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Abstract
Of the present study aime to study malathion effects in some biochemical and molecular marker of mice and protective
activity of vitamin C in reduction toxicity , white albino mice administrated malathion and vitamin C+ malathion with dose (5040) mg/kg b. wt. /day some biochemical markers used in present study. the result shown the biochemical markers Urea and
Creatinine concentration in blood with treated malathion were significantly increased with elevated the dose of malathion as
compared with control group and vitamin C+ malathion. While the total protein concentration in blood was significantly
decreased in malathion treatment as compared with control and vitamin C+ malathion .Activities of alanine transferase ALT,
aspartate transferase AST, Alkaline phosphatase ALT in liver were significantly increased in malathion treatment While these
enzyme activities in vitamin C + malathion treatment were found to be close to level of control , and the activity of lactate
dehydrogenase LDH was significantly decreased in malathion and vitamin C+ malathion treatments, when compared with
control.
Key words : Toxicity of malathion, Biochemical and Molecular Markers, Vitamin C.

Introduction
Malathion Malathion is an organophosphate
insecticide, which acts as an acetylcholinesterase inhibitor.
It have been used in agriculture to improve food
production via eliminating unwanted pests and controlling
disease vectors, among common pesticides (Srivastava
et al., 2012). Malathion (O,O-dimethyl-S-1,2bisethoxycarbonylethylphosphorodithioate) is a nonsystemic, which used excessively to protect crops. It
metabolized by cytochrome P450 enzymes which play
essential role in oxidized Malathion to malaoxon and
converted it to be more toxic than original structure
(Bonilla et al., 2008). The primary action site of malathion
is a central and peripheral nervous systems because they
inhibit acetylcholinesterase (AChE), which hydrolyses of
the neurotransmitter acetylcholine (ACh). The
Bioaccumulation of toxic substances stimulate redox
reactions by generating free radicals, especially reactive
oxygen species (ROS) that induce biochemical changes
in biomolecules (Howitz et al., 2003). Oxidative stress
occur when an imbalance between production and
*Author for correspondence : E-mail: mahir.aljuboori@gmail.com

removal of these ROS. It can be detoxified by defense
system enzymes, like superoxide dismutase (SOD),
catalase (CAT), while organic peroxides can be detoxified
by the activity of glutathione-S-transferase (GST)
(Friedman and Lawrence, 2002).
Vitamin C is a major circulating water-soluble
antioxidant. It is well absorbed by the gastrointestinal tract
and required for multiple biological functions and
biochemical reactions in humans and animals and it is an
important element for the body by neutralize ROS and
reduce oxidative DNA damage which causes genetic
mutations (Li and Schellhorn, 2007). Harapanhalli et al.
(1996) shown hydrophilic and a very important freeradical scavenger in extracellular fluids, trapping radicals
in the aqueous phase and protecting bio membranes from
per oxidative damage. The anticarcinogenic and
antimutagenic roles of vitamin C have been tested in a
variety of in vivo and in vitro systems exposed to
radiation and pesticides (Durak et al., 2009). It prevents
the increased production of free radicals induced by
oxidative damage to lipids and lipoproteins in various
cellular compartments and tissues (Sies et al., 1992).

470

Maher Mohammed Khadairi et al.

Vitamin C accelerates the degradation of intra and
extracellular proteins targeted to the lysosomal lumen by
autophagic and heterophagic pathways, relevant for the
removal of abnormal proteins that accumulate with aging
(Martin et al., 2002).

Materials and Methods
Animals : Thirty adult mice (weight 25-30g) were
housed at the animal house in the faculty of Science of
Babylon University fed standard mice chow, and given
free access to water, the mice acclimation to the
laboratory conditions for one weeks.
Experimental design : They were divided into
three groups of 10 mice in each group. Control group
were given tap water only. Second group were given
malathion at a dose 50 mg/kg b. wt. /day. Third group
(Vitamin C+ Malathion) were given Vitamin C 40 mg/kg
b.wt before three hours of malathion administration and
the same dose of malathion in second group via oral gastric
tube .This dose equal to 1/10 of the LD 50 for an oral
dose according to Gallo and Lawryk (1991). At the end
of the experimental period (three weeks) and after
overnight fasting blood samples were obtained from hearts
of each mice The blood samples were centrifuged at
3000 rpm for 10 min. to separate plasma and to detect
some biochemical markers (Savithri et al., 2010). The
liver tissues of mice were homogenized by using pestle
motor mixer provided by Agros Technologies (U.S) Cat
No A0001 in 50mM Potassium Phosphate buffer (pH7.0)
then, centrifuged at 14000 r.p.m, 4 0C for 5 min for
antioxidant and liver function measurements (Aljuboori,
2017).
Biochemical assay
The urea, creatinine and total protein concentrations
were measured by using a specific kit .
Antioxidants defense measurements
Superoxide dismutase activity SOD was determined
by autooxidation of Pyrogallol according to Marklund and
Marklund (1974). While Catalase activities was measured
according to procedure of Clariborn (1985) and Aebi
(1974), Glutathione activity was determined according to
the method of Moron et al. (1979), the acid soluble
sulfhydryl groups form a yellow colored complex with
dithionitrobenzene (DTNB).
Lipid peroxidation and Acetylcholinesterase assay
Lipid peroxidation was estimated by the
Thiobarbituric acid assay for Malondialdehyde (MDA)
concentration according to Aust (1985) and Burtis (1999)
and A colorimetric determination of acetylcholinesterase

activity in tissues of liver according to the method
described by Ellman et al. (1961).
Liver function and Lactate dehydrogenase assay
The activity of alkaline phosphatase ALP, Alanine
transaminase ALT and Aspartate transaminase AST
were measured for supernatant of liver tissue of mice by
reflotron plus roche and lactate dehydrogenase by a
specific Kit BioScience for each biomarker.
DNA damage
DNA damage was detected using comet assay
accoriding to Conners (2004) by taken a small portion of
liver tissue (50 mg) was serially washed and this piece of
liver was placed in a 2 ml microcentrifuge tube containing
1.5 ml of phosphate buffer solution then homogenization
by homogenized (15-20S) by pestle motor mixer, then
added 40µl of proteinase K for liver tissue and Centrifuged
at 13000 r.p.m for 15min., 4°C, about 2-5 µl of suspension
cell was added to a clean 1.5 ml tube and mixed on Comet
slide with 40µl of low melting agarose , then lysis solution
was prepared (consist of 2.5M NaCl, 100 mM EDTA,
10 mM Tris-base and 8g NaOH), all compenants were
dissolved in dH2O, then it completed to 700 ml after this
about 110 ml of (55 ml 1% triton X and 55 ml 10%
dimethyl Sulphoxide) was added and volume completed
to 100 ml with deionized water, mixture was chilled at
40C or by ice for at least 20 min before used, then it
combined 7.5µl with 75µl of low melting agarose and
immediately spread the mixture onto the clear part of a
comet slide, comet slide was wormed by heating plate at
42-50ºC slides could store in lysis solution at 4Cº for 60
minutes, then, lysis solution was removed and replaced
by alkaline solution (6 g NaOH and 500 µl 0.5%
Na2EDTA) for 5-60 minutes at room temperature in dark,
slide removed from alkaline solution gently, the excess
buffer was removed from slide and washed by immersing
in 1X TBE buffer for 5 minutes, the slides were
transfered to an horizontal electrophoresis apparatus, it
covered by 1X TBE buffer. vol 70 V, for 60 min, excess
TBE was gently removed with added drops of 70%
ethanol the slides were stained by immersed in ethidium
bromide solution for 24 hour slides were viewed by
fluorescence microscope.
Statistical analysis
Data of present study was analyzed according to the
system of statistical package for social science (SPSS)
to found means, Standard deviation, Least Significant
differences by ANOVA at p value<0.05
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Results
Biochemical markers
The statistical analysis shown significant
differences in all biochemical markers among
control and treatments at (P<0.05) (table 1). The
urea concentration in blood control was 16.7 mg/
dl, while its concentration in treated blood by
malathion was significantly increased 27.8 mg/dl
and in Vitamin C+malathion the urea
concentration was 24.6 mg/dl. The creatinine
concentration showed significant differences
between control and treatment in blood Fig. 1 : Concentrations of urea, Creatinine and total protein in blood of
concentration was 0.35 mg/dl in control, whereas
mice treated with malathion and Vitamin C + malathion (mala =
malathion , Vit C = vitamin C).
Creatinine concentration in treated blood with
malathion was elevated to 2.5 mg/dl after 21 days
and its concentration in treated group with vitamin
C + malathion reached to 0.53 mg/dl. The largest
inhibition of total protein in treated blood with
malathion was 1.2 mg/dl when compared with
control and vitamin C+ malathion (8.9-4.1) mg/
dl, respectively (fig. 1).
Result of statistical analysis was showed
significant differences in activities of alanine
transferase ALT, aspartate transferase AST,
Alkaline phosphatase ALT in liver, and alanine
transferase activity in liver control was (20.2) U/
l while in malathion treatment elevated to (88.9)
U/l and in vitamin C + malathion treatment
reduced to (50.6) U/l when compare with Fig. 2 : Activities of Alanine transferase,aspartate transferase, alkaline
phosphatase and lactate dehydrogenase in liver of mice teated
malathion treatment. Aspartate transferase
with malathion and Vitamin C + malathion (mala = malathion , Vit C
activity was 30.7 U/l in control. Whereas it’s
= vitamin C).
activity in malathion treatments was (97.2) U/l
and in vitamin C + malathion treatment was
(66.4)U/l. Alkaline phosphatase activity in
malathion and vitamin C+malathion treatments
were 61.8 U/l and 57.8 U/l respectively when
compare with control 35.6 U/l. the activity of
lactate dehydrogenase LDH in the control was
25.7 U/l and its activity in malathion and vitamin
C+malathion treatments were 12.5-18.4 U/l,
respectively (fig. 2)
The malondialdehyde concentration was 0.97
µmol/ml in liver control. While its concentration
in treated malathion was significantly increased
7.8 µmol/ml and MDA concentration in Vit C+
malathion was 3.9 µmol/dl. Whereas,
acetylcholinesterase ACHE activity reached in
control to 26.6 U/l in liver tissue. but it’s activity Fig. 3 : Concentration of malondialdehyde, acetylcho-linesterase,
superoxide dismutase, catalase and glutathione activities in liver
in treatment of malathion and Vit C+ malathion
of mice teated with malathion and Vitamin C + malathion (mala =
was significantly decreased to 12.4 - 17.1 U/l
malathion, Vit C= vitamin C).
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Fig. 4 : Classes of DNA damage in liver of mice according to comet assays. A: Control, B : medium damage and C: high damage
(40X).
Table 1 : The concentration of biochemical markers in mice
after exposure to malathion and vitamin C + malathion
(Mean ±SD).
Biochemical Makers

Control Malathion Vitamin
treated
C+
Malathion

Urea mg/dl

16.7a

27.8b

24.6a

Creatinine mg/dl

0.35a

2.5b

0.53a

Total protein g/dl

8.9a

1.2b

4.1c

Alanine transferase U/l

20.2a

88.9b

50.6c

Aspartate transferase U/l

30.7a

97.2b

66.4c

Alkaline phosphatase U/l

35.6a

61.8b

57.8c

Lactate dehydrogenase
U/l

25.7a

12.5b

18.4b

Malondialdehyde
nmole/dl

0.97a

7.8b

3.9c

Acetylcholinesterase
U/l

26.6a

12.4b

17.1c

Superoxide dismutase
U/mg

9.3a

3.7b

8.6a

Catalase U/mg

13.9a

3.8b

8.4c

Glutathione µmol/ml

5.8a

1.87b

3.9b

respectively .The superoxide dismutase SOD activity in
liver tissue control was 9.3 U/mg. While activity of SOD
in treated liver tissue with malathion was significantly
decreased to (3.7) U/mg and in Vit C+ malathion reach
to 8.6 U/mg. the catalase activity was (13.9)U/mg ,
Whereas in treated liver, the activity of CAT were reached
to (3.8)U/mg in malathion treatment and in Vit C+
malathion treatment 8.4 U/mg. glutathion activity GSH
in control of liver tissue was (5.8) µmol/ml, While GSH
activity in liver tissue was significantly decreased (1.87)
µmol/ml in malathion treatments as compared with Vit
C+ malathion treatment reach to 3.9 µmol/ml (fig. 3).
DNA damage
The DNA damage markers were showed significant
differences in liver according to statistical analysis at

Table 2 : The DNA damage markers in liver of mice treated
with malathion and vitamin C + malathion (Mean ±
SD).
DNA damage
Markers

Control

Malathion Vitamin C
treated
+ Malathion

Comet length µm 172.61±5.45a 13651±11.7b

541±10.9c

Tail length µm

13.1±1.21a

4671±7.8b

134±16.7c

% DNA in tail

4.13±0.7a

384±20.7b

56±5.1c

Tail moment µm

0.55±0.01a

174.5±7.4b

12.3±2.8c

Different letters show significant differences between groups.
ANOVA one way, significant at p value<0.05

(p<0.05) (table 2 and fig. 4). The Comet length
significantly increased in malathion treatment to 13651
µm and in vitamin C + malathion treatment, comet length
was 541 µm as compared with control 172.61 µm. The
tail length was significantly increased in malathion and
vitamin C + malathion treatment of liver (4671 - 134) µm
respectively when compared with control 13.1 µm. the
percentage of DNA in tail was significantly increased to
(384-56)% in malathion and vitamin C + malathion
treatment respectively as compare with control 4.13%,
While the highest levels that was observed in tail moments
in malathion treatment 174.5 µm and 12.3 µm in vitamin
C + malathion treatment when compare with control 0.55
µm.

Discussion
Malathion shown to induce oxidative stress that leads
to the changes in the antioxidant defense systems for
scavenging free radical in cells, different classes of
pesticides induce the production of reactive oxygen
species (ROS) and oxidative tissue damage (Bagchi et
al., 1995). The present study show that the treatment of
mice with malathion caused significantly increase in
concentration of urea, Creatinine and total protein because
malathion cause oxidative stress via generation reactive
oxygen species that lead to nephrotoxicity lead to
reduction in glomerular filteration in kidney and reflect
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dysfunction of kidney tubule and oxidative of protein
(Durakd et al., 2009). While its concentration in
treatments group with Vitamin C+malathion was found
to be effective in lowering of elevated concentration to
be close to normal level in control group because the
vitamin C can be scavenging oxidative free radical lead
to reduce oxidative damage (Durakd et al., 2009).
Liver plays a significant role in metabolism,
detoxification of exogenous toxins and therapeutic agents,
and bio regulation of fats, carbohydrates, amino acids
and proteins (Chen et al., 2003). The insecticides and
their metabolites can effect in various enzymes of
organism via leak out from the necrotic hepatocytes into
the blood stream in abnormal amounts and these enzymes
have been considered as markers of liver dysfunction
and damage such as Alanine transferase, aspartate
transferase, alkaline phosphatase and lactate
dehydrogenase (LDH) are the most sensitive biomarkers
directly implicated in the extent of hepatic damage and
toxicity (Uboh et al., 2012; Al-Shaibani et al., 2013). The
results of present study were show that alanine
transferase, Aspartate transferase, Alkaline phosphatase
activity in liver were significantly elevated in malathion
treatments and in vitamin C + malathion treatment when
compared with control, this may be due to hepatotoxicity
causing permeability alteration and leakage of lysosomal
enzymes enhancing the released of enzymes and in
vitamin C + malathion treatment, the liver function
activities was significantly reduced when compared with
malathion treatment. This may be due to the vitamin C
roles in protection of the cell membrane against oxidant
agents via reducing the oxidative damage that are
endogenously generated by malathion (Jacob, 2002).
Lactate dehydrogenase activity reflects the state of
energy production, which indicator of mitochondria
essential role in provide cell with enough energy to cope
with the high rate of oxidative metabolic activities
(Schneyer et al., 1972). The activity of lactate
dehydrogenase LDH in malathion treatment group was
significantly decreased may be due to oxidative stress
that cause excessive free radical accumulation (Sultana
and Najam, 2012) but administration group with vitamin
C+malathion treatments was found to be close to activity
in the control because vitamin C protect the liver from
oxidative damage and inhibits the excessive free radical
accumulation (Sultana and Najam, 2012).
Malondialdehyde (MDA) is a low molecular weight
end product of lipid peroxidation and is widely used as a
biomarker of oxidative stress, increased level of oxidative
damage in terms of lipid peroxidation (Ma et al., 2014).
The malondialdehyde concentration was in treated
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malathion was significantly increased to reach 7.8 µmol/
ml and MDA concentration in Vit C+ malathion was 3.9
µmol/dl as compare with control 0.97 µmol/ml because
malathion causes oxidative stress and increased lipid
peroxidation in primary of hepatocyte (Ding et al., 2003).
Acetylcholinesterase enzyme is a serine protease
enzyme that are playing important role in hydrolyzing
neurotransmitter acetylcholine (Zbarsky et al., 2004).
Acetylcholinesterase ACHE activity reached in control
to 26.6 U/l in liver tissue ,but it’s activity in treatment of
malathion and Vit C+ malathion was significantly
decreased to 12.4 - 17.1 U/l may be due to the oxidative
stress that induce by malathion that cause inhibition
acetylcholinesterase activity (Abdollahi et al., 2004).
The superoxide dismutase SOD, catalase and
glutathione activity in malathion treatment were
significantly decreased due to malathion induce oxidative
stress that occur through an imbalances between the rate
of production of reactive oxygen species and the rate of
removal of these reactive oxygen species by antioxidants
defense systems (Tripathy, 2016). While in Vit C+
malathion treatment was found to be reached to normal
level in control because the vitamin C inhibits oxidative
stress and prevents accumulation of free radical in cell
(Aljuboori, 2017).
The result of the presents study had been showed
molecular markers of comet assay was significantly
differences between treatment and control group the
highest values of comet length µm, tail length µm, DNA
in tail and tail moment µm in malathion treatment may be
due to insufficient produce of antioxidant defense systems
to scavenge the reactive oxygen species that are
generated by malathion which lead to find their way
across nuclear membrane indicating DNA strand
breakage (Srivastava et al., 2012; Khadairi et al., 2017).
While in vitamin C + malathion treatments was found to
be lowering oxidative DNA damage because protective
effect of vitamin C and prevent genotoxicity by malathion
(Hatjian et al., 2000).

Conclusion
The malondialdehyde concentration in treated
malathion was significantly elevated. Whereas,
acetylcholinesterase ACHE activity, superoxide dismutase
SOD, Catalase CAT, glutathione GSH and DNA damage
in malathion treatment were significantly decreased as
compared with Vit C+ malathion treatment were found
to be close to normal level in control.

References
Abdollahi, M., S. Mostafalou, S. Pournour Mohammadi and S.

474

Maher Mohammed Khadairi et al.

Shadnia (2004). Oxidative stress and cholinesterase
inhibition in saliva and plasma of rats following subchronic
exposure to malathion. Comp Biochem. Physiol. Toxicol
Pharmacol., 137 : 29-34.
Aebi, H. (1974). "Methods of Enzymatic Analysis” ed. New
York, Academic Press, 2 : 674-84.
Aljuboori, M. M. K. (2017). The effects of purified hepatotoxic
microcystin-LR on biochemical and molecular
characteristic on Cyprinus carpio and Rattus rattus. Ph.D
Thesis, Babylon university in biology science.
Al-Shaibani, E. A., A. M. Alarami, M. S. Al-Awar, E. M. Salih
and M. A. Al-Eryani (2013). Antioxidant protective effect
of vitamin E in penicillin and streptomycin-induced
hepatotoxicity in guinea pig. ARPN J. Agr. Biol. Sci., 8 :
546-554.
Aust, S. D. (1985). Lipid peroxidation. In: CRC Handbook of
Methods for Oxygen Radical Research, Greenwald RA
(ed), Boca Raton, FL p 203- 207.
Bagchi, D., M. Bagch, E. A. Hassoun and S. J. Stohs (1995). In
vitro and in vivo generation of reactive oxygen species.
DNA damage and lactate dehydrogenase leakage by
selected pesticides. Toxicology, 104 : 129-140.
Bonilla, E., F. Hernandez, L. Cortes, M. Mendoza, J. Mejia, E
Carrillo, E. Casas and M. Betancourt (2008). Effects of the
insecticides malathion and diazinon on the early oogenesis
in mice in vitro. Environ. Toxicol., 23 : 240–245.
Burtis, C. A. and E. R. Ashwood (1999). Tietz Textbook of
Clinical Chemistry, 3rd ed., Philadelphia, W.B.Saunders
Co.
Chen, H. W., C. W. Tsai, J. J. Yang, C. T. Liu, W. W. Kuo and C.
K. Lii (2003). The combined effects of garlic oil and fish oil
on the hepatic antioxidant and drug-metabolizing enzymes
of rats. Br. J. Nutr., 89 : 189-200.
Claiborne, A. (1985). Catalase activity. In: CRC Handbook of
Methods for Oxygen Radical Research, Greenwald RA
(ed.), Boca Raton, FL p 283-284.
Conners, D. E. (2004). Biomarkes of oxidative stress in fresh
water clam (Corbicula fluminea) as mechanistic tool to
evaluate the impairment of stream ecosystem health by
lawn care pesticides. Ph.D thesis, The University of
Georgia ,U.S.A.
Ding, W. and C. Ong (2003). Role of oxidative stress and
mitochondrial changes in cyanobacteria-induced
apoptosis and hepatotoxicity. FEMS Microbiol Lett., 220
: 1-7.
Durak, D., F. G. Uzun, S. Kalender, A. Ogutcu, M. Uzunhisarcikli
and Y. Kalender (2009). Malathion induced oxidative stress
in human erythrocytes and the protective effect of vitamins
C and E in vitro. Environ. Toxicol 24(3): 235-242.
Ellman, G. L., K. D. Courtney, V. Andres and R. M. Featherstone
(1961). A new and rapid colorimetric determination of
acetylcholinesterase activity. Biochemical Pharmacology,
7 : 88-95.

Gallo, M. J. and N. J. Lawryk (1991). Organic phosphorus
pesticides. Handbook of Pesticide Toxicology, Academic
Press, Inc. San Diego, 917-1123.
Harapanhalli, R. S., V. Yaghmai, D. Giuliani, R. W. Howell and D.
V. Rao (1996). Antioxidant effects of vitamin C in mice
following X- irradiation. Res Comm Mol Pathol
Pharmacol., 94 : 271-287 .
Hatjian, B. A., E. F. Mutch, M. P. Williams, G Blain and J. W.
Edwards (2000). Cytogenetic response without changes
in peripheral cholinesterase enzymes following exposure
to a sheep dip containing diazinon in vivo and in vitro.
Mutat. Res., 472 : 85-92.
Howitz, K. T., K. J. Bitterman, H. Y. Cohen, D. W. Lamming, S.
Lavu, J. G. Wood, R. E. Zipkin, P. Chung, A. Kisielewski, L.
L. Zhang, B. Scherer and D. A. Sinclair (2003). Small
molecule activators of sirtuins extend Saccharomyces
cerevisiae lifespan. Nature, 425 : 191-196.
Jacob, R. A. (2002). Vitamin C. In: Modern Nutrition in Health
and Disease, 9th edition. Eds Shils ME, 1540 Olson JA,
Shike M, Ross AC. MD: Williams and Wilkins, Baltimore,
467-483.
Khadairi, M. M., M. J. Y. Al-Amari A. M. J.Al-Mamoori (2017).
The biochemical alteration and DNA damage in rats (Rattus
rattus) after chronic intraperitoneally injection to purified
microcystin-LR from Anabaena circinalis. Asia Journal
of Pharmaceutical and Clinical Reseach, 10(11) : 277283.
Li, Y and H. E. Schellhorn (2007). New Developments and Novel
Therapeutic Perspectives for Vitamin C. J. Nutr., 137(10) :
2171-2184.
Ma, J., C. Zhou, Y. Li and X. Li (2014). Biochemical responses
to the toxicity of the biocide abamectin on the freshwater
snail Physa acuta. Ecotoxicol. Environ. Saf., 101: 31-35.
Marklund, S. and G. Marklund (1974). Involvement of the
Superoxide Anion Radical in the Autoxidation of Pyrogallol
and a Convenient Assay for Superoxide Dismutase. Eur.
J. Biochem., 47 : 469-474.
Martin, A., J. A. Joseph and A. M. Cuervo (2002). Stimulatory
effect of vitamin C on autophagy in glial cells. J.
Neurochem., 82 : 538-549.
Moron, M. A. J. W. Depierre and B. Mannervik (1979). Levels
of glutathione reductase and glutathione S-transferase
activities in rat lung and liver. Biochimica et Biophysica
Acta., 582 : 67–78.
Pinto, M. C., J. A. Garcia-Barrado and P. Macias (1999).
Resveratrol is a potent inhibitor of the dioxygenase
activity of lipoxygenase. J. Agric. Food Chem., 47 : 48424846.
Prakasam, A., S. Sethupathy and S. Lalitha (2001). Plasma and
RBCs antioxidant status in occupational male pesticide
sprayers. Clin. Chim. Acta., 103 : 107–112.
Savithri, Y., P. R. Sekhar and P. J. Doss (2010). Changes in
hematological profiles of albino rats under

Protective Effect of vitamin C in Reduction Toxicity of Malathion in White Albino Mice

organophosphate toxicity. IJPLS, 1 : 1-7.
Schneyer, L. H., J. A. Young and C. A. Schneyer (1972). Salivary
secretion of electrolytes. Physiol. Rev., 52 :720-727.
Sies, H., W. Stahl and A. R. Sundquist (1992). Antioxidant
function of vitamin: Vitamins C & E, -carotene and other
carotenoids. Ann. N. Y. Acad. Sci., 669 : 7-12 .
Singh, N. P., M. T. McCoy, R. R. Tice and E. L. Schneider (1988).
A simple technique for quantitation of low levels of DNA
damage in individual cells. Exp. Cell Res., 175 : 184-191.
Srivastava, A. K., W. Ali, R. Singh, K. Bhui, S. Tyagi, A. A. AlKhedhairy, P. K. Srivastava, J Musarrat and Y. Shukla
(2012). Mancozeb-induced genotoxicity and apoptosis
incultured human lymphocytes. Life Sci., 90 : 815-824.
Steinert, S. A. (1996) Contribution of Apoptosis to Observed
DNA Damage in Mussel Cells. Marine Environmental
Research, 42(1) : 253-259.

475

Sultana, N. and R. Najam (2012). Gross toxicities and
hepatoprotective effect of Aloe vera (L). Int. Res. J. Pharm.,
3 : 106-110.
Tripathy, A. (2016). Oxidative stress, reactive oxygen species
(ROS) and Antioxidative defense system, with special
reference to animals. Int. J. Curr. Res. Biosci. Plant Biol.,
3(10) : 79-89.
Uboh, F. E., P. E. Ebong, H. D. Akpan and T. F. Usoh (2012).
Hepatoprotective effect of vitamins C and E against
gasoline vapor-induced liver injury in male rats. Turk. J.
Biol., 36 : 217-223.
Zbarsky, V., J. Thomas and S. Greenfield (2004). Bioactivity of a
peptide derived from acetylcholinesterase: involvement
of an ivermectin-sensitive site on the alpha 7 nicotinic
receptor. Neurobiol Dis., 16 : 283–289.

