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Abstract

Objective: Mercury (Hg) is a classic cumulative neurotoxicant
implicated in neuronal deficit via oxidative damage and
inflammatory responses. We sought to investigate whether
Buccholzia coriacea seed methanol extract (BCSE) would
modulate oxidative neurotoxicity induced by Hg in rats.

Materials and Methods: Rats were orally treated with BCSE (200
or 400 mg/kg body weight of rat) for 28 days, while Hg was
administered from day 15 to day 28. After sacrifice, antioxidant
enzyme activities, reduced glutathione (GSH), nitric oxide (NO),
malondialdehyde (MDA), and acetylcholinesterase (AchE) and
adenine deaminase (ADA) activities were evaluated in the cerebrum
and cerebellum of rats.

Results: Mercury induced significant depressions in catalase
(CAT) and glutathione peroxidase (GPXx) activities and GSH levels,
whereas levels of NO and activities of AchE and ADA markedly
increased. The histopathology of the brain tissues confirmed these
changes. In contrast, BCSE administration prominently modulated
the brain NO production and reversed the Hg-induced biochemical
alterations comparable to normal control.

Conclusion: Methanol extract of B. coriacea seeds protects the
cerebrum and cerebellum against Hg-induced brain damage via its
antioxidant and NO modulatory actions.
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cerebellar oxidative neurotoxicity via NO signaling and suppression of oxidative stress, adenosine deaminase and
acetylcholinesterase activities in rats. Avicenna J Phytomed, 2022; 12(1): 42-53.

Introduction

industrial applications in barometers,

Mercury (Hg) is a hazardous non-
essential metallic element of worldwide
concern since the industrial revolution. Hg
is a heavy metal of nature and its exposure
is ubiquitous due to a wide spectrum of

thermometers and dental fillings (Goudarzi
et al., 2017). Coal-burning emissions and
industrial wastes are recognized as major
anthropogenic  sources of  mercury
(Cardenas et al., 2017). These sources have
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significantly increased Hg level in seawater
by three folds; seafoods including fish are
well known sources of Hg exposure
(Thiagarajan et al., 2018). Mercury is a
multiorgan environmental toxicant that
bioaccumulates along the food chain. Hg
exposure represents a significant health
challenge in humans and animals because
of its toxicity and contribution to
pathologies in various tissues. The target of
inorganic Hg accumulation is the brain
(Cardenas et al., 2017). Literature has
implicated Hg in the pathogenesis of
neurological deficit and behavioural
dysfunction (Cardenas et al., 2017). It is
associated with alterations to
neurotransmitters and DNA methylation
(Bakulski et al., 2015; Castoldi et al., 2003).
Recent reports show the potential of Hg to
induce neurotoxicity and neuronal cell
death (Owoeye and Gabriel, 2017,
Moneim, 2015).

However, the mechanism of Hg toxicity
is still unclear, and the specific underlying
mechanism of Hg neurotoxicity remains
poorly elucidated. But current data suggest
several mechanisms of which, oxidative
stress is well reported to play a leading role
in Hg-induced neurotoxicity (Moneim,
2015; Mieiro et al., 2011). Several
systematic investigations report that the
neurotoxic prowess of Hg is in its ability to
mediate increased reactive oxygen species
(ROS) production (Mesquita et al., 2016).
Findings have shown that Hg has strong
affinity for glutathione-based enzymes by
reacting with their thiol (-SH) group
(Mesquita et al., 2016; Rao and Purohit,
2011). This reaction depletes intracellular
thiols resulting in reduced antioxidant
activities  of  reduced  glutathione,
glutathione peroxidase and glutathione
reductase, thus aggravating ROS generation
and oxidative damage.

Recently, literature is emerging on the
potential of plant products to mitigate Hg
neurotoxicity by protecting neurons against
oxidative stress and restoring redox
balance. Buchholzia coriacea Engler
known as magic cola is used for a myriad of

therapeutic purposes in African folklore
medicine (Adisa et al., 2011). The seeds of
B. coriacea plant are topically applied to
the stomach to manage difficult childbirth
(Olaiya and Omolekan, 2013). Its efficacy
for treatment of diabetes mellitus has been
reported (Adisa et al., 2011). Previous
studies show that the seed contains
alkaloids, cardiac glycosides, saponins, and
flavone glycosides (Adisa et al., 2011;
Ajaiyeoba et al., 2001). However, to our
knowledge, till date, there is no study
evaluating the effect of B. coriacea seed
extract on Hg neurotoxicity. Therefore, this
experimental study was designed to clarify
the role of B. coriacea seed extract in Hg-
induced oxidative stress-mediated cerebral
and cerebellar neurotoxicity in rats.

Materials and Methods
Chemicals

Mercury (Il) chloride (HgClz) was
purchased from JHD Fine Chemicals,
China. Thiobarbituric acid and
trichloroacetic acid were purchased from
Merck. Assay kits for biochemical indices
were purchased from Randox Laboratory
Ltd., UK. All other chemicals and reagents
were of analytical grade. Double-distilled
water was used as the solvent.

Plant material

Fresh seeds of B. coriacea plant were
purchased from a local market, Orio-Ugba
market in Umuahia, Abia State, Nigeria.
The seeds were immediately rinsed to
remove dirt, and cut into small pieces,
shade dried and oven dried at 40°C. The
dried parts were then pulverized using a
manual grinder.

Extraction of B. coriacea seeds

The powdered seeds (2 kg) were
macerated in absolute methanol with
intermittent shaking for 72 hr. The extract
was then filtered using Whatman No 1 filter
papers. The filtrate was concentrated at
40°C to obtain a solid extract that was then
weighed.
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Animals

Male Wistar rats (150-200 g), 6-8 weeks
old used in this study, were obtained from
the Laboratory Animal Unit of the Faculty
of Veterinary Medicine, University of
Nigeria, Nsukka. Rats were used for the in
vivo study that required several
administration and handling for 28 days.
They were kept in well-ventilated stainless
steel cages under a 12 hr light/dark cycle.
All the rats were fed with standard
commercial pelleted feed (Vital feed®,
Nigeria) and tap water ad libitum for 2
weeks before the experimental treatment.
The Animal Care Ethics Committee of the
Department of Biochemistry, Michael
Okpara  University of  Agriculture,
Umudike, approved the experimental
design, and the protocol conformed to the
guidelines of the National Institute of
Health (1985).

Acute toxicity study

Acute toxicity and lethality study of B.
coriacea seed methanol extract (BCSE)
was determined using Locke’s method
(1983). Mice were used to determine acute
toxicity according to Locke’s method
(1983) which has been published widely.
This method has two phases, phase 1 and 2
respectively, thus affording the opportunity
for effective monitoring for any
neurobehavioral toxicity. The first phase
required nine mice which were divided into
three groups of three mice; the first group
was given the extract at 10 mg/kg body
weight; the second group was given the
extract at 100 mg/kg body weight; and the
third group was given the extract at 1000
mg/kg body weight. In the second phase,
nine mice were also used and divided into
three groups of three mice and administered
the extract at 1600, 2900 and 5000 mg/kg
body weight, as in phase 1.

Experimental design

In the present study, rats were randomly
divided into 5 groups (n=5). The
experimental design for the in vivo study

Egbaetal.

after 2-week acclimatization period was as
follows:

Group 1 (Normal control): rats received
normal saline (2 ml/kg body weight) for 28
days.

Group 2 (Extract control): rats received
extract (400 mg/kg body weight, orally) for
28 days.

Group 3 (Hg control): rats received
HgCl: (4 mg/kg body weight, orally) for the
last 14 days (Lakshmana et al., 1993).

Group 4 (Extract | + Hg): rats received
extract (200 mg/kg body weight) for 28
days + HgCl> (4 mg/kg body weight) for the
last 14 days (day 15 to day 28).

Group 5 (Extract 1l + HQ): rats received
extract (400 mg/kg body weight) for 28
days + HgCl> (4 mg/kg body weight) for the
last 14 days (day 15 to day 28). The extract
was administered 90 min before the HgCl;
intoxication.

At the end of the treatment period (28
consecutive days), overnight fasted animals
were decapitated under mild diethyl ether
anesthesia and the cranium was gently
opened to remove the cerebrum and
cerebellum. They were washed with an ice-
cold saline solution, dried and separately
homogenized in Bouin’s fluid (1:5 w/v, pH
6.4) and centrifuged at 4000 g for 20 min.
The homogenate supernatant obtained was
used to determine the biochemical indices
evaluated in this study. The cerebrum and
cerebellar tissues were immediately fixed in
10% buffered formalin for
histopathological examinations.

Biochemical analyses

In the cerebrum and cerebellum, activity
of catalase (CAT) was evaluated according
to Aebi method (1983), glutathione
peroxidase (GPx) by Flohe and Gunzler
method (1984), while reduced glutathione
(GSH) level was determined by Jollow et al
(1974). Malondialdehyde was estimated by
measuring thiobarbituric acid reactive
substances (TBARS) by method of Ohkawa
et al. (1979). Acetylcholinesterase (AchE)
activity was estimated by the method of
Ellman et al. (1961), activity of adenosine
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deaminase (ADA) was determined by
Giusti method (1974), while nitric oxide
(NO) was determined according to the
method described by Sreejayam (1997).
Total cholesterol was estimated according
to instructions in the Randox Kits.

Histopathology

Tissue samples of cerebrum and
cerebellum were fixed in 10% formalin and
dehydrated in ethanol and then embedded
in paraffin blocks. The blocks were cut into
5 um sections using a microtome, fixed on
slides followed with hematoxylin and eosin
(H&E) staining. The prepared slides were
observed under light microscope.

Statistical analysis

All the data are presented as
meanzstandard ~ deviation. One-way
ANOVA followed by the least-significant
difference (LSD) was used for making
comparisons among the groups. A value of

p<0.05 was considered statistically
significant.

Results

Acute toxicity study

Acute toxicity study test (Table 1) did
not show any mortality, morbidity or
other apparent signs of toxicity at the

doses (10 to 5000 mg/kg) used within 4 hr
of continuous observation and after 24 hr.
No salivation, diarrhea, lethargy or unusual
behaviors were observed. Food and water
intake, body weight and respiration were
normal. Having these results in mind,
1/25th and 1/12.5th of the maximum dose
(5000 mg/kg) were adopted for the study
which gave rise to 200 and 400 mg/kg doses
of the extracts used in the treatment groups,
respectively.

Effect of BSCE on cerebral oxidative
stress indices

Table 2 shows the effect of B coriacea
seed methanol extract (BCSE) on
antioxidant enzymes CAT and GPx as well
as GSH and MDA in the cerebrum of rats
treated with Hg. It was observed that Hg
administration significantly increased CAT
activity, whereas GPx activity was
depressed significantly (p<0.05) compared
to the normal control group. Furthermore,
Hg markedly reduced cerebral level of GSH
accompanied with significant increases in
MDA level compared to the normal control
group (p<0.05). Interestingly, sub-acute
prophylactic  treatment with  BCSE
modulated CAT activity comparable to
normal control, and the GPx activity and
GSH level were elevated markedly only at
400 mg/kg dose of BSCE (p<0.05).

Table 1. Acute toxicity study and observation at 4 and 24 hours.

Observation Group 1 Group 2 Group 3 Group 4 Group 5 Group 6
(0.01 g/kg) (0.1 g/kg) (1 g/kg) (1.6 g/kg) (2.9 g/kg) (5 g/kg)
Mortality N N N N N N
Morbidity N N N N N N
Salivation N N N N N N
Diarrhea N N N N N N
Lethargy N N N N N N

N: None; n=3/group

Table 2. Effect of BCSE on CAT and GPx activities (U/mg protein) and GSH (mg/g protein) and
MDA (nmol/mg protein) levels in the cerebrum of mercury-treated rats.

Group CAT GPx GSH MDA
Normal 58.2+0.9 13.5+0.34 0.35+0.03 10.24+0.76
Extract 49.9+0.4 13.3+0.11 0.39+0.01 9.65+0.07
HgCl, 123.64+1.1* 10.6+0.37* 0.14+0.01* 24.42+0.44*
Extract | + HgCl, 59.27+0.1* 11.7+0.05 0.15+0.01 12.52+0.07%
Extract Il + HgCl, 49.53+0.5" 13.9+0.08* 0.31+0.04%& 11.03+0.49*

Values are mean£SD (5 rats/group). *p<0.05: significant when compared to the normal control group
in the same column. #p<0.05: significant when compared to the HgCl, group in the same column.
&p<0.05: significant when compared to the Extract | + HgCl, group in the same column.
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In comparison, the 400 mg/kg dose
significantly increased GSH than the GSH
level obtained at 200 mg/kg dose.
Additionally, BSCE significantly reduced
MDA at 200 and 400 mg/kg compared to
the HgCl> group (p<0.05).

Effect of BSCE on cerebellar oxidative
stress indices

Table 3 shows the effect of B. coriacea
seed methanol extract (BCSE) on
antioxidant enzymes CAT and GPx as well
as GSH and MDA in the cerebellum of rats
treated with Hg. Hg administration
significantly increased CAT activity, while
GPx activity was markedly reduced
(p<0.05) compared to the normal control
group. Also, Hg considerably reduced
cerebellar level of GSH with prominent
increases in MDA level compared to the
normal control group (p<0.05). Conversely,
administration of BCSE for 28 days
moderated the CAT activity close to the
normal control group rats, although
significantly lower compared to the HgCl>
group. The GPx activity and GSH level
were elevated markedly only at 400 mg/kg
dose of BSCE for GPx compared to the
HgCl> group (p<0.05). Additionally, BSCE
insignificantly reduced MDA compared to
the HgCl> group (p>0.05).

Effect of BSCE on cerebral and
cerebellar cholesterol, ADA, AchE and
NO

Figure 1 to 8 depict the effect of BCSE
on cerebral and cerebellar levels of
cholesterol, ADA, AchE and NO in HgCl»-
treated rats. Hg induced insignificant
(p>0.05) effects on the levels of total
cholesterol in the brain parts. A similar
effect was observed after the administration
of BCSE which demonstrated insignificant
effects on total cholesterol (p>0.05).
However, Hg exposure for the 14 days (last
two weeks) induced significant increases in
the cerebral and cerebellar NO levels and
ADA and AchE activities compared to the
normal control group (p<0.05).
Interestingly, BCSE sub-acute prophylactic

Egbaetal.

administration attenuated the increases
shown by prominent decreases in NO level
and ADA and AchE activities compared to
the HgCl> group. Notably, the effect of
BCSE on cerebral NO level was dose-
dependent.

Cerebral total cholesterol (mg/g protein)

35 4

=

25 4

1.5 -

05 -

Normal Extract HgCl2 Extract | + Extract Il +
HgCl2 Hgcl2

Figure 1. Effect of BCSE and HgCl on cerebral total
cholesterol in HgCl,-treated rats. Values are
meanzSD (5 rats/group).

Cerebellar total cholesterol (mg/g protein)
35 4
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2
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Normal Extract HgCl2 Extract 1+ Extract Il +
HgCl2 HgCl2

H

Figure 2. Effect of BCSE and HgCl, on cerebellar
total cholesterol in HgCl,-treated rats. Values are
meanzSD (5 rats/group).

Cerebral adenosine deaminase (U/g protein)
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Normal Extract HgCl2 Extract | + Extract Il +
HgCl2 Hgcl2

Figure 3. Effect of BCSE and HgCl, on cerebral
adenosine deaminase in HgCl,-treated rats. Values
are meantSD (5 rats/group). *p<0.05: significant
when compared to normal control group. #p<0.05:
significant when compared to HgCl» group.
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Effect of BSCE on brain histopathology
The photomicrograph of the cerebrum
and cerebellum showed normal histology.
Normal neuronal cell bodies (N),
vascularized glial cells (G), capillaries (C)
and neutrophil (Np) were indicated in the
cerebrum, while molecular layer (M), the
Purkinge cells (black arrow) and the
granular cells (white arrow) of the granular
layer (G) were shown in cerebellum. In the
Hg-treated group, neuronal cell bodies (N)
appeared shrunken, with pyknotic nuclei
and deeply basophilic and shrunken
cytoplasm in the cerebrum and cerebellum.
The cerebellum of the Hg-treated rats
showed degeneration and necrosis of the
purkinje cells (black arrow) and granular
cells (white arrow) of the granular layer. In
the Extract + HgCl, group, comparatively,
the brain histopathological alterations were
alleviated by the BCSE treatment.

Cerebellar adenosine deaminase (U/g protein)
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20 -
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H ¥

Extract | + Extract Il +
HgCl2 HgCl2

Figure 4. Effect of BCSE and HgCl, on cerebellar
adenosine deaminase in HgCl,-treated rats. Values
are meanzSD (5 rats/group). *p<0.05: significant
when compared to the normal control group.
#p<0.05: significant when compared to the HgCl,
group.

Normal Extract HgCl2

Cerebral acetylcholinesterase (U/mg protein)
140 -
120 - *
100 -

80 -

60 -
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20 4

Normal Extract HgCl2 Extract | + Extract Il +

HgCl2 HgCl2

Figure 5. Effect of BCSE and HgCl, on cerebral
acetylcholinesterase in HgCl,-treated rats. Values
are meanzSD (5 rats/group). *p<0.05: significant
when compared to the normal control group.
#p<0.05: significant when compared to the HgCl»

group.
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Figure 6. Effect of BCSE and HgCl, on cerebellar
acetylcholinesterase in the HgCl,-treated rats.
Values are meantSD (5 rats/group). *p<0.05:
significant when compared to the normal control
group. #p<0.05: significant when compared to the
HgCl: group.

Normal Extract HgCl2

Cerebral nitric oxide (pmol/g protein)
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Figure 7. Effect of BCSE and HgCl, on cerebral
nitric oxide in the HgCl,-treated rats. Values are
meanSD (5 rats/group). *p<0.05: significant when
compared to the normal control group. #p<0.05:
significant when compared to the HgCl, group.
&p<0.05: significant when compared to the Extract
I + HgCl group.
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Figure 8. Effect of BCSE and HgCl, on cerebellar
nitric oxide in the HgCl,-treated rats. Values are
mean+SD (5 rats/group). *p<0.05: significant when
compared to the normal control group. #p<0.05:
significant when compared to the HgCl, group.
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Table 3. Effect of BCSE on CAT and GPx activities (U/mg protein) and GSH (mg/g protein) and MDA (nmol/mg

protein) levels in the cerebellum of mercury-treated rats.

Group CAT GPx GSH MDA
Normal 60.19+0.29 13.5+0.33 0.32+0.03 12.22+0.50
Extract 77.84+0.33% 13.9+0.12 0.41+0.01% 8.47+0.08%
HgCl, 106.1+3.22* 12.1+0 .62* 0.26+0.01* 23.96+0.54*
Extract | + HgCl, 99.21+0.01 13.7+0.36 0.32+0.01% 20.68+0.05
Extract Il + HgCl, 80.7+0.04* 14.0+0.41% 0.35+0.07* 20.56+0.06

Values are mean+SD (5 rats/group). #p<0.05: significant when compared to the normal control group in the
same column. *p<0.05: significant when compared to the normal control group in the same column. #p<0.05:
significant when compared to the HgCl group in the same column.

Figure 9. Photomicrographs of histopathological examination of cerebrum and cerebellum of rats treated with
HgCl,. Normal: normal histology; HgCl,: disruption of the normal cerebral and cerebellar architecture by HgCl»
administration was observed as shown by arrows. Treatment with Buccholzia coriacea seed methanol extract
(BCSE) showed protective changes in the histological structures to almost similar to the control group.

Discussion

In the present study, it was observed that
Hg exerts depression of GPx activity and
GSH level in the cerebrum and cerebellum
of rats. Consequently, lipid peroxidation
was triggered as indicated by the
considerably increased cerebral and
cerebellar MDA level, whereas, the CAT
activity increased markedly. Abundant

evidence has confirmed that Hg induces
oxidative stress in the brain of rats via
reducing the activities of CAT and GPx,
level of GSH, and consequent elevation of
MDA (Ansar, 2015; Moneim, 2015;
Lucena et al., 2007). In this regard, our
findings here are in consonance with
previous reports (Salman et al., 2016;
Ansar, 2015; Moneim, 2015; Lucena et al.,
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2007). The mechanism of Hg inhibition of
antioxidant enzymes and molecules is
recognized to be associated with Hg ability
to react with and deplete sulfhydryl (-SH)
groups present in GPx and GSH (Adedara
etal., 2019; Mesquita et al., 2016; Moneim,
2015; Sutton and Tchounwou 2006). The
Hg-SH complex formed inactivates
sulfhydryl group-containing enzymes and
GSH. The literature supports that reduction
in GSH, a master reductant mediator of
redox homeostasis, may induce redox
imbalance significantly (Aoyama and
Nakaki, 2013). This concomitantly triggers
an oxidative stress in brain cells leading to
oxidative neurotoxicity underlying
biochemical and histopathological
observations of the current study.
Glutathione peroxidase (GPx) utilizes GSH
to reduce oxidized lipids and protein targets
of ROS to avert the course of lipid
peroxidation (Famurewa et al., 2017). Due
to depressed activity of GPx and GSH level,
peroxidation of lipids was aggravated
evident by increased MDA level in the
cerebrum and cerebellum. However, it is
noteworthy that an increased CAT activity
was found in our study. Under acute
exposure to an oxidant, there could be a
surge in antioxidant enzyme activity before
the eventual decline in chronic oxidant
exposure (Vardi et al., 2008). Some authors
found that oxidative stress milieu induces
prominent increases in  superoxide
dismutase and CAT activities in the
cerebellum and small intestine of rats (Uzar
et al., 2006a; Miyazono et al., 2004).
Related report further shows that methyl
mercury increased cerebellar glutathione
reductase activity (Lucena et al., 2007).
According to Vardi et al. (2010), mild to
moderate cellular oxidative stress may
increase the protein expression and activity
of antioxidant enzymes as a compensatory
mechanism of protection against possible
damage. However, very high levels of
toxicants may down-regulate enzyme
activities due to damages induced in the
molecular machinery required to induce
these enzymes (Vardi et al., 2008).

Interestingly, the prophylactic treatment
with the B. coriacea seeds methanol extract
(BCSE) attenuated and restored the altered
oxidative stress indices. This was
demonstrated by increased activity of GPx
and GSH level, while MDA level decreased
significantly in the cerebrum and
cerebellum, indicating reduced lipid
peroxidation. The antioxidant activity of
BCSE has been reported (Adisa et al.,
2011). It contains alkaloids,
anthraquinones, saponins, tanins, cardiac
glycosides and flavonoids that may act
directly against ROS or via improving and
preserving the antioxidant enzyme activity
comparable to the control groups in this
study (Eze et al., 2017; Adisa et al., 2011).
The reduction of MDA level and elevation
of GPx and GSH level by BCSE suggest
that B. coriacea seeds possess an
antioxidant property contributed by the
phytochemicals previously reported in this
study.

Toxic metal exposure has been reported
to invoke lipid dysfunction in humans and
animals (Cho, 2017; Pandya et al., 2004).
Currently, evaluation of the effect of Hg
exposure on brain cholesterol is scarce. In
our study, sub-acute Hg exposure
demonstrated non-significant total
cholesterol changes in the cerebrum and
cerebellum in comparison to the normal
control. In previous studies, long-term
exposure to Hg via heavy consumption of
fish was associated with increased blood
Hg level and hypercholesterolemia (Cho,
2017). In rats, aluminium exposure for 5
months was implicated to induce impaired
levels of cholesterol in the posterior brain
(Belaid-Nouira et al., 2012). Considering
the chronic exposure considered in the
earlier studies, the sub-acute (28 days) Hg
exposure in our study may be the cause for
the non-significant effect of Hg on total
cholesterol.

Cholinergic system plays a critical role
in neurotransmission, learning and memory
functions. Toxic metals are known to
disrupt cholinergic mechanism through
interactions with AchE and
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neurotransmitters (Akinyemi et al., 2015).
In this study, our analyses revealed that Hg
increased AchE activity in the cerebrum
and  cerebellum.  AchE hydrolyzes
acetylcholine in the brain, and has been
implicated in metal toxicity (Ansar, 2015).
Our result is consistent with the previous
reports of increased AchE activity in the
brain after exposures to lead and cadmium
(Akinyemi et al., 2015; Gill et al., 1991).
Studies suggest that the toxic metals might
interact with AchE and/or AchE receptors
thus increasing its activity to hydrolyze Ach
(Romani et al., 2003). By implication, the
activation of AchE suggests that Hg
exposure may induce cognitive or
cholinergic deficit (Ishola et al., 2017).
Furthermore, cerebral and cerebellar ADA
and NO levels were adversely significantly
increased by Hg compared to the normal
control. ADA acts to deaminate adenosine
to inosine; however, the action of xanthine
oxidase on inosine to produce uric acid was
suggested an important source of
superoxide anion (Fadillioglu et al., 2003).
NO is synthesized by inducible nitric oxide
synthase (iNOS); it reacts with superoxide
anion to peroxynitrite radical (ONOQ"), an
aggressive and potent oxidant that causes
oxidation or nitrosylation of sulfydryl
group, DNA and brain damage (Famurewa
et al., 2019; Abdel-Salam et al., 2016; Uzar
et al., 2006b). It is evident thus that the Hg-
induced increases in ADA and NO may
exacerbate oxidative damage to the brain
regions explored in this study. The
increased NO level in the current study after
Hg exposure may be due to the activation of
INOS and nuclear factor-kappa B (NF-xB)
signalling (Moneim, 2015). Literature
indicates that increased NO signalling is
associated with activation of NF-kB/iNOS
neuroinflammatory signalling which could
culminate into cell death (Mahmud et al.,
2017; Hegazy et al., 2016). Our results
hereby agree with previous findings from
animal models (Hegazy et al., 2016;
Moneim, 2015; Uzar et al., 2006b). In
contrast, BCSE decreased AchE and ADA
activities and NO level in the brain regions.

Egbaetal.

Previous studies indicated that antioxidant
compounds or extract from medicinal
plants could reverse or modulate levels of
NO, ADA and AchE activities in the brain
(Uzar et al., 2006b). Although,
phytochemical profiling was not explored
here, earlier studies have indicated that
BCSE contains flavonoids, glycosides and
saponins known to modulate AchE and
ADA activities and NO level (Adisa et al.,
2011; Ajaiyeoba et al., 2001). The BCSE
doses (200 and 400 mg/kg) revealed a dose-
dependent effect on Hg-induced oxidative
neurotoxicity  although insignificantly
when compared. However, the the higher
dose (400 mg/kg) of BCSE significantly
reduced cerebral NO level compared to the
lower dose (200 mg/kg) of BCSE.

In conclusion, our study reinforced the
previous studies on toxic capacity of Hg to
induce neurotoxicity. The neuroprotective
effect of BCSE was demonstrated, for the
first time, against Hg-induced oxidative
stress-mediated neurotoxicity. The
protective mechanism evidently involves
decreased oxidative stress and suppression
of AchE, ADA and NO generation in the
cerebrum and cerebellum of rats. This
beneficial health effect may involve the
bioactive action of antioxidant
phytochemicals resident in BCSE. BCSE
might thus find a role in mitigating brain
damage following exposure to Hg
exposure.
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