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Therapeutic Potential of Phyllanthus muellerianus Root
Extracts in Managing Lipid Imbalances and Metabolic
Alterations in Letrozole-Induced Polycystic Ovary Syndrome
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This study examined the impact of Phyllanthus muellerianus root extracts on lipid profiles in rats with
letrozole-induced polycystic ovary syndrome (PCOS). Aqueous and ethanolic extracts of P. muellerianus were
prepared using maceration and infusion methods. Forty-two adult female Wistar rats were divided into groups
and treated for 21 days with letrozole to induce PCOS. After confirmation of PCOS, the rats were further
treated for 14 days with distilled water, clomiphene citrate, metformin, or P. muellerianus root extracts at
doses of 30, 60, and 120 mg/kg/day. Serum and ovarian lipid profiles, including total cholesterol (T-CHOL),
low-density lipoprotein (LDL), high-density lipoprotein (HDL), and triglycerides (TRIG), were assessed. The
results revealed that treatment with aqueous extracts of P. muellerianus significantly reduced T-CHOL levels
in rats with PCOS, particularly at doses of 30, 60, and 120 mg/kg/day, compared to the positive control,
while treatment with ethanolic extract at 30 mg/kg/day also showed a reduction in T-CHOL levels. However,
no significant changes were observed in LDL and TRIG levels across the groups. The study demonstrates the
therapeutic potential of P. muellerianus root extracts in addressing lipid imbalances in PCOS. The aqueous
extract exhibited partial efficacy, particularly at certain doses, in improving lipid profiles, though results for
oxidative stress biomarkers were inconclusive. These findings suggest that P. muellerianus may serve as a
promising candidate for managing lipid-related metabolic dysfunctions in PCOS, with further research needed

to clarify its broader effects.
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INTRODUCTION

Polycystic ovary syndrome (PCOS) is a prevalent hormonal dis-
order in women of reproductive age, marked by a multifaceted
interaction of endocrine and metabolic abnormalities. It man-
ifests with symptoms such as oxidative stress, dyslipidemia,
obesity, irregular menstrual cycles, infertility, and hyperandro-
genism (Teede et al., 2010; Swaroop et al., 2015). PCOS impacts
approximately 5-10% of women in this age group, with infertility
affecting 40% of those diagnosed. This makes PCOS the leading
cause of ovulatory-related infertility (Hassanzadeh et al., 2013).

Oxidative stress (OS) is intimately linked to an increased risk
of infertility in individuals with PCOS. Research has consistently
demonstrated abnormalities in OS-related biochemical markers

including malondialdehyde (MDA), catalase, superoxide dismu-
tase (SOD), and glutathione peroxidase (GPx) in PCOS patients
(Murri et al., 2013). In addition, OS is associated with excessive
production of reactive oxygen species (ROS), resulting in damage
of DNA and mutations in tumor suppressor genes. These alter-
ations may contribute to uncontrolled proliferation of ovarian
cells, the formation of multiple cysts, and subsequent infertility
(Zuo et al., 2016).

Letrozole, an aromatase inhibitor usually prescribed for breast
cancer treatment, is known to cause both metabolic and repro-
ductive disturbances. By inhibiting aromatase activity, letrozole
reduces the conversion of androgens to estrogens, leading to accu-
mulation of androgen within the ovary (Garcia-Velasco et al.,
2005). Studies have demonstrated that letrozole is capable of
inducing PCOS in rats (Kafali et al., 2004; Lee et al., 2018).
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These animal models exhibit several features of human PCOS,
including disrupted follicular development (Kafali et al., 2004),
elevated blood glucose levels (Zhu et al., 2013), and elevated
oxidative stress (Zuo et al., 2016).

The management of PCOS often involves medications like
metformin and clomiphene citrate; however, these drugs are
frequently linked to significant side effects. Focus on the use
of traditional folk medicine as an alternative source to solve
some of the issues that arose from the commonly used drug has
become an area of consideration. Hence, the need arises for a
novel therapeutic approach that offers minimal side effects, is
readily accessible, and has a broad spectrum of efficacy. Previ-
ous research has highlighted the effectiveness of various plants,
including Trigonella foenum-graecum (Swaroop et al., 2015),
Ecklonia cava (Yang et al., 2018), and Allium fistulosum (Lee et
al., 2018), in improving ovarian function in PCOS-induced rats.
Phyllanthus muellerianus (Euphorbiaceae) is extensively used in
some countries for the management of digestive diseases, irreg-
ular menstruation, and ovulation (Burkill, 1995; Katsayal and
Lamal, 2009). Phytochemical analysis of the bark and leaves of
this plant has identified numerous bioactive compounds, includ-
ing astragalin, caffeic acid, chlorogenic acid, corilagin, furosin,
gallic acid, geraniin, isoquercitrin, methyl gallate, phaselic acid,
rutin, and 3,5-o-dicaffeoylquinic acid (Agyare et al., 2011). In
addition, P. muellerianus has demonstrated antihyperglycemic
properties (Adeneye, 2012) and antihyperlipidemic effects (Mao
et al., 2016), antioxidant properties (Boakye & Agyare, 2013),
and aphrodisiac properties (Ben-Bala, 2008) in normal rats, while
its effect in PCOS rats remains largely unexplored. Given its
diverse pharmacological properties, P. muellerianus presents a
promising potential for managing PCOS-related metabolic and
reproductive complications. This study, hence, seeks to examine
the impact of aqueous and ethanolic extracts of P. muellerianus
on oxidative stress markers and lipid profile in letrozole-induced
PCOS rats following a 14-day treatment regimen.

MATERIALS AND METHODS
MATERIALS

Plant Material and Preparation of Aqueous and Ethanolic Roots
Extracts

The fresh roots of P. muellerianus were harvested in early
August 2022, and botanical identification was performed at the
University Herbarium in Kaduna, where a voucher specimen
number was assigned. The roots were sliced, dried under shade
for seven days, and then ground into a fine powder using an elec-
tric blender. 250 g of the powdered material was soaked in 1500
mL of boiling water for fifteen minutes and then filtered. The
resulting filtrate was dried in an oven at 55°C for 48 hours. The
final yield of the aqueous extract was determined, and the extrac-
tion efficiency was calculated as a percentage. For the ethanolic
extract, 2500 g of the powder was macerated in 5000 mL of
ethanol for 72 hours. The mixture was filtered, and under reduced
pressure the solvent was removed using a rotary evaporator at
75°C. Following the evaporation process, the amount of ethanolic
extract that was yielded was estimated, and the extraction yield
was calculated in percentage.

Chemicals and Reagents

All chemicals and reagents used were of analytical quality. Most
of the chemicals procured were BDH, Poole (England) and
Randox (United Kingdom) products.

METHODS

Ezxperimental Animals

Forty-two adult female albino rats (Wistar strain) were obtained
from the Animal House of the Animal Science and Environmental
Biology Department at Ahmadu Bello University, Zaria. The rats
were housed under standard conditions with a controlled room
temperature, a reversed natural light-dark cycle (12 hours of light
and 12 hours of dark), and had unrestricted access to a standard
rat chow and water throughout the study. Only rats that exhib-
ited at least three consecutive regular estrus cycles were selected
for the study. During the treatment period, the rats’ weights were
recorded two times in a week, and vaginal smears were examined
under a microscope to monitor the estrus cycle. All experimen-
tal procedures followed the guidelines established by the National
Institutes of Health (NIH) for the Care and Use of Laboratory
Animals (NIH publication no. 85-93, revised 1985).

Treatment of Animals and Induction of PCOS

The animals were allowed a one-week acclimatization period
before the treatments began. They were housed under standard
laboratory conditions in well-ventilated wooden cages, with a 12-
hour light and 12-hour dark cycle, at a temperature of 27 £+ 1°C.
They were provided with ad libitum access to standard pelletized
rat chow and drinking water throughout the study period.

Females showing regular estrus cycles, as described earlier,
were chosen and divided into five groups. The first group (control,
n=6) received a daily oral dose of vehicle (0.9% NaCl solu-
tion). To induce polycystic ovary syndrome (PCOS), the second
group (n=36) was treated orally for 21 days with letrozole (1
mg/kg/day), dissolved in 0.9% NaCl. Vaginal smears were col-
lected every day and microscopically examined to identify the
estrus stage. Six rats from both the first and second groups
were randomly selected and sacrificed by cervical dislocation
under anesthesia after induction. Biochemical and histological
assessments were conducted to ascertain the presence of PCOS,
which manifested in characteristics including high blood sugar,
hyperandrogenism, and several ovarian cysts, as previously made
known (Ghafurniyan et al., 2015).

In addition, irregular estrus cyclicity, characterized by the dis-
ruption of the normal appearance of the four stages of estrus,
was the primary criterion for selecting rats with PCOS (Gha-
furniyan et al., 2015). Subsequently, a total of 36 PCOS rats were
divided into six groups containing 6 rats each and orally treated
for 14 days using distilled water (10 ml/kg/day), clomiphene
citrate (2 mg/kg/day), metformin (500 mg/kg/day), and aque-
ous or ethanolic extracts of P. muellerianus (30, 60, and 120
mg/kg/day). A normal control group (n=6) received only dis-
tilled water (10 mL/kg/day) for this duration. The effective dose
of letrozole (1 mg/kg) and the 14 days period of treatment were
based on previous studies (Kafali et al., 2004; Rezvanfar et al.,
2012). The selected doses of P. muellerianus used for this study
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were determined from a pilot study. Vaginal smears were col-
lected every day for 14 days in the course of the treatment and
examined microscopically to determine the estrus stage. After 14
days, the rats were sacrificed, and their ovaries and uteri were
excised, weighed, and homogenized using a moderately cold mor-
tar and pestle. The homogenates were then stored at -20°C for
subsequent biochemical analysis.

Oral Glucose Tolerance Test

The Oral Glucose Tolerance Test (OGTT) was carried out both
before and after the induction of PCOS, as well as following
treatments with the plant extracts and reference drugs. The rats
were allowed to fast for 6 hours, and blood sugar levels were
determined from a tail blood sample using a handheld glucometer
at baseline (time 0), prior to a single oral glucose dose (2.5 g/kg).
Subsequent measurements were measured at 30, 60, 90, and 120
minutes respectively following glucose administration (Fofie et
al., 2018).

Euthanasia and Sample Collection

After 14 days of treatment, the rats were weighed and eutha-
nized through cervical dislocation under halothane anesthesia.
Blood was drawn from the abdominal artery into heparinized
tubes, and plasma was separated by centrifugation at 1,000 x g
for 15 minutes. The plasma was stored at -20°C until required for
biochemical analysis. Ovaries were homogenized in ice-cold 0.9%
saline (1:9 w/v) to prepare a 10% homogenate. The homogenate
was then centrifuged for 15 minutes at 1,500 x g, while the super-
natants were stored frozen at -20°C for later biochemical assays.

BIOCHEMICAL ASSAYS

Lipid Profile Assays

The lipid profile, which included total cholesterol (TC), high-
density lipoprotein cholesterol (HDL-C), low-density lipoprotein
cholesterol (LDL-C), very low-density lipoprotein cholesterol
(VLDL-C), and triglycerides (TG) in both ovaries and plasma,
was determined using standard technique described in colori-
metric kits (Randox, United Kingdom) as previously outlined
(NCEP, 2001). The levels of LDL-C and VLDL-C were estimated
using Friedewald’s formula: LDL = TC - (TG/5) - HDL; VLDL
= TG/5 (Friedewald et al., 1972).

Oridative Stress Parameters Assays

The malondialdehyde (MDA) level was measured using the
method outlined by Buege and Aust (1978), based on the quan-
tity of thiobarbituric acid reactive substances (TBARS) formed
which is an indicator of lipid peroxidation. The total peroxi-
dase content was determined following the procedure described
by Giustarini et al. (2014). The activity of superoxides dismu-
tase (SOD) was determined as explained by Misra and Fridovich
(1972), in which one unit represented the enzyme amount
required to cause 50% inhibition of adrenaline during 1 minute,
while the catalase (CAT) activity was evaluated following the
procedure discussed by Cohen et al. (1970). The CAT quantifica-
tion is based on measuring the rate of decomposition of hydrogen
peroxide (H202) in addition to the substance containing the
enzyme.

Statistical Analysis

The data were presented as mean + standard error of the mean.
A one-way analysis of variance was carried out, then compar-
isons were done using Tukey’s multiple range test obtained
from GraphPad Prism Software Version 6.0, with a significance
threshold set at p < 0.05.

RESULTS

The results of the qualitative phytochemical analysis of P. muel-
lerianus are presented in Table 1. The results showed that both
extracts contained alkaloid, saponins, and tannins. However,
the ethanolic extract contained all the phytochemicals screened
except flavonoids and steroids.

Table 1 Qualitative phytochemical screening of P. muellerianus

S/N Parameter Aqueous Ethanolic

Alkaloid +
Flavonoid +
Saponins +
Phenol -
Tannins +
Steroids +
Terpenoids -
Cardiac Glycosides -
Anthraquinone -
Phlobatannins -
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Key: + Present; - Absent

The phytochemical screening of P. muellerianus showed the
presence of alkaloids, saponins, and tannins in both aqueous and
ethanolic extracts. The ethanolic extract demonstrated a broader
range of phytochemicals, including phenols, terpenoids, car-
diac glycosides, anthraquinones, and phlobatannins, but lacked
flavonoids and steroids. Conversely, the aqueous extract con-
tained flavonoids and steroids but lacked these additional com-
pounds. These findings suggest distinct phytochemical profiles
for the two extracts, potentially influencing their therapeutic
properties.

Average Mean Weights of Rats Before and After Induction with
LTZ

Table 2 shows the results for the mean weight before induction
(after acclimatization) and the mean weight after treatment.

The results in Table 2 show that letrozole-induced PCOS
led to significant weight loss in the negative control group com-
pared to the positive control group. Treatment with aqueous and
ethanolic extracts of P. muellerianus partially restored weight
in LTZ-induced PCOS rats. However, no clear dose-dependent
trend was observed. Rats treated with the ethanolic extract gen-
erally exhibited slightly lower weight gain compared to those
treated with the aqueous extract. Overall, both extracts demon-
strated potential in mitigating excessive weight gain associated
with PCOS.
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Table 2 Mean Weight of Rats before and after induction of PCOS

Group Experimental Design (mg/kg body weight) Mean Weight before treatment (g) Mean Weight after treatment (g

I* Positive Control (Not Induced)

Ir* Negative Control (Induced with Letrozole)
111 Aqueous extract (30 mg/kg)

v Aqueous extract (60 mg/kg)

A% Aqueous extract (120 mg/kg)

VI Ethanolic Extract (30 mg/kg)

VII Ethanolic Extract (60 mg/kg)

VIII Ethanolic Extract (120 mg/kg)

151.6 & 3.612 202.6 + 7.412
121.5 4 6.19P 183.4 4 6.34P
118.5 & 4.16° 181.5 + 3.62°
107.4 + 8.12bP° 168.4 + 4.13¢
112.8 4 5.20P° 178.2 4 6.17°
106.7 & 5.32P° 164.8 + 5.86¢
104.4 4 8.51P° 167.6 £ 6.32¢
116.3 + 4.15P° 170.4 + 4.37°

#Values with different alphanumeric superscripts in the same column are significantly different from each other (p < 0.05).

Table 3 Oral Glucose Levels in PCOS and Treated Rats
Group Treatment (mg/kg) Before Induction (mmol/L) After Induction (mmol/L) After Treatment (mmol/L)
I* Control (Not Induced) 7.53 +0.16% 8.60 +0.18% 8.88 +0.38%
IT* Control (Induced) 7.98 +£0.19% 8.73 £ 0.25% 8.73 £ 0.59%
111 Aq. Extract (30) 7.10 £ 0.44* 7.74 £ 0.20% 7.62 £ 0.26%
v Aq. Extract (60) 6.83 £ 0.29% 7.34+0.31° 8.64 + 0.56*
% Aq. Extract (120) 8.03 + 0.54% 7.33 +0.39" 8.04 +0.51%
VI Eth. Extract (30) 6.48 + 0.15P 8.56 + 0.45% 9.86 + 0.39%
VII Eth. Extract (60) 7.13+0.25% 8.06 + 0.25% 8.90 £ 0.35%
VIII  Eth. Extract (120) 7.48 +0.18% 7.92+0.21% 9.08 +0.18%

#Values with different superscripts in the same column differ significantly (p < 0.05).

Table 3 shows the results for the average OGTT of rats before
induction (after acclimatization), after induction with PCOS,
and after treatment following extract administration. There was
a decrease in glucose level in rats administered with 60 mg/kg
bwt and 120 mg/kg bwt of aqueous extract of Phyllanthus muel-
lerianus roots following induction, but this was reversed after
treatment. The significant drop in glucose levels observed in
the 60 mg/kg and 120 mg/kg aqueous extract groups post-
induction (7.34 + 0.31" and 7.33 + 0.39", respectively) suggests
that these doses of the aqueous extract of Phyllanthus muelle-
rianus may have a modulatory effect on glucose metabolism in
letrozole-induced PCOS rats. This could indicate an enhance-
ment in glucose regulation, potentially through mechanisms such
as improved insulin sensitivity, enhanced glucose uptake, or
reduced gluconeogenesis.

The OGTT results show that letrozole-induced PCOS ele-
vated glucose levels in the negative control group. Treatment
with P. muellerianus root extracts showed varying effects. The
aqueous extract effectively maintained glucose levels closer to
pre-induction values, particularly at lower doses, while the
ethanolic extract was less effective in glucose regulation, with
higher glucose levels observed after treatment. This suggests
that the aqueous extract may be more beneficial in modulating
glucose levels in PCOS rats.

The Effects of P. muellerianus Root Eztracts on Serum MDA
and GSH Levels, Antioxidant Enzymes of LTZ-Induced PCOS
Rats

The MDA and GSH levels in the serum of rats were not signif-
icantly different from those of the control (p > 0.05). Similarly,
the SOD and CAT activities in serum were not significantly dif-
ferent (p > 0.05) from those of the control. The MDA and GSH
levels, together with the antioxidant enzyme activities assayed,
were not altered in rats administered with 30 mg/kg, 60 mg/kg,
and 120 mg/kg of both aqueous and ethanolic extracts of Phyl-
lanthus muellerianus root when compared to controls, as shown
in Table 4.

The administration of P. muellerianus extracts had no signifi-
cant effect on serum MDA level or the antioxidant enzymes (SOD
and CAT) activities in letrozole-induced PCOS rats, whereas a
significant reduction was observed in GSH level of rats treated at
doses of 30 mg and 60 mg/kg aqueous root extracts of P. muel-
lerianus. This indicates that the doses and duration of treatment
may not have been sufficient to substantially influence lipid per-
oxidation or antioxidant enzyme activities in letrozole-induced
PCOS rats, whereas the observed changes in GSH level suggest
that P. muellerianus extracts may modulate the non-enzymatic
antioxidant defense system by affecting GSH levels, which play
a crucial role in neutralizing oxidative stress.

However, the ethanolic extracts across all doses (30 mg, 60
mg, and 120 mg/kg) maintained oxidative stress markers and
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Table 4 The effects of P. muellerianus root extracts on serum MDA and GSH levels, SOD and CAT activities in LTZ-induced PCOS rats.

Group MDA (nMols/mg protein)

GSH (uml)

SOD (U/ml)

CAT (U/mg protein)

I* 11.900 + 0.601*
IT* 12.807 £ 0.551%
11T 14.987 + 2.000*
I\Y 13.267 £+ 2.017*
\% 10.807 + 0.205
VI 13.160 + 2.056*
VII 11.953 + 0.462*
VIII 12.173 + 0.494*

35.023 + 4.999?
43.167 + 2.638>
25.637 4 2.967P°
25.943 + 2.860°
39.097 + 6.9582
33.267 + 6.3622
35.377 + 2.4022
37.850 + 2.926®

16.510 £+ 0.500*
19.003 + 1.133*
20.407 £ 4.048*
16.220 + 0.203*
17.750 + 1.685
17.687 + 1.777%
18.643 + 1.960*
15.740 + 0.433%

46.190 + 6.183*
45.153 + 2.469%
45.187 £+ 5.936
46.160 + 2.686*
46.030 + 3.398*
44.137 £+ 2.287%
40.137 + 4.804*
42.630 + 5.646*

Note: Values with different alphanumeric superscripts in the same column are significantly different from each other (p < 0.05).

antioxidant enzyme activities similar to control groups, indicat-
ing no substantial impact on oxidative stress in the treated rats.

The Effects of P. muellerianus Roots Extracts on Serum Lipid
Profile in LTZ-Induced PCOS Rats

The serum lipid profile of treated rats revealed a noticeable
increase (p < 0.05) in the T-CHOL level of rats induced with
letrozole (positive control). However, when compared to the posi-
tive control, there was a noticeable decrease (p < 0.05) in levels of
T-CHOL in rats administered with 30 mg, 60 mg, and 120 mg/kg
b.w of aqueous extract as well as 30 mg/kg b.w of ethanolic
extract of Phyllanthus muellerianus root, but were not statisti-
cally different when compared to the negative control. Similarly,
when compared to the positive control, there was a remarkable
decrease (p < 0.05) in the serum HDL level of rats administered
with 30 mg/kg b.w of aqueous extract of P. muellerianus. How-
ever, there was no remarkable difference (p > 0.05) in serum
TRIG and LDL levels in all treated rats, as outlined in Table
5.

Treatment with P. muellerianus extracts reduced elevated T-
CHOL levels in LTZ-induced PCOS rats, with aqueous extracts
showing the most significant effect. Triglyceride and LDL levels
were unaffected by treatment, while HDL levels decreased only
in the group administered with 30 mg/kg of the aqueous extract.
The decrease in HDL levels observed in the 30 mg/kg aque-
ous extract group may be due to an adverse effect, suboptimal
dosing, or measurement error. Replicating the study and incor-
porating additional lipid-related biomarkers will help clarify the
mechanism and ensure the reliability of the findings. The results
suggest that P. muellerianus root extracts, particularly at higher
doses, have a potential role in improving certain aspects of lipid
metabolism, particularly T-CHOL and HDL, in PCOS-induced
dyslipidemia.

DISCUSSION

The findings of this study offer important information on the
impact of P. muellerianus extracts on lipid profile and oxida-
tive stress markers in letrozole-induced PCOS rats. PCOS is
often associated with dyslipidemia, characterized by elevated T-
CHOL and LDL, as well as reduced HDL levels (Kim & Choi,
2013; Macut et al., 2013). The oxidative stress resulting from this
disorder further exacerbates its metabolic effects (Macut et al.,
2013; Ugkan et al., 2022). Therefore, investigating the potential of
P. muellerianus to modulate these parameters offers therapeutic

promise for managing PCOS-related dyslipidemia and oxidative
stress.

The ability of the 60 mg/kg dose to show a significant reduc-
tion in glucose level compared to other groups may point to an
optimal dose-response relationship for glucose regulation. Mean-
while, the 120 mg/kg dose, though also showing a reduction,
might suggest that the effect plateaus beyond a certain thresh-
old, indicating that higher doses may not necessarily translate
to proportionally greater effects. These findings emphasize the
potential antihyperglycemic properties of P. muellerianus at spe-
cific doses, aligning with its reported pharmacological activities
in previous studies (Gnaléi et al., 2019; Ofokansi et al., 2023).

Several studies on PCOS have revealed cases of hormonal
imbalances, excessive body weight, hyperandrogenism, irregular
menstrual cycles, oxidative stress, and infertility in reproductive
women (Teede et al., 2010; Swaroop et al., 2015; Hassanzadeh
et al., 2013). The ameliorative effect of P. muellerianus aqueous
and ethanolic extracts on PCOS-induced rats was studied. Due
to side effects usually observed by certain drugs like metformin
and clomiphene citrate in the treatment of PCOS, it is therefore
imperative to look at some safer medicinal plants such as the
root of P. muellerianus, which could serve as a novel candidate
drug in the treatment of PCOS.

Our results suggest that P. muellerianus root extracts may
have some antioxidant potential, as evidenced by changes in
GSH, but the extract’s impact on other oxidative stress mark-
ers like MDA, SOD, and CAT was limited under the conditions
tested (Table 4, suggests no difference from controls). While
MDA, SOD, and CAT remained unchanged, the observed dif-
ferences in GSH suggest a potential dose-dependent effect, as
some extract doses (e.g., aqueous extract at 30 mg/kg) appeared
to maintain or improve GSH levels. This may indicate that the
extract selectively influences specific components of the oxidative
stress pathway. These biochemical parameters have been shown
to be abnormal in patients with PCOS (Murri et al., 2013). This
may be so; probably, there is less production of ROS, which
could lead to DNA damage and genetic mutations, which may
lead to uncontrolled proliferation of ovarian cells, multiple cyst
development, and infertility (Zuo et al., 2016). While dyslipi-
demia is commonly associated with increased oxidative stress,
the results of this study suggest that P. muellerianus extracts
did not significantly alter serum levels of MDA nor did they
affect the activities of antioxidant enzymes SOD and CAT but
do lower the serum GSH level. These findings indicate that the

12
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Table

5 The effects of P. muellerianus root extracts on serum lipid profile in LTZ-induced PCOS rats.

Group T-CHOL (mg/dl) TRIG (mg/dl)

HDL (mg/dl) LDL (mg/dl)

I* 49.223 +0.781*
o* 69.667 + 1.012P
111 52.363 + 4.507¢
v 57.973 & 1.371%°
\% 54.243 + 3.034%¢
VI 55.623 + 2.290%¢
VII 63.333 + 2.439°
VIII 64.233 + 0.798P4

87.153 + 17.223*
05.143 + 1.504*
96.367 & 4.668"
76.320 & 3.919*
93.410 + 14.527%
78.623 £ 6.571*
94.913 + 2.328?
95.097 + 10.729%

9.767 + 1.673%
11.723 £ 1.130%
9.597 £+ 4.809%
15.153 + 1.949%
9.730 £ 2.757%
14.173 £ 0.508?
12.560 + 5.361%
11.997 + 5.315%

29.007 + 1.139?
38.923 + 0.879
23.470 + 4.457%¢
27.523 + 1.194?
25.813 + 2.743
25.703 + 3.035%
31.803 & 5.761%
33.187 + 2.548?

Note: Values with different superscript letters in the same column are significantly different from each other (p < 0.05).

extracts did not modulate most of the oxidative stress markers
in a significant manner in this model except GSH. This could
suggest that the observed effects on the lipid profile might not
be mediated through antioxidant mechanisms in the context of
PCOS. Alternatively, the treatment duration or dosage may not
have been sufficient to produce a notable effect on oxidative
stress parameters, as antioxidant effects are sometimes dose- and
time-dependent (Hwang et al., 2016; Czékus et al., 2020).

In this study, the administration of P. muellerianus extracts
(both aqueous and ethanolic) significantly reduced T-CHOL lev-
els in PCOS rats. The reduction in T-CHOL was most notable
in the aqueous extract-treated groups (30 mg/kg, 60 mg/kg,
and 120 mg/kg) and the 30 mg/kg ethanolic extract group.
This reduction suggests that P. muellerianus possesses poten-
tial hypocholesterolemic properties, which could be linked to the
presence of bioactive components like saponins, alkaloids, and
tannins, which are known for their lipid-lowering effects in other
medicinal plants (Muoneke & Bayim, 2021). For instance, pre-
vious studies have shown that saponins can reduce cholesterol
levels by inhibiting cholesterol absorption in the intestines and
enhancing its excretion (Cao et al., 2024; Marrelli et al., 2016).
This finding is consistent with reports on various plant extracts
that modulate lipid metabolism by influencing hepatic choles-
terol biosynthesis or enhancing lipoprotein clearance (Cao et al.,
2024; Eilam et al., 2022; Li et al., 2020; Laka et al., 2022).

Interestingly, the reduction in T-CHOL levels in the treated
rats was comparable to the negative control group (untreated
rats), indicating that P. muellerianus extracts may help restore
cholesterol levels to normal in PCOS, where hypercholes-
terolemia is often observed. However, despite the reduction in
T-CHOL, no significant effects were observed on triglyceride
(TRIG) and LDL levels. This suggests that the extract’s action
may be specific to cholesterol regulation rather than a broader
effect on all lipid fractions.

The observed decrease in total cholesterol level in rats admin-
istered with either aqueous or ethanolic extract of Phyllanthus
muellerianus root perhaps suggests that this plant possesses
some hypocholesterolemic properties, which are responsible for
its ameliorative properties against PCOS in rats. HDL level is
also found to be lowered in rats administered with 30 mg/kg
body weight of aqueous extract of P. muellerianus. This also
suggests that this plant offers protection against PCOS-induced
HDL in treated rats. This protection is assumed to antagonize
any form of lipidemic disorders that may predispose to infertility,

which occurs as a result of PCOS. Recently, P. muellerianus has
been reported to possess antihyperlipidemic properties in nor-
mal rats (Mao et al., 2016). HDL is often considered a “good”
cholesterol due to its role in reverse cholesterol transport. In this
study, a remarkable reduction in HDL levels was noted in rats
administered with 30 mg/kg aqueous extract of P. muellerianus,
while other treatment doses and the ethanolic extract did not
reveal noticeable changes in HDL levels. The decrease in HDL
levels at 30 mg/kg suggests a possible adverse or suboptimal
effect of this dosage on lipid metabolism. While the biological
implications might be significant, the possibility of a study arti-
fact cannot be entirely ruled out. The decrease in HDL could
plausibly be a compensatory mechanism in response to the reduc-
tion in T-CHOL, reflecting an adaptive metabolic mechanism to
maintain lipid homeostasis, although the clinical implications of
this change require further investigation. Some plant extracts are
known to influence lipid metabolism in complex ways (Marrelli et
al., 2016), and while the reduction in HDL may seem concerning,
it does not necessarily negate the positive effects on cholesterol
regulation (Duan et al., 2022).

In this study, both the aqueous and ethanolic extracts of P.
muellerianus have been shown to significantly reduce the extent
of weight gain in the treated rats following LTZ induction, com-
pared to the untreated PCOS-induced group. This observation
highlights the potential of P. muellerianus extracts to regulate
lipid metabolism and, by reducing the extent of weight gain,
potentially prevent obesity. Diabetes or prediabetes has been
listed as a risk factor in PCOS women (Lerchbaum et al., 2013);
hence, there is a need to conduct an oral glucose tolerance test
(OGTT) in this study. However, the OGTT revealed a decreased
level of glucose following the rat’s induction (group VI); the
observed alteration was later restored back to normal after treat-
ment with 60 mg/kg bwt aqueous extract of P. muellerianus
as shown in Table 4. This observation demonstrates the plant’s
ability to protect against LTZ-induced changes in glucose levels.
However, this observation suggests that P. muellerianus extract
possesses some phytochemical principles which may be linked to
this preventive property. The aqueous extract of this plant has
been shown to contain alkaloids, flavonoids, steroids, and saponin
(Table 1) .

CONCLUSION

In conclusion, this study highlights the potential of P. muel-
lerianus root extracts in managing metabolic and oxidative
disturbances associated with PCOS. The extracts improved
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lipid profiles, stabilized weight, and partially restored glucose
levels, likely due to their bioactive compounds such as alka-
loids, flavonoids, and tannins. While oxidative stress biomarkers
showed minimal changes, the reduction in GSH suggests an adap-
tive response. Overall, P. muellerianus demonstrates promise as
a therapeutic agent for PCOS, though further research is needed
to clarify its mechanisms and ensure safety.

References

Adeneye, A. A. (2012). The leaf and seed aqueous extract of Phyllan-
thus amarus improves insulin resistance diabetes in experimental
animal studies. Journal of Ethnopharmacology, 144(3), 705-711.
https://doi.org/10.1016/j.jep.2012.10.030

Agyare, C., Lechtenberg, M., Deters, A., Petereit, F., & Hensel,
A. (2011). Ellagitannins from Phyllanthus muellerianus (Kuntze)
Exell: Geraniin and furosin stimulate cellular activity, differen-
tiation and collagen synthesis of human skin keratinocytes and
dermal fibroblasts. Phytomedicine, 18(7), 617-624. https://doi.
org/10.1016/j.phymed.2010.08.013

Ben-Bala, K. D. (2008). Phyllanthus muellerianus (Kuntze) Exell.
In G. H. Schmelzer & A. Gurib-Fakim (Eds.), PROTA (Plant
Resources of Tropical Africa / Ressources Végétales de U'Afrique
Tropicale). Wageningen, Netherlands.

Boakye, Y., & Agyare, C. (2013). Antimicrobial and antioxi-
dant activities of geraniin and aqueous leaf extract of Phyl-
lanthus muellerianus (Kuntze) Exell. Planta Medica, 79(13).
https://doi.org/10.1055/s-0033-1352117

Buege, J. A., & Aust, S. D. (1978). Microsomal lipid peroxidation. In
S. Fleischer & L. Packer (Eds.), Methods in enzymology: Vol. 52.
Biomembranes (pp. 302-310). New York: Academic Press.

Burkill, H. M. (1995). The useful plants of West Tropical Africa: Vol.
2, Families E-I (2nd ed.). Kew, Richmond, UK: Royal Botanic
Gardens.

Cao, S., Liu, M., Han, Y., Li, S., Zhu, X., Li, D., Shi, Y.,
& Liu, B. (2024). Effects of saponins on lipid metabolism:
The gut-liver axis plays a key role. Nutrients, 16(10), 1514.
https://doi.org/10.3390/nu16101514

Cohen, D., Dembiec, D., & Marcus, J. (1970). Measurement of catalase
activity in tissue extracts. Annals of Biochemistry, 34, 30-38.
Czékus, 7Z., Farkas, M., Bakacsy, L., Ordég, A., Gallg, A,, & Poor,
P. (2020). Time-dependent effects of bentazon application on
the key antioxidant enzymes of soybean and common ragweed.
Sustainability, 12(9), 3872. https://doi.org/10.3390/su12093872

Duan, Y., Gong, K., Xu, S., Zhang, F., Meng, X., & Han, J.
(2022). Regulation of cholesterol homeostasis in health and dis-
eases: From mechanisms to targeted therapeutics. Signal Trans-
duction and Targeted Therapy, 7, 265. https://doi.org/10.1038/
s41392-022-01125-5

Eilam, Y., Pintel, N., Khattib, H., Shagug, N., Taha, R., & Awvni,
D. (2022). Regulation of cholesterol metabolism by phytochemicals
derived from algae and edible mushrooms in non-alcoholic fatty

liver disease. International Journal of Molecular Sciences, 23(22),
13667. https://doi.org/10.3390/1ijms232213667

Fofie, C. K., Nguelefack-Mbuyo, E. P., Tsabang, N., Kamanyi, A., &
Nguelefack, T. B. (2018). Hypoglycemic properties of the aqueous
extract from the stem bark of Ceiba pentandra in dexamethasone-
induced insulin resistant rats. Evidence-Based Complementary and
Alternative Medicine, 2018, Article ID 4234981, 11 pages.

Friedewald, W. T., Levy, R. 1., & Fredrickson, D. S. (1972). Esti-
mation of the concentration of low-density lipoprotein cholesterol
in plasma, without use of the preparative ultracentrifuge. Clinical
Chemistry, 18(6), 499-502.

Garcia-Velasco, J. A., Moreno, L., & Pacheco, A. (2005). The aro-
matase inhibitor letrozole increases the concentration of intraovar-
ian androgens and improves in vitro fertilization outcome in low
responder patients: A pilot study. Fertility and Sterility, 84(1),
82-87.

Ghafurniyan, H., Azarnia, M., Nabiuni, M., & Karimzadeh, L. (2015).
The effect of green tea extract on reproductive improvement in
estradiol valerate-induced polycystic ovary syndrome in rat. Iranian
Journal of Pharmaceutical Research, 14(4), 1215-1223.

Giustarini, D., Fanti, P., Matteucci, E., & Rossi, R. (2014).
Micromethod for the determination of glutathione in human blood.
Journal of Chromatography B, 964, 191-194.

Gnaléi, R. M., Bahi, C., Gui, P. A., Tiekpa, W. J., & Coulibaly, A.
(2019). Phytochemical composition and cardioprotective activities
of the total aqueous extract of Phyllanthus muellerianus leaves in
diabetic rats. The Journal of Phytopharmacology, 8(4), 203-209.
https://doi.org/10.31254/phyto.2019.8410

Hassanzadeh, B. M., Emami, S. A., & Mousavifar, N. (2013). Effects
seeds extract on insulin resistance in women with polycystic ovar-
ian syndrome. Iranian Journal of Pharmaceutical Research, 12(2),
475-481.

Hwang, K. A., Hwang, Y. J., & Song, J. (2016). Antiox-
idant activities and oxidative stress inhibitory effects of
ethanol extracts from Cornus officinalis on raw 264.7 cells.
BMC Complementary and Alternative Medicine, 16, 196.
https://doi.org/10.1186/s12906-016-1172-3

Kafali, H., Iriadam, M., Ozardali, I., & Demir, N. (2004). Letrozole-
induced polycystic ovaries in the rat: A new model for cystic ovarian
disease. Archives of Medical Research, 35(2), 103—108.

Katsayal, U. A.,; & Lamal, R. S. (2009). Preliminary phytochemi-
cal and antibacterial screening of the ethanolic stem bark extract
of Phyllanthus muellerianus. Nigerian Journal of Pharmaceutical
Sciences, 8(2), 121-125.

Kim, J. J., & Choi, Y. M. (2013). Dyslipidemia in women with poly-
cystic ovary syndrome. Obstetrics €& Gynecology Science, 56(3),
137-142. https://doi.org/10.5468/0gs.2013.56.3.137

Laka, K., Makgoo, L., & Mbita, Z. (2022). Cholesterol-lowering phy-
tochemicals: Targeting the mevalonate pathway for anticancer
interventions. Frontiers in Genetics, 13, 841639. https://doi.org/
10.3389/fgene.2022.841639

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

Li, S., Xu, Y., Guo, W., Chen, F., Zhang, C., Tan, H. Y., Wang, N., &
Feng, Y. (2020). The impacts of herbal medicines and natural prod-
ucts on regulating the hepatic lipid metabolism. Frontiers in Phar-
macology, 11, 351. https://doi.org/10.3389/fphar.2020.00351

Macut, D., Bjeki¢-Macut, J., & Savié-Radojevié, A. (2013). Dys-
lipidemia and oxidative stress in PCOS. Frontiers of Hormone
Research, 40, 51-63. https://doi.org/10.1159/000341683

Mao, X., Wu, L.-F., & Guo, H.-L. (2016). The genus Phyllanthus: An
ethnopharmacological, phytochemical, and pharmacological review.

Evidence-Based Complementary and Alternative Medicine, 2016,
Article ID 7584952, 36 pages.

14



Arinze C. Chukvvueziel7 Oluwagbenga J. Ogunbiin*, Joseph Appahl, Emmanuel Enoh®#

Marrelli, M., Conforti, F., Araniti, F., & Statti, G. A. (2016). Effects
of saponins on lipid metabolism: A review of potential health
benefits in the treatment of obesity. Molecules, 21(10), 1404.
https://doi.org/10.3390/molecules21101404

Misra, H. P.; & Fridovich, I. (1972). The role of superoxide anion in
the autooxidation of epinephrine and a simple assay for superoxide
dismutase. Journal of Biological Chemistry, 247, 3170-3175.

Muoneke, C. V., & Bayim, P. R. (2021). Synergistic effect of
ethanolic extract of Phyllanthus muellerianus and Eremomastaz
speciosa leaves on lipid profile of Wistar rat. Journal of Applied
Sciences and Environmental Management, 25(11), 1849-1853.
https://dx.doi.org/10.4314/jasem.v25i11.1

Murri, M., Luque-Ramirez, M., Insenser, M., Ojeda-Ojeda, M., &
Escobar-Morreale, H. F. (2013). Circulating markers of oxidative
stress and polycystic ovary syndrome (PCOS): A systematic review
and meta-analysis. Human Reproduction Update, 19(3), 268—288.

National Cholesterol Education Programme (NCEP). (2001). HDL,
LDL and TG assay. In PMC.

Ofokansi, M. N., Akah, P. A., & Omewu, J. O. (2023). Phyllan-
thus muellerianus (Kuntze) Eccell.: Review of the ethnomedical
uses, phytochemistry and pharmacological activities. Journal of
Medicinal Plants and Herbs, 2(102), 1-12.

Rezvanfar, M. A., Rezvanfar, M. A., Ahmadi, A., Shojaei-Saadi,
H. A., Baeeri, M., & Abdollahi, M. (2012). Molecular mechanisms
of a novel selenium-based complementary medicine which con-
fers protection against hyperandrogenism-induced polycystic ovary.
Theriogenology, 78(3), 620-631.

Swaroop, A., Jaipuriar, A. S., & Gupta, S. K. (2015). Efficacy of a
novel fenugreek seed extract ( Trigonella foenum-graecum, furocyst)
in polycystic ovary syndrome (PCOS). International Journal of
Medical Sciences, 12(10), 825-831.

Teede, H., Deeks, A., & Moran, L. (2010). Polycystic ovary syn-
drome: A complex condition with psychological, reproductive and
metabolic manifestations that impacts on health across the lifespan.
BMC Medicine, 8, Article 41.

Ucgkan, K., Demir, H., Turan, K., Sarikaya, E., & Demir, C.
(2022). Role of oxidative stress in obese and nonobese PCOS
patients. International Journal of Clinical Practice, 2022, 4579831.
https://doi.org/10.1155/2022/4579831

Yang, H., Lee, S. Y., & Lee, S. R. (2018). Therapeutic effect of Ecklonia
cava extract in letrozole-induced polycystic ovary syndrome rats.
Frontiers in Pharmacology, 9, 1325.

Zhu, J.-P., Teng, Y.-C., Zhou, J., Lu, W., Tao, M.-F., & Jia, W.-P.
(2013). Increased mean glucose levels in patients with polycys-
tic ovary syndrome and hyperandrogenemia as determined by
continuous glucose monitoring. Acta Obstetricia et Gynecologica
Scandinavica, 92(2), 165-171.

Zuo, T., Zhu, M., & Xu, W. (2016). Roles of oxidative stress in polycys-
tic ovary syndrome and cancers. Ozidative Medicine and Cellular
Longewvity, 2016, Article ID 8589318, 14 pages.

15



