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Abstract

Potassium bromate (KBrOs), a food additive and environmental contaminant, is a
known neurotoxin whose deleterious effects are primarily mediated through the
induction of oxidative stress. Elaeis guineensis (red palm oil) is a natural product
exceptionally rich in antioxidants, including tocotrienols and carotenoids. This study
was designed to investigate the potential neuroprotective effects of Elaeis guineensis
fruit oil against the neurobiochemical toxicity induced by oral administration of
potassium bromate in male Wistar rats. Twenty-four male Wistar rats were randomly
divided into four groups (n=6): a control group, a group receiving potassium bromate
(100 mg/kg) only, 2 groups pre-treated with Elaeis guineensis oil (2 ml/kg and
4ml/kg) prior to potassium bromate administration. Following a 21-day
administration period, brain tissues were homogenized and analyzed for key
biochemical markers, including glutathione (GSH), malondialdehyde (MDA),
catalase (CAT), superoxide dismutase (SOD), acetylcholinesterase (AChE), and
nitric oxide (NO). Administration of potassium bromate alone resulted in a
statistically significant (p<<0.05) decrease in the brain concentrations of GSH, CAT,
SOD, and AChE, coupled with a significant elevation in MDA and NO levels when
compared to the control group. However, pre-treatment with Elaeis guineensis fruit
oil significantly ameliorated these adverse effects, restoring the measured
biochemical parameters to levels comparable with the normal control group. The
findings demonstrate that E. guineensis fruit oil possesses potent neuroprotective
properties against potassium bromate-induced toxicity. This protective capacity is
likely attributable to its strong free-radical scavenging and antioxidant activities,
which mitigate oxidative neuronal damage.
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Introduction

toxicity is mainly through the production of free

The health challenge due to neuronal damage is
enormous; the nervous system coordinates the various
biochemical and physiological activities occurring in
the body, thus any activity that alters the function of
the nervous system is debilitating. The body is
exposed to various environmental toxic chemicals that
are harmful to the brain. Most of these toxic chemicals
exert their harmful effect through oxidative stress, a
process whereby the defence system of the body is
compromised, leading to the generation of highly
reactive species (Adewumi et al., 2017). This process
often destroys the integrity of cells and tissues,
including the brain (Ajarem et al. 2016; Shanmugavel
et al. 2020). One of the major chemicals that human is
exposed to is potassium bromate. In Nigeria, one of
the major sources of exposure is in the baking industry,
where it is used as an additive in bead making. Despite
the attempt by the food regulatory agencies to
discourage the use of bromate in the food industry
(Chauhan and Jain 2016). The mechanism of KBrOs3

radicals that are highly reactive within the biological
systems. Increased production of these radicals puts
pressure on the host antioxidant molecules,
overwhelming them (Magomya and Yebpella, 2020;
Olusola et al.,2024). This established mechanism of
toxicity has provided a window of intervention by
sourcing external antioxidant boosters to counter and
eliminate the toxic effects of KBrO; in the brain
(Ajarem et al., 2016). The major antioxidant molecule
in the brain is reduced glutathione, which provides
electrons to radicals and makes them less reactive,
thereby preventing their damage to brain cells and
tissues (Ji et al., 2023). Thus, any activities that reduce
the level of GSH can trigger brain injury and death.
Lipid peroxidation is another process that is reported
to be elevated in brain cells following oxidative stress.
It involves the oxidation of lipids in the cell
membrane, resulting in the loss of cellular integrity
(Wang et al. 2023). One of the products of lipid
peroxidation is malondialdehyde (MDA), and it is one
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of the major biomarkers used to evaluate oxidative
stress. Apart from GSH, other endogenous
antioxidants include superoxide dismutase and
catalase, which are involved in neutralizing ROS
(Ischiropoulos et al., 2003). Acetylcholinesterase
plays an important role in neuronal architecture and
efficiency. It acts as a neurotransmitter in the cognitive
function of the brain; thus, any activities that alter its
process can be a reflection of neuronal damage
(Ilesanmi et al., 2022). Nitric oxide is a signalling
molecule that performs several biochemical and
physiological functions in the body; however, when it
is elevated, it can be implicated in oxidative stress
(Pacher et al., 2007). In an attempt to counter the toxic
effects of KBrOs, several antidotes have been
investigated and prescribed as a remedy. E. guineesis
fruit oil, commonly called palm oil in Nigeria, is
widely produced in Nigeria, especially in the South-
South region, such as Bayelsa and Edo states. It is a
plant rich in antioxidant and anti-inflammatory natural
compounds and has been prescribed as an antidote
against poison and infection (Obahiagbon 2012). It is
characterized by a rich biochemical composition that
includes a high concentration of tocopherols and
tocotrienols, which are different forms of vitamin E
(Loganathan et al., 2017). It also contains significant
amounts of carotenoids, precursors to vitamin A, as
well as other bioactive compounds such as
phytosterols and squalene. The presence of these
compounds, particularly the vitamin E isoforms and
carotenoids, positions palm oil as a potential source of
protection against oxidative stress-related diseases,
including those affecting the nervous system. Given
that potassium bromate induces neurotoxicity through
the generation of ROS (Ajarem et al., 2016), the
inherent antioxidant capacity of palm oil suggests a
plausible mechanism by which it could counteract
these harmful effects in the brain. Existing research
provides further support for the neuroprotective
potential of palm oil or its components in various
neurological contexts. For instance, studies have
explored the effects of palm oil and its tocotrienol-rich
fraction against stroke and in animal models of
Alzheimer's disease, suggesting benefits in cognitive
function and reduction of neurodegenerative markers
(Sharif et al., 2025; Moorthy and Radhakrishnan,
2024). These findings, obtained in different models of
neurological insult, strengthen the rationale for
investigating the efficacy of palm oil against
potassium  bromate-induced  neurotoxicity, as
oxidative stress is a common underlying mechanism in
many of these conditions. This research was designed
to provide scientific evidence by investigating the
potential of Elaeis guineensis fruit oil to counter the
toxic effects of potassium bromate-induced brain
injury in male Wistar rats.
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Materials and Methods

Chemicals and Reagents

Potassium bromate (Sigma Aldrich, Germany) was
supplied by a certified chemical reagent supplier in
Ibadan, Oyo state, Nigeria. Crude, unrefined E.
guineensis fruit oil (red palm oil) was obtained from a
production company in Ogbia Local Government,
Bayelsa State, Nigeria. All other chemicals and
reagents used for the biochemical assays were of high
purity and sourced from reputable suppliers.

Experimental Animals

Twenty (20) male Wistar rats, weighing 165 +15g
were used for the experiment. The animals were
housed in clean cages under standard laboratory
conditions, with a 12-hour light/dark cycle, a
temperature of 25 + 2°C, and free access to standard
pellet feed and water. The rats were acclimatized to the
laboratory environment for two weeks before the
commencement of the experiment. All animal
handling procedures were conducted following
institutional and international guidelines for the care
and use of laboratory animals.

Experimental Design

The rats were randomly divided into four groups (n=5
per group) for the study, which lasted for 21 days.
Group 1 (Control): Received distilled water orally
once daily.

Group 2 (KBrOs only): Animals were orally
administered 100 mg/kg of potassium bromate for 14
days.

Group 3 (E. guineensis + KBrOs): animals were orally
administered 2 ml/kg of E. guineensis fruit oil for 7
days before co-administration with KBrOs for 14 more
days.

Group 4 (E. guineensis + KBrOs): animals were orally
administered 4 ml/kg of E. guineensis fruit oil for 7
days before co-administration with KBrOs for 14 more
days.

E. guineensis oil was administered orally via gavage,
and potassium bromate was dissolved in water to
ensure accurate dosage. The duration of 21 days was
chosen based on prior studies investigating chronic
exposure to neurotoxic substances in rodents (Zubaidi
etal., 2021).

Sample Collection and Preparation

The male Wistar rats were sacrificed via cervical
dislocation after mild anaesthesia, 24 hours after the
last administration. The brain was excised, rinsed and
weighed before homogenizing in phosphate buffer
saline solution (0.1M, pH=7.4). The homogenized
brain was centrifuged at 16000rpm for 10 minutes to
obtain a clear supernatant. Each centrifuged plain tube
was collected into another plain tube labelled
accordingly. The separated samples were kept frozen
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in a refrigerator until needed for various biochemical
assays.
Biochemical Assays
The brain supernatant was used to determine the
concentration or activity of the following biochemical
markers using established standard laboratory
protocols:
The cerebral cortex malondialdehyde (MDA)
concentrations and index of lipid peroxidation were
spectrophotometrically determined according to the
method of Draper and Hadley (1990). Catalase (CAT)
activity was assayed by the decomposition of
hydrogen peroxide according to the method of
Claiborne (1984). Superoxide dismutase (SOD)
activity was determined by the method of Misra and
Fridovich (1972). AChE activity in the cerebral cortex
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homogenates was measured by the method of
Lombardi et al. (1999). Nitrite assay was done using
Griess reagent with some modifications of the method
of Green et al. (1982). The total protein levels were
measured by an enzymatic colourimetric kit (Wako
Chemicals USA, Inc.).

Statistical Analysis

Data obtained from the experiment were analysed
using one-way analysis of variance (ANOVA) using
the statistical package for social sciences version 23
(SPSS 23) and presented as means =+ standard error of
mean (SEM). Values at (p < 0.05) were regarded as
significant in comparison with the appropriate
controls.

control 100 mg/kg KBr

2 ml/kg100 mg/kg KBr4ml/kg 100 mg/kg KBr
Axis Title

Figure 1: Effect of E. guineensis fruit oil on glutathione (GSH) concentration in the brain of male Wistar rats orally
administered potassium bromate (KBrOs). Results are expressed as mean+standard deviation for 5 animals. *P<0.05
significantly different (Control vs KBrOs); # P<0.05 significantly different (KBrO3 vs treatment).
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Figure 2: Effect of E. guineensis fruit oil on malondialdehyde (MDA) concentration in the brain of male Wistar rats
orally administered potassium bromate (KBrOs). Results are expressed as mean+standard deviation for 5 animals.
*P<0.05 significantly different (Control vs KBrOs); # P<0.05 significantly different (KBrOs vs treatment)
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The results presented in Figure 1 show a marked and
statistically significant (p<0.05) decrease in the
concentration of glutathione (GSH) in the brain tissue
of rats administered only potassium bromate (Group
2) when compared to the normal control group (Group
1). In contrast, the group pre-treated with E. guineensis
fruit oil before KBrOs; administration (Group 3)
exhibited a significant increase in GSH concentration,
bringing it to a level comparable to that of the control
group. The group that received only E. guineensis oil
(Group 4) showed GSH levels similar to the control
group, indicating that the oil itself does not adversely
affect GSH stores.
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As depicted in Figure 2, the administration of
potassium bromate alone (Group 2) led to a significant
(p<0.05) elevation in the levels of malondialdehyde
(MDA), a marker of lipid peroxidation, in the brain
homogenates compared to the control group (Group
1). Conversely, the co-administration of E. guineensis
fruit oil with KBrOj; (Group 3) resulted in a significant
reduction of the elevated MDA levels, restoring them
to near-normal values observed in the control group.
The MDA concentration in the group treated with only
E. guineensis oil (Group 4) was not significantly
different from the control group.

2 ml/kg100 mg/kg KBr  4ml/kg 100 mg/kg KBr

Figure 3: Effect of E. guineensis fruit oil on catalase activity in the brain of male Wistar rats orally administered
potassium bromate (KBrOs). Results are expressed as mean+standard deviation for 5 animals. *P<0.05 significantly
different (Control vs KBrOs); # P<0.05 significantly different (KBrOs vs treatment).
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Figure 4: Effect of E. guineensis fruit oil on superoxide dismutase activity in the brain of male Wistar rats orally
administered potassium bromate (KBrO;). Results are expressed as mean+tstandard deviation for 5 animals. *P<0.05
significantly different (Control vs KBrOs3); # P<0.05 significantly different (KBrOj; vs treatment).

Figure 3 illustrates the activity of the antioxidant
enzyme catalase. The KBrOs-only treated group

(Group 2) showed a statistically significant (p<0.05)
inhibition of catalase activity in the brain when
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compared to the control group (Group 1). However, in
the group that received E. guineensis fruit oil before
KBrOs; (Group 3), the activity of catalase was
significantly preserved and was not statistically
different from the control group. The E. guineensis oil-
only group (Group 4) maintained normal catalase
activity.

The data in Figure 4 reveal that the administration of
potassium bromate (Group 2) caused a significant
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(p<0.05) decline in the activity of brain superoxide
dismutase relative to the control group (Group 1). Pre-
treatment with E. guineensis fruit oil (Group 3)
effectively prevented this decline, maintaining SOD
activity at levels comparable to the normal control
group. The SOD activity in the group receiving only
E. guineensis oil (Group 4) remained within the
normal range.

2 ml/kg100 mg/kg KBr  4ml/kg 100 mg/kg KBr

Group

Figure 5: Effect of E. guineensis fruit oil on the activity of acetylcholinesterase in the brain of male Wistar rats orally
administered potassium bromate (KBrOs). Results are expressed as mean+standard deviation for 5 animals. *P<0.05
significantly different (Control vs KBrOs); # P<0.05 significantly different (KBrO3 vs treatment).
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Figure 6: Effect of E. guineensis fruit oil on nitric oxide concentration in the brain of male Wistar rats orally
administered potassium bromate (KBrOs3). Results are expressed as mean+standard deviation for 5 animals. *P<0.05
significantly different (Control vs KBrOs3); # P<0.05 significantly different (KBrOj; vs treatment).

As shown in Figure 5, the potassium bromate-treated
group (Group 2) displayed a significant (p<0.05)
reduction in the concentration of acetylcholinesterase
(AChE) in the brain compared to the control group

(Group 1). The administration of E. guineensis fruit oil
in conjunction with KBrOs; (Group 3) was able to
ameliorate this effect, resulting in AChE levels that
were significantly higher than the KBrOs-only group
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and close to those of the control group. The group
receiving only the oil (Group 4) showed no significant
change in AChE concentration.

The results in Figure 6 indicate that oral administration
of potassium bromate (Group 2) led to a significant
(p<0.05) increase in the concentration of nitric oxide
(NO) in the brain tissue compared to the control group
(Group 1). In the group pre-treated with E. guineensis
fruit oil (Group 3), this KBrOs-induced increase in NO
was significantly attenuated, with levels returning
close to the baseline observed in the control group. The
NO concentration in the group treated solely with E.
guineensis oil (Group 4) was similar to that of the
control group.

Discussion

The results of this study, which demonstrate the
neurotoxic effects of potassium bromate (KBrOs) and
the protective role of E. guineensis fruit oil, are
strongly supported by and consistent with a significant
body of existing scientific literature. The findings for
each measured parameter align with the established
mechanisms of oxidative stress and antioxidant-based
neuroprotection (Akkoyun et al., 2023; Saad et al.,
2018). The core finding that KBrO; induces oxidative
stress in the brain is well-documented (Watanabe et
al., 2004; Al-Mareed et al., 2022). Numerous studies
have established that KBrO3 administration in animal
models leads to a significant imbalance in the redox
state of various tissues, including the brain (Watanabe
et al., 2004; Al-Mareed ef al., 2022; Aygormez et al.,
2025; Akkkoyun et al., 2023; Al-Mareed et al., 2022).
The observed decrease in glutathione (GSH), catalase
(CAT), and superoxide dismutase (SOD) in the KBrO;
-only group (Figures 1, 3, and 4) is a classic hallmark
of severe oxidative stress. These molecules constitute
the first line of endogenous antioxidant defence
(Ighodaro and Akinloye, 2018. First line defence
antioxidants-superoxide dismutase (SOD), catalase
(CAT) and glutathione peroxidase (GPX): Their
fundamental role in the entire antioxidant defence
grid. KBrO; generates excessive reactive oxygen
species (ROS), which consume GSH and inactivate
crucial enzymes like CAT and SOD (Watanabe ef al.,
2004; Al-Mareed et al., 2022). This finding is in direct
agreement with research by Akkoyun et al. (2023),
who reported significantly lower SOD and CAT
activity in the brains of rats exposed to KBrOs.
Similarly, Agu et al. (2023) found that KBrOs;
suppressed and diminished antioxidant enzyme
activities in the brains of Wistar rats. The significant
elevation of malondialdehyde (MDA) in the KBrOs
group (Figure 2) indicates widespread damage to the
lipid-rich membranes of brain cells. This is a direct
consequence of ROS attacking polyunsaturated fatty
acids (Giro et al.,, 2023). This result is highly
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consistent with multiple studies. For instance, the
aforementioned study by Akkoyun et al. (2023) also
found that MDA levels in the KBrOs-exposed group
were significantly higher than in the control group.
This finding is a cornerstone of KBrOj3 toxicology and
has been replicated in numerous other studies
investigating its effects on various organs (Watanabe
et al., 2004; Al-Mareed et al., 2022;Aygérmez et al.,
2025; Akkkoyun et al., 2023). The reduction in
acetylcholinesterase (AChE) activity (Figure 5) aligns
with findings from other neurotoxicity studies. Agu et
al. (2023) also reported diminished AChE activity
following KBrO; administration.® Oxidative damage
to the enzyme's structure or altered gene expression
due to cellular stress can lead to this reduction,
impairing cholinergic neurotransmission, which is
vital for cognitive functions. The increase in nitric
oxide (NO) concentration (Figure 6) is also a
consistent finding. While NO is a critical signalling
molecule at physiological levels, its overproduction
during oxidative stress leads to the formation of highly
damaging peroxynitrite radicals when it reacts with
superoxide Pacher et al., 2027. Agu et al. (2023) also
documented a significant increase in NO as an
oxidative stress biomarker in KBrOs-treated rats. This
elevation contributes to both further oxidative damage
and neuroinflammation.

The ameliorative effects of E. guineensis fruit oil
observed in this study (Group 3) are scientifically
plausible and supported by research on its key
antioxidant components. Red palm oil is the richest
natural source of tocotrienols and is also high in
carotenoids. The ability of the oil to restore GSH,
CAT, and SOD levels while reducing MDA (Figures
1-4) is directly attributable to the potent antioxidant
properties of its constituents, particularly tocotrienols
and carotenoids. These compounds can directly
scavenge free radicals, thereby sparing the
endogenous antioxidant defences and preventing lipid
peroxidation. A study published in Sains Malaysian
(2010) highlighted that tocotrienols, in particular, are
effective in protecting neurons from oxidative injuries.
Research published in PMC on the neuroprotective
effects of tocotrienol-rich fraction (TRF) from palm
oil explicitly states that TRF possesses potent
antioxidant and neuroprotective activities,
diminishing cytotoxicity and recovering
mitochondrial injury due to elevated oxidative stress.
The oil's ability to normalize AChE and NO levels
(Figures 5 and 6) demonstrates a broader protective
effect beyond simple antioxidant action. By mitigating
the initial oxidative insult from KBrOs, the oil
prevents the downstream pathological consequences,
such as enzymatic dysfunction and neuroinflammatory
responses. Leow et al., in their study on oil palm
phenolics, found that these compounds not only have
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neuroprotective effects but also downregulate genes
involved in inflammation, which is consistent with the
observed reduction in NO (Ibrahim et al., 2020).
The results presented in the figures are in strong
concordance with the established scientific consensus.
The pattern of toxicity induced by potassium bromates
characterized by depleted antioxidant defences,
increased lipid peroxidation, and disruption of
neurochemical markers, is a recurring theme in
toxicological literature. Similarly, the reversal of these
toxic effects by an antioxidant-rich substance like E.
guineensis fruit oil follows a well-established
principle of neuroprotection. Therefore, the findings
of this study serve to reinforce the existing knowledge
regarding the mechanisms of KBrOs neurotoxicity and
highlight the therapeutic potential of palm oil in
mitigating such oxidative damage.
Further research can be conducted to investigate the
long-term effects of E. guineensis fruit oil and its
potential interactions with other neurotoxicants. Also,
a detailed investigation into the specific molecular
mechanisms by which the active compounds in E.
guineensis fruit oil exert neuroprotective effects may
help clarify their role in mitigating oxidative damage.
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