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Abstract

Objective We aimed to evaluate the effect of vitexin on some hematologic parameters and oxidative stress markers in lead-
induced toxicity in mice.

Methods Forty adult male albino mice were divided into five groups of eight animals comprising: control; Pb; vitexin;
Pb + vitexin; and Pb + vitexin (post) groups. Blood samples collected were analyzed using an auto hematology analyzer for
sixteen parameters including red cell distribution width (RDW), red blood cell (RBC), and white blood cell (WBC). The
levels of oxidative stress markers were also assessed.

Results In Pb-treated group, RDW, RBC, MCYV, Hb, Hct, granulocytes, and blood lead level were significantly different from
the control group as well as Pb + vitexin (post) group. In Pb+ vitexin groups, MCHC, platelets, and lymphocytes counts
were significantly different from the control group. There was no difference in MPV, MID, and WBC between the groups.
MDA level in Pb-treated group was significantly high while SOD and GPx levels were low. In Pb + vitexin-treated groups,
SOD and GPx levels were significantly high while MDA was low.

Conclusion Pb-induced toxicity caused significant changes in the values of hematologic parameters and oxidative markers
measured but vitexin was able to mitigate some of the changes. Some of the values were inconsistent with Pb intoxication.
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Introduction of extremities, loss of coordination, generalized abdominal

pain, and nausea [3, 5, 6]. Also, neurophysiological changes

Lead (Pb) is a toxic element that may cause acute, subacute,
or chronic poisoning through environmental and occupa-
tional exposure [1-3]. A blood Pb level of <10 pg/dL is
enough to cause toxicity [4]. Multiple body organs and sys-
tems are affected by Pb poisoning. In neurological mani-
festations, Chronic Pb exposure among adults and children
results in loss of short-term memory, inability to concen-
trate, increased excitability, depressive mood, paresthesia
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such as difficulties in intelligence, memory, executive func-
tioning, attention, processing speed, language, visuospatial
skills, and motor skills have been associated with Pb toxic-
ity [7]. Lead toxicity among other manifestations promotes
changes in cardiac function and Cavl.2 ion channels [8]
and also results in anemia [9, 10]. In animal models such
as waterfowl, it has been reported that Pb toxicity induced
significant changes in the values of hematologic parameters
measured including PCV, hemoglobin concentration, and
MCHC [11].

The underlying mechanisms involved in lead-induced
neurotoxicity are complex. However, oxidative stress, mem-
brane bio-physics alterations, deregulation of cell signaling,
and impairment of neurotransmission have all been impli-
cated in Pb neurotoxicity [6]. Pb toxicity results in oxidative
stress via lipid peroxidation resulting in the production of
reactive oxygen species (ROS) and direct depletion of anti-
oxidant reserves [12]. One of the common consequences
of oxidative stress is apoptosis [13, 14]. In order to combat
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free radicals and oxidative stress including those caused by
Pb exposure, recent researches have focused on the benefits
of flavonoids. This is because flavonoids have shown anti-
oxidative activity, free radical scavenging capacity, hepato-
protective, anti-inflammatory, and antiviral and anticancer
activities; in some cases, flavonoids prevent coronary heart
diseases [15, 16]. Among the commonly known flavonoids
is vitexin [16, 17].

Vitexin is an active flavonoid compound that is found in
many plants including pearl millet, hawthorn, pigeon pea,
mung bean, mosses, Passiflora, bamboo, mimosa, wheat
leaves, and chasteberry [16]. Vitexin has many pharmaco-
logical and biological functions such as antioxidative, anti-
tumor, antiviral, anti-inflammatory, anti-bacterial, antihy-
pertensive, anti-nociceptive, antispasmodic, anti-diabetic,
antidepressant, neuroprotective, and cognitive improving
functions [18-23]. A hematologic study involving anti-
inflammatory effect of vitexin on activated human peripheral
blood neutrophils suggests that vitexin may be considered as
a therapeutic strategy for treating patients with neutrophil-
mediated inflammatory diseases [24].

Despite extensive studies on vitexin, the literature on its
effect on hematologic and biochemical parameters is scanty
and requires additional data. Also, the search for the best
possible therapeutic control of oxidative stress caused by Pb
toxicity is still on. It is because of these problems, that the
study was aimed at evaluating the role of vitexin on hema-
tologic and oxidative stress markers in lead-induced toxicity
in mice.

Results
Comparison of hematologic parameters

Comparison of mean values of hematologic parameters in
various groups of the experiment (Table 1). The red cell
distribution width (RDW) was significantly higher in the
control group when compared with the experimental groups
except for Pb+ Vx(post) group. Similarly, RDW was signifi-
cantly higher in Pb+ Vx(post) group when compared with
the Pb group.

Regarding the level of red blood cell (RBC), it was sig-
nificantly low in Pb and Vx groups when compared with
control and Pb 4+ Vx(post) groups. No significant difference
was observed when the RBC level was compared between
control, Pb+ Vx and Pb + Vx(post) groups (Table 1).

Significantly low levels of hemoglobin (Hb) and hema-
tocrit (Hct) were observed in both Pb and Vx groups when
compared with control, Pb+ Vx, and Pb + Vx(post) groups
(Table 1). Also, mean corpuscular volume (MCV) was sig-
nificantly low in Pb and Pb+ Vx groups when compared
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with the control group. However, MCV was not different
between control, Vx, and Pb + Vx(post) groups.

The mean corpuscular hemoglobin (MCH) level (Table 1)
was significantly low in both Pb and Vx groups when com-
pared with control and Pb + Vx groups. MCH level was not
different when the comparison was made between control,
Pb+ Vx, and Pb+ Vx(post) groups. Regarding mean cor-
puscular hemoglobin concentration (MCHC), it had a sig-
nificantly higher level in the Pb+ Vx group when compared
with other groups including the control group.

Platelet distribution width (PDW), mean platelets vol-
ume (MPV), and minimum inhibitory dilution (MID) in the
study (Table 1) were observed not to be significantly differ-
ent across all the groups involved in the study. Procalcitonin
(PCT) level was significantly high in both Vx and Pb+ Vx
groups when compared with the control group. In platelets
count (PLT), the result (Table 1) shows a significantly high
level of PLT in the Pb+ Vx(post) group when compared
with both control and Pb groups. No difference platelets
count was observed between Vx, Pb+ Vx, and Pb + Vx(post)
groups.

The percentage of both lymphocytes (Lym) and granulo-
cytes (Gran) in the study (Table 1) were significantly high
Pb+ Vx group when compared with other groups involved in
the experiment including the control group. Also, percentage
granulocyte in the Pb group was higher in comparison with
control, Vx, and Pb + Vx(post) groups.

In Table 1, blood lead level (BLL) was significantly
high in the Pb group when compared with control, Vx, and
Pb + Vx(post) groups. Although the result shows a reduc-
tion in BLL in both Pb+ Vx and Pb+ Vx(post) groups, the
reductions seen were not statistically significant.

Comparison of mean levels of oxidative stress
markers in various groups of the experiment

Malondialdehyde (MDA) level (Fig. 1) in Pb group was sig-
nificantly higher ("P <0.0001) than those in other groups
including the control group. When MDA level was com-
pared between control, Vx, Pb+ Vx, and Pb+ Vx(post)
groups, there was no significant difference.

In Fig. 2, superoxide dismutase (SOD) level was signifi-
cantly low in Pb group when compared with control, Vx,
and Pb + Vx groups. Similarly, SOD level in Pb+ Vx(post)
group was significantly low when compared with control and
Pb + Vx groups. No significant difference in SOD level was
observed between control, Vx, and Pb+ Vx groups neither
were there any differences between Pb and Pb + Vx(post)
groups.

Result in Fig. 3 shows glutathione peroxidase (GPx)
level to be significantly low in the Pb group when com-
pared with other groups including the control group and GPx
level higher in the control group when compared with all
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the experimental groups. Furthermore, no significant differ-
ence in GPx level was observed between Vx, Pb+ Vx, and
Pb + Vx(post) groups.

Discussion

Hematologic parameters, comprising red and white blood
cell counts, hemoglobin concentration, platelets, and oth-
ers, are commonly utilized as clinical indicators of health
and disease conditions [25, 26]. In mice, the previous study
calculated mean total blood volume to be 5.85 mL per 100 g
of body weight, the mean plasma volume to be 3.15 mL
per 100 g and total blood volume to be 5.4-8.2% of body
weight [27].

RBCs number varies according to physiological (e.g.,
pregnancy, aging, or physical exercise) and pathological
(e.g., anemia, thalassemia) conditions [28]. A previous study
[29] reported a normal reference range of RBCs (x 10/
pL) in mice to be 6.9-11.76 (male) and 8.6—11.3 (female).
In this study, the result shows that Pb-administered and

vitexin-administered groups have low RBCs when com-
pared with the control group. This suggests that the animals
in those groups (Pb and Vx) may perhaps be anemic. In
groups where vitexin was concurrently administered with
Pb or post-treated (Pb+ Vx and Pb 4+ Vx(post) groups), RBC
numbers were maintained at the same level as seen in the
control group. This suggests that the Pb +vitexin combina-
tion could maintain normal RBCs number. The reason for
this outcome is not fully understood, but it is possible that
the antioxidant activity of vitexin may have increased the
antioxidant capacity of the cells thereby neutralizing pro-
oxidant generated due to Pb toxicity and in turn reduced
the rate of apoptosis. The reason behind better red blood
cell indices in Pb+ Vx and Pb+ Vx(post) groups when
compared with vitexin group is not fully understood at the
moment. However, it is possible that the animals in the
vitexin group may have suffered trauma or infection caused
by the IP administration procedure which was not detected in
the study. It is also possible that vitexin only administration
may accelerates red blood cell turnover in the mice spleen.
This part of the result will be a focus in our feature studies.

Table 1 Comparison of mean values of hematologic parameters and lead level in various groups of the experiment

Parameters Control Lead (Pb) Vitexin (10 mg/kg) Pb+ 10 mg/kg of vitexin Pb+ 10 mg/kg
of vitexin (Post)
RDW-SD 20.9+0.1 16.9+0.8* 17.5+1° 17.9+0.4° 19.940.7°
RBC (x 10%ul) 7.1+0.07 54+0.6" 49+0.7* 6.5+0.3 7.5+0.20¢
Hb (g/dI) 13.6+0.2 9.8+1.2° 8.8+1.3° 12.5+0.7° 13.8£0.6°¢
Het 40.3+0.4 27.4+3.2% 26.1+3.8* 32.8+2.3° 40.4+£2.2%¢
MCYV (fL) 56.8+0.6 51.0+1.1% 52.6+1.3 50.6+0.7% 54.1+1.9
MCH (pg) 19.4+0.1 18.13+0.2 18.0+0.3 19.5+0.1°¢ 18.5+0.6
MCHC (%) 24+0.05 26+0.06 24+0.05 28 +0.06 °° 24+0.05
PDW 9.8+0.2 9.7+0.16 9.1+0.19 9.3+0.15 9.0+0.40
PCT 0.19+0.03 0.27 +0.02 0.35+0.02% 0.36+0.03 0.29+0.01
PLT (x 10°/ul) 300.8+60.7 297 +45 4123+16.4 430.7+50 486.7 +67.1%°
P-LCR 12.5+0.84 15.6+1.6 19.1+1.0° 19.1+1.8° 8.9+ 1.0bcd
MPV (fl) 6.6+0.24 6.8+0.1 7.5+0.53 7.8+0.7 6.6+£0.22
MID % 4.7+0.42 4.3+0.40 4.7+0.53 5.9+0.38 4.940.20
WBC (x 10%/ul) 124+1.8 11.9+1.0 12.6+1.7 12.0+1.3 124+1.7
LYM % 90.1+0.78 87.9+0.87 90.7+0.86 81.9 +2.23bce 90.9+0.72
GRAN % 53404 7.8+£0.513¢¢ 4.6+0.50 11.7 £0.43bce 42+0.53
BLL (ug/ml) 1.3+0.13 5.6+0.29%¢¢ 1.7+0.13% 4.6+0.27° 4.0+0.36*

Data are represented as mean+SEM (n=35)

RBC: red blood cell count, Hb: hemoglobin, Hct: hematocrit, MCV: mean corpuscular volume, MCH: mean corpuscular hemoglobin, MCHC:
mean corpuscular hemoglobin concentration, RDW: red cell distribution width, PDW: platelet distribution width, PCT: procalcitonin, PLT:
platelets, MID: minimum inhibitory dilution, Gran: granulocytes, Lym. lymphocytes, P-LCR: platelets large cell ratio, MPV: mean platelets vol-
ume, and BLL: blood lead level

Significantly different from control

bSignificantly different from Pb

“Significantly different from vitexin (Vx)
dSignificantly different from Pb+ Vx

“Significantly different from Pb + Vx(post-treatment)
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The red blood cell distribution width (RDW) is a degree
of RBC size heterogeneity, which is calculated by dividing
the standard deviation (SD) of erythrocyte volumes for the
mean corpuscular volume (MCV) [28, 30]. RDW points out
the degree of anisocytosis of the red blood cell population
[28, 31]. In mouse, rat, and hamster, RBCs with a diameter
of one-third of the standard RBC size were seen to have
moderate anisocytosis [29]. The result from this study shows
that the Pb-treated group has significantly small RDW when
compared with the control group and other groups where
vitexin was involved in treatment. This result suggests that
treating animals with Pb in this study may have resulted in
anisocytosis. However, this condition may have been cor-
rected with the intervention of vitexin.

Mouse platelets (thrombocytes) are round to oval in form
and are just about 1-4 um in diameter. An earlier study [29]
has reported the reference number of mouse platelets (x 10°/
pL) to be 157—412 (male) and 170-410 (female). This study
(Table 1) shows that platelets count in Pb-treated group was
lower than the control group as well as other groups particu-
larly the two Pb + vitexin-treated groups. This result suggests
that Pb treatment could result in low platelets count probably
because of the abnormally high cell death rate due to Pb
toxicity. The result also suggests that Pb plus vitexin treat-
ment could maintain normal platelets count by reducing the
rate of rapid cell death caused by Pb toxicity through ROS.
This is probably done through an increase in the antioxidant
capacity of the cells to neutralize ROS generated.

Hemoglobin (Hb) level in this study (Table 1) was sig-
nificantly low in the Pb group and vitexin group when com-
pared with both control and Pb + Vx(post) group. The result
suggests that the combination of both Pb and vitexin could
maintain a steady Hb level in mice but on the contrary, Pb
alone or vitexin alone causes a reduction. The reason for
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Fig.1 Lipid peroxidation (MDA) level. Data express as mean+ SEM
(n=6). Control=control group; Pb=lead (Pb) group; Vx=vitexin
group; and Pb+ Vx =Pb+ vitexin group; Pb+ Vx(post) =Pb + vitexin
post-treatment group. *P <0.0001 level of significance
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Fig.2 Superoxide dismutase (SOD) level. Data express as
mean+SEM (n=6). Control=control group; Pb=lead (Pb)
group; Vx=vitexin group; and Pb +Vx=Pb+ vitexin group; Pb
+Vx(post)=Pb+vitexin post-treatment group. *P<0.0001 and
*#P <0.001 level of significance

this result is not fully understood but would be a focus for
further study. According to Lindstrom et al., [29], normal
mice Hb (g/dl) level are 11.1-11.5 (male) and 10.7-11.1
(female). The Hb levels seen in this study is higher than the
level earlier reported probably due to differences in the route
of blood collection.

White blood cells (WBCs) concentration is affected by
different factors including physiological and pathological
conditions. In this study, there was no significant difference
in WBCs concentration between the groups including the
control group. However, the result of WBCs concentration
in this study is similar to the result reported by Lindstrom
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Fig.3 Glutathione peroxidase (GPx) level. Data express as

mean+SEM (n=6). Control=control group; Pb=lead (Pb)
group; Vx=vitexin group; and Pb +Vx=Pb+ vitexin group; Pb
+Vx(post)=Pb+ vitexin post-treatment group. *P <0.0001 level of
significance
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et al., [29]. In that report, the range of mice WBCs count was
12.5-15.9 (x 10%/ul) for male and then 12.1-13.7 (X 10%/ul)
female. The result of WBCs in this study suggests that all
the groups have equal capacity to fight infection or immune
response.

In mice, roughly 75% of the WBC is made up of lympho-
cytes with the previous report putting the normal value of
lymphocytes at 82.4% for males and 77.9% for females [29].
However, the values seen in this study were higher probably
due to inflammatory responses by the animals which may
persist weeks prior to the experiment [32].

Oxidative stress arises as a result of a physiological
imbalance between the levels of antioxidants and oxidants
in favor of oxidants. One of the end products of lipid per-
oxidation and a widely recognized oxidative stress marker
is malondialdehyde (MDA) [33, 34]. In this study, the MDA
level in Pb-treated group was significantly higher than other
groups including the control. This probably suggests that the
level of oxidative damage was higher in Pb-treated group
than other groups. Earlier reports [35, 36] had also suggested
that Pb increases the level of tissue MDA. On the contrary,
vitexin has been reported to significantly reduce MDA level
[37].

Superoxide dismutase (SOD) and glutathione peroxidase
(GPx) are first-line defense antioxidant enzymes that dismu-
tate superoxide radicals and breakdown hydrogen peroxides
into harmless molecules [38, 39]. In this study, the levels
of both SOD and GPx were significantly low in Pb-treated
group when compared with the control and other experimen-
tal groups (particularly Pb+ Vx). This result suggests that
vitexin may have boosted the antioxidant enzyme defense
of the cells to fight against excessive ROS generated as a
result of Pb toxicity. This in turn probably reduced cellular
injury and apoptosis. Findings from earlier studies [37, 40]
observed an increase in the level of SOD and GPx when
vitexin was administered. Vitexin was also noted to have
reduced apoptosis [41].

Materials and methods

Chemicals and reagents

Vitexin extract, Pb acetate, malondialdehyde (MDA), glu-
tathione peroxidase (GPx), and superoxide dismutase (SOD)

test kit were purchased from Sigma-Aldrich (St Louis, MO,
USA). Vitexin was dissolved in normal saline (NaCl, 0.9%).

Animals

Forty adult male albino mice weighing 19-20 g were pro-
cured from the Temidale animal center, Ogbomosho,

Nigeria. The animals were acclimatized for 7 days on a
12 h light/dark cycle at approximately 23 °C at the animal
holdings of Central Research Lab, University of Ilorin. The
animals were provided with food and water ad libitum. The
animals were maintained under the National Institutes of
Health guide for the care and use of laboratory animals
(NIH Publication 8th edition). The experimental protocols
involved in the study were approved by the University of
Ilorin Ethical and Review Committee with approval number:
UERC/ASN/2018/1257.

Animal grouping and administration

The animals were randomly divided into five groups of
eight animals (n=28). Control was administered 0.2 ml
normal saline through oral gavage; Pb group (oral gavage
of Pb acetate 100 mgkg/b.wt./d for 7 days); vitexin group
(intraperitoneal injection of vitexin 10mgkg/b.wt./d for
7 days); Pb+ vitexin group (concurrent treatment with 100
mgkg/b.wt./d of Pb+ 10 mgkg/b.wt./d vitexin for 7 days).
Pb + vitexin group (post-treatment with 10 mgkg/b.wt./d of
vitexin 6 h after the administration of 100 mgkg/b.wt./d of
Pb for 7 days).

Collection and analysis of blood

On the 7th day of administration, animals were anesthetized
with an intraperitoneal injection of ketamine (50 mg/0.2 ml)
and blood from all the animals according to the group was
collected via cardiac puncture into EDTA test tubes. Blood
samples collected were immediately stored at — 20 °C before
the estimation of hematologic parameters using the auto
hematology analyzer (Seattle, USA). The parameters ana-
lyzed include the red blood cell count (RBC), hemoglobin
(Hb), hematocrit (Hct), mean corpuscular volume (MCV),
mean corpuscular hemoglobin (MCH), mean corpuscular
hemoglobin concentration (MCHC), red cell distribution
width (RDW), platelet distribution width (PDW), procalci-
tonin (PCT), and platelets (PLT). Others include minimum
inhibitory dilution (MID), white blood cell (WBC), granu-
locytes (Gran), lymphocytes (Lym), platelets large cell ratio
(P-LCR), and mean platelets volume (MPV). Also, the esti-
mation of blood lead level (BLL) was done.

Biochemical assay

The prefrontal cortex tissue was dissected and homogenized
with an ice-cold buffer to prepare a homogenate solution.
The homogenate was centrifuged at 10,000 g for 10 min
and the supernatant obtained was used for the estimation of
lipid peroxidation (MDA), superoxide dismutase (SOD), and
glutathione peroxidase (GPx) levels. Estimation was done
according to instruction on each assay kit purchased from
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Sigma-Aldrich (MO, USA). The results were expressed as
U/mg protein.

Statistical analysis

All statistical analyses and graph fitting were performed
using GraphPad Prism 5 for Windows. The significance of
difference was determined using a one-way ANOVA fol-
lowed by Tukey’s post hoc test for all parameters. All data
were expressed as the mean + standard error of the mean
(SEM), with n representing the number of animals used in
each experiment. Statistical significance was defined at the
level of P <0.05 to P <0.0001.

Conclusion

Pb-induced toxicity caused significant changes in the values
of hematologic parameters and oxidative markers measured
in mice but vitexin was able to mitigate some of the changes.
Some of the values were inconsistent with Pb intoxication.
However, the values on hematologic parameters obtained
will provide a platform for additional studies on the poten-
tials of vitexin against the effect of Pb intoxication on hema-
tologic parameters.
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