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Abstract
The aim of this study was to evaluate the protective effect of baclofen, a GABAB agonist, against
oxidative stress in the dorsal hippocampus (dH) of rats modeled as polycystic ovary (PCO) by morphine.
Sixty-six female Wistar rats in the diestrus phase were randomly divided into 11 groups (n=6): the control
group received only saline (1 mL/kg), the next two groups were treated with morphine (5 mg/kg, i.p.) once
or twice, respectively. Six groups were treated with baclofen alone (10, 20 and 30 mg/kg) or baclofen
dose as before morphine injection. The other two groups received morphine in two different ways: one
was injected morphine (0.4 μg/rat), intra-VMH, and the last group that underwent gonadectomy received
morphine (5 mg/kg) i.p. after recovery. Twenty-four h after treatment, blood samples were taken from
rats’ hearts under deep anesthesia for serological studies. Hippocampal specimens were then isolated on
ice for histological, immunohistochemical as well as oxidative stress factors (GPX, MDA, SOD, and CAT)
evaluations. Estrogen and glucocorticoid receptor levels expressed in dH tissue were also examined. The
ovaries and uterus were also biometrically examined. The results were analyzed using analysis of
variance (α=0.05). Ovarian follicular cysts were more common in the morphine-receiving groups than in
the control group. But the gonads improved with baclofen pretreatment. Oxidative factors showed high
levels in the hippocampus of morphine-treated groups that correlated with low estrogen receptors at dH.
Morphine causes both PCO and oxidative stress at dH, but the use of baclofen with morphine may protect
them all.

Introduction
Polycystic ovary syndrome (PCOS) is one of the main causes of infertility in women (Ehrmann, 2005). It
is associated with abnormal secretion of gonadotropins, increased production of male sex steroids in the
ovaries, hirsutism, insulin-dependent hypersensitivity, and infertility (Diamanti-Kandarakis, 2010;
Hashemian and Afsharian, 2020). The pathophysiology of PCOS is complex and its basis has not yet
been determined clearly, but some causes are listed as reproductive axis and ovarian dysfunctions
(Ehrmann, 2005). In PCOS, the inhibitory feedback effect of steroid hormones on GnRH neurons is
disrupted, resulting in increased GnRH secretion to produce LH. Increased steady and rapid pulse rate of
LH hormone in adults can cause hyperandrogenism and ovulation disorder (Chhabra, et al., 2005;
Goodarzi, et al., 2015). In women with PCOS, testosterone and LH levels increase and FSH and estrogen
levels decrease (Voorhis, et al., 1994). The prevalence of this disorder in women of reproductive age has
been reported between 6% and more (Naderi, et al., 2009; Tehrani, et al., 2011). Part of this percentage
relates to those who use morphine (and narcotics) in large quantities (Brennan, 2013; Katz and Mazer,
2009; Zangeneh, et al., 2011).

Morphine with the chemical formula C17H19NO3 is the most important alkaloid found in opium extract
(Van Ree, et al., 1999; Katzung, 2017). According to statistics released by the United Nations, more than
200 million people worldwide are addicted to drugs. The mean age of onset of drug use in women is 10.6 
± 27.5 years compromising the reproductive age range (Lembo, et al., 2002). However, narcotics,
especially morphine, cause infertility by disrupting the reproductive axis and possibly by stimulating the
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proin�ammatory nitric oxide (NO) system (Karami, et al., 2015; Ertzgaard, et al., 2017). In addition,
morphine has adverse effects on the central nervous system (CNS), including neurotoxicity, neurological
disorders, oxidative stress, and apoptosis (Hashemi, et al., 2010). One of the most affected areas of the
brain is the hippocampal regions, as during stress, glucocorticoid hormones secreted by the adrenal
cortex reach the hippocampus through the bloodstream and activate glucocorticoid receptors at
hippocampus. They increase calcium uptake into CA1 cells, which causes oxidative stress (Hosseini, et
al., 2010; Sabuncu, et al., 2001; Tahmasebi, et al., 2015; Sekhon, et al., 2010). GABA has been shown to
have protective effects against metabolic disorders and PCOS (Ullah, et al., 2017; Jones, et al., 2000).
Baclofen is a speci�c and selective GABAB receptor agonist, which is a phenolic derivative of GABA
(gamma aminobutyric acid) and has an analgesic effect (Liu, et al., 2015; Khodadad, et al., 2008) that
crosses the blood-brain barrier (opposed to GABA) (Rashidi and Ahmadi, 2014; Lagrange, et al., 1996).
The neuroendocrine system is an autocrine and paracrine steroid-producing part of the CNS, which is
under the control of the central GABAergic system (Karimi, et al., 2018). This study evaluated the
protective effect of the GABAergic system on oxidative stress in the dH of morphine-treated rats.

Materials And Methods

Animals
In this experimental study, 66 female virgin rats (Wistar) in the weight range of 220–250 g were
purchased from Pasteur Institute in Tehran. They were kept in animal Laboratory standard conditions
with 12-h dark- light period and 21–25°C with free access to water and food ad libitum in accordance
with declaration of Helsinki’s (DoH), and the local ethics committee approved the study
(IR.SHAHED.REC.1399.114).

Drugs used
Morphine sulfate (Temad Co., Tehran), baclofen (Darupakhsh Co., Tehran) and ketamine (10%) and
xylazine (2%) were purchased from the pharmacy of the Faculty of Veterinary Medicine, University of
Tehran.

Studied groups
In this study, 66 female Wistar rats (in the estrous phase) were divided into 11 groups (6 rats in each
group): the control group (placebo) received saline (1 mL/kg) intraperitoneally (i.p.). Two groups received
morphine (5 mg/kg) once and twice (i.p.). Six groups were administered baclofen (10, 20, and 30 mg/kg)
alone or as pre-injection relative to morphine. One group received morphine (0.4 µg/rat) as an intra-
ventromedial hypothalamic nucleus (VMH) injection, and the last gonadectomized group received
morphine (5 mg kg) inside the peritoneum after recovery (a week).

Blood sampling and serology
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Twenty four h after the treatments, the rats were anesthetized with ketamine-xylazine and then blood
samples were taken from the hearts under anesthesia. After blood collection, the samples were placed in
the laboratory for about one h to coagulate the blood. The test tubes were then centrifuged at 3000 rpm
for 10 min. Serums were isolated and biochemically examined for LH, FSH, testosterone as well as blood
lipid pro�le levels.

Histopathology
With a longitudinal incision in the abdominal surface of rats (under anesthesia), the ovaries and uterus
were exposed from the abdominal cavity and after removing the surrounding adipose tissue, their
dimensions were measured using a caliper and then these tissues were placed in formalin. The samples
were �xed for 48–72 h, then slices with a thickness of 3–4 µ were prepared by microtome device. Ovaries
and uterus were examined histologically for cyst and other parameters after staining with hematoxylin-
eosin.

Brains samples
Animals brains were removed and the hippocampal regions were isolated on ice, then placed in liquid
nitrogen and �nally in a freezer at -80°C for future studies. To evaluate the condition of dorsal
hippocampal (dH) neurons, cresyl violet staining was used. This dye is speci�cally used to show Nissl
bodies in the cytoplasm of neurons, and also commonly used to detect necrosis in brain tissue.

After removing the hippocampus specimen from the − 80 freezer, it was dehydrated, cleared, embedded in
para�n, sliced (3–4 µ), and placed on slides coated with poly L-lysine. After two steps of para�n
removal in xylene, the sample was immersed in alcohol 100%, 95%, 80%, 70% and 50% and then washed
with distilled water and then put in cresyl violet (0.1 g in 100 mL of distilled water) for 30 min. It was then
washed again with distilled water. After dewatering with ascending degrees of alcohol and clari�cation
with xylene it was mounted using Entellan (Merck, Germany) and studied under a photomicroscope.

Speci�c evaluation of estrogen and glucocorticoid
receptors in the dorsal hippocampus
For this purpose, estrogen receptor and cortisol receptor ELISA kits (Zellbio Co., Germany) were used.
First, 1 mL of phosphate buffer was added for every 100 mg of hippocampal tissue to create tissue
homogeneity, and then it was homogenized with a homogenizer and then centrifuged. To prevent protein
degradation, 1 µL of antiprotease (PMSF) was added for every 1 mL of the prepared solution. After
centrifugation, the supernatant was separated and used for the assay. The amount of estrogen receptor
and cortisol receptor were measured according to the steps in each kit, separately. Serial dilutions of
standard solution for estrogen receptor and cortisol receptor were also prepared separately and used to
draw the standard curve. Using the curve and its equation, the amount both estrogen and cortisol
receptors concentrations were calculated. Each sample was recheck and recoded by ELISA reader at 450
nm.
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Distribution evaluation of estrogen and glucocorticoid
receptor in the dorsal hippocampus by
immunohistochemistry
After two stages of tissue para�nization in xylene (each for 30 min), the dH samples were placed in
100%, 96%, 90% and 80% alcohols for 5 min in two stages, and then put in distilled water for �ve min and
then in citrate buffer (pH = 7.4). Then hydrogen peroxide (incubation for 10 min), buffer (for twice), and
primary antibodies (ab16660 for estrogen receptor and ab183127 for cortisol receptor) were added. Each
slice was washed 4 times in the buffer and then a su�cient amount of multi-capacity biotinylated
solution was added and then the sample was incubated for 10 min at room temperature and then
washed 4 times in the buffer. Streptovidine peroxidase was then added and incubated at room
temperature for 10 min, and washed 4 times in the buffer and then exposed to DAB chromogen (for 1–10
min) and �nally washed 4 times in the buffer.

Measurement of oxidative stress in the dorsal hippocampus (measurement of the activity of superoxide
dismutase, catalase, glutathione peroxidase and malondialdehyde level)

Glutathione peroxidase (GPX) assay: In this method, a glutathione peroxidase activity test kit (Zellbio,
Germany with Cat. No: ZB-GPX-A96) was used. The enzyme glutathione peroxidase catalyzes the
oxidation reaction of glutathione by cumene hydroperoxide. In the presence of the enzymes glutathione
reductase and NADP (nicotinamide adenine dinucleotide phosphate), the oxidized glutathione is
converted back to regenerative glutathione, which is associated with the simultaneous oxidation of
NADPH to NADP +. In this reaction, the decrease in light absorption was measured at 412 nm. The
adsorption obtained was multiplied by the amount of enzyme activity in international units per mg of
tissue protein and reported.

MDA measurement: MDA measurement was performed using the ZellBio kit (Cat. No: ZB-MDA96). Serial
dilutions of standard solution were prepared and used to draw the standard curve. Using this curve and
its equation, the MDA of the samples was calculated. Each sample was examined twice and read at 535
nm.

Assay of superoxide dismutase enzyme: Assay of enzyme activity was performed using superoxide
dismutase assay (ZellBio CAT No: ZB-SOD-96A). This kit uses a reaction value to convert superoxide
anion to hydrogen peroxide and oxygen. (The unit of superoxide dismutase activity represents the
conversion of superoxide anions to oxygen and hydrogen peroxide).

Catalase Enzyme Assay: Measurement of catalase enzyme activity was performed using the catalase
activity assay kit (Zellbio Cat No: ZB-CAT-96A). Serial dilutions of standard solution were prepared and
used to draw the standard curve. Using this curve and its equation, the amount of catalase in the samples
was calculated. Each sample was prepared twice and read at 405 nm in ELISA reader.
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Evaluation of activation of nitric oxide proin�ammatory system on the surface of ovary and dorsal
hippocampus by specialized staining method with NADPH-diaphorase marker

To show the activity of NO synthase enzyme in ovary and dorsal hippocampus, after preparing tissue
sections with a thickness of 4 µ, these sections were placed on the poly-L-lysine slides, then clari�ed in
two stages with xylene and after dilution in alcohol 100–50% exposed to equal proportions of NADPH-d
(2 mg per 1 mL of phosphate buffer) and NBT (0.4 mg per 1 mL of phosphate buffer). The samples were
then incubated at 37°C for 16 h and after rinsing with tap water, they were dehydrated in 50–100%
alcohol and then clari�ed in xylene and glued with Entellan and examined under a microscope.

Statistical analysis
The obtained data after normality test were evaluated by one-way analysis of variance (ANOVA) and
when the difference was signi�cant, they were computaed by Tukey's Post hoc test under α = 0.05. Image
Software was used to quantitatively examine the images.

Results

Number of ovarian cysts in morphine and baclofen
receiving groups
In the ovaries of the control group, follicles were observed at different stages of development. However, in
the groups receiving morphine irrespectively to the rout of injection (i.p. or intra-VMH), the developing
follicles were rare but the thick-walled follicular cysts were abundantly seen. In the groups receiving single
baclofen or baclofen with morphine, the number of cysts was signi�cantly reduced and the number of
mature follicles showed grew (Fig. 1).

Estrogen and glucocorticoid receptors expressions in the
dorsal hippocampus
Because stress and elevated glucocorticoids in the blood cause oxidative stress, the receptors
concentrations were measured at dH. The results showed that the amount and density of glucocorticoid
receptors at the level of dH in different groups did not show a signi�cant difference (Fig. 2A) and also by
speci�c immunohistochemical method the expression of these receptors in the control sample compared
to morphine-treated group showed no obvious differences (Fig. 3). In addition, the concentration and
expression of estrogen receptors in the dH was evaluated. The results showed that the amount and
density of this receptor at dH did not show a signi�cant difference in main groups (vide Fig. 2). Other
groups such as the ovariectomized group and those receiving morphine twice (i.p.) and intra-VMH are
shown in Fig. 2B. (And show no signi�cant change).

Blood lipid pro�le
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Triglycerides, total cholesterol, LDL and HDL were tested. The results showed that there was no
signi�cant difference between different groups in terms of blood lipid pro�le (not shown). Therefore, in
these groups, fats do not cause oxidative stress in the dH.

Involvement of nitric oxide in the ovaries, uterus and dorsal
hippocampus
The results showed that in the morphine-receiving groups, the NO system was not activated at ovarian
and dH tissues (not shown).

Examination of dorsal hippocampal neurons
Necrosis in the CA1 region either in morphine-receiving group or others did not develop in neurons (not
shown).

Evaluation of oxidative stress at the level of dorsal
hippocampus
Based on the results, level of MDA at dH in the morphine groups was signi�cantly increased compared to
the control group. Also the activity of CAT, and SOD enzymes in the morphine receiving groups showed a
signi�cant decrease compared to the control group. GPX level showed no signi�cant change (Fig. 4).

Serology
Levels of FSH, and LH and testosterone in sera samples were measured and indicated a signi�cant
decrease in the androgen hormone levels in morphine-treated groups compared to control group (Fig. 5),
but levels of gonadotropin hormones was not changed.

Biometric study of ovaries and uterus
These results did not show a signi�cant difference between the groups (not shown).

Discussion
Drug abuse, including morphine, is one of the problems of human beings today. Morphine has adverse
effects on the physiology of various organs, including the nervous system as well as the reproductive
system. Studies have shown that baclofen suppresses morphine self-administration. It reduces the
severity of withdrawal symptoms and is used during detoxi�cation and rehabilitation of addicts (Assadi
et al., 2003). Thus baclofen may interfere with morphine outcomes. With the hypothesis that the effects
of long-term morphine use are signi�cantly different from the effects of acute morphine use, we have
recently modeled polycystic ovaries with acute morphine use (Mohammadi, et al., 2020). Because this
disorder is associated with oxidative stress (Hashemian, et al., 2020), we aimed to investigate the
protective effect of baclofen on oxidative stress in the dorsal hippocampus (dH) in an experimental
model of acute morphine-induced polycystic ovary syndrome (PCOS).



Page 8/16

Various methods have been used in various studies to induce PCOS: letrozole, testosterone, estradiol
valerate, and hydroepiandrosterone, adrenocorticotropin, and long-term use of light (Salvetti, et al., 2004).
Morphine has also been introduced as one of the causes of PCOS due to its adverse effect on the
reproductive axis (Karami, et al., 2015; Karami and Darban-Fooladi, 2015). In this study, we accordingly
found that the ovaries had a polycystic ovary in animals receiving morphine. It has previously been
shown that a proin�ammatory (nitric oxide( system is involved in ovarian cystogenesis (Karami and
Darban Foladi, 2015; Karami et al., 2015; Mohammadi et al., 2020). However, in the present work, except
for the marginal lining of the ovary, none of the parts of its main frame showed positive reaction to the
biochemical staining of NO.

Studies have shown that about 40–50% of people with PCOS are obese, which causes them to burn more
fat. Burning fat produces free radicals that affect the body and bring the ovaries under oxidative stress
(Tahmasebi, et al., 2015). Therefore, in this study, we measured the lipid pro�le in the dH tissue in the
morphine-receiving group to evaluate the effect of morphine on the ovarian tissue and dH. Measurements
of serum triglyceride, total cholesterol, LDL cholesterol and HDL cholesterol, however, did not show
signi�cant change between the groups, identifying a negligible effect.

Studies have shown that hypothalamic-pituitary-adrenal axis activity increases in PCOS (De-Gregori et al.,
2012; Hahn et al., 2002). Some researchers believe that HPA and sympathetic activity trigger a stress
response, which in turn causes physiological and metabolic changes in the body, and that stress and
elevated glucocorticoids in the blood cause oxidative stress (Silva, et al., 2019). Therefore, in order to
investigate whether oxidative stress in dH is induced due to increased glucocorticoid receptors, we
speci�cally examined the concentration of glucocorticoid receptors at dH. The results, however, showed
no signi�cant change in glucocorticoid receptor levels at dH and therefore their involvement is
questionable. The central nervous system in general (De-Gregori et al., 2012) and especially the
hippocampus has been introduced as very sensitive to oxidative stress (Hosseini et al., 2010). However,
the sensitivity of the hippocampus to oxidative stress in the morphine-induced PCO model has not been
demonstrated in previous studies. In the present study, the level of oxidative stress at dH was higher in
the morphine-treated groups with polycystic ovaries than in the control group. Thus morphine is involved
in the development of PCO and oxidative stress at dH.

In mammals, morphine (i.p.) is mainly metabolized in the liver by the enzyme UGT or UDP (uridine-5-
phospho-glucuronosyl transferase) to two glucuronide metabolites (morphine-3-glucuronide and
morphine-6-glucuronide). M3G is produced 5 times more than M6G, but only M6G can cross the blood-
brain barrier (BBB). M6G has been shown to cross BBB 7.5 times less than morphine. It tends to bind to
the opioid µ-receptor, but because of its lower levels than morphine, its analgesic activity is signi�cantly
lower than the morphine (De-Gregori et al., 2012). In the present study, to investigate whether morphine or
its metabolites were more effective in inducing oxidative stress in the brain, a group received morphine
intra-VNH at an effective dose (seen earlier by Karimi, et al., 2018). However, no signi�cant difference in
the levels of oxidative stress factors in dH tissue was observed in this group compared to the groups that
received morphine (i.p.).
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Almost every neuron in the hypothalamus is targeted by GABAergic synapses, including GnRH cells, β-
endorphins, and endogenous opioids, and even GABA itself (Lagrange, et al., 1996). The arcuate nucleus
(ARN) is the major regulatory center for GnRH neurons. It has been shown that there is a strong
anatomical circuit between GABAergic neurons in ARN and GnRH neurons (Kawwass, et al., 2017; Davis,
et al., 2002). The cell body of GnRH neurons is located in the ARN. There is no BBB in the ARN (Sapru,
2013). The effects of GABA on GnRH neurons secretion may differ with growth stage, hormonal
environment and expression of the GABA receptor subtype (Kawwass, et al., 2017). Baclofen, as a GABAB
receptor agonist, modulates LH pulsatile secretion. GABAB receptors regulate the excitability of
hypothalamic GnRH neurons (Liu, et al., 2015). GABAB receptors are abundant in the VMH nucleus
(Davis, et al., 2002), which contains neurosteroid-secreting neurons. It regulates fertility and sexual
acceptance (Correa, et al., 2015; Fanselow and Dong, 2010; Parandin and Rassouli, 2017). This nucleus is
also linked to the hippocampus (Canteras, et al., 1994). GABA receptors are found in areas of the brain
that are sensitive to sex hormones (Bäckström, et al., 2011). Estrogen is not directly related to GnRH
neurons. Therefore, in order for estrogen to affect these neurons, there must be mediating neurons. These
mediating neurons are GABAergic. Studies have shown that GABA has protective effects against PCOS-
induced metabolic and reproductive disorders (Ullah, et al., 2017). Alavian et al. (2019) have
demonstrated that injection of GABAB receptor agonist, baclofen, signi�cantly reduces morphine
sensitivity expression in female rats.

In the present study, baclofen as a GABAB receptor agonist interfered with oxidative stress induction, so
that oxidative stress at dH was signi�cantly reduced in the baclofen-receiving groups compared to the
morphine-receiving groups. In baclofen-treated groups, oxidative stress at dH was slightly reduced
compared with the morphine-receiving group, indicating that baclofen may interfere with morphine-
induced in�ammation.

Conclusion
Stimulation of the GABAB pathways may interfere with the morphine-induced PCOS outcomes. Baclofen
probably has a protective effect against the oxidative effect of this phenomenon on the hippocampus.

Declarations
Ethics approval and consent to participate: This research has been done in accordance with the Ethics of
Working with Animals (Helsinki Declaration) and has been approved by the Local Ethics Committee
(IR.SHAHED.REC.1399.114). Consent was not applicable.

Consent for publication: This article will be subject to the Journal's printing rules for Publication.

Availability of data and materials: All data in this article are the results of this work, and all data are
available in this article.

Competing interests: The author(s) declare no con�icts of interest.



Page 10/16

Funding: No grants received.

Authors' contributions: KARAMI M proposed the research plan and designed the experiments. JAMSHIDI
Z completed the research. KARAMI M and JAMSHIDI Z analyzed the data. All authors (KARAMI M, and
JAMSHIDI Z, and KHALILI M & ROGHANI M) reviewed and agreed the �nal manuscript prior to
submission.

Acknowledgment: The authors thank to Deputy of Research at Shahed University for supporting this
educational program.

References
1. Alavian F, Sahraei H, Ghiasvand S (2019) Effects of central amygdala GABA-B on expression of

morphine-induced sensitivity in female rats. Koomesh 21(2):365–73.
http://koomeshjournal.semums.ac.ir/article-1-4382-en.html

2. Assadi SM, Radgoodarzi R, Ahmadi-Abhari SA (2003) Baclofen for maintenance treatment of opioid
dependence: a randomized double-blind placebo-controlled clinical trial. BMC Psychiatr 3(1):1–10.
https://doi.org/10.1186/1471-244X-3-16

3. Bäckström T, Haage D, Löfgren M, Johansson L, Strömberg J, Nyberg S, Andréen L, Ossewaarde L,
van-Wingen GA, Turkmen S, Bengtsson SK (2011) Paradoxical effects of GABA-A modulators may
explain sex steroid induced negative mood symptoms in some persons. Neuroscience 191:46–54.
https://doi.org/10.1016/j.neuroscience.2011.03.061

4. Brennan MJ (2013) The effect of opioid therapy on endocrine function. Am J Med 126(3):S12-S8.
https://doi.org/10.1016/j.amjmed.2012.12.001

5. Canteras N, Simerly R, Swanson L (1994) Organization of projections from the ventromedial nucleus
of the hypothalamus: a Phaseolus vulgaris-leucoagglutinin study in the rat. J Com Neurol
348(1):41–79. https://doi.org/10.1002/cne.903480103

�. Chhabra S, McCartney CR, Yoo RY, Eagleson CA, Chang RJ, Marshall JC (2005) Progesterone
inhibition of the hypothalamic gonadotropin-releasing hormone pulse generator: evidence for varied
effects in hyperandrogenemic adolescent girls. J Clin Endocrinol Metabol 90(5):2810–5.
https://doi.org/10.1210/jc.2004-2359

7. Correa SM, Newstrom DW, Warne JP, Flandin P, Cheung CC, Lin-Moore AT, Pierce AA, Xu AW,
Rubenstein JL, Ingraham HA (2015) An estrogen-responsive module in the ventromedial
hypothalamus selectively drives sex-speci�c activity in females. Cell Rep 10(1):62–74.
https://doi.org/10.1016/j.celrep.2014.12.011

�. Davis AM, Henion TR, Tobet SA (2002) γ-Aminobutyric acidB receptors and the development of the
ventromedial nucleus of the hypothalamus. J Com Neurol 449(3):270–80.
https://doi.org/10.1002/cne.10293



Page 11/16

9. De-Gregori S, De-Gregori M, Ranzani GN, Allegri M, Minella C, Regazzi M (2012) Morphine
metabolism, transport and brain disposition. Metabol Brain Dis 27(1):1–5.
https://doi.org/10.1007/s11011-011-9274-6

10. Diamanti-Kandarakis E (2010) PCOS in adolescents. Best Pract. Res. Clin Obstet Gynaecol
24(2):173–83. https://doi.org/10.1016/j.bpobgyn.2009.09.005

11. Ehrmann DA (2005) Polycystic ovary syndrome. New En J Med 352(12):1223–36.
https://doi.org/10.1056/NEJMra041536

12. Ertzgaard P, Campo C, Calabrese A (2017) E�cacy and safety of oral baclofen in the management of
spasticity: A rationale for intrathecal baclofen. J Rehabil Med 49(3):193–203.
https://doi.org/10.2340/16501977-2211

13. Fanselow MS, Dong H-W (2010) Are the dorsal and ventral hippocampus functionally distinct
structures? Neuron 65(1):7–19. https://doi.org/10.1016/j.neuron.2009.11.031

14. Goodarzi MO, Carmina E, Azziz R (2015) Dhea, dheas and pcos. J Steroid Biochem Mol Biol 145:213
– 25. https://doi.org/10.1016/j.jsbmb.2014.06.003

15. Han S-K, Abraham LM, Herbison AE (2002) Effect of GABA on GnRH neurons switches from
depolarization to hyperpolarization at puberty in the female mouse. Endocrinology 143(4):1459–66.
https://doi.org/10.1210/endo.143.4.8724

1�. Hashemi M, Karami M, Zarrindast MR, Sahebgharani M (2010) Role of nitric oxide in the rat
hippocampal CA1 in morphine antinociception. Brain Res 1313:79–88.
https://doi.org/10.1016/j.brainres.2009.11.020

17. Hashemian Z, Afsharian P (2020) The role of oxidative stress in polycystic ovary syndrome. J Shahid
Sadoughi Univ Med Sci Health Serv Yazd 28(5):2635–47. https://doi.org/10.18502/ssu.v28i5.3972

1�. Hosseini SA, Khalilzadeh MA, Homam SM (2010) Modeling of the behavioral calcium channels in the
hippocampus cells, during stress. Iran J Biomed Engin 4(1):23–31.
https://doi.org/10.22041/IJBME.2010.13374

19. Jones KA, Tamm JA, Craig DA, Yao W-J, Panico R (2000) Signal transduction by GABA B receptor
heterodimers. Neuropsychopharmacology 23(1):S41-S9. https://doi.org/10.1016/S0893-
133X(00)00145-7

20. Karami M, Darban-Fooladi M (2015) Naloxone affects reproductive system in a rat model with
polycystic features. Asian Pac J Reprod 4(1):32–6. https://doi.org/10.1016/S2305-0500(14)60054-3

21. Karami M, Jafaryan-Dehkordi A, Darban-Fooladi M, Jalali-Nadoushan M (2015) Induction of
polycystic ovary in the rat by morphine. Daneshvar Med 23(5):45–52.

22. Karimi R, Karami M, Jalali-Nadoushan M (2018) Rat’s polycystic ovary due to intraventromedial
hypothalamus morphine injection. Reprod Sci 25(6):867–72.
https://doi.org/10.1177/1933719117698581

23. Katz N, Mazer NA (2009) The impact of opioids on the endocrine system. Clin. J Pain 25(2):170–5.
https://doi.org/10.1097/CJP.0b013e3181850df6



Page 12/16

24. Katzung BG (2017) Basic and clinical pharmacology 14th edition: McGraw Hill Professional.

25. Kawwass JF, Sanders KM, Loucks TL, Rohan LC, Berga SL (2017) Increased cerebrospinal �uid levels
of GABA, testosterone and estradiol in women with polycystic ovary syndrome. Human Reprod
32(7):1450–6. https://doi.org/10.1093/humrep/dex086

2�. Khodadad A, Sani MN, Nemat-Khorasani E, Mansouri F (2008) The effect of baclofen on treatment of
infancy gastro-esophageal re�ux disorder. Iran J Pediatr 218(Suppl 1):15–20.
https://hdl.handle.net/1807/58766

27. Lagrange AH, Wagner EJ, Rønnekleiv OK, Kelly MJ (1996) Estrogen rapidly attenuates a GABAB
response in hypothalamic neurons. Neuroendocrinology 64(2):114–23.
https://doi.org/10.1159/000127106

2�. Lembo PM, Grazzini E, Groblewski T, O'Donnell D, Roy M-O, Zhang J, Hoffert C, Cao J, Schmidt R,
Pelletier M, Labarre M, Gosselin M, Fortin Y, Banville D, Shen SH, Ström P, Payza K, Dray A, Walker P,
Ahmad S (2002) Proenkephalin A gene products activate a new family of sensory neuron–speci�c
GPCRs. Nature Neurosci 5(3):201–9. https://doi.org/10.1038/nn815

29. Liu L, Li C-j, Lu Y, Zong X-g, Luo C, Sun J, Guo L-j (2015) Baclofen mediates neuroprotection on
hippocampal CA1 pyramidal cells through the regulation of autophagy under chronic cerebral
hypoperfusion. Sci Rep 5(1):1–17. https://doi.org/10.1038/srep14474

30. Mohammadi M, Karami M, Afraz S (2020) Survey on the interaction effect of dopamine D2 receptor
anagonist on morphine-induced polycystic ovary syndrome in rat. Daneshvar Med 28(3):16–27.
https://research.shahed.ac.ir/wsr/webpages/Report/PaperView.aspx?PaperID=137756

31. Naderi T, Akbarzadeh M, Dabbaghmaneh M, Tabatabaei H (2009) Prevalence of various phenotypes
of polycystic ovarian syndrome among high school girls of Shiraz. J In�am Dis 15(4):60–7.
http://journals.ssu.ac.ir/ijrmnew/article-1-599-en.html

32. Parandin R, Rassouli MB (2017) Effects of endocrine disrupting compounds on hypothalamic-
pituitary-gonadal axis and reproductive health A review. Iran J Endocrinol Metabol 18(6):455–69.
http://ijem.sbmu.ac.ir/article-1-2154-en.html

33. Rashidi A, Ahmadi S (2014) Subunits of gammaaminobutyric acid receptors and their roles in
neuropsychological disorders. Shefaye Khata 2(2):70–80.
https://doi.org/10.18869/acadpub.shefa.2.2.70

34. Sabuncu T, Vural H, Harma M, Harma M (2001) Oxidative stress in polycystic ovary syndrome and its
contribution to the risk of cardiovascular disease. Clin Biochem 34(5):407–13.
https://doi.org/10.1016/s0009-9120(01)00245-4

35. Salvetti NR, Canal AM, Gimeno EJ, Ortega HH (2004) Polycystic ovarian syndrome: temporal
characterization of the induction and reversion process in an experimental model. Brazilian J Vet Res
Animal Sci 41:389–95. https://doi.org/10.1590/S1413-95962004000600006

3�. Sapru HN (2013) Role of the hypothalamic arcuate nucleus in cardiovascular regulation. Aut
Neurosci 175(1–2):38–50. https://doi.org/10.1016/j.autneu.2012.10.016



Page 13/16

37. Sekhon LH, Gupta S, Kim Y, Agarwal A (2010) Female infertility and antioxidants. Curr Women's
Health Rev 6(2):84–95. https://doi.org/10.2174/157340410791321381

3�. Silva MS, Desroziers E, Hessler S, Prescott M, Coyle C, Herbison AE, Campbell RE (2019) Activation of
arcuate nucleus GABA neurons promotes luteinizing hormone secretion and reproductive
dysfunction: Implications for polycystic ovary syndrome. EBioMedicine 44:582–96.
https://doi.org/10.1016/j.ebiom.2019.05.065

39. Tahmasebi F, Movahedin M, Mazaheri Z (2015) Poly cystic ovary model as an elevated oxidative
stress factor. J Mazandaran Univ Med Sci 25(127):82–91. http://jmums.mazums.ac.ir/article-1-
5949-en.html

40. Tehrani FR, Simbar M, Tohidi M, Hosseinpanah F, Azizi F (2011) The prevalence of polycystic ovary
syndrome in a community sample of Iranian population: Iranian PCOS prevalence study. Rep Biol
Endocrinol 9(1):1–7. https://doi.org/10.1186/1477-7827-9-39

41. Ullah A, Jahan S, Razak S, Pirzada M, Ullah H, Almajwal A, Rauf N, Afsar T (2017) Protective effects
of GABA against metabolic and reproductive disturbances in letrozole induced polycystic ovarian
syndrome in rats. J Ovarian Res 10(1):1–8. https://doi.org/10.1186/s13048-017-0359-7

42. Van Ree JM, Gerrits MA, Vanderschuren LJ (1999) Opioids, reward and addiction: an encounter of
biology, psychology, and medicine. Pharmacol Rev 51(2):341–96.

43. Voorhis VBJ, Dunn MS, Snyder GD,Weiner CP (1994) Nitric oxide: an autocrine regulator of human
granulosa-luteal cell steroidogenesis. Endocrinology 135(5):1799–806.
https://doi.org/10.1210/endo.135.5.7525252

44. Zangeneh FZ, Mohammadi A, Ejtemaeimehr S, Naghizadeh MM, Fatemeh A (2011) The role of opioid
system and its interaction with sympathetic nervous system in the processing of polycystic ovary
syndrome modeling in rat. Arch Gynecol Obstetr 283(4):885–92. https://doi.org/10.1007/s00404-
010-1776-7

Figures



Page 14/16

Figure 1

Ovary staining with hematoxylin-eosin (H & E). The ovaries images are compared: control group (A),
morphine (i.p.) (B), morphine (intra-VMH) (C), baclofen alone (D), and baclofen plus morphine (E). Line is
50 µ.
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Figure 2

Concentrations of glucocorticoid and estrogen receptors in dorsal hippocampal tissue in different groups.
There is no signi�cant difference between groups, only the morphine group shows a signi�cant decrease
in estrogen receptors relative to the control group. *p<0.05 is based on Tukey’s post hoc. 

Figure 3
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Results of immunohistochemical staining of glucocorticoid receptors in rat hippocampus. The density of
these receptors in the hippocampal tissue of the control animal (A) and other groups such as the
morphine group (B) shows no difference. The scale line is 10 µ, 50 µ, respectively

Figure 4

Levels of oxidative stress mediators at dH in all groups. All of oxidative stress agents at the level of the
dH were evaluated by speci�c kits. MDA and GPX levels and also activities of CAT, and SOD enzymes in
dH tissue were compared with the control group. MDA level showed an increase and SOD as well as CAT
activities showed decrease compared with control. *p<0.05 signify the between group difference based
on Tukey’s post hoc. 

Figure 5

Levels of serum testosterone in all groups. Its level showed decrease in morphine groups compared to
control. *p<0.05 shows between group difference based on Tukey’s post hoc. 


