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ABSTRACT 

The present study was undertaken to evaluate the protective effect of selenium against chlorpyrifos-induced hepatotoxicity in experimental rats. 
The way of application selected for the study was oral gavage for 28 consecutive days. Wister adult male rats were randomly divided into four 
groups. The first group was served as a control, whereas the remaining groups were respectively treated with sodium selenite (3 mg/kg b.wt.), 
chlorpyrifos (13.5 mg/kg b.wt., 1/10 LD50) and a combination of chlorpyrifos and sodium selenite. The exposure of rats to chlorpyrifos promoted 
oxidative stress resulted in an increase and a decrease of liver malondialdehyde (MDA) and reduced glutathione levels compared to control, 
respectively. Also, decreases in liver glutathione peroxidase (GPx), superoxide dismutase (SOD), catalase (CAT) and lactate dehydrogenase (LDH) 
activities were observed. In addition, plasma transaminases (ALT&AST), alkaline phosphatase (ALP) and lactate dehydrogenase (LDH) activities 
were increased. A significant decrease in body weight and an increase in absolute and relative liver weights were observed in chlorpyrifos-treated 
rats compared to the corresponding controls. The co-administration of Se attenuated the biochemical parameters cited above as well as the changes 
in body and liver weights. Liver histological studies have confirmed the changes observed in biochemical parameters and proved the beneficial role 
of Selenium. In Conclusion, the use of selenium appeared to be beneficial to rats, to a great extent in attenuating and restoring the oxidative damage 
sustained by insecticide exposure.  
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INTRODUCTION 

For centuries, pesticides have been used in agriculture to enhance 
food production by eradicating unwanted insects and controlling 
disease vectors1. The use of pesticides causes severe environmental 
and health hazards to organisms2, 3, 4. Due to their high insecticidal 
activity, low environmental persistence and moderate toxicity, the 
organophosphorus (OP) compounds are the most favored 
insecticides. They are widely used in agriculture and medicine. 
However, the unregulated use and its aerial application over large 
agricultural and urban areas have caused severe environmental 
pollution5. Exposure to OP is associated with toxic effects on humans 
and animals2, 3, 6, 7.  

One such organophosphate which has spurred interest is Chlorpyrifos 
(CPF). CPF is a broad-spectrum organophosphorus insecticide utilized 
extensively in agriculture7. CPF is thought to be primarily metabolized 
in the liver involving the intervention of multiple, specific cytochrome 
P450’s through several reaction pathways8. CPF elicits a number of 
additional effects, including hepatic dysfunction, haematological and 
immunological abnormalities, embryotoxicity, genotoxicity, and 
neurobehavioral changes4, 6, 9, 10.  

Pesticides are known to increase the production of reactive oxygen 
species (ROS), which in turn prompt oxidative stress in different 
tissues 3, 10, 11. Many studies have implicated oxidative damage as the 
central mechanism of toxicity12. Oxidative damage primarily occurs 
through production of reactive oxygen species (ROS), including 
hydroxyl radicals and hydrogen peroxide that are generated during 
the reaction and react with biological molecules, eventually 
damaging membranes and other tissues13. Many insecticides are 
hydrophobic molecules that bind extensively to biological 
membranes, especially phospholipids bilayers14, and they may 
damage membranes by inducing lipid peroxidation3, 15, 16.  

Free radical generation is expected to induce hepatotoxicity. 
Therefore, supplementation of antioxidants can be considered as the 
alternative method for chelating therapy. In fact, several studies 
demonstrated that the cellular antioxidant activity is reinforced by the 
presence of dietary antioxidants17, 18. Accordingly, interest has recently 
grown in the role of natural antioxidants used as a strategy to prevent 
oxidative damage as a factor in the pathophysiology of various health 
disorders3, 16, 18. Among antioxidants, selenium (Se) used as nutritional 
supplements, is the essential elements in almost all biological systems. 

Se is an essential element for humans, which improves the activity of 
the seleno-enzyme. It is present in the active center of glutathione 
peroxidase (GPx), an antioxidant enzyme, which protects lipid 
membranes and macromolecules from oxidative damage produced by 
peroxides19, 20. Furthermore, other authors (Yuan and Tang; Akhtar et 
al.) reported that Se has the ability to counteract free radicals and 
protect the structure and function of proteins, DNA and chromosomes 
against oxidation injury 21, 22. 

Since, the potential hazard of exposure to CPF on the liver is well 
documented, therefore the present study aimed to elucidate the 
hepatoprotective effect of Se when co-administered orally to adult 
male rat using biochemical alterations and histopathological 
findings as criteria.  

MATERIALS AND METHODS 

Animals  

Healthy male Wister rats weighing 150 ± 5 g, were obtained from 
the Animal Breeding House of the National Research Centre (NRC), 
Dokki, Cairo, Egypt, and maintained in clean plastic cages in the 
laboratory animal room (23 ± 2 °C). On standard pellet diet, tap 
water ad libitum, and daily dark/light cycle (12/12 hrs.), the rats 
were acclimatized for 1 week prior to the start of experiments. The 
experimental work on rats was performed with the approval of the 
Animal Care & Experimental Committee, National Research Centre, 
Cairo, Egypt, and international guidelines for care and use of 
laboratory animals.  

Chemicals and Reagents 

Chlorpyrifos ‘CPF’ (M. Wt. 350.6; 99% purity) was obtained from 
Dow AgroSciences (Indianapolis, Indiana, USA) and Sodium selenite 
(Na2SeO3) was purchased from Sigma (St. Louis, MO, USA). The 
assay kits used for biochemical measurements of malondialdehyde 
(MDA), ALT, AST, ALP, LDH, GSH, CAT, SOD and GPx were all 
purchased from Biodiagnostic Company, 29 Tahrir Str., Dokki, Giza, 
Egypt. All other chemicals were of reagent grades and were obtained 
from the local scientific distributors in Egypt. 

Experimental Design 

The animals were randomly divided into 4 groups of six animals 
each. The route of administration selected for the study was oral 

International Journal of Pharmacy and Pharmaceutical Sciences 

ISSN- 0975-1491               Vol 4, Suppl 4, 2012 

AAAAAAAAccccccccaaaaaaaaddddddddeeeeeeeemmmmmmmmiiiiiiiicccccccc        SSSSSSSScccccccciiiiiiiieeeeeeeennnnnnnncccccccceeeeeeeessssssss  



Heikal et al. 

Int J Pharm Pharm Sci, Vol 4, Suppl 4, 603-609 

604 

 

daily gavage for 28 consecutive days. Animals in Group 1 were 
served as control and given only standard pellet diet and corn oil 
(0.5 ml/rat). Animals in Group 2 were given daily Na2SeO3 at a dose 
of 3 mg/kg b.wt./day. Animals in Group 3 were given daily 
chlorpyrifos alone at a dose of 13.5 mg/kg b.wt. (1/10 LD50, Tomlin, 
2004) dissolved in corn oil (0.5 ml/rat) 23. Animals in Group 4 were 
simultaneously given of CPF (13.5 mg/kg b.wt.) and Na2SeO3 (3 
mg/kg b.wt./day).  

This dose of CPF which corresponded to 1/10 of LD50 was selected 
on the basis of previous studies 6, 24, whereas, Na2SeO3 dose was 
selected based on the clinical application and on results from 
previous studies on human and experimental animals 25, 26. 

During the experimental duration, body weights were weekly 
recorded and the doses were modulated accordingly. After completion 
of treatment period, blood samples were withdrawn from the animals 
under light ether anesthesia by puncturing the retro-orbital venous 
plexus of the animals with a fine sterilized glass capillary tube. Blood 
samples were collected, subjected to plasma separation and stored at -
20 ⁰C for biochemical analysis within one week. Rats were then killed 
by decapitation. Then, livers were dissected out, cleaned and weighed. 
Some samples were rinsed and homogenized (10%, w/v) in an 
appropriate buffer (pH, 7.4) and centrifuged. The resulting 
supernatants were used for biochemical assays. Other samples were 
immediately removed, cleaned and fixed in 10% formalin solution and 
embedded in paraffin for histological examination. 

Biochemical Analysis  

The plasma and liver supernatants obtained from different 
treatments were subjected to certain biochemical analyses 
spectrophotometrically by using Shimadzu UV- VIS Recording 2401 
PC (Japan). 

Protein content 

Liver protein contents were measured according to the method of 
Lowry et al. using bovine serum albumin as standard 27. 

Liver function tests 

Plasma transaminases (ALT & AST) activities were determined by a 
colorimetric method according to Reitman and Frankel 28. Plasma 
alkaline phosphatase (ALP) activity was determined by enzymatic 
colorimetric method according to Young et al. 29. 

Indicators of liver cell necrosis 

Liver and plasma lactate dehydrogenase (LDH) activity as indicator 
of necrotic cell death was determined using a kinetic method 
according to Vassault et al. 30. 

Oxidative stress parameters 

The liver malondialdehyde (MDA) concentrations, a lipid 
peroxidation index, were determined spectrophotometrically 
according to Draper and Hadley 31. Briefly, an aliquot of liver extract 
supernatant was mixed with 1ml of 5% trichloroacetic acid and 
centrifuged at 3000g for 10 min. An amount of 1ml of thiobarbituric 
acid reagent (0.67%) was added to 500 ml of supernatant and 
heated at 90 ⁰C for 15 min. The mixture was then cooled and 

measured for absorbance at 532 nm. The malondialdehyde values 
were calculated using 1, 1, 3, 3-tetraethoxypropane as standard and 
expressed as nano moles of malondialdehyde/g of liver. 

Liver glutathione (GSH) levels in the liver was determined by the 
method of Ellman 32 modified by Jollow et al. 33. The method is based 
on the development of a yellow color when 5, 5-dithiobtis-2 
nitrobenzoic acid (DTNB) was added to compounds containing 
sulfhydryl groups. Five hundred microlitres of tissue homogenate in 
phosphate buffer were added to 3ml of 4% sulfosalicylic acid. The 
mixture was centrifuged at 1800g for 15min. Five hundred 
milliliters of supernatants were taken and added to Ellman’s 
reagent. The absorbance was measured at 412 nm after 10min. Total 
GSH content was expressed as mg/mg of protein in the liver. 

Antioxidant enzymes 

Catalase (CAT) activity was assayed by the method of Aebi 34. 
Enzymatic reaction was initiated by adding an aliquot of 20 ml of the 
homogenized tissue and the substrate (H2O2) to a concentration of 
0.5 M in a medium containing 100 mM phosphate buffer (pH 7.4). 
Changes in absorbance were recorded at 240 nm. CAT activity was 
calculated in terms of mmole H2O2 consumed/min/mg of protein. 

Superoxide dismutase (SOD) activity was estimated according to 
Beauchamp and Fridovich 35. The reaction mixture contained 50 mM 
of tissue homogenates in potassium phosphate buffer (pH 7.8), 0.1 
mM EDTA, 13 mM l-methionine, 2 mM riboflavin and 75 mM nitro 
blue tetrazolium (NBT). The developed blue color in the reaction 
was measured at 560 nm. Units of SOD activity were expressed as 
the amount of enzyme required to inhibit the reduction of NBT by 
50% and the activity was expressed as units/mg of protein.  

Glutathione peroxidase (GPx) activity was measured according to 
Flohe and Gunzler 36. The enzyme activity was expressed as nmole of 
GSH oxidized/ min/mg protein. 

Histopathological Examination 

For light microscopic investigations, specimens from liver were 
fixed in 10% phosphate buffer formalin, dehydrated in alcohols and 
embedded in paraffin. Five micron tissue sections were stained with 
hematoxylin and eosin stain (H&E) for general histopathological 
examination. Scoring of histopathological changes was done as 
follow: (-) absent; (+) mild; (++) moderate; (+++) severe, and (++++) 
extremely severe 37.  

Statistical Analysis  
The results were expressed as means ± SD. All data were done with 
the Statistical Package for Social Sciences (SPSS 11.0 for windows). 
The results were analyzed using one way analysis of variance 
(ANOVA) followed by Duncan’s test for comparison between 
different treatment groups. Statistical significance was set at p < 
0.05.  

RESULTS 

To address the hypothesis whether Se would prevent or attenuate 
CPF-induced oxidative stress and hepatotoxicity confirmed by 
biochemical perturbations and the histopathological findings, the 
principal and design of the experiment were conducted. 

 

Table 1: Changes in food intake, body weight, and absolute and relative liver weights of control and treated rats. 

Parameters Treatment groups 

Control Se CPF CPF+Se 

Initial body weight (g) 152.4±6.76 a 151.9±3.67 a 152.7±8.81a 150.6±4.28 a 
Final body weight (g) 213.6±11.05 ab 220.1±18.27 a 184.0±11.77 c 201.3±13.37 b 
Body weight gain (%) 28.5±4.52 a 30.7±4.92 a 16.9±4.97 b 24.9±5.53 a 
Absolute liver weights (g) 7.24±0.77 a 7.63±0.35 a 8.99±0.66 b 7.66±0.57 a 
Relative liver weights (g/100g bw) 3.41±0.52 a 3.48±0.23 a 4.90±0.50 b 3.82±0.35 a 
Food intake (g/day/rat) 29.7±4.89 a 31.17±5.98 a 21.8±6.01 b 26.5±5.75 ab 

Each value is a mean of 6 rats ± SD; a, b, c values are not sharing superscripts letters (a, b, c) differ significantly at p < 0.05; % of body weight gain = 
[(final b .w t. – initial b .wt.)/ final b .wt.] X 100. CPF: Chlorpyrifos; Se: Selenium. 
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The Effects of CPF on General Rat Health 

Generally, death was not observed in any of the experimental groups 
during the treatment period (28 days). However, in CPF-treated 
group, few clinical signs such as huddling, reduced activity, 
increasing weakness, slight diarrhea and hair loss were observed. 
The observed signs were related to the cholinergic crisis; is a 
consistent sign in organophosphate poisoning. However, except of 
huddling, no other significant clinical manifestation was observed 
following Se supplementation. Also, in CPF-treated rats, food intake 
was reduced by 25.6%. However, supplementation of Se attenuated 
the reduction in food intake to 10.8% (Table 1).  

Evaluation of Body, Absolute and Relative Liver Weights 

At the end of the experimental course, there was no significant 
difference in body, absolute and relative liver weights between Se 

and untreated rats. However a significant (p< 0.05) loss of body 
weight gain accompanied by a significant increase in the absolute 
and relative liver weights were recorded in rats treated with CPF 
compared to the control. The co-administration of selenium with 
CPF group restored these parameters to non significant difference 
compared to the control (Table 1). 

Enzymatic Antioxidant Status in Liver 

In the liver homogenates of CPF-treated rats, catalase (CAT), 
superoxide dismutase (SOD) and glutathione peroxidase (GPx) 
activities decreased significantly (p < 0.05) by 40.8%, 43.4% and 
43.3% in male rats, respectively, when compared to the 
corresponding controls (Table 2). However, supplementation of Se 
regenerated SOD and GPx activities and partially ameliorated CAT 
activity when compared to CPF-group.  

 

Table 2: Liver antioxidant enzyme activities of control and treated rats. 

Parameters / Treatments Control Se CPF CPF+Se 

Catalase (CAT) 
(µmoles H2O2 degraded/min/mg protein) 

23.13±3.78 a 24.34±2.87 a 13.69±2.04 b 18.25±3.39 c 

Superoxide dismutase (SOD 
(units/mg protein) 

17.13±2.80 a 16.79±1.98 a 9.70±1.44 b 15.53±2.89 a 

Glutathione peroxidase (GPx) 
(nmoles of GSH/min/mg protein) 

90.3±15.00 ab 96.5±11.37 a 51.2±10.78 c 79.3±12.86 b 

Each value is a mean of 6 rats ± SD; a, b, c values are not sharing superscripts letters (a, b, c) differ significantly at p < 0.05; CPF: Chlorpyrifos; Se: Se: 
Selenium. 
[ 

Oxidative Stress Biomarkers (LPO and GSH) In Liver 
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Fig. 1: Effects of selenium (Se) on liver MDA (Fig. 1A) and GSH (Fig. 1B) after CPF treatment. 

Data represented as means of 6 rats ± SD; a, b, c columns are not sharing above letters (a, b, c) differ significantly at p < 0.05; CPF: Chlorpyrifos; Se: 
Selenium; MDA: Malonaldialdehyde; GSH: Glutathione reduced. 

 

Administration of CPF led to a significant increment (p<0.05) in lipid 
peroxidation (LPO) as evidenced by the increase in liver MDA levels by 
+57.3% as compared to the control group. However, co-administration 
of Se to CPF-treated rats mitigated the augmentation in liver MDA 

levels (Fig. 1A). Reduced glutathione (GSH), natural antioxidant in liver 
tissue was significantly reduced in CPF treated group (–48.7%), when 
compared to the control group. Supplementation of selenium to CPF-
treated group restored GSH level (Fig. 1B). 

 

Table 3: Plasma activities of alanine aminotransferase (ALT), aspartate aminotransferase (AST) and alkaline phosphatase (ALP) enzymes 

of control and treated rats. 

Parameters / Treatments Control Se CPF CPF+Se 

ALT (IU/L) 32.3±6.19 a 33.2±4.83 a 57.7±8.21 b 36.5±5.39 a 
AST (IU/L) 65.4±11.08 a 67.08±10.09 a 118.5±17.65 b 74.7±11.14 a 
ALP (IU/L) 113.0±17.87 a 121.5±18.28 a 168.3±19.22 b 131.2±16.25 a 

Each value is a mean of 6 rats ± SD; a, b, c values are not sharing superscripts letters (a, b, c) differ significantly at p < 0.05; CPF: Chlorpyrifos; Se: Se: 
Selenium. 
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Effects of CPF on Biochemical Markers In Plasma and Liver 

The results of enzymes activities of male rats are shown in Table 3. 
Male rats exposed to CPF (13.5 mg/kg/day) showed a significant 
increase (p<0.05) in the plasma enzyme activities of ALT, AST and 
ALP levels comparable to control. Se-treated group did not show any 
significant changes as compared to the control. The treatment of 
(CPF +Se) decreased the enzymes activity as compared to CPF-
treated group. The LDH activity measured as an indicator of necrotic 
cell death were increased by 89.3% in the plasma (Fig. 2A), but were 
decreased by –34.8% in the liver (Fig. 2B). Supplementation of Se to 
the CPF-treated group restored all the parameters cited above. 

Histopathological Examination 

The histopathological examination of the liver tissue is shown in 
Fig. 3 and the semiquantitative histological scoring of liver damage 

is presented in Table 4. Liver sections from the control rats 
showed normal hepatic lobules formed of hepatocytes radiating 
from central vein to the periphery of the lobules (Fig. 3A1 and A2). 
However, only administration of Se showed normal appearance of 
hepatocytes (Fig. 3D). In contrast, the exposure of rats to CPF 
induced degenerative changes in the liver organ. CPF caused 
inflammatory cellular infiltration in between degenerated 
hepatocytes, kupffer cells proliferation, fatty infiltration and 
degeneration in hepatocytes (Fig. 3B1, B2, B3 and B4). Co-
administration of Se improved the histopathological features (Fig. 
3C). The liver of Se+CPF-treated rats showed marked 
improvement in their histological structure compared to CPF-
treated group and represented by nil to mild degree in 
inflammatory cellular infiltration in between degenerated 
hepatocytes, kupffer cells proliferation, fatty infiltration and 
dilatation and congestion of portal and central vein (Table 4). 
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Fig. 2: Lactate dehydrogenase (LDH) levels in plasma (Fig. 2A) and in liver (Fig. 2B) of control and treated rats. 

Data represented as means of 6 rats ± SD; a, b columns are not sharing above letters (a, b) differ significantly at p < 0.05; CPF: Chlorpyrifos; Se: 
Selenium; LDH: Lactate dehydrogenase. 
 

Table 4: Semiquantitative scoring of architectural damage on histopathological examination of the rat livers in the different treatment 

groups. 

Treatments Control Se CPF CPF+Se 

Degeneration of hepatocytes – – ++++ + 
Fatty change in hepatocytes – – ++ – 
Inflammatory cells infiltration – – +++ + 
Diffuse kupffer cells proliferation in between hepatocytes – – +++ + 
Dilatation and congestion of central vein – – ++ + 

CPF: Chlorpyrifos; Se: selenium. 

(–) indicates normal, (+) indicates mild, (++) indicates moderate, (+++) indicates severe, and (++++) indicates extremely severe. 
 

DISCUSSION 

In toxicological studies, organ and relative organ weights are 
important criteria for evaluation of organ toxicity 3, 38. In our study, 
rats exposed to CPF during 28 days showed a decrease in their 
body and organ weights. The reduction of daily food consumption 
in CPF-treated rats supported these findings. On the other hand, 
the reduction in body weight may be due to the overall increased 
degradation of lipids and proteins as a result of the direct effects 
of CPF as an organophosphate compound 6. Moreover, the increase 
in liver weight could be attributed to the relationship between 
liver weight increase and various toxicological effects or to the 
reduction in body weight gain of experimental animals3, 39, 40, 41, 42. 
These results are consistent with many previous investigators 
with CPF and other OP compounds 2, 43, 44. Co-administration of 
selenium to the CPF-treated group improved body and liver 
weights, which could be attributed to an increase in daily food 
consumption. Indeed, previous studies of Navarro-Alarcon and 
Cabrera-Vique showed an activated growth and development after 
intake of selenium 45. 

Due to the role of liver in detoxification of environmental 
xenobiotics, it is at great risk of injury and induces hepatotoxicity. 
The results of the present study indicated that exacerbation of 
oxidative injury in liver of CPF-treated rats was more than control 
group as evidenced by elevated MDA levels and reduced GSH 
content. Indeed, the involvement of oxidative stress following 
exposure to OP has been reported 3, 43, 44. Different mechanisms have 
been postulated to explain CPF-induced liver injury, such as lipid 
peroxidation and interaction with membrane components. In fact, 
lipid peroxidation represents one of the most frequent reactions 
resulting from free radicals’ attack on biological structures 46. GSH is 
an important naturally occurring antioxidant, which prevents free 
radical damage and helps detoxification by conjugating with 
chemicals. In addition, GSH is central to the cellular antioxidant 
defenses and acts as an essential cofactor for antioxidant enzymes 
including GPx and GST 47, 48. Under oxidative stress, GSH is consumed 
by GSH related enzymes to detoxify the peroxides produced due to 
increased lipid peroxidation 49. In this respect, several studies 
observed depletion of GSH in CPF-treated animals 6, 9. It was found 
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that the co-administration of Se in CPF- induced toxicity has 
protected liver from lipid peroxidation and from any changes in GSH 
and antioxidant enzymes 50, 51. This finding could be explained 

according to Ognjanovic et al.52 by the important role of Se in 
preventing hydroxyl radicals’ formation and in protecting the 
integrity and the functions of tissues 53.  

 

 

Fig. 3: Photomicrograph of H&E stained sections of liver from control rat showing normal histological structure of the central vein (CV), 

portal area (pa) surrounding hepatocytes (h) (Fig. 3A1-80x & A2-60x ). Chlorpyrifos-treated rat liver showing inflammatory cells 

infiltration (white arrow) in the portal area (pa) with degenerative changes (d) (Fig. 3B1-80x), degeneration (d) in hepatocytes (Fig. 3B2-

80x), , congestion was observed in the portal vein (pv) associated with dilatation in the bile duct (bd), inflammatory cells infiltration (m) 

and collagen proliferation (c) in the portal area (Fig. 3B3-80x) , fatty changes (f) with diffuse Kupffer cells proliferation (black arrow) in 

between the degenerated hepatocytes (d) (Fig. 3B4-80×). Se co-administrated with CPF treated rat liver showing binucleated hepatocytes 

(white arrow), diffuse Kupffer cells proliferation (black arrow) associated with degenerated hepatocytes (d) (Fig. 3C-80x). Sodium 

selenite (Se) treated rat liver showing normal appearance of hepatocytes as well as central vein (CV) (Fig. 3D-80x). 
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The cellular antioxidant status determines the susceptibility to 
oxidative damage and is usually altered in response to oxidative 
stress. In the current study, CPF induced oxidative damage by 
producing reactive oxygen species and decreasing the biological 
activities of some liver antioxidant enzymes, like SOD, CAT and GPx. 
Our results were in line with previous studies which have shown 
that exposure to CPF generates lipid peroxidation and alters the 
antioxidant status of several tissues in rats 24, 41. On the other hand, 
the effect of Se on the enhanced GPx activity may be attributed to the 
increase in the bioavailability of Se following co-treatment with 
sodium selenite 54. Whereas, CAT became significantly higher than in 
control animals, reflecting, most probably, an adaptive response 
towards free radical damage in the liver, as reported by El Heni et al. 
55. 

Another biochemical marker used to evaluate liver function was 
lactate dehydrogenase (LDH) activity. Its activity decreased in liver 
tissue and increased in plasma in the CPF-treated group. This may 
be attributed to a generalized increase in membrane permeability, 
as reported by 56. Moreover, elevation of LDH activity indicates cell 
lysis and death as well as the switching over of anaerobic glycolysis 
to aerobic respiration. LDH can be used as an indicator for cellular 
damage and cytotoxicity of toxic agents 57. Besides, the decreased 
levels of liver LDH activity result from superoxide anions and 
hydroxyl radicals which cause oxidative damage to the cell 
membrane 58. The co-administration of selenium with CPF-treated 
rats improved LDH activity due probably to its 
antiradical/antioxidant efficacy. 

In addition, ALT, AST and ALP are the most sensitive biomarkers 
directly implicated in the extent of hepatic damage and toxicity 59, 60. 
In our finding, we demonstrated that CPF administrated to rats 
provoked a marked elevation in plasma AST, ALT and ALP activities 
which indicating hepatocellular damage as previously reported by 
El-Demerdash and Kalender et al.60, 61. This elevation could 
potentially be attributed to the release of these enzymes from the 
cytoplasm into the blood circulation 62, indicating a necrosis and 
inflammatory reactions 63. Selenium tended to alleviate plasma 
transaminases and ALP as demonstrated by us and by other studies 
60, 64.  

The hepatic function tests corroborated the histopathological lesions 
observed in the present study. Degeneration and necrosis in the 
hepatocytes, inflammatory cells infiltration, and Kupffer cells 
proliferation were frequently observed in CPF-treated group. These 
observations indicated marker changes in the overall 
histoarchitecture of liver in response to CPF, which could be due to 
its toxic effects primarily by the generation of reactive oxygen 
species causing damage to the various membrane components of the 
cell. Our results are supported by other studies conducted on CPF 
and other OP insecticides 3, 4, 41, 42. The co-treatment of Se improved 
the histological alterations induced by CPF, which could be 
attributed to the antiradical/antioxidant and metal-chelating 
efficacy of this metal. Moreover, these results are in good accordance 
with those obtained by other studies which have postulated the 
beneficial role of Se on histopathological and enzymatic changes of 
rats 50, 51, 65.  

In conclusion, the results of present study showed that CPF induced 
generation of free radicals that caused oxidative damage to 
macromolecules and cell membrane accompanied by 
histopathological alterations. Also, the results of the present study 
implicated the capability of CPF to induce hepatotoxicity. In contrast 
Se reduces oxidative stress by virtue of its antioxidant properties 
thus improving the structural integrity of cell membrane and 
eventually alleviates the histopathological changes as well as the 
biochemical perturbations. Based on our present observations, we 
propose that Se may provide a cushion for prolonged therapeutic 
option against toxins-induced hepatotoxicity without harmful side 
effects. 

REFERENCES 

1. Prakasam A, Sethupathy S, Lalitha S. Plasma and RBCs 
antioxidant status in occupational male pesticide sprayers. Clin. 
Chim. Acta. 2001; 310: 107–112. 

2. Heikal TM, Soliman MS. Effect of fish oil supplementation on 
brain DNA damage and hepatic oxidant/antioxidant status in 
dimethoate-treated rats. J. Egyptian Soci. Toxicol. 2010; 42: 1-9. 

3. Heikal TM, Ghanem HZ, Soliman MS. Protective effect of green 
tea extracts against dimethoate induced DNA damage and 
oxidant/antioxidant status in male rats. Biohealth. Sci. Bull. 
2011; 3(1): 1– 11. 

4. Tuzmen N, Candan N, Kaya E, Demiryas N. Biochemical effects 
of chlorpyrifos and deltamethrin on altered antioxidative 
defense mechanisms and lipid peroxidation in rat liver. Cell 
Biochem. Funct. 2008; 26: 119–124. 

5. Al-Saleh IA. Pesticides: a review article. J. Environ. Toxicol. 
Oncol. 1994; 13: 151–161. 

6. Goel A, Dani V, Dhawan DK. Protective effects of zinc on lipid 
peroxidation, antioxidant enzymes and hepatic 
histoarchitecture in chlorpyrifos-induced toxicity. Chem. Biol. 
Interact. 2005; 156: 131–140. 

7. Saulsbury MD, Heyliger SO, Wang K, Johnson DJ. Chlorpyrifos 
induces oxidative stress in oligodendrocyte progenitor cells. 
Toxicology. 2009; 259: 1– 9. 

8. Mutch E, Williams FM. Diazinon, Chlorpyriphos and parathion 
are metabolised by multiple cytochrome P450 in human liver. 
Toxicology. 2007; 224: 22–32. 

9. Verma RS, Mnugya A, Srivastava N. In vivo chlorpyrifos induced 
oxidative stress: attenuation by antioxidant vitamins, Pest. 
Biochem. Physiol. 2007; 88: 191–196. 

10. Mehta A, Verma RS, Srivastava N. Chlorpyrifos induced 
alterations in the levels of hydrogen peroxide, nitrate and 
nitrite in rat brain and liver. Pest. Biochem. Physiol. 2009; 94: 
55–59. 

11. Rai DK, Sharma B. Carbofuran induced oxidative stress in 
mammalian brain. Mol. Biotechnol. 2007; 37: 66–71. 

12. Halliwell B, Gutteridge JMC. 2002. Free Radicals In: Biology and 
Medicine. 3rd ed. Oxford: University Press Inc.; 2002. p. 105–
245. 

13. Vuillaume M. Reduced oxygen species, mutation, induction, and 
cancer initiation. Mut. Res. 1987; 186: 43–72. 

14. Ogutcu A, Suludere Z, Kalender Y. Dichlorvos-induced 
hepatotoxicity in rats and the protective effects of vitamins C 
and E. Environ. Toxicol. Pharmacol. 2008; 26: 355–361. 

15. Celik I, Yilmaz Z, Turkoglu, V. Haematotoxic and hepatotoxic 
effects of dichlorvos at sublethal dosages in rats. 
Environ.Toxicol. 2009; 24: 128–132. 

16. Kalender S, Uzun FG, Durak D, Demir F, Kalender Y. Malathion-
induce hepatotoxicity in rats: the effects of vitamin C and E. 
Food Chem. Toxicol. 2010; 48: 633–638. 

17. Kiefer I, Prock P, Lawrence C, Wise J, Bieger W, Bayer P, et al. 
Supplementation with mixed fruit and vegetable juice 
concentrates increased serum antioxidants and folate in 
healthy adults. J. Am. Coll. Nutr. 2004; 23: 205–211. 

18. Khan SM, Sobti RC, Kataria L. Pesticide-induced alteration in 
mice hepato- oxidative status and protective effects of black tea 
extract. Clin. Chim. Acta. 2005; 358: 131–138. 

19. Rotruck JT, Pope AL, Ganther HE, Swanson AB, Hafeman DG, 
Hoekstra WG. Selenium: biochemical role as a component of 
glutathione peroxidase. Science. 1973; 179: 588–590. 

20. Harman D. Free radicals and age-related diseases. In: Pal YB, 
editor. Free radicals in aging. Boca Raton: CRC Press; 1993. p. 
205–222. 

21. Yuan X, Tang C. Lead effect on DNA and albumin in chicken 
blood and the protection of selenium nutrition. J. Environ. Sci. 
Health. 1999; 34: 1875–1887.  

22. Akhtar MS, Farooq AA, Mushtaq M. Serum concentrations of 
copper, iron, zinc and selenium in cyclic and anoestrus Nili-
Ravi buffaloes kept under farm conditions. Pak. Vet. J. 2009; 29: 
47–48. 

23. Tomlin CDS. The e-Pesticide Manual. Version 3.1. London, UK: 
The British Crop Protection Council; 2004. 

24. Aly N, EL-Gendy K, Mahmoud F, El-Sebae A. Protective effect of 
vitamin C against chlorpyrifos oxidative stress in male mice. 
Pestic. Biochem. Physiol. 2010; 97: 7–12. 

25. Biswas S, Talukder G, Sharma A. Prevention of cytotoxic effects 
of arsenic by short-term dietary supplementation with 
selenium in mice in vivo. Mutat. Res. 1990; 441, 155–60. 



Heikal et al. 

Int J Pharm Pharm Sci, Vol 4, Suppl 4, 603-609 

609 

 

26. Chattopadhyay S, Sampa Pal G, Ghosh D, Debnath J. Effect of 
dietary co- administration of sodium selenite on sodium 
arsenite-induced ovarian and uterine disorders in mature 
albino rats. Toxicol. Sci. 2003; 75: 412–22. 

27. Lowry OH, Rosebrough NJ, Farr NL and Randall RJ. Protein 
measurement with the Folin phenol reagent. J. Biol. Chem. 
1951; 193: 265–275. 

28. Reitman S, Frankel S. A colorimetric method for the 
determination of serum glutamic oxalacetic and glutamic 
pyruvic transaminases. Am. J. Clin. Pathol. 1957; 28: 56–63. 

29. Young DS, Pestaner LC, Gibberman V. Effect of drug on clinical 
laboratory tests. Clin. Chem. 1975; 21: D431–2. 

30. Vassault A. Lactate dehydrogenase. UV-method with pyruvate 
and NADH. In: Bergmeyer J, Grabl M, editors. Methods of 
enzymatic analysis. Florida: Verlag-Chemie, Deerfield Beach; 
1983. P. 119–26. 

31. Draper HH, Hadley M. Malondialdehyde determination as index 
of lipid peroxidation. Methods Enzymol. 1990; 186: 421–431. 

32. Ellman GL. Tissue sulfhydryl groups. Arch. Biochem. Biophys. 
1959; 82: 70–77. 

33. Jollow DJ, Mitchell JR, Zampaglione N, Gillete JR. Bromobenzene 
induced liver necrosis: protective role of glutathione and 
evidence for 3,4-bromoben- zeneoxide as the hepatotoxic 
intermediate. Pharmacology. 1974; 11: 151–169. 

34. Aebi H. Catalase in vitro. Methods Enzymol. 1984; 105: 121–126. 
35. Beauchamp C, Fridovich I. Superoxide dismutase: improved 

assays and an assay applicable to acryl amide gels. Anal. 
Biochem. 1971; 44: 276–287. 

36. Flohe L, Gunzler WA. Assays of glutathione peroxidase. 
Methods Enzymol. 1984; 105: 114–121. 

37. Bancroft GD, Stevens A, Turner DR. Theory and practice of 
technique. 4th ed. New York: Churchill Livingston; 1996.  

38. Crissman JW, Goodman DG, Hildebrandt PK, Maronpot RR, Prater 
DA, Riley JH, Seaman WJ, Thake DC. Best practice guideline: 
toxicologic histopathology. Toxicol. Pathol. 2004; 32: 126–131. 

39. Amacher DE, Schomaker SJ, Burkhardt JE. The relationship 
among microsomal, enzyme induction, liver weight and 
histological change in rat toxicology studies. Food Chem. 
Toxicol. 1998; 36: 831-839. 

40. Chung MK, Kim JC, Han SS. Developmental toxicity of 
flupyrazofos, a new organophosphorous insecticide in rats. 
Food Chem. Toxicol. 2002; 40: 723–729. 

41. Mansour SA, Mossa AH. Oxidative damage, biochemical and 
histopathological alterations in rats exposed to chlorpyrifos 
and the antioxidant role of zinc. Pest. Biochem. Physiol. 2010; 
96: 14–23. 

42. Mansour SA, Heikal TM, Refaie AA, Mossa AH. Antihepatotoxic 
activity of fennel (Foeniculum vulgare Mill.) essential oil 
against chlorpyrifos-induced liver injury in rats. Global. J. 
Environ. Sci. Tech. 2011; 1: 1-10. 

43. Sivapiriya V, Jayanthisakthisekaran J, Venkatraman S. Effects of 
dimethoate (O,O-dimethyl S-methyl carbamoyl methyl 
phophorodithioate) and ethanol in antioxidant status of liver and 
kidney of experimental mice. Pest. Biochem. Physiol. 2006; 85: 
115-121. 

44. Saafi EB, Louedi M, Elfeki A, Zakhama A, Najjar MF, Hammamia 
M, Achour L. Protective effect of date palm fruit extract 
(Phoenix dactylifera L.) on dimethoate induced-oxidative stress 
in rat liver. Exp. Toxicol. Pathol. 2011; 63: 433–441. 

45. Navarro-Alarcon M, Cabrera-Vique C. Selenium in food and the 
human body: a review. Sci. Total Environ. 2008; 400: 115–141. 

46. Stohs SJ, Bagchi D. Oxidative mechanisms in the toxicity of 
metal ions. Free Radical Biol. Med. 1995; 18: 321–336. 

47. Mascio PD, Murphy ME, Sies H. Antioxidant defense system: the 
role of carotenoids, tocopherols, and thiols. Am. J. Clin. Nutr. 
1991; 53: 194–200. 

48. Hayes JD, Flanagan JU, Jowsey IR. Glutathione transferases, 
Annu. Rev Pharmacol Toxicol 2005; 45: 51–88. 

49. Cathcart RF. Vitamin C: the nontoxic, nonrate-limited, 
antioxidant free radical scavenger. Med. Hypothesi. 1985; 18: 
61–77. 

50. Combs GF, Combs SB. The nutritional biochemistry of selenium. 
Ann. Rev. Nutr. 1984; 4: 257–80. 

51. McPherson A. Selenium vitamin E and biological oxidation. In: 
Cole DJ, Garnswor- thy PJ, editors. Recent advances in animal 
nutrition. Oxford: Butterworth and Heinemann’s; 1994. p. 3–
30. 

52. Ognjanovic BI, Markovic SD, Pavlovic SZ, Zikic RV, Stajn AS, 
Saicic ZS. Effect of chronic cadmium exposure on antioxidant 
defense system in some tissues of rats: protective effect of 
selenium. Physiol. Res. 2008; 57: 403–411. 

53. Li X, Hill KE, Burk RF, May JM. Selenium spares ascorbate and 
K-tocopherol in cul- tured liver cell lines under oxidant stress. 
FEBS. Lett. 2001; 508:489–92. 

54. Ben Amara, I, Troudi A, Garoui E, Hakim A, Zeghal KM, Najiba Z. 
Protective effects of selenium on methimazole nephrotoxicity 
in adult rats and their offspring. Exp. Toxicol. Pathol. 
doi:10.1016/j.etp.2010; 04.007. 

55. El Heni J, Messaoudi I, Fatima H, Kerkeni A. Protective effects of 
selenium (Se) and zinc (Zn) on cadmium (Cd) toxicity in the 
liver of the rat: effects on the oxidative stress. Ecotoxicol. 
Environ. Saf. 2009; 72: 1559–1564. 

56. Kaczor JJ, Ziolkowski W, Popinigis J, Tarnopolsky M. Anaerobic 
and aerobic enzyme activities in human skeletal muscle from 
children and adults. Pediatr. Res. 2005; 57: 331–335. 

57. Bagchi D, Bagchi M, Hassoun EA, Stohs SJ. In vitro and in vivo 
generation of reactive oxygen species, DNA damage and lactate 
dehydrogenase leakage by selected pesticides. Toxicology. 
1995; 104: 129–140. 

58. Yadav P, Sarkar S, Rhatnagar D. Action of Capparis deciduas 
against alloxan- induced oxidative stress and diabetes in rat 
tissues. Pharm Res 1997; 36: 221–228 

59. Stockham SL, Scott MA. Fundamentals of Veterinary Clinical 
Pathology. Iowa State: University Press Ames; 2002. p. 434–
459. 

60. El-Demerdash, FM. Antioxidant effect of vitamin E and 
selenium on lipid peroxidation, enzyme activities and 
biochemical parameters in rats exposed to aluminium. J. Trace 
Elem. Med. Biol. 2004; 18: 113–121. 

61. Kalender S, Ogutcu A, Uzunhisarcikli M, Acikgoz F, Durak D, 
Ulusoy Y, Kalender Y. Diazinon-induced hepatotoxicity and 
protective effect of vitamin E on some biochemical indices and 
ultrastructural changes. Toxicology. 2005; 211: 197–206. 

62. Dasgupta S, Ghosh S, Das KK. Transaminase activities in some 
metabo- lically active tissues in nickel treated rats under 
protein restriction. Indian J. Physiol. Appl. Sci. 1996; 50: 27–33. 

63. Kuzu N, Metin K, Ferda Dagli A, Akdemir F, Orhan C, Yalniz M, 
et al. Protective role of genistein in acute liver damage induced 
by carbon tetrachloride. Mediators Inflamm. 2007; 1–6. 

64. Soudani N, Ben Amara I, Sefi M, Boudawara T, Zeghal N. Effects 
of selenium on chromium (VI)-induced hepatotoxicity in adult 
rats Exp. Toxicol. Pathol. 2010; doi:10.1016/j.etp.2010.04.005. 

65. Ozardalıa I, Bitirena M, Karakılc AZ, Zerinb M, Aksoyc N, Musad 
D. Effects of selenium on histopathological and enzymatic 
changes in experimental liver injury of rats. Exp. Toxicol. 
Pathol. 2004; 56:59–64. 

 


