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Abstract 

Bisphenol A (BPA), one of the highest manufactured synthetic compound is an endocrine disrupting 
chemical. It is widely used in production of polycarbonate plastics as well as epoxy resins. Even at low 
doses, BPA crosses the blood brain barrier and induce oxidative stress. Consequently, this study 
investigated the effects of Bisphenol A on the cerebellum of Wistar rats. Eighteen Wistar rats were 
randomized into three (3) groups (n=6 per group): Group A (control) received 1ml of distilled, group 
B received 5mg/kg body weight (BW) of BPA and group C received 10mg/kg BW of BPA. All 
administration via oral gavage lasted for 28 days. Twenty-four (24) hours after the last administration, 
neurobehavioral activities were evaluated using open field, movement initiation, step and string tests. 
Thereafter, rats were sacrificed via cervical dislocation, and the cerebella were harvested, weighed and 
used for antioxidant enzymes activity, lipid peroxidation, and histological assessments. Findings from 
this study revealed no significant difference (p > 0.05) in body, cerebellar, and relative cerebellar weights 
of rats across experimental groups. However, BPA-exposed rats demonstrated a significant decrease (p 
< 0.05) in locomotor functions, antioxidant enzymes activity, as well as a significant increase (p < 0.05) 
in lipid peroxidation and severe histological alterations in the cerebellum. Taken together, these findings 
suggest that BPA induced neurotoxic effect on the cerebellum via impairing locomotor functions, 
inducing oxidative stress and altering the architectural integrity of the cerebellum.  
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INTRODUCTION 
Environmental exposures significantly impact human health, with the World Health 
Organization (WHO) reporting that nearly a quarter (24%) of all global diseases are linked to 
these factors (WHO, 2016). The brain is especially susceptible to harmful environmental 
influences, which can contribute to the development of neurological disorders.  

The brain is a complex and dynamic organ containing around 100 billion neurons, which is 
crucial for regulating bodily functions and enabling thought, emotion, and movement 
(Sultana et al., 2024). The cerebellum, despite its relatively small size, houses about half of the 
brain's neurons and is critical for motor coordination, learning, and memory (Manto et al., 
2012). Situated at the base of the brain, the cerebellum integrates sensory information to fine-
tune motor actions (Popa et al., 2013). It’s development, spanning from embryonic stages to 
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adolescence, is crucial for motor and cognitive function (Leto et al., 2016). Exposure to 
environmental toxins can interfere with the proper development and function of the 
cerebellum, which may result in neurological disorders, impaired motor coordination and 
balance, cognitive deficits, and learning disabilities (Grandjean and Landrigan, 2014). BPA 
acts as an endocrine-disrupting chemical (EDC) by disrupting the body's hormonal balance, 
notably through its weak estrogen-like activity (Xing et al., 2022). The nervous system's 
sensitivity to endocrine disruptors like BPA is highlighted by several findings. 

Bisphenol A (BPA) is a synthetic chemical that was first synthesized in 1891 by Russian 
chemist Aleksandr Dianin (Kordbacheh and Karahalil, 2023). Its applications expanded 
significantly in the 1950s and 1960s, leading to its widespread use in the production of 
polycarbonate plastics, epoxy resins, and other materials (Hahladakis et al., 2023). 
Consequently, BPA has become a globally used chemical in production and is widely present 
in consumer products, resulting in widespread human exposure. This exposure has raised 
concerns due to BPA's potential neurotoxic effects. Firstly, BPA can cross the blood-brain 
barrier and disrupt crucial neurotransmitter systems, specifically the dopaminergic and 
serotonergic pathways (Rebolledo-Solleiro et al., 2020). Secondly, human studies have shown 
a link between higher levels of BPA exposure and behavioural problems in children, including 
increased aggression, attention deficits, and social impairment (Braun et al., 2011).  

Studies have demonstrated that BPA is a harmful endocrine-disrupting chemical (EDC) that 
disrupts the normal functioning of hormones and enzymes by affecting their synthesis, 
secretion, release, and transportation (Wisniewski et al., 2015). This chemical also interferes 
with the interplay between the nervous and endocrine systems, leading to physiological 
interruptions in the body's organs (Wisniewski et al., 2015). A significant increase in the 
occurrence of various cancers, such as breast (Song et al., 2015), ovarian, uterine, prostate, and 
testicular cancer, is being observed and seems to be associated with BPA exposure (Maffini et 
al., 2006). Reports also suggest that exposure to BPA results in liver and kidney damage 
(Kobroob et al., 2018; Abdulhameed et al., 2022). Exposure to Bisphenol A has been linked to 
various neurological disorders, including cognitive impairment, anxiety, and depression 
(Inadera, 2015; Costa and Cairrao, 2024). However, the specific impact of BPA on the 
cerebellum remains poorly understood. Consequently, this study investigated the neurotoxic 
effects of BPA on the cerebellum of Wistar rats.  

MATERIALS AND METHOD 
Chemical Used 
Bisphenol A was purchased at Pyrex Chemicals Ltd, located at first East Circular Road, Benin 
City, Edo State, Nigeria.    

Animals 
Eighteen (18) Wistar rats, weighing between 140-145g, were obtained and housed in the 
Department of Anatomy's Animal House at the University of Benin, Benin City. The rats were 
kept in clean cages and provided with food (Premier Feed Mills' Grower's mash) and water 
ad libitum for the entire duration of the experiment. 

Experimental Design 
Eighteen (18) Wistar rats were randomly allocated into six groups, of six rats each and 
acclimatized for two weeks. Group A (control) received 1ml of distilled, group B received 5 
mg/kg body weight (BW) of BPA and group C received 10 mg/kg BW of BPA. Rats were 
allowed access to feed and water ad libitum and administration was done orally and lasted for 
28 days.  
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Neurobehavioural Assessments 
The evaluation for neurobehaviourals was done after the last administration. To ensure 
proper acclimatization to the environment, the rats were kept overnight in the 
neurobehavioural testing room. The tests were conducted in a quiet room. To prevent odour 
cues from influencing subsequent trials, all testing equipment was cleaned with ethanol 
between each animal. A digital camera recorded the sessions, and trained observers later 
scored the recorded behaviours. 

Open Field Test (OFT): This test is commonly used to model for assessing exploratory and 
anxiety-like behaviour in animals based on the established method (Enogieru and Omoruyi, 
2022). It involves placing an animal in an unfamiliar environment with enclosed walls to 
prevent escape. Each rat was briefly placed in an open field, a 72cm-by-72cm square box 
marked with lines on the floor to divide it into 18cm-by-18cm squares, allowing differentiation 
between central and peripheral zones. Each animal was placed in the centre of the field for 
exploration. The OFT parameters assessed include; rearing (number of times the animal 
stands erect on its hind limbs), grooming (time spent nibbling and licking), ambulation (the 
movement of the animal across the field), immobility (time spent motionless), thigmotaxis 
(frequency of wall hugging), line crossing (frequency of rats crossing lines in the field), and 
central square entry (number of entries into the central square) (Enogieru and Omoruyi, 2022). 

Movement Initiation Test (MIT): This is a common method for assessing motor skills, was 
conducted following a previously established protocol (Ijomone et al., 2014). In this test, the 
rat's torso was held, while its hind limbs and one forelimb were elevated, forcing it to support 
its weight using only the remaining forelimb. The time taken for the rat to initiate a step with 
each supporting forelimb was recorded and then averaged to obtain a movement initiation 
score. 

Step Test: The step test, a common method for assessing postural stability, involved holding 
the rat in a similar manner to the previous test and then moving it sideways across a 90 cm 
distance on a table top over a 5-second period (Ijomone et al., 2014). While the rat was moved, 
the number of times it took steps to adjust its balance with each forelimb was counted. This 
was repeated three times, and the average number of steps for each forelimb was recorded 
(Ijomone et al., 2014). 

String Test: Grip strength was assessed using a test where rats grasped a horizontal steel wire 
(2 mm diameter, 60 cm length, 50 cm height) with their forepaws, following a previously 
established method (Ijomone et al., 2014). The time the rats could hold onto the wire before 
falling (up to a maximum of 180 seconds) was recorded as the latency to grip loss, indicating 
their grip strength.  

Sacrifice of Animals and Sample Collection 
The rats were sacrificed via cervical dislocation, skulls opened and whole brain harvested. 
Thereafter, the cerebellum was separated from the whole brain, blotted free of blood, 
weighed, fixed in 10% buffered formalin and processed for light microscopic examination. 

Oxidative Stress Parameters 
Freshly collected cerebella were homogenized with acid-washed sand and PBS in a porcelain 
mortar and pestle after being washed twice in cold phosphate-buffered saline (PBS). The 
homogenate was centrifuged at 10,000 g for 15 minutes at 4°C as previously described 
(Montilla et al., 2006). The supernatant was collected for the estimation of the various 
biochemical assays. Superoxide dismutase activity was accessed as previously described 
(Misra and Fridovich, 1972), catalase activity (Cohen et al., 1970), glutathione peroxidase 
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activity (Nyman, 1959), reduced glutathione concentration (Ellman, 1959), and 
malondialdehyde concentration (Buege and Aust, 1978).  

 
Statistical Analysis 
Data were analysed using Graphpad Prism software, version 9.0 (GraphPad Software, San 
Diego, CA, USA) and IBM SPSS Statistics version 20. All values were examined for normality 
of data using the Shapiro-Wilk test. Statistical significance was then determined by one-way 
analysis of variance (ANOVA) for all parameters. Tukey’s post hoc test was performed to 
determine groups involved in statistical differences and results were expressed as mean ± 
SEM. A p- value of p < 0.05 was defined as statistically significant. 

RESULTS 
Effect of Treatment on Body Weights 
Figure 1 shows the changes in the body weights of rats in the experimental groups. There was 
no significant difference (P>0.05) in the initial body weight, final body weight and weight 
change of rats across experimental groups  

Effect of Treatment on Cerebellar and Relative Cerebellar Weights 
Figure 2 shows the changes in the cerebellar and relative cerebellar weights of rats in the 
experimental groups. There was no significant difference (P > 0.05) in the cerebellar and 
relative cerebellar weights of rats across the treatment groups when compared to control. 

Effect of Treatment on Neurobehavioral Activity 
Figure 3 shows finding from the open field evaluation. A significant decrease (P<0.05) was 
observed in rearing frequency of rats in BPA-treated groups when compared to control. For 
grooming, a significant increase (P<0.05) was observed in the grooming activity of rats in BPA-
treated groups when compared to control. There was a significant decrease (P<0.05) in 
ambulation frequency in rats in BPA-treated groups when compared to control. For 
immobility time, a significant increase  (P<0.05) was observed in immobility time of rats in 
BPA-treated groups when compared to control. For thigmotaxis, a significant increase 
(P<0.05) was observed in thigmotaxis frequency of rats in BPA-treated groups when 
compared to control. There was a significant increase (P<0.05) in sniffing duration of rats in 
BPA-treated groups when compared to control. For central square entry, a significant decrease 
(P<0.05) was observed in the central square entry frequency of rats  in BPA-treated groups 
when compared to control. For line crossing, a significant decrease (P<0.05) was observed in 
line crossing frequency of rats in BPA-treated groups when compared to control.  

Figure 4 shows finding from the Movement Initiation Test. A significant increase  (P<0.05) 
was observed in movement initiation time of rats in BPA-treated groups when compared to 
control.  

Figure 5 shows finding from the step test: A significant decrease  ( P<0.05) was observed in 
step test score of rats in BPA-treated groups when compared to control. 

Figure 6 shows finding from the String Test: A significant decrease  (P<0.05) was observed in 
latency for grip loss test of rats in the group treated with 10 mg/kg body weight of BPA when 
compared to control.  

Effect of Treatment on Oxidative Stress Parameters 
Figure 7 shows the changes in the antioxidant enzymes and MDA concentration of rats in the 
experimental groups. A significant decrease (P<0.05) was observed in the SOD, CAT, GPx and 
GSH level in rats treated with 10 mg/kg body weight of BPA when compared to control group 
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whereas a significant increase (P<0.05) was observed in the MDA level in group B (rats 
administered 5 mg/kg Bisphenol A) as well as group C (rats administered 10 mg/kg) when 
compared to control group. 

Effects of Treatment on Histology of the Cerebellum 
Figure 8 shows histological sections of the cerebellum stained with H&E, revealing histo-
architecture in the control and BPA-treated groups. Rats in group A revealed normal 
architecture of the cerebellum with intact molecular layer, Purkinje layer and granular layer. 
However, rats in groups B and C revealed degenerative changes such as darkly stained, 
irregular and pyknotic nuclei; as well as vacuolations in the granular cell layer. 

                    
 

                                             
Figure 1: Effects of treatment on body weights across the experimental groups 

 

                 
Figure 2: Effects of treatment on cerebellar and relative cerebellar weights across the experimental groups 
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Figure 3: Effects of treatment on OFT parameters across experimental groups. * p<0.05 
indicates significant difference when compared to control  
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Figure 4: Movement initiation time across experimental groups. * p<0.05 indicates significant difference when 
compared to control  
 

     

Figure 5: Average step test score across experimental groups. * p<0.05 indicates significant difference when 
compared to control  

 

       

Figure 6: Latency to grip loss across experimental groups. * p<0.05 indicates significant difference when compared 
to control  
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Figure 7: Oxidative stress parameters across experimental groups. * p<0.05 indicates significant difference when 
compared to control  
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Plate 1: Effects of treatment on the histology of the cerebellum across experimental groups. (A-C) Normal 
histological structure of cerebellum layers – Molecular layer (ML); Purkinje cell layer (PCL); Granular Cell layer 
(GCL); Normal histo-architecture of the cerebellum observed in control group. However, degenerating Purkinje 
cells, with nuclei appearing irregular, darkly stained and pyknotic (big arrows) as well as vacuolations in the 
Molecular cell layer (black arrows) was observed BPA-treated groups (H&E 400x; Scale bar: 25µm). 

DISCUSSION 
In line with a growing body of evidence implicating BPA in neurotoxicity, our findings also 
demonstrate that exposure to this compound causes significant neurotoxic damage in Wistar 
rats. However, our findings showed that BPA administration had no significant effect on the 
body weights of rats when compared to control. Our findings corroborate previous studies 
that also revealed no significant difference in body weights of BPA-exposed rats when 
compared to control (Lejonklou et al., 2017; Jiang et al., 2024). Our findings also revealed that 
there was no significant difference in cerebellar and relative cerebellar weights of BPA-
exposed rats when compared to control. This is consistent with previous study that reported 
no significant difference on brain weights of BPA-treated rats (Aydoğan et al., 2008).  

Neurobehavioral tests play a crucial role in assessing the impact of toxic agents and the 
effectiveness of therapeutic strategies and interventions. Consequently, they offer a valuable 
framework for translational research in neuroscience, bridging the gap between preclinical 
and clinical studies (Panina et al., 2023). Evaluation of exploration, locomotion, attention, 
learning, memory, cognition, and anxiety is a standard application of these tests in rodent 
models of neurotoxicity (Jeon et al., 2009; Vorhees and Makris, 2015). The Open Field Test 
(OFT) serves as a tool for assessing anxiety, general locomotor activity, and exploratory 
behaviours in rodents (Enogieru and Omoruyi, 2022). In this study, rearing, grooming, 
ambulation, immobility, thigmotaxis, sniffing, central square entry, and line crossing 
parameters were evaluated. Elevated stress and anxiety in rodents are typically indicated by 
reduced rearing and central square entry, along with increased grooming, thigmotaxis and 
sniffing as reported in previous studies (Acikgoz et al., 2022; Enogieru and Omoruyi, 2022). 
Furthermore, decreased ambulation and line crossing, along with increased immobility, 
suggest impaired locomotor and exploratory activity (Enogieru and Omoruyi, 2022). BPA 
exposure in rats, as shown in this study, resulted in locomotion impairment, evidenced by 
decreased ambulation and line crossing, and increased immobility, suggesting a notable rise 
in anxiety-like behaviour. Additionally, the rats showed decreased rearing, increase in 
grooming, thigmotaxis and sniffing, demonstrating hypo-locomotion and anxiety-like 
behaviours. Movement initiation, step, and string tests are used to evaluate overall motor 
function, encompassing coordination, planning, and execution in rodents (Enogieru and 
Idemudia, 2025). A prolonged movement initiation time suggests a delay in motor planning 
or execution, while a lower step test score and shorter latency to grip loss indicate decreased 
postural stability and muscular strength respectively, and these are typical signs of motor 
impairments (Ijomone et al., 2014). Findings in this study showed an increase in movement 
initiation time, a decrease in step test score and reduced latency to grip loss in BPA-exposed 
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rats when compared to control. This is consistent with previous studies that reported that BPA 
induces neuronal damage in the motor cortex (Wang et al., 2013; Kim et al., 2023). 

Accumulating evidence suggest that BPA-induced neurotoxicity primarily occurs via 
oxidative stress, caused by a disruption in the equilibrium between free radical generation 
and antioxidant levels (Meli et al., 2020). These antioxidants play a vital role in neutralizing 
harmful free radicals by donating electrons, thereby reducing oxidative damage. The brain's 
high oxygen use and lipid content make it particularly susceptible to oxidative stress, and 
BPA has been shown to cross the blood-brain barrier and hinder the function of antioxidant 
enzymes (Meli et al., 2020). Findings from the present study showed a significant decrease in 
cerebellar SOD, CAT, GPx and GSH activity, and a significant increase in cerebellar MDA 
concentration in BPA-exposed rats when compared to control. Our findings align with 
previous studies that reported that BPA exposure resulted in a decrease in antioxidant 
enzymes activities (Meli et al., 2020), and an increase in lipid peroxidation (Quagliariello et al., 
2019).  

Histological findings are of utmost importance in advancing biomedical and clinical research. 
They provide a critical foundation for deciphering the complex microscopic organization and 
spatial relationships within tissues (Gurcan et al., 2009; Ahmad, 2024). The detailed study of 
cellular and tissue morphology via histological analyses furnishes invaluable data that 
clarifies the basic mechanisms of disease, informing the design of new therapeutic strategies 
and diagnostic tools (Ahmad, 2024). It has been shown that the cerebellum, a complex and 
delicate brain structure vital for motor and non-motor functions, is especially prone to injury 
from toxic substances (Prati et al., 2024). The cerebellum's role in fine-tuning movement and 
maintaining balance is disrupted by cerebellar lesions, particularly those affecting Purkinje 
cells. This disruption leads to impaired motor coordination and balance (Schniepp et al., 2017). 
Neurotoxic substances can severely impact these cells, leading to ataxia and other motor 
impairments (Alekseeva et al., 2014). Histological findings from this study showed that the 
cerebellum of BPA-exposed rats revealed notable changes, such as degenerating Purkinje cells 
with darkly stained, irregular, and pyknotic nuclei, and vacuolations in the molecular cell 
layer. These alterations indicate a significant breakdown of cellular integrity, which initiates 
a series of adverse effects that disrupt normal cellular function and ultimately manifest as a 
range of motor deficits. 

 
CONCLUSION 
Bisphenol A exerts a neurotoxic effect on the cerebellum by impairing locomotor functions, 
promoting oxidative stress, and disrupting the architectural integrity of this brain region. 
However, further research is needed to fully understand other mechanisms of BPA-induced 
neurotoxicity and to identify potential interventions or treatments. Also, public awareness 
campaigns should educate consumers about the potential risks of BPA exposure and provide 
guidance on how to minimize their exposure. 
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