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Abstract: Problem statement: The sperm counts of men have declined by about 50% in the last few
decades. The contribution of environmental contaminants to this decline cannot be overemphasized.
Pesticide is one of the most pervasive environmental chemical contaminants that have been of
increased use due to the compelling need to feed the ever-growing world human and animal population
and protect their health. Chlorpyrifos (CPF), a widely used Organophosphate (OP) insecticide has been
reported to alter male reproductive hormones and semen characteristics. Apart from acetyl
cholinesterase inhibition, the induction of oxidative stress is one of the molecular mechanisms
implicated in CPF poisoning. Approach: The present study was aimed at evaluating the effect of
vitamin E in mitigating oxidative damage to the pituitary gland and the testis, induced by chronic CPF
administration in Wistar rats. Methodology: Twenty adult male Wistar rats divided into 4 groups of 5
rats in each group were used for this study. Group I received soya oil (2 mL kg−1), while Group II was
administered vitamin E (75 mg kg−1); Group III was administered CPF only (10.6 mg kg−1~1/8th
LD50), while group IV was pretreated with vitamin E (75 mg kg−1) and exposed to CPF (10.6 mg kg−1)
30 min later. The regimens were administered orally by gavages once daily for a period of 15 weeks.
At the end of the treatment period, the rats were sacrificed and the pituitary glands and testicular
tissues were assayed for the concentrations of Malonaldehyde (MDA) and the activities of Superoxide
Dismutase (SOD) and Catalane (CAT). Results: The result showed that the increase in concentrations
of pituitary and testicular MDA and a decrease in the activities of SOD and CAT recorded in the group
exposed to CPF were ameliorated by pretreatment with vitamin E. Conclusion: This indicates that
vitamin E mitigates reproductive toxicity induced by chronic CPF exposure due to its protective
antioxidant activity on pituitary glands and the testes.
Key words: Oxidative stress, pituitary gland, vitamin E, Luteinizing Hormone (LH), Superoxide
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INTRODUCTION

Therefore, the tendency for human and animal
exposure in both rural and residential environment is
common (Ngoula et al., 2007). The main mechanism
of action of OP is inhibition of the activity of Acetyl
Cholinesterase (AChE), an enzyme essential for
normal neuronal transmission in living organisms
(Abou-Donia, 2003).
Chlorpyrifos (CPF) is a broad spectrum OP
insecticide that has gained popularity in domestic,
industrial and agricultural pest control (Lemus and
Abdelghani, 2000). It is of relatively moderate
mammalian toxicity (Kenaga et al., 1965). Since its

The increase in human and animal population,
especially in the last few decades, has led to the
compelling need to increase food production. The
development of high-yielding crop varieties and the
formulation of more potent pesticides to aid in the
elimination of pests that destroy crops are therefore
imperative (Joshi et al., 2005). Organophosphates (OP)
insecticides are widely used for the control of insect
pests (Vidyasagar et al., 2004) as it account for 50% of
global insecticide use (Casida and Quistad, 2004).
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introduction into the American market in 1965, CPF
has been used in agricultural crop protection (Lassiter
and Brimijoin, 2008) and occasional use for the control
of ticks on cattle (Eaton et al., 2008). Despite the
restriction placed on some of its domestic applications
by the United States Environmental Protection Agency
(USEPA, 2000), its presence is being reported within
the
general
population,
indicating
on-going
environmental exposure (Meeker et al., 2006; Whyatt et
al., 2007). Like many OP compounds, the primary but
not necessarily the main mechanism of action of CPF is
the inhibition of AChE by the oxon metabolite of CPF,
leading to the inhibition of the neurotransmitter ACh at
cholinergic target tissues (Eaton et al., 2008). However,
low level exposure at doses that do not inhibit AChE
have been reported to cause toxicity (Slotkin et al.,
2006), prompting search for other mechanisms of CPF
toxicity. The induction of oxidative stress is one of the
mechanisms implicated in OP-induced toxicity
(Gultekin et al., 2001; Ambali et al., 2007; 2010a;
2010b; 2010c; 2011; Verma et al., 2007). Oxidative
stress, which results from imbalance in the body’s
oxidants and antioxidants in favor of the former, is
known to induce cellular damage (Halliwell and
Gutteridge, 2007). Under normal circumstances, the
body is endowed with effective antioxidant systems to
combat the menace of oxidative stress. However, in
extreme oxidative challenge, such as those observed in
pesticide poisoning (Saxena and Garg, 2010), the
body’s antioxidants machineries are overwhelmed.
Under this circumstance, therefore, there is the need to
supply the body with exogenous antioxidants.
Epidemiological and experimental studies have
shown that CPF exposure impairs male reproductive
activities causing low sperm count and altering the
concentration of male sex hormones (Meeker et al.,
2004; 2006; Joshi et al., 2007; Fattahi et al., 2009; ElKashoury and El-Din, 2010). The role played by some
organs, especially the pituitary gland and testes in
enhancing reproductive performance cannot be
overemphasized. Although few studies have elaborated
the role of oxidative stress in adverse reproductive
outcomes, the mitigating effect of antioxidants has not
been fully explored.
Vitamin E is a lipid soluble vitamin that has been
reported to play a major role in preventing oxidative
damage to membrane lipids by scavenging free radicals
(Brigelius-Flohe and Traber, 1999). It is regarded as the
most potent, lipid-soluble, chain-breaking antioxidant
in nature, protecting cell membrane components from
damage by oxidant agents (Brigelius-Flohe and Traber,

1999). Earlier studies have shown the ability of vitamin
E to protect tissues from lipoperoxidative changes
induced by OP insecticides on the red blood cells
(Yavuz et al., 2004) and the brain (Ambali, 2009).
Therefore, the present study evaluated the mitigating
effects of vitamin E on oxidative changes in the
pituitary gland and testes induced by chronic CPF
exposure in Wistar rats. This study will serve as a
prelude to evaluating the effect of vitamin E in
mitigating adverse reproductive consequence instigated
by chronic CPF exposure.
MATERIALS AND METHODS
Experimental animals: Twenty adult male Wistar rats
(8-10 weaks), weighing 116-151g, obtained from
animal house of the Department of Veterinary
Physiology and Pharmacology, Ahmadu Bello
University, Zaria, Nigeria were used for the experiment.
They were housed in plastic cages in the Department
and were fed on standard rat pellets while water was
provided ad labium.
Chemicals: Commercial grade CPF, TERMICOT®
(Sabero Organics, Gujarat, India), was obtained as a
20% emulsifiable concentrate and was reconstituted in
soya oil to make 10% stock solution. Vitamin E
Envirose-100® (100 mg capsule−1) (XL Laboratories
PVT. Ltd., Rajasthan, India) was reconstituted in soya
oil to 100% v/v prior to daily administration. All other
Achemicals used in the study were of analytical grade.
Animal treatment schedule: The rats were divided at
random into 4 groups of 5 animals in each group and
were given the following regimens: Group I (S/oil) was
administered soya oil (2 mL kg−1); Group II (VE) was
given vitamin E (75mg kg−1); Group III (CPF) was
administered CPF (10.6 mg kg−1 ~ 1/8th LD50 (Ambali,
2009)) while Group IV (VE+CPF) was pretreated with
vitamin E (75mg kg−1) and then exposed to CPF (10.6
mg kg−1), 30 min later. The regimens were administered
by gavages once daily for a period of 15 weeks. At the
end of the treatment period, the rats were sacrificed by
jugular venesection following light chloroform
anesthesia. The animals were dissected and the pituitary
glands and the testes isolated.
Tissue preparations: The pituitary gland and testes
were weighed and each tissue was homogenized in a
known volume (5 mg mL−1) of ice-cold phosphate
buffer to make 5:1 w/v. This was then centrifuged at
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2000g for 10 min. The supernatant was subsequently
used for the analysis of concentration of MDA and the
activities of Superoxide Dismutase (SOD) and Catalane
(CAT).
Evaluation of pituitary gland and testicular lipid
per
oxidation:
The
Malonaldehyde
(MDA)
concentrations in the testicular and pituitary gland
tissue samples as an index of lipperoxidation were
evaluated using the double heating method of Draper
and Hadley (1990). The principle of the method is
based on spectrophotometric measurement of the colour
developed during the reaction of Thiobarbituric Acid
(TBA). Briefly, the supernatants from the pituitary
gland and testicular tissue homogenates (0.5 mL) were
respectively mixed with 1 mL of 10% Trichloroacetic
Acid (TCA) and 1 mL of 0.67% Thiobarbituric Acid
(TBA), the mixture from each of the organs was heated
in boiling water for 15 min, centrifuged at 800 g for 5
min and the supernatant collected. The levels of the
Thiobarbituric Acid Reactive Substance (TBARS),
malonaldehyde, in the supernatants were determined by
measuring
the
absorbance
using
a
UV
spectrophotometer (T80+UV/VIS Spectrometer, PG
instruments Ltd., U.K.) at 532 nm. The concentration of
MDA was calculated by the absorbance coefficient of
MDA-TBA complex 1.56×105 cm and expressed as
nmol/mg of tissue protein. The protein content of the
tissues was determined using the method of Lowry et
al. (1951).

Analysis Of Variance (ANOVA) followed by Turkey’s
post-hoc test using Graph Pad prism version 4.0. Values
of p<0.05 were considered significant.
RESULTS
Effect of treatments on pituitary gland and
testicular malonaldehyde concentrations: There was
a significant (p<0.01) increase in MDA concentration
in the pituitary gland in the CPF group when compared
to S/oil, VE or VE+CPF group (Fig. 1). There was no
significant change (p>0.05) in the pituitary MDA
concentration in the VE+CPF group compared to the
S/oil or VE group.
The testicular MDA concentration in the CPF
group was significantly higher (p<0.01) compared to
the S/oil, VE or VE+CPF group (Fig. 2). In addition,
there was a significant decrease (p<0.05) in the
testicular MDA concentration in VE+CPF group
compared to the S/oil group but no significant change
(p>0.05) when compared to VE group.
Effect of treatments on pituitary gland and
testicular superoxide dismutase activities: The
pituitary SOD activity in the CPF group decrease
significantly (p<0.05) when compared to S/oil or VE
group. Although not significant, the activity of pituitary
gland SOD activity in the VE+CPF group increased by
43% compared to CPF group. Similarly, there was no
significant change (p<0.05) in the SOD activity in the
VE+CPF group compared to S/oil or VE group (Fig. 3).

Evaluation of the activities of pituitary and
testicular superoxide dismutase: The superoxide
dismutase activities were analyzed from supernatants of
the pituitary gland and testicular homogenates using
NWLSSTM Superoxide Dismutase Activity Assay Kit
(Northwest Life Science Specialties, LLC, 5131 NE
94th Avenue, Suite 201 Vancouver, WA 98662). The
principle of the test was based on the monitoring of the
auto oxidation rate of hematoxylin as described by
Martin et al. (1987).
Evaluation of the activities of pituitary and
testicular catalase: The catalase activities were analyzed
from supernatants of the pituitary gland and testicular
tissue homogenates using NWLSSTM Catalase Activity
Assay Kit (Northwest Life Science Specialties’, LLC,
5131 Vancouver, WA 98662). The principle of the test
was based on the monitoring of the consumption of
H2O2 substrate at 240 nm using the method described
by Beers and Sizer (1952).

Fig. 1: Effect of chronic exposure to soya oil (S/oil),
Vitamin E (VE) and/or Chlorpyrifos (CPF) on
pituitary gland malonaldehyde concentration in
adult male Wistar rats. abp<0.01 versus S/oil,
VE and VE+CPF group respectively

Statistical analysis: The data obtained were expressed
as mean ± SEM and then subjected to one-way
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Fig. 2: Effect of chronic exposure to soya oil (S/oil),
Vitamin E (VE) and/ or Chlorpyrifos (CPF) on
testicular malonaldehyde concentration in adult
male Wistar rats. abcp<0.01 versus S/oil, VE and
VE+CPF group, respectively. dp<0.05 versus
S/oil group

Fig. 4: Effect of chronic exposure to soya oil (S/oil),
Vitamin E (VE) and/ or Chlorpyrifos (CPF) on
testicular superoxide dismutase activity in adult
male Wistar rats. abp<0.01 versus S/oil and VE
group, respectively. cp<0.05 versus VE+CPF
group

Fig. 3: Effect of chronic exposure to soya oil (S/oil),
Vitamin E (VE) and/ or Chlorpyrifos (CPF) on
pituitary gland superoxide dismutase activity in
adult male Wistar rats. abp<0.05 versus S/oil and
VE group, respectively

Fig. 5: Effect of chronic exposure to soya oil (S/oil),
Vitamin E (VE) and/ or Chlorpyrifos (CPF) on
pituitary gland catalase activity in adult male
Wistar rats. abcp<0.01 versus S/oil, VE and
VE+CPF respectively

There was a significant (p<0.01) decrease in the
testicular SOD activity in the CPF group relative to the
S/oil, VE or VE+CPF group (Fig. 4).

DISCUSSION

Effect of treatments on pituitary gland and
testicular catalane activities: The pituitary CAT
activity was significantly lower (p<0.01) in the CPF
group relative to the S/oil, VE or VE+CPF group (Fig.
5). There was no significant change (p>0.05) in the
pituitary gland CAT activities in VE+CPF group
compared to S/oil or VE group.
There was a significant decrease (p<0.05) in the
testicular CAT activity in the CPF group relative to
either the S/oil, VE or VE+CPF group (Fig. 6). There
was no significant change (p>0.05) in the testicular
CAT activities in VE+CPF group compared to S/oil or
VE group.

The present study has shown a significant increase
in pituitary gland and testicular MDA concentration in
the CPF group, signifying the ability of the pesticide to
cause oxidative changes in these organs. The increase
in pituitary and testicular MDA concentrations in the
CPF group recorded in the present study was in
agreement with those obtained by previous workers in
other tissues (Ambali et al., 2010a; 2010b; 2010c;
2011; El-Kashoury and El-Din, 2010; Farag et al.,
2010). MDA is in many instances the most abundant
aldehyde arising from lipid per oxidation (Verma and
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Srivastava, 2003) and hence is used as an index of
oxidative damage in tissues. The increased MDA
concentration indicates an ongoing oxidative damage to
the pituitary and testicular tissues. The brain is also
known to be easily susceptible due to its inherent
factors (Eren et al., 2007). The consequence of CPFinduced increased lipoperoxidation in the pituitary
glands and testicular tissues is biological dysfunctions,
as a result of interference with their cellular integrities
and alterations in their cytostrutural organizations.
The significant decrease in the pituitary and
testicular SOD activities in the CPF group has been
reported previously in other tissues (Gultekin et al.,
2001; Tuzmen et al., 2008). This indicates that OP
either caused the reduction in the enzyme’s synthesis or
elevated its degradation or even caused its inactivation.
Enzymatic antioxidant defence mechanisms are
employed by the living organisms to alleviate the
cellular assault resulting from interactions between
cellular constituents and the ROS (Irshad and
Chaudhuri, 2002). SOD is involved in the disputation of
O°2 to H2O2 and molecular oxygen (Yu, 1994). The low
pituitary gland and testicular SOD activities may be
related to the chronicity of the CPF exposure. The
persistent increase in lipoperoxidation as exemplified
by increased MDA concentration in the CPF group may
have eventually resulted in a deficit SOD activities
resulting from increased used and subsequent metabolic
degradation. Furthermore, CPF-induced oxidative stress
has been shown to lead to a shift in the expression of
antioxidant genes (Slotkin et al., 2007; Slotkin and
Seidler, 2007; 2009). The decrease in the pituitary
gland and testicular SOD activities may also be related
to the direct effect of CPF (Oncu et al., 2002).
The significant decrease in the pituitary gland and
testicular CAT activities in the CPF group agreed with
the result obtained by previous workers (Gultekin et al.,
2001; Altuntas et al., 2002). CAT is involved in a
variety of biochemical functions, but more primarily in
the break-down of high levels of H2O2 (Betteridge,
2000; Abuja and Albertini, 2001) into H2O and O2,
thereby aiding in the removal of the oxidant (Schneider
and De Oliveira, 2004). The decrease in the CAT
activity in the CPF group may be linked to a decrease in
SOD activity, which reduces the rate of conversion of
O2•- to H2O2, the substrate for CAT. The lack of
substrate for CAT activity eventually results in its
reduced activity. Accumulation of O2•-, through SOD
activity inhibition has been shown to inhibit CAT
activity (Kono and Fridovich, 1982), since O2•- converts
feroxy state of CAT to ferryl state, which is an inactive
form of the CAT (Freeman and Crapo, 1982).

Fig. 6: Effect of chronic exposure to soya oil (S/oil),
Vitamin E (VE) and/ or Chlorpyrifos (CPF) on
testicular catalase activity in adult male Wistar
rats. acp<0.05 versus S/oil and VE+CPF,
respectively. bp<0.01 versus VE group
The pituitary glands play an important role in
reproduction as it is responsible for release of Follicle
Stimulating Hormone (FSH) and Luteinizing Hormone
(LH) involved in testosterone production and
spermatogenesis, respectively. Similarly, the testes in
involved in testosterone and spermatogenesis
Therefore, cellular integrities of the pituitary gland and
the testes must be maintained for optimum reproductive
performance. It is therefore conceivable that impaired
reproductive performance characterized by low sperm
count, low FSH, LH and testosterone concentration
associated with CPF exposure (Meeker et al., 2004,
2006; Joshi et al., 2007; Fattahi et al., 2009) may have
been partly due to oxidative damage to these two
important organs.
Supplementation with vitamin E has however been
shown to reduced the level of pituitary gland and
testicular lipoperoxidation and improved SOD and CAT
activities. This may be due to the antioxidant properties
of the vitamin. Vitamin E, which is a chain breaking
lipophilic antioxidant, performs its free radical
scavenging role within the cellular membrane. The
lipophilic character of α-tocopherol enables it to locate
itself in the interior of cell membrane lipid bilayer.
There, it transfers a hydrogen atom with a single
electron to a free radical, thus removing the radical
before it can interact with the cell membrane
(Krishnamoorthy et al., 2007; Ambali, 2009). The
implication of this reduced lipoperoxidative changes in
both pituitary gland and the testes is that the antioxidant
may mitigate some of the reproductive challenges
associated with CPF exposure. The radical scavenging
ability of vitamin E may have preserved the antioxidant
enzymes, therefore improving their activities.
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CONCLUSION
The present study has shown that chronic CPF
exposure causes oxidative changes in both the pituitary
gland and the testes. Therefore, we speculate that some
of the deficits in male reproductive parameters that
have been previously associated with chronic CPF
exposure may be partly due to this oxidative damage.
Supplementation with vitamin E has equally been
shown in the present study to mitigate the oxidative
damage to the pituitary glands and testes and therefore
may likely reduce adverse male reproductive
performance outcome associated with CPF exposure.
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