulatory role of
morphine and steroid hormones in ovariectomized
(OVX) virgin rats with regard to Oprml, Oprkl, and
Oprdl gene expression in the PAG, striatum, and hypo-
thalamus because these regions are involved in the con-
trol of motivated, motor, and reproductive behaviors.

Results

Oprml gene expression (Figure 1) was signifi-
cantly increased in the EM group in the hypothala-
mus (F = 2.98, df = 15, p = 0.05; Figure 1b) and PAG
(F=3.112, df = 15, p = 0.047; Figure 1c) compared with
the SS group. No significant differences in Oprml gene
expression were found in the striatum between groups
(F=0.379,df = 15, p = 1.122; Figure 1a).

Oprkl gene expression (Figure 2) was significantly
increased in the EM group in the striatum (F = 2.855,
df = 15, p = 0.061; Figure 2a) and PAG (F = 3.353,
df = 15, p = 0.032; Figure 2c) compared with the SS
group. No differences in Oprkl gene expression were
found in the hypothalamus between groups (F = 2.383,
df = 15, p = 0.078; Figure 2b).

Oprdl gene expression (Figure 3) was significantly
increased in the SM and EM groups in the hypothala-
mus (F = 0.757, df = 15, p = 0.569; Figure 3b) and PAG
(F =4.473, df = 15, p = 0.014; Figure 3c) compared with
the SS group (Figure 1c). No differences in Oprdl gene
expression were found in the striatum between groups
(F=10.757, df = 15, p = 0.569; Figure 3a).
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Figure 1 Expression of Oprm1 gene in the striatum (@), hypothala-
mus (b), and PAG (c) in OVX female rats. The W group remained
undisturbed. The SS group received saline solution 54 and 2 h before
the experiments. The SM group received saline 54 h and 3.5 mg/

kg morphine 2 h before the experiments. The ES group received
estrogen (50 pg/kg, i.p.) 54 h before testing and saline 2 h before

the experiments. The EM group received estrogen (50 ug/kg, i.p.)

54 h before testing and 3.5 mg/kg morphine 2 h before the experi-
ments. *p < 0.05, compared with SS group. The data are expressed as
mean =+ SEM (ANOVA followed by Tukey's multiple-comparison test).

Discussion

In rodents, hormone fluctuations characterize each
estrous phase as proestrus, estrus, metestrus, and dies-
trus. Studies have shown that a low level of estrogen
during diestrus has an inhibitory action on the hypo-
thalamus and pituitary (Kirkpatrick and Clark 2011; Piva
et al. 1985), and gonadotropin release does not occur
(Danforth et al. 1990). A gradual increase in estrogen lev-
els is observed during the late stage of diestrus. In proes-
trus, a rapid increase in estrogen and progesterone levels



Cruz et al. SpringerPlus (2015) 4:355 Page 3 0of 6
a 8- Striatum a, Striatum
6 *
34
2 9°1 L
Z 44 =
™ -~ 2 . _
g gl H
O 24 o
14
0-
0
w SS SM ES EM W ss SM ES EM
b ;. Hypothalamus b 4- Hypothalamus

Oprk1/18S
S

64
24 T —_ %
0

w SS SM ES EM
C g- PAG
*
n 87
®
= 44
5
o ) - I | i i
0-
w SS SM ES EM

Groups

Figure 2 Expression of Oprk]1 gene in the striatum (a), hypothala-
mus (b), and PAG (c) in OVX female rats. The W group remained
undisturbed. The SS group received saline solution 54 and 2 h before
the experiments. The SM group received saline 54 h and 3.5 mg/

kg morphine 2 h before the experiments. The ES group received
estrogen (50 pg/kg, i.p.) 54 h before testing and saline 2 h before

the experiments. The EM group received estrogen (50 pg/kg, i.p.)

54 h before testing and 3.5 mg/kg morphine 2 h before the experi-
ments. *p < 0.05, compared with SS group. The data are expressed as
mean £ SEM (ANOVA followed by Tukey's multiple-comparison test).

occurs, resulting in LH release that enables ovulation
(Gémez-Camarillo et al. 2011; Gordon et al. 2011; Alva-
renga et al. 2010).

The present study investigated the role of acute estro-
gen administration on opioid gene expression in the
striatum, hypothalamus, and PAG and the effects of
acute morphine treatment. To avoid the possible effects
of endogenous ovarian hormones, we used OVX rats
and subjected them to experimentation after 15 days to
elicit total hormone depletion (Rachman et al. 1998).
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Figure 3 Expression of Oprd]1 gene in the striatum (a), hypothala-
mus (b), and PAG (c) in OVX female rats. The W group remained
undisturbed. The SS group received saline solution 54 and 2 h before
the experiments. The SM group received saline 54 h and 3.5 mg/
kg morphine 2 h before the experiments. The ES group received
estrogen (50 pg/kg, i.p.) 54 h before testing and saline 2 h before
the experiments. The EM group received estrogen (50 pg/kg, i.p.)
54 h before testing and 3.5 mg/kg morphine 2 h before the experi-
ments. *p < 0.05, compared with SS group. The data are expressed as
mean =+ SEM (ANOVA followed by Tukey’s multiple-comparison test).

Importantly, adrenal hormones were not considered in
this study. Thus, OVX female rats were used as an ani-
mal model to study the influence of estrogen replacement
on the activity of the genes that encode opioid receptors
in female rats in response to morphine in different brain
areas. Studies have shown that the restoration of repro-
ductive behavior and changes in gene expression in OVX
rats occur within 7 days of continuous estrogen replace-
ment, supporting the procedure used in the present study
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with regard to the hormonal depletion protocol followed
by replacement. The doses of morphine and estrogen
hormones used in this study were previously validated
in our laboratory and standardized for behavioral and
molecular analyses (Teodorov et al. 2006, 2011, 2014).

Studies have evaluated the density of p-, k-, and
3-opioid receptors in many brain structures in rats (Man-
sour et al. 1994, 1995), demonstrating a basal pattern. A
high density of p-opioid receptors is found in the PAG.
A moderate density is found in the striatum, and less
expression is found in the hypothalamus. A high density
of k-opioid receptors is found in the hypothalamus, with
less expression in the striatum and PAG. A high density
of 8-opioid receptors is found in the striatum, with less
density in the PAG and hypothalamus.

Weiland and Wise (1990) showed that steroid hor-
mones modulate opioid receptor density in specific
brain regions. Their results showed negative and positive
feedback actions of estrogen and progesterone in hypo-
thalamic regions that regulate gonadotropin release and
sexual behavior. These actions may be partially mediated
by the endogenous opioid system. Estrogen and proges-
terone suppress physiological responses to the adminis-
tration of opioid peptides.

The present study evaluated the basal pattern of
Oprml, Oprkl, and Oprdl gene expression in female
rat brain sites that are known to be involved in repro-
ductive behavior, including the striatum (i.e., important
role in motor patterns during mating and lactation), PAG
(i.e., role in nociception, behavioral selection for moti-
vated behaviors, and sexual and maternal behavior), and
hypothalamus (i.e., role in the modulation of hormonal
aspects) (Sewards and Sewards 2003; Moura et al. 2010;
Mota-Ortiz et al. 2012; Teodorov 2012). Studies have
shown that estrogen is able to change the action of the
opioidergic system in rodents by modulating nociceptive
responses to treatment with naloxone, altering the bind-
ing of opioid receptors in specific brain regions, and
increasing the rate of internalization of these receptors,
particularly in morphine studies (Hammer 1990; Gordon
and Soliman 1996; Aloisi and Ceccarelli 1999; Micevych
et al. 2003). Terner et al. (2005) showed that morphine
and the semi-synthetic opioid derivative buprenorphine
dose-dependently increased the patterns of nociception
in rats, and morphine exerted these effects during all
phases of the estrous cycle, whereas buprenorphine was
effective only during estrus.

In the present study, Oprml gene expression in the
hypothalamus and PAG was activated by morphine only
in estrogen-treated animals. Oprkl gene expression in
the striatum and PAG was activated by morphine only
in estrogen-treated animals. Oprdl gene expression in
the hypothalamus and PAG was activated by morphine
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in both estrogen-treated and -nontreated animals. These
results suggest that the Oprm1 and Oprkl gene responses
to morphine might depend on estrogen, whereas the
Oprdl gene response to morphine might not depend
on estrogen. On this respect, k receptors of the PAG
have been show to be functionally involved in motivated
behaviors during the post-partum phase (Mota-Ortiz
et al. 2012; Teodorov 2012). Recently, a functional inter-
action between p and k opioid receptor subtypes has
been demonstrated (Klein et al. 2014). Since, this find-
ing was observed in a post-partum scenario, the fact
that those receptors subtypes were found to be particu-
larly sensitive to estrogen modulation actions might be
another piece of these puzzle that tell us about the mul-
tiple functional interactions that those to versatile opioid
receptor subtypes. These data support the hypothesis of a
functional role for ovarian hormones in opioid receptor-
mediated functional adaptations in the female brain.

Methods

Animals

Female Wistar rats, weighing 200-250 g at the begin-
ning of the study, were obtained from the Faculdade
de Medicina Veterindria, Universidade de Sao Paulo.
The animals were housed in polypropylene cages
(32 x 40 x 18 cm), with three animals per cage under
controlled temperature (22 £ 2°C) and a 12 h/12 h
light/dark cycle (lights on 6:00 AM) with free access to
food and water during the experimental procedure. We
attempted to minimize the number of rats used, and
every effort was made to ensure that no rat suffered
unnecessarily.

Drugs

Morphine sulfate (3.5 mg/kg; Cristalia) was diluted in
0.9% saline, and the same vehicle was used as a control
group. The hormones (progesterone and estradiol ben-
zoate; Sigma-Aldrich (Brazil) were diluted in peanut oil.
All of the injections were administered subcutaneously in
the dorsal region of the animals.

Molecular studies

RNA extraction, cDNA synthesis, and real-time poly-
merase chain reaction (PCR) were used for the quanti-
fication of opioid receptor gene expression. Total RNA
was extracted from each tissue sample using Trizol rea-
gent (Invitrogen Life Technologies, Carlsbad, CA, USA).
Immediately after euthanasia by decapitation, the stria-
tum was suspended in 1 ml ice-cold Trizol, and total
RNA was extracted according to the manufacturer’s
instructions. This area was chosen because it modulates
motor function and opioid dependence (Thompson et al.
2000; Georges 1999) and has a high density of opioid
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receptors. The final RNA pellets were resuspended in
50 pl of diethyl pyrocarbonate-treated water. The total
RNA concentrations were measured spectrophotomet-
rically at 260 nm, and the integrity of the RNA samples
was analyzed on 1.5% agarose gel (Sigma, St. Louis, MO,
USA) that contained 0.5 pg/ml ethidium bromide. Total
RNA was then treated with DNAse I and stored at —80°C
until further processing. Real-time PCR was performed
in a Rotor Gene 3000 instrument (Corbet) using TagMan
Universal Master Mix (Applied Biosystems, catalog no.
4304437). The PCR primers and TagMan probes for the
opioid receptor genes Oprml, Oprkl, and Oprdl were
selected using Primer Express software (Applied Bio-
systems), verified by a BLAST search of GenBank, and
labeled Rn00565144_m1 for Oprml, Rn00567737_ml
for Oprkl, RN00561699_m1 for Oprdl, and 4319413E
for 18S (used as a housekeeping control). The primers
were chosen to amplify a 65-bp fragment. The internal
TagMan probe [FAM-3-TCTGGGCACCTCTCTTT-5'-
non-fluorescent quencher (NFQ)] was designed accord-
ing to the general rules outlined by the manufacturer
and carried a 5’ reporter dye, 6-carboxy fluorescein
(FAM), and 3’ NFQ. The primers and probes were used
with 100% efficiency at final concentrations of 0.9 and
0.25 uM, respectively.

Experimental design

A total of 20 female rats were observed by vaginal cytol-
ogy for 15 days, always in the morning, to verify that
all of the female rats were cycling normally. After the
vaginal cytology tests, these rats were ovariectomized
between 8:00 AM and 10:00 AM and remained undis-
turbed for 15 days to deplete hormone stores (Vignon
and Rochefort 1976). These OVX female rats were then
divided into four equal groups. Two groups received
estrogen (50 pg/kg, i.p., 54 h before testing) and saline
(ES group, n = 4) or 3.5 mg/kg morphine (i.p.; EM group,
n = 4) 2 h before euthanasia. The other two groups
received saline solution 54 and 2 h before saline (SS
group, n = 4) or 3.5 mg/kg morphine (SM group, n = 4)
treatment. Oprmli, Oprdl, and Oprkl gene expression
was evaluated in the striatum, hypothalamus, and PAG.
An OVX group, called white, remained untreated (W
group, n = 4).

Statistical analysis

The results are expressed as mean + SEM. Homoscedas-
ticity was verified using an F test or Bartlett’s test. Nor-
mality was verified using the Kolmogorov—Smirnov test.
Differences in scores between more than two groups
were assessed by one-way analysis of variance (ANOVA)
followed by Tukey’s multiple-comparison test. The results
were considered significant at p < 0.05.
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Conclusions

In this study we evaluated the effects of acute treatment
with morphine on the expression of the Oprmli, Oprkl,
and Oprd1 opioid genes in some cerebral areas that could
be modulated by sexual hormones in ovariectomized
female rats. The results showed that these genes expres-
sion could be changed in response to morphine, espe-
cially by estrogen dependence, supporting the hypothesis
of a functional role of ovarian hormones in opioid recep-
tor-mediated functional adaptations in the female brain.
This is very important because whereas this study used
ovariectomized female rats, the use of opioid analgesics
in intact females could change parameters of reproduc-
tion and promote a injury in maternal homeostasis, that
could influence parental care and generate alterations in
offspring in adulthood life.

Authors’ contribution

WSC, LAP and LCC carried out the molecular genetic studies and drafted the
manuscript. RC, LFF, MMB and ET participated in the design of the study and
performed the statistical analysis. ET conceived of the study, and participated
in its design and coordination and helped to draft the manuscript. All authors
read and approved the final manuscript.

Author details

! Instituto de Ciéncias da Saude, Universidade Paulista, UNIP, Dr. Bacelar, Sdo
Paulo CEP 04026-002, Brazil. % Instituto de Ciéncias Biomédicas, Universi-
dade de Sé&o Paulo, Av. Prof. Lineu Prestes 2415, Cidade Universitaria, SP CEP
05508-900, Brazil. > Faculdade de Medicina Veterinaria e Zootecnia, Uni-
versidade de Sao Paulo, Av. Prof. Dr. Orlando Marques de Paiva, 87, Cidade
Universitaria CEP 05508 270, Brazil. * Centro de Matemética, Computacao

e Cognicao, Universidade Federal do ABC, Av. Dos Estados, 5001, Santo
André CEP 09210-971, Brazil. ° Av dos Estados, 5001, Santo André, SP CEP
09210-970, Brazil.

Acknowledgements
Research was supported by FAPESP grants to E. Teodorov (2013/06392-0) and
to L. F. Felicio (2013/01610-7).

Compliance with ethical guidelines

Competing interests
All of the authors declare that they have no conflicts of interest.

Ethical approval

The animals were maintained in accordance with the guidelines from the
Committee on Care and Use of Laboratory Animal Resources, National
Research Council, USA, and the Universidade de Sdo Paulo Committee for
Research and Animal Care.

Received: 18 April 2015 Accepted: 11 May 2015
Published online: 16 July 2015

References

Aloisi AM, Ceccarelli 1 (1999) Role of gonadal hormones in formalin-
induced pain responses of male rats: modulation by estradiol and
naloxone administration. Neuroscience 95:559-566. doi:10.1016/
S0306-4522(99)00445-5

Alvarenga TA, Andersen ML, Tufik S (2010) Influence of progester-
one on sexual performance in male rats. J Sex Med 7:2435-2444.
doi:10.1111/j.1743-6109.2010.01851 x


http://dx.doi.org/10.1016/S0306-4522(99)00445-5
http://dx.doi.org/10.1016/S0306-4522(99)00445-5
http://dx.doi.org/10.1111/j.1743-6109.2010.01851.x

Cruz et al. SpringerPlus (2015) 4:355

Angelopoulos TJ, Denys BG, Weikart C, Dasilva SG, Michael TJ, Robertson RJ
(1995) Endogenous opioids may modulate catecholamine secretion dur-
ing high intensity exercise. Eur J Appl Physiol 70:195-199

Casulari LA, Maggi R, Dondi D, Limonta P, Piva F, Moota M et al (1987) Effect of
oestrus cyclicity on the number of brain opioid mu receptors in the rat.
Horm Metab Res 19:549-554. doi:10.1055/5-2007-1011880

Danforth DR, Elkind-Hirsch K, Hodgen GD (1990) In vivo and in vitro modula-
tion of gonadotropin-releasing hormone metabolism by estradiol and
progesterone. Endocrinology 127:319-324

Fulghesu AM, Ciampelli M, Belosi C, Apa R, Guido M, Caruso A et al (2001) Naltrex-
one effect on pulsatile GnRH therapy for ovulation induction in polycystic
ovary syndrome: a pilot prospective study. J Endocrinol Invest 24:483-490

Georges F (1999) Chronic morphine exposure and spontaneous withdrawal
are associated with modifications of dopamine receptor and neuro-
peptide gene expression in the rat striatum. Eur J Neurosci 11:481-490.
doi:10.1046/j.1460-9568.1999.00462 x

Gomez-Camarillo MA, Beyer C, Lucio RA, Garcia-Judrez M, Gonzalez-Arenas
A, Camacho-Arroyo | et al (2011) Differential effects of progesterone and
genital stimulation on sequential inhibition of estrous behavior and pro-
gesterone receptor expression in the rat brain. Brain Res Bull 85:201-206.
doi:10.1016/j.brainresbull.2011.04.004

Gordon F, Soliman M (1996) The effects of estradiol and progesterone on pain
sensitivity and brain opioid receptors in ovariectomized rats. Horm Behav
30(6):244-250. doi:10.1006/hbeh.1996.0029

Gordon A, Garrido-Gracia JC, Sdnchez-Criado JE, Aguilar R (2011) Involve-
ment of rat gonadotrope progesterone receptor in the ovary-mediated
inhibitory action of FSH on LH synthesis. J Physiol Biochem 67:145-151.
doi:10.1007/513105-010-0057-z

Hammer RP (1990) w-Opiate receptor binding in the medial preop-
tic area is cyclical and sexually dimorphic. Brain Res 515:187-192.
doi:10.1016/0006-8993(90)90595-3

Hammer RP, Zhou L, Cheung S (1994) Gonadal steroid hormones and
hypothalamic opioid circuitry. Horm Behav 28:431-437. doi:10.1006/
hbeh.1994.1040

Kalra SP (1993) Mandatory neuropeptide-steroid signaling for the preovula-
tory luteinizing hormone-releasing hormone discharge. Endocr Rev
14:507-538. doi:10.1210/er.14.5.507

Kalra SP, Sahu A, Kalra PS (1993) Ageing of the neuropeptidergic signals in rats.
J Reprod Fertil Suppl 46:11-19

Kaminski T, Siawrys G, Bogacka | et al (2004) The influence of opioid peptides
on steroidogenesis in porcine granulosa cells. Reprod Domest Anim
39:25-32.doi:10.1046/j.1439-0531.2003.00471 x

Kirkpatrick ME, Clark AS (2011) Androgen inhibition of sexual receptivity
is modulated by estrogen. Physiol Behav 102:361-366. doi:10.1016/j.
physbeh.2010.11.033

Klein MO, Cruz Ade M, Machado FC, Picolo G, Canteras NS, Felicio LF (2014)
Periaqueductal gray p and k opioid receptors determine behavioral
selection from maternal to predatory behavior in lactating rats. Behav
Brain Res 274:62-72. doi:10.1016/j.bbr.2014.08.008

Mansour A, Fox CA, Burke S, Meng F, Thompson RC, Akil H et al (1994) Mu,
delta, and kappa opioid receptor mRNA expression in the rat CNS: an
in situ hybridization study. J Comp Neurol 350:412-438. doi:10.1002/
cne.903500307

Mansour A, Hoversten MT, Taylor LP, Watson SJ, Akil H (1995) The cloned
i, 8 and k receptors and their endogenous ligands: evidence
for two opioid peptide recognition cores. Brain Res 700:89-98.
doi:10.1016/0006-8993(95)00928-J

Micevych PE, Rissman EF, Gustafsson J-A, Sinchak K (2003) Estrogen receptor-
alpha is required for estrogen-induced mu-opioid receptor internaliza-
tion. J Neurosci Res 71:802-810. doi:10.1002/jnr.10526

Miranda-Paiva CM, Canteras NS, Sukikara MH, Nasello AG, Mackowiak I,
Felicio LF (2007) Periaqueductal gray cholecystokinin infusions block

morphine-induced disruption of maternal behavior. Peptides 28:657-662.

doi:10.1016/j.peptides.2006.11.005

Mota-Ortiz SR, Sukikara MH, Bittencourt JC, Baldo MV, Elias CF, Felicio LF et al
(2012) The periaqueductal gray as a critical site to mediate reward seek-
ing during predatory hunting. Behav Brain Res 226:32-40. doi:10.1016/j.
bbr.2011.08.034

Moura LM, Canteras NS, Sukikara MH, Felicio LF (2010) Morphine infusions into
the rostrolateral periaqueductal gray affect maternal behaviors. Braz J
Med Biol Res 43:899-905. doi:10.1590/S0100-879X2010007500085

Page 6 of 6

Pfeiffer DG, Pfeiffer A, Aimeida OFX, Herz A (1987) Opiate suppression of LH
secretion involves central receptors different from those mediating opi-
ate effects on prolactin secretion. J Endocrinol 114:469-476. doi:10.1677/
joe.0.1140469

Piva F, Maggi R, Limonta P, Motta M, Martini L (1985) Effect of naloxone on lute-
inizing hormone, follicle-stimulating hormone, and prolactin secretion in
the different phases of the estrous cycle. Endocrinology 117:766-772

Rachman IM, Unnerstall JR, Pfaff DW, Cohen RS (1998) Estrogen alters behavior
and forebrain c-fos expression in ovariectomized rats subjected to the
forced swim test. Proc Natl Acad Sci USA 95:13941-13946. doi:10.1073/
pnas.95.23.13941

Sewards TV, Sewards MA (2003) Representations of motivational drives in
mesial cortex, medial thalamus, hypothalamus and midbrain. Brain Res
Bull 61:25-49. doi:10.1016/50361-9230(03)00069-8

Sinchak K, Mills RH, Eckersell CB, Micevych PE (2004) Medial preoptic area
delta-opioid receptors inhibit lordosis. Behav Brain Res 155:301-306.
doi:10.1016/j.bbr.2004.05.001

Stoffel EC, Ulibarri CM, Folk JE, Rice KC, Craft RM (2005) Gonadal hormone
modulation of mu, kappa, and delta opioid antinociception in male
and female rats. J Pain Off J Am Pain Soc 6:261-274. doi:10.1016/j.
jpain.2004.12.006

Sukikara MH, Mota-Ortiz SR, Baldo MV, Felicio LF, Canteras NS (2006) A
role for the periaqueductal gray in switching adaptive behavioral
responses. J Neurosci Off J Soc Neurosci 26:2583-2589. doi:10.1523/
JNEUROSCI.4279-05.2006

Teodorov E, Modena CC, Sukikara MHFL (2006) Preliminary study of the effects
of morphine treatment on opioid receptor gene expression in brain
structures of the female rat. Neuroscience 143:1225-1231

Teodorov E, Bernardi MM, Ferrari MF, Fior-Chadi DR, Felicio LF (2011) Plasticity
of opioid receptors in the female periaqueductal gray: multiparity-
induced increase in the activity of genes encoding for mu and kappa
receptors and a post-translational decrease in delta receptor expression. J
Mol Neurosci 43(2):175-181. doi:10.1007/512031-010-9407-0

Teodorov E, Ferrari MF, Fior-Chadi DR, Camarini R, Felicio LF (2012) Behavio-
ral meaningful opioidergic stimulation activates kappa receptor gene
expression. Braz J Med Biol Res 45:982-987

Teodorov E, Camarini R, Bernardi MM, Felicio LF (2014) Treatment with steroid
hormones and morphine alters general activity, sexual behavior, and
opioid gene expression in female rats. Life Sci 104:47-54. doi:10.1016/j.
Ifs.2014.03.021

Terner JM, Lomas LM, Picker MJ (2005) Influence of estrous cycle and gonadal
hormone depletion on nociception and opioid antinociception in female
rats of four strains. J Pain 6:372-383. doi:10.1016/}.jpain.2005.01.354

Thompson AC, Zapata A, Justice JB, et al (2000) Kappa-opioid receptor activa-
tion modifies dopamine uptake in the nucleus accumbens and opposes
the effects of cocaine. J Neurosci Off J Soc Neurosci 20:9333-9340. pii:
20/24/9333

Vignon F, Rochefort H (1976) Regulation of estrogen receptors in ovarian-
dependent rat mammary tumors. I. Effects of castration and prolactin.
Endocrinology 98:722-729

Weiland NG, Wise PM (1990) Estrogen and progesterone regulate opiate
receptor densities in multiple brain regions. Endocrinology 126:304-808

Wilson ME, Westberry JM (2009) Regulation of oestrogen receptor gene
expression: new insights and novel mechanisms. J Neuroendocrinol
21:238-242.doi:10.1111/].1365-2826.2009.01830.x

Wojcik-Gladysz A, Nowak KW, Pierzchata-Koziec K, Warikowska M, Misztal
T,Polkowska J et al (2006) Aspects of central and peripheral regulation of
reproduction in mammals. Reprod Biol 6(Suppl 1):89-103

Yilmaz B, Gilmore DP (2000) Delta opioid modulation of hypothalamic sero-
tonergic neurotransmission in the ovariectomized and steroid-primed
rat. Neuroendocrinol Lett 21:115-120

Yim AJ, Miranda-Paiva CM, Flério JC, Oliveira CA, Nasello AG, Felicio LF (2006)
A comparative study of morphine treatment regimen prior to mating
and during late pregnancy. Brain Res Bull 68:384-391. doi:10.1016/j.
brainresbull.2005.09.014

Zangeneh FZ, Mohammadi A, Ejtemaeimehr Sh, Naghizadeh MM, Fatemeh
A (2011) The role of opioid system and its interaction with sympa-
thetic nervous system in the processing of polycystic ovary syndrome
modeling in rat. Arch Gynecol Obstet 283:885-892. doi:10.1007/
s00404-010-1776-7


http://dx.doi.org/10.1055/s-2007-1011880
http://dx.doi.org/10.1046/j.1460-9568.1999.00462.x
http://dx.doi.org/10.1016/j.brainresbull.2011.04.004
http://dx.doi.org/10.1006/hbeh.1996.0029
http://dx.doi.org/10.1007/s13105-010-0057-z
http://dx.doi.org/10.1016/0006-8993(90)90595-3
http://dx.doi.org/10.1006/hbeh.1994.1040
http://dx.doi.org/10.1006/hbeh.1994.1040
http://dx.doi.org/10.1210/er.14.5.507
http://dx.doi.org/10.1046/j.1439-0531.2003.00471.x
http://dx.doi.org/10.1016/j.physbeh.2010.11.033
http://dx.doi.org/10.1016/j.physbeh.2010.11.033
http://dx.doi.org/10.1016/j.bbr.2014.08.008
http://dx.doi.org/10.1002/cne.903500307
http://dx.doi.org/10.1002/cne.903500307
http://dx.doi.org/10.1016/0006-8993(95)00928-J
http://dx.doi.org/10.1002/jnr.10526
http://dx.doi.org/10.1016/j.peptides.2006.11.005
http://dx.doi.org/10.1016/j.bbr.2011.08.034
http://dx.doi.org/10.1016/j.bbr.2011.08.034
http://dx.doi.org/10.1590/S0100-879X2010007500085
http://dx.doi.org/10.1677/joe.0.1140469
http://dx.doi.org/10.1677/joe.0.1140469
http://dx.doi.org/10.1073/pnas.95.23.13941
http://dx.doi.org/10.1073/pnas.95.23.13941
http://dx.doi.org/10.1016/S0361-9230(03)00069-8
http://dx.doi.org/10.1016/j.bbr.2004.05.001
http://dx.doi.org/10.1016/j.jpain.2004.12.006
http://dx.doi.org/10.1016/j.jpain.2004.12.006
http://dx.doi.org/10.1523/JNEUROSCI.4279-05.2006
http://dx.doi.org/10.1523/JNEUROSCI.4279-05.2006
http://dx.doi.org/10.1007/s12031-010-9407-0
http://dx.doi.org/10.1016/j.lfs.2014.03.021
http://dx.doi.org/10.1016/j.lfs.2014.03.021
http://dx.doi.org/10.1016/j.jpain.2005.01.354
http://dx.doi.org/10.1111/j.1365-2826.2009.01830.x
http://dx.doi.org/10.1016/j.brainresbull.2005.09.014
http://dx.doi.org/10.1016/j.brainresbull.2005.09.014
http://dx.doi.org/10.1007/s00404-010-1776-7
http://dx.doi.org/10.1007/s00404-010-1776-7

	Role of steroid hormones and morphine treatment in the modulation of opioid receptor gene expression in brain structures in the female rat
	Abstract 
	Background
	Results
	Discussion
	Methods
	Animals
	Drugs
	Molecular studies
	Experimental design
	Statistical analysis

	Conclusions
	Authors’ contribution
	Received: 18 April 2015   Accepted: 11 May 2015References




