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ABSTRACT 

The regulation of female fertility and successful conception is a complex process controlled by the coordinated interactions 

of hormones within the hypothalamic–pituitary–gonadal (HPG) axis. Medroxyprogesterone acetate (MPA), a widely used 

synthetic progestin, is known to induce infertility through suppression of the hypothalamic–pituitary–gonadal (HPG) axis. 

This suppression leads to altered secretion of key reproductive hormones, including progesterone, oestrogen, luteinizing 

hormone (LH), follicle-stimulating hormone (FSH), and testosterone, ultimately impairing folliculogenesis, ovulation, 

fertilization, and implantation. This study investigated the therapeutic potential of Pteridium aquilinum (PA), whose ethanol 

leaf extract exhibits bioactive properties capable of reversing reproductive dysfunction in a dose-dependent manner. Thirty 

adult female Wistar rats weighing between 177 to 266g were randomly divided into 6 groups of five animals each and were 

used for this study. Groups 1and 2 served as controls and received distilled water and MPA respectively. Group 3 were 

treated with 1000mg/kg bw of PA extract. Group 4 was given 1500mg/kg bw of PA. Group 5 were administered combined 

therapy of MPA (2 mg/kg bw) and a median dose of PA extract (1000 mg/kg bw) while group 6 received combined MPA (2 

mg/kg bw) and a high dose of PA extract (1500 mg/kg bw). The PA extract at median and high doses was given by oral 

gavage daily for 28 days, while MPA was administered subcutaneously once at 2 mg/kg body weight into groups 2, 5 and 6 

for the treatment period. At the end of the experiment period, the animals were anaesthetized using ketamine hydrochloride 

(500 mg/10ml) by intraperitoneal administration and sacrificed one at a time. Blood serum obtained was used to analyze 

female sex hormones - progesterone, testosterone, oestrogen, follicle-stimulating hormone (FSH) and luteinizing hormone 

(LH). The ovary and brain tissues (pituitary gland and hypothalamus) were excised for histological analysis. The results 

obtained from the female reproductive hormonal assay and the histological studies of the brain of the experimental rats 

showed that progesterone and luteinizing hormone levels in combined therapy treated groups of MPA and PA extract 

(especially at 1000mg/kg bw) were significantly ( P ˂ 0.05) increased. Also PA extract at a median dose (1000 mg/kg bw) 

when administered in a combined therapy with MPA, presented a moderate distortion in the histoarchitecture of the ovary 

and brain tissues. 

 

KEYWORDS: Pteridium aquilinum, Medroxyprogesterone acetate, Reproductive hormones, Reproductive dysfunction, 
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INTRODUCTION 

According to the World Health Organization (WHO, 2023), 

approximately 48 million couples and 186 million females 

are affected by infertility worldwide which often arises from 

multiple factors, including hormonal disturbances, ovulatory 

dysfunction, inflammation, oxidative stress, and 

impairments of the ovaries or hypothalamic-pituitary axis 

(Adeyemi et al., 2022; Li et al., 2022). Among the major 

causes of infertility is the prolonged use of synthetic 

contraceptives such as medroxyprogesterone acetate (MPA) 

(WHO, 2022). Medroxyprogesterone acetate is widely used 

as a long-acting injectable contraceptive (Depo-Provera) is a 

synthetic progestin with potent negative feedback on 

gonadotropin release and endometrial proliferation. In 

clinical contexts, MPA is associated with alterations of 

reproductive hormone regulation, ovarian dysfunction, and 

impaired endometrial receptivity, all of which increase the 

risk of infertility (Shah et al., 2021; Vigna et al., 2023). Its 

mechanism of action is primarily by suppressing 

gonadotropin-releasing hormone (GnRH), which regulates 

the secretion of pituitary LH and FSH at the hypothalamic-

pituitary-gonadal (HPG) axis. In the absence of normal 

LH/FSH signalling, follicle development and ovulation do 

not occur (Okoro et al., 2025). This anovulatory state is the 

central mechanism of contraception and it is the key step in 

MPA’s contraceptive action. The suppression in follicular 

maturation and ovulation leads to reduced levels of 

progesterone, oestrogen, and testosterone hormones which 

are critical for follicle development, endometrial thickening, 

and implantation (Oluwole et al., 2021).  MPA also 

contributes to oxidative stress by increasing the production 

of reactive oxygen species (ROS) and lipid peroxidation, 

while decreasing endogenous antioxidant defences (Bello et 

al., 2024). This imbalance in oxidants and antioxidants 

adversely affects ovarian and uterine tissues, disrupting the 

microenvironment necessary for successful conception and 

subsequent implantation. 

 Medicinal plants such as Pteridium aquilinum (commonly 

known as bracken fern, and Nyama idim in south-south 

Nigeria) is a widely distributed plants with reported 

pharmacological and toxicological properties (Kato-

Noguchi and Kato, 2026), used traditionally in Asia (Kim et 

al., 2018), Africa and South America for the management of 

inflammation (Santos et al., 2021) and microbial infections 
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(Garcia-Sanchez et al., 2022). It belongs to the phylum 

Pteridophyta, the class of Polypodiopsida and the family of 

Dennstaedtiaceae. It is identified as a perennial fern with 

triangular, deeply lobed fronds that can grow up to 2 to 3 

meters tall, found in temperate and subtropical regions 

across the world (Smith et al., 2020). Phytochemical studies 

revealed that Pteridium aquilinum is rich in bioactive 

compounds such as flavonoids, phenolic acids, terpenoids, 

tannins, and polysaccharides (Zhao et al., 2022), which are 

known for their antioxidant (Ferreira et al., 2019), anti-

inflammatory (Kiss et al., 2024), and hormone-modulating 

activities/phytoestrogens which exhibit antioxidant and 

endocrine-modulating properties (Okafor et al., 2023), 

which could prove beneficial in alleviating infertility caused 

by hormonal contraceptive impairment, particularly in the 

ability of flavonoids and phenolic compounds in Pteridium 

aquilinum to modulate estrogenic activity, scavenge free 

radicals (Moura et al., 2019), and regulate inflammatory 

mediators (Alonso-Amelot et al., 2021). The aim of the 

study was to evaluate the effect of ethanol leaf extract of 

Pteridium aquilinum on medroxyprogesterone acetate-

induced reproductive hormonal imbalance and 

histopathology of the brain and ovaries in female Wistar rats. 
 

MATERIALS AND METHODS 

Plant Collection and Extraction 

Fresh leaves of Pteridium aquilinum were obtained from 

Ikot Esenam Obom in Oruk Anam Local Government Area, 

Akwa Ibom State, Nigeria. The leaves were identified and 

authenticated in the Herbarium of the Department of 

Pharmacology and Toxicology, Faculty of Pharmacy, 

University of Uyo, Uyo, by a taxonomist, Dr I. Johnny and 

assigned a herbarium number, UUPH A130(a). Then they 

were washed, air-dried, and pulverized into powder. The 

powdered material was macerated in 80% ethanol for 72 

hours to obtain an extract which was filtered and 

concentrated at 40oC using a water bath until dried. The 

extract obtained was placed in a labelled bottle and stored in 

a refrigerator at 4oC for the experiment.  

 

Experimental Animal and administration of drugs 

Thirty (30) female Wistar rats weighing between 177 to 266g 

were purchased from the animal house, Department of 

Pharmacology and Toxicology, Faculty of Pharmacy, 

University of Uyo, Uyo, Akwa Ibom State, Nigeria. The 

animals were kept in wooden cages (with a sawdust bedding 

and a wire mesh) in the animal house of the Faculty of 

Pharmacy, University of Uyo, Uyo. They were maintained 

under standard conditions of temperature, humidity and 

exposed to 12 hours of light and dark cycles. They were fed 

standard prat pellets, clean water and allowed to acclimatize 

for 14 days before the commencement of treatment. 

The animals were randomly selected and used for this study. 

They were divided randomly into six (6) groups, consisting 

of five (5) animals each. They were maintained and handled 

in accordance with the National Institutes of Health (NIH) 

Guide for Care and Use of Laboratory Animals. After 

acclimatisation, the induction of infertility was achieved in 

the female Wistar rats by a single subcutaneous injection of 

Medroxyprogesterone at 2 mg/kg bw into group 2, group 5 

and group 6 for 28 days. Same day, Pteridium aquilinum 

doses were administered daily by oral gavage into animals 

in groups 3, 4, 5 and 6 using 1000 mg/kg bw for the median 

dose and 1500 mg/kg bw for the high dose for the 28 days as 

shown in the experimental design, Table 1 

 

Table 1: Experimental Design 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Preparation of Stock Solutions  

Medroxyprogesterone acetate (MPA), a 3-month 

contraceptive (104 mg/0.65 mL suspension), manufactured 

by Pfizer Inc. and obtained at the Family Planning Unit of 

Immanuel General Hospital, Eket, Akwa Ibom state, was 

used for this study.  The stock solution of MPA was prepared 

by diluting one ampule of MPA in a 140mL oil-based 

solvent to make a stock solution of 2 mg/ml. From the stock 

solution prepared, appropriate doses for each experimental 

animal based on their body weight were calculated and 

administered as an aliquot from the stock solution prepared. 

 

Preparation of samples for Analysis 

At the end of the experiment period, the animals were 

sacrificed one at a time. Each animal was picked gently from 

a cage and anaesthetized using 0.8ml of ketamine 

hydrochloride (500 mg/10mL) by intraperitoneal 

administration. The blood sample was obtained through 

cardiac puncture after dissection using sterile needles and 

syringes into labelled sample bottles. The blood sample was 

allowed to clot for 30 minutes and centrifuged at 3000 rpm 

for 10 minutes to obtain serum for biochemical analysis. The 

ovaries and the brain tissue were harvested, blotted with 

Whatman filter paper, and weighed on a digital weighing 

scale. The tissues were preserved in 10% buffered formalin, 

routinely processed and stained using haematoxylin and 

eosin (H and E) method, then viewed for histopathological 

 

Group 

No of 

animals 

Treatment 

Process  

Duration of 

treatment 

 1 

(Normal 

control) 

5 Normal Control 

(Standard feed 

and 10 ml of 

distilled water) 

28 days 

2 

(Negative 

control) 

5 Infertility inducer 

(MPA, 2 mg/kg 

bw) 

28 days 

3 5 Median dose 

extract of PA 

(1000 mg/kg bw) 

28 days 

4 5 High dose extract 

of PA (1500 

mg/kg bw) 

28 days 

5 5 Standard drug 

(MPA 2 mg/kg 

bw) and Median 

dose PA extract 

(1000 mg/kg bw) 

28 days 

6 5 Standard drug 

(MPA 2 mg/kg 

bw and High dose 

of PA extract 

(1500 mg/kg bw) 

28 days 
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changes at x100 magnification for ovary tissues and x400 

magnification for pituitary and hypothalamic gland tissues. 

 

Analysis of Female Sex Hormones 

An Enzyme Linked Immunosorbent Assay (ELISA) was 

used to test for the concentration of progesterone, estradiol 

(E2, an estrogen), testosterone, FSH and LH in the test 

sample. The test kit for each of the biochemical assays was 

obtained from Calbiotech Inc., California, United States of 

America. The test principle for the concentration of 

progesterone was based on competitive binding between 

progesterone in the test specimen and progesterone-HRP 

conjugate for a constant amount of rabbit anti-progesterone 

using a progesterone-enzyme immunoassay (EIA) test kit 

with catalog number PROG-96, manufactured as described 

by Radwanska et al. (1978). The estradiol enzyme 

immunoassay (EIA) was based on the principle of 

competitive binding between E2 in the test specimen and E2-

HRP conjugate for a constant amount of rabbit anti-estradiol 

using E2-enzyme immunoassay (EIA) test kit with catalog 

number ESTRA-96 with an incubation period of 90 minutes 

(Ratcliffe et al., 1988; Tietz, 1995). The analysis of 

testosterone was based on a principle of competitive binding 

between working testosterone-enzyme conjugate reagent in 

the test specimen and TMB substrate reagent (Chen et al., 

1991; Tietz, 1995). A Sandwich (non-competitive ELISA) 

method is used for the assay of larger peptide hormones such 

as FSH and LH to produce two antibodies that recognise 

distinct epitopes on FSH and LH with increased specificity 

and sensitivity (Bielohuby et al., 2012). The biochemical 

principle for analysis of these peptides - FSH and LH is the 

specific antigen–antibody interaction and an enzymatic 

signal readout. Here, an antibody (or antigen) immobilized 

on a solid phase captures the target gonadotropin from the 

sample, and a second enzyme-linked antibody produces a 

measurable signal (usually a colour change) after substrate 

addition. The signal intensity produced in the colour change 

is proportional to the analyte concentration (Desai et al., 

1991; Maes et al., 1997). 

 

Statistical Analysis 

The data were analysed using the Statistical Package for  

Social Sciences (SPSS, version 25).  

 

 

 

Results were expressed as a mean + Standard Error of Mean 

(SEM). One-way analysis of variance (ANOVA) was used 

to evaluate significant differences among means in the study 

groups. Post-hoc multiple comparisons of means within test 

group were carried out using Least Significant Difference 

(LSD) and the mean differences between groups were 

considered statistically significant at p < 0.05. 

 

Ethical Consideration and Care of Animals  

Before the commencement of this study, approval was 

sought and granted by the Faculty of Medical Sciences 

Research and Ethical Committee (protocol #: to be given), 

University of Uyo, Uyo, Nigeria. All animals received 

humane care in accordance with international guidelines for 

care and use of laboratory animals (National Institute of 

Health, NIH, 2011).   

 

RESULTS  

The Effects of Ethanol Leaf Extract of Pteridium 

aquilinum on Some Sex Hormones of 

Medroxyprogesterone Acetate-Induced Infertility in 

Female Wistar Rats 

The effects of ethanol leaf extract of Pteridium aquilinum on 

some sex hormones of medroxyprogesterone acetate-

induced infertility in female Wistar rats is shown in Table 2. 

From the result obtained, the values of testosterone in groups 

5 and 6 were significantly (p < 0.05) reduced when compared 

to groups 1 and 2. The progesterone levels in group 2 were 

significantly (p < 0.05) lower when compared to group 1. 

The progesterone concentrations in the MPA and PA 

combined therapy groups (5 and 6), were significantly (p < 

0.05) increased when compared to group 2 (MPA-treated 

group).  Estradiol levels in group 2 were significantly (p < 

0.05) increased when compared to group 1, and their levels 

in groups 5 and 6 significantly (p < 0.05) decreased when 

compared to group 2. The concentration of Follicle-

stimulating and Luteinizing hormones in group 2 was 

significantly (p < 0.05) reduced when compared to group 1 

and the combined therapy groups of 5 and 6.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Data presented as mean ± standard error of mean (SEM). The 

groups were compared and considered significantly different 

at p < 0.05 and indicated as superscripts. a = significantly  

 

 

 

 

different when compared to Group 1; b = significantly 

different when compared to Group 2; c = significantly 

different when compared to Group 3; d = significantly 

different when compared to Group 4; e = significantly 

different when compared to Group 5. 

 

Table 2: The effects of ethanol leaf extract of Pteridium aquilinum on some sex hormones of medroxyprogesterone acetate-

induced infertility in female Wistar rats 
Group/Treatment Testosterone 

(ng/mL) 

Progesterone 

(ng/mL) 

Estradiol 

(pg/mL) 

FSH 

(mIU/mL) 

LH 

(mIU/mL) 

 1 - Normal Control 

 

1.46 ± 0.04  0.80 ± 0.04  19.02 ± 1.86  0.19 ± 0.01  1.74 ± 0.25  

 2 – Negative Control (MPA,  

 2mg/bw -Infertile) 

1.78 ± 0.10 0.49 ± 0.05a 23.08 ± 1.45a 0.15 ± 0.01  0.85 ± 0.09a 

 3 - 1000 mg/kg P. aquilinum 

 

1.28 ± 0.20b 0.78 ± 0.11b  21.78 ± 1.79  0.18 ± 0.02  2.48 ± 0.14a 

4 - 1500 mg/kg P. aquilinum 

 

0.95 ± 0.05ab  0.91 ± 0.07b 22.25 ± 1.19  0.18 ± 0.01  1.92 ± 0.29b 

 5 - Infertile + 1000 mg/kg P. aquilinum 

 

0.93 ± 0.15ab 1.09 ± 0.11b 21.77 ± 1.53b  0.18 ± 0.02  1.50 ± 0.14c 

6 - Infertile + 1500 mg/kg P. aquilinum 

 

0.89 ± 0.11ab 1.01 ± 0.17b 21.48 ± 2.27b  0.17 ± 0.01  1.83 ± 0.30b  
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Histological Assessment of the Effects of Ethanol Leaf 

Extract of Pteridium aquilinum on the Ovary of 

Medroxyprogesterone Acetate-Induced Infertility in 

Female Wistar Rats 

The results obtained from the histological assessment of the 

effects of ethanol leaf extract of pteridium aquilinum on the 

ovary of medroxyprogesterone acetate-induced infertility in 

female Wistar rats (using a Hematoxylin and Eosin staining, 

x 100 magnification)  are shown in figures 1,2,3 and 4. In 

this result, it was observed that the ovaries from CONT 

(control group) were not affected, showing a normal 

presentation of the ovarian architecture with a developing 

primordial and primary follicles (Df), an arterial (A) and 

venous (V) blood vessels surrounded by smooth muscles 

(Sm) within the ovarian stroma (Os). However, the rat’s 

ovary in MPA (group 2) and MPA + MDE (1000 mg/kg P. 

aquilinum extract in group 5) were moderately affected. 

Photomicrograph of MPA (group 2) showed a moderately 

altered ovarian histo-structure with areas of atretic 

developing follicles (af), hemorrhagic blood tissues (black 

arrow) and areas of infiltrating inflammatory fluid deposit 

(yellow arrow) within the ovarian stroma. MPA + MD 

(group 5), demonstrated an altered ovarian histo-structure 

with areas of infiltrating inflammatory fluid deposit (yellow 

arrow) within the ovarian stroma. While the 

photomicrographs of the ovaries in MPA + HD (1500 mg/kg 

P. aquilinum extract in group 6), showed a severely affected 

histoovarian structure, presenting areas of atretic developing 

follicles (af), and areas of infiltrating inflammatory fluid 

deposit (yellow arrow), with increasing fibrosis of the 

smooth muscles within the ovarian stroma. 

 

 
Figure 1: Photomicrograph of the ovarian section of rats. 

Image of CONT (Control) group. (Hematoxylin and Eosin 

staining, x 100 magnification). 

 

 
Figure 2: Photomicrograph of the ovarian section of rats. 

Image of MPA, group 2 (administered 2mg MPA). 

(Hematoxylin and Eosin staining, x 100 magnification) 

 
Figure 3: Photomicrograph of the ovarian section of rats. 

Image of MPA+ MD (treated with MPA 2mg, and 1000 

mg/kg P. aquilinum extract) (Hematoxylin and Eosin 

staining, x 100 magnification). 

 

 
Figure 4: Photomicrograph of the ovarian section of rats. 

Images MPA+HD (treated with MPA 2mg, and 1500 mg/kg 

P. aquilinum extract). (Hematoxylin and Eosin staining, x 

100 magnification). 

 

Histological Assessment of the Effects of Ethanol Leaf 

Extract of Pteridium aquilinum on the Pituitary gland of 

Medroxyprogesterone Acetate-Induced Infertility in 

Female Wistar Rats 

 

The results from the photomicrograph of a transverse section 

of a pituitary gland on the effects of ethanol leaf extract of 

Pteridium aquilinum on the pituitary gland of 

medroxyprogesterone acetate-induced infertility in female 

Wistar rats (Hematoxylin and Eosin staining, x 400 

magnification), are demonstrated on Figures 5, 6, 7 and 8. 

The results obtained are as follows: The CONT (control 

group) was not affected. The pituitary glands showed the 

neural gland having a well presented and populated 

acidophilic cells (Ac), basophilic cells (Bc), chromophobic 

cells (Cr), and vascular sinusoids (Sn) within the 

adenohypophysial matrix. However, the pituitary glands 

histoarchitecture in MPA (group 2), MPA + MD (group 5) 

and MPA + HD (group 6) were moderately affected. They 

presented a populated vacuolated and shrunken nuclei of 

acidophilic cells (yellow arrow), and scanty disoriented 

vascular sinusoids within the adenohypophysial matrix.  
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Figure 5: Photomicrograph of the pituitary gland section of 

rats. Image of CONT (Control, group 1). (Hematoxylin and 

Eosin staining, x 400 magnification). 

 

 
Figure 6: Photomicrograph of the pituitary gland section of 

rats. Image of MPA (administered 2mg MPA). 

(Hematoxylin and Eosin staining, x 400 magnification). 

 

 
Figure 7: Photomicrograph of the pituitary gland section of 

rats. Image of MPA+ MD (treated with MPA 2mg, and 1000 

mg/kg P. aquilinum extract) (Hematoxylin and Eosin 

staining, x 400 magnification). 

 

 
Figure 8: Photomicrograph of the pituitary gland section of 

rats. Image of MPA+HD (treated with MPA 2mg, and 1500 

mg/kg P. aquilinum extract). (Hematoxylin and Eosin 

staining, x 400 magnification). 

 

Histological Assessment of the Effects of Ethanol Leaf 

Extract of Pteridium aquilinum on the hypothalamic 

gland of Medroxyprogesterone Acetate-Induced 

Infertility in Female Wistar Rats 

 

The results obtained from the histological examination of the 

hypothalamic gland in the light micrographs are displayed in 

Figures 9, 10, 11 and 12. From the results obtained, CONT 

(control group) was not affected. It showed a normal neural 

tissue with populated pyramidal cells (Pc), granular cells 

(Gc) and blood vessels (Bv) within the neuro-cortical matrix.  

The MPA-treated groups 2, 5, and 6 had their hypothalamic 

gland architecture moderately altered by demonstrating a 

brain tissue with an altered neural tissue, a populated 

vacuolated and pyknotic neural cells (black arrow), within 

the neuro-cortical matrix. 

 

 
Figure 9: Photomicrograph of the hypothalamic gland 

section of rats. Image of CONT (Control, group 1). 

(Hematoxylin and Eosin staining, x 100 magnification). 

 

 
Figure 10: Photomicrograph of the hypothalamic gland 

section of rats. Image of MPA (administered 2mg MPA). 

(Hematoxylin and Eosin staining, x 100 magnification). 

 

 
Figure 11: Photomicrograph of the hypothalamic gland 

section of rats. Image of MPA+ MD (treated with MPA 2mg, 

and 1000 mg/kg P. aquilinum extract). (Hematoxylin and 

Eosin staining, x 100 magnification). 
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Figure 12: Photomicrograph of the hypothalamic gland 

section of rats. Image of MPA+ HD (treated with MPA 2mg, 

and 1500 mg/kg P. aquilinum extract). (Hematoxylin and 

Eosin staining, x 100 magnification). 

 

DISCUSSION 

Fertility in females is regulated by the endocrine system 

involving the hypothalamus, pituitary gland, and ovaries. 

This system, known as the hypothalamic–pituitary–gonadal 

(HPG) axis, controls the secretion and interaction of 

reproductive hormones necessary for conception. 

Disruptions in this hormonal balance can lead to infertility, 

a condition affecting millions of women globally (WHO, 

2023). Oestrogen plays a central role in follicular maturation 

and endometrial preparation, while progesterone is essential 

for implantation and maintenance of pregnancy. 

Testosterone, though typically considered a male hormone, 

is present in females and contributes to ovarian function and 

steroid hormone synthesis. The interplay among these 

hormones ensures proper signalling of ovulation and optimal 

conditions for fertilization. The reproductive cycle is 

characterised by cyclic hormonal changes that regulate 

follicular development, ovulation, fertilization, and 

implantation. Follicle-stimulating hormone (FSH) and 

luteinizing hormone (LH), collectively known as 

gonadotropins, are secreted by the anterior pituitary gland 

and act on the ovaries to regulate steroid hormone 

production (Bukari, 2025). These gonadotropins stimulate 

the production of oestrogen and progesterone, which in turn 

exert feedback control on the hypothalamus and pituitary.  

 

The induction of infertility using Medroxyprogesterone 

acetate (MPA) has been widely reported to disrupt the 

hypothalamic–pituitary–ovarian (HPO) axis (Girma et al., 

2023), thereby altering reproductive hormone balance and 

impairing ovulation. Mechanistically, MPA suppresses 

gonadotropin secretion, particularly luteinizing hormone 

(LH) and follicle-stimulating hormone (FSH), which are 

essential for follicular maturation and ovulation (Okoro et 

al., 2025). Recent studies indicate that MPA inhibits 

ovulation by preventing the pre-ovulatory LH surge and 

reducing progesterone secretion, ultimately leading to 

impaired fertility outcomes (Giles et al., 2023; Li et al., 

2024). The results of this study agree with this endocrine 

suppression. Hence the need to provide a reliable 

experimental model using phytochemical bioactive 

compounds that can maintain the physiological functions of 

the HPO in the secretion of the gonadotropins. In addition to 

the reduced secretion of FSH and LH is a reduced 

progesterone and a relatively elevated estrogen and 

testosterone levels due to negative feedback inhibition on 

gonadotropin- releasing hormone (GnRH) secretion, which 

disrupts pituitary signalling and ovarian folliculogenesis 

(Peng et al., 2025). Consequently, reduced progesterone 

arises from impaired corpus luteum formation while 

abnormal estrogen levels reflect disrupted follicular 

dynamics. Elevated testosterone further exacerbates 

reproductive dysfunction by interfering with normal ovarian 

steroidogenesis (Qiu, 2022). These findings are in 

concordance with the results of the female hormonal assay 

as shown in Table 2. Pteridium aquilinum plant has shown 

to exert ameliorative effects on reproductive dysfunction 

(Chorosho et al., 2023). The plant is rich in phytochemicals 

such as flavonoids, alkaloids, and phenolic compounds 

(Zhao et al., 2022), which exhibit antioxidant (Nwankwo et 

al., 2022) and endocrine-modulating properties. These 

compounds are capable of interacting with the HPO axis, 

enhancing ovarian sensitivity and restoring hormonal 

balance (Adelakun, 2022). Their role in modulating 

endocrine pathways positions them as promising agents in 

reversing drug-induced infertility. Comparatively, 

experimental studies have shown that Pteridium aquilinum 

extracts significantly increase FSH and LH levels, indicating 

stimulation of pituitary gonadotropin secretion (Khan et al., 

2016). The rise in FSH promotes follicular growth and 

maturation, while increased LH supports ovulation and 

corpus luteum formation. This directly counteracts the 

suppressive effect of MPA on gonadotropins, demonstrating 

a reversal of endocrine inhibition (Giles et al., 2023). Thus, 

Pteridium aquilinum plant extract restores the functional 

integrity of the gonadotropic axis. 

 

On hormonal regulation, with regards to estrogen regulation, 

MPA disrupts normal estrogen dynamics by impairing 

folliculogenesis. However, Pteridium aquilinum bioactive 

compounds may exert phytoestrogenic effects, binding to 

estrogen receptors and modulating estrogen activity. 

Phytoestrogens have been shown to normalise estrogen 

production and receptor sensitivity (Yang, 2019), thereby 

improving ovarian function (Adelakun, 2022). This helps 

stabilize estrogen levels altered during MPA-induced 

infertility and supports restoration of normal reproductive 

cycles. Progesterone restoration is crucial in fertility 

recovery. MPA reduces progesterone levels by inhibiting 

ovulation and preventing corpus luteum formation. By 

stimulating LH secretion, Pteridium aquilinum promotes 

ovulation and enhances luteal activity, leading to increased 

progesterone production (Khan et al., 2016; Li et al., 2024). 

Adequate progesterone levels are essential for endometrial 

preparation and successful implantation, indicating 

improved fertility potential especially at a median dose of 

1000 mg/kg bw as shown in the Table 2 of this study. On 

testosterone, MPA-induced infertility is associated with 

elevated androgen levels due to disrupted steroidogenic 

pathways. Elevated testosterone negatively impacts 

follicular development and ovulation. Bioactive compounds 

in Pteridium aquilinum reduce androgen levels by enhancing 
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aromatase activity, facilitating the conversion of testosterone 

to estrogen (Adelakun, 2022; Qiu, 2022). This reduction in 

testosterone contributes to improved ovarian function and 

hormonal balance. 

 

The antioxidative properties of Pteridium aquilinum 

contribute to its ameliorative effects on hormonal imbalance. 

Oxidative stress plays a significant role in ovarian 

dysfunction and infertility (Agarwal et al., 2020; Olayemi et 

al., 2021), particularly in drug-induced models.  Flavonoids 

and phenolic compounds in PA scavenge free radicals, 

protect ovarian tissues, and improve follicular integrity 

(Adelakun et al., 2022). This protective effect complements 

hormonal restoration by maintaining cellular health within 

the reproductive system. 

A key comparative advantage of Pteridium aquilinum lies in 

its multi-target mechanism of action. While MPA exerts a 

suppressive effect primarily on the pituitary and ovarian 

hormones, the plant extract acts at multiple levels of the HPO 

axis, including the hypothalamus, pituitary, and ovaries. 

This integrated mechanism allows simultaneous correction 

of hormonal imbalances, restoration of ovarian morphology, 

and improvement in reproductive outcomes (Peng et al., 

2025; Qiu, 2022). 

 

On the histopathology results on the ovary, about the ovarian 

morphology of the rats, and their structural integrity, the 

ovary maintained in the control group reflects normal 

metabolic functions, unlike the moderate ovarian tissue 

degeneration observed in Groups 2 and Groups 5. This 

indicates that MPA exerts both reproductive toxicity and 

systemic effects on neuroendocrine regulation and ovarian 

metabolism (Akinloye et al., 2020). Group 2 animals 

showed ovarian cellular degeneration characterised by areas 

of atretic developing follicles (af), hemorrhagic blood tissues 

(black arrow) and areas of infiltrating inflammatory fluid 

deposit. Group 5 animals with a median dose of PA (1000 

mg/kg/bw), demonstrated an altered ovarian histo-structure 

with areas of infiltrating inflammatory fluid deposit (yellow 

arrow) within the ovarian stroma while the 

photomicrographs of the ovaries in group 6 with a high dose 

of PA (1500 mg/kg/bw), presented a severely affected 

histoovarian structure with an increased inflammation and 

tissue injury. These results indicate a dose-dependent 

toxicity of PA at higher concentrations of 1500 mg/kg/bw, 

(Eze et al., 2023). Thus, while PA has therapeutic potential, 

its safety margin must be carefully considered in 

experimental and clinical applications. 

 

Histopathological examination of the pituitary gland 

revealed moderate cellular distortion in groups 2, 5, and 6. 

They presented a population of vacuolated and shrunken 

acidophilic cells nuclei (yellow arrow), and scanty 

disoriented vascular sinusoids within the adenohypophysial 

matrix. The basophilic and acidophilic cells are responsible 

for the secretion of gonadotropins. The presence of moderate 

damage in both PA-treated groups of groups 5 and 6 aligns 

with  

findings that endocrine-disrupting agents such as MPA may 

cause moderate alterations in pituitary architecture despite 

therapeutic interventions (Ibrahim et al., 2019). 

 

Also, the hypothalamus in Groups 2, 5, and 6 had its 

histoarchitecture moderately altered, with brain tissue 

showing altered neural tissue containing a population of 

vacuolated and pyknotic neural cells (black arrow) within 

the neuro-cortical matrix. The hypothalamus plays a central 

role in regulating reproductive hormones via gonadotropin-

releasing hormone (GnRH), and its moderate histological 

impairment in PA-treated groups of 5 and 6 indicated that 

the extract may have limited ability to exert neuroprotective 

effects at the administered doses (Okeke et al., 2024).  

 

This study demonstrates that the ethanol leaf extract of 

Pteridium aquilinum exhibits a significant therapeutic 

potential in ameliorating the biochemical alterations 

associated with medroxyprogesterone acetate-induced 

infertility in female Wistar rats. The extract effectively 

improved reproductive hormone indices, suggesting a strong 

endocrine-protective ability of Pteridium aquilinum capable 

of counteracting reproductive damage, restored the 

hormonal balance in the altered female reproductive 

hormone, and confirmed that P. aquilinum possesses 

antioxidant and anti-inflammatory activity, helping to 

reduce oxidative stress, which is one of the major underlying 

mechanisms of MPA-induced reproductive dysfunction.  

  

Pteridium aquilinum offers ovarian protection at a median 

dose (1000 mg/kg/bw). This result underscores the 

importance of dose optimisation in the use of plant-based 

therapies and highlights the need for further studies to 

elucidate the mechanisms underlying PA’s neuroendocrine 

protective effects. Thus, while PA shows some therapeutic 

restoration functions, its efficacy in restoring fertility 

through histological recovery of key organs remains limited. 

 

CONCLUSION 

 

Overall, the findings demonstrated that ethanol leaf extract 

of Pteridium aquilinum can mitigate the biochemical 

disturbances induced by medroxyprogesterone acetate. This 

supports the use of the plant as a natural therapeutic agent in 

managing reproductive disorders and associated systemic 

imbalances. However, further research is required to confirm 

the safety, dosage, and long-term effects of administration 

before clinical application. 
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