A Straightforward Statistical Approach to Evaluating Dragon Fruit Extract Effects on Graafian Follicle Development



.     
.
              . 
                     
	.
..


.
[bookmark: _GoBack]


ABSTRACT

	Background: Red dragon fruit (Hylocereus polyrhizus), a widely cultivated tropical fruit in Indonesia, is highly valued for its dense nutritional profile and high concentration of betalains—nitrogenous pigments that function as potent antioxidants. 
Aims: This study investigated the physiological impact of H. polyrhizus extract on the maturation of ovarian follicles, specifically focusing on the diameter of de Graff follicles in female Wistar rats (Rattus norvegicus).
Methodology: Employing a true experimental design with a Completely Randomized Design (CRD), 24 healthy female rats (weighing 150–200 g, aged 2–3 months) were selected via simple random sampling and divided into four treatment groups (P0, P1, P2, and P3).
Results: Descriptive analysis revealed a dose-dependent upward trend in follicular size corresponding to increased extract concentrations. Inferential statistical analysis using ANOVA confirmed that the administration of dragon fruit extract significantly influenced the expansion of de Graff follicle diameters (p < 0.05). Subsequent Duncan’s Multiple Range Tests demonstrated significant differences in follicular growth across all experimental groups.
Conclusion: These findings suggest that the antioxidant properties of red dragon fruit extract effectively enhance follicular maturation, highlighting its potential as a natural supplement for supporting female reproductive health.
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1. Introduction

The reproductive health of female mammals represents a complex biological system intricately regulated by the Hypothalamic-Pituitary-Gonadal (HPG) axis, wherein the precise coordination of follicle-stimulating hormone (FSH) and luteinizing hormone (LH) orchestrates the progression of ovarian follicle development through multiple maturation stages (Adelakun et al., 2022; kaygusuzoglu et al., 2018; Rindi Antina et al., 2017). At the culmination of this process lies the development of the de Graff follicle—the mature tertiary follicle whose size and physiological integrity directly determine the success of ovulation and subsequent reproductive capacity (Batubara et al., 2020). The expansion of these follicles is fundamentally dependent on FSH-mediated signaling in granulosa cells and the subsequent LH surge that triggers final oocyte maturation (Kolaka & Sirih, 2025; Shen et al., 2023). However, this delicate endocrine equilibrium is frequently compromised by physiological stressors that generate reactive oxygen species (ROS), leading to oxidative damage of critical reproductive structures and impaired hormonal responsiveness (Salem et al., 2026).
Recent investigations have identified oxidative stress as a major impediment to optimal follicular development, as elevated ROS levels interfere with the expression and function of FSH and LH receptors on the follicular membrane, ultimately resulting in stunted follicular growth or programmed cell death (Angonese et al., 2021; Chauhan et al., 2026; kaygusuzoglu et al., 2018; Loan et al., 2025; Riba et al., 2025; Salem et al., 2026; Thirugnanasambandham & Sivakumar, 2017). This mechanistic understanding has prompted investigation into natural compounds capable of neutralizing oxidative damage while simultaneously supporting hormonal signaling pathways essential for folliculogenesis (Kolaka & Sirih, 2025). Red dragon fruit (Hylocereus polyrhizus), a widely cultivated tropical fruit valued for its exceptional nutritional density, has emerged as a promising candidate due to its exceptionally high concentration of betalains potent nitrogenous pigments possessing robust antioxidant properties (Angonese et al., 2021; Initha et al., 2024; Mondol et al., 2025; Salem et al., 2026). Beyond betalains, Hylocereus polyrhizus contains a comprehensive phenolic profile comprising over 20 identified compounds, including major flavonoids such as quercetin and hydroxycinnamic acids like ferulic and sinapic acids, which collectively provide broad-spectrum anti-inflammatory and antioxidant benefits (Biswas et al., 2025; Cheok et al., 2018; Loan et al., 2025; Nithya et al., 2025).
The mechanism through which dragon fruit bioactive compounds may enhance follicular development operates primarily through oxidative stress mitigation (Abirami et al., 2021; Initha et al., 2024; kaygusuzoglu et al., 2018; Lim et al., 2024a). Exogenous antioxidants derived from Hylocereus polyrhizus can preserve the sensitivity of granulosa cells to FSH and LH signaling by neutralizing ROS and maintaining receptor integrity on the follicular membrane (Abirami et al., 2021; Direito et al., 2025; Kolaka & Sirih, 2025). A larger follicular diameter, achieved through increased antral expansion and granulosa cell proliferation, typically correlates with elevated estrogen production and enhanced responsiveness to the LH surge, thereby supporting the progression toward ovulation (Rindi Antina et al., 2017; Shen et al., 2023). The specific flavonoid quercetin, abundant in dragon fruit extract, acts to upregulate proteins associated with cell proliferation including cyclins and growth factors, thereby directly contributing to follicular size expansion (kaygusuzoglu et al., 2018; Oyshi et al., 2025; Xie et al., 2025). Additionally, the vitamin C content of the extract plays a critical role in mitigating oxidative stress and modulating hormonal regulation, including estrogen levels, while protecting the structural integrity of mature follicles (Zitha et al., 2022).
Although the nutritional benefits of dragon fruit are well-recognized within traditional practices, empirical biomedical evidence regarding its specific impact on ovarian microstructures and their hormonal responsiveness remains limited. Previous research has suggested that red dragon peel extracts can influence the HPG axis(Wong et al., 2023), yet the precise dose-response relationship between Hylocereus polyrhizus extract concentration and de Graff follicle diameter has not been comprehensively documented. This research gap necessitates rigorous experimental evaluation to validate the mechanistic connections between dragon fruit's antioxidant profile and follicular development. Therefore, the present study employed a true experimental design with a Completely Randomized Design (CRD) to systematically evaluate how varying concentrations of dragon fruit extract influence the diameter of de Graff follicles in female Wistar rats, a well-established mammalian model characterized by rapid reproductive cycles and clearly delineated estrous phases (Wong et al., 2023). By performing histological analysis and quantitative measurement of follicular diameters across multiple treatment doses, this study aimed to provide scientific validation for the use of red dragon fruit as a functional food supporting female reproductive health and to establish the dose-dependent relationship between extract concentration and follicular development.

2. Material and Methods 
2.1 Materials 
The materials and chemicals utilized in this study included 24 healthy female Wistar rats (Rattus norvegicus) weighing 150–200 grams as animal subjects, along with fresh red dragon fruits (Hylocereus polyrhizus) as the primary source for the experimental extract. The chemicals and reagents employed for the extraction and histological processes consisted of 96% ethanol as a solvent for maceration, distilled water for the control group and extract dilution, and various substances for tissue preparation, such as 10% neutral buffered formalin for fixation, graded alcohol for dehydration, xylol for clearing, and paraffin wax for embedding. Furthermore, hematoxylin and eosin (H&E) stains were used for the microscopic staining of the ovarian tissues to facilitate the measurement of the de Graff follicle diameters.

2.2. Preparation of the Red Dragon Fruit Extract
The preparation of the red dragon fruit (Hylocereus polyrhizus) extract was carried out using a cold maceration technique to preserve the heat-sensitive betalain compounds. Red dragon fruit pulp (50 g) was homogenized and macerated in 96% ethanol for three days with regular agitation. The mixture was filtered through flannel and Whatman paper, then concentrated using a rotary evaporator (70°C) and a water bath to produce a thick paste extract.

2.3. Experimental Animals and Acclimatization
The study utilized 40 female Wistar rats (Rattus norvegicus), aged 2.5 months, with an average body weight of 150–200 g. The animals were sourced from the Pharmacy Laboratory of Halu Oleo University. Before the experiment, the rats underwent a 14-day acclimatization period. The animals were housed individually in rectangular cages (29 cm x 21 cm x 13 cm) equipped with wire mesh covers and wood shaving bedding, which was replaced twice weekly. The environmental conditions were maintained under a 12-hour light/dark cycle. The rats were provided with 20 g of pellet feed daily at 17:00 and had ad libitum access to 100 ml of drinking water. Ethical approval for this study was obtained from the Ethics Committee of Universitas Halu Oleo (No: 504/UN29.20.1.2/PG/2024), and all procedures involving animals were performed according to the approved ethical guidelines.

2.4. Dosage Calculation and Formulation
The selected doses for the red dragon fruit extract were 500, 600, and 700 mg/kg body weight (BW). For an assumed average rat weight of 200 g. The extract was formulated using distilled water and 0.2% sodium carboxymethyl cellulose as a suspending agent. The dosages were calculated as follows (1):
                                               ………………………………..(1)
Based on this formula:
500 mg/kg BW corresponds to 100 mg/200g BW.
600 mg/kg BW corresponds to 120 mg/200g BW.
700 mg/kg BW corresponds to 140 mg/200g BW.













2.3. Experimental Design
The study employed a True Experimental Design using a Completely Randomized Design (CRD). The animals were randomly assigned to four groups as shown in the table below (Table 1):

Table 1. Research Design
	Group
	Treatment Description

	P0 (Control)
	Oral administration of distilled water (Placebo)

	P1
	Oral administration of H. polyrhizus extract at Concentration 1

	P2
	Oral administration of H. polyrhizus extract at Concentration 2

	P3
	Oral administration of H. polyrhizus extract at Concentration 3



Notes:
P0: Dose of 0 mg/kg BW for female white rats (control)
P1: Dose of 500 mg/kg BW for female white rats
P2: Dose of 600 mg/kg BW for female white rats
P3: Dose of 700 mg/kg BW for female white rats

2.4. Histological Preparation and Measurement
2.4.1 Euthanasia and Ovarian Organ Collection
The termination of the experimental animals was conducted on day 22, following the completion of the 21-day treatment period. All female rats were anesthetized using chloroform until they reached an unconscious state prior to the surgical procedure. Once fully anesthetized, the rats underwent a laparotomy using sterile surgical instruments to harvest the ovarian organs from the abdominal cavity (Kolaka & Sirih, 2025). The collected ovaries were then thoroughly washed to remove residual blood before proceeding to the tissue fixation stage.
2.4.2 TISSUE PROCESSING VIA PARAFFIN EMBEDDING METHOD
The histological sections of the ovaries were prepared using the paraffin method (Kolaka & Sirih, 2025), beginning with a fixation stage in Bouin's solution for approximately two days to preserve cellular morphology. Following fixation, the organs underwent a washing process with 70% alcohol and were subsequently dehydrated through a graded ethanol series (70%, 96%, and absolute alcohol) for 60 minutes each. The tissues were then cleared in a toluol solution overnight before being infiltrated with a mixture of toluol and pure paraffin. The final stage of this process involved embedding the tissues into liquid paraffin blocks, which were allowed to solidify before being sectioned with a microtome at a thickness of 6 µm.
2.4.3 HEMATOXYLIN-EOSIN (HE) STAINING AND MOUNTING
Tissue sections attached to glass slides were deparaffinized using xylol and rehydrated through a descending series of alcohol concentrations. The staining procedure involved immersing the slides in Hematoxylin for 7 minutes to color the cell nuclei, followed by a 10-minute wash under running water, and then counterstaining the cytoplasm with Eosin-Y for 10 minutes. After final dehydration and clearing in xylol, the slides were mounted using Canada balsam and secured with a coverslip. This procedure resulted in histological specimens ready for microscopic examination and measurement of the de Graaf follicle diameters.
2.4.4. Microscopic Measurement of Follicle Diameter
Microscopic observations were conducted using a LEICA DM 1000 LED binocular microscope integrated with a digital camera and ImageJ analysis software. Histological slides were evaluated at magnifications of 100× and 200× to identify mature Graafian follicles, which were characterized by a prominent antrum filled with follicular fluid, a distinct oocyte, and surrounding layers of granulosa cells. Follicle diameter was quantified using an ocular micrometer calibrated against a stage micrometer; the scale was aligned across the follicle to measure the longitudinal (largest) and transverse (shortest) axes. The final follicle size was determined by calculating the mean diameter using the following formula (2):

                                               ………………………………..(2)
The numerical data in micrometers (μm) were then statistically processed using ANOVA and Duncan’s multiple range test.

2.5 STATISTICAL ANALYSIS
Data are expressed as Mean ± Standard Deviation (SD). Statistical significance was determined using one-way analysis of variance to identify differences between groups. Post-hoc analysis was performed using the Duncan Multiple Range Test (DMRT) with a significance level of P < 0.05.

3. results and discussion
3.1. DRAGON FRUIT EXTRACT (hylocereus polyrhizus)
[Red dragon fruit (Hylocereus polyrhizus) extraction was performed via maceration in 96% ethanol to protect heat-sensitive active compounds from thermal degradation. This three-day soaking process, followed by gradual filtration, yielded a clear filtrate that was subsequently concentrated using a rotary evaporator and a water bath (Fig. 1). The resulting thick, deep-red paste visually indicates a high concentration of betalain and anthocyanin pigments, which serve as the primary antioxidant sources(Chauhan et al., 2026; Initha et al., 2024; Thirugnanasambandham & Sivakumar, 2017). This extract is chemically complex, featuring a profile of 20 identified phenolic compounds with nearly double the concentration found in the white-flesh variety. Key constituents include major flavonoids and hydroxycinnamic acids such as rutin, hesperidin, and ferulic and sinapic acids which provide a broad spectrum of anti-inflammatory, antitumoral, and antioxidant benefits (Abirami et al., 2021; Angonese et al., 2021; Lim et al., 2026; Zitha et al., 2022).
[image: ]                                  Fig. 1. Preparation of Hylocereus polyrhizus crude extract
The quality of this extract is exceptionally high, evidenced by an IC50 value of 57.35 ppm, placing its antioxidant activity well within the "very strong" category (below the 200 ppm threshold) (Angonese et al., 2021; Asranudin et al., 2023, 2020; Initha et al., 2024; Lim et al., 2024a; Sadimantara et al., 2018). Its unique bioactive signature containing quercetin, catechin, and apigenin further enhances its therapeutic potential. These secondary metabolites, including vitamin C and flavonoids, work synergistically to shield reproductive cells from oxidative stress (Direito et al., 2025; Xie et al., 2025). Given its superior physical characteristics and potent biological activity, this extract is highly suitable as an oral treatment to promote the development of Graafian follicle diameter in female rats throughout the study period.
3.2. The Effect of Dragon Fruit Extract on De Graaf Follicle Diameter
Quantitative analysis of de Graff follicle diameter showed a clear dose-dependent relationship after administration of red dragon fruit extract (Hylocereus polyrhizus), which is shown in Table 2.
Table 2. Mean Diameter of de Graaf Follicles across experimental groups
	Treatment
	
	Replicate measurements (µm)
	
	Mean ± SD

	
	1
	2
	2
	4
	5
	6
	

	P0
	147.28
	135.13
	126.47
	142.02
	133.92
	146.16
	138.50 ± 08.06

	P1
	147.38
	153.05
	166.40
	164.76
	164.61
	140.87
	156.18 ± 10.68

	P2
	175.07
	198.36
	193.85
	203.40
	162.11
	195.72
	188.08 ± 14.58

	P3
	229.04
	205.72
	210.20
	231.20
	243.39
	206.62
	221.03 ± 15.66



The quantitative analysis of de Graff follicle diameters demonstrates a clear dose-dependent relationship following the administration of red dragon fruit (Hylocereus polyrhizus) extract. As shown in the data, the control group (P0) exhibited the smallest mean follicle diameter at 138.50 µm. In contrast, all treatment groups (P1, P2, and P3) showed a progressive increase in diameter, with the highest dose of 700 mg/kgBB (P3) reaching a peak mean of 221.03 µm. This substantial increase suggests that the bioactive compounds within the extract play a significant role in stimulating follicular maturation and expansion.
The observed growth in follicle size is likely attributed to the high antioxidant capacity of the extract, which recorded an IC50 value of 57.35 ppm. Secondary metabolites such as flavonoids, betalains, and vitamin C act as potent radical scavengers, reducing oxidative stress within the ovarian microenvironment. By neutralizing reactive oxygen species (ROS˚.), these antioxidants protect granulosa cells from apoptosis and enhance their proliferation(Kolaka & Sirih, 2025; Lim et al., 2024a; Shen et al., 2023). Since the diameter of a de Graff follicle is largely determined by the accumulation of follicular fluid in the antrum and the expansion of the granulosa layer, the extract effectively supports the physiological transition from antral to mature pre-ovulatory follicles. Furthermore, the presence of specific phenolics like quercetin and rutin may exert a "phytoestrogen-like" effect or enhance the sensitivity of follicle cells to Follicle Stimulating Hormone (FSH) (Boots et al., 2008; Ekozin et al., 2025; Shen et al., 2023). This hormonal synergy accelerates the development of the Graafian follicles, as evidenced by the statistically significant growth observed across the treatment groups. Consequently, red dragon fruit extract serves as a promising natural agent in promoting oocyte quality and reproductive health by optimizing the final stages of folliculogenesis.

3.3. Histological Observations of Follicular Growth and Development
The quantitative increase in the diameter of Graafian follicles is consistent with the histological appearance of the ovaries observed under the microscope (Fig. 2). In the treatment groups (P1, P2, and P3), a more substantial development of follicular structures was observed compared to the control group. Based on the observations, Graafian follicles were characterized by the formation of a large antrum (cavity) filled with follicular fluid (liquor folliculi), as well as an oocyte surrounded by a thick layer of granulosa cells.
Figure 2 illustrates that the Graafian follicles in the control group (P0) exhibit the smallest diameter, characterized by a narrow antrum and a relatively small ovum. In contrast, the administration of red dragon fruit extract at a dose of 500 mg/kg BW (P1) leads to an observable increase in follicle size, driven by antral expansion and a larger ovum. This upward trend continues in the 600 mg/kg BW group (P2), where the follicle diameter further enlarges due to an expanded antrum, a denser layer of granulosa cells, and a significantly larger ovum. The most prominent growth is recorded in the 700 mg/kg BW group (P3), showing the largest diameter facilitated by a massive antrum, a high density of follicular cells, and a fully developed ovum.
These findings suggest that dragon fruit extract may enhance Graafian follicle diameter compared to the control, with an observed dose-dependent response. This development could be attributed to the presence of bioactive compounds in the extract, such as flavonoids (specifically quercetin), which have been reported in literature to promote the proliferation of follicle cells and protect them from oxidative damage (Adelakun et al., 2022; Ekozin et al., 2025; Lulan et al., 2020; Salem et al., 2026; Shen et al., 2023). Quercetin works by upregulating proteins associated with cell proliferation, such as cyclins and growth factors, thereby increasing the overall follicle diameter. Additionally, the extract's vitamin C content plays a vital role in mitigating oxidative stress and modulating hormonal regulations, including estrogen levels. As a potent antioxidant, vitamin C neutralizes free radicals particularly those generated by excessive glutamate receptor activity in the ovaries ensuring the structural integrity and health of the Graafian follicles (Abirami et al., 2021; Cheong et al., 2025; Zitha et al., 2022).
[image: ]
Fig. 2. Histology of Graafian Follicles at 200x Magnification. Control (P0), 500 mg/kg BW (P1), 600 mg/kg BW (P2), and 700 mg/kg BW (P3) (Description: (1). Theca externa, (2). Antrum, (3). Granulosa cells, (4). Ovum)
3.4. Statistical Inference and Hypothesis Testing
In this study, a series of inferential analyses were conducted systematically to ensure the validity of the findings. Initially, a normality test (Shapiro-Wilk) was performed to determine whether the Graafian follicle diameter data followed a normal distribution (Table 3). The results confirmed that the data met this assumption, allowing for the continuation of parametric analysis. This step is crucial, as ANOVA the primary statistical method used requires normally distributed data for the results to be valid and scientifically interpretable. Subsequently, a homogeneity of variance test was conducted to ensure that the variances across treatment groups (P0, P1, P2, and P3) were equal. The results indicated that the data were homogeneous, thereby fulfilling the fundamental assumptions for ANOVA (Table 4). With both normality and homogeneity verified, a one-way analysis of variance was employed to test the hypothesis regarding the effect of dragon fruit extract on the Graafian follicle diameter in female white rats (Table. 5). The ANOVA results revealed significant differences between the groups, demonstrating that the extract had a substantial impact on follicle size.

Table 3. Data Normality Test
	
	Shapiro-Wilk
	

	Statistic
	df
	Sig.

	.934
	6
	.608

	.873
	6
	.237

	.867
	6
	.213

	.876
	6
	.251


Sig. > α (0.05), indicating that the data are normally distributed.

Table 4. Test of Homogeneity of Variances
	diameter de Graff
	
	
	

	Levene Statistic
	df1
	df2
	Sig.

	2.426
	3
	20
	0.096


      The P-value (Sig.) is 0.096 > 0.05, indicating that the data are homogeneous.

To identify specific differences between treatment levels, a Duncan’s Multiple Range Test (DMRT) was performed as a post hoc analysis. The Duncan test results showed that each concentration of dragon fruit extract produced a significantly different effect on the follicle diameter (Table 6). In other words, increasing the extract concentration consistently led to a larger follicle diameter. These findings reinforce the conclusion that the antioxidants and nutrients in dragon fruit play a vital role in supporting ovarian follicle development, thereby successfully proving the research hypothesis.

Table. 5. Analysis of Variance (ANOVA) test
	diameter de Graff

	Sum of Squares
	df
	Mean Square
	Fh
	Ft
	Sig.

	Treatment
	23834.818
	3
	7944.939
	46.75
	3.10
	0.00

	Error
	3398.895
	20
	169.945
	
	
	

	Total
	27233.713
	23
	
	
	
	


Note: F-calculated > F-table (46.75 > 3.10) and the p-value (Sig.) = 0.00 < 0.05. Therefore, H0 is rejected and H1 is accepted, signifying that the red dragon fruit extract has a significant effect on the Graafian follicle diameter of white rats
Table. 6. Duncan's post hoc test
	Treatment Group
	N
	Means
	Duncan notation

	P0
	6
	138.50
	a

	P1
	6
	156.18
	b

	P2
	6
	188.08
	c

	P3
	6
	221.03
	d


Note: Different superscript letters (a, b, c, d) within the same column indicate a significant difference (P < 0.05) between treatments.

Statistical analysis using Duncan’s Multiple Range Test reveals that the administration of red dragon fruit (Hylocereus polyrhizus) extract significantly impacts the diameter of de Graaf follicles. A distinct dose-dependent relationship was observed, where the P3 treatment group yielded the largest mean diameter of 221.03 μm, indicating that higher concentrations of the extract correlate with enhanced follicular growth. This expansion is primarily driven by the rich profile of bioactive compounds found in dragon fruit, particularly flavonoids such as quercetin and pigments like betalains (Chauhan et al., 2026; Initha et al., 2024; Mondol et al., 2025; Thirugnanasambandham & Sivakumar, 2017). These compounds modulate the endocrine system by interacting directly with hormone receptors in target cells, thereby influencing the biological pathways required for cellular enlargement and the regulation of estrogen levels. Research by Angonese et al. (2021)supports this by confirming that Hylocereus polyrhizus contains a superior profile of phenolic compounds and organic acids compared to other species, which are essential for maintaining cellular integrity during growth.
The physiological mechanism of this growth is further supported by the potent antioxidant activity inherent in dragon fruit. The betacyanins present in the extract serve as a defense mechanism against oxidative stress by neutralizing free radicals, such as peroxide radicals (ROO°), through the donation of electrons or hydrogen atoms(John et al., 2026; Lim et al., 2026; Loan et al., 2025; Nithya et al., 2025). As highlighted, these betacyanins activate specialized signaling pathways (such as Nrf2-ARE) that enhance cellular antioxidant defenses(Lim et al., 2024a, 2024b; Ştefănescu et al., 2025; Suraweera et al., 2020). This protection is crucial for the ovarian environment; by reducing oxidative damage, the extract stimulates the anterior pituitary gland to secrete steroid hormones and initiate folliculogenesis(Martínez-Rodríguez et al., 2022; Nirmal et al., 2024). As the follicle count increases, the multiplication of granulosa cells leads to higher estrogen secretion, which eventually triggers the Luteinizing Hormone (LH) surge necessary for ovulation(Rosenfield & Ehrmann, 2016).
Furthermore, the utilization of dragon fruit components including the peel, which is often discarded has been shown to provide high total phenolic and flavonoid content (53.32 mg QE/g) (Biswas et al., 2025). These findings reinforce the conclusion that Hylocereus polyrhizus extract acts as an effective natural agent for improving follicular development and estradiol levels (Adelakun et al., 2022). By mitigating oxidative stress and modulating hormonal responses, dragon fruit extract provides a robust biological environment for reproductive health and cellular maturation (Cheong et al., 2025; Kolaka & Sirih, 2025; Som et al., 2019).]

4. Conclusion
Descriptive and inferential analyses (ANOVA) demonstrate that the administration of supplemental red dragon fruit (Hylocereus polyrhizus) extract significantly increases the mean diameter of Graafian follicles in female Wistar rats in a dose-dependent manner. Each treatment level (500, 600, and 700 mg/kg BW) resulted in significantly different follicular growth. While this expansion is statistically correlated with the increasing dosage, it is likely supported by the potent antioxidant profile of the extract, which may help maintain the physiological environment necessary for follicular maturation
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