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Abstract: Studies have shown that oxidative stress is partly involved in the molecular mechanism of chlorpyrifosinduced toxicity. The present study was aimed at evaluating the effect of zinc on alterations in biochemical changes
induced by subchronic chlorpyrifos (CPF) exposure in Wistar rats. Forty adult Wistar rats of either sex used for the
study were divided into 4 groups of 10 animals each. Group 1 was administered soya oil (2 ml/kg) while group II
was given zinc gluconate (50 mg/kg). Rats in group III were administered chlorpyrifos (10.6 mg/kg~ 1/8th LD50)
only while those in group IV were pretreated with zinc gluconate (50 mg/kg) and then administerd with CPF (10.6
mg/kg), 30 min later. The regimens were administered orally via gavage for 8 weeks. The rats were evaluated for
toxic signs, weekly body weight changes and death. The sera obtained from blood samples were analysed for the
levels of electrolytes (Na+, K+, Cl-), total proteins, albumin, globulin, glucose, urea, alanine aminotransferase (AST),
alanine aminotransferase, alkaline phosphatase, creatine kinase and malonaldehyde (MDA). The liver was also
examined for MDA concentration. The result showed that CPF caused alterations of these biochemical parameters,
which were ameliorated by pretreatment with zinc.
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damage. The cell alleviates the damages caused by
free radicals either by repairing the damage or
1. Introduction
Chlorpyrifos (CPF), a chlorinated broad spectrum
neutralizing their effect before they could damage the
organophosphate (OP) compound remains one of the
tissue using the innate enzymatic and non-enzymatic
most widely used insecticides globally in agriculture
antioxidant machineries. However, in situation of
and public health (Saulsbury et al., 2009), despite
increased oxidative challenge such as those
restrictions placed on some of its domestic use by
encountered in pesticide poisoning (Gultekin et al.,
United States Environmental Protection Agency. Like
2001; Abdollahi et al., 2004) the innate antioxidant
many other OP insecticides, the mechanism of CPF
machineries in the body are overwhelmed resulting in
toxicity is related to acetylcholinesterase (AChE)
oxidative stress. This compromises the functional
inhibition resulting in cholinergic manifestations
status of the cells as a result of alterations in cellular
(Eaton et al., 2008; Ambali et al., 2010b). However,
integrity. In this type of situation, exogenous
toxicity occurs at doses that do not inhibit AChE
supplementation of antioxidants is recommended to
(Chakraborti et al., 1993), prompting search for other
boost the cellular antioxidant reserves. Many
molecular mechanisms involved in its toxicity. The
antioxidant compounds including vitamins C (Ambali
induction of oxidative stress leading to celluar damage
et al., 2007; 2011a; El-Hossary et al., 2009) and E
is been increasingly linked with CPF toxicity (Gultekin
(Ambali, 2009; Ambali et al., 2010c) and coet al., 2001; Ambali et al., 2007;2010a-d, 2011; Verma
administration of both vitamins (Ambali et al., 2010d)
et al., 2007).
have shown promise in mitigating CPF-evoked
Oxidative stress, which results from imbalance in
oxidative damage. Our earlier study (Ambali et al.,
the concentration of pro-oxidants and antioxidants in
2010a) and those conducted by other authors (Goel et
cells in favour of the former is known to cause cellular
al., 2005, 2007; Mansour and Mossa, 2010) have
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shown the ability of zinc to mitigate toxicity induced
by CPF. In furtherance of its antioxidant effect, the
present study investigated the potentials of zinc in
mitigating biochemical alterations induced by
subchronic CPF exposure in Wistar rats. This is in
view of the role of biochemical parameters as a tool in
evaluating and predicting the health status of the
individual.

The sera samples were evaluated for the
concentrations of glucose, total proteins, albumin,
electrolytes (Na+, K+ and Cl-) and urea, and activities of
aspartate
aminotransferase
(AST),
alanine
aminotransferase (ALT), alkaline phosphatase (ALP)
and creatinine kinase (CK) using an autoanalyzer
(Bayer Clinical Chemistry Analyzer, Germany).
Globulin was obtained by subtracting albumin
concentration from the total serum protein, and
consequently the albumin:globulin ratio was calculated.

2. Materials and Methods
2.1 Experimental animals
Forty young adult Wistar rats (12-14 weeks old)
of either sex weighing 115-126g used for this study
were obtained from the Animal House of the
Department
of
Veterinary
Physiology
and
Pharmacology, Ahmadu Bello University, Zaria,
Nigeria. The animal were housed in metal cages and
fed on standard rat pellets, with water provided ad
libitum.
2.2 Chemicals
Commercial grade CPF, TERMICOT® (Sabero
Organics, Gujarat Limited, India), a 20% EC was
obtained from a registered Agrochemical store in Zaria,
Nigeria. It was reconstituted to 1% in soya oil prior to
daily administration. Zinc gluconate tablets (50
mg/tablet, Nature Field, USA) was obtained from a
Pharmaceutical store in Zaria, Nigeria. They were
reconstituted in distilled water to appropriate dosing
concentration prior to daily administration.

2.5 Evaluation of serum and liver lipid peroxidation
The malonaldehyde (MDA) concentrations in the
serum and the liver samples as an index of lipid
peroxidation were evaluated using the double heating
method of Draper and Hadley (1990).
2.6 Statistical Analysis
The data obtained as mean ± SEM were subjected
to one-way analysis of variance (ANOVA) followed by
Tukey’s test using GraphPad Prism version 4.0 for
windows from GraphPad Software, San Diego,
California, USA (www.graphpad.com). Values of
P<0.05 were considered significant.
3.0 Results
3.1 Clinical signs
Animals in the S/oil and Zn groups did not show
any apparent sign of toxicity. Toxic signs observed in
the CPF group include restlessness, mild diarrhea,
lacrimation, congested ocular membranes, intermittent
mild tremor, arched back, rough hair coat, huddling,
and death (2 animals). Rats in the Zn+CPF group
showed mild restlessness and huddling.

2.3 Animal treatment schedule
The rats were weighed and then divided at random
into 4 groups with each group having 10 animals.
Group I (S/oil) served as the control and was given
only soya oil (2ml/kg). Group II (Zn) was administered
zinc (50 mg/kg), while group III (CPF) was dosed with
CPF only (10.6 mg/kg, ~1/8th LD50). Group IV
(Zn+CPF) was co-administered zinc (50 mg/kg) and
CPF (10.6 mg/kg). The regimens were administered
orally by gavage once daily for a period of 8 weeks.
During this period, the rats were evaluated for toxic
signs, body weight changes and death. At the end of the
dosing period, the rats were sacrificed by severing the
jugular vein after light chloroform anesthesia and blood
samples were collected into test tubes, incubated for 30
min and then centrifuged at 800 x g for 10 min. The
sera samples obtained as the supernatants were
collected into clean test tubes and subsequently used
for the evaluation of biochemical parameters. The
procedures used in this study were in compliance with
the National Institutes of Health Guide for Care and
Use of Laboratory Animals (Publication No. 85-23,
revised 1985).

3.2 Effect of treatments on body weight changes
The effect of the treatments on body weight
changes is shown in Figures 1 and 2. The dynamics
showed a progressive increase in body weight
throughout the dosing period in all the groups (Figure
1). There was a significant increase (P<0.01) in the
body weight at termination compared to those obtained
at the commencement of the study in all the groups.
However, rats in CPF group showed the least increase
(7%) in body weight changes when compared to those
recorded for S/oil (26%), Zn (25%) or Zn+CPF (15%)
group (Figure 2).
3.3 Effect of treatments on serum electrolytes
concentration
There was no significant (P>0.05) change in the
serum Na+ ion concentration in between the groups.
The Na+ concentration in the CPF group decreased by
0.9% and 0.7%, respectively when compared to S/oil

2.4 Serum biochemical analysis
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and Zn+CPF groups, but it increased marginally by
0.3% compared to Zn group.
There was no significant (P>0.05) change in the
serum K+ concentration in between the groups. The K+
concentration in the CPF group was comparatively
higher than those in the S/oil (12%), Zn (12%) or
Zn+CPF (4.4%) group (Figure 3).
The Cl- concentration was not significantly
(P>0.05) different in between the groups. The Clconcentration in the CPF group marginally decreased
by 1.9%, 2.2% and 1.4% when respectively compared
to S/oil, Zn and Zn+CPF groups (Figure 3).

Although not significant (P>0.05), the urea
concentration in the CPF group increased by 23% and
6% when respectively compared to S/oil and Zn+CPF
groups (Figure 7).
3.7 Effect of treatments on activities of aspartate
aminotransferase, alanine aminotransferase and
alkaline phosphatase
There was a significant (P<0.01) increase in the
activity of AST in the CPF group compared to S/oil, Zn
or Zn+CPF group. However, there was no significant
(P>0.05) change in the AST activity in Zn+CPF group
compared to either the S/oil or Zn group (Figure 8).
The ALT activity in the CPF group was
significantly (P<0.01) higher relative to the S/oil, Zn or
Zn+CPF group. There was no significant (P>0.01)
change in the ALT activity in the Zn+CPF group
compared to either the S/oil or Zn group (Figure 8).
The ALP acitivity was significantly (P<0.01)
higher in the CPF group compared to S/oil, Zn+CPF or
Zn group. The ALP activity in the Zn+CPF group was
significantly (P<0.05) higher compared to the Zn group
but there was no significant (P>0.05) change
compared to the S/oil group (Figure 8).
3.8 Effect of treatments on creatine kinase activity
There was no siginificant (P>0.05) change in the
CK activity in between the groups. The CK activity in
the CPF group was comparatively higher compared to
S/oil (6.5%), Zn (10%) or Zn+CPF (7.4%) group
(Figure 9).

3.4 Effect of treatments on glucose concentration
There was no significant (P>0.05) change in the
glucose concentration in between the groups. The
glucose concentration in the CPF group decreased by
9%, 7% and 15%, respectively relative to the S/oil, Zn
and Zn+CPF groups (Figure 4).
3.5 Effect of treatments on protein concentrations
The total protein concentration in the CPF group
was significantly (P<0.05) lower compared to S/oil and
Zn group. Although there was no significant (P>0.05)
change, the protein concentration in the CPF group was
comparatively lower by 9% relative to the Zn+CPF
group. The protein concentration in the Zn+CPF group
was comparatively lower when compared to either
S/oil (8.3%) or Zn (3.7%) group (Figure 5).
There was a significant (P<0.01) decrease in the
albumin concentration in the CPF group compared to
Zn group. There was no significant (P>0.05) change in
the albumin concentration in the CPF group compared
to either the S/oil or Zn+CPF group. However, the
albumin concentration in the CPF group was
comparatively lower than the value recorded in the
S/oil (10%) and Zn+CPF (14%) groups. The albumin
concentration in the Zn group was significantly higher
compared to the S/oil (P<0.05) group but no significant
change (P>0.05) relative to Zn+CPF group (Figure 5).
There was no significant (P>0.05) change in the
globulin concentration in between the groups. However,
the globulin concentration in the CPF group was
comparatively lower relative to S/oil (21%), Zn (6%)
or Zn+CPF (0.7%) group (Figure 5).
There was no significant (P>0.05) change in the
albumin/globulin (A/G) ratio between the groups.
However, the A/G ratio in the CPF group increased by
16% compared to the S/oil group but decreased by 14%
and 9% compared to Zn and Zn+CPF groups,
respectively (Figure 6).

3.9 Effect of treatments on serum and liver
malonaldehyde concentrations
The MDA concentrations in both the serum and
liver increased significantly (P<0.01) in the CPF group
when compared to S/oil, Zn or Zn+CPF group (Figures
10 and 11). The liver MDA concentration in the
Zn+CPF group was significantly (P<0.05) higher
compared to the Zn group but no significant change
(P>0.05) when compared to S/oil group. There was no
significant (P>0.05) change in the serum concentration
in the Zn+CPF group relative to either the S/oil or Zn
group.
4. Discussion
The clinical signs observed in the CPF group were
apparently due to inhibition of AChE resulting in
accumulation of acetylcholine in the cholinergic
receptors of the peripheral and central nervous systems
(Eaton et al., 2008). Pretreatment with zinc has been
shown by the present study to reduce these CPFinduced cholinergic manifestations and death. This
may be partly due to its antioxidant properties and the
role it plays in metabolic processes.
The present study also showed that subchronic
CPF exposure caused a comparatively lower body
weight gain compared to the other groups, despite the

3.6 Effect of treatments on serum urea
concentration
The urea concentration in the CPF group was
significantly (P<0.05) higher compared to Zn group.
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fact that we did not observe appreciable differences in
the level of food consumption in between the groups.
This result agreed with findings from previous studies
(Ambali et al., 2007; Ambali, 2009; Mansour and
Mossa, 2010). The comparatively lower body weight
gain by rats exposed to CPF may be due to the level of
stress caused by the OP. Apart from oxidative stress,
CPF has been shown to inhibit the activity of
cholesteryl ester hydrolase (Civen et al., 1977), an
enzyme that is essential in response to stress. Besides,
CPF causes vacuolation of zona fasciculata of the
adrenal cortex (Barna-Lloyd et al., 1990, Yano et al.,
2000), the zone responsible for the elaboration of
cortisol and corticosterone that are also essential in
body’s response to stress. Similarly, the cholinergic
stress recorded in the CPF group may have contributed
to the level of stress, hence the lower body weight gain.
Therefore, the comparatively low body weight changes
in the CPF group may have been due to toxic stress,
oxidative stress and cholinergic stress. The
improvement in body weight changes following zinc
pretreatment agreed with previous findings (Goel et al.,
2005; Mansour and Mossa, 2010). Apart from
ameliorating the oxidative challenges, the involvement
of zinc in the the regulation of metabolic processes as a
functional component of about 200 enzymes involved
in metabolism may have complemented the
improvement in body weight gain (Ishikawa et al.,
2002). Similarly, CPF, which has been reported to
reduce zinc concentration in the body (Goel et al.,
2007), a situation that has been associated with low
body weight (Baltaci et al., 2005). Therefore, zinc
supplementation may have boosted the body’s reserve
of the trace element thereby compensating for the CPFinduced decrease in its concentration, hence
improvement in the weight gain.
Subchronic CPF exposure has also been shown
by the present study not to significantly alter the serum
electrolytes. This is in agreement with findings from
our previous studies (Ambali et al., 2007, 2010d;
Ambali, 2009). The apparent increase in serum K+ in
the CPF group signifies alteration in metabolic status of
the animals. This relative hypokalaemia has been
recorded in previous studies (Ambali et al., 2007,
2010d; Ambali, 2009) and may have resulted from the
mild diarrhea recorded in the CPF group.
Although, there was no significant alteration in the
glucose concentration in the CPF group, the fact that it
was comparatively lower shows that this pesticide
causes an apparent hypoglycemia. This contradicts OPinduced hyperglycemia reported by many authors
(Ambali, 2009; Rahimi and Abdollahi; Ambali et al.,
2011b) but agreed with the result obtained by Szabo et
al. (1988). The relative hypoglycemia in the CPF group
may be due to interference with liver function as a
result of CPF-evoked hepatotoxicity, which has been

demonstrated in the present study and other previous
ones (Goel et al., 2005; Ambali et al., 2007; Ambali,
2009; Mansour and Mossa, 2010). The liver is the site
responsible for glucose synthesis and interference with
its functional capacity as a result of injury will
compromise this function, hence the relative
hypoglycemia recorded in the CPF group. The
improvement in glucose concentration in Zn+CPF
group may be due to the ability of the trace element to
reduce hepatic oxidative damage provoked by CPF
probably due to its anti-lipoperoxidative effect.
The present study also showed that subchronic
CPF administration caused hypoproteinemia, which
agrees with findings from previous studies (Kagan,
1971; Bomhard et al., 1981; Schilde and Bomhard,
1984; Szabo et al., 1988; Ambali, 2009). The low
serum proteins, which is due to low albumin
concentration may have resulted from impaired protein
and albumin synthesis by the liver due to oxidative
damage. Although, the A/G ratio in the CPF group was
higher than those in the S/oil group, the apparently
lower A/G ratio when compared to either Zn or
Zn+CPF group further confirms its ability to induce
relative hypoalbuminemia. The low serum albumin
may have been due to its ability to bind the OP and
subsquently hydrolyse it (Ortigoza-Ferado et al., 1984;
Sultatos et al., 1984). Besides binding to OPs, albumin
scavenges OP molecules and, therefore, reduces the
amount available for reaction with AChE (Peeples et
al., 2005). Therefore, the low albumin in the CPF
group may have exacerbated its toxicity. Furthermore,
albumin, an effective antioxidant (Roche et al., 2008)
may have been used up due to CPF-evoked oxidative
stress. CPF induced relatively lower serum globulin
cocentration, apparently due to lymphocytic leukopenia
that has been described in previous studies (Goel et al.,
2006; Ambali et al., 2007; 2010a). Apoptotic damage
of the immune cells has been described following
pesticide
exposure
(Rabideau,
2001).
Zinc
supplementation has been shown in the present study to
improve the total protein and albumin concentrations,
in addition to increasing the A/G ratio. This may be
due to its antioxidant properties, which help protect the
liver from CPF-evoked oxidative damage. Similarly,
this antioxidant property may have prompted low
oxidative challenge thereby reducing the demand for
the utilization of albumin as free radical scavenger,
hence improving its concentration.
The significant increase in serum urea
concentration in the CPF group is a demonstration of
impairment of kidney function since the organ
primarily excrete urea in the urine. This result agrees
with our earlier findings (Ambali et al., 2007; 2010d).
Repeated CPF exposure has been shown to cause
glomeruli and tubular degeneration partly due to
oxidative stress (Ambali, 2009), thereby impairing
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renal functions. Pretreatment with zinc resulted in a
slight decrease in urea concentration indicating its
apparent protective effect. This protective effect may
be due to its antioxidant properties, which protect the
renal tissue from lipoperoxidative changes, thereby
improveming renal functions.
The study also revealed a significant increase in
the activities of AST, ALT and ALP in the group
exposed to CPF only signalling hepatic damage. AST
is a sensitive marker of liver damage, even if the
damage is of a subclinical nature (Kauppinen, 1984;
Meyer and Harvey, 1998). However, the activity of the
enzyme is not limited only to the liver as it is also
present in the brain, muscle and red blood cells
(Ballanthyne, 1988). On the other hand, ALT is a more
specific marker of hepatic injury (Ballantyne, 1988)
and the increase in its activity in the CPF group
indicates hepatic damage. ALT and AST are enzymes
produced by the hepatocytes, where they are involved
in the metabolism of amino acids and synthesis of
proteins. In dying or damaged cells, these enzymes leak
into the blood stream (Mansour and Mossa, 2010). The
significant increase in ALP activity in the CPF group is
also an indication of hepatotoxicity. However, the
enzyme is not liver specific as it is also associated with
muscle, bones and intestines. The elevation of AST,
ALT and ALP activities elicited in the CPF group
indicating hepatotoxicty has been reported in previous
studies (Goel et al., 2005; Ambali, 2009; Mansour and
Mossa, 2010). The elevation in the liver enzymes
activities may be due to liver dysfunction with
consequent reduction in their biosynthesis and altered
membrane permeability permiting enzyme leakages
into the serum (Mansour and Mossa, 2010). The liver is
susceptible to damage because of direct exposure to
toxic products due to its role in the detoxicification of
metabolic by-products and xenobiotics.
Pretreatment with zinc was able to restore the
activies of these enzymes almost to normal level
recorded in the S/oil and Zn groups. This may be partly
due to the antioxidant property of zinc that protect the
hepatocytes from CPF-induced oxidative damage.
Chlorpyrifos, in the present study, induced a
relative increase in serum CK activities in Wistar rats,
indicating some level of muscular damage (Frieldman
et al., 2003). Increase in CK activity and
rhabdomyonecrosis of the skeletal muscle (Vanneste
and Lison, 1993; Friedman et al., 2003; Lau et al.,
2003), and cardiotoxicity (Agrawal et al., 2007) have
been reported following OP exposure. We have also
reported increased muscle lipoperoxidation and CK
activities following repeated CPF exposure (Ambali,
2009). Pretreatment with zinc was able to mitigate the
CK activity to near normal level, probably due to its
antioxidant properties,which protect muscles from
oxidative damage.

The study also showed an elevated level of MDA
in the serum and liver of CPF group indicating
increased lipoperoxidation. The level of MDA, a major
oxidation product of peroxidized polyunsaturated fatty
acids has been used as an indicator of lipoperoxidation
(Kallender et al., 2004). Lipid peroxidation is one of
the molecular mechanisms that has been implicated in
CPF-induced toxicity (Gultekin et al., 2001; Goel et al.,
2005; Ambali et al., 2010a-d, 2011a,b). By-products of
lipid peroxidation cause profound alterations in the
structural organization and functions of the cell
membranes (Van Ginkel and Sevanian, 1994). CPF is
lipophilic and may enhance lipid peroxidation by
directly interacting with the cellular membranes
(Hazarika et al., 2003). The overall effect of these is
compromization of the structural integrity of the
cytomembranes leading to alterations in cellular
function. The altered biochemical parameters recorded
in the group exposed to CPF only in the present study
may be partly due to lipoperoxidative changes in some
organs. Furthermore, CPF exposure has been
associated with decrease in zinc concentration (Goel et
al., 2007), which invariably results in lipid peroxidation
(Sullivan et al., 1980).
Pretreatment with zinc reduced the liver and
serum MDA concentrations, indicating amelioration of
CPF-evoked lipoperoxidation. This demonstrates the
antioxidant properties of zinc. Cellular zinc exists in
only one redox state; thus, it cannot undergo redox
reactions that are commonly responsible for the
generation of reactive oxygen species (Zhou et al.,
2007). Apart from its direct antioxidant effect via
occupation of iron and copper binding sites on lipids,
proteins and DNA thereby preventing hydroxyl radical
formation near these structures (Powell, 2000; Prasad
and Kucuk, 2002), zinc also plays a structural role in
the maintenance of the integrity of Cu-Zn superoxide
dismutase as a cofactor (Coudray et al., 1992; Sahin
and Kucuk, 2003). Zinc is also involved in the
regulation of glutathione that is vital to cellular
antioxidant defense (Parrat et al., 1997). Furthermore,
zinc stabilizes the thiol pool by protecting the
sulfhydryl group, hence proteins from oxidation (Gibbs
et al., 1985; Kruss et al., 1997; Verhaegh et al., 1998).
The combined effect of these properties coupled with
its role in metabolic reactions as a cofactor for many
enzymes involved in metabolic processes may have
contributed to the mitigation of cellualr injury evoked
by CPF.
In conclusion, the present study has shown that
repeated low level exposure to CPF alters the
biochemical profiles of rats pointing to pathological
changes in the liver, kidneys and muscles.
Lipoperoxidative changes as shown by increased MDA
concentration in the serum and liver of rats exposed to
CPF may have been partly responsible for this organ
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toxicity. Pretreatment with zinc has been shown by the
present study to ameliorate the biochemical alterations
evoked by repeated CPF exposure partly due to its
antioxidant properties, which protect tissue from
lipoperoxidative changes.
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