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Abstract

This research compared the effect of gabapentin, biopentin and pumpkin (Telfairia occidentalis) seeds
extract on the body weight and cerebellar histology of adult Wistar rats. This study used twenty-five
(25) adult male Wistar rats which were divided into five groups (each containing five animals).
Group A was the control group. Group B was administered 1.63 mg/kg body weight of gabapentin
while Group C was administered 3.54 mg/kg body weight of Telfairia occidentalis seeds extract.
Group D received 2.10 mg/kg body weight of biopentin while Group E received a combination of
Gabapentin and Telfairia occidentalis seeds extract at 2.61 mg/kg and 4.73 mg/kg body weight
respectively. The study lasted for 28 days. Results from this study show that there were no significant
(p<0.05) changes in body weight across all the groups of the experiment. The histological observations
showed that gabapentin administered at 1.63 mg/kg body weight and Telfairia occidentalis seed
extract administered at 3.54 mg/kg body weight showed moderately altered histological features while
Biopentin administered at 2.10 mg/kg body weight caused severely histological alterations.
Additionally, the combined administration of Gabapentin and Telfairia occidentalis at 2.61 mg/kg and
4.73 mg/kg body weight respectively showed moderate histological alteration of the cerebellum. In
conclusion, while gabapentin, Biopentin, and Telfairia occidentalis seed extract did not produce
significant systemic toxicity as observed by the stable body weight changes, all treatments induced
varying degrees of cerebellar histological alterations at the tested doses. The severe alterations
observed in the Biopentin-treated group specifically shows the need for caution regarding
indiscriminate vitamin supplementation. Also, the findings show the importance of evaluating the
neurotoxic potential of herbal preparations and conventional neuroactive agents, especially when used
chronically or in combination.
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INTRODUCTION

Neurotoxicity is damage or dysfunction of nervous tissue caused by exogenous chemicals. It
can affect CNS (cognition, mood, seizures, movement) or PNS (numbness, pain, weakness),
or both (Pellacani and Eleftheriou, 2020; Was et al., 2022). There are many mechanisms of
neurotoxicity but they mostly involve oxidative stress and mitochondrial dysfunction;
disruption of neurotransmission (excitotoxicity, monoamine depletion, cholinergic block);
impaired axonal transport and myelin damage; blood-brain/barrier breakdown and
neuroinflammation; direct neuronal or glial apoptosis/necrosis (Liu et al., 2024; Malachy et
al., 2025). Major classes of neurotoxic exposures include anticancer drugs (Evert et al., 2025);
recreational drugs like methamphetamine, cocaine, synthetic cathinones, ketamine, nitrous
oxide, heroin (Wang et al., 2025); environmental pollutants such as per- and polyfluoroalkyl
substances (PFAS), polycyclic Aromatic Hydrocarbons (PAHs), heavy metals,
micro/nanoplastics (Liu et al.,, 2024); mycotoxins in food (Song et al., 2024); and
plant-derived neurotoxins (whole plants, foods, seeds) (Moise et al., 2024).

Gabapentin, is widely used for neuropathic pain and seizures and has multiple actions on
calcium channels, GABAergic tone, and glutamate release. Research shows both
neuroprotective effects in specific injury models and neurotoxic / neurocognitive risks,
especially at high doses or with long-term use. Gabapentin binds the a2d subunit of
voltage-gated calcium channels, dampening excitatory neurotransmitter release and
neuronal hyperexcitability (Rusciano, 2024).

However, clinical and experimental data also show risks. Sub-chronic high-dose gabapentin
in rats caused hippocampal degeneration and behavioral deficits (El-Kattan et al., 2025).
Aged mice given long-term gabapentin developed learning and memory impairment linked
to tau hyperphosphorylation and reduced Sirtl (Xia et al., 2025). Reviews describe atypical
CNS effects such as myoclonus, ataxia, encephalopathy, aggression, suicidality, and
respiratory depression, often dose-related or in vulnerable patients (Nwankwo et al., 2024;
Kaye et al., 2025). High-dose or misuse may lead to neurotoxicity and potential abuse
liability in some settings (El-Kattan ef al., 2025).

Biopentin is a vitamin B-complex formulation commonly used as a neurotropic supplement
to support nerve function, neuronal metabolism, and tissue repair. It typically contains
essential B vitamins such as thiamine (vitamin B1), pyridoxine (vitamin B6), and
cyanocobalamin (vitamin B12), which play important roles in neurotransmitter synthesis,
energy metabolism, myelin maintenance, and neuronal survival. Biopentin is usually
prescribed in the management of neuropathies, neuritis, neuralgia, vitamin B deficiencies,
and other neurological conditions associated with impaired nerve function (Calderén-
Ospina & Nava-Mesa, 2020).

Despite its therapeutic importance, excessive or prolonged use of vitamin B-complex
formulations may produce neurotoxic effects, particularly due to pyridoxine (vitamin B6).
High-dose pyridoxine exposure has been associated with neuronal degeneration, oxidative
stress, mitochondrial dysfunction, and disruption of neuronal signaling pathways
(Hadtstein & Vrolijk, 2021). Chronic vitamin B6 toxicity may result in sensory neuropathy,
neuronal injury, impaired coordination, and neurodegenerative changes affecting both
peripheral and central nervous tissues (Reddy, 2022). Therefore, although Biopentin is
generally regarded as neuro-supportive, inappropriate dosing or long-term exposure may
adversely affect neuronal integrity.
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Pumpkin/fluted pumpkin (Telfairia occidentalis) seeds are rich in protein, unsaturated fats,
minerals, and antioxidants that can support brain health. In scopolamine-induced
Alzheimer-type dysfunction, aqueous T. occidentalis seed extract reduced hippocampal
astrogliosis, suggesting less oxidative stress and better cellular regeneration, with implied
improvements in learning and memory (Mba, 2021). In healthy rats, dietary raw and roasted
pumpkin seeds improved anxiety, cognition, and spatial/non-spatial memory, and
enhanced brain antioxidant capacity; roasted seeds at 10 % performed best and reduced
acetylcholinesterase and butyrylcholinesterase activity (Akomolafe et al., 2025).

Hegab et al. (2025) reported that pumpkin seed oil rescued colchicine-induced neurotoxicity
in rats, restoring serotonin/dopamine and brain BDNF/GFAP, boosting SOD and CAT and
reducing lipid peroxidation and DNA damage markers. In a study by Ogadinma and Ubani,
(2025), T. occidentalis extract attenuated cadmium-induced neurotoxicity, decreasing MDA,
protein carbonyls, F2-isoprostanes and increasing SOD, CAT, GPx, GSH, with improved gait
parameters. However, acute toxicity work shows potential hepatotoxic signals from pod and
stem extracts (ALT/AST elevation) and cyanogenic glycosides in root and pod; roots are
even used as rodenticide, indicating that non-leaf/seed parts may be harmful at high doses
(Obunda et al., 2023).

This study assesses and compares the effect of gabapentin, biopentin, and Telfairia
occidentalis seed extract on the body weight and cerebellar histology. A major rationale for
comparing these three distinct substances lies in their differing pharmacological and
biochemical profiles, despite all possessing neuroactive properties. Gabapentin is a clinically
established anticonvulsant that modulates neuronal excitability through interaction with the
a20 subunit of voltage-gated calcium channels (Dolphin, 2025). Biopentin, a vitamin B-
complex formulation, is widely used as a neurotropic supplement believed to support
neuronal metabolism and nerve function (Nava-Mesa, 2020). Telfairia occidentalis seed extract
represents a natural herbal preparation rich in phytochemicals, antioxidants, fatty acids, and
bioactive compounds traditionally consumed for nutritional and medicinal purposes in
many African communities (Aworunse et al., 2018; Chijindu et al., 2024). Comparing these
agents is scientifically important because they represent three commonly encountered
neuroactive categories: a synthetic anticonvulsant drug, a nutritional neuro-supportive
supplement, and a medicinal plant extract. Such comparison provides insight into whether
substances generally perceived as therapeutic or beneficial may also exert deleterious
neurohistological effects on sensitive brain regions such as the cerebellum. Furthermore, the
inclusion of a combined gabapentin and Telfairia occidentalis treatment group helps evaluate
possible interaction effects between conventional pharmacotherapy and herbal
supplementation, a practice that is increasingly common among patients (Agbabiaka et al.,
2018).

MATERIALS AND METHODS

Collection and Identification of Telfairia occidentalis seed extracts

Telfairia occidentalis seeds were obtained from a local market in Akwa Ibom State, Nigeria
and were identified at the Department of Botany and Ecological Studies, University of Uyo,
Uyo, Akwa Ibom State, Nigeria.

The seeds were washed and air dried. They were then chopped into tiny pieces and dried.
Thereafter, they were ground into fine powder and macerated in 70 % ethanol for 72 hours
with occasional stirring to enhance extraction. After extraction, the mixture was filtered
using filter paper to remove solid residues. The filtrate was subsequently concentrated by
evaporating the ethanol using a water bath at 40 °C to obtain a crude ethanol extract. The
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extract was then stored in airtight container and refrigerated until it was needed for
administration.

Preparation of Drugs

Commercial Biopentin and Gabapentin tablets were obtained from a Pharmacy in Akwa
Ibom state, Nigeria, which is a licensed pharmacy. The required dose was calculated
according to the body weight of each rat. The tablets were crushed into fine powder,
dissolved in distilled water, and administered freshly each day by oral gavage to ensure
accuracy of dosing and drug stability.

Animal Care and Handling

Twenty (25) healthy adult male Wistar rats weighing between 100 - 250 g were used for the
study. The animals were obtained from the animal house of The Faculty of Pharmacy,
University of Uyo, Uyo, Akwa Ibom State. The animals were fed and kept at the animal
house of Faculty of Basic Medical Sciences, University of Uyo, Uyo, Akwa Ibom State. They
were acclimatized for 2 weeks, housed in well-ventilated cages lined with wood shavings,
maintained under a 12-hour light/dark cycle, standard room temperature of around 30°C.
Their beddings were changed every 2 days regularly. The rats were given rat feed and clean
water. The animals were treated in accordance with the “Guide for the care and use of
laboratory animals” prepared by the National Academy of Sciences and published by the
National Institute of Health.

Experimental Protocol

After acclimatization, the animals were divided into five (5) groups A, B, C, D and E. Each
group consisted of five animals. Group A served as the control group and received distilled
water at 2 mL/kg body weight while Group B received 1.63 mg/kg of gabapentin. Group C
was administered pumpkin seed extract at 3.54 mg/kg whereas Group D received biopentin
at 2.10 mg/kg. Group E received a combination of gabapentin and Pumpkin seed extract at
2.61 mg/kg and 4.73 mg/kg respectively (Table 1).

Table 1: Experimental Design of the Research

Group Treatment Dosage

A Distilled water 2 mL/kg body weight

B Gabapentin 1.63 mg/kg body weight

C Telfairia occidentalis seeds extract 3.54 mg/kg body weight

D Biopentin 2.10 mg/kg body weight

E Gabapentin + Telfairia occidentalis seeds extract 2.61 mg/kg and 4.73 mg/kg body weight
respectively

Determination of Changes in Body Weight

The body weight of the experimental animals was noted before administration and on
weekly basis, i.e. on days 8, 15, 21, and 28, using an electronic weighing balance. Changes in
weight was computed by subtracting the final body weight (on day 28) from the initial body
weight. Student paired t- test was used to analyze the changes in body weight.

Termination of Experiment

At the end of the experimental period, all animals were humanely sacrificed following
approved ethical guidelines for animal handling and care. The termination of the
experiment was specifically aimed at obtaining the cerebellum for histological and
biochemical examination. Each rat was anesthetized using an appropriate dose of ketamine
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to ensure painless sacrifice. The brain was carefully excised, and the cerebellum was
harvested out, ensuring minimal mechanical disruption of the tissue.

Tissue Processing for Histology

The cerebellar tissues were processed for light microscopy using standard procedures
through fixation in 10 % neutral buffered formalin (NBF), dehydration in 70 %, 95 %, and
absolute ethanol, clearing with xylene, infiltration with molten paraffin wax at 60 ©C,
embedding, sectioning and staining in hematoxylin and eosin stains. The stained cerebellar
slides were examined under a bright-field light microscope to assess the general
histoarchitecture of the cerebellar tissue.

RESULTS

Changes in body weight following the administration of Gabapentin, Pumpkin seed
Extract and Biopentin for twenty-eight days

After administration of the drugs and plant seeds extract for 28 days, there was no
significant weight difference between the different groups in the experiment (Table 1).

Table 1: Comparison of Changes in Body Weight of Adult Male Albino Rats
Administered Gabapentin, Pumpkin seed Extract and Biopentin

Groups Initial weight (g) Final weight (g) Weight difference (g)
A 179.50 £2.11 218.75+£4.23 35.71£4.01
B 151.00 £ 0.92 207.60 +£2.17 58.03 £2.21
C 151.21 £1.33 212.41 £3.01 63.45 £4.42
D 201.20 £3.01 237.23+0.18 39.02+3.56
E 201.44 +£2.22 259.81 +4.12 51.82 +3.90

Values are expressed as Mean + SEM

Key: A =rats given distilled water at 2 mL/kg body weight (Control); B = rats given 1.63 mg/kg body weight of
Gabapentin; C = rats given 3.54 mg/kg body weight of Pumpkin seed extract; D = rats given 2.10 mg/kg body
weight of Biopentin; E = rats given 2.61 mg/kg body weight of Gabapentin and 4.73 mg/kg body weight of
Pumpkin Seed extract.

Effect of administration of Gabapentin, Pumpkin seed Extract and Biopentin on the
cerebellar histology of adult male Wistar rats

The drugs and plant seed extracts used in this study had varying effects on the cerebellar
histology of the experimental animals. The Control group showed histoarchitecture with
normal features. The Gabapentin administered group showed moderately altered
histological features with moderate pyknosis (++) and mild vacuolation (+) while the
Telfairia occidentalis seed extract administered group was moderately affected with moderate
pyknosis (++) and moderate vacuolation (++). The group that received Biopentin showed
severely altered microstructures with severe pyknosis (+++) and severe vacuolation (+++).
Also, the group that received combined administration of Gabapentin and Telfairia
occidentalis showed moderate histological alteration of the cerebellum with moderate
pyknosis (++) and mild vacuolation (+) (Plate 1).
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Plate 1: Photomicrograph of the cerebellum of adult Wistar rats (X400).

Key: Molecular layer (ML), glial cell (Gc), Purkinje cell layer (PCL) with Purkinje cell (black
arrow); granular cell layer (GCL), pyknotic cell (red arrow), vacuolation (V); NC =
Photomicrograph of cerebellum of control group showing histoarchitecture with normal
features; GABA = Photomicrograph of cerebellum of group administered 1.63 mg/kg body
weight of gabapentin showing histoarchitecture with moderately altered microstructures;
TO = Photomicrography of cerebellum of group administered 3.54 mg/kg body weight of
Telfairia occidentalis seed extract showing histoarchitecture with moderate alterations; BP =
Photomicrography of cerebellum of group administered 2.10 mg/kg body weight of
Biopentin showing severely affected histoarchitecture; GABA + TO = Photomicrography of
cerebellum of group administered 2.61 mg/kg body weight of gabapentin and 4.73 mg/kg
body weight of Telfairia occidentalis seed extract showing histoarchitecture with moderate
alterations.

DISCUSSION

Body weight is a sensitive indicator of systemic toxicity. The absence of significant weight
loss suggests that, at the administered doses, the treatments did not induce significant
systemic toxicity or severe metabolic derangements. In toxicological evaluations, stable body

C. C. Mbadugha et al, DUJOPAS 12 (2¢): 201-211, 2026 206



Comparative Histomorphological Assessment of the Cerebellum in Wistar Rats Exposed to Gabapentin,
Biopentin, and T7elfairia occidentalis Seed Extract

weight typically indicates tolerability of the test substance (Organisation for Economic Co-
operation and Development [OECD], 2008).

Gabapentin is generally considered to have a favorable safety profile, particularly at
therapeutic doses (Taylor et al., 1998). Although weight gain has been reported in some long-
term human clinical settings, particularly in neuropathic pain patients (Rose & Kam, 2002),
experimental animal studies regarding gabapentin at moderate doses often show minimal or
no weight alterations.

Histological examination revealed varying degrees of cerebellar alterations among treated
groups. Gabapentin binds to the a26 subunit of voltage-gated calcium channels, thereby
modulating neurotransmitter release (Gee et al., 1996). Although primarily considered
neuroprotective in excitotoxic conditions, chronic modulation of calcium signaling may alter
neuronal homeostasis. Calcium dysregulation is strongly implicated in neuronal
degeneration (Orrenius et al., 2003). The presence of pyknotic nuclei suggests apoptotic or
degenerative processes.

In vitro exposure of dopaminergic neurons to gabapentin altered morphogenesis and key
regulatory gene expression, indicating that gabapentin can perturb neuronal structural
development under certain conditions (Alsanie et al., 2022). While gabapentin is widely
regarded as safe, experimental data indicate that prolonged exposure at certain doses may
induce structural neuronal changes in animal models (Sarac et al., 2015).

Telfairia occidentalis seeds contain phytochemicals such as alkaloids, saponins, tannins, and
phenolic compounds (Kayode & Kayode, 2011). While many of these compounds possess
antioxidant properties, certain phytochemicals may exert neuroactive or neurotoxic effects
depending on concentration and duration of exposure. High levels of saponins and
alkaloids, for example, have been associated with membrane destabilization and cellular
injury in some models (Francis et al., 2002).

Biopentin is a B-complex vitamin formulation, and excessive or prolonged administration of
certain B vitamins, particularly pyridoxine (Vitamin B6), has been associated with
neurotoxicity at high doses (Sun et al., 2025). Pyridoxine toxicity is known to cause neuronal
degeneration, especially affecting sensory neurons, but central effects have also been
documented under high exposure conditions. Recent studies have also raised concerns
regarding indiscriminate and uncontrolled use of vitamin B supplements and the potential
for cumulative neurotoxicity following prolonged administration (Sun et al., 2025).

Severe vacuolation and nuclear pyknosis in the cerebellum may reflect oxidative stress,
mitochondrial dysfunction, or excitotoxic injury. Neuronal vacuolation is frequently
associated with degenerative processes involving disrupted ion homeostasis and
intracellular edema (Mbadugha et al., 2026).

The absence of a synergistic or additive toxic effect in the combined Gabapentin + Telfairia
occidentalis (GABA + TO) group may be explained by a possible ceiling effect and
antagonistic neuroprotective interactions between gabapentin and the phytochemicals
present in Telfairia occidentalis. Since both gabapentin and Telfairia occidentalis individually
produced moderate cerebellar alterations, their combined administration may have
activated overlapping neurodegenerative pathways without substantially worsening the
histological outcome. Gabapentin may also have limited excessive neuronal injury through
modulation of voltage-gated calcium channels. Gabapentinoids bind to the a26 subunit of
voltage-gated calcium channels, thereby reducing calcium influx and attenuating excitotoxic
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neuronal damage (Wu et al., 2025). Therefore, gabapentin’s calcium-channel modulation
may have prevented progression from moderate to severe cerebellar degeneration in the
combination group.

Furthermore, Telfairia occidentalis contains antioxidant phytochemicals such as flavonoids,
phenolic compounds, and other bioactive constituents with free radical scavenging activity
(Chijindu et al., 2024). Although certain phytochemicals may exert toxic effects at high
concentrations, antioxidant components within the extract may simultaneously reduce
oxidative stress and lipid peroxidation, thereby partially counteracting neuronal injury. This
antagonistic interaction may explain why the combined group showed only moderate
histological alterations rather than severe degeneration. Nevertheless, the persistence of
moderate histological abnormalities indicates that the combination was still capable of
inducing neuronal stress within the cerebellum.

CONCLUSION

This study showed that gabapentin, Biopentin, and Telfairia occidentalis seed extract
administered at the tested doses did not produce significant systemic toxicity, as evidenced
by the absence of significant changes in body weight among the experimental groups. This
suggests that the treatments were relatively tolerated physiologically at the administered
doses.

However, histological examination revealed varying degrees of cerebellar alterations,
including vacuolation, pyknosis, and distortion of Purkinje cells. Moderate alterations were
observed in the gabapentin-treated, Telfairia occidentalis-treated, and combined treatment
groups, while the Biopentin-treated group showed more severe cerebellar damage.

These findings show that substances that are considered to be therapeutically safe or
nutritionally beneficial may still exert adverse effects on cerebellar microarchitecture
without producing observable systemic toxicity. Therefore, prolonged or indiscriminate use
of these substances should be approached with caution. Further studies are recommended to
investigate the mechanisms and possible functional consequences of the observed cerebellar
changes.
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