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ABSTRACT

Polycystic ovary syndrome (PCOS) is a common endocrine and metabolic disorder characterized by
hyperandrogenism, metabolic disturbances, and ovarian dysfunction. This study investigated the effects of
ethanolic leaf extract of Phyllanthus amarus on ovarian histomorphology and selected metabolic and reproductive
hormonal parameters in female Wistar rats with dihydrotestosterone (DHT)-induced PCOS. Twenty-one female
Wistar rats were randomly assigned to three groups (n = 7/group): control, DHT-induced PCOS, and DHT-induced
PCOS treated with P. amarus. PCOS was induced by daily subcutaneous administration of DHT (0.075 mg/kg
body weight) for 30 days, after which the treatment group received oral P. amarus extract (300 mg/kg body
weight) for 14 days. At the end of the treatment, serum glucose, insulin, luteinizing hormone (LH), follicle-
stimulating hormone (FSH), and testosterone were assayed, and HOMA-IR was calculated. Ovarian tissues were
examined histologically using periodic acid-Schiff and Masson's trichrome staining. DHT administration was
associated with significant increases in fasting serum glucose, fasting serum insulin, HOMA-IR, LH and
testosterone, together with ovarian cystic follicular changes. Treatment with P. amarus significantly reduced
fasting serum glucose, fasting serum insulin, HOMA-IR, LH and testosterone compared with the untreated PCOS
group. Histological examination also showed attenuation of cystic follicular changes and improved ovarian tissue
architecture following P. amarus treatment. These findings indicate that ethanolic P. amarus leaf extract
ameliorates selected metabolic, endocrine and ovarian histomorphological abnormalities associated with DHT-
induced PCOS in Wistar rats. Further studies are, however, required to establish the molecular mechanisms
underlying these effects and how they translate into reproductive benefits in humans.
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INTRODUCTION

Polycystic ovary syndrome (PCOS) is a common and
clinically heterogeneous endocrine disorder of
reproductive-age women. Its reported prevalence
varies according to the population studied and the
diagnostic criteria applied, with estimates ranging
from approximately 5% to 20%.! The syndrome is
characterized by a combination of reproductive,
endocrine and metabolic abnormalities, including
menstrual  irregularity, anovulation, infertility,
hyperandrogenic manifestations such as hirsutism and
acne, and obesity.? The broad clinical spectrum of
PCOS reflects the fact that the disorder is not confined
to the ovary but involves interconnected disturbances
in reproductive, metabolic and endocrine homeostasis.
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The pathophysiology of PCOS is complex and
multifactorial. Genetic susceptibility and epigenetic
influences interact with environmental and lifestyle
factors, oxidative stress, chronic low-grade
inflammation, mitochondrial  dysfunction and
metabolic abnormalities to disturb normal ovarian
function.*> These interacting processes can affect
follicular development, steroidogenesis and ovulation
and may contribute to the persistence of the
reproductive and metabolic phenotype. Insulin
resistance is particularly important because it is
frequently associated with PCOS and can aggravate
hyperandrogenism.*3 Compensatory
hyperinsulinemia may enhance androgen production
and contribute to the metabolic and reproductive
abnormalities that characterize the syndrome.
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Endocrine dysregulation in PCOS is closely related to
abnormal  hypothalamic—pituitary—ovarian  axis
activity and altered gonadotropin secretion. Increased
androgen exposure and disturbances in gonadotropin
dynamics can interfere with normal follicular
recruitment, maturation and ovulation.* At the same
time, insulin resistance and associated metabolic
dysfunction may reinforce ovarian androgen excess,
creating a self-perpetuating interaction between
metabolic  and  reproductive = abnormalities.
Consequently, experimental models that reproduce
hyperandrogenism together with characteristic
ovarian and metabolic changes are valuable for
investigating the mechanisms of PCOS and for
evaluating potential interventions.

Androgen-based experimental models have been used
extensively to reproduce important features of PCOS
in rodents. Dihydrotestosterone (DHT), a potent non-
aromatizable androgen, has been used to induce a
hyperandrogenic phenotype and ovarian
abnormalities in rats and other experimental animals.
Studies using DHT-based models have demonstrated
ovarian and metabolic alterations resembling
important components of PCOS, thereby providing a
useful platform for investigating hyperandrogenism-
associated pathology and potential therapeutic
interventions.!"!21%25 In particular, the development
of cystic follicular changes and associated endocrine
or metabolic disturbances in these models provides an
opportunity to evaluate whether candidate
interventions can restore ovarian architecture and
improve systemic abnormalities.

Because PCOS is a chronic disorder with reproductive
and metabolic consequences, there is increasing
interest in complementary and plant-derived
therapeutic approaches. Phyllanthus amarus (P.
amarus) is an ethnomedicinal plant that has attracted
attention because of reported antioxidant, anti-
inflammatory ~ and  antidiabetic  activities.®?
Experimental evidence indicates that preparations of
P. amarus may influence metabolic disturbances,
oxidative stress and reproductive-related
functions.®” These properties are of particular
interest in PCOS because oxidative stress,
inflammation, insulin resistance and endocrine
dysregulation are interconnected components of the
disorder. However, the available evidence does not
adequately define the effects of ethanolic P. amarus
leaf extract on the ovarian microarchitecture and
reproductive endocrine profile in a DHT-induced
PCOS model, particularly in prepubertal Wistar rats.

The ovarian structural changes associated with PCOS
are of particular importance because normal follicular
development depends on coordinated interactions
among the oocyte, granulosa cells, theca cells, ovarian
stroma and vascular components. Persistent
androgenic and metabolic disturbances may disrupt
this microenvironment, resulting in abnormal
follicular development, cystic follicle formation and
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stromal alterations. Evaluation of ovarian
histomorphology alongside circulating metabolic and
reproductive indices therefore provides a more
comprehensive assessment of the response to a
potential intervention. In this context, histological
techniques can provide complementary information

on ovarian tissue architecture and stromal
changes.!>!4
Against this background, the present study

investigated the effects of ethanolic leaf extract of P.
amarus on ovarian histomorphology and selected
serological parameters in prepubertal Wistar rats with
DHT-induced PCOS. Specifically, the study assessed
fasting glucose, fasting insulin and HOMA-IR as
indicators of metabolic status, together with serum
luteinizing hormone, follicle-stimulating hormone
and testosterone as indicators of reproductive
endocrine  function, and evaluated ovarian
microanatomical alterations following P. amarus
intervention. The study was designed to provide
integrated preclinical evidence on the metabolic,
endocrine and structural effects of P. amarus in an
experimental model of PCOS.

MATERIALS AND METHODS
Chemicals

Dihydrotestosterone (DHT) was purchased from
Central Research Laboratory, Tanke, Ilorin, Kwara
State. P. amarus was collected locally. All other
chemicals and reagents used were of analytical grade
and were procured from local vendors.

Preparation of Ethanolic leaf extract of P. amarus

P. amarus was collected from Iseyin, Oyo State,
identified and authenticated by Dr. Bolu Ajayi of the
Herbarium Unit with the voucher number
UILH/001/1051/2023. Extraction was done as
reported by Bhat et al. '°. Fresh leaves of P. amarus
were air-dried, pulverized, and soaked in absolute
ethanol for 72 hours, then sieved and left to evaporate
in an open container at room temperature to ensure
removal of ethanol. A gel-like extract was obtained.
The extract was weighed using a weighing balance
(SF-400 weighing balance). A total of 15 g of the
extract was obtained

Animals

Twenty-one prepubertal female Wistar rats weighing
an average of 40 g were procured from the Animal
Holding Facility, Department of Biochemistry,
Faculty of Life Sciences, University of Ilorin, and
bred in the College of Health Sciences Animal
Holding Facility, using polycarbonate wire-topped
cages (7 rats per cage), under suitable environmental
conditions (at 231 °C) throughout the duration of
treatment. Animals were housed on a 12-hour light
and 12-hour dark cycle and fed with a standard rat diet
and tap water ad Iibitum, for one week before
commencing PCOS induction. In line with global best
practices, all protocols were approved by the
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University FEthical Review Committee of the
University of  Ilorin. (approval  number,
UERC/ASN/2023/2515).

Study design

After one week of acclimatization, the animals were
randomly assigned to one of three experimental
groups (n=7 rats per group). The first group served as
the control (Ctrl) and received oral normal saline and
subcutaneous corn oil injection. The second group
served as the DHT-induced PCOS group (PCOS).
PCOS group received 0.075 mg/kg bw of DHT 11,12
via subcutaneous injection for 30 days, between 8.00
am and 9.00 am each morning. Corn oil served as
vehicle. The third group served as the PCOS plus P.
amarus (PCOS+P. amarus) group. This group was
first administered DHT (0.075 mg/kg bw) for 30 days
to induce PCOS, followed by oral treatment with 300
mg/kg body weight of P. amarus extract for 14 days.
P. amarus was dissolved in normal saline.

Collection of blood and ovarian samples

Following the 14-day treatment regimen with P.
amarus extract, rats from each group underwent
anesthesia with intramuscular injection of ketamine.
Blood was then collected into plain tubes via cardiac
puncture, followed by successive intracardial
perfusion with phosphate-buffered saline (PBS)and
4% paraformaldehyde solution. Ovarian tissue was
excised through laparotomy and subsequently fixed in
4% paraformaldehyde solution in phosphate buffer.
Fixed ovarian samples were subjected to histological
processing by the Periodic acid-Schiff (PAS) and
Masson’s trichrome (MT) staining techniques.

Histological protocol

The staining protocols for PAS '* and Masson’s

trichrome '*  were carried out at the
Neuroendocrinology Lab, Department of Anatomy,
College of Health Sciences, University of Ilorin.
Ovarian tissue underwent dehydration using
ascending ethanol concentrations through immersion,
followed by xylene for clearing. Subsequently, the
tissues were embedded in paraffin, cut into 5-pm-thick
sections using a rotary microtome. Sections were
selected using systematic random sampling by
choosing a random starting section followed by every
fifth serial section thereafter. Ovarian sections were
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then subjected to PAS and Masson’s trichrome
staining. These staining methods were employed to
evaluate the extent of cysts, fibrosis, and study the
structural characteristics of ovarian tissues.

Serum analysis for reproductive hormones

Blood samples were allowed to clot, and then
centrifuged for 30 minutes at 10,000 rpm to obtain the
serum. Hormonal and glucose assays were done using
Enzyme-linked Immunosorbent Assays (ELISA) kits
for follicle-stimulating hormone and luteinizing
hormone (Abbott Lab, USA), Testosterone
(Monobind Inc., USA), fasting serum insulin (R&D
Systems, USA), and fasting serum glucose (Randox
Lab, USA).

Calculation of homeostatic model assessment of
insulin resistance

Homeostatic Model Assessment of Insulin Resistance
(HOMA-IR) was determined using the formula:
HOMA-IR = (fasting serum glucose in mg/dl) x
(fasting serum insulin in mlIU/L)/405 '°. The
interpretation of HOMA-IR values followed
established cutoffs, where a range of 0.7-

1.9 indicates normal insulin sensitivity, while a value

of 2.0 or higher indicates insulin resistance '°.

Statistical analysis

Data analysis was done by One-way Analysis of
Variance (ANOVA) followed by Tukey’s post hoc
test using GraphPad Prism version 9.5.1 (GraphPad
Software, San Diego, California, USA). Normality of
data was tested by the Shapiro—Wilk test. p <0.05 was
considered significant.

RESULTS

Phyllanthus amarus treatment attenuates
metabolic perturbation induced by PCOS in
prepubertal Wistar rats

PCOS rats, with or without P. amarus intervention,
exhibited notable alterations in their metabolic
profiles (Fig. 1). Specifically, there were significant
increases in fasting serum glucose (FSG) and fasting
serum insulin (FSI) in the PCOS group compared with
the controls. In contrast, the PCOS+P. amarus group
revealed significant decreases in FSG, FSI, and
HOMA-IR levels when compared with controls
(hCON) and PCOS rats.
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Figure 1: Fasting serum glucose levels (A), fasting serum insulin levels (B), and homeostatic model assessment of
insulin resistance (HOMA-IR) (C). hCON (control group); PCOS (polycystic ovarian syndrome group). Data
presented as Mean+SEM. *p<0.05 between groups, **p<0.05 between groups, ***p<0.05 between the groups.
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Figure 2: Serum luteinizing hormone levels (A), follicle-stimulating hormone levels (B), testosterone levels (C),
and LH: FSH ratio (D). hCON (control group); PCOS (polycystic ovarian syndrome group). Data presented as
Mean+SEM. *p<0.05 between groups, **p<0.05 between groups, ***p<0.05 between the groups.

Journal of Anatomical Sciences 2026 Volume 17 No. 3

118




Effects of Phyllanthus amarus intervention on ovarian Histomorphology and serum reproductive hormones in a rat model
of polycystic ovarian syndrome

PCOS P amarus

AF

Figure 3: Ovarian histology of the controls, PCOS and P. amarus-treated groups. hCON (control); PCOS (polycystic
ovarian syndrome); PCOS+P. amarus (PCOS+Phyllanthus amarus). A: antrum, AF: antral follicle, BC: blood
capillaries, BM: basement membrane, CF: cystic follicle, CO: cumulus oophorus, CR: corona radiata, GC: granulosa
cells, GF: Graafian follicle, MF: mature follicle, multiple variable cysts, S: stroma, SE: surface epithelium, TE: theca
externa, TI: theca interna, ZP: zona pellucida. Periodic acid-Schiff stain (PAS) 40x (Upper images) and 400x (Lower
images).

Figure 4: Ovarian histology of the controls, PCOS and P. amarus-treated groups. hCON: control; PCOS: Polycystic ovarian
syndrome; PCOS+P. amarus: PCOS+Phyllanthus amarus; A:antrum; AF: antra follicle; BC: blood capillaries; BM: basement
membrane; CF: cystic follicle; CO: cumulus oophorus; CR: corona radiate; GC: granulosa cells; GF: Graafian follicle; MF:
mature follicle; MCFs: multiple variable cysts: S: stroma; SE: surface epithelium; TE: theca externa; TI: theca interna; ZP:
zona pellucida; O: oocyte. Trichrome stain. 40x (Upper images) and 400x (Lower images).
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Phyllanthus amarus  attenuates endocrine
dysfunction induced by PCOS in prepubertal
Wistar rats

PCOS rats with or without P. amarus treatment
exhibited significant changes in their hormonal
profiles. Specifically, there were significant increases
in serum luteinizing hormone (LH) and testosterone
(T) levels following administration of DHT to induce
PCOS (Fig. 2). Notably, these changes were observed
without significant difference in serum follicle-
stimulating hormone (FSH) levels and LH: FSH ratio.
In contrast, P. amarus oral intervention reversed the
perturbed serum levels of testosterone and LH.

Phyllanthus  amarus  ameliorates  ovarian
histomorphological alterations provoked by
DHT-induced PCOS in prepubertal Wistar rats

The ovarian morphology observed in the healthy
control (hCON) group illustrates typical ovarian
histological features, presenting follicles
characterized by a discernible antrum, oocyte, surface
epithelium, granulosa cells, and a distinct stroma, as
depicted in Figures 3 and 4. In contrast, ovarian
morphology of the PCOS group was characterized by
the prevalence of cystic follicles of varying sizes, as
illustrated in Figures 3 and 4. However, the
photomicrograph depicting ovaries from rats treated
with PCOS+P. amarus showed normal histological
features with mature follicles similar to the hCON

group.
DISCUSSION

The present study demonstrates that ethanolic leaf
extract of Phyllanthus amarus (P. amarus) produced
measurable metabolic, endocrine, and ovarian
morphological improvements in female Wistar rats
with dihydrotestosterone (DHT)-induced polycystic
ovarian syndrome (PCOS). The untreated PCOS
group showed increased fasting serum glucose, fasting
serum insulin, HOMA-IR, luteinizing hormone (LH),
and testosterone concentrations, together with cystic
follicular changes in the ovary. In contrast,
administration of P. amarus after PCOS induction was
associated with lower fasting glucose, fasting insulin,
HOMA-IR, LH and testosterone, as well as
attenuation of cystic follicular formation that is
comparable to the controls. Taken together, these
findings suggest that P. amarus may exert a broad
ameliorative effect on the metabolic, endocrine and
structural manifestations produced by androgen
exposure in this experimental model. However, the
findings should be interpreted as evidence of an
ameliorative effect in the rat model rather than proof
of therapeutic efficacy in human PCOS.

The metabolic findings are consistent with the
recognized association between PCOS and insulin
resistance. Insulin resistance and compensatory
hyperinsulinemia are important metabolic features of
PCOS and may interact with androgen excess to

amplify reproductive and metabolic abnormalities2'.
In the present study, DHT exposure was associated
with increased fasting serum glucose and insulin,
resulting in a higher HOMATR value than that
observed in the control animals. These findings are
broadly consistent with reports that androgen-based
rodent models can reproduce important aspects of the
metabolic phenotype of PCOS, including impaired
insulin sensitivity and altered glucose
homeostasis'!?*, The reduction in fasting glucose,
fasting insulin and HOMA-IR following P. amarus
treatment is therefore noteworthy and suggests an
improvement in metabolic homeostasis. Previous
experimental work has also reported beneficial effects
of P. amarus against diet-induced insulin resistance
and hepatic oxidative stress, providing some support
for the metabolic effects observed in the present
study®.

The mechanism responsible for the metabolic
improvement observed after P. amarus administration
cannot, however, be established from the present data.
Although reduced hepatic gluconeogenesis or
enhanced peripheral glucose uptake could contribute
to the lower fasting glucose and insulin
concentrations, neither hepatic glucose production nor
tissue-specific insulin signaling or glucose transporter
activity was measured in this study. Such mechanisms
should therefore be regarded as hypotheses for future
investigation rather than explanations established by
the present experiment. Further studies assessing
hepatic gluconeogenic enzymes, skeletal-muscle and
adipose-tissue glucose uptake, GLUT4 expression,
and insulin-receptor substrate/phosphoinositide 3-
kinase signaling would help determine how P. amarus
influences glucose homeostasis.

The endocrine findings provide additional evidence of
an ameliorative effect of P. amarus. DHT is a non-
aromatizable androgen that acts predominantly
through the androgen receptor and is widely used to
generate PCOS-like reproductive and metabolic
abnormalities in rodents''**. In the present study,
DHT administration was associated with increased
serum LH and testosterone, whereas FSH and the LH:
FSH ratio did not differ significantly among groups.
The increase in LH is compatible with disruption of
the hypothalamic-pituitary-ovarian axis, which has an
important role in the neuroendocrine abnormalities
associated with PCOS'™2. Following P. amarus
treatment, LH and testosterone were reduced toward
control values. This finding suggests a possible
modulatory effect on the endocrine disturbances
associated with hyperandrogenism, although the study
did not directly examine hypothalamic or pituitary
signaling, ovarian steroidogenic enzymes, androgen”
receptor activity, or gonadotropin-releasing hormone
pulsatility. Consequently, the precise endocrine
mechanism of the observed improvement remains to
be determined.
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The ovarian histological findings are particularly
relevant because disruption of follicular development
is a central reproductive manifestation of PCOS. The
control ovaries showed recognizable follicular
structures, whereas the ovaries of DHT-treated
animals exhibited numerous cystic follicles and
altered stromal morphology. Similar ovarian
abnormalities have been reported in DHT induced
PCOS models, in which androgen exposure produces
cystic and atretic follicles together with other
disturbances of ovarian function''?*?*. Following P.
amarus administration, the ovarian sections showed
improved morphology characterized by the presence
of antral follicles as seen in the controls. The presence
of antral follicles in the P. amarus-treated rats may
suggest improved folliculogenesis. However, follicle
counts, follicular diameter, atretic follicle number,
ovulation rate and estrous cyclicity were not
quantitatively assessed in the present study and should
therefore be considered in future investigation.

The apparent reduction in stromal fibrotic changes
following P. amarus treatment is also of interest. The
ovarian stroma provides structural and biochemical
support for follicular development and steroidogenic
activity' and  alterations in the  stromal
microenvironment may adversely affect ovarian
function®. In the present study, Masson’s trichrome
staining suggests greater ovarian stromal connective”
tissue deposition in the PCOS group and a degree of
attenuation of fibrosis following P. amarus
intervention. This observation raises the possibility
that P. amarus may influence the ovarian tissue
remodeling processes associated with androgen-
induced ovarian dysfunction. However, the study did
not perform quantitative morphometric assessment of
collagen deposition or determine the molecular
mediators of fibrosis. Thus, the histological findings
should be viewed as evidence of histomorphological
improvement in the ovary, rather than definitive
evidence of an anti'fibrotic mechanism. Future studies
incorporating quantitative collagen measurement and
assessment of fibrosis-related pathways would be
useful.

The improved ovarian morphology observed after P.
amarus intervention is biologically plausible given the
reported antioxidant and metabolic activities of the
Phyllanthus species. Experimental evidence indicates
that P. amarus does attenuate insulin resistance and
oxidative stress in animal models, in addition to the
reported amelioration of ovarian, hormonal and
metabolic abnormalities in experimental PCOS
treated with extracts of various Phyllanthus species.®’
However the present study did not measure oxidative
stress markers, inflammatory mediators, ovarian

steroidogenic pathways or the phytochemical
constituents of the extract. It is therefore premature to
attribute the observed effects specifically to

antioxidant, anti‘inflammatory or insulin-sensitizing
mechanisms of the extract. The beneficial effects may
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instead reflect the combined beneficial property of
several phytoconstituents acting on interconnected
metabolic, endocrine and ovarian pathways.
Phytochemical characterization and mechanistic
experiments will be necessary to clarify these
possibilities.

An important consideration in interpreting the present
findings is the nature and duration of the experimental
model. DHT-induced PCOS models reproduce several
reproductive and metabolic features of the syndrome
but do not reproduce the full heterogeneity of human
PCOS!'-24, In particular, the present experiment used
prepubertal rats and a relatively short treatment period
with P. amarus extract following PCOS induction.
The study therefore provides evidence of short'term
morphological, metabolic and endocrine changes
rather than long-term restoration of reproductive
competence. These limitations should be considered
when extrapolating the findings to other experimental
models or to women with PCOS. Nonetheless, the
concordant improvement in metabolic indices,
selected reproductive hormones and ovarian
morphology provides a useful basis for further
investigation of P. amarus in experimental PCOS.

Overall, the present findings indicate that ethanolic
leaf extract of P. amarus ameliorates several DHT-
associated metabolic, endocrine and ovarian
morphological abnormalities in Wistar rats. The
reduction in fasting glucose, fasting insulin, HOMA-
IR, LH and testosterone, together with the apparent
improvement in ovarian morphology, support the
potential of P. amarus as a candidate for further
experimental investigation. Future studies may
consider much larger sample sizes, estrous-cycle
assessment, and quantitative follicular and stromal
morphometry, in addition to oxidative parameters,
inflammatory biomarkers, and metabolic signaling
pathways, with a view to establishing the mechanisms
of the observed reproductive effects of P. amarus in
the murine model of PCOS.

CONCLUSION

The present study shows that ethanolic leaf extract of
Phyllanthus amarus attenuates metabolic, endocrine
and ovarian morphological perturbations associated
with DHT-induced PCOS in female rats. These
findings provide preclinical evidence of the
ameliorative potential of P. amarus in experimental
PCOS; however, further studies are warranted to
further elucidate the underlying molecular
mechanisms and evaluate its effects on follicular
development, estrous cyclicity and ovulatory function.
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