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Purpose: The use of medicine plants in the management of various human ailments have gained lots of attention in recent time;
hence, the present study aimed to investigate the impact of Bidens pilosa on the behavioral, oxidative stress and cerebellar cortical
histoarchitectural alterations during bisphenol A exposure in mice.

Methods: Thirty (30) adult male mice were divided into six groups. Group 1 received distilled water (2 mls/kg b.w). and group 2 was
treated with (bisphenol A) BPA (100 mg/kg body weight). Groups 3—5 were co-treated with varying doses of Bidens pilosa (250 mg/
kg, 500 mg/kg, and 1000 mg/kg b.w). and group 6 received vitamin C (60 mg/kg b.w). along with BPA. The animals underwent
neurobehavioral tests (beam walking and wire hang). Other parameters evaluated included body weight, oxidative stress biomarkers,
and cerebellar histology.

Results: Animals treated with high doses of Bidens pilosa spent less time crossing the beam during the beam walking test and more
time in the wire hang test than those treated with BPA alone. Lowered malondialdehyde level and higher catalase and superoxide
dismutase activity was observed in Bidens pilosa treated groups than in the BPA-only group. Histological examination revealed
a significant improvement in the cerebellar tissue structure in Bidens pilosa treated groups, particularly at higher doses.
Conclusion: Bidens pilosa demonstrated potential protective effects against BPA-induced oxidative stress and negative histological
changes in the cerebellar cortex, suggesting its therapeutic potential for mitigating BPA neurotoxicity. Further research is needed to
explore the therapeutic applicability.
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Introduction

Bisphenol A (BPA) is a high-production volume industrial chemical widely used in the manufacture of epoxy resins and
polycarbonate plastics.' BPA is an integral component in the production of various consumer goods, including food and
beverage containers, water bottles, baby feeding bottles, inner linings of canned foods, pharmaceutical delivery systems,
and dental sealants. Due to its wide usage, BPA is continuously released into the environment, with large quantities
finding their way into aquatic ecosystems.’ Environmental exposure to BPA poses a global threat to aquatic organisms,
livestock, and humans, primarily through bioaccumulation and food chain transfer. The most common route for BPA
exposure are through the consumption of contaminated food and drink, skin contact, or inhalation. It then builds up in

biological tissues and may have long-term detrimental effects.*
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BPA is an endocrine disruptor (EDC) that interacts with hormonal signalling pathways and mimic estrogen.
Researches have linked exposure to BPA to several negative health problems, such as immune system related disorder,
metabolic disorders, neurodevelopmental abnormalities, and reproductive dysfunction."®® The growing neurological
system’s susceptibility to BPA’s neurotoxic effects, particularly in fetuses and young children, is a cause for great
concern. According to scientific research, BPA can cause inflammation, neuronal degeneration, and oxidative stress in
critical brain areas, including the cerebellar cortex, which is essential for motor coordination.'” Recent data suggests that
BPA has significant neurotoxic effects, mostly via triggering apoptotic pathways and oxidative stress in brain regions. By
producing more reactive oxygen species (ROS), compromising mitochondrial function, and upsets of neural
homeostasis."'" Long-term BPA exposure has also been linked to neurodegenerative alterations, including astrogliosis,
Purkinje cell loss, and neuronal shrinkage, which can affect cognitive and motor function.'> Given the global health
concerns associated with BPA exposure, there is a growing interest in identifying safer, more effective protective
interventions. Plant-based treatments have become more popular for complementary and alternative therapies in recent
years, especially those with a traditional therapeutic background.'* ' Among these, Bidens pilosa, commonly known as
blackjack, has attracted scientific attention due to its rich pharmacological profile. A member of the Asteraceae family,
Bidens pilosa is widely distributed across tropical and subtropical regions and is renowned for its adaptability and
resilience.”? >* Traditionally, Biden pilosa plant has been used to treat a variety of ailments, including gastrointestinal
disturbances, respiratory disorders, and inflammatory conditions.?>*® Phytochemical studies of Bidens pilosa have
revealed several bioactive compounds, including diterpenes, flavonoids, alkaloids, saponins, and polyacetylenes.>> The
phytochemical compounds present in Bidens pilosa exhibit neuroprotective, anti-inflammatory, and antioxidant qualities,
indicating that Bidens pilosa may be a viable natural remedy for BPA-induced neurotoxicity.

Despite widespread evidence of BPA’s neurotoxicity in most brain regions, particularly in the cerebellum, there is
a lack of effective, accessible, and affordable therapeutic agents to mitigate its adverse effects. Moreover, the neuropro-
tective potential of Bidens pilosa in the context of BPA exposure has not been adequately explored. This study builds on
existing knowledge of Bidens pilosa’s pharmacological potential by investigating its protective effects on the cerebellar
cortex during BPA exposure in mice. Hence, the aim of the present study was to examine the impact of Bidens pilosa on
behavioral, oxidative stress and cerebellar cortical histoarchitectural alterations during BPA exposure in mice. Exploring
such natural products and plants may provide safer alternatives for mitigating the neurotoxic risks posed by environ-
mental pollutants like BPA.

Materials and Methods

Chemical and Drug Preparation
Bisphenol A (CAS Number: 80-05-7 ADR/PG) was obtained from LOBA CHEMIE PVT Ltd. Vitamin C (1000 mg) was
purchased from a reputable drug store in Ishaka Bushenyi.

Acquisition of Plant Material and Extraction
Fresh leaves of Bidens pilosa were collected from around Ishaka and verified in the Herbarium unit of the Biology
Department of Mbarara University of Science and Technology. The plant was assigned the authentication number AAI-
2024-001 by Dr Olet Eunice. The leaf extract of Bidens pilosa was prepared as described by Li et al*’ with minor
modifications. Fresh leaves were shade-dried and grounded into fine powder using an electric blender (WARING MX-
1100XT). Powdered plant leaves (500 g each) were soaked in 1500 mL of distilled water for 48 h with intermittent
shaking every 12 h. The mixture was drained and filtered using cloth gauze and Whatman filter paper 1.2® The filtrate was
then concentrated using a rotary evaporator at a temperature of 45°C. The extract was then stored in the refrigerator at
—20°C and protected from light to prevent possible photodegradation using amber-colored glass container from where the
extract was retrieved for use during each administration.

Qualitative phytochemical screening of the methanol fraction of Bidens pilosa leaves was performed using standard
methods to determine the presence of chemical constituents.”” For quantitative screening, the total polyphenol content of
the extract was determined as described by Geremu®® and the total flavonoid content was estimated as described by
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Shraim & Hijji.>' Both qualitative and quantitative screening were repeated in each cases to improve the reliability of the
obtained results.

Acute Toxicity Study

The up-and-down (OECD 425) method was employed to assess the acute oral toxicity of the methanol extract of Bidens
pilosa, following the approach described by Santello & Volterra.>* Following the OECD 425 guidelines, the upper limit
was 5000 mg/kg because the toxicity of this plant sourced in Western Uganda and its methanol extract has not been
previously reported. This technique effectively determines the toxicological profile of the extract while minimizing the
number of animals used. By the end of the procedure, six female mice were utilized for the acute toxicity study.

Experimental Animals

Thirty (30) adult male mice were obtained from the animal house of Kampala International University, Western Campus,
Uganda. The animals were kept in a room with regulated temperature, 12-hour light and 12-hour dark cycles, and 20-22 °C
ambient temperature. The experimental animals were allowed free access to food and water, without restrictions. Experimental
animals were cared for and maintained in accordance with the guidelines for the care and use of laboratory animals.

Dosage Determination
A dose of 100 mg/kg bw was adopted for BPA administration (orally) as reported by Gurmeet et al.>* The adopted dose
of Vitamin C was 200 mg/kg, as previously described by Greggi et al.>* The dosages of Bidens pilosa were 200 mg/kg
(4% of the LD50), 400 mg/kg (8% of the LD50), and 600 mg/kg (12% of the LD50) as low, medium, and high doses,
respectively since the oral LDs, of the methanolic extract of Bidens pilosa was greater than 5000 mg/kg in mice. Our
choice of the different doses of Bidens pilosa was also supported by Ezeonwumelu et al.>

The stock solution for BPA was prepared by dissolving 100 mg of BPA in 10 mL of olive oil, Bidens pilosa extract
was prepared by dissolving 100 mg of extract in 5 mL of distilled water, vitamin C was prepared by dissolving 100 mg of
extract in 10 mL of distilled water. The volume of BPA, Bidens pilosa and vitamin C to be administered to the
experimental animals were subsequently calculated based on the body weight of each of the experimental animal and
dosage (BPA — 100 mg/kg; Bidens pilosa — 200, 400, and 600 mg/kg; vitamin C — 200 mg/kg).

Experimental Design

The experimental animals were randomly assigned to six groups (n = 5) according to the ARRIVE guidelines. Group 1
administered 2 mL/kg of distilled water (Normal Control), Group 2 was administered 100 mg/kg bw BPA (negative
control), Group 3 was administered 100 mg/kg bw BPA + 200 mg/kg bw B.P, Group 4 was administered 100 mg/kg bw
BPA + 400 mg/kg bw B. P, Group 5 was administered 100 mg/kg bw BPA + 600 mg/kg bw B.P, and Group 6 was
administered 100 mg/kg bw BPA + 200 mg/kg bw vitamin C.

Administration was performed via gastric intubation for 4 weeks. The experimental animals were subjected to beam
walking and wire hang tests as outlined by Ayuba'® The weights of the animals were measured weekly until the end of
the experimental period using a digital weighing balance (Kern EMB 10002 Precision Balance Weighing Scale). At the
end of the experiment, the animals were euthanized using 5 mg/kg of thiopental sodium (intraperitoneal injection) as

described by Usman et al.'”

This was followed by a mid-sagittal incision through the skull to expose the cerebellum for
excision. The removed cerebellum was weighed and prepared for histological processing and oxidative stress analysis.
The tissue for the histological study was fixed in 10% neutral buffered formalin, whereas samples for the oxidative stress

study were homogenized in phosphate buffer.

Behavioral Study

Beam Walking Test

This test evaluates balance and fine motor coordination. The beam walking setup included two poles holding one-meter
beams, which had a 12 mm wide flat surface and were elevated 50 cm above the table This apparatus effectively detects
subtle motor skills and balance impairments that other tests, such as rotarods, might not capture. The dark box represents
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the beam endpoint. Approximately ten minutes before training, mice were introduced into a room containing the beam
apparatus. The mouse was then carefully positioned at the center of the beam, facing one of its ends. The mice were
permitted to move towards the end of the dark box, and the time it took to reach the dark box was monitored; each mouse
underwent three trials."?

Wire Hang Test
A custom-built wire hang test apparatus was used to assess the grip strength of the mice. A circular wire was hung to
allow mice to grasp the underside. The optimal duration for the mouse to remain on the wire was set at 180

seconds. Suspension time (time until the mouse fell) was recorded as described by Ayuba et al.'?

Oxidative Stress Assessment

The activities of key oxidative stress biomarkers and enzymes, such as malondialdehyde, superoxide dismutase, and
catalase, were evaluated in cerebellar tissue homogenates from mice across the experimental groups. The cerebellar
tissue was homogenized in cold 0.1M Tris-HCI buffer (pH 7.4; 1:5 w/v) and centrifuged for 10 min at 3000 X g to
produce a pellet, which was discarded, and the supernatant was used for the quantification of malondialdehyde, super-
oxide dismutase, and catalase. The tissue levels of malondialdehyde were determined as described by Rizzo.*® The tissue
SOD level of superoxide dismutase was assessed as described by Gueroui & Kechrid.?” Catalase levels in the cerebellum
were determined as described by Afolabi et al.*®

Tissues Processing and Staining

The fixed tissues were grossed and processed as described by Ayuba et al.'> The tissue processing stages included
dehydration in graded alcohol, clearing with xylene, infiltration with molten paraffin wax, and embedding in paraffin
wax. Paraffin provides tissue stability to aid in sectioning during microtomy. The ribbons produced during microtomy
were placed on clean slides, dewaxed, cleared with xylene, and rehydrated using graded alcohol in a descending order.
The slide preparations were then stained using hematoxylin and eosin, as described by Feldman and Wolfe,*® and
visualized using a light microscope fitted with a camera.

Statistical Analysis

Data were analyzed using GraphPad Prism® version 5.01 (San Diego, CA, USA). One-way analysis of variance
(ANOVA) was used to compare the means of quantitative variables in the present study, followed by Tukey’s post-
hoc test, where necessary; p-value was set to be or less than 0.05.

Result

Phytochemical Profile of the Methanol Extract of Bidens Pilosa Leaf

Qualitative Phytochemical Analysis

Phytochemical studies revealed the presence of various compounds in the extract, including polyphenols, anthocyano-
sides, anthracenosides, flavonoids, coumarins, glycosides, saponins, tannins, and reducing compounds (Table 1).

Quantitative Phytochemical Analysis
Quantitative phytochemical screening revealed that the methanol leaf extract of Bidens pilosa (BP) contained
16.7 £ 0.4 mg/g of total polyphenols and 10.8 + 0.2 mg/g of total flavonoids as shown below in Figure 1.

Acute Toxicity Study

The result of the acute toxicity study revealed absence of visible signs of toxicity at 175, 550, 1750 and 5000 mg/kg dose
in the first, second, and third phase of the test. No mortality was observed at 175, 550, 1750, and 5000 mg/kg dose in the
first, second, third, and fourth phase of the test (Table 2).
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Table | Phytochemical Profile of Tamarindus Indica

Phytochemical

Qualitative Test Result

Saponins

Tannin
Polyphenol
Alkaloid salts
Anthocyanosides
Anthracenosides
Flavonoid
Coumarins

Steroid glycosides

Reducing compounds

+ o+ o+

+

++

Notes: + denotes presence; — denotes absence.

Neurobehavioral Result
Beam Walking Test Result

The results of the beam walking test revealed that the animals in the 2 mL/kg of distilled water (normal control) and
100 mg/kg BPA + 1000 mg/kg BP (high dose) treated groups took less time to cross the beam when compared to the
100 mg/kg BPA treated group. However, no significant difference was observed in the time required to cross the beam

after running the ANOVA test (Figure 2).

Wire Hang Test

The ANOVA results of the wire hang test revealed that the animals in the 2 mL/kg distilled water (normal control) and
100 mg/kg BPA + 1000 mg/kg BP (high dose) treated groups had a higher hold time than those in the other treatment
groups. However, there was no significant difference in the reported hold times between treatment groups after running

the ANOVA test (Figure 3).

e e e e )

Concentration (mg/g)
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Figure | The concentration of the total polyphenols and total flavonoids in the aqueous leaf extract of Tamarindus indica. Results are presented as Mean + SEM.
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Table 2 Acute Toxicity Using the Up and Down Method

Phase | Dose of n | Observation Mortality After
Bidens Pilosa 24 Hours
One 175 mg/kg I | No visible sign of toxicity NA
Two 550 mg/kg I | No visible sign of toxicity NA
Three 1750 mg/kg I | No visible sign of toxicity NA
Four 5000 mg/kg I | No visible sign of toxicity NA
5000 mg/kg I | Reduced activity which resolved with 2 hours NA
5000 mg/kg I | No visible sign of toxicity NA

Abbreviations: n, Number of animals used; NA, Not application (no mortality).

Morphometric Study Result

The result of the ANOVA test showed there was no significant difference in the mean body weight change in the
experimental animals at weeks 1, 2, 3, and 4 across the different groups. However, the weight decreased in the 100 mg/kg
BPA and 100 mg/kg BPA + 250 mg/kg treated groups throughout the administration period (Table 3). There was also no
significant difference in the organ body weight ratio of the cerebellum between groups (Figure 4).

Oxidative Stress Result
The result of the ANOVA test revealed significantly lower levels of catalase in the cerebellar tissue of the 100 mg/kg
BPA, 100 mg/kg BPA + 250 mg/kg BP, and 100 mg/kg BPA + 1000 mg/kg BP-treated groups than in the 2 mL/kg of
distilled water. The 100 mg/kg BPA + 1000 mg/kg BP and 100 mg/kg BPA + 60 mg/kg Vit C treated group had
significantly higher levels of catalase in cerebellar cortical tissue than the 100 mg/kg BPA treated group (Figure 5).
Significantly higher levels of malondialdehyde were observed in the cerebellar tissue of the 100 mg/kg BPA-treated
group than in the 2 mL/kg distilled water treated group. The 100 mg/kg BPA + 250 mg/kg BP, 100 mg/kg BPA + 500 mg/
kg BP, 100 mg/kg BPA + 1000 mg/kg BP, and 100 mg/kg BPA + 60 mg/kg Vitamin C treated groups had significantly
lower levels of malondialdehyde in the cerebellar cortical tissue than in the 100 mg/kg BPA treated group (Figure 6).
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Figure 2 The result of the ANOVA for beam walking Test Result for the different test groups. (A) Time taken to cross the beam on week 2 and (B) Time taken to cross the
beam on week 4. The differences were considered significant at p<0.05 (n = 5).
Abbreviations: BPA, Bisphenol A; BP, Biden pilosa.
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Figure 3 The result of the ANOVA for wire hang test; (A) Hang time on the 2"! week and (B) Hang time on the 4™ week. The differences were considered significant at
p<0.05 (n = 5).
Abbreviations: BPA, Bisphenol A; BP, Biden pilosa.

Significantly low levels of superoxide dismutase were observed in cerebellar tissue in the 100 mg/kg BPA, 100 mg/kg
BPA + 250 mg/kg BP, 100 BPA + 500 mg/kg BP, and 100 mg/kg BPA + 60 mg/kg Vit. C treated groups when compared
with the distilled water-treated group. Higher levels of cerebellar tissue superoxide dismutase concentration were
observed in the 100 mg/kg BPA + 1000 mg/kg BP treatment group than in the 100 mg/kg BPA-treated group (Figure 7).

Histology Study

Histological examination of the cerebellar cortex showed normal histoarchitecture in the 2 mL/kg distilled water group
(Figure 8A). A marked alteration was observed in the cerebellar cortex following the administration of 100 mg/kg BPA,
as evidenced by the presence of pyknotic cells and reduced linear distribution of Purkinje cells (Figure 8B-D). The
administration of 1000 mg/kg BP and 60 mg/kg vitamin C significantly improved the histoarchitecture of the cerebellar
cortex (Figure 8E and F).

Table 3 The Result of the ANOVA for Body Weight Change from the Different Treatment Groups

Treatment Week | Week 2 Week 3 Week 4

2 ml/kg of distilled water 37.12+0.34 37.36+0.27 37.90+0.43 37.00+0.61
100 mg/kg BPA 38.44+1.47 36.98+1.66 37.551.19 36.86+0.85
100 mg/kg BPA + 250 mg/kg BP 37.18+1.72 35.37+1.53 37.14£1.70 36.46x+1.55
100 mg/kg BPA + 500 mg/kg BP 38.56+1.53 37.76x1.45 38.15+1.32 38.42+1.59
100 mg/kg BPA + 1000 mg/kg BP 37.58+1.21 37.25%1.12 36.81+1.37 36.27+1.32
100 mg/kg BPA + 60 mg/kg Vit. C 36.3+1.78 34.29+1.50 34.73+1.95 35.75+1.87

Notes: The differences were considered significant at p<0.05 (n = 5).
Abbreviations: BPA, Bisphenol A; BP, Biden pilosa.
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Figure 4 The result of the ANOVA for the percentage organ body weight ratio (OBWR) of the cerebellum. The differences were considered significant at p<0.05 (n = 5).
Abbreviations: BPA, Bisphenol A; BP, Biden pilosa.
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Figure 5 The result of the ANOVA test for the level of tissue catalase in the cerebellum from all the treatment groups. *Indicate significant differences when compared to
2ml/kg of distilled water; 100 mg/kg BPA, 100 mg/kg BPA + 250 mg/kg BP, and 100 mg/kg BPA + 500 mg/kg BP respectively at p<0.05.
Abbreviations: BPA, Bisphenol A; BP, Biden pilosa; CAT, Catalase.

Discussion

The qualitative phytochemical analysis of Bidens pilosa extract in the present study revealed the presence of bioactive
compounds, including polyphenols, flavonoids, tannins, anthocyanosides, anthracenosides, coumarins, and steroid glyco-
sides. On the other hand, the quantitative assay revealed the presence of high levels of polyphenols and flavonoids. The
identified compounds are known to play very important role in mitigating oxidative stress-induced neuronal damage.*’
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Figure 6 The result of the ANOVA for the levels of tissue malondialdehyde in the cerebellum from all the treatment groups. “° indicate significant differences when
compared to 2ml/kg of distilled water, 100 mg/kg BPA, 100 mg/kg BPA + 250 mg/kg BP, 100 mg/kg BPA + 500 mg/kg BP, and 100 mg/kg BPA + 1000 mg/kg BP respectively at

p<0.05.
Abbreviations: BPA, Bisphenol A; BP, Biden pilosa; MDA, Malondialdehyde.
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Figure 7 The result of the ANOVA test for the level of tissue super oxide dismutase in the cerebellum from all the treatment groups. ° and ° indicate significant difference
when compared to 2 mL/kg of distilled water and 100 mg/kg BPA respectively at p<0.05.
Abbreviations: BPA, Bisphenol A; BP, Biden pilosa; SOD, Super oxide dismutase.

The result of the oral acute toxicity study using female mice in the present study revealed that the LD50 of Bidens pilosa
was greater than 5000 mg/kg bw. Plant extract with LD50 greater than 5000 mg/kg are often considered to be relatively
safe;*! hence, highlighting key fact about possible safety of Bidens pilosa.

Neurobehavioral assessments have shed light on the functional impact of Bidens pilosa in counteracting Bisphenol A (BPA)-
induced motor deficits. Although the beam walking test did not show statistically significant differences across the treatment
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Figure 8 The Photomicrograph of the cerebellar cortex from the treatment groups. (A) 2 mL/kg of distilled water; (B) 100 mg/kg BPA; (C) 100 mg/kg BPA + 250 mg/kg BP;
(D) 100 mg/kg BPA + 500 mg/kg BP; (E) 100 mg/kg BPA + 1000 mg/kg BP; (F) 100 mg/kg BPA + 60 mg/kg Vit. C; Purkinje cell (Green arrow); Degenerating Purkinje cell (Red
arrow); Region with reduced linear distribution of Purkinje cells (Yellow circles) (H&E; x400).

Abbreviations: ML, Molecular layer; GL, Granular layer.

groups, the high-dose Bidens pilosa group (100 mg/kg BPA + 1000 mg/kg Bidens pilosa) showed improved motor coordination,
as evidenced by a reduced crossing time. This finding suggests a potential neuroprotective effect that may be attributed to the
antioxidant properties of very important phytochemical present within Bidens pilosa extract. These findings suggest that Bidens
pilosa like other plants rich in antioxidant phytochemicals, may offer protective benefits against BPA-induced neurotoxicity,
which is consistent with previous studies that demonstrated the neuroprotective potential of antioxidant-rich plants on motor
function.*> However, the lack of statistical significance underscores the need for other behavioral studies, larger sample sizes and
longer treatment durations to confirm these findings.

The wire hang test showed that animals treated with a high dose (1000 mg/kg) of Bidens pilosa had longer hang
times, indicating enhanced neuromuscular strength. This suggests that Bidens pilosa may protect against BPA-induced
neuromuscular impairments. BPA exposure has been shown to compromise neuromuscular integrity and locomotor
activity via oxidative stress, which leads to impaired motor function.® Notably, the improvements observed with Bidens
pilosa were comparable to the neuroprotective effects of vitamin C, an FDA-approved water-soluble antioxidant known
to enhance motor coordination and neuromuscular strength through similar mechanisms.** These findings underscore the
potential of Bidens pilosa as an possible alternative or complementary treatment to vitamin C, supporting its use in
mitigating BPA-induced neuromuscular deficits.

Gross morphological analysis indicated that BPA exposure did not significantly alter the body weight, although a decreasing
trend was observed in the 100 mg/kg BPA and 100 mg/kg BPA + 250 mg/kg Bidens pilosa groups. This suggests that BPA
induces metabolic disturbances, possibly through endocrine disruption, as documented by Maniradhan and Calivarathan® and
Hong et al.** The absence of significant weight loss in the high-dose Bidens pilosa group suggests that the plant extract may offer
systemic protection beyond neuroprotection, potentially mitigating the BPA-induced metabolic dysregulation. The organ-body
weight ratio of the cerebellum remained unchanged, indicating that BPA and Bidens pilosa administration did not result in
remarkable gross anatomical changes. However, this does not preclude the possibility of histological or molecular alterations
within this brain region, necessitating further investigation using advanced imaging and molecular techniques.
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In our study, oxidative stress biomarkers and antioxidant enzyme assay provided compelling evidence for the neuropro-
tective role of Bidens pilosa. Bisphenol A exposure significantly reduced cerebellar catalase (CAT) activity, while the high-
dose Bidens pilosa group exhibited significantly higher catalase levels than the BPA-only group. CAT is an important
antioxidant enzyme that neutralizes hydrogen peroxide and protects against oxidative damage.* This finding is consistent
with studies showing that polyphenol-rich plant extracts boost endogenous antioxidant defenses against neurotoxicity.'” The
restoration of superoxide dismutase (SOD) activity in the high-dose Bidens pilosa group reinforced its antioxidant-linked
neuroprotective effects. BPA-induced oxidative stress suppresses SOD, a critical enzyme that neutralizes superoxide radicals
and protects against oxidative neurodegeneration.*®*’” The high-dose Bidens pilosa group showed significantly higher SOD
activity than the BPA-only group, suggesting that Bidens pilosa enhances antioxidant defenses. This result is consistent with
those of previous studies indicating that flavonoids and polyphenols stimulate endogenous antioxidant enzyme expression,*®
thereby counteracting neurotoxic insults. Similarly, vitamin C restores SOD activity, supporting its role in combating oxidative
stress and neurodegeneration.*” The comparable effects of Bidens pilosa and vitamin C highlight the potential of Bidens pilosa
as a viable alternative or adjunct to the conventional antioxidants.

Additionally, lipid peroxidation, as measured by malondialdehyde (MDA) levels, was significantly elevated in BPA-
treated animals, confirming the oxidative stress-inducing properties of BPA. The reduction in MDA levels in the high-
dose Bidens pilosa group further supports its neuroprotective role by preventing oxidative damage to the neuronal
membranes. These findings align with previous research demonstrating that plants rich in antioxidants, such as Bidens
pilosa reduce oxidative stress markers and lipid peroxidation, thereby offering protection against neuronal damage.’® The
effect of Bidens pilosa in oxidative stress by Bidens pilosa was comparable to that by vitamin C, which is known to
decrease MDA levels and reduce oxidative damage in neuronal tissues.”’

Histological findings confirmed the protective effects of Bidens pilosa against BPA-induced neurotoxicity. The BPA-treated
group showed cerebellar tissue alterations, including pyknotic neurons and disrupted Purkinje cell distribution. These alterations
have been reported as early signs of neurodegeneration Bi et al.>* These findings align with previous studies indicating that BPA
induces negative histological changes in the cerebellum, neuronal apoptosis and synaptic dysfunction through oxidative stress.™
The high-dose Bidens pilosa group exhibited remarkable preservation of cerebellar histoarchitecture, with well-preserved
Purkinje cells and fewer signs of neurodegeneration. These findings underscore the neuroprotective role of Bidens pilosa,
which is likely attributable to its antioxidant properties. The neuroprotective effects observed in this group were consistent with
those of vitamin C, which has been shown to preserve neuronal integrity and protect against oxidative stress.>*

Despite these promising findings, this study had several limitations. The lack of statistically significant differences in
some behavioral tests suggests that other behavioral studies such as rotarod, larger sample sizes or longer treatment
durations may be necessary to fully capture the neuroprotective effects of Bidens pilosa. The present submission did not
use isolated active compound for administration which could have helped in pinpointing the active compound responsible
for the protective potential of Bidens pilosa in the present study. Nonetheless, the findings from this study contribute to
the growing body of evidence supporting plant-based interventions for neuroprotection and highlight the need for further
translational studies to explore their clinical potential.

Conclusion

This study identified Bidens pilosa as a plant with neuroprotective potential, particularly through its antioxidant and cerebellar
tissue-protective effects. High doses of Bidens pilosa enhanced catalase and SOD activity, reduced oxidative stress, and
preserved cerebellar histomorphology. These findings suggest Bidens pilosa is a promising plant-based neuroprotective agent,
comparable to established natural antioxidants such as vitamin C. Given the widespread exposure to neurotoxins, such as BPA,
Bidens pilosa could serve as a valuable adjunct in mitigating neurotoxicity. Future studies should explore oxidative stress
markers and histological analyses to provide compelling evidence of neuroprotection, and explore additional molecular
pathways, including inflammatory and apoptotic signaling cascades, to better understand the underlying mechanisms.
Research on the bioavailability and pharmacokinetics of Bidens pilosa phytochemicals is warranted to optimize dosing
regimens for clinical applications. Elucidating its therapeutic potential can pave the way for translational applications in the
clinical setting. These findings contribute to the growing body of evidence supporting the use of plant-based interventions for
neuroprotection and emphasize the need for further research to unlock their health benefits.
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