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Original Article
Neuroprotective Effects of Vitexin and Cajanus cajan 
Extract Against Pb-induced Neurotoxicity in Wistar 
Rats

Background: The effects of Pb-induced neurotoxicity have been largely established; 
however, the need for proper neuroprotective agents to mitigate the effects of Pb-
induced neurotoxicity remains vague.

Objectives: This study aimed at investigating the neuroprotective effects of pre-treatment 
with vitexin and C. cajan extract against Pb-induced neurotoxicity in Wistar rats.

Methods: Twenty-four male Wistar rats were randomly assigned into four groups (n=6). 
The control group was administered 0.5 mL of distilled water, Pb group received Pb 
acetate (200 mg/kg), vitexin+Pb group received Vitexin (50 mg/kg) an hour before Pb 
acetate (200 mg/kg), and C. cajan+Pb group received C. cajan (50 mg/kg) an hour before 
Pb acetate (200 mg/kg). All treatments were done within 28 days. Barnes maze test and 
novel object recognition (NOR) test were done to ascertain working memory, while the 
levels of oxidative stress markers (MDA, SOD, and GPx) were also tested. In addition, 
prefrontal cortical sections were stained with H&E stain, and the immunoreactivity of 
Iba1 and Nrf2 was examined.

Results: There was a significant decline in working memory in the Pb group, but good 
working memory was maintained in vitexin and C. cajan pretreated groups. In vitexin 
and C. cajan pretreated groups, oxidative stress, neuronal damage, and expression of 
Iba1 were significantly low compared to the Pb group. Also, Nrf2 expression in the Pb 
group was significantly low compared to other groups.

Conclusion: Pretreatment with vitexin and C. cajan offers neuroprotection against Pb 
toxicity via antioxidant and anti-inflammation actions. Although both vitexin and C. 
cajan extract showed neuroprotective abilities, vitexin exhibited better results.
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Introduction

ead (Pb) can transverse the blood-brain 
barrier and cause neurotoxic effects in 
both humans and animals. Lead-induced 
neurotoxicity is influenced by various 
factors, such as the dose of exposure and 

duration of exposure [1-4]. Within the brain, Pb pro-
motes protein modifications and causes alteration in 
signaling pathways and enzyme levels, morphological 
changes, neuroinflammation, neurodegeneration, and 
cognitive deficits [1, 2, 5]. Exposure to Pb produces 
oxidative imbalance via excess production of pro-
oxidant with concomitant depletion of anti-oxidant 
reserves. This, in turn, results in oxidative damage, 
disruptions in neuronal signaling and neurotransmit-
ter release as well as deficits in behavior [2]. Evidence 
from previous studies has shown that Pb exposure in-
fluences inflammatory processes in the brain [1] and 
disrupts nuclear factor erythroid 2-related factor 2 
(Nrf2)/antioxidant response element (ARE).

The prefrontal cortex (PFC), a part of the brain, is 
responsible for working memory, higher reasoning, 
decision-making, and many other executive functions 
[6, 7]. The PFC is susceptible to Pb-induced damage 
[8]. Early-life exposure to Pb may not manifest effects 
immediately but may manifest at later stages of devel-
opment or in adulthood [9]. 

A review of the literature has shown that the con-
sumption of certain mineral elements, vitamins, and 
flavonoids can offer protection against Pb-induced 
neurotoxic effects [3]. These nutrients, including fla-
vonoids, have been reported to play a significant role 
in restoring the imbalance between pro-oxidant and 
antioxidant molecules. Flavonoids are a group of natu-
ral secondary metabolites that are found in plants and 
possess different phenolic structures [10]. Most flavo-
noids possess antioxidant properties. 

Vitexin is a flavonoid that is extracted mainly from 
hawthorn plants and other plants, such as Cajanus 
cajan [11]. Vitexin possesses various properties, 
such as anti-oxidative, anti-tumour, anti-viral, anti-
inflammatory, anti-bacterial, anti-hypertensive, anti-
nociceptive, anti-diabetic, anti-depressant, and neuro-
protection [11, 12]. It is believed that vitexin has an 
antioxidant effect via suppression of reactive oxygen 
species (ROS) formation, scavenging ROS generated, 
and up-regulation of cell antioxidant defenses [12, 13]. 

C. cajan also known as pigeon pea is a well-known 
plant source of vitexin [14, 15]. It is a leguminous plant 
cultivated largely in rain-fed semi-arid tropical regions 
[15]. C. cajan is rich in flavonoids (including vitexin 
and orientin), saponin, tannins, resins, and terpenoids. 
It also possesses cajanin, pinostrobin, genistein, ge-
nistin, longistylin C, and longistylin A [15]. Vitexin 
is one of the most abundant flavonoids in the leaves 
of C. cajan with a concentration of 21.03 mg/g [16]. 
Due to the presence of several compounds, C. cajan 
has been reported to possess antioxidant, anti-cancer, 
anti-microbial, anti-inflammatory, anti-diabetic, hepa-
toprotective, and neuroactive properties [14, 15].

Although a few studies have reported the neuroprotec-
tive and anti-oxidant properties of vitexin, more data on 
its neuroprotective and anti-oxidant properties against 
Pb-induced neurotoxicity are needed. Furthermore, data 
to support vitexin as a direct substitute for C. cajan ex-
tract against Pb-induced neurotoxicity is limited or lack-
ing. Hence, this study aimed at investigating the neuro-
protective effects of vitexin and C. cajan pre-treatment 
(aqueous leave extract) against Pb-induced neurotoxicity 
in Wistar rats via the anti-oxidant pathway. 

Materials and methods 

Preparation of aqueous leave extract of C. cajan 

The leaves of C. cajan were harvested from Mission 
hill farm in Ugwolawo, Kogi State, Nigeria and au-
thenticated at the Faculty of Agriculture, Kogi State 
University, Anyigba. The leaves of C. cajan were air-
dried and ground into powdered form (500 g) using a 
manual blender. Thereafter, the powder was soaked in 
distilled water (4 L) for 24 hours at room temperature. 
After 24 hours, the mixture was agitated vigorously 
and filtered. The filtrate was evaporated to yield 19.3 
w/w. The extracted yield was stored in the airtight bot-
tle at 4°C until use. 

Preparation of treatment solutions 

Vitexin was purchased from Sigma-Aldrich (St Louis, 
MO, USA) while Pb acetate and other materials were 
purchased locally (Ilorin, Nigeria). Distilled water was 
used to dissolve Pb acetate (0.5 mL), vitexin (0.5 mL), 
and C. cajan (0.5 mL) each morning before treatment. 

L
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Experimental design

Animals and grouping

Twenty-four male Wistar rats (eight weeks old, weigh-
ing 200-240 g) were procured from Temi animal hus-
bandry center, Ogbomosho. The rats were randomly as-
signed to four groups (n=6) and acclimatized for seven 
days under approximately 12 hours light/dark cycle at 
the animal house of Central Research Laboratory, the 
University of Ilorin before treatment. All experimental 
procedures in the study were in accordance with the Uni-
versity of Ilorin Ethical and Review Committee for the 
use of animals (approval number: UERC/ASN/2018). 
The experiment also followed the guideline of the Na-
tional Institute of Health guide for the care and use of 
laboratory animals (NRC Publication, 8th edition, 2011). 

Administration of treatment

The control group received 0.5 mL/kg of distilled water 
via oral gavage. The Pb group received an oral dose of 
Pb acetate (200 mg/kg). Vitexin+Pb group received Vi-
texin solution (50 mg/kg) an hour before Pb acetate (200 
mg/kg). C. cajan+Pb group received C. cajan solution 
(50 mg/kg) an hour before the oral dose of Pb acetate 
(200 mg/kg). Treatment was done within 28 days via 
oral gavage. The doses used in the study were based on a 
pilot study carried out earlier by the authors to determine 
appropriate and effective doses.

Behavioral tests 

Barnes maze test 

This test was carried out to determine the learning 
memory of rats in the experiment using the modified 
description of Rosenfeld and Ferguson [17]. The main 
apparatus of this test consists of a circular table with 20 
holes around the perimeter. Nineteen holes open directly 
to the ground, while the remaining holes end up in a dark 
box. During the trials, the rats were assisted in their quest 
to locate the drop box from their initial position at the 
center of the table. Subsequently, the rats were allowed 
to find the drop box on their own. Their activities during 
the test were recorded by a video camera and the follow-
ing parameters were later analyzed: Errors made by the 
rats (number of incorrect holes visited before the correct 
hole) and latency to find the correct hole/dropbox.

Novel object recognition (NOR) test 

This test was carried out using the method described by 
Huang and Hsueh [18]. The apparatus for this test com-
prises a wooden box (100 c x100 cm x50 cm), colored 
ping pong balls (one pink and two green), and a video 
camera for recording. The first two days of this test were 
used for habituation. The third day was the trial. During 
the trial, two identical green balls were placed in the test 
box and each rat was allowed to explore for 10 minutes. 
On the fourth day (main test), one pink ball (novel ob-
ject) and one green ball (one of the old objects previ-
ously explored) were placed in the box for 10 minutes of 
exploration by each rat from all the study groups. At the 
end of this test, the percentage of preference for the new 
object was calculated using the below Equation 1: 

1. % Preference for 
new object=

Time use for new object X100
Total time for objects 1

Total exploration time for objects 

Sample collection and analyses 

Biochemical analyses: At the end of the behavioral 
tests, the rats were euthanized with 90 mg/kg of ketamine 
and their brains were excised. Afterward, the prefrontal 
cortices (PFC) were excised from the brain between co-
ordinates 1.8 to 3.1 mm anterior to the bregma. The ex-
cised tissues were washed with phosphate buffer saline 
(PBS). Then, 10%(w/v) of the tissue was homogenized 
with ice-cold 0.25M sucrose in a Teflon Potter–Elve-
hjem homogenizer (Hamburg, Germany). The tissue ho-
mogenate from each group was centrifuged at 12,000×g 
for 10 minutes at 4°C. Supernatants obtained from the 
groups were decanted and subsequently used for bio-
chemical analysis of malondialdehyde (MDA), superox-
ide dismutase (SOD), and glutathione peroxidase (GPx), 
which was done based on the manufacturer’s instruc-
tions in test kits all purchased from Sigma-Aldrich (St 
Louis, MO, USA). The absorbance was measured at 532 
nm for MDA, 450 nm for SOD, and 340 nm for GPx.

Histopathology analyses: Rats for histological tests 
were anesthetized with 75 mg/kg of ketamine before 
transcardiac perfusion with a 4% paraformaldehyde 
(PFA) solution. The PFC tissues were post-fixed in 
4% PFA for 24 hours before dehydration and clearing 
processes. Tissues were processed as paraffin wax em-
bedded in the blocks and sectioned at 5 µm. Tissues 
were stained with hematoxylin and eosin (H&E) dye 
for routine examination of the histoarchitecture using 
procedures described by Bancroft and Gamble [19]. 
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For the immunohistochemical assay, protein cross-link-
ages were removed from the sections by applying 0.1% 
trypsin for 20 minutes at room temperature. Endogenous 
peroxidase blocking was done using hydrogen peroxide. 
Anti-Iba1 monoclonal antibody (Abcam, EPR16588; 
dilution, TBS with 1% BSA, 1:2000) and anti-Nrf2 an-
tibody (ab31163; dilution, TBS with 1% BSA, 1:100) 
were applied on tissue sections for incubation (60 min-
utes) at 37°C. The secondary antibody (goat anti-rabbit, 
1:200) was diluted in TBS with 1% BSA and incubated 
with the slides at room temperature (60 minutes). An im-
munogenic reaction was developed using 3′3′ diamino-
benzidine tetrachloride (DAB) for 10 minutes at room 
temperature. The slides were counter-stained with Hae-
matoxylin and afterward treated with 1% acid alcohol to 
reduce the counterstain intensity. 

Photomicrography 

Stained sections were viewed under a light binocular 
microscope (Olympus, New Jersey, U.S.A.) attached to 
an Amscope (MD500, CA, USA). The various parts of 
the PFC were identified using the description of Van De 
Werd and Uylings [20]. 

Quantitative Analysis: The H&E-stained, Iba1, and 
Nrf-2 immuno-stained sections were analyzed with Im-
ageJ software (v. 1.52r). From each tissue block, five 
sections of six different visual fields were examined at 
varying magnifications of 25-180µm. For H&E-stained 
sections, the number of normal pyramidal neurons was 
counted in layer 2/3 of PFC for each of the groups. Cri-
teria for a normal neuron counted were based on the ab-
sence of shrunken or fragmented cytoplasm as well as 
condensed nuclei. Additionally, the number of immuno-
reactive Iba 1 cells was counted based on the criteria, 
which include clearly observed cell bodies with extend-
ed processes. The expression of Nrf2 in the tissue was 
scored from a total of 50 neurons.

Statistical analyses 

Data analyses were done with the aid of Graph Pad 
Prism version 5.0 for Windows. The mean difference was 
determined using one-way ANOVA followed by Tukey’s 
post hoc test. The significant difference was defined at 
P<0.05. All data were expressed as Mean±SE, with n rep-
resenting the number of animals used in each experiment.

Results 

Influence of vitexin and C. cajan on learning 
memory deficits caused by Pb toxicity 

The result of the Barnes maze test (Figure 1A & 1B) 
showed that rats in all the study groups had the same 
latency to find the dropbox during the first and second 
days of acquisition. However, on the third day of acquisi-
tion (Figure 1C), the rats in the Pb-treated group showed 
longer (P˂0.05) latency vs. the vitexin+Pb group. On 
the fourth day of acquisition (Figure 1D), rats in the Pb-
treated group showed longer latency to find dropbox 
(P˂0.05) compared to the control group. Conversely, 
both vitexin+Pb and C. cajan+Pb groups showed shorter 
latency than the Pb- treated group. The same trend of 
learning ability observed on the fourth day of the acqui-
sition was also observed on the fifth day (Figure 1E).

On the retention day (Figure 1F), rats in the vitexin+Pb 
group (29.5±3.1 s) showed similar (P>0.05) latency 
to find the dropbox compared to the control group. 
On the other hand, rats in the Pb-treated group and 
C. cajan+Pb group showed longer latency to find 
the dropbox when compared with the control group. 
Furthermore, the C. cajan+Pb treated group showed 
longer latency to find the dropbox compared to the 
vitexin+Pb group (Figure 1F).

The result of the NOR test (Figure 2) showed that rats 
in the Pb-treated group had a lower (P˂0.05) prefer-
ence for a new object than the control group. Con-
versely, rats in the vitexin+Pb group displayed a high 
preference (P˂0.05) for the new object compared to 
the Pb-treated group. Furthermore, there was no sig-
nificant difference (P>0.05) in rats’ preference for a 
new object between the vitexin+Pb and C. cajan+Pb 
groups compared to the control group.

Changes in oxidative stress markers

MDA levels in the Pb-treated group were significant-
ly high (P˂0.05) compared to the control group (Table 
1). Similarly, the levels of MDA in the Pb-treated group 
were significantly higher (P˂0.05) compared to the 
Vitexin+Pb and C. cajan+Pb groups. Furthermore, the 
MDA levels in the vitexin+Pb and C. cajan+Pb groups 
were significantly higher (P˂0.05) compared to the 
control group. Conversely, MDA levels in vitexin+Pb 
and C. cajan+Pb groups were not different (P˃0.05) 
from the control group.
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Figure 1. Barnes maze test results
Data are expressed as Mean±SE (n=6); Control: control group; Pb: lead-treated group; Vx+Pb: vitexin+lead group; CC+Pb: C. 
cajan+vitexin group. *P<0.05; **P<0.01; ***P<0.001.

SOD levels in the Pb-treated group were significantly 
lower (P˂0.05) compared to the control group (Table 1). 
Similarly, the levels of SOD in the Pb-treated group were 
significantly lower compared to the vitexin+Pb group. 
Furthermore, the SOD levels in the C. cajan+Pb group 
were significantly lower (P<0.05) compared to the control 
group. However, no significant difference (P˃0.05) was 
found between the vitexin+Pb group and the control group. 
Similarly, SOD levels in vitexin+Pb and C. cajan+Pb 
groups were not significantly different (P˃0.05). Finally, 
SOD levels in the Pb-treated group were not significantly 
different from the C. cajan+Pb group.

The levels of GPx in the Pb-treated group were sig-
nificantly lower (P<0.05) compared to the control 
group (Table 1). Similarly, the levels of GPx in the Pb-
treated group were significantly lower compared to the 
vitexin+Pb group. Furthermore, GPx levels in the C. 
cajan+Pb group were significantly lower compared to 
the control group. However, GPx levels in the vitexin+Pb 
group were not significantly different (P>0.05) than the 
control group. Similarly, GPx levels in the vitexin+Pb 
group were not significantly different (P>0.05) from the 
C. cajan+Pb group (Table 1). Also, the GPx levels in the 

Table 1. Levels of oxidative stress markers in the study groups

Parameters
Mean±SE

Control Lead (Pb) Vitexin+Pb C.cajan+Pb

MDA (U/mg) 0.96±0.1 1.75±0.04* 1.29±0.03*# 1.36±0.01*#

SOD (U/mg) 3.07±0.3 1.70±0.4* 2.77±0.2# 2.11±0.3*#

GPx (U/mg) 3.40±0.2 1.62±0.05* 2.97±0.16 # 2.31±0.4*#

Data are represented as Mean±SE (n=5). MDA: malondialdehyde; SOD: superoxide dismutase; GPx: glutathione peroxidase. *Sig-
nificantly different(P<0.05) compared to the control group. # Significantly different (P<0.05) compared to the Pb group.
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Pb-treated group were not significantly different from 
the C. cajan+Pb group.

Effect of vitexin and C. cajan on the histoarchitec-
ture of the prefrontal cortex in Pb-exposed rats

The PFC photomicrograph of the control group (Fig-
ure 3A) was characterized by numerous large pyramidal 
neurons (yellow arrow) with very few degenerating neu-
rons (red arrow). The representative photomicrograph of 
the Pb-treated group (Figure 3A) presented degenera-

tive changes characterized by numerous shrunken neu-
rons with fragmented cytoplasm and condensed nuclei 
(red arrows). The photomicrograph of the vitexin+Pb 
group (Figure 3A) presented fewer shrunken neurons 
and few degenerative changes (red arrow) compared to 
the Pb-treated group. Furthermore, the photomicrograph 
of the C. cajan+Pb group showed fewer neurons with 
fragmented cytoplasm compared to the Pb-treated group 
(Figure 3A). The PFC histoarchitecture in the vitexin+Pb 
and C. cajan+Pb groups appeared similar.

Figure 3. Representative photomicrograph of hematoxylin and eosin (H&E) stain as well as Iba1 stain in rats
Control: control group; Pb: lead-treated group; Vx+Pb: vitexin+lead group; and CC+Pb: C. cajan+lead acetate group; Yellow ar-
rows: pyramidal neurons; Red arrows: degenerative changes; Black arrows: microglial cells: Scale bar=45 μm.
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Figure 2. Novel object recognition test results
Data are expressed as Mean±SE (n=6); Control: control group; Pb: lead-treated group; Vx+Pb: vitexin+lead group; CC+Pb: C. 
cajan+vitexin group. *P<0.05.

http://pbr.mazums.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en
http://pbr.mazums.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en


297

 December 2022. Volume 8. Number 4

Effect of vitexin and C. cajan on microglial cells 
and Nrf2 expression in rats’ prefrontal cortex fol-
lowing Pb exposure

In Figure 3B, the PFC photomicrograph of the Pb-
treated group was characterized by numerous activated 
microglial cells compared to the photomicrograph of the 
control group. Although vitexin+Pb and C. cajan+Pb 
groups presented activated microglial cells, the number 
of activated microglial cells appeared fewer than in the 
Pb-treated group (Figure 3B). Comparatively, activated 
microglial cells were more in the C. cajan+Pb group 
than in the vitexin+Pb group (Figure 3B).

The expression of Nrf2 in the PFC of all the experi-
mental groups was not up to the level of expression 
seen in the control group (Figure 4). Furthermore, Nrf2 
expression in the vitexin+Pb group was more than in 
the Pb-treated and C. cajan+Pb groups (Figure 4). The 
expression of Nrf2 in both Pb-treated and C. cajan+Pb 
groups appeared similar.

Discussion 

One of the well-known oxidative stress markers used in 
diagnosing cellular damage is MDA. MDA is one of the 
bye products of lipid peroxidation [22, 23]. In this study, 
the MDA levels in the Pb-treated group were signifi-
cantly higher than the control group (Table 1). However, 
in groups where vitexin and C. cajan were treated with 
Pb, the MDA level was significantly low. This result in-

fers that Pb exposure promotes lipid peroxidation as also 
reported by previous studies [24, 25]. Vitexin treatment 
reduces lipid peroxidation and oxidative damage [26]. 
This could be the reason behind the low levels of MDA 
observed in the vitexin+Pb and C. cajan+Pb groups.

Antioxidants, like SOD and GPx, reduce peroxides 
into innocuous molecules [27]. This study showed low 
SOD and GPx levels in the Pb-treated group compared 
to the control group. However, SOD and GPx levels in 
both vitexin+Pb and C. cajan+Pb groups remained sig-
nificantly high compared to the Pb-treated group [21]. 
This result infers that vitexin as well as C. cajan have 
the ability to up-regulate and maintain the activity lev-
els of SOD and GPx even after Pb exposure. This result 
also signifies that superoxide radicals and peroxides will 
be quickly reduced into innocuous molecules in groups 
where vitexin and C. cajan were administered.

Cellular degeneration occurs when there is an abnormal 
biochemical function, recognizable structural change, or 
a combination of both factors. Degeneration is revers-
ible but may progress to necrosis and clinical disease if 
the injury persists [28]. The Nrf2 is responsible for ac-
tivating transcription factors, like antioxidant response 
element (ARE) in response to oxidative stress [29]. Mi-
croglia cells (immune cells of the CNS) are activated in 
response to toxic or pathogenic insults, which leads to 
neuronal damage and also participates in the removal of 
damaged cells [30].

Figure 4. Representative photomicrograph of nuclear factor erythroid 2-related factor 2 (Nrf2) stain of the prefrontal cortex in rats
Control: control group; Pb: lead-treated group; Vx+Pb: vitexin+lead group; CC+Pb: C. cajan+lead acetate group. Yellow arrows: 
Nrf2 expression; Scale bar=45 μm. 
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The histologic observation (Figures 3 and 4) in the 
Pb-treated group of this study showed high degenera-
tive changes, numerous activated microglia cells, and 
low expression of Nrf2 compared to the control group 
as well as groups where vitexin and C. cajan were ad-
ministered (vitexin+Pb and C. cajan+Pb groups). These 
results indicate that Pb administration (Pb-treated group) 
will cause neuronal damage. In response to the damage, 
numerous microglial cells were activated to remove the 
damaged cells. Vitexin and C. cajan pre-treatments may 
have reduced Pb-induced insult and in turn, reduced the 
number of activated microglial cells in the vitexin+Pb 
and C. cajan+Pb groups. Furthermore, the low expres-
sion of Nrf2 in the Pb-treated group suggests that pre-
frontal cortical neurons in this group will be susceptible 
to oxidative stress. An earlier study stated that neurons 
lacking Nrf2 are more susceptible to oxidative stress 
[31]. The rationale behind the low expression of Nrf2 in 
the Pb-treated group in this study is not fully understood 
but it is possible that Pb may have interfered with the 
oxidation of sulfhydryl groups on specific cysteines in 
Keap1 (kelch-like ECH-associated protein) [32], which 
in turn reduced the release of Nrf2 by Keap1.

Neurons of the PFC have been linked to cognitive func-
tions as they communicate with other parts of the brain, 
particularly the hippocampus [33, 34]. Loss of these neu-
rons suggests that cognitive functions will be impaired. 
The tissue damage and loss of neurons in the Pb-treated 
group of this study (Figure 3A) could be the reason be-
hind deficits observed in learning memory (Figures 1 
and 2). Pretreatment with vitexin and C. cajan before 
Pb exposure reduced tissue damage and loss of neurons. 
This outcome could be the reason behind the good learn-
ing memory maintained by rats pretreated with either 
vitexin or C. cajan in this study.

Conclusion 

The results of this study showed that pretreatment 
with vitexin and C. cajan significantly reduced oxi-
dative stress, neuronal damage, and microglial activa-
tion that would have resulted from Pb toxicity. Fur-
thermore, vitexin and C. cajan, helped to maintain 
good working memory in rats. Although both vitexin 
and C. cajan showed neuroprotective abilities, vitexin 
showed better results. Further studies are recommend-
ed to identify how vitexin and C. cajan influence the 
expression of Nrf2 after Pb exposure.
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