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A B S T R A C T 

Experiments were performed with the aim of evaluating the effect of chronic exposure to 

chlorpyrifos (CPF) on neurotoxieological, clinicopathological, haematologieal and 

biochemical changes, and the effect of antioxidant vitamins C and/or E on these changes in 

Wistar rats. Fifty adult Wistar rats divided into 5 groups of 10 animals each (5 males and 5 

females in each group) served as subjects for this study. Rats in group I were given soya oil 

(S/oil) only at a dose of 2ml/kg daily. Rats in group II (CPF only) were exposed to CPF only 

at 10.6 mg/kg (l/8 th of LD50), while those in group 111 were pretreated with vitamin C at a 

dose of 100 mg/kg before exposure to CPF (10.6 mg/kg) (VC+CPF) 30 minutes later. Rats in 

group IV were pretreated with vitamin E at a dose of 75 mg/kg before being administered 

with CPF (10.6 mg/kg) (VEiCPF) 30 minutes later, while those in group V were pretreated 

with a combination of vitamins C+E followed by exposure to CPF (10.6 mg/kg) 

(VC+VE+CPF) 30 minutes later. The regimens were orally administered to each animal in 

all the groups once daily for 17 weeks. During this period, the rats were examined for clinical 

signs, weekly body weight changes and death. The effect of the different regimens on motor 

activity, anxiety, habituation learning, sensorimotor reflex, motor strength, learning and 

memory were assessed using appropriate ncurobehavioural asessment protocols. At the end 

of the study period, the rats in each group were sacrificed for haematologieal, serum 

biochemical and tissue pathological examinations. The haematologieal parameters analysed 

were packed cell volume (PCV), haemoglobin (lib) concentration, red blood cell (RBC) 

count, absolute and differential white blood cell (WBC) count, and in-vitro erthrocyte 

osmotic fragility. The scrum biochemical parameters analysed included aspartate 

aminotransferase (AST), alanine aminotransferase (ALT), alkaline phosphatase (AFP), 

y-glutamyl transferase (GGT), creatine kinase (CK), Na1, K', CI" and HCO3 Other 

parameters evaluated included total proteins albumin, globulin, urea, uric acid, creatinine. 



glucose, thyroid stimulating hormone (TSH), triiodothyronine (T3), thyroxine (T4), 

triglycerides (TG), cholesterol (TC), high density lipoprotein-cholestcrol (HDL-c) and low-

density lipoprotein-cholesterol (LDL-c). Gross examination of tissues and organs were 

carried out, while histopathological examinations on sections of the brain, liver, stomach, 

intestine, pancreas, kidneys, lungs and spleen were evaluated. In addition, the effect of the 

regimen on lipid peroxidation was analysed by evaluating the concentration of thiobarbituric 

acid reactive substances (TBARS), malonaldehyde (MDA) in the liver, brain and the serum. 

The results showed that rats exposed to CPF only manifested toxic signs, reduce body weight 

gain, increased anxiety; caused impairment of motor activity, coordinated gait, 

neuromuscular coordination, motor strength, sensorimotor reflex, learning and memory. 

Pretreatment with vitamins C and/or E ameliorated the CPF-induccd neurobchavioural and 

cognitive changes. Exposure to CPF resulted in reduction in the values of PCV, RBC, Hb 

and WBC, uric acid, IP, albumin, CK, TSH, T3, T4,TC, TG and IIDL-c. Exposure to CPF 

also caused increased erythrocyte osmotic fragility, globulin, glucose, creatinine, AST, ALT, 

AEP, GGT, LDL-c, serum and tissue MDA. No difference in the electrolytes level was 

observed in all the groups. Pretreatment with vitamins C and E but not the combination of 

both vitamins caused further increase in LDL-c. On the whole, pretreatment with vitamin C 

and/or E ameliorated CPF-induced haematological and biochemical changes. Severe 

degenerative changes involving neuronal and glial cells of the cerebrum, hepatocytes, 

myocardial cells, glomeruli and renal tubules, glandular and non-glandular portion of the 

stomach, intestinal villi, submucosal and muscular layer of the intestine; pancreas and spleen 

were observed in rats exposed to CPF only. Pretreatment with antioxidant vitamins C and/or 

E generally resulted in milder pathological lesions in the organs compared to those exposed 

to CPF only. The study has shown that chronic exposure to CPF induces clinicopathological, 

neurobchavioural, cognitive, haematological and serum biochemical changes in Wistar rats, 
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and that pretreatment with antioxidant vitamins C and/or E ameliorated the changes. The 

study has further shown that induction of increased lipid peroxidation by chronic CPF 

exposure plays an important role in the molecular mechanisms of these changes. 
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As an antioxidant, the primary role of AA is to neutralize FRs. Since AA is water soluble, it can 

work both inside and outside the cells to combat FR damages (Iqbal el al., 2004). This 

antioxidant effect is observed in virtually all the body systems. AA protects the DNA of the cells 

from the damage caused by free radicals and mutagens. It prevents harmful genetic alterations 

within cells and protects lymphocytes from mutations to the chromosomes (Gaby and Singh, 

1991). AA prevents free radical damage in the lungs and may even help to protect the CNS from 

such damage (Kronhausen el at., 1989). AA protects sperm from oxidative damage (Fraga el al., 

1991), improves sperm quality in smokers (Dawson el al., 1992) and is effective in treating 

sperm agglutination, a condition which causes sperm to stick together (Dawson el al., 1983). AA 

fights off widespread environmental pollutants, including CO, hydrocarbons, pesticides and 

heavy metals by stimulating enzymes in the liver that detoxify the agents (Iqbal el al., 2004). 

2.5.3.1 Mechanisms of antioxidant effects of vitamin C 

Two major properties of AA make it an ideal antioxidant. First, the low one-electron reduction 

potentials of ascorbatc (282 mV) and its one-electron oxidation product, the ascorbyl radicals 

(2174 mV), which enables ascorbatc and the ascorbyl radicals to react with and reduce basically 

all physiologically relevant radicals and oxidants (Halliwcll, 1996a). For this reason, AA has 

been said to be "at the bottom of the pecking order" and to act as the terminal water-soluble 

small molecule antioxidant in biological system (Buettner, 1993). The second property is the 

stability and low reactivity of the ascorbyl radical formed when ascorbate scavenges ROS and 

RNS(Ilalliwell, 1996a). 
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