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ABSTRACT
Cobalt toxicity from industrial exposure and medical metal prosthesis has been linked to neurological
problems such as motor dysfunction. The goal of this study was to find out whether Prosopis africana
(PA) seed extract had ameliorative effects on the cerebellum of adult Wistar rats exposed to cobalt
chloride (CoCl2). 60 male Wistar rats were grouped into 4 (n=15). Rats were treated with CoCl2 or
CoCl2 in combination with PA seed extract (PAE) at 50mg or 100mg orally for 14 days. Control rats
received distilled water for the same period. The findings showed that CoCl2 caused neurobehavioural
impairment in rats by reducing exploratory activities, increasing anxiety, and significantly (p<0.05)
reducing hanging latency along with a low limb impairment score. Co-treatment with PAE on the other
hand, enhanced these parameters to levels comparable to control, reduced hydrogen peroxide (H2O2)
and malondialdehyde (MDA) in cerebellar tissues, while also improving superoxide dismutase (SOD)
and glutathione peroxidase (GPx) activities. Furthermore, PAE50mg or 100mg significantly (p<0.05)
reduced proinflammatory biomarkers such as Interleukin 1 beta (IL-1β) and tumour necrosis factor
(TNF-α). In the histology and immunohistochemistry, CoCl2 treated groups showed severe cytoplasmic
vacuolations and nuclei fragmentation in Purkinje neurons, as well as elevated astrocytic expression of
glial fibrillary acidic protein (GFAP), which was alleviated by PAE therapy. Thus, when PAE was
administered, cerebellar Purkinje cell integrity was improved, antioxidant status was boosted, and lipid
peroxidation in the cerebellum was suppressed. Hence, PAE ameliorated CoCl2 induced alterations by
reducing oxidative stress, enhancing anti-oxidant enzyme status and decreasing inflammation.
Key words: Cobalt chloride; Prosopis africana; Neurotoxicity; Purkinje cell; Oxidative stress

INTRODUCTION
Cobalt (Co) is a metal that can be found in the earth's
crust and is located in a range of human tissues. It is
extensively distributed in combination with cobalamin
(vitamin B12), which remians its core part, and is
immensely beneficial in trace amounts (Scharf et al.
2015). Sluggish growth rate, pernicious anaemia, and

damage to myelin sheaths are symptoms of Co
deficiency (Olivieri et al. 2001). Heavy metals are
associated with the aetiology of several neurological
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disorders (Jaishankar 2014): Known for its role in
inducing toxicity in biological tissues by bolstering
hypoxia inducible factor (HIF) 1, resulting in hypoxia
and subsequent oxidative stress by the generation of
reactive oxygen species. Co exposure remains a
common health concern in prosthetic limb users,
workers who use hard cutting tools, miners, and
athletes (Mohamed et al. 2019). Furthermore, Co is
abundant in the earth's crust, posing a risk of high
concentrations in contaminated food and water for
humans and animals. For domestic, agricultural, and
industrial purposes, the majority of the residents rely
on boreholes and shallow (hand-dug) wells to extract
groundwater, as well as the few surface water bodies
in the area. Consequently, the levels of Co in nearby
soil and water bodies rise well above regional
background concentrations (Cheyns 2014).
More specifically, degenerative joint diseases such
as osteoarthritis have led to the replacement of the
knee (Katchy et al. 2018) and hip (Nwadinigwe et al.
2012), with prostheses made of metals, particularly
Co, as it provides pain relief and improved joint
function. However, there is a risk of metallosis
caused by corrosion, which yields soluble metal ions
such as Co in nanoscopic sizes, with the lymph and
systemic vascular circulation serving as the main
channel of dissemination: This has been criticized as
it causes neurological disorders including cognitive
decline, depression, hearing and visual problems
(Keegan et al. 2019). Overproduction of reactive
oxygen species and the development of oxidative
stress are also linked to Co poisoning (Tan et al.
2009; Kubrak et al. 2011). The pathogenesis of
neuronal disorders and neurodegenerative diseases
is heavily influenced by oxidative stress. Co exposure
at elevated levels has a high risk of causing cell
damage and metabolic disturbances in sensitive cells
like neurons. There are data on cobalt chloride
(CoCl2) toxicity, including hepatotoxicity (Gonzales et
al. 2005; Garoui et al. 2011), nephrotoxicity (Garoui
et al. 2012), cardiotoxicity (Clyne et al. 2001), and
reproductive toxicity (Garoui et al. 2011). Evidences
have linked the main cause of these damages to the
excessive production of reactive oxygen species
(ROS). When ROS levels exceed those that can be
decomposed by the body's natural antioxidant
defense systems like superoxide dismutase (SOD),
catalase (CAT), glutathione peroxidase (GPX), or
reduced glutathione (GSH), cellular damage is
inevitable. A study also reported a low-cost,
commonly available dietary methods to mitigate the
harmful consequences of heavy metal exposure
(Zhai et al. 2015).
North, Central, and West Africa are homes to
Prosopis africana (African mesquite), whose
fermented seeds are well-known to be a local
seasoning (Achi 2005). Medicinally, almost every part
of the plant is useful: Bronchitis, dermatitis, tooth
decay, dysentery, malaria, and stomach cramps are
all treated with the leaves, bark, twigs, and roots of
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this plant in Mali. In Nigeria, Prosopis africana seeds
are used to make daddawa or okpeye, used as foods’
condiment (Ajiboye et al. 2013). Phlobatannin,
flavonoid, polyphenols, tannin, saponin, steroid, and
alkaloid have all been found in Prosopis africana
seed and pod extracts in previous studies (Ajiboye et
al. 2013; Olajide et al. 2013). Flavonoids have been
shown to protect against oxidative injury by
scavenging oxygen radicals, lipid peroxidation, and
metal ion chelation (Afanas'ev et al. 1989; Laughton
et al. 1991; Erden-Inal et al. 2002), and are
particularly beneficial as there possess a number of
medicinal benefits, including anticancer, antioxidant,
anti-inflammatory, and antiviral properties. They also
have neuroprotective and cardio-protective effects
(Patel at al. 2018; Zhao et al. 2018; Zhao et al. 2019).
In addition, certain natural agents have been shown
to protect against CoCl2-induced toxicity. Cerebellar
neurons are amongst the population of cells in the
central nervous system that are vulnerable to hypoxia
especially due to their high metabolic rate. The goal
of this study was to investigate if Prosopis africana
seed extract, a cheap and readily available plant in
this part of the Africa can protect Wistar rats from
CoCl2-induced cerebellar damage.

MATERIALS AND METHODS
Plant Material
The pods were collected from Prosopis africana trees
near the campus of Cross River State University's
Faculty of Basic Medical Sciences in Okuku, Yala
Local Government Area, Cross River State, Nigeria.
To begin, the Prosopis africana seeds (600 g) were
extracted from the pods and boiled in a gas cooker
for 5-7 h to soften the hulls so that the cotyledons
could be easily removed and separated, and allowed
to cool to room temperature. The cotyledons were
dehulled and then cooked in a little amount of water
for 10 min before draining through a raffia basket.
They were allowed to cool before being covered with
plantain leaves and left to ferment for three days,
according to Ugwu (2018). The fermented seeds
were then mashed into flour after being sun-dried to a
consistent weight (Yusuf et al. 2008). The flour was
then stored at 4°C before use.
Ethical Approval
This study was approved by the Research and Ethics
Committee of Faculty of Basic Medical Sciences,
Cross River University of Technology, Okuku campus
(CRUT/FBMC/REC/21/012). Animals were handled in
line with the guidelines for animal research detailed in
the NIH Guidelines for the care and use of laboratory
animals (NIH Publication No. 85–23, revised 1996
(PHS 1996).
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Animals and Experimental Design
Sixty male Wistar rats (150–200 g) used in this study
were obtained from the Experimental Animal Unit,
Faculty of Basic Medical Sciences, Cross River
University of Technology, Okuku campus. They were
housed in clean plastic cages in a clean environment
of natural day/light cycle (12 h light and dark), at
room temperature (28 ℃). Animals were allowed free
access to standard laboratory rat chow and water ad
libitum. The animals were randomly assigned to four
groups of 15 rats each and were treated as follows:
Control group received water and food only; CoCl2
only group received CoCl2 (40 mg/kg) for 14 days;
PAE50mg + CoCl2 group: received CoCl2 (40 mg/kg)
+ Prosopis africana seed extract (50 mg/kg) for 14
days; PAE100mg + CoCl2 group received CoCl2 (40
mg/kg) + Prosopis africana seed extract (100 mg/kg)
for 14 days.
The dosages of CoCl2 and Prosopis africana seed
extract were based on previous studies (Ugwu et al.
2018; Mohamed et al. 2019). The body weights of the
animals were measure at the beginning and end of
treatment.
Neurobehavioural Tests
Neurobehavioural tests were conducted 24 h after
the last administration. The tests were performed in
the morning (7-11am) in the neurobehavioural
laboratory and recorded live using a digital
camcorder and later scored by at least two
independent trained observers. The hanging wire and
open field neurobehavioural tests were carried out to
access motor coordination and locomotor activities,
respectively.
Hanging Wire Tests
This was used to measure grip strength and limb
impairment. On day 15, the rats were suspended on
a steel wire (2 mm in diameter and 60 cm in length)
and allowed to hold it with the forepaws at a height of
50 cm over cushion support. To prevent the animal
from using all four paws, the hind limbs were gently
covered with adhesive tape. The length of time the
rat was able to hold the wire till it fell was recorded,
with the cut-off time being 180 sec. This latency to
the grip loss was the key endpoint used to assess
grip strength (Tariq et al. 2005). More so, to access
limb impairment, rats were scored 3 for gripping the
wire with both hind paws, 2 for gripping the wire with
1 hind paw, and 1 for not gripping the wire with either
hind paws. The results were expressed as the total
score (Yi et al. 2007). The test was repeated for each
rat after resting for 2 h.
Open Field Test (OFT)
The OFT is widely used to study locomotor and
exploratory activities in experimental rats and mice.
The apparatus consists of a box (72×72×36 cm)
made of white plywood and the bottom divided into
18×18 square units with a black marker. The inside of
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the apparatus was painted white and the floor and
one of the walls were covered with Plexiglass so that
rats can be through. A central square (18×18 cm)
was drawn in the middle of the open ﬁeld. The
animals were placed in the middle of the box and
were allowed to explore the area freely for 5 min. The
following parameters were obtained during the test;
Frequency of locomotion (number of crossings from
one square to another), frequency of rearing
(frequency of standing only on hind paws), rearing up
on the wall (frequency of standing only on hind paws,
with fore paws on the wall), stretch attend posture
(frequency of forward elongation of the head and
shoulders followed by a retraction to the original
position), faecal boli (number of faecal boli
defecation), centre square duration (time spent within
the centre of the OFT box) and freezing (time of
complete stationary posture). The open ﬁeld
apparatus was cleaned between each trial with 70%
ethyl alcohol to eliminate possible bias due to
previous animal odours (Brown et al. 1999; Santiago
et al. 2010). All behavioural assessments were then
scored by an observer who was blind to the treatment
conditions. At the beginning of each session, the rat
was placed in the centre of the box, and the
parameters were scored as reported by Brown et al.
(1999).
Animal Sacriﬁce and Tissue Preparation
After completing all neurobehavioural tests, blood
samples were collected from ten rats in each group
via the retro-orbital plexus into plain sample bottles.
The blood was allowed to coagulate for at least 1 h
and was subsequently centrifuged at 3000 rpm for 5
min to separate the serum, which was later stored in
Eppendorf tubes and frozen at −20 °C till use. Wholebrain samples from ﬁve rats were homogenized in 50
mM Tris–HCl buﬀer (pH 7.4) containing 1.15%
potassium chloride and were later centrifuged at
10,000 rpm for 10 min at 4 °C using a cold centrifuge.
The supernatant collected was used for the
determination of biochemical parameters (Akinrinde
and Adebiyi 2019).
Biochemical Assays
Lipid Peroxidation
The concentration of hydrogen peroxide (H2O2) was
determined spectrophotometrically at 560 nm
according to the method of Wolff (1994). MDA
concentration as an index of lipid peroxidation was
estimated using the method of Varshney and Kale
(1990). MDA was quantiﬁed with a molar extinction
−1
−1
coeﬃcient of 1.56 × 105M cm and expressed as
micromoles per gram of tissue.
Antioxidant Enzymes Activities
SOD activity was determined according to the
method of Martin et al. (1987). Exactly 920 µL of
phosphate buffer (pH 7.8) of 0.05M was added into a
clean test tube containing 40 µL of sample; they were
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mixed and incubated for 2 min at 25℃. Forty
microlitre of haematoxylin solution was added,
mixed quickly and the absorbance was measured
at 560 nm. Auto-oxidation of haematoxylin as
inhibited by SOD, whose percentage inhibition
was linearly proportional to the amount of SOD
present within a specific range (Martin et al.
1987). The activity of glutathione peroxidase
(GPx) was determined with the method of Rotruck
et al. (1973).
Determination of Serum Levels of ProInﬂammatory Biomarkers
The serum concentrations of IL-1β and TNF-α
were determined according to the manufacturer's
instructions using commercially available enzymelinked immunosorbent assay (ELISA) kits
(Elabscience®, UK).
Histological Studies
Rats were euthanized by cervical dislocation and the
brain removed. The brain tissues were fixed in 10%
neutral buffered formalin. After fixation, tissues were
processed for routine tissue processing, and serial
slices of 5 µm thickness were produced on a rotary
microtome. Tissues were stained using haematoxylin
and eosin (H&E) technique for general histological
appearance, as described by Ijomone and Obi
(2013).
Immunohistochemistry
Thin sections of 5 μm thickness were obtained from
routine paraffin-embedded brain tissues. After
deparaffinization, sections were subjected to heat
mediated antigen retrieval in citrate buffer solution
(pH 6.0). Endogenous peroxidase blocking was
performed in 0.3% hydrogen peroxide. Sections were
then incubated overnight at 4°C in rabbit anti-GFAP
(ThermoFisher, USA; #16825-1-AP) at 1:10000.
Secondary antibody incubation was performed in
ImmPRESSTM HRP Anti-Rabbit IgG (Peroxidase)
Polymer Reagent, made in horse (Vector® #MP-

Fig. 1: Change in Weight of Rats Exposed to Cobalt Chloride
(CoCl2) and Prosopis africana Seed Extract (PAE)

7401). DAB peroxidase (HRP) substrate kit (Vector®
#SK-4100) was used for colour development, and
sections were counter-stained in Harris haematoxylin.
Image Analysis and Cell Count
Sections were observed under a digital bright field
microscope and photomicrographs were obtained at
×400 magnification. Image analysis was performed
with Image J software (NIH, USA). Immunoreactivity
was quantified by counting positive expressed cells
using the cell counter tool of Image J software as
previously described (Ijomone and Nwoha 2015;
Akingbade et al. 2021).
Statistical Analysis
Statistical analysis was performed using the
GraphPad Prism software (version 8.00, GraphPad
Software, USA). Results of neurobehavioural tests,
biochemical analyses and cell counts were
expressed as mean ± standard deviation and
analysed using one-way analysis of variance
(ANOVA) followed by the Student Newman-Keuls
(SNK) for multiple comparisons. The results were
statistically signiﬁcant at p<0.05.

RESULTS

Fig. 2: Hanging Wire Test. i) latency to Grip Loss. ii) Limb Impairment of Rats
Exposed to Cobalt Chloride (CoCl2) and Prosopis africana Seed Extract (PAE).
α -signiﬁcantly diﬀerent from the control group (p<0.05). β-signiﬁcantly diﬀerent from
cobalt chloride only group (p<0.05). Results are presented as Mean ± SD, (n=5)

Weight Changes
There
was
no
significant
difference in the initial body
weights between the groups, but
there was body weight loss in all
the groups at the end of the
experiment. There was a slight
change in weight between the
initial and final body weight in the
CoCl2 group which was not
significantly different (p>0.05).
The final body weight of animals
in the PAE groups was reduced
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compared with the initial body weights in the same
groups, but the difference was insignificant. However,
the control group gained weight at the end of the
experiment which was not statistically significant
(p>0.05) (Fig. 1).
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wire when compared with the CoCl2 group (Fig. 2i).
More so, the CoCl2 group had a low score in the limb
impairment test, but treatment with either PAE50mg
or 100mg improved the score appreciably, although
not significantly (Fig. 2ii).

Fig. 3: The Number of Line Crosses, Faecal Boli, Rearing, Freezing Time, Centre Square Duration, and Stretch Attend
Posture of Rats Exposed to Cobalt Chloride (CoCl2) and Prosopis africana Seed Extract (PAE) in the Open Field Test.
α - signiﬁcantly diﬀerent from the control group (p<0.05). β - signiﬁcantly diﬀerent from cobalt only group (p<0.05). Results are
presented as Mean ± SD, (n=5)

Hanging Wire Test
In the CoCl2 group the average hanging time on the
wire was significantly decreased (p<0.05) compared
to the control group. However, co-treatment with
PAE50mg or PAE100mg, produced a signiﬁcant
increase (p<0.05) in the time spent on the hanging

Open Field Test
The result revealed significant differences between
the CoCl2 and the PAE50mg or PAE100mg treated
groups (Fig. 3): The line crosses were signiﬁcantly
reduced (p<0.05) in the CoCl2 group when compared
to the control and PAE50mg or PAE100mg treatment
groups (Fig. 3i); likewise,
the frequency of rearing
was decreased (p<0.05) in
the CoCl2 group compared
to PAE50mg or PAE100
mg treated groups (Fig.
3iii). The number of faecal
boli, freezing time, and
stretched attend posture
was signiﬁcantly (p<0.05)
increased in the CoCl2
only treated groups in
contrast to the control and
PAE50mg or PAE100mg
treated groups (Fig. 3ii, iv,
Fig. 4: Eﬀect of Prosopis africana Seed Extract on Antioxidant Enzyme Activities on
v). In addition, the CoCl2
the Cerebellum of Rats Exposed to Cobalt chloride (CoCl2) and Prosopis africana
group spent more time in
Seed Extract (PAE). α - signiﬁcantly diﬀerent from the control group (p<0.05). β the centre of the box
signiﬁcantly diﬀerent from cobalt only group (p<0.05). Results are presented as Mean ± SD,
(n=5)
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compared to those in the other groups (Fig. 3vi).
Antioxidant Enzymes
The administration of CoCl2 resulted in a significant
reduction (p<0.05) in GPx and SOD activities when
compared with the control group (Fig. 4i and ii).
However, the simultaneous administration of CoCl2
with either PAE50mg or 100mg resulted in marked
increased SOD and GPx activities compared to the
rats treated with CoCl2 alone.
Oxidative Stress Markers
The results showed that CoCl2 administration caused
significant (p<0.05) increased brain concentration of
H2O2 and MDA when compared to the control group
(Fig. 5i and ii). However, simultaneous administration
with either PAE50mg or PAE100mg resulted in
significant decreased H2O2 and MDA concentration
when compared with rats exposed to CoCl2 alone.
Pro-inflammatory Biomarkers
CoCl2 administration produced significant (p<0.05)
increased serum levels of pro-inﬂammatory
biomarkers, IL-1β, and TNF-α when compared with
the control (Fig. 6i and ii). In contrast, coadministration with either PAE50mg or PAE100mg
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resulted in a marked decrease in the levels of these
cytokines to levels comparable to that of the control.
Histopathology
Cerebellar histology clearly showed the three distinct
layers; molecular, Purkinje, and granular. The
molecular layer comprised sparsely spaced smallsized neurons. Purkinje layer consisted of large flaskshaped Purkinje cells with large round nuclei and a
basophilic cytoplasm arranged in a single row. The
granular layer comprised of numerous small closely
packed round granule cells with intensely stained
nuclei. Glia cells were also visible in all layers.
Control rats showed intact and normal histology of
the cerebellum (Fig. 7A). CoCl2 only group showed
obvious
features
of
degenerating
neurons
characterized
by
Purkinje
cell
cytoplasmic
vacuolations and nuclei fragmentation (Fig. 7B). Also,
within the granular layer, several areas of
vacuolations in the neuropil were observed.
Additionally, many granule neurons exhibited nuclear
fragmentation, hence appearing lightly stained.
Treatment with PAE50mg and 100mg showed
obvious restoration of cerebellar histology (Fig. 7C
and D).

Fig. 5: Eﬀect of Prosopis africana Seed Extract on Oxidative Stress Markers
on the Cerebellum of Rats Exposed to Cobalt Chloride (CoCl2) and Prosopis
africana Seed Extract (PAE). α - signiﬁcantly diﬀerent from the control group
(p<0.05). β - signiﬁcantly diﬀerent from cobalt only group (p<0.05). Results are
presented as Mean ± SD, (n=5)

GFAP Immunoreactivity
There
was
astrocytic
GFAP
expression in the cerebellum of all
the groups. In the control group,
these glial cells were few with fewer
processes. However, after the
administration
of
CoCl2,
the
astrocytes became more ramified.
Similar effects were noticeable in
rats co-treated with PAE50mg or
100mg/kg, with PAE50mg showing
most ramified, although this did not
cut across all the groups. (Fig. 8 A–
D). Quantification showed that the
number of GFAP-positive cells was
significantly higher in CoCl2, and
PAE treated rats compared to
control (Fig. 8E).

DISCUSSION

Fig. 6: Eﬀect of Prosopis africana Seed Extract on Pro-Inflammatory Markers
on the Cerebellum of Rats Exposed to Cobalt Chloride (CoCl2) and Prosopis
africana Seed Extract (PAE). α - signiﬁcantly diﬀerent from the control group
(p<0.05). β - signiﬁcantly diﬀerent from cobalt only group (p<0.05). Results are
presented as Mean ± SD, (n=5)

Due to their mutagenic (Jensen and
Tüchsen 1990) and carcinogenic
(Lison et al. 2001) effects,
occupational exposure to various
Co compounds is a matter of
concern. The current study looked
at a variety of toxicity targets in rats
exposed to CoCl2, as well as the
mechanisms underlying the reversal
of Co-induced neurotoxicity by
Prosopis africana seed extract.
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CoCl2 induced cerebellar injuries to the experimental
animals but treatment with Prosopis africana seed
extract showed some ameliorative potentials.

The hanging wire test was used to assess grip
strength, balance, and endurance. It also serves as a
traction apparatus for accessing limb impairment.
Exposure to CoCl2 caused motor
impairment in the forelimb and
signiﬁcantly
decrease
the
hanging capability of the rats.
The rats in the CoCl2 only group
had low scores in the limb
impairment
test
as
well.
However, Co-treatment with PAE
improved motor coordination in
the forelimb as suggested by the
extended duration in latency to
fall
and
improved
limb
impairment test scores. The
present finding agrees with that
of Akinrinde and Adebiyi (2019)
who reported motor impairment
and reduced hanging ability in
rats
following
CoCl2
administration.
According to Prut and Belzung
(2003), the open field test is used
in rodents to assess motor
Fig. 7: Histology of Cerebellum of Rats Exposed to Cobalt Chloride (CoCl2) and
function, standard exploration,
Prosopis africana Seed Extract (PAE). A - Control group; B - CoCl2 only group; C
locomotor activity, and anxiety. In
- PAE50mg + CoCl2 group; D – PAE100mg + CoCl2 group. Arrows – intact Purkinje
the
present
study,
both
neurons; Dashed arrows – degenerating Purkinje neurons characterized by
explorations, as well as motor
cytoplasmic vacuolations and nuclei fragmentation; Asterisks – granular layer
activities of rats, were altered
neuropil vacuolations; ML – molecular layer; PL – Purkinje layer; GL – granular
following exposure to CoCl2
layer. Scale bar - 30 μm.
which was evident in the
reduction
of
line
crosses,
enhanced center square duration
and freezing. This corroborates
with the report of Akinrinde and
Adebiyi (2019) where rats had
reduced grid crosses as well as
enhanced freezing and centre
square duration. Furthermore,
the animals in the present study

Fig. 8: Distribution of GFAP-Positive Astrocytes and Count in the Cerebellum
of Rats Exposed to Cobalt Chloride (CoCl2) and Prosopis africana Seed
Extract (PAE). A - Control group; B - CoCl2 only group; C - PAE50mg + CoCl2
group; D – PAE100mg + CoCl2 group; E - The quantiﬁcation of GFAP-positive
astrocytes. Red arrows indicate GFAP-positive astrocytes ** p<0.01, *** p<0.001
compared to control. Scale bars - 30 μm

15

PAE Ameliorates Co-Induced Cerebellar Toxicity

Oria et al

had increased stretched-attend posture as well as
feacal boli which have been linked with anxiety by
previous researchers (Shabani et al. 2012; Adebiyi et
al. 2018). Co-treatment with PAE50mg or 100mg,
however, reduced the frequency of stretched-attend
posture and feacal boli to values similar to that of
control, indicative of the likelihood of anxiolytic
potential of PAE, which also generally improve the
locomotor activities of the rat in the open field arena.
The brain is very prone to oxidative damage due to
its high consumption of oxygen, as it uses about 20%
of blood oxygen, its comparatively low activity of
antioxidant enzymes, and the terminally oriented
nature of its neurons (Dringen et al. 2000). More so,
the membranes of neurons are also rich in
polyunsaturated fatty acids which are very
susceptible to reactive oxygen species attack,
leading to variations in neuronal integrity and function
(Mates 2001). On the other hand, induction of
oxidative stress in one generally adopted mechanism
of cobalt toxicity (Catelas et al. 2005). The results of
the current investigation revealed a marked
increased production of H2O2 and MDA as well as a
reduction in the levels of antioxidant enzymes
including GPx and SOD. Earlier studies by Akinrinde
and Adebiyi (2019) and Garoui et al. (2012) lend
credence to our results as they both reported
increased levels of H2O2 and MDA along with a
concurrent reduction in GPx and SOD in the brain of
rats following Co administration. However, treatment
with PAE50mg or 100mg was effective in reversing
the Co-induced oxidative stress by boosting the
activities of the antioxidant enzymes, GPx and SOD,
while simultaneously reducing the levels of H2O2 and
MDA. This result corroborates reported antioxidant
attributes of PAE (Ugwu et al. 2018).
Mou et al. (2012) reported that neuronal damage is
often intensified by a metal-induced stimulation of
some glial cells with the subsequent release of
inflammatory mediators (cytokines and chemokines).
In the present study, exposure to Co led to a
significant rise in serum levels of the proinflammatory
cytokines, IL-1β and TNF-α. These results agree with
those of Mou et al. (2012) who reported a
concentration and time-sensitive rise in the levels of
TNF-α and IL-1β in N9 and primary mouse microglia
following cobalt administration. Similarly, our results
are coherent with the findings of Akinrinde and
Adebiyi (2019) who also reported a marked increase
in the serum levels of TNF-α and IL-1β after
treatment with cobalt. Treatment with PAE50mg or
100mg significantly reversed the pro-inflammatory
effects of cobalt administration.
Cobalt administration in the present study produced
deleterious effects on the cerebellum, which is
saddled with motor coordination in the brain. We also
looked at the histomorphological features of the
cerebellum after exposing the rats to CoCl2. The Co
treated group, on the other hand, revealed Purkinje
cell
cytoplasmic
vacuolations
and
nuclei
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fragmentation, which are hallmarks of degenerating
neurons. This is comparable with Akinrinde and
Adebiyi (2019) findings of Purkinje cell disorientation.
However, PAE treatment resulted in preservation of
the cerebellar histology. Expression of astrocytes in
the cerebellum was done using GFAP, a significant
protein found in the glial intermediate filaments and
widely used as a marker for astroglial cells. The
potential role of glial cells in neural plasticity and
higher brain functions has been demonstrated, and
changes in astrocyte functionality are becoming
recognized in an increasing variety of illness
situations (Seifert et al. 2006; Allaman et al. 2011).
Astrocytes frequently experience a dramatic
metamorphosis known as reactive astrocytosis or
astrogliosis, which is the most common cellular
response to various types of brain insults. We found
reactive astrogliosis in the rat brain, which is
consistent with earlier research on Co neurotoxicity.
After exposure to CoCl2, GFAP immunoreactivity
revealed reactive astroglia in the cerebellum. We also
observed persistence in a few activated astrocytes
even after co-treatment with PAE50mg or 100mg,
leading to the hypothesis that reactive astrogliosis is
a physiological reaction to the brain's exposure to
heavy metals (Akinrinde and Adebiyi 2019).

Conclusion
In conclusion, our findings revealed that Co-induced
impairments with motor coordination by altering the
Purkinje cell morphology as supported by both
histomorphological and neurobehavioural data. The
suppression of damage to Purkinje neurons in the
cerebellum, on the other hand, seems to be a
pathway through which Prosopis africana seed
extract mitigates the CoCl2 induced alterations. The
antioxidant and anti-inflammatory characteristics of
Prosopis africana likely helped to preserve Purkinje
cell integrity.
Grants and financial support
Nil.
Conflict of Interest
None declared.
Acknowledgements
The authors acknowledge Dr. Okwari Obem for his
technical
contribution
to
this
work.
OMI
acknowledges the support of the International Brain
Research Organization (IBRO) and International
Society of Neurochemistry (ISN) to The Neuro- Lab,
School of Basic Medical Sciences, Federal University
of Technology, Akure, Nigeria.
Authors Contribution
RO - conceptualization, experimental design and final
draft of manuscript; IO, PM and GE: performed the
experiments, resources and data collection; OK and

16

PAE Ameliorates Co-Induced Cerebellar Toxicity

Oria et al

AE: Analysed the data; RO and IO: Supervision,
review and editing.

REFERENCES
Achi, O.K. (2005) Traditional fermented protein
condiments in Nigeria. Afr J Biotech. 4(13).
Adebiyi, O.E., Olopade, J.O. and Olayemi, F.O.
(2018) Sodium metavanadate induced cognitive
decline, behavioral impairments, oxidative stress and
down regulation of MBP in mice hippocampus:
ameliorative roles of β-spinasterol and stigmasterol.
Brain Behav. https://doi.org/10.1002/brb3.1014.
Afanas’ev, I.B., Dcrozhko, A.I., Brodskii, A.V.,
Kostyuk, V.A. and Potapovitch, A.I. (1989) Chelating
and free radical scavenging mechanisms of inhibitory
action of rutin and quercetin in lipid peroxidation.
Biochem Pharmacol. 38(11):1763-1769. doi:10.1016/
0006-2952(89)90410-3.
Ajiboye, A.A., Agboola, D.A., Fadimu, O.Y. and
Afolabi, A.O. (2013) Antibacterial, hytochemical and
proximate analysis of Prosopis africana (linn) seed
and pod extract. FUTA J Res Sci. 9(1):101-109
Akingbade, G.T., Ijomone, O.M., Imam, A., Aschner,
M. and Ajao, M.S. (2021) d-ribose-l-cysteine
improves
glutathione
levels,
neuronal
and
mitochondrial ultrastructural damage, caspase-3 and
GFAP expressions following manganese-induced
neurotoxicity. Neurotox Res. 39(6):1846-1858.
Akinrinde, A., and Adebiyi, O. (2019) Neuroprotection
by luteolin and gallic acid against cobalt chlorideinduced
behavioral,
morphological
and
neurochemical
alterations
in
Wistar
rats.
NeuroToxicol. 74:252-263. https://doi.org/10.1016/j.
neuro.2019.07.005
Allaman, I., Be´langer, M. and Magistretti, P.J. (2011)
Astrocyte– neuron metabolic relationships: for better
and for worse. Trends Neurosci. 34(2):76-87.
https://doi.org/10.1016/j.tins.2010.12.001.
Brown, R.E., Corey, S.C. and Moore, A.K. (1999)
Differences in measures of exploration and fear in
MHC cogenic C57BL/6J and B6-H-2K-mice behavior.
Genetics. 26:263-271.
Catalani, S., Rizzetti, M.C., Padovani, A. and
Apostoli, P. (2012) Neurotoxicity of cobalt. Hum. Exp
Toxicol. 31(5):421-437. https://doi.org/10.1177/09603
2711414280
Catelas, I., Petit, A., Vali, H., Pragiskatos, C.,
Meilleur, R., Zukov, D.J., et al. (2005) Quantitative
analysis of macrophage apoptosis vs necrosis
induced by cobalt and chromium ions in vitro.
Biomaterials. 26:2441–2453. https://doi.org/10.1016/j.
biomaterials.2004.08.004
Cheyns, K., Nkulu, C.B.L., Ngombe, L.K., Asosa,
J.N., Haufroid, V., De Putter, T., et al. (2014)
Pathways of human exposure to cobalt in Katanga, a
mining area of the DR Congo. Sci Total Environ.
490:313-321.

Nig. J. Neurosci. 13(1):9-19.2022

Clyne, N., Hofman-Bang, C., Haga, Y., Hatori, N.,
Marklund, S.L., Pehrsson, S.K., et al. (2001) Chronic
cobalt exposure affects antioxidants and ATP
production in rat myocardium. Scand J Clin Lab
Invest. 61(8):609-614. https://doi.org/10.1080/003655
101753267964
Dringen, R., Gutterer, J.M. and Hirrlinger, J. (2000)
Glutathione metabolism in brain metabolic interaction
between astrocytes and neurons in the defense
against reactive oxygen species. Eur J Biochem. 267:
4912-4916.
Erden-İnal, M., Sunal, E. and Kanbak, G. (2002) Agerelated changes in the glutathione redox system. Cell
Biochem Funct. 20:61-66.
Garoui, E.M., Fetoui, H., Ayadi Makni, F.,
Boudawara, T. and Zeghal, N. (2011) Cobalt chloride
induces hepatotoxicity in adult rats and their suckling
pups.
Exp
Toxicol
Pathol.
63(1-2):9-15.
https://doi.org/10.1016/j.etp.2009.09.003
Garoui, E.M., Troudi, A., Fetoui, H., Soudani, N.,
Boudawara, T. and Zeghal, N. (2012) Propolis
attenuates cobalt induced-nephrotoxicity in adult rats
and their progeny. Exp Toxicol Pathol. 64(7-8):837846. https://doi.org/10.1016/j.e tp.2011.03.004
Gonzales, S. (2005) Glutamine is highly effective in
preventing in vivo cobalt-induced oxidative stress in
rat liver. World J Gastroenterol. 11(23):3533.
https://doi.org/10.3748/wjg.v11.i23.3533
Ijomone, O.M. and Obi, A.U. (2013) Kolaviron,
isolated
from
Garcinia
kola,
inhibits
acetylcholinesterase activities in the hippocampus
and striatum of Wistar rats. Ann Neurosci. 20(2):42.
Ijomone, O.M. and Nwoha, P.U. (2015) Nicotine
inhibits hippocampal and striatal acetylcholinesterase
activities, and demonstrates dual action on adult
neuronal proliferation and maturation. Pathophysiol.
22(4):231-239.
Jaishankar, M., Tseten, T., Anbalagan, N., Mathew,
B.B. and Beeregowda, K.N. (2014) Toxicity,
mechanism and health effects of some heavy metals.
Interdiscip Toxicol. 7(2):60–72. doi:10.2478/intox2014-0009
Jensen, A.A. and Tüchsen, F. (1990) Cobalt
exposure and cancer risk. Crit Rev Toxicol. 20:427437.
Katchy, A.U., Katchy, S.C., Ekwedigwe, H.C. and
Ezeobi, I. (2018) Total knee replacement in Nigeria:
An assessment of early functional outcome of 68
consecutive knees. Niger J Clin Pract. 21:1202-1208.
Keegan, G.M., Learmonth, I.D. and Case, C.P.
(2019) Orthopaedic metals and their potential toxicity
in the arthroplasty patient: a review of current
knowledge and future strategies. J Bone Joint Surg
Br. 89:567-573.
Kubrak, O.I., Husak, V.V., Rovenko, B.M., Storey,
J.M., Storey, K.B. and Lushchak, V.I., (2011) Cobaltinduced oxidative stress in brain, liver and kidney of
goldﬁsh
Carassius
auratus.
Chemosphere.
85(6):983–989. https://doi.org/10.1302/0301620X89B
5.18903

17

PAE Ameliorates Co-Induced Cerebellar Toxicity

Oria et al

Laughton, M.J., Evans, P.J., Moroney, M.A., Hoult,
J.R.S. and Halliwell, B. (1991) Inhibition of
mammalian 5-lipoxygenase and cyclo-oxygenase by
flavonoids
and
phenolic
dietary
additives.
Relationship to antioxidant activity and to ironreducing ability. Biochem. Pharmacol. 42:1673-1681.
Lison, D., DeBoek, M., Verougstraete, V. and KirschVolders, M. (2001) Update on the genotoxicity and
carcinogenicity of cobalt compounds. Occup Environ
Med. 58(10):619625.
Martin, J.P., Dailey, M. and Sugarman, E. (1987)
Negative and positive assays of superoxide
dismutase based on hematoxylin autoxidation. Arch
Biochem Biophys. 255(2):329-336. https://doi.org/10.
1016/00039861(87)90400-0
Mohamed, A.A.R., Metwally, M.M.M., Khalil, S.R.,
Salem, G.A. and Ali, H.A. (2019) Moringa oleifera
extract attenuates the CoCl2 induced hypoxia of rat’s
brain: expression pattern of HIF-1α, NF-kB, MAO and
EPO. Biomed Pharmacother. 109:1688-1697.
Mou, Y.H., Yang, J.Y., Cui, N., Wang, J.M., Hou, Y.,
Song, S., et al. (2012) Eﬀects of cobalt chloride on
nitric oxide and cytokines/chemokines production in
microglia. Int Immunopharmacol. 13(1):120-125.
Mates, J.M. (2001) Eﬀects of antioxidant enzymes in
the molecular control of reactive oxygen species.
Toxicol. 163(2-3):219.
Nwadinigwe, C.U., Anyaehie, U.E. and Katchy, U.A.
(2012) Total hip replacement in Nigeria: a preliminary
report. J Kuwait Med Assoc. 44(4):291-296.
Olajide, O.B.., Fadimu, O.Y., Osaguona, P.O. and
Saliman,
M.I.
(2013)
Ethnobotanical
and
phytochemical studies of some selected species of
leguminoseae of Northern Nigeria: a study of Borgu
Local Government Area, Niger State, Nigeria. Int J
Sci Nat. 4(3):546-551.
Olivieri, J., Hess, C., Savaskan, E., Ly, C., Meier, F.,
Baysang, G., et al. (2001) Melatonin protects
SHSY5Y neuroblastoma cells from cobalt-induced
oxidative stress, neurotoxicity and increased betaamyloid secretion. J Pineal Res. 31:320–325.
https://doi.org/10.1034/j.1600-079X.2001.310406.x
Patel, K., Kumar, V., Rahman, M., Verma, A. and
Patel, D.K. (2018) New insights into the medicinal
importance, physiological functions and bioanalytical
aspects of an important bioactive compound of foods
‘Hyperin’: Health benefits of the past, the present, the
future. Beni-Suef Univ J Basic Appl Sci. 7(1):31-42.
PHS, Public Health Service (1996) Public Health
Service Policy on Humane Care and the Use of
Laboratory Animals. US Department of Health and
Human Services, Washington, DC. pp. 99-158.
Prut, L. and Belzung, C. (2003) The open ﬁeld as a
paradigm to measure the eﬀects of drugs on anxietylike behaviors: a review. Eur J Pharmacol. 463(1-3):
3-33.
Rotruck, J.T., Pope, A.L., Ganther, H.E., Swanson,
A.B., Hafeman, D.G. and Hoekstra, W. (1973)
Selenium: biochemical role as a component of
glutathione peroxidase. Science. 179:588-590.

Nig. J. Neurosci. 13(1):9-19.2022

Santiago, R.M., Barbieiro, J., Lima, M.M.S.,
Dombrowski, P.A., Andreatini, R. and Vital, M. (2010)
Depressive-like behaviours alterations induced by
intranigral MPTP, 6-OHDA, LPS and rotenone
models of Parkinson's disease are predominantly
associated with serotonin and dopamine. Prog
Neuro-Psychopharm Bio Psy. 34:1104-1114.
Scharf, B., Clement, C.C., Zolla, V., Perino, G., Yan,
B., Elci, S.G., et al. (2014) Molecular analysis of
chromium and Cobalt-related toxicity. Sci Rep. 4(1).
https://doi.org/10.1038/srep05729
Seifert, G., Schilling, K. and Steinhauser, C., (2006).
Astrocyte dysfunction in neurological disorders: a
molecular perspective. Nat Rev Neurosci. 7:194-206.
https://doi.org/ 10.1038/nrn1870.
Shabani, M., Larizadeh, M.H., Parsania, S., Shekaari,
M.A. and Shahrokhi, N. (2012) Profound destructive
eﬀects of adolescent exposure to vincristine
accompanied with some sex diﬀerences in motor and
memory performance. Can J Physiol Pharmacol. 90;
379–386. https://doi.org/10.1139/y11-132.
Tariq, M., Haseeb, A.K., Ibrahim, E., Saleh, A.D. and
Khalaf, A.M. (2005) Neuroprotective effect of nicotine
against
3-nitropropionic
acid
(3-NP)-induced
experimental Huntington’s disease in rats. Brain Res
Bull. 67:161–168.
Tan, C., Gao, M., Xu, W., Yang, X., Zhu, X. and Du,
G. (2009) Protective eﬀects of Salidroside on
endothelial cell apoptosis induced by cobalt chloride.
Biol Pharm Bull. 32(8):1359-1363.
Ugwu, M.N., Asuk, A.A., Utu-Baku, A.B. and Eteng,
M.U. (2018) Tissue-protective effect of Prosopis
africana seed extract on testosterone and estradiol
induced benign prostatic hyperplasia of adult male
rats. Int J Innov Res Adv Stud. 5(3):72-77.
Varshney, R. and Kale, R.K. (1990) Eﬀect of
calmodulin antagonists on radiation induced lipid
peroxidation in microsomes. Int J Biol. 158:733-741.
Wolﬀ, S.F. (1994) Ferrous ion oxidation in the
presence of ferric ion indicator xylenol orange for
measurement of hydrogen peroxides. Methods
Enzymol. 233:182-189.
Yi, P.L., Tsai, C.H., Lu, M.K., Liu, H.J., Chen, Y.C.
and Chang, F.C. (2007) Interleukin-1β mediates
sleep alteration in rats with rotenone-induced
Parkinsonism. Sleep. 30(4):413-425.
Yusuf, N.D., Ogah, D.M., Hassan, D.I., Musa, M.M.
and Doma, U.O. (2008) Effect of decorticated
fermented prosopis seed meal (Prosopis africana) on
growth performance of broiler chicken. Int J Poult
Sci. 7(11):1054-1057.
Zhai, Q., Narbad, A. and Chen, W. (2015) Dietary
strategies for the treatment of cadmium and lead
toxicity. Nutrients. 7:552571.
Zhao, L., Yuan, X., Wang, J., Feng, Y., Ji, F., Li, Z.,
et al. (2019) A review on flavones targeting
serine/threonine protein kinases for potential
anticancer drugs. Bioorg Med Chem. 27(5):677-685.

18

PAE Ameliorates Co-Induced Cerebellar Toxicity

Oria et al

Zhao, K., Yuan, Y., Lin, B., Miao, Z., Li, Z., Guo, Q.,
et al. (2018) LW-215, a newly synthesized flavonoid,

Nig. J. Neurosci. 13(1):9-19.2022

exhibits potent anti-angiogenic activity in vitro and in
vivo. Gene. 642:533-541.

Cite as: Oria, R.S., Obeten, K.E., Etetim, A., Mgbolu, P.E., Ikoku, G.E. and Ijomone, O.M. (2022). Ameliorative
effect of Prosopis africana seed extract on cobalt chloride induced cerebellar toxicity: Neurobehavioural,
histomorphological
and
biochemical
findings.
Nig.
J.
Neurosci.
13(1):9-19.
http://doi.org/10.47081/njn2022.13.1/002
__________________________________________________________________________________________
© Copyright Nigerian Journal of Neuroscience. All rights reserved.

19

