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					ABSTRACT  

					ARTICLE INFO  

					Maternal nutrition during lactation is a critical determinant of offspring health, particularly in  

					programming reproductive function. While the impact of high maternal dietary fat intake during  

					gestation has been widely studied, the effect during the lactational period remains underexplored.  

					This study investigated the effects of maternal consumption of a lipid-rich diet and quercetin  

					supplementation during lactation on ovarian follicular development in female Wistar rat offspring.  

					Fifteen pregnant Wistar rats were assigned to five treatment groups: one received a standard chow  

					diet (control), while the remaining groups were administered a high-fat diet (HFD) either alone or  

					in combination with quercetin supplementation at doses of 8, 16, or 32 mg/kg body weight.  

					Treatment protocols were implemented throughout lactation and female offspring were weaned  

					onto standard diet. Ovarian tissues were collected on postnatal days (PND) 21 and 35 for  

					histological analysis. HFD significantly reduced primordial and primary follicular counts at PND  

					21, suggesting impaired ovarian reserve, likely due to oxidative stress and inflammation. High-  

					dose quercetin mitigated these effects by enhancing follicular survival and reducing atresia. By  

					PND 35, primordial follicular counts in HFD-fed offspring showed signs of recovery, but high-  

					dose quercetin continued to exert a protective effect. HFD also negatively impacted secondary  

					and antral follicles, while high-dose quercetin improved their development. Atretic follicular  

					counts increased in HFD-fed offspring but were reduced with high-dose quercetin. These findings  

					suggest that maternal HFD during lactation adversely affects ovarian follicular development in  

					offspring, while high-dose quercetin provides protective benefits, possibly through antioxidant  

					and anti-inflammatory mechanisms.  
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					Wistar rats  

					Cheong et al.8 observed a notable depletion of primordial follicles,  

					antral, and Graafian follicles in offspring from HFD-fed mothers. Lin  

					Introduction  

					The rising prevalence of maternal adiposity during the prenatal and  

					postnatal phases is a significant public health concern, with an estimated  

					30% of pregnant women worldwide classified as obese.1 While some  

					factors contributing to maternal obesity, such as pre-pregnancy body  

					weight, height, and age, are non-modifiable, dietary habits—  

					particularly high-fat diet (HFD) consumption—play a crucial role.2A  

					high-fat diet contains excessive fat levels compared to a standard diet,  

					increasing the risk of metabolic disruptions that can affect both the  

					mother and offspring.3 Evidence suggests that maternal HFD exposure  

					during pregnancy and lactation can alter offspring development,  

					including ovarian follicular dynamics. Studies have linked maternal  

					obesity to increased fat content in breast milk, which may predispose  

					offspring to obesity and metabolic disorders, reinforcing the  

					Developmental Origins of Health and Disease (DOHaD) hypothesis.4-6  

					Notably, disruptions in ovarian follicular development due to maternal  

					HFD exposure have the potential to compromise reproductive function  

					in female progeny.7Several studies have demonstrated maternal HFD  

					negatively impacts follicular counts at various developmental stage.8  

					et al.9 found that while maternal HFD did not directly affect small  

					follicle numbers, post-weaning HFD exposure significantly reduced  

					primary and secondary follicle counts. Zhou et al.10 reported fewer  

					secondary follicles in the offspring of HFD-fed mothers, though the  

					increase in primordial follicles was not statistically significant. Kalem  

					et al.11 showed a progressive decline in primordial follicles, with the  

					most severe depletion occurring in offspring exposed to a cafeteria diet  

					throughout development. Yan et al.12 found that maternal HFD lowered  

					primordial and preantral follicle counts, with preconception exposure  

					having the greatest impact. These findings suggest that maternal HFD  

					disrupts ovarian reserve establishment, potentially compromising  

					reproductive potential in female offspring.  

					A plethora of studies have highlighted the potential of natural products  

					in ameliorating reproductive disorders. For instance, Adebodun et al.13  

					demonstrated the ameliorative effects of Vernonia amygdalina extract  

					on female Wistar rats with polycystic ovary syndrome (PCOS)  

					developed through high-fat diet and letrozole exposure. Similarly,  

					Subair et al.14 reported the pro-fertility effects of Momordica charantia  

					leaf phytochemicals in female Sprague-Dawley rats. These discoveries  

					highlight the promise of natural compounds in addressing reproductive  

					impairments.  

					Quercetin, a flavonoid abundant in plant-based foods like onions,  

					apples, and berries has been the subject of interest owing to its  

					antioxidant, anti-inflammatory, and metabolic regulatory potential.15 Its  

					safety, accessibility, and broad-spectrum health benefits render it a  

					compelling option for mitigating the negative outcomes linked to  

					maternal high-fat diet exposure.16 Notably, Beazley and Nurminskaya17  

					demonstrated that quercetin supplementation in mice accelerated  

					follicular maturation by increasing antral follicle counts while reducing  

					primordial and primary follicle numbers, suggesting that it facilitates  
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					the transition from early to advanced follicular stages. Similarly, Jahel  

					et al.18 showed that quercetin reversed follicular depletion in a letrozole-  

					induced PCOS model by promoting the progression of follicles through  

					successive stages (from primordial to Graafian) and concurrently  

					reducing the formation of cystic and degenerating follicles. Existing  

					research has established that maternal HFD exposure impacts follicular  

					development, but most studies have focused on pregnancy or the entire  

					perinatal period, leaving the effects of lactation-specific exposure  

					largely unexamined. Additionally, prior studies have primarily assessed  

					follicular changes in later reproductive stages rather than early postnatal  

					and juvenile development. Another major limitation is the lack of  

					intervention strategies to mitigate HFD-induced ovarian dysfunction.  

					Despite its recognized antioxidant and anti-inflammatory properties,  

					quercetin has not been explored as a protective agent during lactation.  

					To address these gaps, this study assessed the consequences of maternal  

					high-fat dietary exposure exclusively during lactation.  

					ad libitum and hydrated without restriction all through the lactation  

					period. The control group received standard rodent chow formulated to  

					meet established nutritional requirements, while the group on a high-fat  

					dietary regimen was administered a locally formulated diet composed  

					of margarine, sugar, and eggs. Both diets were prepared freshly on a  

					daily basis to maintain palatability and prevent nutrient degradation or  

					microbial contamination. Food intake was monitored by measuring the  

					amount of feed provided and the leftover amount after 24 hours to  

					confirm actual consumption. In addition, dams and randomly selected  

					pups were weighed weekly to assess growth patterns and confirm  

					nutritional adequacy. Nutritional compositions of both diets were  

					balanced to ensure that the HFD did not result in protein or  

					micronutrient deficiencies, but differed primarily in fat content. All  

					animals were kept in cages that ensured proper ventilation and stable  

					environmental conditions to minimize stress-induced anorexia and  

					ensure optimal feeding behavior.  

					By assessing ovarian follicular counts at PND 21 and 35 and  

					introducing quercetin supplementation, this study aimed to establish a  

					causal link between quercetin and improved ovarian function,  

					potentially offering a novel strategy to mitigate the adverse reproductive  

					effects of maternal obesity. Given the growing obesity epidemic and its  

					transgenerational consequences, identifying effective and accessible  

					interventions such as quercetin could offer a crucial strategy for  

					preserving female reproductive health across generations.  

					Drugs  

					The quercetin (QCET) powder, a 60-g dietary supplement from Time  

					Laboratories (USA) was administered based on oral LD50 of 161  

					mg/kg.19 The treatment groups were administered quercetin orally every  

					day for 21 days until lactation was completed.  

					Sample Size Determination  

					Statistical power analysis for one-way analysis of variance was  

					performed using G*Power version 3.1.9.7. The power calculation is  

					based on a similar study on the developmental programming of  

					offspring with moderate to large effect sizes.20 Cohen’s criteria were  

					used to define the effect size for this study as moderate (Cohen’s  

					d=0.50).21-22 With a defined alpha level of 0.05, 80% power, and a two-  

					tailed hypothesis, the estimated total sample size for this study is 15  

					rats. Each rat was expected to deliver 6-8 pups thus making a total  

					number of 90 rats which would be distributed equally to the cages.  

					Materials and Methods  

					Animals and Experimental Protocol  

					Approval for the study was granted by the University of Nigeria  

					Teaching Health Ethics Committee (COMHREC/2024/04/006) and all  

					animal handling procedures were conducted following established  

					ethical and welfare guidelines. Fifteen virgin female Wistar rats  

					weighing between 150–200 g and verified to have consistent estrous  

					cycles through vaginal smear examination, were chosen and acquired  

					from the laboratory animal unit of the Department of Physiology,  

					Ebonyi State University. The rats were housed in cages measuring 27 ×  

					30 × 42 cm, maintained at a controlled temperature of 25 ± 1 °C, and  

					kept under a 12-hour light/dark cycle. The animals underwent a 7-day  

					acclimatization phase before experimental procedures began. They  

					were also granted unrestricted access to normal commercial pelleted  

					feed (Chikun feed, Nigeria) and clean water.  

					For mating, seven male rats were paired with females in the estrus phase  

					at a 1:2 ratios, and the formation of a vaginal plug was considered an  

					indicator of successful mating. The pregnant rats were then allowed to  

					carry their pregnancies to term and deliver naturally. On postnatal day  

					1 (PND 1), the lactating dams were randomly assigned to five groups,  

					labeled Groups 1 through 5, with three dams per group.  

					Determination of Follicular Count  

					Ovaries from the offspring were collected, treated with 10% formalin,  

					and then processed for microscopic analysis.8, 17 Tissue sections, each  

					4–5 microns thick were stained with hematoxylin and eosin for follicle  

					counting and analyzed using Image J software. Follicles were  

					categorized as primordial, primary, secondary or antral. Primordial  

					follicles were identified by an oocyte encased in flattened granulosa  

					cells whereas primary follicles were defined by a single layer of  

					cuboidal granulosa cells encircling the oocyte.8,17 Secondary follicles  

					exhibited two layers of cuboidal granulosa cells lacking an antral  

					cavity.8,17 Antral follicles were characterized by an oocyte surrounded  

					by multiple layers of granulosa cells along with one or more antral  

					cavities or a cumulus granulosa cell layer.8,17Follicles were further  

					categorized as either normal or atretic. Normal follicles were well-  

					structured with evenly arranged granulosa cells while atretic follicles  

					exhibited disordered granulosa cells, a retracted oocyte, a pyknotic  

					nucleus and disruption of the basement membrane.  

					Group 1 (control group) was served normal standard chow feed  

					(ND) ad libitum along with distilled water.  

					Group 2 was served high -fat diet (HFD) with distilled water.  

					Group 3 received a high-fat dietary regimen and a corresponding  

					low dose (8 mg/kg) of quercetin supplement.  

					Group 4 received a high-fat dietary regimen and a corresponding  

					medium dose (16 mg/ kg) of quercetin supplement.  

					Group 5 received a high-fat dietary regimen and a corresponding  

					high dose (32 mg/kg) of quercetin supplement.  

					Statistical Analysis  

					All data were organized into tables and subjected to statistical analysis.  

					Results are expressed as the mean ± standard error of the mean (S.E.M).  

					Comparisons among offspring from groups 1 to 5 were made using one-  

					way analysis of variance (ANOVA) followed by Tukey’s post hoc test  

					for multiple comparisons. A p-value of less than 0.05 was considered  

					statistically significant. All statistical analyses were performed using  

					the Statistical Package for the Social Sciences (SPSS), version 25.0.  

					After 21 days of lactation, the treatment with a high-fat diet and  

					quercetin ended and the pups were weaned onto normal standard chow  

					feed for 2-4 weeks (depending on how long it took for the pups to attain  

					puberty). Four pups were sacrificed at various intervals (PND 21 and  

					35). Samples of ovarian tissue were taken at each killing time point and  

					preserved for follicular studies later on.  

					Results and Discussion  

					Composition of Diet  

					Differential Follicular Count of Pups ((In Control and Treatment  

					Groups) Whose Mothers Were Fed a High-fat Diet and Administered  

					Quercetin during Lactation) at PND 21  

					At postnatal day 21 (PND 21), significant differences (P < 0.001) were  

					observed in primordial, primary, secondary, and antral follicular counts  

					across all groups. Offspring in the high-fat diet (HFD) group and those  

					treated with quercetin (groups 3–5) exhibited a significant reduction in  

					mean primordial follicle counts compared to the control group.  

					The lactating dams were fed a high-fat diet containing margarine  

					(Kings), sugar (Dangote refined sugar), egg yolks and standard feed all  

					of which were sourced from the local market. The dietary components  

					of the high-fat diet introduced in the dams’ meal when broken down are  

					as follows: margarine 20%, sugar 10%, egg yolk 10%, standard feed  

					60% roughly rounding up to 40% fat for the diet.To ensure adequate  

					nutrition across both experimental groups, all lactating dams were fed  
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					However, quercetin treatment led to a significant increase in primordial  

					follicle numbers compared to the HFD-only group.  

					For primary follicles, counts were significantly lower in both the HFD-  

					fed and quercetin-treated groups compared to controls, although group  

					5 showed a significant increase compared to the HFD-only group.  

					Secondary follicular counts were significantly reduced in group 5  

					compared to the control. Antral follicle counts were notably lower in  

					groups 2, 3, 4, and 5 when compared to the control, with quercetin-  

					treated pups (groups 3–5) showing significantly higher antral follicle  

					counts compared to those on the HFD alone. These results are  

					summarized in Table 1.  

					Table 1: Differential Follicular Count of Pups ((In Control and Treatment Groups) Whose Mothers Were Fed A High-Fat Diet and  

					Administered Quercetin during Lactation) at PND 21  

					Groups  

					HFD+Low dose  

					QCET  

					HFD+Med dose HFD +High  

					P-  

					Variables  

					Control  

					HFD  

					QCET  

					Dose QCET  

					Value  

					Primordial Follicular  

					Count  

					354.25 ± 7.65  

					200.25 ± 4.09  

					69.50 ± 1.85  

					51.75 ± 3.38  

					232.75 ± 3.17a  

					131.25 ± 2.69a  

					43.25 ± 3.17  

					9.50 ± 1.32a  

					264.25 ± 3.47ab  

					147.25 ± 4.92a  

					50.50 ± 4.09  

					267.25 ± 2.96ab  

					150.50 ± 5.84a  

					58.00 ± 4.06  

					21.50 ± 2.22ab  

					280.50 ± 3.88ab  

					153.50 ± 3.50ab  

					57.00 ± 1.41a  

					22.75 ± 1.80ab  

					<0.001  

					<0.001  

					<0.001  

					<0.001  

					Primary Follicular  

					Count  

					Secondary Follicular  

					Count  

					Antral Follicular  

					Count  

					19.50 ± 1.44ab  

					a

					Each value represents Mean ± SEM (Standard Error of Mean) (n = 4). Post hoc analysis shows =P<0.05 is significant when compared to control (group  

					1). b= P<0.05, significant when compared to group 2 (High-fat diet-only group). HFD- High-Fat Diet and QCET- Quercetin  

					Differential Follicular Count of Pups ((In Control and Treatment  

					Groups) Whose Mothers Were Fed a High-fat Diet and Administered  

					Quercetin during Lactation) at PND 35  

					At PND 35, primordial, primary, and antral follicular counts varied  

					significantly across all groups (P < 0.001). Offspring on a high-fat  

					dietary regimen (group 2) and those receiving quercetin (groups 3–5)  

					had significantly lower primordial follicle counts relative to the control  

					group. However, quercetin treatment led to a significant increase in  

					primordial follicle numbers compared to the HFD-only group. Primary  

					follicular counts were reduced in all HFD-fed and quercetin-treated  

					groups (groups 2–5) relative to controls. However, quercetin  

					supplementation (groups 3–5) led to an increase in primary follicle  

					numbers compared to the HFD-only group. Antral follicular counts  

					were significantly lower in groups 2, 3, 4, and 5 compared to controls.  

					However, groups 4 and 5 showed a significant increase in antral follicle  

					numbers relative to the HFD-only group. Secondary follicular counts  

					did not differ significantly between the quercetin-treated groups and the  

					control group (P = 0.75). These findings are detailed in Table 2  

					Table 2: Differential Follicular Count of Pups ((In Control and Treatment Groups) Whose Mothers Were Fed A High Fat Diet and  

					Administered Quercetin during Lactation) at PND 35  

					Groups  

					HFD+Low  

					dose QCET  

					HFD+Med  

					dose QCET  

					279.25  

					HFD  

					+High  

					P

					Variables  

					Control  

					HFD  

					Dose QCET  

					value  

					Primordial Follicular  

					Count  

					±

					±

					373.50 ± 3.01  

					203. 75 ± 5.85  

					58.50 ± 2.53  

					50.25 ± 2.87  

					238.50 ± 4.44a  

					142.50 ± 5.20a  

					70.75 ± 24.01  

					7.75 ± 1.38a  

					275.50 ± 1.85ab 0.48ab  

					286.75 ± 5.39ab <0.001  

					174.50 ± 4.84ab <0.001  

					Primary Follicular  

					Count  

					167.50  

					166.25 ± 2.96ab 3.10ab  

					Secondary Follicular  

					Count  

					51.00 ± 3.19  

					16.50 ± 1.56a  

					53.25 ± 2.32  

					59.25 ± 2.87  

					0.75  

					Antral Follicular  

					Count  

					18.00 ± 1.08ab 21.00 ± 1.87ab  

					<0.001  

					a

					Each value represents Mean ± SEM (Standard Error of Mean) (n = 4). Post hoc analysis shows =P<0.05 is significant when compared to control (group  

					1). b= P<0.05, significant when compared to group 2 (High-fat diet-only group). HFD- High-Fat Diet and QCET- Quercetin  

					Differential Atretic Follicular Count of Pups ((In Control and  

					Treatment Groups) Whose Mothers Were Fed a High-fat Diet and  

					Administered Quercetin during Lactation) at PND 21  

					Atretic follicular counts differed significantly between the control and  

					experimental groups (P < 0.05) across all follicle types: atretic  

					primordial (P < 0.001), atretic primary (P = 0.01), atretic secondary (P  

					= 0.03), and atretic antral follicles (P = 0.02).Offspring in groups 2–5  
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					exhibited significantly higher atretic primordial follicle counts  

					compared to controls. However, groups 4 and 5 showed a significant.  

					Atretic primary follicle counts were significantly elevated in groups 2,  

					3, and 4 relative to the control group. Additionally, group 5  

					demonstrated a significant decrease in atretic secondary follicle counts  

					compared to group 2. Pups exposed to HFD alone had significantly  

					higher atretic antral follicle counts than controls, while group 5 showed  

					a significant reduction in atretic antral follicles compared to the HFD-  

					only group. These findings are summarized in Table 3.  

					Table 3: Differential Atretic Follicular Count of Pups ((In Control and Treatment Groups) Whose Mothers Were Fed A High Fat Diet  

					and Administered Quercetin during Lactation) at PND 21  

					Groups  

					HFD+Low  

					dose QCET  

					HFD+Med  

					dose QCET  

					HFD  

					+High  

					P

					Variables  

					Control  

					HFD  

					Dose QCET  

					67.00 ± 1.23ab  

					34.75 ± 2.32  

					18.5 ± 1.04b  

					10.75 ± 1.55b  

					Value  

					Primordial Follicular  

					count  

					54.00 ± 3.19  

					28.25 ± 3.33  

					23.50 ± 1.66  

					11.75 ± 1.25  

					87.50 ± 4.11a  

					42.25 ± 2.50a  

					27.25 ± 2.18  

					21.25 ± 1.32a  

					79.25 ± 1.65a  

					40.00 ± 1.96a  

					21.50 ± 1.85  

					16.00 ± 1.68  

					72.25 ± 1.60ab  

					40.25 ± 2.02a  

					20.75 ± 1.80  

					<0.001  

					0.01  

					Primary Follicular  

					Count  

					Secondary Follicular  

					Count  

					0.03  

					Antral Follicular  

					Count  

					16.25 ± 3.38  

					0.02  

					a

					Each value represents Mean ± SEM (Standard Error of Mean) (n = 4). Post hoc analysis shows =P<0.05 is significant when compared to control (group  

					1). b= P<0.05, significant when compared to group 2 (High-fat diet-only group). HFD- High-Fat Diet and QCET- Quercetin  

					Differential Atretic Follicular Count of Pups ((In Control and  

					Treatment Groups) Whose Mothers Were Fed a High-fat Diet and  

					Administered Quercetin during Lactation) at PND 35  

					Comparison of atretic follicular counts among the control and  

					experimental groups revealed statistically significant differences (P <  

					0.001) across all follicle types, including atretic primordial, primary,  

					secondary, and antral follicles. The atretic primordial follicular count  

					was significantly higher in reduction in atretic primordial follicles  

					compared to the HFD-only group (group 2). groups 2–5 compared to  

					the control group. Additionally, group 5 exhibited a significant decrease  

					in atretic primordial follicles compared to group 3.Pups in group 2 had  

					a significantly higher atretic primary follicular count comparedto  

					controls, while group 5 showed a significant reduction in atretic primary  

					follicles compared to group 2. For atretic secondary follicles, both  

					groups 4 and 5 displayed significant decreases in mean counts  

					compared to group 2. Atretic antral follicle counts were significantly  

					elevated in the HFD-only group (group 2) compared to controls.  

					However, group 4 showed a significant reduction in atretic antral  

					follicles compared to group 2. These findings are presented in Table 4.  

					Table 4: Differential Atretic Follicular Count of Pups ((In Control and Treatment Groups) Whose Mothers Were Fed A High Fat Diet  

					and Administered Quercetin during Lactation) at PND 35  

					HFD+Low  

					dose QCET  

					HFD+Med  

					dose QCET  

					HFD +High Dose P-  

					Variables  

					Control  

					HFD  

					QCET  

					value  

					Primordial Follicular  

					count  

					42.75 ± 3.15  

					27.25 ± 1.32  

					21.00 ± 1.08  

					10.00 ± 1.08  

					89.00 ± 2.20a  

					45.25 ± 2.32a  

					26.75 ± 1.25  

					20.50 ± 1.71a  

					77.25 ± 3.01a  

					37.25 ± 2.63  

					22.50 ± 1.32  

					13.50 ± 1.50  

					67.00 ± 1.41ab  

					35.75 ± 1.80  

					18.25 ± 0.95b  

					61.50 ± 1.85abc  

					29.00 ± 1.00b  

					16.75 ± 1.65b  

					9.00 ± 1.08b  

					<0.001  

					<0.001  

					<0.001  

					<0.001  

					Primary Follicular  

					Count  

					Secondary Follicular  

					Count  

					Antral Follicular  

					Count  

					10.75 ± 0.48b  

					a

					Each value represents Mean ± SEM (Standard Error of Mean) (n = 4). Post hoc analysis shows =P<0.05 is significant when compared to control (group  

					1). b= P<0.05, significant when compared to group 2 (HFD only group). 2, c= P<0.05, significant when compared to group 3 (HFD + low dose quercetin).  

					HFD- High Fat Diet and QCET- Quercetin  

					The results of this study demonstrate that maternal high-fat diet (HFD)  

					exposure during lactation significantly affects ovarian follicular  

					development in offspring, with quercetin supplementation exerting a  

					stimulatory effect, especially at higher doses.  
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					At PND 21, offspring subjected to HFD alone exhibited a notable  

					reduction in primordial follicle counts compared to controls, indicating  

					a depletion of the ovarian reserve. This effect persisted at PND 35,  

					though quercetin supplementation mitigated the decline, particularly at  

					higher doses. The protective effect of quercetin may be attributed to its  

					antioxidant properties, which counteract oxidative stress—a key factor  

					in follicular atresia induced by HFD. This aligns with previous research  

					indicating that maternal HFD impairs ovarian reserve and follicular  

					development by promoting oxidative stress and apoptosis.8  

					Furthermore, studies by Elkady et al.23 reported a dose-dependent  

					increase in primordial follicles and a reduction in follicular atresia with  

					quercetin supplementation, supporting our findings that high-dose  

					quercetin (group 5) improved follicular counts and reduced atretic  

					follicles.  

					defenses. The outcomes of this research underscore the viability of  

					quercetin as a dietary strategy to mitigate HFD-induced reproductive  

					impairments.  

					Conclusion  

					In conclusion, this study concluded that high-fat nutritional exposure  

					during lactation adversely affected folliculogenesis in offspring, likely  

					through mechanisms involving oxidative stress and inflammation.  

					High-dose quercetin supplementation provided protective effects by  

					preserving follicular counts and reducing atresia. These findings  

					suggested that quercetin may have served as a beneficial dietary  

					intervention to support reproductive health in offspring exposed to  

					maternal metabolic challenges. Further studies are warranted to  

					investigate the long-term reproductive outcomes and to clarify the  

					specific molecular pathways responsible for these effects.  

					Primary follicle counts were significantly lower in both HFD-fed and  

					quercetin-treated groups relative to controls at both PND 21 and 35.  

					However, high-dose quercetin (group 5) significantly increased primary  

					follicle numbers compared to the HFD-only group, suggesting a  

					potential dose-dependent protective effect. This observation aligns with  

					studies demonstrating that quercetin promotes follicular development  

					by modulating key signaling pathways such as PI3K/Akt, which  

					regulate cell survival and proliferation.24 Conversely, low-dose  

					quercetin appeared to exert pro-apoptotic effects, which may explain  

					the reduction in primary follicular counts in certain groups. At lower  

					concentrations, quercetin may act as a mild pro-oxidant in stressed  

					ovarian tissues, tipping the balance toward apoptosis. This is consistent  

					with observations in PA-1 human ovarian cancer cells, where exposure  

					to 50–75 µM quercetin for 24 hours led to reduced cell viability and  

					elevated levels of pro-apoptotic markers, including caspase-3, caspase-  

					9, Bax, and cytochrome c. At the same time, levels of anti-apoptotic  

					proteins such as Bcl-2 and Bcl-xL were decreased, suggesting  

					activation of the mitochondrial-mediated apoptotic pathway.25  

					Secondary follicle counts showed a significant reduction in group 5  

					compared to controls at PND 21, but no significant differences were  

					observed at PND 35, suggesting that the negative impact of HFD on  

					secondary follicles might be transient. Antral follicle counts were  

					significantly lower in HFD-fed and quercetin-treated groups compared  

					to controls at both time points. However, quercetin supplementation  

					resulted in higher antral follicle numbers relative to the HFD-only  

					group, indicating a potential restorative effect. The reduction in  

					secondary and antral follicles due to HFD may be linked to increased  

					oxidative stress and apoptosis, consistent with findings that maternal  

					HFD induces oxidative stress-related damage in the offspring’s  

					ovaries.8,12 Quercetin's known antioxidant properties may counteract  

					these effects, thereby preserving follicular integrity.24  
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