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ABSTRACT 
Endocrine-disrupting chemicals (EDCs) represent a significant environmental and public health concern due to their ability to 

interfere with hormonal systems. Among these, bisphenol A (BPA) is a widely used compound with known estrogenic 

properties. This study was designed to investigate the multi-generational and transgenerational effects of BPA exposure on 

reproductive functions in an albino rat model. Using a controlled experimental design, we assessed fertility rates, litter sizes, 

gestation lengths, offspring health, and endocrine profiles in both exposed and control groups. The study was conducted over 

three generations (F0, F1, and F2), with the F0 generation directly exposed to 50 µg/kg of BPA daily. Our findings indicate a 

statistically significant decline in fertility rates among BPA-exposed rats compared to the control group (p < 0.05). 

Specifically, we observed a 25% reduction in fertility in the F1 generation and a 35% reduction in the F2 generation. The 

study also revealed prolonged gestation periods and a significant increase in stillbirths in the BPA-exposed groups (p < 0.05). 

The endocrine profiles of the BPA-exposed rats showed significant alterations, with estrogen levels decreasing by 

approximately 20% in the F1 generation and 30% in the F2 generation (p < 0.01). These findings demonstrate that BPA 

exposure adversely affects reproductive function in albino rats, with significant declines in fertility, litter size, and offspring 

health. The persistence of these effects across generations suggests that BPA may induce transgenerational inheritance of 

reproductive toxicity, highlighting the need for a re-evaluation of the public health risks associated with this chemical. 
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INTRODUCTION 

Endocrine-disrupting chemicals (EDCs) are environmental 

pollutants that interfere with the endocrine system, leading to 

adverse health outcomes, particularly in reproductive and 

developmental processes (Saqib et al., 2024). Among these, 

bisphenol A (BPA) is a widely used EDC with known 

estrogenic properties, raising concerns about its impact on 

human and animal health (Megan & Louise, 2025). While 

numerous studies have documented the reproductive toxicity 

of BPA following direct exposure, the transgenerational 

effects of this chemical remain an important area of 

investigation (Long et al., 2023). The concept of 

transgenerational inheritance, where the effects of an 

environmental exposure are observed in subsequent 

generations that were not directly exposed, has profound 

implications for public health. Previous research has 
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demonstrated that BPA exposure can impair fertility and 

disrupt gestation in rodents (Matuszczak et al., 2019). 

However, few studies have systematically investigated the 

persistence of these effects across multiple generations, and 

the specific long-term consequences for reproductive health 

remain poorly understood. This study aims to address this 

knowledge gap by providing a comprehensive multi-

generational analysis of BPA's impact on reproductive 

function in an albino rat model. The novelty of this research 

lies in its systematic evaluation of a wide range of 

reproductive and endocrine parameters across three 

generations (F0, F1, and F2), allowing for a detailed 

assessment of both multi-generational and transgenerational 

effects. 

We hypothesize that developmental exposure to a low, 

environmentally relevant dose of BPA will not only induce 

reproductive deficits in the directly exposed F0 generation 

but will also lead to a progressive decline in reproductive 

health in the subsequent F1 and F2 generations. Specifically, 

we predict that BPA exposure will lead to decreased fertility, 

reduced litter sizes, and altered endocrine profiles, and that 

these effects will be heritable across generations. The 

findings of this study will provide critical insights into the 

long-term reproductive consequences of BPA exposure and 

will contribute to a more comprehensive understanding of 

the risks posed by this ubiquitous chemical. 

 

MATERIALS AND METHODS 

ETHICAL STATEMENT 

All experimental procedures involving animals were 

conducted in accordance with the guidelines of the National 

Institutes of Health for the care and use of laboratory animals 

and were approved by the Institutional Animal Care and Use 

Committee (IACUC) of Usmanu Danfodiyo University, 

Sokoto, Nigeria. 

ANIMAL MODEL AND HUSBANDRY 

Adult male and female albino rats (Rattus norvegicus) of the 

Wistar strain, aged 8-10 weeks, were used as the 

foundational (F0) generation. The animals were procured 

from the animal facility of the Faculty of Pharmaceutical 

Sciences, Usmanu Danfodiyo University, Sokoto. They were 

housed in cages under standard laboratory conditions with a 

12-hour light/dark cycle, a constant temperature of 25 ± 2°C, 

and a relative humidity of 55 ± 10%. The rats were provided 

with standard pellet feed and water ad libitum. 

 

EXPERIMENTAL DESIGN AND BPA EXPOSURE 

The study was designed to assess the multi-generational 

effects of BPA exposure. The F0generation rats were 

randomly divided into two groups: a control group (n=20; 15 

females, 5 males) and a BPA-exposed group (n=20; 15 

females, 5 males) (Figure I). The exposed group received a 

daily dose of 50 µg/kg of BPA (Sigma-Aldrich, St. Louis, 

MO, USA) dissolved in corn oil and administered via oral 

gavage. This dose was selected to reflect environmentally 

relevant human exposure levels (Rubin, 2011). The control 

group received an equivalent volume of the corn oil vehicle. 

The administration was performed daily for 60 days prior to 

mating. After mating, the dams were monitored for 

endocrine profiles, fertility rates, gestation lengths, litter 

sizes and offspring health. 

Figure I: Schematic representation of the experimental 

design 

BREEDING SCHEME 

To produce the F1 generation, F0 females were mated with F0 

males from the same groups. The day of detection of a 

vaginal plug was considered as gestational day 0 (GD0). The 

pregnant dams were allowed to deliver, and their offspring 

(F1 generation) were weaned on postnatal day 21 (PND21). 

The F1 offspring were not directly exposed to BPA, but were 

monitored for weight gain and later fertility rates, litter sizes, 

gestation lengths, offspring health, and endocrine profiles. 

To produce the F2 generation, F1 males and females from 

the same lineage were mated at 10 weeks of age. The 

resulting F2 offspring were similarly weaned on PND21. 

This breeding scheme allowed for the assessment of both 

multi-generational (F1) and transgenerational (F2) effects. 
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REPRODUCTIVE AND DEVELOPMENTAL 

ASSESSMENTS 

For each generation, the following reproductive parameters 

were assessed: 

Fertility Rate: Calculated as the percentage of females that 

became pregnant and delivered a litter. Gestation Length: 

The duration from GD0 to the day of parturition. Litter Size: 

The total number of pups born per litter. Stillbirth Rate: The 

percentage of pups born dead. Postnatal Health: Offspring 

were weighed on PND1, PND7, PND14, and PND21 to 

assess weight gain, while Elevated Plus Maze (EPM) (Behl 

et al., 2023) was used with direct observation to score 

ENDOCRINE PROFILE ANALYSIS 

At the end of each phase, blood samples were collected from 

adult rats from each generation via cardiac puncture under 

light anesthesia. Serum was separated by centrifugation and 

stored at -80°C until analysis. Serum levels of estradiol and 

testosterone were quantified using commercially available 

Enzyme-Linked Immunosorbent Assay (ELISA) kits 

(Abcam, Cambridge, MA, USA), according to the 

manufacturer’s instructions. 

 

STATISTICAL ANALYSIS 

All data are presented as the mean ±SD. The statistical 

significance of the differences between the control and BPA-

exposed groups for each generation was determined using a 

two-tailed Student’s t-test for normally distributed data. For 

multiple group comparisons, a one-way analysis of variance 

(ANOVA) was used, followed by Tukey’s post-hoc test.  

A p-value of less than 0.05 was considered statistically 

significant. All statistical analyses were performed using 

GraphPad Prism software (version 9.0, GraphPad Software, 

Inc., La Jolla, CA, USA). 

 

RESULTS 

Exposure to BPA resulted in a significant reduction in 

reproductive success, which was exacerbated in subsequent 

generations. In the F0 generation, the fertility rate of BPA-

exposed females was 86.7%, which was only slightly 

different from the control group, 93.3%, (p > 0.05) Table 1. 

However, in the F1 generation, the fertility rate of the 

exposed group dropped to 73.3%, and this decline continued 

in the F2 generation, with a fertility rate of 60.0% (p < 0.05). 

Consistent with the decline in fertility, we observed a 

significant reduction in litter size in the BPA-exposed groups 

across all generations (Figure II). The average litter size of 

the exposed group was significantly smaller than that of the 

control group in the F0, F1, and F2 generations (p < 0.001). 

 

 

 

 

Figure II: Average litter size for control and BPA-

exposed groups of albino rats, across three generations 

(F0, F1, and F2). (p < 0.05) 

In addition to reduced fertility and litter size, BPA exposure 

was associated with prolonged gestation periods and adverse 

effects on offspring health.  

The gestation period was significantly longer in the BPA-

exposed groups compared to the control groups for all three 

generations (p < 0.01).  

Furthermore, the stillbirth rate was significantly higher in the 

exposed groups, with the most pronounced effect observed in 

the F2 generation (p < 0.01). Postnatal weight gain was also 

significantly lower in the offspring of BPA-exposed dams 

compared to the control group (p < 0.05). 

To investigate the potential mechanisms underlying the 

observed reproductive effects, we analyzed the serum levels 

of estradiol and testosterone. As shown in Figure 3, there is a 

significant reduction in serum estradiol levels in all three 

generations (p < 0.01) of the BPA exposed compared to the 

control.  

The most substantial decrease was observed in the F2 

generation, where estradiol levels were reduced by 

approximately 40% compared to the control group. 

Similarly, serum testosterone levels were significantly lower 

in the BPA-exposed males of all three generations (p < 0.01). 
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Figure III: Average serum estrogen (A) and Testosterone 

(B) levels in females and males respectively, for control 

and BPA-exposed groups of albino rats, across three 

generations (F0, F1, and F2). (p < 0.01) 

 

DISCUSSION 

This study provides compelling evidence that developmental 

exposure to an environmentally relevant dose of BPA has 

significant adverse effects on the reproductive health of 

albino rats, and that these effects are transmitted across 

multiple generations. Our findings support the hypothesis 

that BPA can induce transgenerational reproductive toxicity, 

as evidenced by the progressive decline in fertility, litter size,  

 

 

and endocrine function in the F1 and F2 generations, which 

were not directly exposed to the chemical. These results are 

consistent with a growing body of literature demonstrating 

the long-term consequences of exposure to EDCs 

(Manikkamet al., 2012; Rato & Sousa, 2021). 

The observed reduction in fertility and litter size is a key 

finding of this study. The progressive nature of this decline 

across generations suggests that BPA may induce heritable 

epigenetic modifications in the germline. Previous studies 

have shown that BPA can alter DNA methylation patterns in 

sperm, and these changes can be transmitted to the next 

generation, leading to altered gene expression and impaired 

reproductive function (Lombó et al., 2019). The significant 

decrease in serum estradiol and testosterone levels observed 

in our study provides a plausible mechanistic explanation for 

the observed reproductive deficits. BPA is a known 

endocrine disruptor that can interfere with the hypothalamic-

pituitary-gonadal (HPG) axis, which regulates the production 

of sex hormones (Kalsi Rajashekara et al., 2025). By 

disrupting the normal hormonal milieu, BPA can impair 

folliculogenesis, spermatogenesis, and other critical 

reproductive processes. 

Our findings are in agreement with previous studies that 

have reported adverse reproductive outcomes following BPA 

exposure. For example, a study by Siracusa et al. (2018) 

found that perinatal exposure to BPA in mice led to 

chromosomal abnormalities in oocytes and reduced fertility. 

However, our study extends these findings by demonstrating 

the persistence of these effects into the F2 generation, 

providing strong evidence for transgenerational inheritance. 

The use of a low, environmentally relevant dose of BPA in 

our study also enhances the public health relevance of our 

findings, as it suggests that even low-level exposure to this 

chemical may have long-term consequences for reproductive 

health. 

It is important to acknowledge the limitations of this study. 

First, we used a single dose of BPA, and it is possible that 

different doses could have different effects.  

TABLE 1: MEAN ± SD REPRODUCTIVE AND ENDOCRINE PARAMETERS FOR CONTROL AND BPA-EXPOSED 

GROUPS OF ALBINO RATS, ACROSS THREE GENERATIONS (F0, F1, AND F2) 

Generation Group Litter Size Gestation 

Period (days) 

Live Births 

 

Fertilit

y rate 

(%) 

Behavioral  

score 

Weight 

Gain 

(g) 

Estrogen 

Level 

(ng/ml) 

Testosterone 

Level 

(ng/ml) 

F0 Control 8.12 ± 2.51 20.87 ± 1.42 7.45 ± 2.37 93.3 8.12 ± 1.32 20.6 ± 2.7 50.2 ± 4.7 5.1 ± 0.6 

F0 Exposed 5.38 ± 2.69 22.12 ± 1.53 4.9 ± 2.60 86.7 6.59 ± 2.20 18.5 ± 2.2 40.8 ±5.1 3.9 ± 0.7 

F1 Control 8.2 ± 1.51 20.66 ± 1.50   7.47 ± 2.27 94.0 8.03 ± 0.95 20.7 ± 2.1 50.5 ± 4.7 5.2 ± 0.5 

F1 Exposed 5.7 ± 1.45 22.34 ± 1.44 4.45 ± 2.30 73.3 5.81 ± 1.92 18.1 ± 2.3 35.4 ± 5.1 3.4 ± 0.7 

F2 Control 8.12 ± 2.51 20.87 ± 1.42 7.70± 2.30 93.7 8.23 ± 1.58 20.8 ± 1.9 50.8 ± 4.6 5.3 ± 0.5 

F2 Exposed 5.38 ± 2.69 22.12 ± 1.53 4.10± 2.10 60.0 5.59 ± 1.41  17.5 ± 1.6 30.2 ± 5.1 2.9 ± 0.8 
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Future studies should investigate the dose-response 

relationship for the transgenerational effects of BPA.  

Second, while we have provided evidence for the disruption 

of the HPG axis, we did not directly investigate the 

molecular mechanisms underlying the observed effects. 

Future studies should aim to identify the specific epigenetic 

modifications and signaling pathways that are altered by 

BPA exposure. Finally, it is important to note that the 

findings of this study were obtained in a rat model, and 

caution should be exercised when extrapolating these results 

to humans. However, given the conserved nature of the 

endocrine system across species, it is plausible that BPA 

could have similar effects on human reproductive health. 

 

CONCLUSION 

In conclusion, this study demonstrates that developmental 

exposure to a low, environmentally relevant dose of BPA 

induces significant and heritable reproductive abnormalities 

in albino rats. The observed transgenerational effects on 

fertility, gestation, and endocrine function highlight the 

potential for BPA to have long-lasting consequences on 

reproductive health. These findings underscore the 

importance of considering the transgenerational effects of 

EDCs in risk assessment and regulatory decision-making. 

Further research is needed to elucidate the specific molecular 

mechanisms underlying the transgenerational inheritance of 

BPA-induced reproductive toxicity and to determine the full 

extent of the public health implications of these findings. 
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