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ABSTRACT

Introduction: Polycystic ovary syndrome (PCOS) is a complex endocrine disorder in
women that is associated with an increased risk of infertility. This study aims to evaluate
the neurobehavioral and neurochemical changes along with the associated changes
in the medial prefrontal cortex (mPFC) and anterior cingulate cortex (ACC) of the
dehydroepiandrosterone (DHEA)-induced PCOS model rats.

Methods: A total of 12 female juvenile Wistar rats (30 to 50 g) about 22 to 44 days old were
divided into 2 groups. The control group received sesame oil while the PCOS group received
sesame oil plus DHEA. All treatment was done via daily subcutaneous injection for 21 days.

Results: Subcutaneous DHEA-induced PCOS significantly depleted the line crossing
and rearing frequency in the open field, along with the percentage of the time in the white
box, line crossing, rearing, and peeping frequency in the black and white box, and the
percentage of alternation in the Y-maze. PCOS significantly increased the immobility
time, freezing period, and the percentage of time in the dark area in the forced swim test,
open field test, and black and white box, respectively. The level of luteinizing hormone,
follicle-stimulating hormone, malondialdehyde (MDA), reactive oxygen species
(ROS), and interleukin-6 (IL-6) increased significantly, while norepinephrine depleted
significantly with an obvious decrease in the brain-derived neurotrophic factor level in
the PCOS model rats. PCOS rats exhibited cystic follicles in the ovaries and necrotic or
degenerative like features in the hippocampal pyramidal cells.

Conclusion: DHEA-induced PCOS results in anxiety and depressive behavior with
structural alteration in rats, possibly through the elevation of MDA, ROS, and IL-6 levels,
which also attributes to impaired emotional and executive functions in the mPFC and ACC.
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Highlights
e Polycystic ovary syndrome (PCOS) was induced by administering dehydroepiandrosterone (DHEA) to the wistar rats
e DHEA-induced PCOS significantly depleted the line crossing and rearing frequency in the open field

e PCOS significantly increased the immobility time, freezing period, and the percentage of time in the dark area in
the forced swim test, open field test, and black and white box, respectively.

® The level of luteinizing hormone, follicle-stimulating hormone, malondialdehyde (MDA), reactive oxygen species
(ROS), and interleukin-6 (IL-6) increased significantly, while norepinephrine depleted significantly with an obvious
decrease in the brain derived neurotrophic factor level in the PCOS model rats.

e PCOS rats exhibited cystic follicles in the ovaries and necrotic or degenerative like features in the hippocampal
pyramidal cells.

Plain Language Summary

Polycystic ovary syndrome (PCOS) is considered an ovarian disease. It is a prevalent multifactorial endocrine and
metabolic disorder associated with many psychiatric disorders. PCOS is estimated to affect approximately 5% to 10%
of women in their reproductive ages, leading to anovulatory infertility, characterized by hyperandrogenism, insulin
resistance, menstrual dysfunction, and polycystic ovaries. In this present study Polycystic ovary syndrome (PCOS) was
induced by administering dehydroepiandrosterone (DHEA) to the wistar rats. The administration of dehydroepiandros-

terone resulted in changes across several neurobehavioral tests and hormonal parameters.

1. Introduction

olycystic Ovary Syndrome (PCOS) is
considered an ovarian disease. It is a
prevalent multifactorial endocrine and
metabolic disorder associated with many
psychiatric disorders (Khan et al., 2019).
PCOS is estimated to affect approxi-
mately 5% to 10% of women in their
reproductive ages, leading to anovulatory infertil-
ity, characterized by hyperandrogenism, insulin resis-
tance, menstrual dysfunction, and polycystic ovaries
(Moore & Campbell, 2017). The etiology of PCOS
is not clearly understood, however, lipid imbalance,
oxidative stress, insulin resistance, genetics, and the
brain are some of the contributing factors (CINar &
EryllMaz, 2016; Moore & Campbell, 2017).

Studies have shown that women with PCOS have a dys-
regulated Hypothalamic Pituitary Adrenal (HPA) axis, re-
sulting in the high secretion of the Luteinizing Hormone
(LH) and the gonadotropin-releasing hormone (GnRH)
(Silva, et al., 2018). This elevates the estradiol and pro-
gesterone concentration in others to suppress and modu-
lates the upsurge of LH and GnRH (Reddy et al., 2016).

Such hormonal imbalance results in higher activities
in the brain’s parietal and temporal lobe of women with
PCOS compared to women without PCOS; however,
it does not relate to the performance during a working
memory task (Chaudhari et al., 2018). Compromised
working memory broadly affects cognitive functioning,
the quality of life, and psychological well-being; how-
ever, it is unclear whether changes in the androgen levels
affect the working memory processes as well (Blay et al.,
2016). Women with PCOS are also highly susceptible to
social phobia and suicidal ideation and have intense dys-
phoric feelings, which affect their quality of life (Blay,
etal., 2016).

Accordingly, this study uses dehydroepiandrosterone
(DHEA) to induce PCOS in rat models and focus on un-
derstanding the structural changes that occur in the ovary
of PCOS female when compared to normal female and
also evaluate the neurobehavioral (anxiety and depres-
sion) and neurochemical (oxidative stress and inflamma-
tory markers) changes, and the associated changes in the
medial prefrontal cortex (mPFC) and the anterior cingu-
late cortex (ACC) of DHEA-induced PCOS model rats.
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2. Materials and Methods

Study animals

A total of 12 female juvenile Wistar rats (30 to 50 g)
about 22 to 44 days old were used in this study. Firstly, 5
male and 10 adult female Wistar rats were acquired from
the animal house, Department of Biochemistry, Faculty
of Life Sciences, University of llorin, and bred in the
College of Health Sciences Animal Holdings, University
of Ilorin. Female pops were separated from their mothers
after 21 days (3 weeks), caged in standard polypropylene
cages, allowed to acclimatize to their new environment
for 2 weeks (14 days), maintained in 12 h light-dark
cycles at room temperature, and were fed with standard
diet and water provided ad libitum. The rats were fed
daily with commercially available rat pellets feed which
was bought from Ogooluwa feed and Flour Mill Lim-
ited, Sango, Ilorin, Kwara State, Nigeria.

Procurement of dehydroepiandrosterone and
sesame oil

DHEA was obtained from Sigma-Aldrich, USA, and
sesame oil used was procured from Aromokeye phar-
macy, Ilorin Kwara State, Nigeria.

Experimental design

The experimental animals were randomly divided into
2 groups, namely the vehicle group and the PCOS group,
each containing 6 rats (Table 1).

Drug administration

All the experimental animals in the vehicle group sub-
cutaneously (SC) received 0.2 mL of sesame oil, while
rats in the PCOS group SC received DHEA (6 mg/100 g
body weight, dissolved in 0.2 mL of sesame oil) (Ikeda
et al., 2014). All substance administration was done dai-
ly for 21 days. Vaginal smears were collected daily after
a week (week 1) of DHEA administration and evaluated
microscopically to confirm the induction of PCOS.

September & October 2022 Volume 13, Number 5

Confirmation of polycystic ovary syndrome using
vaginal smear

Vaginal smears were used to determine the regularity
or irregularity of the animal’s estrus cycle. First, 0.3 mL
of normal saline was injected slowly into the vagina of
the animal using a pipette and then withdrawn. One to
two drops of the withdrawn fluid, containing the vagi-
nal fluid, were removed to prepare the smear. Samples
were examined using a light binocular microscope. Rats
that were in the estrus phase of the reproductive cycle
were selected for the next stages of the study. From con-
sistent observation, control animals showed a constant
change in the phase of their estrous cycle while treated
animals were characterized by the presence of persistent
vaginal cornification (Figure 1); their vaginal smear had
more cornified (horn) cells in the estrus stage (Ajayi et
al, 2020).

Neurobehavioral analysis

Following 24 h after the last administration, a neurobe-
havioral investigation was done to evaluate the anxiety
and depressive behavior using various behavioral para-
digms.

Open-field test

The open-field test (OFT) requires the use of a large
cubic box, usually measuring 1mx1mx1m, and the top
of the cube is typically left uncovered. Each rat is sepa-
rately placed in the middle of the box and its explorative
movements are recorded. At the end of the experiment,
the video capturing each rat movement is analyzed
(Seibenhener & Wooten, 2015; Yu, Hao et al., 2016).

Y-Maze test

The Y-maze test requires a cardboard apparatus that
consists of three enclosed arms, which converge on an
equilateral triangular center platform. At the beginning
of each experimental session, each rat is placed in the
center platform of the maze, facing all three arms im-
mediately before the session (Akanmu, et al., 2011). The

Table 1. Study animal groups with corresponding treatment, dosages, duration of administration, and number of animals in

each subgroup
Groups Treatment Dosage Duration Number of Animals
Vehicle Sesame oil 0.2 mL/100 g body weight (lkeda, et al., 2014) 21 days 6
PCOS Dehydroepiandrosterone 6 mg/100 g body weight (lkeda, et al., 2014) 21 days 6
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total number of entries and the number of continual tri-
ple entries into each of the three arms without repetition,
known as “the number of spontaneous alteration perfor-
mance (SAP)” is recorded and evaluated. This test lasts
for 6 min (Akanmu, et al., 2011).

Forced swim test

The forced swim test (FST) has 2 sessions, 24 h apart
from each other. The first session is the pretest stage
which lasts 15 min and the second session is the test
stage which lasts 5 min. Firstly, transparent cylinders are
filled with tap water at 23°C+1°C and the water depth
is measured above the rat’s length so that the rat can-
not touch the bottom of the container with its hind legs.
Hence, each rat is placed in a water-filled cylinder. After
the stipulated duration, the rats are removed and cleaned
up with dry cloths. The duration of immobility during
the 5-min test is reordered (Akanmu, et al., 2011; Yan-
kelevitch-Yahav et al., 2015).

Black and white box (light-dark box)

The black and white box test (light-dark box) is an ex-
perimental procedure, developed for testing anxiety and
depression in laboratory rodents. The apparatus has two
chambers. One of the chambers is made of clear or white
plastic walls and is highly illuminated while the other
chamber is painted black. The light and dark chambers
are connected by a small passage through which the ani-
mals can move freely (Sestakova, et al., 2013).

A testing session starts by placing the animal in the cen-
ter of the illuminated compartment, facing the opening to
the dark compartment for a period lasting usually 5 min.
The floor of both compartments is divided into squares
to determine the animal’s locomotion (Sestakova, et al.,
2013; Seibenhener, et al., 2015).

Excision of rat brain and collection of blood samples

Immediately after all neurobehavioral analyses, two
rats from each group were anesthetized with an intra-
peritoneal (IP) injection of ketamine (3 mg/kg) and
perfused intracardially using phosphate-buffered saline
(PBS) followed by 40% of neutral buffered formalin.
The brain and ovarian tissue were excised following
craniotomy and laparoscopy, respectively. Thereafter,
both tissues were fixed in 10% neutral buffered forma-
lin for histological evaluation using hematoxylin and
eosin (H&E) staining. The coronal section of the brain
was obtained at the level of the central sulcus, sepa-
rating the prefrontal cortex from the other region of
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the brain. Also, the remaining four rats in each group
were sacrificed by cervical dislocation, and the blood
sample was taken by cardiac puncture and transferred
immediately into a tube containing ethylenediamine-
tetraacetic acid. Thus, the plasma was separated by
cold-centrifugation for biochemical analysis.

Biochemical assays

The levels of reproductive hormones (Follicle Stimu-
lating Hormone [FSH] and LH), brain’s modulatory
biomarkers (Norepinephrine [NE]), and brain-derived
neurotrophic factor (BDNF), a Marker of Lipid Perox-
idation (MDA), ROS, and pro-inflammatory cytokine
(interleukin 6 [IL-6]) were quantified using the com-
petitive enzyme immunoassay technique via a poly-
clonal anti-LH, anti-FSH, anti-NE, anti-BDNF, anti-
MDA, anti-ROS with anti-IL-6 antibody and an LH,
FSH, NE, BDNF, MDA, ROS with IL-6-horseradish
peroxidase (HRP) conjugate, respectively.

Study procedure

The analysis was done according to the manufacturer’s
instructions in the ELISA kits. During each probe, the
plasma and buffer were incubated together with LH,
FSH, NE, BDNF, MDA, ROS, and IL-6-HRP conjugate
in a pre-coated plate for 1 h. Subsequently, the wells
were decanted and washed 5 times. The wells were fur-
ther incubated with a substrate for the HRP enzyme. The
enzyme-substrate reaction end product formed a blue-
colored complex. Lastly, a stop solution was added to
stop the reaction, and it turned the solution color yellow.
The intensity of the color was measured spectrophoto-
metrically at 450 nm in a microplate reader. The solu-
tion color intensity was inversely proportional to the LH,
FSH, NE, BDNF, MDA, and ROS with IL-6 concentra-
tion since LH, FSH, NE, BDNF, MDA, and ROS with
IL-6 from plasma samples and LH, FSH, NE, BDNF,
MDA, ROS with IL-6-HRP conjugate compete for the
anti-LH, anti-FSH, anti-NE, anti-BDNF, anti-MDA,
anti-ROS with anti-IL-6 antibody binding site.

Statistical analysis

The statistical analysis was done via 1-way analysis of
variance (ANOVA) using the GraphPad Prism® soft-
ware (v. 5). A value of <0.05 was considered to indicate
the significant difference between the groups.

Igbo E. J. et al. (2022). Changes in the Medial Prefrontal Cortex and Anterior Cingulate Cortex. BCN, 13(5), 695-708
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Ethical considerations

All protocol and treatment procedures were done ac-
cording to the Institutional Animal Care and Use Com-
mittee (IACUC) Guideline and approved by the Ethics
Committee of the University of Ilorin, Kwara State,
Nigeria (approval number: UERC/ASN/2019/1743),
which is in agreement with the National Institutes of
Health Guide for the Care and Use of Laboratory Ani-
mals (NRC, 2010) (National Research Council, 2011).

3. Results

Exploratory activities, depressive and anxiety be-
haviors of polycystic ovary syndrome model rats

The results of various behavioral tests that were con-
ducted are evaluated below.

Open-field test

Number of line crossing: The unpaired t test analy-
sis revealed that the Mean+SD latency for PCOS rats
(10.00+1.155) was significantly lower than the control
group (31.00+3.512) (P<0.05) (Figure 1A).

Number of rearing: The Mean+SD latency for
PCOS rats (3.667+0.882) was significantly depleted
when compared to control rats (10.00+=1.732) (P<0.05)
(Figure 1B).

Freezing period: The Mean+SD latency for control
rats (134.0+12.50) was significantly lower than for
PCOS rats (208.7+7.839) (P<0.05) (Figure 1C).

September & October 2022 Volume 13, Number 5

Black and White Box Test

Number of line crossing: The Mean+SD latency for
PCOS rats (2.333+£0.333) was significantly lower than
the control group (20.33£2.028) (P<0.05) (Figure 2A).

Number of rearing: The Mean+SD latency for PCOS
rats (0.333+0.333) was significantly depleted when com-
pared to control rats (5.000+0.577) (P<0.05) (Figure 2B).

Number of peeping: The Mean+SD latency for PCOS
rats (2.667+0.333) was significantly lower than for con-
trol rats (8.333%0.667) (P<0.05) (Figure 2C).

Percentage of time in white box: The unpaired t test
analysis revealed that the Mean+SD latency for PCOS
rats (10.67+0.882) was significantly lower compared to
the control rats (125.0+4.000) (P<0.05) (Figure 2D).

Percentage of time in black box: The Mean+SD
latency for the control rats (175.0+17.35) was sig-
nificantly lower than for the PCOS rats (289.3+£3.180)
(P<0.05) (Figure 2E).

Y-Maze Test

Number of entrances. The unpaired t test analysis
revealed that the Mean+SD latency for PCOS rats
(3.667+0.8819) was significantly reduced compared to
the control rats (7.3334+0.3333) (P<0.05) (Figure 1F).

Percentage of Alternation. The Mean+SD latency for
PCOS rats (50.00+2.646) was significantly lower than
the control rats (143.0+4.359) (P<0.05) (Figure 1E).

Figure 1. Microscopic image of various phases of the estrous cycle (ectrus, pro-estrus, and diestrus)

C: Cornified cells; E: Epithelial cell; L: Leucocytic cell.

Igbo E. J. et al. (2022). Changes in the Medial Prefrontal Cortex and Anterior Cingulate Cortex. BCN, 13(5), 695-708
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Figure 1. Bar Chart representation of the neurobehavioral activity of the control and the experimental group

A: The number of lines crossed; B: the rearing frequency; C: The freezing period; D: The immobility time (sec); E: The percentage

of alternation; and F: The number of entering.

*, ¥, %% represent P<0.05, P<0.01, and P<0.001 compared to the control group, respectively.

Forced swim test

Immobility time (Sec). The unpaired t test analysis
revealed that the Mean+SD latency for the control rats
(20.67+1.453) was significantly reduced compared to
the PCOS rats (217.3£13.35), indicating depressive
manifestations (P<0.05) (Figure 1D).

Black and white box (close)

Number of Rearing. The unpaired t test analysis
revealed that the MeantSD latency for PCOS rats
(13.33+1.202) was significantly lower compared to the
control rats (5.333+0.667) (P<0.05) (Figure 3B).

Freezing Period. The unpaired t test analysis re-
vealed that the MeantSD latency for the control rats
(113.743.283) was significantly lower compared to the
PCOS rats (191.7+2.028) (P<0.05) (Figure 3A).

PReproductive hormones in dehydroepiandros-
terone-induced polycystic ovary syndrome rat model

According to Figure 4, the Mean+SD latency for (A) the
control rats was 111.4+3.400 and the Mean+SD latency
for the PCOS rats was 138.1+4.135 in FSH, showing that
the Mean+SD was significantly higher than the control;
(B) the control was 108.0+6.961 and the Mean+SD for
PCOS rats were 167.7+5.217 in LH which shows that it
was significantly higher compared to the control (P<0.05).
The data on the reproductive hormone concentrations of
the experimental rats are expressed in Figure 4.

Expression of oxidative function/lipid peroxida-
tion and inflammatory responses in dehydroepi-
androsterone-induced polycystic ovary syndrome
rat model

According to Figure 5, there was no significant differ-
ence in various biochemical parameters that were mea-
sured, of which there was a noticeable reduction in the
Mean+SD latency for the control group across oxidative
stress and inflammatory markers (MDA [0.632+0.069],

Igbo E. J. et al. (2022). Changes in the Medial Prefrontal Cortex and Anterior Cingulate Cortex. BCN, 13(5), 695-708
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kK c

BLACK/WHITE BOX
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Figure 2. Bar chart representation of the neurobehavioral activity of the control and the experimental group

A: the number of lines crossed; B: The rearing frequency; C: The number of peeping; D: The percentage of time in the white box;

and E: The percentage of time in the black box.

**, *#** Represent P<0.01 and P<0.001 compared to the control group, respectively.

ROS [3.506+0.270], and IL-6 [69.46+7.922]) when
compared to the PCOS group (MDA [0.79040.087],
ROS [3.773+0.081], and IL-6 [86.58+2.155]). Hence,
the data from the 1-way ANOVA showed a significant
increase in the inflammatory marker (IL-6) when com-
pared to oxidative stress markers (MDA and ROS).

FREEZING PERIODS

Control
BLACK & WHITE BOX CLOSE

PCOS (DHEA)

Brains modulatory neurotransmitter marker

According to Figure 6, the Mean+SD latency for (A)
NE level in the control group (7.1594+0.265) was sig-
nificantly higher than the PCOS group (5.37440.673);
whereas, (B) the BDNF level in the control group
(496.5+16.68) was not significantly higher than the
PCOS group (422.2+7.411).

204

-
on
1

REARING FREQUENCY

Control
BLACK & WHITE BOX CLOSE

PCOS (DHEA)

Figure 3. Bar Chart representation of the neurobehavioral activity of the control the experimental group

A: The freezing periods; B: The rearing frequency. The obtained values are in meantstandard error of the mean.

**, *** represent P<0.01 and P<0.001 compared to the control group, respectively.
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Figure 4. Bar Chart representation of follicle-stimulating hormone and luteinizing hormone expression levels in the control
and the experimental group

A: Follicle-stimulating hormone; B: Luteinizing hormone. The obtained values are in mean#standard error of the mean.** repre-
sents P<0.01 compared to the control group.
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Figure 5. Bar chart representation of neurobehavioral activity and the expression of oxidative function/lipid peroxidation and
inflammatory markers in the control and the experimental group

A: malondialdehyde (MDA); B: reactive oxygen species (ROS); C: interleukin-6 (IL-6). Values are Mean+SEM of the data.

NE (ng/nL)
e

Control  PCOS (DHEA)

Figure 6. Bar chart representation of norepinephrine and brain-derived neurotrophic factor expression levels in the control and
the experimental group

A: norepinephrine; B: brain-derived neurotrophic factor. Values are meanzstandard error of the mean of the obtained data. *sig-
nificantly different from the control (P<0.05).
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Figure 7. Histopathological alterations in the ovarian sections of dehydroepiandrosterone-induced polycystic ovary syndrome

(H&Ex100 & 400)

A: Control: the section of the ovary showing follicles at various stages (pre-antral follicle [green arrow], antral follicle [yellow
arrow], corpus luteum [red arrow], and atretic follicle [blue arrow]); (B) PCOS: increase cystic (blue arrow) and atretic and antral

follicles (red arrow).

General histology

Plate 7 shows the general histoarchitectural in the
ovarian sections of the control group (A) and the
PCOS group (B). The section of the ovary from a con-
trol rat showed follicles at various stages (pre-antral
follicle, antral follicle, corpus luteum, and atretic fol-
licle), while the section of the ovary from a PCOS rat
showed increased cystic, atretic, and antral follicles as
well as decreased corpus luteum.

In Plate 8 and Plate 9, the mPFC showed hypertrophy and
hyperplasia of cells, especially in the cortical plate of the
PCOS group (B). The pyramidal cells were also reduced,
which revealed vacuolated neurons and degenerating neu-
rons, as well as the loss of cell membranes leaving a hollow
around them (Plate 10).

Figure 8. Histopathological alterations of the medial prefrontal cortex (H&Ex100 & 400)

A: Control: normal cytoarchitecture (arrow) with intact neuronal morphology (circle); B: PCOS: hypertrophy and hyperplasia of
cells (red circle), neurons with degenerative features (yellow arrows).
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Figure 9. Photomicrograph of the histology of the anterior cingulate cortex (H&Ex100 & 400)

A: Control: normal cytoarchitecture (arrow) with intact neuronal morphology (circle); B:PCOS: hypertrophy and hyperplasia of
cells (red circle), neurons with degenerative features (yellow circle).

4. Discussion

PCOS is the most commonly diagnosed human en-
docrine and metabolic disorder among other endocrine
disorders in women during their reproductive ages. As a
result, understanding the connection between PCOS as
a biological disorder and its psychological components
is crucial (Kumarendran, et al., 2018; Peecher, 2018).
The findings from various literature have documented
an increased risk of depressive disorders in women with

PCOS (Rassi, et al., 2010; Yu, et al., 2016; Tan, Grigg,
Kulkarni, 2018). The deleterious effects of DHEA lead-
ing to PCOS are established, however, there is a need to
examine the state of PFC and the ACC, its associated
neurobehavioral changes, and the correlating role of oxi-
dative stress and inflammatory markers in establishing
PCOS. Thus, this might help to unravel some unknown
manifestations of DHEA-induced PCOS.

Figure 10. Photomicrograph of the histology of the medial prefrontal cortex (CFVx100 &400)

A: Control: deeply stained Nissl substance (yellow arrows); B: PCOS: loss of Nissl substance stain in most of the neurons with

chromatolysis (red circle).
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As noted in this study, the neurobehavioral assess-
ment conducted following PCOS revealed a decrease
in the general locomotory movement activities which
suggests depressive disorders as well as a cognitive de-
cline, as there was a statistical significant depletion in
the number of lines crossed and the rearing frequency
in the OFT performance, similar to the number of lines
crossed, the rearing frequency, and the percentage of
time in the white box, using the black and white box
test; in addition to the number of entering and the per-
centage of alternation in the Y-maze test performance,
with a statistically significant increase in the immobility
time using the FST neurobehavioral paradigm. Also, the
increased anxiety behavior was observed, as there was a
statistically significant reduction in the number of peep-
ing using the black and white box test paradigm and the
rearing frequency in black and white box (close) test
performance, with a significant increase in the freezing
period using OFT and the black and white box (close)
tests; also, the percentage of time in the black box was
increased in the black and white box test performance.
The changes observed in the significant decline and in-
creases across the behavioral apparatus suggest the role
of DHEA-induced PCOS in initiating depressive and
anxiety behaviors. The findings from this study are also
in line with Ressler et al. (2015), Yu et al. (2016), and
Peecher (2018).

Hypersecretion of LH and FSH is a well-established
biomarker associated with PCOS women, and the mea-
surement of serum LH concentration and LH/FSH ra-
tio is commonly used to assess these women. In clini-
cal studies, Milsom and colleagues have reported the
elevation of LH or LH/FSH ratio to correlate with the
increased risk of infertility and menstrual cycle distur-
bance Milsom et al. (2003). The hormonal level of LH
and FSH in PCOS rats was significantly increased when
compared to control rats in this study. Meanwhile, com-
paring the LH/FSH ratio, LH significantly increased
over FSH, confirming what is overwhelmingly reported
in the literature (Milsom et al., 2003; Zhang et al., 2013;
Fu et al., 2013; Zadehmodarres et al., 2015).

Based on the fact that oxidative damage is mediated
by free radicals (ROS, reactive nitrogen species, and
other reactive species), this research involved evaluat-
ing MDA, and ROS levels, and correlating the possible
pro-inflammatory effect (measuring IL-6), leading to de-
creased general movement activities/anxiety expression
and depressive manifestation in PCOS rats. There was
a noticeable yet statistically not significant increase in
the level of ROS following PCOS when compared to the
control group. Also, lipid peroxidation products are one
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of the main outcomes associated with oxidative stress,
as there was an obvious yet not statistically significant
increase in the MDA level, following PCOS when com-
pared to the control group. Various studies have reported
similar findings in oxidative stress biomarkers, follow-
ing PCOS (Ghowsi et al., 2019). Furthermore, recent
evidence suggests that PCOS may be associated with
chronic inflammation, where the inflammatory cyto-
kines show a positive correlation with anovulation and
other PCOS symptoms (Wang, et al., 2017). Thus, our
study reported an increase in the level of a pro-inflam-
matory and immunoregulatory cytokine biomarker (IL-
6) in PCOS rats which was not statistically significant
when compared to the control group. The study results
are in line with the results of Ressler et al. (2015).

This study also revealed the expression of brain mod-
ulatory neurotransmitters (NE and BDNF) in PCOS
model rats, of which NE exhibited a statistically sig-
nificant reduction in PCOS rats when compared to the
control group. Yu et al. (2016) found that the levels of
NE, dopamine (DA), serotonin (5-HT), and their me-
tabolites were significantly decreased following DHEA
treatment, reflecting depressive behavior. This indicates
that potential neurochemical mechanisms could underlie
the observed behavioral changes. Chaudhari and Nam-
poothiri also found the expression levels DA, NE, SHT,
and epinephrine to be significantly low in testosterone
propionate PCOS model rats. Therefore, the decrease in
neurotransmitters, mainly NE, 5-HT, and DA attributes
to mood disorders, such as depression and anxiety in
PCOS (Chaudhari et al., 2018). Accordingly, the activ-
ity of BDNF was slightly depleted in PCOS rats, how-
ever, it was not statistically significant when compared
to control rats. Although BDNF plays an important role
in neural plasticity, enhances long-term potentiation, and
promotes learning and memory, mutation or decreased
level of BDNF in rodents result in learning deficits,
long-term potentiation impairment, and declined learn-
ing and memory (Sarkaki et al., 2014).

Furthermore, histological photomicrographs results
of the mPFC /ACC that are much involved in mediat-
ing emotional responses showed normal cytoarchitec-
ture, normal neuronal population, and regular neuronal
morphology in the control rats; however, rats treated
with DHEA for 21 days to induce PCOS showed ex-
tensive neuronal degeneration evidenced by reduced
pyramidal cells, which revealed vacuolated neurons,
degenerating neurons, and the loss of cell membranes
leaving a hollow around them.
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5. Conclusion

In this study, PCOS rats exhibited alteration across
several neurobehavioral tests, hormonal parameters (LH
and FSH), and specific oxidative stress and inflamma-
tory biomarkers. This could attribute to the impairment
in emotional and executive function in the mPFC and
ACC as observed by the neurobehavioral assessments.
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