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Abstract: Malathion intoxication has been shown to produce oxidative stress due to the generation of free radicals and 
alter the antioxidant defense system in erythrocytes. Previous studies have shown the ameliorative role melatonin 
against oxidative stress induced by generation of free radicals. Present study was designed to investigate the protective 

effect of melatonin against malathion induced oxidative stress. For this purpose, male Wistar rats were randomly divided 
into four groups: Control; Melatonin (10mg/Kg body weight) group; Malathion (250mg/Kg body weight) treated group; 
Malathion + Melatonin treated group. Animals were administered an acute dose of malathion orally. The result of this 

study shows that in vivo administration of malathion caused inhibition in AChE activity in erythrocytes. Malathion 
intoxication also significantly increased the oxidative damage as evidenced by increased level of LPO and GSH content. 
The Inhibition of GSH level and increased lipid peroxidation in erythrocytes was relieved in malathion + melatonin group. 

Enhanced activities of SOD, CAT, GR and GPx were observed in erythrocytes of malathion treated rats as compared to 
control group. Moreover, melatonin supplementation in malathion treated rats maintain normal level of antioxidant 
enzymes as compared to malathion treated rats which indicates that melatonin provide protection against malathion-

induced oxidative stress in erythrocytes. No significant change in the membrane bound enzymes such as Na
+
/K

+
-

ATPase, Mg
2+

-ATPase and Ca
2+

-ATPase was observed in malathion intoxicated rats. Findings of scanning electron 
micrographs of erythrocytes revealed that both the malathion treated and malathion+melatonin treated groups exhibited 

morphological changes in erythrocytes. However, concomitant melatonin supplementation normalized the morphological 
alterations in erythrocytes induced by malathion toxicity. In conclusion, melatonin supplementation may ameliorate 
malathion-induced oxidative imbalance by enhancing the glutathione level, reducing lipid peroxidation and normalizing 
antioxidant enzyme activities in erythrocytes. 

Keywords: Malathion, Melatonin, Erythrocytes, Lipid peroxidation. 

INTRODUCTION 

Pesticides are widely used in agriculture and 

industry to enhance the production of food by 

eradicating unwanted insects and controlling disease. 

Because of their widespread use and easy 

accessibility, pesticide poisoning has become an 

important global health problem especially in the 

developing countries [1, 2]. Every year, millions of 

severe poisoning and deaths occur due to excessive 

use or misuse of pesticides in the developing world [3, 

4].  

Malathion (O,O-dimethyl S-1,2 bis-ethoxy 

carbonylethyl phosphorodithioate), is one of the most 

extensively used Organophosphate (OP) insecticides in 

agricultural, veterinary and public health practices. 

Various studies have demonstrated that OPs exposure 

inhibits acetylcholine esterase activity and induces 

oxidative stress in rats [5, 6] and humans [7, 8] due to 

excessive generation of free radicals and alterations in 

cellular antioxidant defense system. Production of ROS  
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is part of normal oxidative metabolism, but when 

produced in excess, they cause tissue injury including 

lipid peroxidation, alteration in the activities of various 

antioxidant enzymes [9]. Malathion is known to inhibit 

acetyl cholinesterase activity in various tissues [10, 11]. 

Previous studies reported that malathion intoxication 

leads to lipid peroxidation in the erythrocytes, liver, and 

brain of rats [12, 13]. Other studies indicate that 

malathion could induce cytotoxicity and genotoxicity in 

vivo and in vitro [14, 15].  

Melatonin (N-acetyl-5-methoxytryptamine) is a 

naturally occurring compound, synthesized in various 

organs such as the pineal gland, retina, intestine, bone 

marrow cells and skin [16]. Because of its lipophilic 

nature, melatonin can easily cross cell membranes and 

the blood–brain barrier [17]. Melatonin has strong 

antioxidant and prophylactic properties against 

oxidative stress [18-25]. Several experimental studies 

have shown the ameliorate action of vitamins C and E 

against Malathion induced toxicity [26-29] but very few 

studies have been carried out to study the role of 

melatonin against pesticide toxicity in rats. The present 

study was undertaken to elucidate the antioxidant 

action of melatonin against the Malathion induced 

oxidative stress in rats. 



Protective Effect of Melatonin Against Malathion Induced Alterations Journal of Basic & Applied Sciences, 2013 Volume 9      439 

MATERIALS AND METHODS 

All the chemicals used in this study were of 

analytical grade and purchased from Sigma, St. Louis, 

USA and Sisco Research Laboratory (SRL), Mumbai, 

India. 

Experimental Animals and Study Design 

Male Wistar rats, weighing 150-200 grams were 

procured from Central Animal House of Panjab 

University, Chandigarh. Animals were housed in plastic 

cages, fed a standard laboratory diet and water ad 

libitum, exposed to a 12 h light/dark cycle. Animals 

were allowed to acclimatize in the laboratory 

environment for 10 days before start of treatments. The 

protocols were approved by Animal Ethics Committee 

of Panjab University, Chandigarh. The animals were 

randomly divided into 4 groups, each comprising of 4 

animals and orally administered the respective doses 

of Malathion and Melatonin.  

Group 1 (Control): Animals were given 1.0 ml of 

corn oil. 

Group 2 (Melatonin treated): Animals were orally 

supplemented with melatonin (10 mg/kg body weight).  

Group 3 (Malathion treated): Animals were treated 

with Malathion (250 mg/kg body weight). 

Group 4 (Malathion+ Melatonin): Animals were 

given Malathion (250 mg/kg body weight) along with 

Melatonin (10 mg/kg body weight). 

After 6 hours of acute treatment, animals were 

given weak ether anaesthesia and blood was 

withdrawn from the rat. The blood was then centrifuged 

and erythrocytes were washed twice with 0.1 M 

phosphate buffered saline (pH 7.4). Erythrocyte lysate 

was prepared and used for the assay of antioxidant 

enzymes.  

Estimation of Proteins 

The protein content in erythrocyte membrane were 

quantified by the method of Lowry et al. [30], using 

bovine serum albumin (BSA) as a standard. 

Measurement of Lipid Peroxidation 

The lipid peroxidation in erythrocytes was 

determined by the method of Wills [31]. This method is 

based on the formation of a pink chromophore, at 532 

nm, following the reaction of thiobarbituric acid (TBA) 

with degradation products of peroxidized lipids, 

releasing malondialdehyde (MDA). TBA-MDA 

chromophore has been taken as an index of lipid 

peroxidation. Lipid peroxidation was calculated using 

molar extinction coefficient of MDA at 532 nm. The 

results were expressed as n moles of 

malondialdehyde/mg protein. 

Estimation of Reduced Glutathione (GSH) Content 

GSH content was quantified in erythrocytes using 5, 

5’-dithiobis-2-nitrobenzoicacid (DNTB) as the 

complexing agent [32]. This method is based on 

reduction of DNTB by free –SH groups to form a yellow 

colored complex, 2-nitro-5-mercaptobenzoic acid. The 

glutathione contents were expressed as nmoles 

GSH/mg protein using the molar extinction coefficient 

of GSH (13.6x10
6
 M

-1
 cm

-1
) at 412nm. 

Assay of Acetylcholine Esterase (AChE) Activity 

AChE activity in erythrocytes was measured 

spectrophotometrically using acetylthiocholine iodide 

as a substrate [33].  

Catalase (CAT) Activity 

CAT activity was spectrophotometrically measured 

by the rate of decomposition of H2O2 by catalase [34]. 

CAT activity was expressed as moles of H2O2 

decomposed /min/mg protein. 

Superoxide Dismutase (SOD) Activity 

SOD activity was assayed by a method based on 

generation of superoxide anions by the oxidation of 

hydroxylamine hydrochloride [35]. The reduction of 

nitro blue tetrazolium (NBT) to blue formazon by 

superoxide anions was measured at 560 nm under 

aerobic conditions. SOD activity was expressed as 

U/mg protein.  

Glutathione Peroxidase (GPx) Activity 

GPx activity in erythrocytes was measured by the 

method by the oxidation of glutathione by GPx [36]. In 

the presence of glutathione reductase and NADPH, the 

oxidized glutathione is immediately converted to the 

reduced form with a concomitant oxidation of NADPH 

to NADP
+
. The decrease in absorbance of NADPH was 

measured at 340 nm wavelength. GPx activity was 

expressed as nmol NADPH oxidized/min/mg protein. 

Glutathione Reductase (GR) Activity 

GR activity in erythrocytes was determined by 

following the oxidation of NADPH to NADP during the 
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reduction of oxidized glutathione [37]. GR activity was 

expressed as nmol of NADPH oxidized/min/mg protein. 

Total ATPase Activity 

Na
+
/K

+ 
ATPase and Mg

2+
ATPase enzymes activities 

were assayed in the erythrocyte membranes [38]. 

Na
+
/K

+
-ATPase activity was measured under two 

conditions; in the presence of Mg
2+

, Na
+
/ K

+
 ATPases 

(total ATPase) and secondly in the presence of Mg
2+

, 

Na
+
/
 
K

+
ATPases and ouabain.  

Scanning Electron Microscopy (SEM) of 
Erythrocytes 

A drop of blood was fixed immediately in 2.5% 

glutaraldehyde prepared in 0.2M phosphate buffer (pH 

7.2). After 2 hours of fixation, the cells were centrifuged 

at 1000-1500 rpm. The fixative was discarded and the 

pellet was resuspended in the phosphate buffer. This 

process was repeated 2 times, every time the 

supernatant was discarded. The pellet was then 

suspended in the triple distilled water and again 

centrifuged and reconstituted for 1-2 times in triple 

distilled water. Finally, the pellet was suspended in a 

minimum amount of triple distilled water and a drop of 

sample was smeared on the metallic SEM stubs, which 

was loaded with a conductive silver tape on its top. 

These stubs were then coated with gold to a thickness 

of 100Aº using sputter ion coater, with gold source for 

4-5 minutes. These specimens were finally observed 

under electron microscope (JSM-6100, Jeol, Japan) at 

Regional Sophisticated Instrumentation Centre (RSIC), 

Panjab University, Chandigarh, India. 

Statistical Analysis 

The data are expressed as Mean±Standard 

Deviation (SD). Differences among experimental 

groups were calculated by using one-way analysis of 

variance (ANOVA). In all experiments, P < 0.05 was 

considered statistically significant. The data were 

analyzed by using SPSS 16.0 for Windows. 

RESULTS 

Effect of In Vivo Administration of Malathion on 
AChE Activity 

Figure 1 shows the effect of acute administration of 

malathion on AChE activity in rat erythrocytes. Present 

study results shows that Malathion treatment 

significantly reduced the AChE activity in the 

erythrocytes when compared with the control group. No 

significant change in AChE activity was observed in the 

Melatonin supplemented rats and control group. 

However, melatonin supplementation along with 

malathion resulted in a small recovery in AChE activity.  

 

Figure 1: Effect of in vivo administration of Malathion on AChE activity in rat erythrocytes. 

Values are mean ± SD of six rats in each group. Significance at P < 0.05. 
a
Comparison of control and other groups. 

b
Comparison of Melatonin treated group with Malathion group/Melatonin + Malathion group. 

c
Comparison of Malathion treated group with Melatonin + Malathion group. 
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Effect of In Vivo Administration of Malathion on 
Lipid Peroxidation 

The effect of in vivo administration of malathion on 

lipid peroxidation in erythrocytes is shown in Figure 2. 

Exposure of animals with malathion resulted in a 

significant increase in MDA level compared to control 

animals. A significant decrease in the LPO was 

observed when animals were supplemented with 

melatonin along with Malathion, compared to Malathion 

treated rats. However, treatment with melatonin was 

more effective in terms of reducing lipid peroxidation. 

Effect of In Vivo Administration of Malathion on 
GSH Content 

The GSH content in erythrocytes of experimental 

groups are given in Figure 3. Comparison of GSH 

 

Figure 2: Effect of in vivo administration of Malathion on lipid peroxidation in rat erythrocytes. 

Values are mean ± SD of six rats in each group. Significance at P < 0.05. 
a
Comparison of control and other groups. 

b
Comparison of Melatonin treated group with Malathion group/Melatonin + Malathion group. 

c
Comparison of Malathion treated group with Melatonin + Malathion group. 

 

Figure 3: Effect of in vivo administration of Malathion on GSH Content in rat erythrocytes. 

Values are mean ± SD of six rats in each group. Significance at P < 0.05. 
a
Comparison of control and other groups. 

b
Comparison of Melatonin treated group with Malathion group/Melatonin + Malathion group. 

c
Comparison of Malathion treated group with Melatonin + Malathion group. 
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contents in the experimental groups showed a 

significant decrease in Malathion treated rats than in 

the control group. There was a significant increase in 

GSH levels in Malathion + melatonin administered rats 

when compared to those in the malathion treated rats. 

These results indicate that Malathion intoxication 

decreased the GSH content in erythrocytes and 

administration of melatonin along with malathion 

showed recovery in their GSH content as compared to 

malathion treated group. 

Effect of In Vivo Administration of Malathion on 
Antioxidant Enzymes 

Significant increase in CAT, SOD and GPx activity 

was observed after acute administration of malathion 

when compared to control or melatonin treated rats 

(Figure 4). However significant recovery in antioxidant 

enzymes was found in malathion + melatonin treated 

rats. 

No significant change in GR activity was observed 

in malathion treated rats as compared to control group. 

But a slightly increased GR activity was observed in 

Melatonin supplemented rats when compared with 

control group.  

Effect of In Vivo Administration of Malathion on 
ATPases 

Figure 5 shows the effect of in vivo administration of 

malathion on ATPase activities in rat erythrocytes. No 

significant change in total ATPases (Na
+
/K

+
 ATPase 

and Mg
2+

 ATPase) activity was observed in melatonin 

supplemented rats as compared to control group. But a 

slight decrease in total ATPases was observed in 

Melathion treated rats when compared with control or 

melatonin supplemented rats.  

SEM of Erythrocytes 

Scanning electron micrographs of erythrocytes 

revealed that administration of malathion resulted in 

prominent morphological changes in rat erythrocytes 

(Figure 6). It is evident from the electron micrographs 

that the erythrocytes of the control group were perfect 

discocytes, that is, typical biconcave disks. Distortions 

of normal discocytes to different pathological forms 

were observed after acute administration of malathion. 

Most of the erythrocytes became spherocytes. 

Erythrocytes of melatonin+malathion treated group 

shows some improvement in erythrocytes topography 

as compared to malathion treated group. 

 

Figure 4: Effect of in vivo administration of Malathion on activities of antioxidant enzymes. SOD activity was expressed 
as U/mg protein. CAT activity was expressed as moles of H2O2 decomposed /min/mg protein. GPx activity was expressed as 
nmol NADPH oxidized/min/mg protein. GR activity was expressed as nmol of NADPH oxidized/min/mg protein. 

Values are mean ± SD of six rats in each group. Significance at P < 0.05. 
a
Comparison of control and other groups. 

b
Comparison of Melatonin treated group with Malathion group/Melatonin + Malathion group. 

c
Comparison of Malathion treated group with Melatonin + Malathion group. 
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Figure 5: Effect of in vivo administration of Malathion on membrane bound enzymes. 

Values are mean ± SD of six rats in each group. Significance at P < 0.05. 
a
Comparison of control and other groups. 

b
Comparison of Melatonin treated group with Malathion group/Melatonin + Malathion group. 

c
Comparison of Malathion treated group with Melatonin + Malathion group. 

 

 

Figure 6: Scanning Electron Micrographs of erythrocytes. 
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DISCUSSION 

The frequent and widespread use of OP 

insecticides in agriculture has resulted in their 

distribution in environment and exerts deleterious 

effects on biological systems. Erythrocytes are highly 

susceptible to oxidative damage due to the presence of 

heme iron, PUFA and oxygen radicals which may 

initiate the reactions that induce oxidative changes in 

the red blood cells [5, 9]. AChE activity in erythrocytes 

was inhibited by acute administration of malathion, 

however, this activity was recovered to some extent by 

melatonin supplementation. These results show that 

melatonin may reduce the OP-induced oxidative stress 

in erythrocytes upto some extent but it may not be 

directly involved in relieving the inhibition of AChE 

activity.  

Lipid peroxidation (LPO) is one of the main 

manifestations of oxidative damage and has been 

found to play an important role in the deleterious 

effects of many xenobiotics. Elevation of LPO in 

erythrocytes as evidenced by the increased production 

of MDA in the present study, suggests participation of 

free radical induced oxidative cell injury in mediating 

the toxicity of Malathion. Peroxidation of lipids seems to 

be an unavoidable process in tissue injury and may 

impair antioxidant defense system which leads to 

oxidative stress [39]. Malathion might induce oxidative 

stress by directly enhancing the production of reactive 

oxygen species (ROS) or decreasing the antioxidant 

ability of the cell. Previous studies reported that 

exposure to malathion enhanced the lipid peroxidation 

and alter physiological and biochemical characteristics 

of erythrocytes [12, 13, 40]. A significant decrease in 

LPO in erythrocytes in melatonin supplemented rats 

shows the strong antioxidant properties of melatonin 

against malathion induced ROS generation. A recent 

study described the ameliorative action of melatonin 

against atrazine induced oxidative stress in 

erythrocytes [20].  

GSH plays an important role in protecting cells from 

xenobiotic induced tissue injury [41]. Significant 

decrease in GSH content after malathion exposure 

indicated pro-oxidant condition in erythrocytes, which 

may result in oxidative damage. The reduced levels of 

GSH in malathion treated rats may be due to 

augmented consumption of GSH for conjugation and/or 

participation of GSH as an antioxidant in terminating 

free radical production. However, the recovery in GSH 

levels in melatonin supplemented rats administered 

malathion may be due to the stimulation of GSH 

synthesis by melatonin as reported by a previous study 

[25]. Various studies reported ameliorative role of 

vitamins as well as other antioxidants against pesticide 

toxicity [20, 29, 40, 42]. 

Antioxidant enzymes provide a major line of 

defense against free radical damage either by 

metabolizing them to less reactive species or to non-

toxic byproducts. Alterations in antioxidant defense 

system are one of the possible alternative targets of 

OP toxicity. The increased activities of SOD, CAT and 

GPx in malathion treated rats was probably due to 

enhanced production of ROS which caused oxidative 

stress in erythrocytes. The significant recovery in 

antioxidant enzymes in malathion + melatonin treated 

rats indicated that melatonin limits the accumulation of 

peroxides in tissues and contributes to antioxidant 

protection against oxidative damage induced by 

malathion intoxication. Melatonin is known to scavenge 

various free radicals such as hydroxyl radical, 

peroxynitrite, singlet oxygen and peroxyl radical [43-

46], which are generated during the oxidation of 

unsaturated fatty acids and lead to lipid peroxidation in 

erythrocytes. Various studies have reported that 

melatonin may reduce oxidative stress also by 

stimulating antioxidant enzymes such as SOD, GR and 

GPx [47-49]. GPx reduces free radical damage by 

metabolizing H2O2 to H2O. GSH is oxidized to its 

disulfide, GSSG which is then quickly reduced back to 

GSH by GR, an enzyme which has also been shown to 

be stimulated by melatonin. The recycling of GSH may 

well be a major action of melatonin in curtailing 

oxidative stress. The ability of melatonin to regulate the 

GSH/GSSG balance by modulating enzyme activities 

appears to involve an action of melatonin [50]. The high 

efficacy of melatonin in preventing oxidative damage of 

essential biomolecules suggests that melatonin can 

play a vital role in curtailing the oxidative stress 

induced by pesticide toxicity.  

The observed morphological changes in 

erythrocytes of Malathion intoxicated rats might be due 

to the altered lipid composition of cell membrane. The 

decrease in the cholesterol content reduces the 

membrane fluidity and in turn also affects the 

membrane permeability which further leads to the 

alteration in the cell shape with adverse hematological 

consequences [42]. Supplementation of melatonin 

recovers the cell damage induced by malathion 

exposure. Numerous in vitro and in vivo studies have 

documented the ability of melatonin to protect against 

free radical destruction. Previous studies described that 
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melatonin play a vital role in stabilizing the cell 

membrane because of interaction with unsaturated 

fatty acids.  

In conclusion, Malathion intoxication inhibited the 

acetylcholine esterase activity and induces oxidative 

imbalance as evidenced by enhanced lipid 

peroxidation, reduced GSH content and altered 

antioxidant defense system in erythrocytes. However, 

supplementation of melatonin ameliorates the 

deleterious effects of Malathion in rat erythrocytes. 

ACKNOWLEDGEMENT 

The financial assistance for this study was provided 

by University Grant Commission, New Delhi, India. 

REFERENCES 

[1] Jeyaratnam J. Acute pesticide poisoning: a major global 

health problem. World health statistics quarterly Rapport 
trimestriel de statistiques sanitaires mondiales 1990; 43: 139-
44. 

[2] Kesavachandran CN, Fareed M, Pathak MK, Bihari V, 
Mathur N, Srivastava AK. Adverse health effects of 

pesticides in agrarian populations of developing countries. 
Rev Environ Contam Toxicol 2009; 200: 33-52.  
http://dx.doi.org/10.1007/978-1-4419-0028-9_2 

[3] Konradsen F, van der Hoek W, Cole DC, Hutchinson G, 

Daisley H, Singh S, et al. Reducing acute poisoning in 
developing countries-options for restricting the availability of 
pesticides. Toxicol 2003; 192: 249-61.  
http://dx.doi.org/10.1016/S0300-483X(03)00339-1 

[4] Goel A, Aggarwal P. Pesticide poisoning. Natl Med J India 
2007; 20: 182-91.  

[5] Akhgari M, Abdollahi M, Kebryaeezadeh A, Hosseini R, 
Sabzevari O. Biochemical evidence for free radical-induced 
lipid peroxidation as a mechanism for subchronic toxicity of 

malathion in blood and liver of rats. Hum Exp Toxicol 2003; 
22: 205-11.  
http://dx.doi.org/10.1191/0960327103ht346oa 

[6] Bhatti GK, Kiran R, Sandhir R. Modulation of ethion-induced 
hepatotoxicity and oxidative stress by vitamin E 

supplementation in male Wistar rats. Pestic Biochem Physiol 
2010; 98: 26-32. 
http://dx.doi.org/10.1016/j.pestbp.2010.04.005 

[7] Ranjbar A, Pasalar P, Abdollahi M. Induction of oxidative 
stress and acetylcholinesterase inhibition in 

organophosphorous pesticide manufacturing workers. Hum 
Exp Toxicol 2002; 21: 179-82.  
http://dx.doi.org/10.1191/0960327102ht238oa 

[8] Shadnia S, Azizi E, Hosseini R, Khoei S, Fouladdel S, 

Pajoumand A, et al. Evaluation of oxidative stress and 
genotoxicity in organophosphorus insecticide formulators. 
Hum Exp Toxicol 2005; 24: 439-45.  
http://dx.doi.org/10.1191/0960327105ht549oa 

[9] Kale M, Rathore N, John S, Bhatnagar D. Lipid peroxidative 

damage on pyrethroid exposure and alterations in antioxidant 
status in rat erythrocytes: a possible involvement of reactive 
oxygen species. Toxicol Lett 1999; 105: 197-205.  
http://dx.doi.org/10.1016/S0378-4274(98)00399-3 

[10] Rezg R, Mornagui B, Kamoun A, El-Fazaa S, Gharbi N. 
Effect of subchronic exposure to malathion on metabolic 
parameters in the rat. C R Biol 2007; 330: 143-7.  
http://dx.doi.org/10.1016/j.crvi.2006.11.002 

[11] Abdollahi M, Mostafalou S, Pournourmohammadi S, Shadnia 

S. Oxidative stress and cholinesterase inhibition in saliva and 
plasma of rats following subchronic exposure to malathion. 
Comp Biochem Physiol C Toxicol Pharmacol 2004; 137: 29-

34.  
http://dx.doi.org/10.1016/j.cca.2003.11.002 

[12] Fortunato JJ, Agostinho FR, Reus GZ, Petronilho FC, Dal-
Pizzol F, Quevedo J. Lipid peroxidative damage on 
malathion exposure in rats. Neurotox Res 2006; 9: 23-8.  

http://dx.doi.org/10.1007/BF03033304 

[13] Possamai FP, Fortunato JJ, Feier G, Agostinho FR, Quevedo 

J, Wilhelm Filho D, et al. Oxidative stress after acute and 
sub-chronic malathion intoxication in Wistar rats. Environ 
Toxicol Pharmacol 2007; 23: 198-204.  

http://dx.doi.org/10.1016/j.etap.2006.09.003 

[14] Blasiak J, Jaloszynski P, Trzeciak A, Szyfter K. In vitro 

studies on the genotoxicity of the organophosphorus 
insecticide malathion and its two analogues. Mutation Res 
1999; 445: 275-83.  

http://dx.doi.org/10.1016/S1383-5718(99)00132-1 

[15] Reus GZ, Valvassori SS, Nuernberg H, Comim CM, Stringari 

RB, Padilha PT, et al. DNA damage after acute and chronic 
treatment with malathion in rats. J Agric Food Chem 2008; 
56: 7560-5.  

http://dx.doi.org/10.1021/jf800910q 

[16] Tan DX, Manchester LC, Hardeland R, Lopez-Burillo S, 
Mayo JC, Sainz RM, et al. Melatonin: a hormone, a tissue 

factor, an autocoid, a paracoid, and an antioxidant vitamin. J 
Pineal Res 2003; 34: 75-8.  
http://dx.doi.org/10.1034/j.1600-079X.2003.02111.x 

[17] Reiter RJ, Manchester LC, Tan DX. Neurotoxins: free radical 
mechanisms and melatonin protection. Curr Neuropharmacol 

2010; 8: 194-10.  
http://dx.doi.org/10.2174/157015910792246236 

[18] Sharma AK, Mehta AK, Rathor N, Chalawadi Hanumantappa 
MK, Khanna N, Bhattacharya SK. Melatonin attenuates 
cognitive dysfunction and reduces neural oxidative stress 

induced by phosphamidon. Fundam Clin Pharmacol 2011; 
[Epub ahead of print]. 
http://dx.doi.org/10.1111/j.1472-8206.2011.00977.x 

[19] Murawska-Cialowicz E, Jethon Z, Magdalan J, Januszewska 
L, Podhorska-Okolow M, Zawadzki M, et al. Effects of 

melatonin on lipid peroxidation and antioxidative enzyme 
activities in the liver, kidneys and brain of rats administered 
with benzo(a)pyrene. Exp Toxicol Pathol 2011; 63: 97-103.  
http://dx.doi.org/10.1016/j.etp.2009.10.002 

[20] Bhatti JS, Sidhu IP, Bhatti GK. Ameliorative action of 
melatonin on oxidative damage induced by atrazine toxicity 
in rat erythrocytes. Mol Cell Biochem 2011; 353: 139-49.  
http://dx.doi.org/10.1007/s11010-011-0780-y 

[21] Venkataraman P, Selvakumar K, Krishnamoorthy G, 

Muthusami S, Rameshkumar R, Prakash S, et al. Effect of 
melatonin on PCB (Aroclor 1254) induced neuronal damage 
and changes in Cu/Zn superoxide dismutase and glutathione 

peroxidase-4 mRNA expression in cerebral cortex, 
cerebellum and hippocampus of adult rats. Neurosci Res 
2010; 66: 189-97.  
http://dx.doi.org/10.1016/j.neures.2009.10.015 

[22] Sarabia L, Maurer I, Bustos-Obregon E. Melatonin prevents 
damage elicited by the organophosphorous pesticide 
diazinon on the mouse testis. Ecotoxicol Environ Saf 2009; 

72: 938-42.  
http://dx.doi.org/10.1016/j.ecoenv.2008.04.022 

[23] Reiter RJ, Korkmaz A, Paredes SD, Manchester LC, Tan DX. 
Melatonin reduces oxidative/nitrosative stress due to drugs, 
toxins, metals, and herbicides. Neuro Endocrinol Lett 2008; 
29: 609-13.  

[24] Buyukokuroglu ME, Cemek M, Yurumez Y, Yavuz Y, Aslan 
A. Antioxidative role of melatonin in organophosphate toxicity 
in rats. Cell Biol Toxicol 2008; 24: 151-8.  
http://dx.doi.org/10.1007/s10565-007-9024-z 



446    Journal of Basic & Applied Sciences, 2013 Volume 9 Bhatti et al. 

[25] Reiter RJ, Tan DX, Mayo JC, Sainz RM, Leon J, Czarnocki 

Z. Melatonin as an antioxidant: biochemical mechanisms and 
pathophysiological implications in humans. Acta Biochim Pol 
2003; 50: 1129-46.  

[26] Aboul-Soud MA, Al-Othman AM, El-Desoky GE, Al-Othman 
ZA, Yusuf K, Ahmad J, et al. Hepatoprotective effects of 

vitamin E/selenium against malathion-induced injuries on the 
antioxidant status and apoptosis-related gene expression in 
rats. J Toxicol Sci 2011; 36: 285-96.  
http://dx.doi.org/10.2131/jts.36.285 

[27] Kalender S, Uzun FG, Durak D, Demir F, Kalender Y. 
Malathion-induced hepatotoxicity in rats: the effects of 
vitamins C and E. Food Chem Toxicol 2010; 48: 633-8.  
http://dx.doi.org/10.1016/j.fct.2009.11.044 

[28] Uzun FG, Kalender S, Durak D, Demir F, Kalender Y. 

Malathion-induced testicular toxicity in male rats and the 
protective effect of vitamins C and E. Food Chem Toxicol 
2009; 47: 1903-8.  
http://dx.doi.org/10.1016/j.fct.2009.05.001 

[29] Durak D, Uzun FG, Kalender S, Ogutcu A, Uzunhisarcikli M, 
Kalender Y. Malathion-induced oxidative stress in human 
erythrocytes and the protective effect of vitamins C and E in 

vitro. Environ Toxicol 2009; 24: 235-42.  
http://dx.doi.org/10.1002/tox.20423 

[30] Lowry OH, Rosebrough NJ, Farr AL, Randall RJ. Protein 
measurement with the Folin phenol reagent. J Biol Chem 
1951; 193: 265-75.  

[31] Wills ED. Mechanisms of lipid peroxide formation in animal 
tissues. Biochem J 1966; 99: 667-76.  

[32] Ellman GL. Tissue sulfhydryl groups. Arch Biochem Biophys 

1959; 82: 70-7.  
http://dx.doi.org/10.1016/0003-9861(59)90090-6 

[33] Ellman GL, Courtney KD, Andres V Jr., Feather-Stone RM. A 
new and rapid colorimetric determination of 
acetylcholinesterase activity. Biochem Pharmacol 1961; 7: 

88-95.  
http://dx.doi.org/10.1016/0006-2952(61)90145-9 

[34] Luck H. Catalase. In: Bergmeyer HU, editor. Methods of 
enzymatic analysis New York: Academic Press 1971; pp. 
885-93. 

[35] Kono Y. Generation of superoxide radical during autoxidation 

of hydroxylamine and an assay for superoxide dismutase. 
Arch Biochem Biophys 1978; 186: 189-95.  
http://dx.doi.org/10.1016/0003-9861(78)90479-4 

[36] Paglia DE, Valentine WN. Studies on the quantitative and 

qualitative characterization of erythrocyte glutathione 
peroxidase. J Lab Clin Med 1967; 70: 158-69.  

[37] Goldberg DM, Spooner RJ. Glutathione reductase. In: 
Bergmeyer HU, editor. Methods in enzymology: Verlag 
Chemie, Basel, Switzerland 1983; pp. 258-65. 

[38] Quigley JP, Gotterer GS. Distribution of (Na+-K+)-stimulated 

ATPase activity in rat intestinal mucosa. Biochim Biophys 
Acta 1969; 173: 456-68.  
http://dx.doi.org/10.1016/0005-2736(69)90010-8 

[39] Torres RL, Torres IL, Gamaro GD, Fontella FU, Silveira PP, 
Moreira JS, et al. Lipid peroxidation and total radical-trapping 

potential of the lungs of rats submitted to chronic and sub-
chronic stress. Braz J Med Biol Res 2004; 37: 185-92.  
http://dx.doi.org/10.1590/S0100-879X2004000200004 

[40] John S, Kale M, Rathore N, Bhatnagar D. Protective effect of 

vitamin E in dimethoate and malathion induced oxidative 
stress in rat erythrocytes. J Nutr Biochem 2001; 12: 500-4.  
http://dx.doi.org/10.1016/S0955-2863(01)00160-7 

[41] Wu G, Fang YZ, Yang S, Lupton JR, Turner ND. Glutathione 
metabolism and its implications for health. J Nutr 2004; 134: 
489-92.  

[42] Bhatti GK, Bhatti JS, Kiran R, Sandhir R. Biochemical and 
morphological perturbations in rat erythrocytes exposed to 
ethion: protective effect of vitamin E. Cell Mol Biol (Noisy-le-
grand) 2011; 57: 70-9.  

[43] Tan DX, Chen LD, Poeggler B, Manchester LC, Reiter RJ. 

Melatonin: a potent, endogenous hydroxyl radical scavenger. 
Endocr J 1993; 1: 57-60. 

[44] Pieri C, Marra M, Moroni F, Recchioni R, Marcheselli F. 
Melatonin: a peroxyl radical scavenger more effective than 
vitamin E. Life Sci 1994; 55: PL271-6.  

[45] Gilad E, Cuzzocrea S, Zingarelli B, Salzman AL, Szabo C. 

Melatonin is a scavenger of peroxynitrite. Life Sci 1997; 60: 
PL169-74.  

[46] Cagnoli CM, Atabay C, Kharlamova E, Manev H. Melatonin 
protects neurons from singlet oxygen-induced apoptosis. J 
Pineal Res 1995; 18(4): 222-6.  
http://dx.doi.org/10.1111/j.1600-079X.1995.tb00163.x 

[47] Reiter RJ. Antioxidant actions of melatonin. Adv Pharmacol 
1997; 38: 103-17. 
http://dx.doi.org/10.1016/S1054-3589(08)60981-3 

[48] Barlow-Walden LR, Reiter RJ, Abe M, Pablos M, Menendez-
Pelaez A, Chen LD, et al. Melatonin stimulates brain 

glutathione peroxidase activity. Neurochem Int 1995; 26: 
497-502.  
http://dx.doi.org/10.1016/0197-0186(94)00154-M 

[49] Antolin I, Rodriguez C, Sainz RM, Mayo JC, Uria H, Kotler 

ML, et al. Neurohormone melatonin prevents cell damage: 
effect on gene expression for antioxidant enzymes. FASEB J 
1996; 10: 882-90.  

[50] Pablos MI, Reiter RJ, Chuang JI, Ortiz GG, Guerrero JM, 
Sewerynek E, et al. Acutely administered melatonin reduces 

oxidative damage in lung and brain induced by hyperbaric 
oxygen. J Appl Physiol 1997; 83: 354-8.  

 

 
Received on 27-02-2013 Accepted on 28-05-2013 Published on 17-06-2013 

 
http://dx.doi.org/10.6000/1927-5129.2013.09.56 

 
© 2013 Bhatti et al.; Licensee Lifescience Global. 
This is an open access article licensed under the terms of the Creative Commons Attribution Non-Commercial License 
(http://creativecommons.org/licenses/by-nc/3.0/) which permits unrestricted, non-commercial use, distribution and reproduction in 
any medium, provided the work is properly cited. 

 


