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Manizheh Karami, Ph.D., Department  Background and Objective: Studies have shown that polycystic ovary (PCO) may be induced by

g;g&z:ég’éiiﬁ;?y ?f Easm lSaences, morphine and CA1 may be damaged by PCO-related oxidative stress but can be protected by a
Y, [ehran, fran. potent GABAB receptor agonist. Therefore, this study aimed to investigate the protective effect of
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Email: karami@shahed.ac.ir baclofen against oxidative stress in the dorsal hippocampus (DH) of morphine-treated rats with
ovarian cysts.

Materials and Methods: In total, 66 female Wistar rats were selected and randomly divided into
control and experimental groups. The control group received saline (1 ml/kg, intraperitoneally [i.p.],
once a day). Experimental groups were treated with morphine (5 mg/kg, i.p.), baclofen alone (10-30
mg/kg, i.p.), and baclofen (10, 20, 30 mg/kg, i.p.) before morphine (5 mg/kg, i.p.), once daily. One
group received morphine (0.4 pg/rat) once in the ventromedial hypothalamus, and the last
ovariectomized group was administered morphine (5 mg/kg, i.p.) after recovery. Then blood and
hippocampus samples were prepared. Moreover, the levels of oxidative stress factors (GPX, MDA,
SOD, and CAT), and the intensity of estrogen and glucocorticoid receptors in DH were evaluated.
Ovaries and the uterus were also examined biometrically.
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Results: In the morphine-treated groups, regardless of the injection method, the development of
follicles was rare, compared to the control group, instead, thick-walled follicular cysts were
abundant. However, in the groups that received baclofen alone or baclofen together with morphine,
the number of cysts decreased and the number of mature follicles increased significantly. Oxidative
agents showed high levels in the DH of the morphine-treated group, which correlated with low
estrogen receptors in DH. However, baclofen pretreatment improved these conditions. Besides,
glucocorticoid receptors in DH did not show significant differences in different groups, and necrosis
in the CA1 area was not observed either in the morphine-receiving group or in the other groups. The
uterus did not show significant changes in any group.

Conclusions: Prophylactic use of baclofen can protect against morphine side effects.

Keywords: Baclofen, Cyst, Dorsal hippocampus, Morphine, Ovary, Oxidative stress

Background

Ovarian cystogenesis is one of the main causes of
infertility in women [1]. It is associated with abnormal
secretion of gonadotropins, increased production of
male sex steroids in the ovaries, hirsutism, insulin-
dependent hypersensitivity, and infertility [2,3]. The
pathophysiology of this phenomenon is complex and
its basis has not yet been determined clearly, but some
causes are listed as reproductive axis and ovarian
dysfunctions [1].

In ovarian cystogenesis, the inhibitory feedback
effect of steroid hormones on Gonadotropin-
releasing hormone (GnRH) neurons is disrupted,
resulting in increased GnRH secretion that
produces luteinizing hormone (LH). The increased
steady and rapid pulse rate of LH hormone in adults

can cause hyperandrogenism and ovulation disorder
[4,5]. In women with polycystic ovary syndrome
(PCOS), testosterone and LH levels increase and
follicle-stimulating hormone (FSH) and estrogen
levels decrease [6]. The prevalence rate of this disorder
among women of reproductive age has been reported
to be = 6% [7,8]. It should be noted that a part of this
percentage relates to those who use morphine (and
narcotics) in large quantities [9-11].

Morphine, with the chemical formula C17H19NO3, is
the most important alkaloid found in opium extract
[12,13]. It is widely prescribed for the treatment
of pain as it produces an analgesic effect by
modulating pre- and post-synaptic gamma-
aminobutyric acid (GABA) neurotransmission
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associated with adenylyl cyclase [14]. However,
narcotics, such as morphine, especially in case of long-
term use, have many side effects, including polycystic
ovary (PCO), which disrupts the hypothalamus-
pituitary-gonadal axis [15,10].

According to the statistics released by the United
Nations, more than 200 million people worldwide are
addicted to drugs. The mean age of the onset of drug
abuse in women is 15 years which includes their
reproductive age range [17]. Morphine targets the
reproductive system through mu-opioid receptors
(MORs). After stimulation of MORs, which are
dependent on Gi protein, adenylate cyclase and
voltage-gated Ca2+ channels are inhibited and K+
channels are activated, which leads to a dectrease in
reproductive axis activity [18]. The MOR receptors
also cause the release of nitric oxide (NO) from the
postsynaptic terminal, which triggers inflammatory
pathways [19].

In addition, morphine has adverse effects on the
central nervous system, including neurotoxicity,
neurological disorders, oxidative stress, and apoptosis
[20]. One of the most affected areas of the brain is the
hippocampal ~ regions  [21], as during  stress,
glucocorticoid hormones secreted by the adrenal
cortex reach the hippocampus through the
bloodstream and activate glucocorticoid receptors at
the hippocampus. They increase the calcium uptake
into CA1 cells, which causes oxidative stress [22].

The resulting neuronal damage can be inhibited
by potent GABA receptor agonists [23]. The
GABA has been shown to have protective effects
against metabolic disorders and PCOS [24,25].
Baclofen is a specific and selective GABAsp
receptor agonist, which is a phenolic derivative of
GABA (gamma-aminobutyric acid) and has an
analgesic effect. It crosses the blood-brain barrier
(opposed to GABA) [26,27]. Until now, baclofen
has shown a protective effect against the
inflammatory effects caused by morphine
consumption [23].

The hypothesis of PCO-induced oxidative stress
damage in CA1 has not been investigated before.
Therefore, the present study aimed to investigate
the protective effect of baclofen as a strong
GABA receptor agonist on oxidative stress
caused by PCO associated with morphine in the
rat hippocampus. It is hoped that this research
can be a helpful step toward the solution of the
side effects induced by morphine.

Obijectives

This study aimed to investigate the protective effect
of baclofen against oxidative stress in the dorsal
hippocampus (DH) of morphine-treated rats with
ovarian cysts.

Materials and Methods

Animal Subject and Grouping

In this experimental study, 66 female virgin rats
(Wistar) within the weight range of 220-250 g were
purchased from Pasteur Institute in Tehran, Iran.
They were kept in animal Laboratory standard
conditions with a 12-h light/dark cycle at 21-25 °C
with free access to water and food ad /libitum in
accordance with the declaration of Helsinki. It must
be mentioned that the Ethics Committee of Shahed
University, Tehran, Iran approved the study (IR.
SHAHED.REC.1399.114).

The female rats were divided into 11 groups (6 rats
in each group): the control group (placebo) received
saline (1 mL/kg) , once a day intraperitoneally (i.p.),
two groups received morphine (5 mg/kg) once and
twice 1.p., once daily, six groups were administered
baclofen (10, 20, and 30 mg/kg, once a day alone or
as pre-injection relative to morphine, one group
received motrphine (0.4 pg/rat) once as an intra-
ventromedial ~ hypothalamic  (VMH)  nucleus
injection, and the last gonadectomized group was
administered morphine (5 mg kg) once inside the
peritoneum after a week recovery.

Used Drugs

The drugs used in this research included morphine
sulfate (Tolid Mavade Avallich Daroupakhsh or
Temad Co., Tehran, Iran) and baclofen (Temad
Co., Tehran, Iran). These substances were provided
with the official permission of the Ministry of
Health. Moreover, ketamine (10% or 100 mg/kg)
and xylazine (2% or 20 mg/kg) were provided by
the Veterinary Organization of Iran.

Blood Sampling and Serology

The rats were anesthetized with ketamine-xylazine 24
h after the treatments. In the next step, blood samples
were obtained from their hearts under anesthesia.
After blood collection, the samples were placed in the
laboratory for about 1 h to let the blood coagulate.
The test tubes were then centrifuged at 3000 rpm for
10 min. Serums were isolated and biochemically
examined for LH, FSH, testosterone, and blood lipid
profile levels (to investigate the role of obesity as a
potential cause of PCO).

Histopathology

With a longitudinal incision in the abdominal surface
of rats (under anesthesia), their ovaries and uterus
were exposed from the abdominal cavity. After the
removal of the sutrounding adipose tissue, their
dimensions were measured using a caliper, and then
these tissues were placed in formalin. The samples
were fixed for 48-72 h; afterward, slices with a
thickness of 3-4 p were prepared by a microtome
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device (Leica, Germany). Finally, ovaries and uterus
were examined histologically for cysts and other
parameters after staining with hematoxylin-eosin.

Ovariectomy

For ovariectomy, on the day of surgery, the animals
were first anesthetized using ketamine (100 mg/kg)
and xylazine (20 mg/kg). Subsequently, a vertical
incision was made to the midline on the side of the
animal from the tail to the last rib. An opening in
the muscular wall was created on each side, the
ovary was removed, and the surgical site was
sutured with 5.0 silk thread. Afterward, the site was
carefully cleaned with betadine (Povidone-iodine)
and amoxicillin powder.

Intra-ventromedial hypothalamus injection

Once under anesthesia with ketamine (100 mg/kg)
and xylazine (20 mg/kg) and under the control of the
stereotaxis device (Stolting Co., U.S.A), the rats were
cannulated in the VMH coordinates (see 16). One
week later, when recovery was achieved, the animals
were administered morphine (0.4 pg/rat, intra-VMH)
using a Hamilton syringe. The control group in this
experiment only received saline (1 ul/rat, intra-VMH).

Brains samples

Brains of the animals were removed; subsequently, the
hippocampal regions were isolated on ice, placed in
liquid nitrogen, and finally put in a freezer at -80 °C
for future studies. To prepare brain slices, these
samples were kept for 24 h in sucrose phosphate
buffer (30%) at 4 °C and then cut with a cryostat
(Leica, Germany). Cresyl violet staining was used to
evaluate the condition of dorsal hippocampal (DH)
neurons. This dye is specifically used to show Nissl
bodies in the cytoplasm of neurons and is also
commonly used to detect necrosis in the brain tissue.
After removal of the hippocampus specimen from the
-80 °C freezer, it was dehydrated, cleared, embedded
in paraffin, sliced (3-4 ), and placed on slides coated
with poly L-lysine. After two steps of paraffin removal
in xylene, the sample was immersed in alcohol 100%,
95%, 80%, 70%, and 50%, washed with distilled
water, put in cresyl violet (0.1 g in 100 mL of distilled
water) for 30 min, and washed again with distilled
water. After dewatering with ascending degrees of
alcohol and clarification with xylene, it was mounted
using Entellan (Merck, Germany) and studied under a
photomicroscope (Olympus, US).

Density of estrogen and glucocorticoid receptors in
dorsal hippocampus by enzyme-linked immune-
sorbent assay method

For this purpose, estrogen receptor and cortisol
receptor enzyme-linked immunosorbent assay

(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. Afterward, it was homogenized with a
homogenizer and then centrifuged. To prevent
protein  degradation, 1 pL of antiprotease
(phenylmethylsulfonyl fluoride) was added for every
1 mL of the prepared solution. After centrifugation,
the supernatant was separated and used for the
assay. The sample was rechecked and recoded by
ELISA reader at 450 nm. Serial dilutions and
standard curves were also prepared separately, and
the receptors concentrations were calculated by
using the curve and its equation.

Examination of estrogen and glucocorticoid receptors
in the dorsal hippocampus by immune-histochemistry
After two stages of tissue paraffinization in xylene
(each for 30 min), the DH samples were placed in
100%, 96%, 90%, and 80% alcohols for 5 min in
two stages. Afterward, they were put in distilled
water for 5 min and then in citrate buffer (pH=7.4).
Subsequently, hydrogen peroxide (incubation for 10
min), buffer (twice), and primary antibodies
(ab16660 for estrogen receptor and ab183127 for
cortisol receptor) were added.

Each slice was washed 4 times in the buffer;
afterward, a sufficient amount of multi-capacity
biotinylated ~ solution was added to them.
Subsequently, the sample was incubated for 10 min
at room temperature and then washed 4 times in the
buffer. Streptavidin peroxidase was then added,
incubated at room temperature for 10 min, washed
4 tmes in the buffer, exposed to 3,3"-
Diaminobenzidine chromogen (for 1-10 min), and
finally washed 4 times in the buffer again.

Evaluation of oxidative stress factors (i.e., superoxide
dismutase, catalase, glutathione peroxidase, and
malondialdehyde) in the dorsal hippocampus
Glutathione peroxidase assay

In this method, a glutathione peroxidase (GPX)
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
nicotinamide adenine dinucleotide phosphate
(NADP), the oxidized glutathione is converted back
to regenerative glutathione, which is associated with
the simultaneous oxidation of NADP to NADP +.
In this reaction, the decrease in light absorption was
measured at 412 nm. The obtained absorption value
was multiplied by the amount of enzyme activity in
international units per mg of tissue protein and then
reported.
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Malondialdehyde measurement:

Malondialdehyde ~ (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. The
MDA of the samples was calculated using this curve
and its equation. Hach sample was examined twice
and read at 535 nm.

Assay of superoxide dismutase enzyme:

A test of enzyme activity was performed using a
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 (CAT) 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. The amount of catalase in the samples was
calculated using this curve and its equation. FEach
sample was prepared twice and read at 405 nm in the
ELISA reader.

Study of activation of pro-inflaimmatory nitric oxide
system in the ovary and dorsal hippocampus by
histochemical nicotinamide adenine dinucleotide
phosphate-diaphorase.

To show the activity of the NO synthase enzyme in
the ovary and DH, after preparing tissue sections with

- D .

Figure 1. Ovary staining with hematoxylin-eosin. The ovary images blong to: A

a thickness of 4 p, these sections were placed on the
poly-L-lysine slides. Subsequently, they were clarified
in two stages with xylene, diluted in 50-100% alcohol,
and exposed to equal proportions of NADP-d (2 mg
per 1 mL of phosphate buffer) and nitro blue
tetrazolium chloride (0.4 mg per 1 mL of phosphate
buffer). The samples were then incubated at 37 °C for
16 h, rinsed with tap water, dehydrated in 50-100%
alcohol, clarified in xylene, glued with Entellan (Merck,
Germany), and examined under a microscope.

Statistical analysis

Results were evaluated by one-way analysis of variance
and when the difference was significant, they were
computed by Tukey's Posz hoc test with «=0.05. Image
Software (version 2023) was used to quantitatively
examine the images and also see the baclofen-
morphine and morphine challenge in one graph and
compare the different procedures in another graph.

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,
regardless of the route of injection (ip. or intra-
VMH), the developing follicles were rare but the
thick-walled follicular cysts were abundant. In the
groups that received single baclofen or baclofen
with morphine, the number of cysts was
significantly reduced, while the number of mature
follicles underwent an increase (Figure 1).

& s
) control group, B) morphine (i.p.), C) morphine (intra-

ventromedial hypothalamic), D) baclofen alone, and E) baclofen plus morphine. The line represents 50 p.
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Figure 1 Continue. Ovary staining with hematoxyl)in—eosin. The ovary imaes belong to: A)

control group, B) morphine (i.p.), C) morphine

(intra-ventromedial hypothalamic), D) baclofen alone, and E) baclofen plus morphine. The line represents 50 p.

Uterus tissue
The uterus did not show significant changes in any

group.

Hstrogen and glucocorticoid receptors intensities in
the dorsal hippocampus

The enzyme-linked immunosorbent assay (ELISA)
that  the of

glucocorticoid receptors in DH did not show

results  showed concentration
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significant differences in different groups (Figure 2).
However, the density of estrogen receptors in the
morphine-receiving group showed a decrease,
compared to the control group. Results of the
immunohistochemical study revealed that the level
of expression of these receptors in the control
group showed no obvious difference, compared to

the group treated with morphine (Figure 3).
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Figure 2. A and B. Concentrations of glucocorticoid and estrogen receptors in dorsal hippocampal tissue in different groups. Glucocorticoid
receptor concentration did not show any significant differences among different groups. There were also no significant differences among
the estrogen receptor concentration of the groups, except the morphine group, which showed a significant decrease, compared to the

control group. P<0.05, based on Tukey’s post hoc.
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Figure 2 Continue. A and B. Concentrations of glucocorticoid and estrogen receptors in dorsal hippocampal tissue in different groups.
Glucocorticoid receptor concentration did not show any significant differences among different groups. There were also no significant
differences among the estrogen receptor concentration of the groups, except the morphine group, which showed a significant decrease,
compared to the control group. P<0.05, based on Tukey’s post hoc.

CAl

hippocampal tissue of the control animal (A) and other groups, such as the morphine group (B), showed no difference. The scale lines in A
and B represent 10 p and 50 p, respectively

Blood lipid profile Level of oxidative stress at dorsal hippocampus
Triglycerides, total cholesterol, LDL, and HDL Based on the results, the level of MDA in DH was
were tested. The results showed no significant significantly increased in the morphine groups,
differences between different groups in terms of compared to the control group. Moreover, the
blood lipid profile (not shown). level of MDA in DH increased significantly in the

morphine-receiving groups, compared to the
Nitric oxide involvement at the ovary, uterus, and control group. However, there was less difference
dorsal hippocampus between baclofen-morphine and the control
The results showed that in the morphine-receiving groups in this regard due to the protective effect
groups, the NO system was not activated in ovarian of baclofen. In addition, the activity of CAT and
and DH tissues (not shown). superoxide dismutase (SOD) enzymes in the

morphine-receiving groups showed a significant
Dorsal hippocampal neurons decrease, compared to the control group. Besides,
Necrosis in the CAl region did not develop in the GPX level showed no significant change
neurons in any of the studied groups (not shown). (Figure 4).
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Figure 4. Levels of oxidative stress mediators at DH in all groups. The MDA and glutathione peroxidase levels and also activities of CAT
and SOD enzymes in DH tissue were compared with the control group. The MDA level showed an increase, and SOD and CAT activities
underwent a decrease, compared to the control group. P<0.05 signifies the difference, compared to the control group, based on Tukey’s
post hoc.
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Serology that hypothalamic-pituitary-adrenal and sympathetic

Levels of FSH, LH, and testosterone in sera activity trigger a stress response that causes
samples were measured. According to the results, physiological and metabolic changes in the body
there was a significant decrease in the androgen and that the stress and elevated glucocorticoids in
hormone levels in morphine-treated groups, the blood cause oxidative stress [34].
compared to the control group (Figure 5), while the In the present study, the concentration of
levels of gonadotropin hormones were not changed. glucocorticoid receptors at DH was specifically
Biometry of ovaries and uterus examined. However, the results showed no
The results did not show a significant difference significant changes in glucocorticoid receptor levels
among the studied groups (not shown). at DH, identifying a questionable involvement.
Therefore, further investigation is required to find
Discussion out if the brain is damaged by oxidative stress
Abuse of drugs, including morphine, has become a processes under these conditions (PCO). The
worldwide issue nowadays. Morphine has adverse hippocampus is highly sensitive to oxidative stress
effects on the nervous system [28], and baclofen [22]; however, its sensitivity to oxidative stress in
can interfere with the results of morphine use [29]. the morphine-induced PCO model has not been
This study investigated the protective effects of demonstrated yet. In the present study, the level of
baclofen dosages [30] on oxidative stress in the DH oxidative stress in DH was higher in the morphine-
in an experimental model of acute morphine- treated groups with ovarian cysts, compared to the
induced ovarian cystogenesis. control group. Hence, morphine probably plays a
Until now, various substances have been used to role in ovarian cystogenesis by oxidative stress in
induce PCO (e.g, letrozole, testosterone, estradiol DH. Nevertheless, it is not clear whether morphine
valerate, hydroepiandrosterone, adrenocorticotropin, is the most effective component or its metabolites.
and even long-term exposure light) [31]. Morphine In mammals, morphine (i.p.) is mainly metabolized
has also been shown to induce ovarian cystogenesis in the liver by the uridine-5-phospho-
by stimulating the pro-inflaimmatory nitric oxide glucuronosyltransferase enzyme to two glucuronide
(NO) system [32]. However, in this research, except metabolites (morphine-3-glucuronide and
for the marginal lining of the ovary, none of the morphine-6-glucuronide). The M3G is produced
parts of its main frame showed a positive reaction five times more than M6G, but only M6G can cross
to the biochemical marker of NO. Now, it is not the blood-brain barrier (BBB). Moreover, M6G has
clear whether there is a problem with the method been shown to cross BBB 7.5 times less than
and a more suitable method should be used to show morphine. It tends to bind to the opioid p-receptor,
the activation and stimulation of this system. but due to its lower levels than morphine, its
Currently, this is one of the limitations of this analgesic  activity is significantly lower in
research, but it is suggested that future studies comparison to morphine [35].
investigate this issue. In the present study, to compare the ef6
The mechanisms involved in PCO caused by fectiveness of morphine and its metabolites in
morphine are also not clear yet. Studies have shown inducing oxidative stress in the brain, an effective
that hypothalamic-pituitary-adrenal axis activity dose of morphine was injected into the VMH |[see
increases in PCO [33]. Some researchers believe 16 for dose selection]. However, no significant
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Figure 5. Levels of serum testosterone in all groups. Its level showed a decrease in morphine groups, compared to the control group.
P<0.05 shows the difference with control based on Tukey’s post hoc.

170 Avicenna ] of Neuro Psycho Physiology, Volume 9, Issue 4, 2022



difference was observed in the levels of oxidative
stress factors in DH tissue in this group, compared to
the groups that received morphine intraperitoneally.
Regarding the neuroprotective effect of baclofen, it
should first be explained that almost every neuron
in the hypothalamus is targeted by GABAergic
synapses, including GnRH cells, [-endorphins,
endogenous opioids, and even GABA itself [36].
The arcuate nucleus (ARN) is the major regulatory
center for GnRH neurons. A strong anatomical
circuit has been found between GABAergic
neurons in ARN and GnRH neurons. Moreover,
the cell body of GnRH neurons is located in the
ARN, and there is no BBB in the ARN [37].

It is noteworthy that the effects of GABA on
GnRH neurons secretion may differ based on the
growth  stage, hormonal environment, and
expression of the GABA receptor subtype [38].
Baclofen, as a GABAs receptor agonist, modulates
LH pulsatile secretion. Based on the results of
previous studies, the GABAs receptors regulate the
excitability of hypothalamic GnRH neurons [39].
These receptors are abundant in the VMH nucleus
[36], which contains neurosteroid-secreting neurons.
It must be mentioned that it regulates fertility and
sexual acceptance [40]. This nucleus is also linked to
the hippocampus [41]. Therefore, GABA receptors
are found in the areas of the brain that are sensitive
to sex hormones [42]. However, estrogen is not
directly related to GnRH neurons. Therefore, for
estrogen to affect these neurons, there must be
mediating neurons. These mediating neurons are
GABAergic.

In the present study, baclofen, as a GABA receptor
agonist, interfered with the induction of oxidative
stress. Subsequently, the oxidative stress in DH was
somewhat reduced in the baclofen-treated groups,
compared to the morphine-treated groups,
indicating that baclofen may interfere with
morphine-induced inflammation. In line with these
findings, some previous studies have shown that
GABA has protective effects against metabolic and
reproductive disorders caused by PCOS [24].
Alavian et al. [43] have demonstrated that the
injection of GABAp receptor agonist, baclofen
significantly reduces morphine sensitivity expression
in female rats.

Conclusions

Acute morphine is effective in inducing ovatian
cystogenesis  regardless of the route of
administration (peripheral or central), but it induces
oxidative stress in the dorsal hippocampus only in
acute peripheral type. Stimulation of GABA
pathways may interfere with morphine-induced
cystogenesis, and baclofen may have a protective

effect against the oxidative consequence of this
phenomenon on the hippocampus.
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