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ARTICLE INFO ABSTRACT

Keywords: Polycystic ovary syndrome (PCOS) is the most common gynaecological, endocrine disorder that occurs during
Hyperanc?rogenism reproductive age and is a significant cause of anovulatory infertility. Letrozole is an aromatase inhibitor which
Anovulation negates the action of the aromatase enzyme, which results in the buildup of male hormones (testosterone) in the
Eﬁﬁ:::g:;mre females, causing hyperandrogenism, which is a hallmark of Polycystic Ovarian Syndrome. Mifepristone (RU486)
PCOS is a progestin antagonist that acts to arrest the actions of the progesterone hormone, resulting in follicular atresia

and anovulation. DHEA is an androgen which was also administered in a bid to cause hyperandrogenism in the
rats.This study aimed to evaluate the effects of these hormones on the cytoarchitecture of the ovaries and uterus
to assess their various PCOS-like histological features.Animals were grouped mainly into three: Letrozole,
Mifepristone and DHEA groups, which were further divided into two subgroups each, administered low and high
doses of letrozole orally, Mifepristone and Dehydroepiandosterone (DHEA) subcutaneously. Each of the sub-
groups also had a comparison control group. Following the completion of administration, the Wistar rats were
euthanized, and their ovaries and uterus were collected for histological analysis.Increased proliferation of
ovarian follicles was noted in the treated groups compared to control, as well as thickening of the endometrial
layer.

genetically acquired and also a result of environment on
hypothalamic-pituitary-ovarian axis (Yang et al., 2018).

1. Introduction

Polycystic ovarian syndrome (PCOS) is a complex endocrine and
metabolic disease with a global prevalence of 4 %-20 % (Jabeen Ayesha
et al., 2022). It is a leading cause of infertility characterised by poly-
cystic ovarian morphology, hormonal imbalance, hyperandrogenemia
and anovulation (Jabeen Ayesha et al., 2022). Other prominent features
include weight gain, mood swings, hirsutism, and acne. PCOS is classi-
fied as a chronic systemic disease characterized by obesity and insulin
resistance and is often associated with long-term complications such as
Type 2 diabetes mellitus, endometrial carcinoma and cardiovascular
disease (Pachiappan et al., 2017). About three-quarters of individuals
with PCOS have elevated androgen levels and this is said to be
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The hypothalamic-pituitary-ovarian axis is responsible for the syn-
thesis of gonadotropins. GnRH is released in a pulsatile manner into the
pituitary portal blood vessels for delivery to the anterior pituitary for the
secretion of luteinising hormone (LH) and follicle-stimulating hormone
(FSH). The pulsatile pattern of GnRH secretion is essential for proper
coordination of gonadal function (Limonta et al., 2018).The LH stimu-
lates theca cells outside of the follicle produce androgens that are
transported into the developing antral follicles with subsequent con-
version into estrogens via aromatase activity on FSH stimulation. FSH is
the primary signalling molecule responsible for increasing the expres-
sion of the CYP450arom enzyme in granulosa cells (Barbieri, 2014).
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P450 aromatase is an enzyme expressed in the placenta, ovary, adrenal
gland and testis. It converts androgens (androstenedione and T) trans-
ported from the theca cells into estrogens (estrone and E2) (Limonta
et al., 2018).

While the aetiology of the syndrome is yet to be wholly understood,
previous studies have shown PCOS to be linked to hereditary, premature
fetal development, lifestyle and environmental factors such as stress
(Lee et al., 2018). It has also been identified that a decrease in the ac-
tivity of cytochrome P450 enzyme could contribute to the development
of PCOS. Deficiency in aromatase activity result in disturbance in ste-
roidogenesis that triggers ovarian failure, such as in PCOS. Aromatase
catalyses the biosynthesis of estrogens from androgens; decreased ac-
tivity of this enzyme could cause hormonal imbalance, intraovarian
androgen excess that could result in polycystic ovaries and circulating
hyperandrogenism (Abdallah et al., 2023). In the ovary, androgens
derived from theca cells are converted to estradiol under the influence of
aromatase produced by granulosa cells (Lee et al., 2018; Abdallah et al.,
2023). Abnormal follicular maturation and multiple cystic follicles ar-
ranged at the periphery of the ovary have been reported in the presence
of elevated ovarian androgen levels (Barbieri, 2014).

Letrozole is an aromatase inhibitor that negates the action of the
aromatase enzyme,which would cause a buildup of male hormones
(testosterone) in females, resulting in hyperandrogenism (Lee et al.,
2018). Disturbances in the FSH hormone feedback mechanism in the
hypothalamusare a consequence of hyperandrogenic conditions.

Mifepristone (RU486) is a progestin antagonist which, as its name
implies, acts to arrest the actions of the progesterone hormone. Pro-
gesterone is crucial in gonadotropin regulation, follicular development,
and ovulation. If the actions of progesterone are arrested, this would
cause follicular atresia and anovulation (Tamura et al., 2009). DHEA is
an androgen which was also administered in a bid to cause hyper-
androgenism in the rats, as it has been used in previous research in
inducing PCOS in female rats.

The study aimed to investigate the effects of letrozole, mifepristone,
and DHEA on the histomorphology of the ovary and uterus, comparing
their impact to elucidate PCOS-like features.

2. Methodology

Forty-five adult female Wistar rats, 180—200 g,were purchased from
a standard animal breeding farm in Ogbomoso, Oyo State, Nigeria. All
rats were kept in the animal facility of the College of Health Sciences,
University of Ilorin, where they were allowed to acclimatize for seven
days prior to the commencement of the experiment. Animals had free
access to standard pelletised rat feed and clean water that was regularly
removed and replaced on a 24-hour basis during and after the accli-
matization period. The pelletized rat feed was purchased from a stan-
dard production company in Ilorin, Kwara State, Nigeria.

The management of the rats complied with the ARRIVE guidelines
and the requirements of the ethical board of the University of Ilorin,
Ilorin, Nigeria.

Letrozole containing 2.5 mg fine-coated letrozole and Mifepack
containing 200 mg mifepristone tablets produced by Ranbaxy (UK)
Limited, as well as DHEA containing 50 mg dehydroepiandrosterone
tablets obtained from Sigma-Aldrich, USA, were purchased from the
general drug centre in Ilorin, Kwara State, Nigeria.

3. Ethical statement

This research work complied with the ARRIVE guidelines and it was
approved with the code: UERC/ASN/2020/1994 by the University of
Ilorin Ethical Review committee to be in compliance with the Institu-
tional Animal Care and Use Committee (IACUC).
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4. Administration

Forty-five adult female animals weighing 180-200 g were grouped
into three broad groups for each of the three models. Each group was
subdivided into two groups: a high dose and a low dose. Each group also
had its control rats, which were not treated during the experiment. The
dosage used is as follows;

Letrozole, a low dose of 0.2 mg/kg, was administered orally for 21
consecutive days (Ghagane et al., 2022).

Letrozole, a high dose of 0.4 mg/kg, was administered orally for 21
consecutive days (Abdallah et al., 2023).

Mifepristone, a low 2 mg/100 g dose, was administered subcutaneously
for 9 consecutive days (Coelho jinior, 2012).

Mifepristone, a high dose of 4 mg/100 g, was administered subcutane-
ously for 9 consecutive days (Meera et al., 2020).

A low dose of DHEA at 4 mg/kg was administered subcutaneously for 21
consecutive days (Pandey et al., 2010).

A high dose of 6.5 mg/kg of DHEA was administered subcutaneously for
21 consecutive days (Weber and Weber, 2015; Enya et al., 2022).

5. Tissue processing

After the administration was completed, the animals were sacrificed.
The rats were weighed and anesthesized with 20 mg/kg ketamine before
sacrifice. The abdomen was incised and dissected to excise the uterus
and ovaries, which were then fixed in preparation for the histological
analysis.

The tissues harvested were fixed in 10 % formalin and passed
through ascending grades of alcohol, starting with 50 %,70 %, and then
90 %, with an interval of 2 hours each. The tissues were then passed
through two series of absolute (100 %) alcohol to get rid of all formalin.
In preparation, the tissue for embedding was cleared in xylene to pre-
vent a reaction between the alcohol and the paraffin wax at 56 degrees
Celsius until all tissues were embedded at a similar orientation. Ultra-
thin slides (4 um) of the tissues were obtained using a microtome and
then mounted on glass for viewing under the microscope.

The tissue sections were mounted on glass slides, stained with He-
matoxylin and Eosin (H&E) stains, and cover-slipped. Sections were
viewed and captured using an Olympus binocular research microscope
connected to an Amscope camera and examined for changes in ovarian
morphology.

6. Results

(Fig. 1la and 1b) Tissues from control animals showed relatively
healthy ovarian cytoarchitecture, exhibiting follicles at different levels
of development, including secondary follicles, graffian follicles, and
corpora lutea. The treated groups generally had more preantral and
fewer matured follicles (secondary and graffian) than the control
groups.

The Letrozole-treated group had an increased number of preantral
follicles compared to the control group, and this effect was more pro-
nounced in the low-dose group. Compared to the low-dose group, the
high-dose group showed cystic follicles with some evidence of atresia
and large cysts without granulosa cells.

Ovarian follicles in the mifepristone-treated animals show decreased
secondary and graffian follicles and increased preantral follicles
compared to the control group. Enlarged cysts without oocytes and
hyperplasia of the theca layer are also noted in the low-dose treated
group. The high-dose treated group showed smaller cystic follicles and
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Fig. 1a. Photomicrograph showing the rate of folliculogenesis in female animal rats administered Letrozole, Mifepristone and DHEA * - corpus luteum, arrow —
primary follicle, AT - atretic follicle, SF-Secondary follicle, GF — Graffian follicle, &-Primordial follicle. Image showing the ovarian structure of the control group
(CTR), the low-dose letrozole group (LL), the high-dose letrozole group (HL), the control group (CTR), the low-dose mifepristone group(LM), and the high-dose
mifepristone group (HM), the control group (CTR), and the low-dose DHEA group (LD) and high-dose DHEA group (HD).

more atretic oocytes than the low-dose group.

The treated group shows an increased number of ovarian follicles,
and a highly reduced number of secondary or graffian follicles is noted.
They also show large cysts without oocytes and a decreased number of
corpus luteum compared to the control. (Fig. 2a)

The uterus of the control group displayed normal, typical cytoarch-
itecture, while the Letrozole-treated group showed endometrial thick-
ening accompanied by uterine narrowing compared to the control.
Groups treated with mifepristone have a thickened endometrial lining
(more than the letrozole-treated group) with congested stroma. In
contrast, the DHEA-treated groups show an endometrial layer similar to
the control but with congested stroma.(Fig. 2b)

7. Discussion

Polycystic ovarian syndrome (PCOS) is an endocrine disorder char-
acterised by hyperandrogenism and chronic anovulation. It is a multi-
glandular syndrome that involves the hypothalamic, pituitary and
ovarian axis, and it results in reproductive disturbances with metabolic
complications such as obesity and hyperinsulinemia (Teede et al., 2006).
Gonadotropins are realeased in a pulsatile manner, LH stimulates theca
cells to produce androgens that are converted into estrogens via aro-
matase activity on FSH stimulation. Thus, deficiency in aromatase ac-
tivity disrupt ovarian steroidogenesis which triggers development of
PCOS.

Several studies have documented the efficacy of letrozole, mife-
pristone, and DHEA in PCOS establishment. To contribute new insights

into the dose-specific effects of these treatments on ovarian morphology,
we explored the effects of varying doses of letrozole, Mifepristone, and
DHEA on ovarian structure, revealing distinct histological changes that
are dose-dependent.

The reduced number of follicles and increased atretic follicle and
corpus luteum observed in this study are signs of ovarian damage and
dysfunction. These align with previous studies by Juengel and co-
workers, who suggest differential effects on ovarian morphology and
follicular dynamics (Juengel et al., 2021). However, oxidative stress
could contribute to ovarian damage and hormonal imbalance by
increasing accumulation of free radical in the ovary, though this study
did not assess biochemical parameters. Seyedeh-Roza et al., (Seye-
deh-Roza Tafrishi Nejadl et al., 2021 Jul 1) reported increased oxidative
parameters in ovarian damage resulting from ovarian torsion.

Letrozole-treated groups resulted in an increased number of ovarian
follicles, particularly in the low-dose group (Torres et al., 2019). Kafali
et al. (2004) reported multiple ovarian cysts, growing follicles and oo-
cytes, corroborating our study. Furthermore, we observed oocytes that
lack granulosa cell layer, few theca cell layers and corpus lutea, contrary
to the report of (Ahmed et al., 2023). The increase of follicles aligns with
letrozole’s mechanism of action, which involves the inhibition of es-
trogen synthesis resulting from deficient aromatase enzyme activity due
to lack of FSH stimulation on granulosa cell layer, thereby disrupting the
feedback mechanism on the hypothalamic-pituitary-gonadal axis. This
disruption leads to an increase in gonadotropin-releasing hormone
(GnRH) and, subsequently, follicle-stimulating hormone (FSH), pro-
moting folliculogenesis (Tang et al., 2020). The high dose of letrozole
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histomorphometry of follicular counts
H

Fig. 1b. Showing histomorphometry of follicular counts.

resulted in cystic follicles and atresia, indicating a potential
over-suppression of estrogen, leading to an imbalance in follicle matu-
ration and atrophy.

Histological micrographs of ovarian cells in mifepristone-induced
PCOS rats resulted in decreased secondary and Graafian follicles, as
observed in both low (LM) and high-dose (HM) groups. This reduction
aligns with the works of (Rezvanfar et al., 2012), who also noted
follicular reduction following mifepristone administration. Addition-
ally, the presence of enlarged cysts without oocytes in the low-dose
group and small cystic follicles in the high-dose group reflects the
findings by (Adams and Singh, 2021), suggesting a disruption in follic-
ular maturation. Progesterone plays a vital role in facilitating follicular
development and maturation. On the other hand, Mifepristone is known
for its anti-progestogenic properties. Thus, the mechanisms by which
Mifepristone induced these morphological changes observed in this
study could be related to its ability to disrupt progesterone’s facilitative
action on follicular development and maturation (Tamura et al., 2009).

DHEA-treated groups (LD and HD) demonstrated an increased
number of ovarian follicles but a notable absence of secondary or
Graafian follicles. This result supports the hypothesis that (Nautiyal
et al. (2022) proposed that DHEA supplementation can lead to an altered
follicular environment. Moreover, the observed large cysts without oo-
cytes and a decreased number of corpus luteum could indicate impaired
ovulation, as suggested by Pivonello et al. (2020). It is well-known that
hyperandrogenemia prevents the average follicular growth and mani-
fests as a polycystic ovary. The underlying mechanism of DHEA could be
due to the overproduction of androgens that impede the normal follic-
ular maturation process.

The histological analysis of the uterus in letrozole-treated animals
shows myometrial narrowing with constricted uterine glands accom-
panied by endometrial thickening similar to the Mifepristone-treated
groups, which also exhibits endometrial hyperplasia with congested
stroma as reported by (Enitome et al. (2020)). This phenomenon can be

attributed to letrozole’s reduction in estrogen levels. Estrogen is a crit-
ical regulator of endometrial growth. With decreased estrogen synthesis,
a compensatory mechanism may lead to endometrial hyperplasia, as the
endometrium responds differently to the altered hormonal environment
(Murugesan et al., 2020a; Rajan et al., 2017). Furthermore, uterine
narrowing may result from altered myometrial responses to this hor-
monal imbalance (Roberts and Gammill, 2005).

Mifepristone-treated groups exhibited thickened endometrial lining
with congested stroma. Mifepristone, a progesterone receptor antago-
nist, disrupts progesterone’s standard modulation of the endometrium
(Meera et al., 2020). Progesterone typically opposes estrogen’s prolif-
erative effects on the endometrium. In its absence or reduced action, as
induced by Mifepristone, the endometrium may exhibit unregulated
growth, leading to thickening (Murugesan et al., 2020b). The congested
stroma observed could be indicative of increased vascularisation or
oedema, potentially a response to disrupted endometrial homeostasis.

The DHEA-treated groups showed an endometrial layer similar to the
control but with congested stroma. DHEA, a precursor to sex hormones,
may not directly induce endometrial growth but could influence the
local intrauterine environment. The congested stroma suggests a
possible alteration in vascular dynamics or localised inflammatory
response, which might be secondary to the hormone’s conversion to
estrogen or testosterone within the uterine tissue (FitzPatrick, 2022).

This summary highlights how letrozole, Mifepristone, and DHEA
affect ovarian function and uterine physiology. Letrozole and DHEA
increase ovarian follicle numbers, but their effects on follicle maturity
and cyst formation differ. In contrast, Mifepristone reduces follicle
numbers and promotes follicular atresia (Osuka et al., 2019). These ef-
fects are vital for understanding how these compounds might be used
therapeutically in conditions such as polycystic ovary syndrome (PCOS),
infertility, and other ovarian disorders. Similarly, the impact of these
drugs on the endometrium is varied, with letrozole and Mifepristone
causing endometrial thickening, while DHEA shows a more nuanced
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Fig. 2a. Image shows the uterine endometrial thickness of the control group (CTR) low, dose letrozole group (LL) and high dose letrozole group (HL), control group
(CTR); low dose mifepristone group (LM) and high dose mifepristone group (HM), control group (CTR), low dose DHEA group (LD) and high dose DHEA group (HD).

-
4]
]

-
o
1

o
1

End. Thickness (um)

CTRLL HL LM HM LD HD
Groups

Fig. 2b. Showing histomorphometry of endometrial thickness. All treated
groups had thickened endometrium compared with the control group, while it
is thickest in animals administered high-dose Mifepristone. There is no statis-
tically significant difference in the endometrial thickness of control animals
compared to experimental animals.

effect (Arentz et al., 2014). This diversity in drug action underscores the
complexity of hormonal regulation within the uterus and is particularly
relevant for treating conditions like endometrial hyperplasia, uterine
fibroids, and infertility treatments. Understanding these differential ef-
fects is crucial for optimising hormonal therapies in gynaecological
conditions (Bulun et al., 2005).

8. Conclusion

The experimental models we employed could replicate one of the
critical features of PCOS, which was the proliferation of ovarian follicles
on the histological assessment. Although the efficacies varied from one
to the other, the histology results alone suggest that the mifepristone

model was the most effective of the three models. However, we
recommend further analysis to check the other features, such as hor-
monal and biochemical assays and assessment of the hypothalamic-
pituitary-ovarian axis,for further comparison of these models.

Authors statement

This study examined the effect of Letrozole, Mifepristone and DHEA
on ovarian and uterine cytoarchitecture of adult female Wistar rats in
order to assess their various polycystic ovary-like histological features.
Polycystic ovary syndrome (PCOS) is a common gynecological and
endocrine disorder that occurs during reproductive age and it is a major
cause of anovulatory infertility. Letrozole is an aromatase inhibitor,
Mifepristone a progestin antagonist and DHEA is an androgen, all of
which were administered to the rats in a bid to cause hyperandrogenism
which is the hallmark of PCOS. The ovarian cytoarchitecture shows
proliferation of ovarian follicles, various levels of follicular maturation
in a substance-dependent and dose-dependent manner while also
showing features of follicular atresia. Thickened endometrium with
congested stroma and some uterine narrowing was observed in the
uterine cytoarchitecture of the treated animals. The contributions of this
study to scientific literature is expression of Letrozole, Mifepristone and
DHEA effect on female reproductive functions especially cytoarchi-
tecture of the ovaries and uterus.

Funding

No funding was received for this research. The research was carried
out using contributions from authors.



E.R. Kadir et al.
CRediT authorship contribution statement

Moyosore Salihu Ajao: Supervision. Abdulmalik Omogbolahan
Hussein: Project administration, Methodology. Ismail Adetayo Lawal:
Visualization. Eniola Risikat Kadir: Writing — review & editing,
Methodology, Data Curation, Conceptualization. Azeezat Dagbo
Yakub: Writing — original draft, Visualization. Rukayat Jaji-sulaimon:
Methodology. Lekan Sheriff Ojulari: Methodology.

Data Availability
No data was used for the research described in the article.

References

Abdallah, A.B., El-Ghannam, M.A., Hasan, A.A., Mohammad, L.G., Mesalam, N.M.,
&Alsayed, R.M., 2023. Selenium nanoparticles modulate steroidogenesis-related
genes and improve ovarian functions via regulating androgen receptors expression in
polycystic ovary syndrome rat model. Biol. Trace Elem. Res. 201 (12), 5721-5733.

Adams, G.P., Singh, J., 2021. Ovarian follicular and luteal dynamics in cattle. Bov.
Reprod. 292-323.

Ahmed, A.S.F., Sharkawi, S.S., AbdelHameed, S.S., Bayoumi, A.M., Moussa, R.S.,
Alhakamy, N.A., Truhan, T.E., 2023. Ketogenic diet restores hormonal, apoptotic/
proliferative balance and enhances the effect of metformin on a letrozole-induced
polycystic ovary model in rats. Life Sci. 313, 121285.

Arentz, S., Abbott, J.A., Smith, C.A., &Bensoussan, A., 2014. Herbal medicine for the
management of polycystic ovary syndrome (PCOS) and associated oligo/
amenorrhoea and hyperandrogenism; a review of the laboratory evidence for effects
with corroborative clinical findings. BMC Complement. Altern. Med. 14, 1-19.

Barbieri, R.L., 2014. The endocrinology of the menstrual cycle. Hum. Fertil. Methods
Protoc. 145-169.

Bulun, S.E,, Lin, Z., Imir, G., Amin, S., Demura, M., Yilmaz, B., Deb, S., 2005. Regulation
of aromatase expression in estrogen-responsive breast and uterine disease: from
bench to treatment. Pharmacol. Rev. 57 (3), 359-383.

Coelho jtnior, E.R., 2012. Prevencao De. aderénciasperitoneaisuterinas Com. gel De.
biopolimero De. cana-De. -aclicaremratas.

Enitome, E., Adaeze, P., Omorede, E., Osemelomen, O., Uyi, G., Evuarherhere, E.,
Olusola, O., Ebube, L., Asanat, M., 2020. Ascorbic acid and Alpha-Tocopherol
contribute to the therapy of polycystic ovarian syndrome in mouse models. Reprod.
Biol. https://doi.org/10.1007/543032-020-00273-9.

Enya, J., Ukwenya, O., Imam, A., Kopada, A., Samson, O., Oluwole, A., 2022. Structural
changes in the medial prefrontal cortex amd anterior Cingulate cortex of
dehydroepiandrosterone-induced Wistar rat model of polycystic ovarian syndrome.
BasicClinNeurosci 13 (5), 695-708.

FitzPatrick, A.M., 2022. Is estrogen a missing culprit in thyroid eye disease? Sex steroid
hormone homeostasis is key to other fibrogenic autoimmune diseases-why not this
one? Front. Immunol. 13, 898138.

Ghagane, S.C., Toragall, M.M., Akbar, A.A., &Hiremath, M.B., 2022. Effect of Aloe vera
(barbadensis mill) on letrozole induced polycystic ovarian syndrome in swiss albino
mice. J. Hum. Reprod. Sci. 15 (2), 126-132.

Jabeen Ayesha, VeepuriYamini, AmtulRahmanAmberina, Mummareddi Dinesh,
SabithaVadakedath, GulamSaidunnisa, VenkataramanaKandi, Polycystic, 2022.
Ovarian syndrome: prevalence, predisposing factors, and awareness among
adolescent and young girls of South India. Cureus.

Juengel, J.L., Cushman, R.A., Dupont, J., Fabre, S., Lea, R.G., Martin, Smith, P., 2021.
The ovarian follicle of ruminants: the path from conceptus to adult. Reprod. Fertil.
Dev. 33 (10), 621-642.

Kafali, H., Iriadam, M., Ozardali, I., Demir, N., 2004. Letrozole-induced polycystic
ovaries in the rat: a new model for cystic ovarian disease. Arch. Med. Res. 35 (2),
103-108.

Tissue and Cell 89 (2024) 102456

Lee, Y.H., Yang, H., Lee, S.R., 2018. onion root (Allium fistulosum) restores ovarian
functions from letrozole induced-polycystic ovary syndrome. Nutrients 10 (10),
1430.

Limonta, P., Marelli, M.M., Moretti, R., Marzagalli, M., Fontana, F., Maggi, R., 2018.
GnRH in the human female reproductive axis. Vitam. Horm. 107, 27-66.

Meera B., Muralidharan P., Rajeswary H. (2020). Atioxidants Potential of
CesalpeniaBonducella Seeds in the management of Polycystic Ovary Syndrome
(PCOS) using Mifepristone Induced Rats Model.Journals of Herbs, spices and
Medicinal plants. ISSN: (Print) (Online) Journal homepage: (https://www.tandfonlin
e.com/loi/whsm20,https://doi.org/10.1080/10496475.2020.1795041).

Murugesan, B.M., Muralidharan, P., Hari, R., 2020b. Effect of ethanolic seed extract of
Caesalpiniabonducella on hormones in mifepristone induced PCOS rats. J. Appl.
Pharm. Sci. 10 (2), 072-076.

Murugesan, B.M., Muralidharan, P., Hari, R., 2020a. Effect of ethanolic seed extract of
Caesalpiniabonducella on hormones in mifepristone induced PCOS rats. J. Appl.
Pharm. Sci. 10 (2), 072-076.

Nautiyal, H., Imam, S.S., Alshehri, S., Ghoneim, M.M., Afzal, M., Alzarea, Samin, I.,
Emine, G., Kazmi, I., 2022. Polycystic ovarian syndrome: a complex disease with a
genetics approach. Biomedicines 10 (3), 540.

Osuka, S., Nakanishi, N., Murase, T., Nakamura, T., Goto, M., Iwase, A., Kikkawa, F.,
2019. Animal models of polycystic ovary syndrome: a review of hormone-induced
rodent models focused on hypothalamus-pituitary-ovary axis and neuropeptides.
Reprod. Med. Biol. 18 (2), 151-160.

Pachiappan, S., Matheswaran, S., Saravanan, P., Muthusamy, G., 2017. Medicinal plants
for polycystic ovary syndrome: a review of phytomedicine research. Int J. Herb.
Med. 5 (2), 78-80.

Pandey, A., Bani, S., Dutt, P., Suri, K.A., 2010. Modulation of Th1/Th2 cytokines and
inflammatory mediators by hydroxychavicol in adjuvant induced arthritic tissues.
Cytokine 49 (1), 114-121.

Pivonello, C., Muscogiuri, G., Nardone, A., Garifalos, F., Provvisiero, D.P., Verde, N.,
Pivonello, R., 2020. Bisphenol A: an emerging threat to female fertility. Reprod. Biol.
Endocrinol. 18 (1), 1-33.

Rajan, R.K., Balaji, B., Soy, B., 2017. Isoflavones exert beneficial effects on
letrozoleinduced rat polycystic ovary syndrome (PCOS) model through anti-
androgenic mechanism. Pharm. Biol. 55 (1), 242-251.

Rezvanfar, M., Ahmadi, A., Saadi, H.S., Baeeri, M., Abdollahi, M., 2012. Mechanistic
links between oxidative/nitrosative stress and tumor necrosis factor alpha in
letrozole induced murine polycystic ovary: biochemical and pathological evidences
for beneficial effect of ioglitazone. Hum. Exp. Toxicol. 1 (9), 887-897. DOIL:
10.1177/ 0960327111426589.

Roberts, J.M., Gammill, H.S., 2005. Preeclampsia: recent insights. Hypertension 46 (6),
1243-1249.

Seyedeh-Roza Tafrishi Nejadl, Arash Khaki2, Shamci Abbasalizadeh1*, 1.D., Majid
Shokoohil, 2021 Jul 1. Nava Ainehchprotective effect of hydroalcoholic extract of
orange peel on PCNA and FSH-R gene expression in histological damage and
oxidative stress due to ovarian torsion in adult rats. Int. J. Women’S. Health Reprod.
Sci. 3 (9).

Tamura, T., Yokoi, R., Okuhara, Y., Harada, C., Terashima, Y., Hayashi, M.,

Nagasawa, T., 2009. Collaborative work on evaluation of ovarian toicity: two or four
week repeated dose studies and fertility study of mifepristone in female rats.
J. Toxicol. Sci. 34, SP31-42.

Tang, C., Zhang, J., Liu, P., Zhou, Y., Hu, Q., Zhong, Y., Chen, L., 2020. Chronic exposure
to low dose of bisphenolA causes follicular atresia by inhibiting kisspeptin neurons in
anteroventral periventricular nucleus in female mice. Neurotoxicology 79, 164-176.

Teede, H., Hutchison, S., Zoungas, S., Meyer, C., 2006. Insulin resistance, the metabolic
syndrome, diabetes and cardiovascular disease risk in women with PCOS. Endocrine
30, 45-53.

Torres, P.J., Skarra, D.V., Ho, B.S., Sau, L., Anvar, A.R., Kelley, S.T., &Thackray, V.G.,
2019. Letrozole treatment of adult female mice results in a similar reproductive
phenotype but distinct changes in metabolism and the gut microbiome compared to
pubertal mice. BMC Microbiol. 19 (1), 1-15.

Weber, G.F., Weber, G.F., 2015. DNA damaging drugs. Mol. Ther. Cancer 9-112.

Yang, H., Lee, S.Y., Lee, S.R., Pyun, B.J., Kim, H.J., Lee, Y.H., Lee, H.W., 2018.
Therapeutic effect of Ecklonia cava extract in letrozole-induced polycystic ovary
syndrome rats. Front. Pharmacol. 9, 1325.


http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref1
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref1
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref1
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref1
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref2
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref2
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref3
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref3
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref3
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref3
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref4
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref4
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref4
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref4
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref5
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref5
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref6
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref6
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref6
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref7
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref7
https://doi.org/10.1007/s43032-020-00273-9
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref9
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref9
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref9
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref9
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref10
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref10
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref10
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref11
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref11
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref11
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref12
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref12
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref12
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref12
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref13
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref13
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref13
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref14
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref14
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref14
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref15
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref15
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref15
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref16
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref16
https://www.tandfonline.com/loi/whsm20,https://doi.org/10.1080/10496475.2020.1795041
https://www.tandfonline.com/loi/whsm20,https://doi.org/10.1080/10496475.2020.1795041
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref17
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref17
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref17
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref18
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref18
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref18
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref19
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref19
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref19
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref20
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref20
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref20
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref20
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref21
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref21
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref21
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref22
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref22
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref22
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref23
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref23
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref23
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref24
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref24
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref24
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref25
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref25
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref25
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref25
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref25
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref26
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref26
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref27
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref27
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref27
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref27
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref27
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref28
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref28
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref28
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref28
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref29
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref29
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref29
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref30
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref30
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref30
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref31
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref31
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref31
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref31
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref32
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref33
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref33
http://refhub.elsevier.com/S0040-8166(24)00157-5/sbref33

	Cytoarchitectural differences in reproductive organs of some polycystic ovary-like induced animal models
	1 Introduction
	2 Methodology
	3 Ethical statement
	4 Administration
	5 Tissue processing
	6 Results
	7 Discussion
	8 Conclusion
	Authors statement
	Funding
	CRediT authorship contribution statement
	Data Availability
	References


