Journal of Research in Environmental Science and Toxicology (ISSN: 2315-5698) Vol. 1(9) pp. 221-232, October 2012
Available online http://www.interesjournals.org/JREST
Copyright ©2012 International Research Journals

Full Length Research Paper

Chronic chlorpyrifos-induced sensorimotor and
cognitive deficits in Wistar rats- Reparation by
Vitamin C

Suleiman F. Ambali'?, Joseph O. Ayo®, Samuel A. Ojo* and King A. N. Esievo®
'Department of Veterinary Physiology and Pharmacology, University of llorin, llorin, Nigeria
’Department of Veterinary Pharmacology and Toxicology, Ahmadu Bello University, Zaria, Nigeria
3Department of Veterinary Physiology, Ahmadu Bello University, Zaria, Nigeria
“Department of Veterinary Anatomy, Ahmadu Bello University, Zaria, Nigeria
®Department of Veterinary Pathology, Ahmadu Bello University, Zaria, Nigeria

Abstract

The objective of the present study was to evaluate the role of oxidative stress and mitigating effect of
vitamin C on sensorimotor and cognitive changes induced by chronic chlorpyrifos (CPF) exposure in
male Wistar rats. Twenty adult male Wistar rats divided into 4 groups of 5 animals each served as
subject for this study. Group | (S/oil) was administered with soya oil (2 ml/kg) while group Il (VC) was
given vitamin C (100 mg/kg); group lll was dosed with CPF (10.6 mg/kg~1/8" of the LDs); group IV was
pretreated with vitamin C (100 mg/kg) and then exposed to CPF (10.6 mg/kg), 30 min later. The regimens
were administered orally by gavage once daily for a period of 17 weeks. The animals were evaluated for
toxic signs and neurobehavioral parameters. At the end of the period, the whole brain samples were
evaluated for the levels of malonaldehyde (MDA) and activities of superoxide dismutase (SOD), catalase
(CAT), and acetylcholinesterase (AChE). The result showed that toxic signs and the impairments of
coordinated gaits, neuromuscular coordination, learning and short-term memory induced by CPF
exposure were mitigated by vitamin C. The increased MDA concentration in the CPF group was
significantly reduced by vitamin C pretreatment. The activities of SOD, CAT and AChE which were
reduced by CPF exposure significantly improved in vitamin C pretreated group. In conclusion, this
study has shown that vitamin C mitigates sensorimotor and cognitive deficits induced by chronic CPF
exposure in Wistar rats apparently due to its AChE restoration and antioxidant properties.
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INTRODUCTION

There has been a global increase in pesticides usage
due to the compelling need to feed the ever-increasing
human and animal populations, and to reduce the incide-
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nce of food and vector-borne diseases (Gubler, 1998).
These health and economic benefits of pesticide usage
are achieved not without simultaneous potential health
risks and adverse health outcomes in non-target species,
including man. Association between acute exposure to
pesticides and neurotoxicity is well known (Lotti, 2000).
On the contrary, the potential effects of chronic low-level
exposures are less well established (Alavanja et al.,
2004; Ambali et al., 2010c, 2012). Oxidative stress has
been implicated in pesticides-related neurotoxicity
(Abdollahi et al., 2004).

Organophosphate (OP) compounds are one of the
most widely used insecticides accounting for about 50%
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Of the global insecticide use (Casida and Quistad, 2004).
It should be noted, however, that while a large number of
human and animal studies have focused on the long-term
consequences of acute OP exposure, relatively little
attention has been paid to the subject of chronic, “low-
level” OP exposures that are not associated with
apparent systemic toxicity (Ray and Richards, 2001;
Rothlein et al., 2006). This may be of particular concern
given the widespread use of OP insecticides (and
consequent human and animal exposure) in household,
agricultural, and commercial environments worldwide
(Terry et al., 2007). The issue of repeated, subthreshold
exposures to Ops is very important, since detectable
levels can remain in the environment (particularly indoor
environments) for extended periods after application
(Krieger et al., 2001), thereby posing risk for low-level
exposure (Terry et al., 2003). Studies in humans showed
neurological, cognitive and psychomotor impairments
following  cumulative  exposure to Ops and
organochlorines in people from agricultural communities,
without history of acute poisoning (Kamel and Hoppin,
2004; Kamel et al., 2007). Neurobehavioural changes
following low-dose OP exposure have been reported in
sheep farmers (Stephens et al., 1995), greenhouse
workers (Bazylewicz-Walczak et al., 1999), tree-fruit
workers (Fiedler et al., 1997), and farm workers (Kamel
et al.,, 2003). These studies have found deficits in
measures of sustained attention, information processing,
motor speed and coordination.

Chlorpyrifos (CPF) is a chlorinated OP insecticide that
has enjoyed widespread use in agricultural and domestic
pest control (Steenland et al., 2000; Ambali et al., 2009).
It is of public health importance as CPF residues have
been detected in pouliry egg, meat, cow milk and milk
products (Rawat et al., 2003). Exposure to CPF at doses
that did not result in overt clinical symptoms has been
reported among pesticide applicators and other farm
workers (Farahat et al., 2010) thereby constituting an
important source of occupational hazards to these groups
of individuals. The mechanism of acute neurotoxicity of
CPF, like many other OP insecticides, is related to
inhibition of acetylcholinesterase (AChE), an essential
enzyme that terminates acetylcholine activity in the
nervous system. However, neurobehavioural and
cognitive deficits have been observed following repeated
low-dose CPF exposure (Stamper et al., 1988; Sanchez-
Santed et al., 2004) that cannot be attributed to the usual
AChE inhibition and muscarinic receptor binding (Pope et
al., 1992; Chakraborti et al., 1993). Therefore, other
mechanisms including the induction of oxidative stress
have been linked with repeated low dose CPF-induced
neurobehavioural deficit (Abou-Donia, 2003; Gultekin et
al., 2007; Prendergast et al., 2007).

Oxidative stress such as those induced by CPF results
in undesirable oxidation, causing membrane damage,
protein modification, DNA damage and cell death induced
by DNA modification and lipid peroxidation (Singh et al.,

2004). However, the body is endowed with enzymatic
and non-enzymatic antioxidant systems to counter the
lipoperoxidative changes induced by reactive oxygen and
nitrogen species. In case of increased and accelerated
oxidative challenge associated with CPF exposure
(Gultekin et al., 2001; Ambali et al., 2010 a-c, 2011),
these antioxidant systems are overwhelmed resulting in
tissue damage. The brain, due to its biochemical and
physiological properties is especially sensitive to reactive
oxygen species (ROS), which disrupt its functions and
structure (Drewa et al., 1998).Vitamin C is an essential
water-soluble vitamin that owes its effectiveness as an
antioxidant to its oxido-reduction properties (Naidu,
2003). El Hossary et al. (2009) showed the protective
effect of vitamins C and E on brain pathological changes
induced by CPF in rats. Similarly, we have earlier
demonstrated the effectiveness of vitamin C in mitigating
short-term neurobehavioural changes induced by acute
CPF exposure (Ambali et al., 2010c). The present study
was aimed at evaluating the effect of VC on sensorimotor
and cognitive changes induced by chronic CPF exposure
in Wistar rats.

MATERIALS AND METHODS
Experimental animals and housing

Twenty young adult male Wistar rats weighing between
95g and 110g used for this study were obtained from the
Laboratory Animal House of the Department of Veterinary
Physiology and Pharmacology, Ahmadu Bello University,
Zaria, Nigeria. The animals were allowed to acclimatize
for at least two weeks in the laboratory prior to the
commencement of the experiment. The animals were
housed in plastic cages and fed on standard rat pellets
while water was provided ad libitum. The experiment was
conducted in accordance with the National Institutes of
Health Guide for Care and Use of Laboratory Animals
(Publication No. 85-23, revised 1985).

Chemicals

Commercial grade CPF (20% EC, Termicot®, Sabero
Organics, Gujarat limited, India), was prepared by
reconstituting in soya oil (Grand Cereals and Oil Mills
Ltd., Jos, Nigeria) to make 10% stock solution. Each
tablet of ascorbic acid (100 mg; Med Vit C®, Dol-Med
Laboratories Limited, Lagos, Nigeria) was dissolved in
1mL of distilled water to obtain 100 mg/mL suspension,
just prior to its daily administration.

Animal treatment schedule

The rats were weighed and then assigned at random into



4 groups of 5 rats in each group. Group | (S/oil) served as
the control and was given only soya oil (2mL/kg b.w.)
while group Il (VC) was dosed with vitamin C at 100
mg/kg b.w. (Ambali et al., 2010c, 2011). Group Il (CPFg
was administered with CPF only [10.6 mg/kg b.w. ~1/8'
LDs, of 85 mg/kg b.w., as determined by Ambali (2009)].
Group IV (VC+CPF) was pretreated with vitamin C (100
mg/kg b.w.), and then dosed with CPF (10.6 mg/kg b.w.),
30 min later. The regimens were administered once daily
by oral gavage for a period of 17 weeks. During this
period, the animals were monitored for clinical signs and
death. Similarly, at various intervals during the study
period, the animals were evaluated for neurobehavioral
parameters such as motor coordination, neuromuscular
coordination, learning and memory. In order to avoid
bias, the neurobehavioral parameters were evaluated by
two trained observers blinded to the treatment schedule.
At the end of the dosing schedule, the animals were
sacrificed by jugular venesection and the brain removed
and evaluated for oxidative stress parameters and level
of AChE inhibition.

Evaluation of motor coordination

The assessment of motor coordination was performed
using the beam walk performance task as described
earlier (Ambali et al., 2010c) on day 0, weeks 8 and 16.
Briefly, the rat from each group was allowed to walk
across a wooden black beam of 106-cm length,
beginning at 17.2-cm width and ending at 1.0-cm width.
Periodic widths were marked on the side of the
apparatus. On each side of the narrowing beam, there
was a 1.8-cm step-down to a 3.0-cm area where subjects
may step if necessary. As the subject walked across from
the 17.2 cm to the 1.0 cm width, the width at which they
stepped down was recorded by one rater on each side,
and this was repeated twice during each trial session.

Assessment of neuromuscular coordination

The effect of treatments on neuromuscular coordination
was assessed using the performance on inclined plane
as was described earlier (Ambali et al., 2010c). Briefly,
each rat was placed on an apparatus made with an
angled rough wooden plank with thick foam pad at its
bottom end. The plank was first raised to an inclination of
35° and thereafter gradually increased stepwise by 5°
until the subject could no longer stay and be situated
horizontally on the plank for 3s, without sliding down.
Angles were measured and marked on the apparatus
beforehand, and were obtained by propping the plank on
a vertical bar with several notches. The test was
performed with the head of the rat first facing left and
then right hand side of the experimenter. The highest
angle at which each rat stayed and stood horizontally,
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and facing each direction was recorded. Two trials were
performed at 2 min apart for each animal. This procedure
was carried out on each animal from all the groups on
day 0, week 8 and 16 of the study.

Effect of treatments on learning and short-term
memory

The effect of treatments on learning task in rats was
assessed 48h to the final termination of the study in week
17 using the step-down inhibitory avoidance learning task
as described by Zhu et al. (2001). The apparatus used
was an acrylic chamber 40 x 25 x 25 cm consisting of a
floor made of parallel 2-mm-caliber stainless steel bars
spaced 1 cm apart. An electric shock was delivered
through the floor bars. A 2.5-cm-high, 8 x 25 cm wooden
platform was placed on the left extreme of the chamber.
Each animal was gently placed on the platform. Upon
stepping down, the rat immediately received a single 1.5
amp foot shock through the floor bars. If the animal did
not return to the platform, the foot shock was repeated
every 5s. A rat was considered to have learned the
avoidance task if it remained on the platform for more
than 2 min. The number of foot shocks was recorded as
an index of learning acquisition.

Memory was assessed in individual rat from each
group 24h after the assessment of learning using the
same. In this test, each rat was again placed gently on
the platform and the time an animal remained on the
platform was recorded as an index of memory retention.
Staying on the platform for 2 min was counted as
maximum memory retention (ceiling response).

Effect of treatments on brain lipoperoxidation

The level of thiobarbituric acid reactive substance,
malonaldehyde (MDA) as an index of lipid peroxidation
was evaluated on the brain sample using the method of
Draper and Hadley (1990) as modified (Freitas et al.,
2005). The principle of the method was based on
spectrophotometric  measurement of the colour
developed during reaction of thiobarbituric acid (TBA)
with malonadehyde (MDA). The MDA concentration in
each sample was calculated by the absorbance
coefficient of MDA-TBA complex 1.56 x 10°cm/M and
expressed as nmol/mg of tissue protein. The
concentration of protein in the brain homogenates was
evaluated using the Lowry method (Lowry et al., 1951).

Effect of treatments on brain superoxide dismutase
activity

Superoxide dismutase (SOD) activity was evaluated
using NWLSS™ superoxide dismutase activity assay kit
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Figure 1. Effects of soya oil, vitamin C and/or chlorpyrifos on the dynamics of beam walk

performance in Wistar rats.

(Northwest Life Science Specialities, Vancouver, WA
98662) as stated by the manufacturer.

Effect of treatments on brain catalase activity

Catalase (CAT) activity was evaluated using NWLSS™
catalase activity assay kit (Northwest Life Science
Specialities, LLC, Vancouver, WA 98662) as stated by
the manufacturer.

Effect of treatments on brain acetylcholinesterase
activity

Acetylcholinesterase activity was evaluated using the
method of Ellman et al. (1961) with acetylthiocholine
iodide as a substrate. Briefly, the whole brain of each
animal was homogenized in a cold (0—-4 °C) 20 mM
phosphate buffer saline (PBS) incubated with 0.01M 5,5-
dithio-bis(2-nitrobenzoic acid) in 0.1 M PBS, pH 7.0.
Incubations were allowed to proceed at room
temperature for 10 min. Then, acetylthiocholine iodide
(0.075 Min 0.1 M PBS, pH 8.0) was added to each tube,
and absorbance at 412 nm was measured continuously
for 30 min using a UV spectrophotometer (T80" UV/VIS
spectrometer®, PG Instruments Ltd, Liicestershire, LE
175BE, United Kingdom). AChE activity expressed as
IU/g tissue was calculated based on the rate of color
change per minute.

Statistical analysis

Data were expressed as mean * standard error of mean.

Beam walk and incline plane performances were
analyzed using repeated one-way analysis of variance
followed by Tukey’s test. The values recorded in learning
and memory tests were analyzed using the Kruskal-
Wallis one way analysis of variance on ranks followed by
Dunn’s multiple comparison test. The MDA, AChE, CAT
and SOD were analyzed using one-way analysis of
variance followed by Tukey’s post hoc test. Values of P <
0.05 were considered significant.

RESULTS
Clinical signs

There were no apparent clinical signs observed in
the S/oil, VC and VC+CPF groups, while
lacrimation, congested ocular mucous membranes and
intermittent tremors were recorded for rats in the CPF

group.

Motor coordination

The width at which rats in the CPF group slipped off the
beam was significantly higher (p<0.01) at either week 8
or 16 when compared to the value recorded at day 0
(Figure 1). The beam walk slipping width was significantly
higher at week 16 compared to week 8 in the CPF group.
There was no significant (p>0.05) change in the beam
walk slipping width of rats in the S/oil, VC or VC+CPF
group at day 0 when compared to either week 8 or 16.
However, the beam walk slipping width for rats in the
VC+CPF group was significantly higher (P<0.05) at week
16 when compared to week 8.
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Figure 2. Effect of chronic exposure of Wistar rats to soya oil, chlorpyrifos and/or vitamin C on
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Figure 3. Effect of chronic administration of soya oil, chlorpyrifos and/or vitamin C on learning
acquisition in Wistar rats. ®p<0.01 versus vitamin C group. Values are mean+SEM of 5 animals

per group.

Neuromuscular coordination

The effect of treatments on neuromuscular coordination
as reflected by dynamics of performance on the inclined
plane is shown in Figure 2. The angle at which rats in the
CPF group slipped off the apparatus at day 0 was
significantly higher (p<0.01) compared to those obtained
by weeks 8 and 16. The angle at which rats in the CPF
group slipped off the incline plane apparatus by week 16
was not significantly different (p>0.05) from those

recorded by week 8. There was no significant (p>0.05)
change in the angle at which rats in either the S/oil, VC or
VC+CPF group slipped off the plane at day 0 compared
to either week 8 or 16.

Learning acquisition

The number of footshocks applied to rats in the CPF
group was significantly higher (p<0.01) compared to VC
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Figure 5. Effect of chronic exposure to soya oil, chlorpyrifos and/or vitamin C on brain
malonaldehyde concentration in Wistar rats. ®p<0.01 versus soya oil group; °p<0.01 versus

vitamin C group; °p<0.01 versus vitamin C+chlorpyrifos group

group. Although there was no significant change
(p>0.05), the number of footshocks applied to the rats in
the CPF group, however, increased by 62% and 53%,
respectively, when compared to S/oil and VC+CPF
groups (Figure 3).

Short-term memory

The duration on the platform by rats in the CPF
group was significantly lower (p<0.05) compared to
either those in the S/oil or VC group. There was no
significant change (p>0.05) in the duration on the
platform for rats in the VC+CPF group compared to either

those in the S/oil, CPF or VC group. However, the
duration on the platform of rats in the VC+CPF group was
57% longer than those recorded in the CPF group
(Figure 4).

Brain malonaldehyde concentration

The concentration of brain MDA in the CPF group was
significantly (p<0.01) higher compared to those recorded
in either the S/oil, VC or VC+CPF group. There was no
significant (p<0.05) change in the MDA concentration in
the VC+CPF group compared to either those in the S/oil
or VC group (Figure 5).
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Figure 7. Effect of chronic administration of soya oil, chlorpyrifos and/or vitamin C on brain
catalase activity in Wistar rats. ®p<0.01 versus soya oil group; "p<0.01 versus vitamin C group;

°p<0.01 versus vitamin C+chlorpyrifos group. Values are mean+SEM of 5 animals per group.

Brain superoxide dismutase activity

The effect of treatments on brain SOD activity is shown in
Figure 6. The SOD activity in the CPF group was
significantly (p<0.05) lower than those recorded in either
the S/oil, VC or VC+CPF group. There was no significant
(p >0.05) change in the SOD activity in the VC+CPF
group when compared to either the S/oil or VC group.

Brain catalase activity

The brain CAT activity in the CPF group was significantly
(p<0.01) lower in the CPF group compared to either
the S/oil, VC or VC+CPF group. There was no significant
(p>0.05) change in CAT activity in the VC+CPF
group compared to either the S/oil or VC group
(Figure 7).
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Brain acetylcholinesterase activity

The brain AChE activity was significantly lower in the
CPF group compared to either the S/oil (p<0.01), VC
(p<0.01) or VC+CPF (p<0.05) group. No significant
change (p>0.05) was recorded in the brain AChE activity
in the VC+CPF group compared to either the S/oil or VC
group (Figure 8).

DISCUSSION

The present study has shown that chronic CPF exposure
increased the level of MDA, indicating increased brain
lipoperoxidation. Earlier studies have shown increased
lipoperoxidation in the liver (Goel et al., 2005; Ambali,
2009) and erythrocytes (Ambali et al. 2010a,b, 2011) of
rats following CPF exposure. The brain is very
susceptible to oxidative stress, and in case of accelerated
oxidative challenge due to CPF exposure, it is one of the
most vulnerable organs. Chronic CPF exposure similarly
caused significant inhibition of the activities of brain
antioxidant enzymes, SOD and CAT. Both are the two
basic subcellular defense of antioxidant enzymes that
counteracts free radicals produced during xenobiotic
exposure (Halliwell, 1994). SOD is a first line antioxidant
enzyme that dismutate O," to H,0, which is
decomposed by CAT to H,O (Fridovich, 1975). The
decline in the activity of the antioxidant enzymes
following chronic CPF exposure in the present study may
be due to downregulation in the synthesis of antioxidant
enzymes due to persistent toxicant insult (Irshad and

Chaudhuri, 2002). The decrease in brain CAT activity
may also be due to its inactivation by O,” (Kono and
Fridovich, 1982). The implication of the reduced activities
of the two enzymes is the exacerbation of the formation
of the more potent tissue damaging OH .

Vitamin C pretreatment was however, shown to have
decreased the brain MDA concentration and increased
brain SOD and CAT activities indicating the ability of the
antioxidant to ameliorate CPF-induced oxidative damage.
VC by its antioxidant effect was able to quench the free
radicals that are generated due to CPF exposure,
resulting in the preservation of the activities of SOD and
CAT. Although, VC is a water soluble free radical
scavenger in the extracellular fluid, the brain is one of the
organ with the highest ascorbate concentration (Hornig,
1975) where it acts as an intracellular antioxidant in the
neurons and as an antioxidant in the brain extracellular
microenvironment (Rice, 2000; Harrison and May, 2009).
Therefore, VC constitutes an important neuroprotective
constituent (Naseer et al., 2009). Although water soluble,
VC finds its way into the brain in significant quantity via
different processes, mostly involving active stereospecific
sodium-dependent transport at the choroid plexus
(Spector and Lorenzo, 1973), carrier-mediated uptake
and by simple diffusion across brain capillaries at the
blood-brain barriers (Rice, 2000)

Although the CPF was administered at low dose, it
was still able to reduce AChE activity significantly,
apparently due to the cumulative nature of the exposure
and the highly lipophilic nature of the toxicant. The
reduced AChE activity in the CPF group resulted in some
form of cholinergic toxicity, which apparently played an



important role in the clinical and behavioral toxicity
observed in the group. The antioxidant vitamin was
however able to restore the AChE activity. Vitamins C
and E have been shown to restore AChE activity inhibited
by OP insecticide (Yavuz et al., 2004; Ambali et al.,
2010c). The reduced oxidative changes recorded in the
group pretreated with VC due to its antioxidant effect may
be partly responsible for the improvement in AChE
activity. Oxidative stress is known to affect the activities
of various membrane-bound enzymes, including AChE
(Mehta et al., 2005) via their direct attack by free radicals
or peroxidation of the membrane lipids in which they are
embedded (Souzal et al., 2010). Therefore, VC, as a free
radical scavenger, trapped the reactive oxygen species
thereby interrupting the chains of oxidative reactions that
alter AChE activity. This demonstrates a relationship
between free radical and AChE inhibition (Tsakiris et al.,
2000).

The lacrimation and intermittent tremors observed in
the group exposed to CPF only were part of the
cholinergic signs associated with OP insecticides (Eaton
et al.,, 2008). These cholinergic signs were due to
inhibition of AChE by CPF, resulting in accumulation of
ACh in the muscarinic and nicotinic cholinergic receptors.
However, the rats pretreated with VC did not manifest
any overt clinical sign, indicating that the vitamin
protected the neurons from AChE inhibition. This finding
agreed with our earlier studies that showed that vitamin C
mitigated cholinergic signs induced by CPF (Ambali et al.,
2007, 2010a, 2011). The improvement in the brain
AChE activity recorded in the group pretreated with VC in
the present study may have contributed to the mitigation
of cholinergic toxicity in this group. VC had earlier been
shown in our laboratory to reactivate AChE inhibited by
acute CPF exposure in rats (Ambali et al., 2010c). Similar
result has been reported following exposure to another
OP compound, methidathion, in rats (Yavuz et al., 2004).
Besides, VC has also been shown to improve
paraoxonase activity (Jarvik et al., 2002), thereby aiding
the detoxification of the OP compound (Shih et al., 1998).

The significant increase in the width at which rats in
the CPF group slipped off the beam was an indication of
reduction in beam-walk length, thus impairment of motor
coordination. The depreciation in beam-walk length in the
CPF group progressed with increased duration of
exposure, with much more deficit observed in week 16
than in week 8. We have earlier shown that subacute
CPF exposure impaired motor coordination in Wistar rats
(Ambali et al., 2012). Abou-Donia et al. (2002) observed
similar results following repeated exposure of rats to
sarin. Beam-walking performance, an integrated form of
behavior that requires pertinent level of consciousness,
memory, sensorimotor and cortical functions is mediated
by the cortical area (Abou-Donia et al. 2001). Therefore,
the deficit in beam-walk length in the CPF group may be
due to cortical injury (Abou-Donia et al., 2001), pe-
rhaps partly due to oxidative damage. The brain is very
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susceptible to oxidative stress, because it harbors large
amount of oxygen in a relatively small mass, contains
significant quantity of pro-oxidant metal (Fe) and
peroxidizable lipids, and has fewer antioxidant molecules
than other tissues (Halliwell and Gutteridge, 1999). The
increased lipoperoxidation and deficit in antioxidant
enzymes in the brain of rats exposed to CPF only in the
present study may have played some role in the motor
coordination impairment in this group.

Pretreatment with VC improved the beam-walk length
of the rats significantly by decreasing the width at which
they slipped off the beam. This indicates restoration of
motor coordination impaired by chronic CPF exposure.
However, the fact that the width of slip was significantly
higher in week 16 compared to week 8 shows that VC
may not be entirely protective of motor coordination
impairments, especially in prolonged exposure. This
shows that oxidative stress may not be entirely
responsible for the beam walk deficit induced by
prolonged CPF exposure. However, the result clearly
demonstrates that oxidative damage to some portions of
the brain, particularly the cortical areas may be partly
responsible for the beam walk deficit in the CPF group.
Hence, the improvement in beam-walk length observed in
group pretreated with VC especially by week 8 may be
partly due to a decrease in the level of CPF-induced
oxidative damage. Besides, VC plays an essential role in
the formation of norepinephrine (Igbal et al., 2004) that
plays a role in beam walk deficits induced by cortical
injury (Boyeson et al., 1992; Goldstein, 1995).

The poor performance of rats exposed to CPF only on
inclined plane demonstrates that the OP insecticide
impaired sensorimotor performance and neuromuscular
coordination. The deficit in the neuromuscular
coordination increased with the duration of CPF exposure
to a certain extent since there was an apparent decrease
in the inclined plane performance of the rats in week 8
compared to those recorded in day 0. However, the fact
that there was no apparent change in the incline plane
performance of rats in the CPF group in week 16
compared to week 8 may indicate the development of
some form of tolerance to the insecticide, a situation
which has been reported following subchronic and
chronic OP exposure (Russell and Overstreet, 1987;
Swamy et al., 1993). Behavioral tolerance in the face of
sustained AChE inhibition following prolonged exposure
to OP compound has been attributed to early recovery of
pseudocholinesterase activity (Chetan et al., 2009).
Results similar to those obtained in the present study had
earlier been reported in Wistar rats following subacute
CPF exposure (Ambali et al., 20012). Abou-Donia et al.
(2002) also showed that sarin, an OP warfare agent
impaired the inclined plane performance in rats.
Pretreatment with VC was shown in the present study to
ameliorate the poor performance on inclined plane
induced by repeated exposure to CPF. This further
demonstrates the involvement of brain oxidative stress in
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the mechanism of CPF-induced impairment of
neuromuscular coordination in Wistar rats.

Chronic repeated CPF exposure has also been shown
to apparently impair learning and significantly reduce
short-term memory in the present study. This result
agreed with many other studies, which demonstrated that
repeated low-level exposure to CPF impair cognition in
rats (Stone et al., 2000; Moser et al., 2005; Prendergast
et al., 2007; Ambali et al., 2012). In addition, studies in
humans have shown persistent cognitive deficits in
farmers and pesticide applicators repeatedly exposed to
OPs but are symptom-free (Steenland et al. 2000; Dick et
al. 2001). The impairment of cognition observed in rats
dosed with CPF only may be due to alteration in ACh
metabolism caused by AChE inhibition. Many studies
have linked central cholinergic system to synaptic
plasticity, learning and memory processes (Baskerville et
al., 1997; Sachdev et al., 1998). It is believed that OP
compounds play a role in memory loss by producing
cholinergic dysfunction at the level of the synapse (Carr
and Chambers, 1991). Low-level CPF exposure has been
shown to induce protracted deficits in information
processing and cognitive functions, consequent from
functional changes in brain cholinergic pathways resulting
from alteration in bidirectional fast axonal transport (Terry
et al., 2007). Since ACh has been demonstrated to be
involved in cognition, agents such as OPs which alter
ACh metabolism may perturb cognitive processes.

However, other studies have shown the ability of CPF
to induce cytotoxic effects directly on the hippocampal
cells via the induction of apoptosis, irrespective of its
effect on AChE (Terry et al., 2003). We have earlier
demonstrated apoptotic damage to the neuronal cells in
brain of rats following chronic CPF exposure (Ambali and
Ayo, 2011). This may have played some roles in the
CPF-induced cognitive deficit in the present study since
apoptosis has been described as the toxic end-point of
CPF neurotoxicity in the brain (Caughlan et al., 2004).
Apoptosis induces structural changes in the brain
resulting in functional deficits, including those involved in
memory and learning task (Caughlan et al., 2004). Free
radicals have been implicated in apoptotic death of cells
(Corcoran et al., 1994; McConkey et al., 1994) and may
be involved in the cognitive impairments recorded in the
CPF group. Neuronal degeneration, which we have
earlier demonstrated following chronic CPF exposure in
rats (Ambali and Ayo, 2011) is mechanically related to
neuronal oxidative stress (Gupta et al., 2007) and may be
central to cognitive dysfunction observed in the group
exposed to CPF only

The apparent improvement in cognitive performance
following vitamin C pretreatment may have been partly
due to restoration of AChE activity thereby reducing the
cholinergic alterations, which play a significant role in
synaptic plasticity, memory and learning. Furthermore,
the reduced ROS generation in vitamin C pretreated
group may have contributed to the reduction of AChE

inhibition. The reduced oxidative damage in the VC
pretreated group may have contributed to the decline in
ROS-induced apoptotic damage. VC has been shown to
reduce neuronal apoptosis induced by caspase-3 in
alcohol-induced neuronal death (Naseer et al., 2009).

The non antioxidant role of VC may have
complemented its antioxidant effect in the mitigation of
CPF-induced clinical and behavioral toxicity observed in
the present study. VC is a neuromodulator of both
dopamine and glutamate-mediated neurotransmission
(Grinewald 1993) and an essential cofactor in the
synthesis of noradrenaline (Diliberto et al., 1987) and
many neuropeptides (Glembotski, 1987). In addition, VC
promotes myelin formation by Schwann cells by enabling
these cells to assemble basal lamina (Eldridge et al.,
1987). These may have complemented its protective
effect in CPF-induced neurotoxicity.

In conclusion, the present study has shown that
clinical, sensorimotor and cognitive deficits induced by
chronic CPF exposure in Wistar rats are partly mediated
by oxidative stress. In addition, VC has been shown to
mitigate these clinical and neurobehavioral changes
partly due to its neuroprotective role predominantly
arising from its antioxidant and AChE restoration
properties. Therefore, VC may protect individuals
exposed to frequent low-dose CPF either from
occupational or environmental source from the OP-
induced neurobehavioral changes.

ACKNOWLEDGEMENTS

The technical assistance provided by Chief Emmanuel
Nwosu and Mr A. Olu are well appreciated.

REFERENCES

Abdollahi M, Ranjpbar A, Shadnia S, Nikfar S, Rezaie A (2004).
Pesticides and oxidative stress: a review. Med. Sci. Monit. 10(6):
RA141-RA147.

Abou-Donia MB (2003). Organophosphate ester-induced chronic
neurotoxicity. Arch. Environ. Health 58(8): 484-487.

Abou-Donia MB, Dechkovskaia AM, Goldstein LB, Bullman SL, Khan
WA (2002). Sensorimotor deficit and cholinergic changes following
coexposure with pyridostigmine bromide and sarin in rats. Toxicol.
Sci. 66: 148—158.

Abou-Donia MB, Goldstein LB, Jones KH, Abdel-Rahaman AA,
Damodaran T, Dechkovskaia AM, Bullman SL, Amir BE, Khan WA
(2001). Locomotor and sensorimotor performance deficit in rats
following exposure to pyridostigmine bromide, DEET and permethrin
alone and in combination. Toxicol. Sci. 60: 305-314.

Alavanja MC, Hoppin JA, Kamel F (2004). Health effects of chronic
pesticide exposure: cancer and neurotoxicity. Ann. Rev. Pub. Health
225: 155-197.

Ambali S, Akanbi D, Igbokwe N, Shittu M, Kawu M, Ayo J (2007).
Evaluation of subchronic chlorpyrifos poisoning on hematological
and serum biochemical changes in mice and protective effect of
vitamin C. J. Toxicol. Sci. 32(2): 111-120.

Ambali SF (2009). Ameliorative effect of vitamins C and E on
neurotoxicological, hematological and biochemical changes induced
by chronic chlorpyrifos in Wistar rats, PhD Dissertation, Ahmadu
Bello University, Zaria, Nigeria.



Ambali SF, Abbas SO, Shittu M, Dzenda T, Kawu MU, Salami SO, Ayo
JO (2009). Effects of gestational exposure to chlorpyrifos on
implantation and neonatal mice. J. Cell Anim. Biol. 3(4): 050-057.

Ambali SF, Abubakar AT, Shittu M, Yaqub LS, Anafi SB, Abdullahi A
(2010a).  Chlorpyrifos-induced  alteration of  hematological
parameters in Wistar rats: Ameliorative effect of zinc. Res. J.
Environ. Toxicol. 4(2): 55-66.

Ambali SF, Abubakar AT, Shittu M, Yaqub LS, Kobo PI, Giwa A
(2010b).  Zinc  ameliorates  chlorpyrifos-induced  increased
erythrocyte fragility and lipoperoxidative changes in Wistar rats.
New York SciJ 3: 117-122.

Ambali SF, Ayo JO (2011). Sensorimotor performance deficits induced
by chronic chlorpyrifos exposure in Wistar rats: mitigative effect of
vitamin C. Toxicol. Environ. Chem. 93(6): 1212-1226

Ambali SF, Ayo JO, Ojo SA, Esievo KAN (2011). Ameliorative effect of
vitamin C on chlorpyrifos-induced increased erythrocyte fragility in
Wistar rats. Hum. Exp. Toxicol. 30(1): 19-24

Ambali SF, Idris SB, Onukak C, Shittu M, Ayo JO (2010c). Ameliorative
effects of vitamin C on short-term sensorimotor and cognitive
changes induced by acute chlorpyrifos exposure in Wistar rats.
Toxicol. Ind. Health 26(9): 547-558.

Ambali SF, Makinde AO, Shittu M, Adeniyi SA (2012). Alleviating effect
of Phyllanthus niruri on sensorimotor and cognitive changes induced
by subacute chlorpyrifos exposure in Wistar rats. ADMMS 2(3): 50-
58

Baskerville A, Schweitzer JB, Herron P (1997). Effects of cholinergic
depletion on experience dependent plasticity in the cortex of the rat.
Neurosci. 80: 1159-1169.

Bazylewicz-Walczak B, Majczakowa W, Szymczak M (1992).
Behavioural effects of occupational exposure to organophosphorous
pesticides in female greenhouse planting workers. Neurotoxicol. 20:
819-26.

Boyeson MG, Callister TR, Cavazos JE (1992). Biochemical and
behavioural effects of sensorimotor cortex injury in rats pretreated
with the noradrenergic neurotoxin DSP-4. Behav. Neurosci. 106:
964-973.

Carr RL, Chambers JE (1991). Acute effects of the organophosphate
paraoxon on schedule-controlled behaviour and esterase activity in
rats: Dose-response relationships. Pharmacol Biochem. Behav. 40:
929-936.

Casida JE, Quistad GB (2004). Organophosphate toxicology: Safety
aspects of non-acetylcholinesterase secondary targets. Chem. Res.
Toxicol. 17: 983-898.

Caughlan A, Newhouse K, Namgung U, Xia Z (2004). Chlorpyrifos
induces apoptosis in rat cortical neurons that is regulated by a
balance between p38 and ERK/JNK MAP kinases. Toxicol. Sci. 78:
125-134.

Chakraborti TK, Farrar JD, Pope CN (1993). Comparative
neurochemical and neurobehavioral effects of repeated chlorpyrifos
exposures in young rats. Pharmacol. Biochem. Behav. 46: 219-224.

Chetan PS, Kumar RR, Mohan PM (2009). Phosalone-Induced changes
in regional cholinesterase activities in rat brain during behavioral
tolerance. Afr. Res. Rev. 3(2): 20-30.

Corcoran GB, Fix L, Jones DP, Moslen MT, Nicotera P, Oberhammer
FA, Buttyan R (1994). Apoptosis: Molecular control point in toxicity.
Toxicol. Appl. Pharmacol. 128: 169-181.

Dick RB, Steenland K, Krieg EF, Hines CJ (2001). Evaluation of acute
sensory-motor effects and test sensitivity using termiticide workers
exposed to chlorpyrifos. Neurotoxicol. Teratol. 23: 381-393.

Diliberto EJ, Menniti FS, Knoth J, Daniels AJ, Kizer JS, Viveros OH
(1987). Adrenomedullary chromaffin cells as a model to study the
neurobiology of ascorbic acid: from monooxygenation to
neuromodulation. Ann. NY Acad. Sci. 7: 498: 28-53.

Draper HH, Hadley M (1990). Malondialdehyde determination as index
of lipid peroxidation. Meth. Enzymol. 186: 421-431.

Drewa G, Jak.bczyk M, Araszkiewicz A (1998). Role of free radicals in
schizophrenia. Med. Sci. Monit. 4(6): 1111-1115.

Eaton DL, Daroff RB, Autrup H, Buffler P, Costa LG, Coyle J, Mckhann
G, Mobley WC, Nadel L, Neubert D, Schukte-Hermann R, Peter S,
Spencer PS (2008). Review of the toxicology of chlorpyrifos with an
emphasis on human exposure and neurodevelopment. Crit. Rev.
Toxicol. S2: 1-125.

Ambali et al. 231

Eldridge CF, Bunge MB, Bunge RP, Wood PM (1987). Differentiation of
axon related Schwann cells in vitro. |. Ascorbic acid regulates basal
lamina assembly and myelin formation. J. Cell Biol. 105: 1023—
1034.

El-Hossary GG, Mansour SM, Mohamed AS (2009). Neurotoxic effects
of chlorpyrifos and the possible protective role of antioxidant
supplements: an experimental study. J. Appl. Sci. Res. 5(9): 1218-
1222.

Ellman GC, Courtney KO, Andres V, Featherstone RM (1961). A new
and rapid colorimetric determination of acetylcholinesterase activity.
Biochem. Pharmacol. 7:88-95.

Farahat FM, Fenske RA, Olson JR, Garvin K, Bonner MR, Rohiman DS,
Farahat TM, Lein PJ, Anger WK (2010). Chlorpyrifos exposures in
Egyptian cotton field workers. Neurotoxicol. 31: 297-304.

Fiedler N, Kipen H, Kelly-McNeil K, Fenske R (1997). Long-term use of
organophosphates and neuropsychological performance. Am. J.
Ind. Med. 32: 487-496.

Freitas RM, Vasconcelos SMM, Souza FCF, Viana GSB, Fonteles MMF
(2005). Oxidative stress in the hippocampus after pilocarpine
induced status epilepticus in Wistar rats. FEBS J. 272: 1307-1312.

Fridovich | (1975). Superoxide dismutases. Ann. Rev. Biochem. 44:
147-159.

Glembotski CC (1987). The role of ascorbic acid in the biosynthesis of
the neuroendocrine peptides alpha-MSH and TRH. Ann. NY Acad.
Sci. 498: 54-62.

Goel A, Danni V, Dhawan DK (2005). Protective effects of zinc on lipid
peroxidation, antioxidant enzymes and hepatic histoarchitecture in
chlorpyrifos-induced toxicity. Chemico-Biol. Inter. 156: 131-134.

Goldstein B (1995). Beam-walking in rats. Measurement of motor
changes after injury to the cerebral cortex. Neurosci. Protoc. 10: 1-
13.

Griinewald RA (1993). Ascorbic acid in the brain. Brain Res. Rev. 18:
123-138.

Gubler DJ (1998). Resurgent vector-borne diseases as a global health
problem. Emerg. Infect. Dis. 4: 442-450.

Guide for the care and use of laboratory animals, DHEW Publication
No. (NIH) 85-23, Revised 1985, Office of Science and Health
Reports, DRR/NIH, Bethesda, MD 20892.

Gultekin F, Karakoyun |, Sutcu R, Savik E, Cesur G, Orhan H, Delibas
N (2007). Chlorpyrifos increases the levels of hippocampal NMDA
receptor subunits NR2A and NR2B in juvenile and adult rats. Int. J.
Neurosci. 117(1): 47-62.

Gupta RC, Milatovic S, Dettbarn WD, Aschner M, Milatovic D (2007).
Neuronal oxidative injury and dendritc damage induced by
carbofuran: Protection by memantine. Toxicol. Appl. Pharmacol.
219: 97-105.

Halliwell B (1994) Free radicals and antioxidants: a personal view. Nutr.
Rev. 52: 253-265.

Halliwell B, Gutteridge JMC (1999). Free Radicals in Biology and
Medicine. 3" ed. Oxford University Press: London.

Harrison FE, May JM (2009). Vitamin C function in the brain: vital role of
the ascorbate transporter SVCT2. Free Rad. Biol. Med. 46: 719—
730.

Hornig D (1975). Distribution of ascorbic acid, metabolites and
analogues in man and animals. Ann. NY. Acad. Sci .258:103—118.
Igbal K, Khan A, Khattak MAK (2004). Biological significance of
ascorbic acid (vitamin C) in human health — A review. Pakistan J.

Nutr. 3(1): 5-13.

Irshad M, Chaudhuri BS (2002). Oxidant-antioxidant system: role and
significance in human body. Indian J. Exp. Biol. (40): 1233—1239.
Jarvik GP, Tsai TN, McKinstry LA, Wani R, Brophy V, Richter RJ,
Schellenberg GD, Heagerty PJ, Hatsukami T, Furlong CE (2002).
Vitamin C and E intake is associated with increase paraoxonase

activity. Arteriosc. Thromb. Vasc. Biol. 22: 329 -333.

Kamel F, Engel LS, Gladen BC, Hoppin JA, Alavanja MCR, Sandler SP
(2007). Neurologic symptoms in licensed pesticide applicators in the
agricultural health study. Hum. Exp. Toxicol. 26: 243-250.

Kamel F, Hoppin JA (2004). Association of pesticide exposure with
neurologic dysfunction and disease. Environ. Health Perspect.
112(9): 950-958.

Kamel F, Rowland AS, Park LP, Anger WK, Baird DD, Gladen BC,
Moreno T, Stallone L, Sandler, DP (2003). Neurobehavioral



232 J. Res. Environ. Sci. Toxicol.

performance and work experience in Florida farmworkers. Environ
Health. Perspect. 111: 765-772.

Kono Y, Fridovich | (1982). Superoxide radical inhibits catalase. Biol.
Chem. 257:5751-5754.

Krieger RI, Bernard CE, Dinoff TM, Ross JH, Williams RL (2001).
Biomonitoring of persons exposed to insecticides used in
residences. Ann. Occup. Hyg. 45 (Suppl 1): S143-S153.

Lotti M (2000). Experimental and Clinical Neurotoxicology. 2nd Ed, New
York: Oxford University Press

Lowry H, Rosebrough NJ, Farr AL, Randall RJ (1951). Protein
measurements with the folin phenol reagent. J. Biol. Chem. 193:
265-275.

McConkey DJ, Jondal, MB, Orrenius SG (1994). Chemical-induced
apoptosis in the Immune System, In: Dean JH, Luster MI, Munson
AE, Kimber |, eds. Immunotoxicology and Immunopharmacology,
2" Edition. New York: Raven Press Ltd, 473-485.

Mehta A, Verma RS, Vasthava S (2005). Chlorpyrifos-induced
alterations in rat brain acetylcholine esterase, lipid peroxidation and
ATPase. Indian J. Biochem. Biophys. 42: 54-58.

Moser VC, Phillips PM, McDaniel KL, Marshall RS, Hunter DL, Padilla S
(2005). Neurobehavioral effects of chronic dietary and repeated high
level spike exposure to chlorpyrifos in rats. Toxicol. Sci. 86: 375-
386.

Naidu KA (2003). Vitamin C in human health and disease is still a
mystery? An overview. Nutr. J. 2: 7-16.

Naseer MI, Najeebullah |, Zubair H, Hassan M, Yang BC, Kim KO
(2009).  Vitamin-C  protect  ethanol induced  apoptotic
neurodegeneration in postnatal rat brain. Pak. J. Med. Sci.
25(5):718-722.

Pope CN, Chakraborti TK, Chapman ML, Farrar JD (1992). Long-term
neurochemical and behavioural effects induced by acute
chlorpyrifos treatment. Pharmacol. Biochem. Behav. 42: 251-256.

Prendergast MA, Self SL, Smith KJ, Ghayoumi L, Mullins MM, Butler
TR, Buccafusco JJ, Gearhart DA, Terry AV Jr. (2007). Microtubule-
associated targets in chlorpyrifos oxon hippocampal neurotoxicity.
Neurosci. 146: 330-339.

Rawat DS, Singh SP, Sharma LD, Ahamad AH, Mehta G (2003).
Residue analysis of some pesticides in poultry egg and mean
samples in Garhwal region of Uttaranchal. 22" Annual Conference
of Society for Toxicology, 23-24.

Ray DE, Richards PG (2001). The potential for toxic effects of chronic,
low-dose exposure to organophosphates. Toxicol. Lett. 120: 343—
351.

Rice M (2000). Ascorbate regulation and its neuroprotective role in the
brain. Trends Neurosci. 23: 209-216.

Rothlein J, Rohiman D, Lasarev M, Phillips J, Muniz J, McCauley L
(2006). Organophosphate pesticide exposure and neurobehavioral
performance in agricultural and nonagricultural Hispanic workers.
Environ. Health Perspect. 114: 691-696.

Russell RW, Overstreet DH (1987). Mechanisms underlying sensitivity
to organophosphorus anticholinesterase  compounds.  Prog.
Neurobiol. 28: 97-128.

Sachdev R, Lu S, Wiley R, Ebner F (1998). Role of the basal forebrain
cholinergic projection in somatosensory cortical plasticity. J.
Neurophysiol. 79: 3216-3228.

Sanchez-Santed F, Can"adas F, Flores P, Lo’pez-Grancha M, Cardona
D (2004). Long-term functional neurotoxicity of paraoxon, and

chlorpyrifos: ~ Behavioural  and evidence.
Neurotoxicol. Teratol. 26: 305-317.

Shih DM, Gu L, Xia YR, Navab M, Li WF, Hama S, Castellani LW,
Furlong CE, Costa LG, Fogelman AM, Lusis AJ (1998). Mice lacking
serum paraoxonase are susceptible to organophosphate toxicity
and atherosclerosis. Nature 394 (6690): 284-287.

Singh RP, Sharad S, Kapur S (2004). Free radicals and oxidative stress
in neurodegenerative diseases: Relevance of dietary antioxidants.
JIACM 5(3): 218-225.

Souza GF, Saldanha GB, de Freitas RM (2010). Lipoic acid increases
glutathione peroxidase, Na‘, K*-ATPase and acetylcholinesterase
activities in rat hippocampus after pilocarpine-induced seizures?
Arq. de Neuro-psiquiat. 68: 586-591.

Spector R, Lorenzo AV (1973). Ascorbic acid homeostasis in the central
nervous system. Am. J. Physiol. 225:757—-763.

Stamper CR, Balduini W, Murphy SD, Costa LG (1988). Behavioral and
biochemical effects of postnatal parathion exposure in the rat.
Neurotoxicol. Teratol. 10: 261-266.

Steenland K, Dick RB, Howell RJ, Chrislip DW, Hines CJ, Reid TM,
Lehman E, Laber P, Krieg EF, Knott C (2000). Neurologic function
among termiticide applicators exposed to chlorpyrifos. Environ.
Health Perspect. 108 (4): 293-300.

Stephens R, Spurgeon A, Calvert IA, Beach J, Levy LS, Berry H,
Harrington J (1995). Neuropsychological effects of long-term
exposure to organophosphates in sheep dip. Lancet 315: 1135-
1139.

Stone JD, Terry AV Jr., Pauly JR, Prendergast MA, Buccafusco JJ
(2000). Protractive effects of chronic treatment with an acutely sub-
toxic regimen of diisopropylflurophosphate on the expression of
cholinergic receptor densities in rats. Brain Res. 882: 9-18.

Swamy KV, Ravi Kumar R, Murali Mohan P (1993). Assessment of
behavioral tolerance to monocrotophos toxicity in male albino
rats. Indian J. Pharmacol. 25: 24-29.

Terry AV Jr.,, Stone JD, Buccafusco JJ, Sicles DW, Sood A,
Prendergast MA (2003). Repeated exposures to subthreshold doses
of chlorpyrifos in rats: Hippocampal damage, impaired axonal
transport, and deficits in spatial learning. J. Pharmacol. Exp. Ther.
305: 375-384.

Terry Jr. AV, Gearhart DA, Beck Jr. WD, Truan JN, Middlemore M,
Williamson LN, Bartlett MG, Prendergast MA, Sickles DW,
Buccafusco JJ (2007). Chronic intermittent exposure to chlorpyrifos
in rats: Protracted effects on axonal transport, neurotrophin
receptors, cholinergic markers, and information processing. J.
Pharmacol. Exp. Ther. 322: 1117-1128.

Tsakiris S, Angelogianni P, Schulpis KH, Stavridis JC (2000). Protective
effect of L-phenylalanine on rat brain acetylcholinesterase inhibition
induced by free radicals. Clin. Biochem. 33(2): 103-106.

Yavuz T, Delibao N, YAIdArAm B, Altuntao I, CandAr O, Cora A,
Karahan N, Abrioim E, Kutsal A (2004). Vascular wall damage in
rats induced by methidathion and ameliorating effect of vitamins E
and C. Arch. Toxicol. 78: 655-659.

Zhu H, Robin W, Rockhold, RW, Baker RC, Kramer RE, Ho IK (2001).
Effects of single or repeated dermal exposure to methyl parathion
on behavior and blood cholinesterase activity in rats. J. Biomed. Sci.
8:467-474.

pharmacological



