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ABSTRACT

Lead and chlorpyrifos (CPF) are among the most asie environmental contaminants that
adversely affect human and animal health. Oxidasivess is a common molecular mechanism
implicated in lead and CPF poisoning. The presenidg was aimed at evaluating the
ameliorative effect of vitamin C on hematologicdlarges induced by subchronic co-
administration of CPF and lead in Wistar rats. Rpadult male Wistar rats were divided into 4
groups of 10 animals in each group. Group | wasncoil (2 ml/kg) while group Il was
administered vitamin C only (100 mg/kg). GroupwHs co-administered with CPF(4.25 mg/kg)
and lead (250 mg/kg). The regimens were adminidtenee daily by gavage for a period of nine
weeks. The rats were sacrificed at the end of tsend period and blood samples were analyzed
for hematological parameters. The study revealedt thlterations in pack cell volume,
erythrocyte indices, and concentrations of hemaglobred blood cells, erythrocyte
malonaldehyde, platelets, and absolute total aniflietintial white blood cells induced by
subchronic co-administration of CPF and lead wemeediorated by vitamin C. The attenuation
of this hemotoxicity by vitamin C may be partly tlués antioxidant properties
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INTRODUCTION

An increasing number of natural and man-made pilsthave pervaded the environment in the
last few decades, which ultimately affect the Heahd well being living organisms The need to
improve food production in order to feed the eveawgng world population and the increasing
industrialization and technological advancementehiacreased the environmental abundance of
these contaminants. These pollutants interact thi#mselves and the environment to alter the
health and well being of man and animals. Hithdtte,current understanding of the mechanisms
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and effect of environmental chemicals and contanm&are based on studies conducted in
laboratory animals using one agent at a time [1HRjvever, the results of most of these studies
may be misleading as they do not reflect the realithe environment, since there are numerous
contaminants interacting to alter physiologicatisfaof organisms.

Chemical pesticides and heavy metals are widelyilabla in the environment. Chemical
pesticides are one of the most widely availabldrenmental contaminants that are deliberately
released to the environment to improve the quarditgd quality of food to feed the ever-
increasing world human and animal population amanate public health. Organophosphate
(OP) insecticides constitute one of the most poppésticides, especially for agricultural and
domestic purposes, accounting for about 50% ofgilbbal insecticidal use [3]. Chlorpyrifos
(CPF), a broad spectrum OP insecticide that waedoted to the American market in 1965 is
one of the most widely used OP insecticides incaffure and public health [4, 5], despite
restrictions placed on some of its residential usethe United States Environmental Protection
Agency in 2000. Lead, on the other hand, is onh®imost pervasive heavy metal contaminants
with widespread industrial and domestic applicatiofhe metal has long been recognized as a
poison to living organisms, with negative effectsgeneral health, reproduction, behaviour, and
under certain conditions can result in death [6]erEfore, CPF and lead are among the most
important environmental contaminants due to theildespread use, availability and
pervasiveness in the environment.

Although the mechanisms of toxicity of CPF and leael quite diverse, studies have shown that
oxidative stress induction is a common biochemitedchanism involved in their toxicity.
Oxidative stress, which results from the accumaratof free radicals and reactive oxygen
species beyond the normal capacity of the bodytexddant system to neutralize is known to
cause organ and tissue damage. In this type dtgity the body must be supplemented with
exogenous antioxidants to cope with the oxidatikallenges. Vitamin C has been shown to
mitigate toxicity induced by CPF [7, 8, 9] and PI®[ 11]. The present study was aimed at
evaluating the ameliorating effect of vitamin C bamotoxicity induced by subchronic co-
exposure to CPF and Pb in Wistar rats.

MATERIALSAND METHODS

Experimental animals

Forty 6-week old adult male Wistar rats weighin@211316g were obtained from the Animal
House of the Department of Veterinary Physiologyd aRAharmacology, Ahmadu Bello
University, Zaria, Nigeria. The rats were fed oanstard rat pellets and water was provided
libitum. The experiment was performed in compliance whid National Institutes of Health
Guide for Care and Use of Laboratory Animals (Redilon No. 85-23, revised 1985) [12].

Chemicals

Commercial grade CPF (TERMICBT20% EC, Sabero Organics, Gujarat, India) was
reconstituted in corn oil to make 10% stock solutisvhich was subsequently used for the
experiment. Analytical grade lead acetate (KiraghltiLaboratories, Mumbai, India) used for the

study was reconstituted into a 20% stock solutiodistilled water. Commercial grade vitamin C
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tablets (Emzor Pharmaceutical Ltd, Nigeria, BN: ML8as prepared in distilled water to make
10% stock solution.

Animal treatments

Forty male Wistar rats were divided into four grewgf 10 animals per group. Group | (C/oil)
was administered corn oil (2 ml/kg), while group(WC) was administered vitamin C (100
mg/kg). Group lll (CPF+Pb) was co-administered GBR5 mg/kg~1/28 LDs, [13] and lead
acetate(225 mg/kg~1/28 LDso [11]. Group IV (VC+CPF+Pb) was pretreated vitan@inand
then co-administered with CPF (4.25 mg/kg) and 25 (mg/kg), 30 min later. These regimens
were administered orally by gavage once daily fpeaod of 9 weeks. At the termination of the
dosing, the animals were sacrificed via jugularesgaction after light chloroform anesthesia.
Blood samples collected into heparinized test tubese examined for hematological
parameters.

Hematological evaluation

Two milliliter of blood collected into heparinizeshmple bottles were analyzed for the levels of
hematological parameters such as packed cell vo(i6¥&), hemoglobin (Hb), total red blood
cells (RBC), mean cell volume (MCV), mean corpuacitiemoglobin (MCH), mean corpuscular
hemoglobin concentration (MCHC), total white blozell (WBC) and total platelets count using
an automatic hematological assay analyzer, Adviaté@matology system (Bayer Diagnostics
Europe Ltd, Ireland). Blood smears were also sthingh Giemsa for differential WBC count
[14] while the neutrophil-lymphocyte ratio was @ahted.

Evaluation of erythrocyte malonaldehyde concentration

Erythrocyte malonaldehyde (MDA) concentration, asnarker for lipid peroxidation, was
determined by the double-heating method of Drapdrtdadley [15] as modified by Altuntas et
al. [16]. The concentration of MDA was calculatedthe absorbance coefficient of MDA-TBA
complex, 1.56 x 10cmi*M™, and expressed in nanomoles per gram of hemoglobin

Statistical Analysis

Data were expressed as mean +SEM and subjectatetovay analysis of variance followed by
Tukey’'s multiple comparison test using Graph Padr®version 4.0. Values of P<0.05 were
considered significant. Where necessary, the @iffee in the mean value of the data obtained
between each group was analyzed as %.

RESULTS

Effect of treatmentson pack cell volume

The effect of treatments on PCV is shown in Figur&here was a significant (P<0.05) decrease
in the PCV in CPF+Pb group compared to C/oil (P5).0/C (P<0.01) or VC+CPF+Pb
(P<0.05) group. There was no significant (P>0.08gence in PCV in the VC+CPF+Pb group
compared to C/oil or VC group (Table 1).

Effect of treatments on hemoglobin concentration
There was a significant decrease in the Hb conatoitrin the CPF+Pb group compared to C/oil
(P<0.05), VC (P<0.01) or VC+CPF+Pb (P<0.05) grodme Hb concentration in the
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VC+CPF+Pb group was not significantly (P>0.05) eliént from those obtained in the C/oil or
VC group (Table 1).

Effect of treatmentson red blood cell concentration
The effect of treatments on RBC concentration iswshin Table 1. There was a significant
(P<0.05) decrease in the RBC concentration in tRE«Pb group compared to C/oil, VC or
VC+CPF groups. There was no significant (P>0.05ange in the RBC count in the
VC+CPF+Pb group compared to C/oil or VC group.

Effect of treatmentson erythrocyte indices

The effect of treatments on erythrocyte indiceshiswn in Table 1. There was no significant
change in the MCV in between the groups. The MC\CRPF+Pb group was comparatively
higher compared to C/oil (2.9%), VC (2.4%) or VCH3#Pb (2.4%) group.

The MCH in the different groups were not signifittgr{P>0.05) different from each other. The
MCH in the CPF+Pb group was comparatively lower parad to C/oil (0.9%) or VC (2.9%)
group but was marginally higher (0.3%) compared@CPF+Pb group.

The MCHC in the CPF+Pb group was not significamlifferent (P>0.05) compared to any of
the groups but was comparatively lower compare@/tl (4.3%), VC (1.5%) or VC+CPF +Pb
(1.5%) group.

Effect of treatments on white blood cell count

The effect of treatments on absolute WBC counh@a in Table 2. There was no significant
difference in the WBC count in between the grolswever, the WBC count in the CPF+Pb
group was relatively lower compared to C/oil (11)7%C (11.7%) or VC+CPF+Pb (7%) group.

The absolute differential leukocyte count reveatmml significant (P>0.05) change in the
neutrophil count in between the groups. Howeveg treutrophil count in the C/oil was

comparatively higher relative to C/oil (46.7%) avi@ (6.7%) groups but was relatively lower
compared to VC+CPF+Pb group (0.7%) (Table 2)

The lymphocyte count in the C/oil group increasigificantly (P<0.05) relative to the CPF+Pb
or VC+CPF+Pb group. Although there was no significahange (P>0.05), the mean
lymphocyte count in the C/oil group increased byoda@ver those recorded in the VC group. The
lymphocyte count in the VC+CPF+Pb group was noti§gantly different (P>0.05) compared
to CPF+Pb group, however, the value recorded irfidimer group increased by 16% over those
in the latter group (Table 2).

The monocyte and the eosinophil counts in betwbergtoups were not significantly different.
However, the eosinophil count in the CPF+Pb groag womparatively higher compared to the
other groups (Table 2).

Effect of treatments on neutrophil:lymphocyteratio

There was no significant (P>0.05) difference in theutrophil:lymphocyte ratio (NLR) in
between the groups, The NLR in the CPF+Pb groupeased comparatively relative to C/oil
(80%), VC (33%) or VC+CPF+Pb (7.1%) group (Table 2)
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Effect of treatmentson platelets count

There was a significant (P<0.05) decrease in tla¢elglt count of rats in the CPF+Pb group
compared to C/oil or VC group. Although not sigecdfint (P>0.05), the platelet count in the
CPF+Pb group decreased by 9.5% compared to VC+APEtdup. There was no significant

(P>0.05) change in the platelet count of VC+CPFgRlLp compared to C/oil or VC group

(Figure 1)

Effect of treatments on erythrocyte malonaldehyde concentration

There was a significant increase in the MDA coneditn in the CPF+Pb group compared to
Cloil (P<0.01), VC (P<0.01) or VC+CPF+Pb (P<0.080up. There was a significant (P<0.05)
increase in the MDA concentration in the VC+CPFfbup compared to C/oil group but no
significant change (P>0.05) when compared to thegxtLip (Figure 2).

Table 1: Effect of chronic exposureto corn oil (C/oil), vitamin C (VC) and/or chlorpyrifos (CPF) on pack cell
volume (PCV), red blood cell (RBC) and hemoglobin (Hb) concentrations, and erythrocyteindicesin Wistar

rats.
Parameters Cloll VC CPF+Pb VC+CPF+Rb
PCV (%) 39+1.9 39+3.2 25+ 2% 37+138
Hb concentration (g/dL) 13.2+0.6 13.2+x14 8.0.68 12.3 +0.60
RBC count (x167/L) 6.6 +0.39 6.7 +0.62 4.2+035 6.2+0.3
MCV (fL/cell) 58.7 £+ 0.6 59+1.0 58.8+0.9 60 £ 0.03
MCH (pg/cell) 20+0.3 20.4+9.4 20+0.1 | 20.2+0.23
MCHC (g/dL) 34.3+0.3 33.3+0.3 32.8 £0.08 33.6.05

?p<0.05 versus corn oil (C/oil) groupPp<0.05 versus vitamin C (VC) groupp<0.05 versus vitamin
C+chlorpyrifos group:®p<0.01 versus vitamin C group. Values are mean MSf 5 animals per group. NB- MCV-
mean cell volume; MCH- Mean corpuscular hemoglobMGHC- Mean corpuscular hemoglobin concentration.
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Figure 1: Effect of corn ail (C/oil), vitamin C (VC) and/or co-administration of chlorpyrifos (CPF) and lead
(Pb) on total platelet count in Wistar rats.?P<0.05 versus C/oil

280
Pelagia Research Library



Suleiman F. Ambali et al Der Pharmacia Sinica, 2011, 2 (2):276-284

0.6

0.5

0.4

0.3

0.2

0.1

Erythrocyte malonaldehyde concentration (nmol/g hemoglobin)

Cloil VvC CPF+Pb VC+CPF+Pb

Figure 2: Effect of corn ail (C/oil), vitamin C (VC) and/or co-administration of chlorpyrifos (CPF) and lead
(Pb) on erythrocyte malonaldehyde concentration in Wistar rats®P<0.01 ver sus C/oil, VC and VC+CPF+Pb,
respectively; “P<0.05 ver sus C/oil

Table 2: Effect of chronic exposureto corn oil (C/ail), vitamin C (VC) and/or chlor pyrifos (CPF) on absolute
total and differential leukocyte count in Wistar rats.

Parameters Cl/oil VC CPF+Pb VC+CPF+Rb
Total leukocyte count (x0.) 6.0+ 0.5 6.0 £0.78 5.3+0.18 57+0.9
Neutrophils count (xI0L) 1.79+0.18 3.0+0.35 3.4+0.57 3.6+0.6
Lymphocytes count (x£fL) 4.1+0.6 2.4+0.6 1.520+0.13 1.8+0.12
Monocytes count (xIL) 0.0+0.0 0.3+0.3 0.3+0.3 0.0+0.0
Eosinophil count (x10L) 0.0£0.0 0.3+0.3 0.340.3 0.0+0.0
Neutrophil:Lymphocyte ratio 0.4+0.14 1.5£0.5 2.239. 2.1+0.5

#P<0.05 versus C/oil
DISCUSSION

The lower PCV and concentrations of Hb and RBChan €PF+Pb group revealed the presence
of anemia in this group. Krishna and Ramachandit&dh $howed that co-administration of Pb
and Pb in rats causes anemia. Similarly, earliediss have shown anemia in CPF [13, 18, 19,
20] and Pb [21, 22] poisoning. The reason for thenaia in CPF poisoning has been associated
with its ability to decrease serum iron concentratj19] thereby interfering with hemoglobin
synthesis. Similarly, increased erythrocyte MDA o©emration indicating membrane
lipoperoxidation which was recorded in the prestuatly indicate an increased oxidative damage
to the erythrocyte membranes, which has been atedcwith increased RBC fragility [8, 20,
23]. In addition, renal lesions, which has beemeassed with CPF [13] and other OP poisonings
may have contributed to the anemic condition in g¢neup co-administered CPF and lead,
apparently due to erythropoietin deficiency [24¢ad induces anemia by interfering with heme
biosynthesis through inhibition éfaminolevulinic acid dehydratase and ferochelatasiities,
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and by also decreasing erythrocytes survival [&, @ addition, the interference of lead with
the development of hematopoietic progenitor aneraiion of production of renal erythropoietin
are increasingly being linked with anemia in leaispning [26]. Furthermore, the anemia may
be as a result of lead interference with copperabwism [21]. The comparatively high MCV
and low MCHC shows that the anemia recorded folhgwso-administration of CPF and Pb was
apparently of macrocytic hypochromic type. This dfitg contradicted the normocytic
hyperchromic anemia reported in CPF [20] and migiochypochromic anemia in lead
poisoning [21]. Anisocytosis recorded in the groap-administered CPF and Pb is a
characteristic feature of moderate to severe aneknigocytosis had been previously reported in
CPF [19, 20] and lead [27, 28] poisonings.

Vitamin C was able to mitigate the anemia inducgdcb-exposure to CPF and lead. The
mitigation of the anemia may be due to the abdityhe vitamin to improve iron absorption [29]
and reduce lipoperoxidative damage to the erytlieogyembranes, which has been demonstrated
in the present and previous studies [8].

The present study also revealed that subchroniexposure to CPF and Pb resulted in relative
leucopenia apparently due to lymphopenia. Chrorfid= @xposure had been shown to cause
lymphopenic leucopenia [13, 19, 20]. Similarly, @aped lead exposure has been demonstrated to
induce leucopenia [30]. The apparent increase iR Ni the CPF + Pb group, which also
indicates neutrophilia, shows the level of stresisidp experienced by the rats in this group. The
leukopenia induced in the CPF+Pb group may havaltess from oxidative damage to the
leukocytes. Pretreatment with vitamin C has beamwshby the present study to apparently
improve the leukocyte count and reduced the NLHRs Bhows that the vitamin protected the
leukocytes from destruction apparently due to rsoxidant properties. The reduction in the
NLR in the VC+CPF+Pb group suggests that the vitaraduces the level of stress imposed on
the animal by the co-administered CPF and lead.

The thrombocytopenia recorded in the CPF+Pb groay mave been due to oxidative damage to
the platelet membranes. This results in the formnabf lipid peroxides within the platelet
membranes thereby provoking cellular lysis. Thetgddh membrane is highly vulnerable to
oxidative stress than the erythrocyte membrane. [Bli¢ improvement in platelet count in the
group pretreated with vitamin C shows the abilifytloe vitamin to protect the platelet from
oxidative damage by reducing the formation of liperoxides within the platelet membranes.
This results in the improvement of cellular intégand reduction of cellular destruction.

The increase in the erythrocyte MDA concentratiorthie CPF+Pb group indicates increased
lipoperoxidation. Chronic CPF exposure has beenwsho our earlier studies to induce

increased erythrocyte lipoperoxidation [8, 20, 2Bhis increased lipoperoxidative changes
compromises the structural integrity of the erytdytes thereby resulting in increased

vulnerability to lysis. This may have contributexithe anemia recorded in the CPF+Pb group.
Pretreatment with vitamin C was able to mitigate #rythrocyte lipoperoxidative changes

thereby strengthening the membrane integrity ofRBE€ hence ameliorating the anemia evoked
by co-administration of CPF and Pb. This protecéffect of vitamin C may be partly due to its

antioxidant properties.
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Apart from its antioxidant properties, the proteeteffect of vitamin C on hemotoxicity induced

by co-administration of CPF and Pb in the preserdysmay be partly due to its non-antioxidant
properties. Vitamin C has been shown to increasadttivity of PON | [32], an esterase enzyme
that aid in the detoxification of OP compounds. i&iny, vitamin C also chelates lead [33],

thereby reducing the concentration that directtgracts with the tissue.

In conclusion, the present study has shown thaxpmsure to CPF and Pb results in alterations
of hematological parameters partly due to inductadncellular lipoperoxidation. Similarly,
vitamin C has been shown by the present study tmae the hemotoxicity induced by co-
exposure to CPF and Pb partly due to its antioxigesperties.
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