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ABSTRACT

Aluminium is highly prevalent in the environment, and due to its possible neurotoxicity, this study assessed
the neuroprotective effect of Buchholzia coriacea seed extract (B.C.) on the prefrontal cortex of aluminium
chloride (AICl3)-induced neurotoxicity in adult Wistar rats. Twenty-five male rats weighing 119 to 286 g were
divided into five groups of five rats each. 1 mL of distilled water was administered to the control group, while
other groups received 250 mg/kg B.C. only, 200 mg/kg AICI; only, 200 mg/kg AICI; + 50 mg/kg B.C., and
200 mg/kg AICI; + 250 mg/kg B.C. The study employed the Y-maze test to assess for spatial memory, bio-
chemical analyses of malondialdehyde (MDA), glutathione (GSH), superoxide dismutase (SOD), and cata-
lase (CAT) levels to determine possible oxidative stress and cellular damage, as well as histological tech-
niques using haematoxylin and eosin (H&E) staining to determine morphological changes in the cells. Re-
sults showed a significant decrease (p<0.05) in the total arm entries, percentage alternation, SOD, CAT, and
GSH. However, the MDA level was significantly (p<0.05) increased in the AICI; group when compared to the
control. Prefrontal cortex histology revealed several fragmentations, vacuolated cells, dark pyknotic neurons,
and neuropil in AlCl;-treated groups, which suggest neurodegeneration. B.C., on the other hand, caused a
significant decrease in MDA levels and a significant increase in CAT and SOD levels and attenuated the
prefrontal cortex neuronal cells following AICI; exposure. This study therefore concludes that AlCI;-induced
oxidative stress and neurotoxic effects, which the B.C. protected from.
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INTRODUCTION

Aluminium (Al) is the most abundant metal on earth, and it
may get into living systems, including the human body,
through food, food additives, drinking water, cooking uten-
sils, and the use of cosmetics (Stahl et al., 2017). There is
strong evidence that Al can pass through the blood-brain
barrier and deposit in different parts of the brain, such as
the hippocampus and cerebral cortex, which are involved
in memory formation and learning (Sadek et al., 2019; Ba-
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ranauskaite et al., 2020). Moreover, infiltration of inflamma-
tory cells and neuronal loss appear in the brains of alumin-
ium chloride (AICI3)-treated rats (Sadek et al., 2019). AICl;
accumulation in the brain has been linked to neurological
diseases like Parkinson's and Alzheimer's, according to a
study by Amber et al. (2018).

In previous studies on adult animals, Al induced the pro-
duction of reactive oxygen species (ROS) and caused oxi-
dative damage in the brain (Kowalczyk et al., 2004). Ex-
cessive dietary AICl; exposure during pregnancy and lacta-
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tion did not have any harmful consequences for the dam,
but it left the pups with long-lasting neurobehavioural im-
pairments, including impairments in sensory motor reflex-
es, locomotor activity, learning capacity, and cognitive be-
haviour (Gonda et al., 1996; Abu-Taweel et al., 2011). Al
may exert its toxic effects on the nervous system, especial-
ly at high concentrations, causing loss of memory, speech
disturbances, dysparaxia, tremour, jerking movements,
impaired muscular coordination, and paralysis (Drago et
al., 2008). AICI; can induce neurotoxicity via free radical
production (Moumen et al., 2001; Sethi et al., 2008), alt-
hough Al itself is not a transition metal and cannot catalyse
redox reactions (Exley, 2004). Al ions have a strong affinity
for biomembranes. It is capable of increasing the cellular
oxidative milieu by potentiating the pro-oxidant properties
of transition metals (Bondy et al., 1998; Becaria et al.,
2003). Its exposure also associates with impairment of mi-
tochondrial functions in vitro (Niu et al., 2005) and in vivo
(Kumar et al., 2008) and also impairs the antioxidant de-
fence system, which may lead to the generation of oxida-
tive stress (Kumar et al., 2009).
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Fig. 1: Schematic representation of the mitigating effects of
Buchholzia coriacea extract (B.C.) on aluminium chloride (AICl3)-
induced neurotoxicity.

Buchholzia coriacea (B.C.), popularly known as wonderful
kola, belongs to the family Capparaceae and is widely dis-
tributed in several tropical countries. Its leaf and seed are
reputed scientifically to have good antihelmintic (Ajaiyeoba
et al., 2001), antibacterial (Mbata et al., 2009), antimicrobi-
al (Ezekiel and Onyeoziri, 2009), hypoglycaemic (Adisa et
al., 2011), antimalarial (Okoli and Okere, 2010), abortifa-
cient, and cytotoxicity effects (Adjanohoun et al., 1996).
Research indicates that AICI; can cause hippocampal
damage and memory impairment (Adelodun et al., 2021),
while B.C. seed extract, on the other hand, has demon-
strated neuroprotective effects against neurotoxicity in-
duced by substances like mercury and sodium azide (Aba-
yomi et al., 2019). Thus, using B.C. seed extract could be
beneficial in protecting memory and cognitive impairment
caused by AICIl;-induced neurotoxicity due to its proven
neuroprotective properties and therapeutic potential
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demonstrated in various studies. We therefore evaluated
the neuroprotective potentials of B.C. on AICls;-induced
neurotoxicity in memory and cognitive impairment using
biomarkers of oxidative stress by assaying for superoxide
dismutase (SOD), malondialdehyde (MDA), catalase
(CAT), and glutathione (GSH) enzymes, as well as the his-
tology of the prefrontal cortex.

MATERIALS AND METHODS

Ethical Clearance

All protocols and treatment procedures were done accord-
ing to the Animal Care and Use Committee guidelines (Na-
tional Institutes of Health, 2011) and as approved by the
Faculty of Basic Medical Sciences Ethics Review Commit-
tee, Bingham University, Karu, Nigeria, with approval
number BHUCAUC/2022/014.

Experimental Design

Twenty-five adult male Wistar rats with an average weight
of 160 £ 10 g were randomly assigned into five groups,
and each group had five animals (n = 5). LD50 for B.C.
was carried out, and it was safe up to 5,000 mg/kg b.w.
Two doses, 1/100th = 50 mg/kg b.w. (low dose, LD) and
1/20th = 250 mg/kg b.w. (high dose, HD), were selected for
this study. The B.C. group was administered B.C. only
(250 mg/kg), while rats in the AICls-only group received
AICI; (200 mg/kg), serving as a negative control. Rats in
the AICI; + B.C. LD Group received AICI; (200 mg/kg) and
50 mg/kg of B.C. The rats in the AICI; + B.C. HD group
received AlICI; (200 mg/kg) and 250 mg/kg B.C. The con-
trol group rats serving as the control received only 1 mL of
distilled water. AICI; and B.C. were simultaneously admin-
istered orally for 30 days using an oral cannula. All treat-
ment was done daily by 9 a.m. Before administration, a
neurobehavioral test (Y-maze) was conducted on each rat.
During administration, Y-maze was conducted on days 7
and 14, before the animals were humanely sacrificed.

Neurobehavioural Study

Spontaneous alternation using a Y-maze with three equal
arms and a differing arm separated at 120-degree angles.
Each arm was labelled A, B, and C. The rats were placed
at the centre of the “Y” and given a set time of 5 min to
explore all three arms of the maze. The choices are rec-
orded, and at the end of the set time, the maze was
cleaned with diluted methylated spirit to eliminate odour
traces. The spontaneous alternation behaviour (SAB)
score was calculated by dividing the number of three suc-
cessive choices by the total number of opportunities for
alternation. Percentage spontaneous alternation was cal-
culated as [number of alternations/(total arm entries-2)] x
100 (Kim et al., 2023).

Biochemical Analyses

On completion of treatments, rats for histological analysis
were euthanized using 20 mg/kg of ketamine (intraperito-
neal). Transcardial perfusion was done by exposing the left
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ventricle and perfusing 50 mL of 0.1 M PBS (pH 7.4) fol-
lowed by 400 mL of 4% paraformaldehyde (PFA) while the
rat was suspended in an inverted position (gravity). Some
excised brains containing prefrontal cortex were collected
and homogenised in phosphate buffer solution (PBS) for
biochemical studies. The tissue homogenates were centri-
fuged at an appropriate centrifugal force for 10 min, and
the supernatant was used for different estimations accord-
ing to the method of Bradford (1976). The supernatant was
used to assay MDA, SOD, CAT, and GSH using spectro-
photometric methods.

Histological Study

Excised brain tissues collected for histological studies
were fixed in a 10% formalin solution. Staining was carried
out in paraffin wax embedded sections (4 pym) that were
stained with haematoxylin and eosin using the methods
described by Fischer et al. (2008). Prefrontal cortex H&E-
stained sections were captured using an Olympus binocu-
lar research microscope (Olympus, New Jersey, USA),
which was connected to a 5.0 MP Amscope camera (Am-
scope Inc., USA).

Data Analyses

All quantitative data were analysed using GraphPad
Prism® (version 8.0) and SPSS (version 20) softwares.
One way analysis of variance analysed neurobehavioural
assessments and biochemical study outcomes, followed
by Tukey’'s multiple comparisons test. The significance
was set at p<0.05, p<0.01, and p<0.001. The results were
represented in bar charts with error bars to show the mean
and standard error of the mean (mean+SEM), respectively.

RESULTS

Rats in the B.C. group showed no significant difference
when compared to the control group, as it showed almost
equal percentage alternation and total arm entry when
compared to the control group. There was a significant
decrease (p<0.05) in the total arm entries, number of alter-
ations, and percentage alternation in the AICl;-only treated
group and the AICI; + B.C. (50 mg/kg) (low dose) treated
group when compared with the control (Fig. 2). However,
B.C. extract at a high dose (250 mg/kg) mitigated the
AICl;-induced decrease in total arm entry and the number
of alternations in the AICI; + B.C. (250 mg/kg) group.
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Fig. 2: Total arm entry, number of alternation, number of possible
triad and % alternation.
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Rats treated with AICl;-only expressed significantly de-
creased levels in the activities of the SOD, CAT, and GSH
enzymes when compared with the control. The results
showed significant increases (p< 0.05) in SOD, CAT, and
GSH in the B.C. (50 mg/kg and 250 mg/kg)-treated rats
when compared to the control group and AICl; group. MDA
levels significantly increased in the prefrontal cortex of rats
treated with AICI; only when compared with the control
group and other groups treated with B.C. Rats treated with
B.C. in the B.C. group (LD and HD) had significantly lower
MDA levels when compared with the control and AICI3
groups. B.C. mitigated the AICl;-induced increase in MDA

levels in the prefrontal cortex of rats (Fig. 3).
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Fig. 3: Buchholzia coriacea (B.C.) mitigates aluminium chloride
AlCls-induced prefrontal cortex injury in rats. B.C. reduced tissue
MDA and increased CAT, SOD, and GSH in AlCls-intoxicated
rats. The data are presented as the mean + SEM (n = 5). *P <
0.05 versus control, and T P <0.001 versus AlClz-treated groups.

Histology Result

Rats in the control and B.C. groups had a normal pano-
ramic morphological presentation of the prefrontal layer
(1) at various exposures and magnifications (Fig. 4A and
B). The well-outlined array of cells within the prefrontal
were distinctly arranged in layer lll. AICI; treatment, on the
other hand, showed severe degenerative changes in the
prefrontal cortex and was characterised by fragmentations
and observable pyknotic cells (Fig. 4C). Also, the AICI; +
B.C. (LD) group showed dark pyknotic neurons, fragmen-
tations, and regeneration (Fig. 4D). AICl;+ B.C. (LD) group
revealed rounded pyramidal neurons, vacuolated cells,
dark pyknotic neurons, and regeneration (Fig. 4E).

DISCUSSION

Assessing behavioural outcomes is a crucial component of
determining the well-being of an animal (Jacobson and
Truax, 1991). As a correlative test for cellular and neuropa-
thological changes within the prefrontal cortex in this study,
we assessed memory in treated rats using the Y-maze
test. The Y-maze test is very useful to assess spatial work-
ing memory. The Y-maze test is based on the natural ten-
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dency of animals to explore new environments and their
preference for novelty. A high rate of spontaneous alterna-
tion indicates intact spatial working memory (Horst and
Laubach 2012).

Nig J Neurosci 15(1):22-28.2024

by Jo et al. (2007) and Tokunbo et al. (2023). However,
B.C. extract (HD) mitigated the AICI3-induced decrease in
spontaneous alternation in the rats exploring the Y-maze,
suggesting that B.C. extract had a beneficial effect on pre-
frontal cortex dependent cognition and working memory.

... lts ameliorative properties may be primarily due to the
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Fig. 4: Photomicrographs of the prefrontal cortex show the exter-
nal pyramidal layer (lll). (A): The control prefrontal cortex con-
tains pyramidal cells (red arrow) and vesicular nuclei. (B): The
Buchholzia coriacea (B.C.)-only group prefrontal cortex shows
several rounded pyramidal cells (red arrow). (C): The aluminium
chloride (AICIz)-only group is characterised by several fragmenta-
tions (blue arrow) and dark pyknotic neurons (green arrow). (D)
The AICIz and B.C. LD group with rounded pyramidal neurons
(red arrow), dark pyknotic neurons (green arrow), fragmentations
(blue arrow), and regeneration (purple arrow) H&E (Mag x 400).
(E): The AICIz and B.C. HD Group is characterised by rounded
pyramidal neurons (red arrow), vacuolated cells (yellow arrow
and black star), dark pyknotic neurons (green arrow), and regen-
eration (purple arrow). H&E (Mag x 400).

The result of the study revealed a significant decrease
(p<0.05) in the total arm entries, number of alterations, and
percentage of alternations in the AICI;-only treated group
when compared with the control, indicating that AICI;-
induced neurodegeneration affects regions such as the
prefrontal cortex leading to impaired cognitive functions
related to spatial memory and navigation. However, B.C.
extract (HD) mitigated AICIl;-induced decrease in total arm
entry and number of alternations, while B.C. at low dose
could not mitigate the AICI3;-induced decrease of total arm
entry and number of alternations. The result of the test al-
so revealed a significant increase in the number of alterna-
tions in group AICI; + B.C. (LD) when compared to the con-
trol. This is an indication that the phytochemical constitu-
ents of B.C. may interact with neurotransmitter systems,
affecting mood and cognitive processes. These interac-
tions could contribute to alterations in maze behaviour,
further indicating that B.C. has neuroprotective properties,
which may influence behaviour in maze tasks and enhance
exploratory behaviour, leading to an increase in total arm
entries and alterations. This is in agreement with the work
of Adelodun et al. (2021), who reported that B.C. exhibited
neuroprotective ability on AlCl;-induced CA3 hippocampal
field neuronal damage and demonstrated memory impair-
ment reversing ability. AICl; could have caused a lesion to
the prefrontal cortex and a possible alteration of normal
mitochondrial redox and glucose bioenergetics, leading to
memory impairment, as confirmed in the study carried out
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presence of flavonoids, antioxidant vitamins, and enzymes
(Ibrahim and Fagbonun, 2013).

' According to Sahu et al. (2017), the brain's biochemical

indices are helpful "markers" for evaluating the integrity of
the tissue. In order to investigate and diagnose diseases, it
is important to quantify the activity of different enzymes in
bodily fluids and tissues (Dhama et al., 2019). According to
Shittu et al. (2015), tissue enzymes have the ability to de-
tect cellular damage to tissue that is caused by chemical
compounds in the extract, even before structural damage
that can be detected using traditional histology techniques.
MDA is a marker for lipid peroxidation, which is the oxida-
tive degradation of lipids. During this process, free radicals
deplete electrons from the lipids in cell membranes, result-
ing in cell damage (Singh et al., 2017). From the result,
rats that received AICI;-only showed a significant increase
in MDA level when compared to the control group, signify-
ing that AICI; exposure induces oxidative stress, and oxida-
tive stress triggers lipid peroxidation, leading to the for-
mation of MDA as a by-product, thereby contributing to
neurotoxic effects. This is in line with the work of Shunan
et al. (2021), who reported that AICI; is a potent neurotoxin
for inducing oxidative stress associated with neurodegen-
erative diseases. However, MDA levels were significantly
lower in the other treated groups (AICl; + B.C. LD and AICl;
+ B.C. HD) when compared to the AICI; group. This de-
crease in MDA level can be attributed to the antioxidant
properties B.C. has been found to possess, such as alka-
loids, anthraquinones, saponins, tanins, cardiac glyco-
sides, and flavonoids (Adisa et al., 2011; Lapshak et al.,
2016; Agu and Okolie, 2017), that may act directly against
ROS or improve and preserve the antioxidant enzyme ac-
tivity.

SOD serves a key antioxidant role. It decreases ROS gen-
eration and oxidative stress, inhibits endothelial activation,
and indicates modulation of factors that govern adhesion
molecule expression and leukocyte-endothelial interactions
(Shuvaev et al., 2011). The results of this study revealed
that animals that received AICl; showed a significant (p <
0.05) decrease in the activity of SOD, suggesting that AICl3
exposure can cause oxidative stress in the form of in-
creased production of ROS in the brain, leading to oxida-
tive damage to neuronal cells. Oxidative stress is known to
impair cognitive function and memory. B.C. (LD) and B.C.
(HD), on the other hand, being potent antioxidants, caused
a significant increase in the SOD level, thereby attenuating
AIClz;-induced oxidative stress in the prefrontal cortex of
adult Wistar rats. Thus, the increase in the SOD level in
the treated groups is an indication that B.C. at LD and HD
doses is protective against oxidative damage effect in the
brain. The result from this study is in line with Auza et al.
(2023) and Olufunmilayo et al. (2023), who reported that
B.C. scavenges ROS, reduce oxidative damage, and pro-
tect hippocampal cells against Al-induced oxidative stress.
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The result also agrees with Moghadamtousi et al. (2015),
who stated that elevated activity of SOD protects tissue
against oxidative damage and accelerates the wound heal-
ing process.

CAT and GSH activity decreased significantly (p < 0.05) in
the AICI; group when compared with control. CAT is an
enzyme and an important antioxidant that plays significant
roles in disease investigation by combating oxidative
stress and maintaining redox homeostasis in the body
(Ighodaro and Akinloye, 2018). CAT is primarily located in
peroxisomes and plays a crucial role in catalysing the
breakdown of hydrogen peroxide (H,O,) into water and
oxygen, thus protecting cells from the harmful effects of
this reactive molecule. Altered CAT activity or expression
has been observed in conditions associated with oxidative
stress, such as neurodegenerative diseases, cardiovascu-
lar disorders, and cancer (Nandi et al., 2019; Miao et al.,
2021). The results of this study revealed that animals that
received AICI; showed a significant (p < 0.05) decrease in
the activity of CAT, suggesting that AICI; exposure can
induce oxidative stress in the form of increased production
of ROS in the brain, resulting in a reduction in the activity
of CAT and compromised antioxidant defence mecha-
nisms. B.C. exhibits antioxidant properties, as seen in the
elevation of CAT activity. B.C. at LD and HD enhanced the
activity of antioxidant enzymes, which contributes to the
scavenging of ROS and reduction of oxidative stress.

GSH is a tripeptide composed of three amino acids: cyste-
ine, glutamate, and glycine. It acts as a major intracellular
antioxidant and is involved in several cellular processes,
including detoxification, free radical scavenging, and regu-
lation of cellular signalling pathways (Lushchak, 2012).
GSH plays a crucial role in protecting cells from oxidative
damage (Pizzorno, 2014). It helps protect cells from oxida-
tive damage by directly neutralising ROS and participating
in enzymatic antioxidant defence systems (Forman et al.,
2009). In the context of disease investigation, GSH deple-
tion and impaired GSH-related antioxidant mechanisms
have been implicated in various disorders. For example,
GSH depletion is observed in neurodegenerative diseases
like Parkinson's and Alzheimer's diseases, as well as in
liver diseases and respiratory disorders (Sian et al., 1994;
Auza et al.,, 2023). In this study, there was a significant
decrease in GSH activity in the prefrontal cortex of rats in
the AICIz-only group when compared to the control. A sig-
nificant decrease in GSH may suggest an imbalance be-
tween the generation of ROS and the antioxidant defence
mechanism, which may contribute to oxidative stress. It
could also imply compromised cellular defence mecha-
nisms, potentially leading to damage, dysfunction, and
pathological conditions. This is in line with the work of Eg-
ba et al. (2022), who reported that AICI; concomitantly trig-
gers oxidative stress in brain cells, leading to oxidative
neurotoxicity underlying biochemical and histopathological
observations. However, B.C. exhibits antioxidant proper-
ties, elevating GSH activity. B.C. at LD and HD enhanced
the activity of antioxidant enzymes, which contributes to
the scavenging of ROS and reduction of oxidative stress.
On histologic examination with H&E staining, rats in the
control and B.C. groups had a normal, well-outlined array
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of cells within the prefrontal cortex that were distinctly ar-
ranged in layer lll. AICI; treatment, on the other hand,
showed severe degenerative changes in the prefrontal cor-
tex and was characterised by fragmentations and observ-
able pyknotic cells. The result revealed darkly stained pyk-
notic neurons, vacuolated cells, and several fragmenta-
tions in the nuclei of the AICI;-treated groups compared to
the normal rounded pyramidal neurons in the control
group, indicating cell necrosis or apoptosis in the neurons
of Wistar rats. The cryptic changes seen in the pyramidal
neurons of the AICl;-treated group suggest an apoptotic
mode of neuronal cell death in which cell shrinkage made
the cells smaller in size, with dense cytoplasm and the or-
ganelles more tightly packed. Similarly, neuronal apoptotic
bodies have been described to consist of cytoplasm with
tightly packed organelles, with or without a nuclear frag-
ment (Stefanis et al., 1997; Abayomi et al., 2019). Howev-
er, treatment with B.C. at LD and HD showed protection of
the histological structures almost similar to those in the
control group. These results are in accordance with the
findings of Buraimoh et al. (2012), who reported histologi-
cal observations such as necrosis, dark pyknotic neurons,
and vacuolations due to AICI; exposure.

Conclusion

In conclusion, AICI; had insulting effects on the prefrontal
cortex microarchitecture of adult Wistar rats as well as the
expression and activities of certain enzymes, most proba-
bly due to oxidative stress and the generation of free radi-
cals. The treatment with B.C. resulted in the protection of
the damaging effects of AICI;.
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