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ABSTRACT

Organophosphate pesticides are widely used in agriculture and household for pest control and consequently have been
a major cause of toxicity in farmers and others especially in India. The present study was carried out to evaluate the
ability of two pesticides: monocrotophos (MCP) and quinalphos (QNP) to generate oxidative stress and to explore the
possible protective effects of melatonin in combating the caused stress. The purpose of the study was to find a suitable
agent which could reduce the toxic symptoms generated due to acute as well as chronic exposure of monocrotophos and
quinalphos. We studied the potential of MCP and QNP to generate oxidative stress and subsequent oxidative damage to
DNA in the rat tissues and lymphocytes. Oxidative stress was measured by quantitating the levels of reactive oxygen
species (ROS), total antioxidant capacity, accumulation of lipid peroxidation end products while DNA oxidation was
measured by the modified comet assay using the bacterial repair enzymes, formamidopyrimidine glycosylase (Fpg) and
endonuclease III (Endo III) in the liver, brain and lymphocytes of rats given for two days and subchronic exposure of MCP
and QNP, both separately and in combination. The results showed that both acute and subchronic pesticide exposure,
separately and in combination, lead to the generation of oxidative stress. Extensive oxidative damage of both purine and
pyrimidine bases was observed in liver, brain and lymphocytes of rats given exposure with MCP or QNP, separately or
in combination. MCP was found to be more toxic than QNP as highest DNA damage was observed in this group of rats.
The combined exposure of MCP and QNP does not potentiate each other’s action. However, co-treatment of melatonin,
a well established antioxidant, decreased the oxidative stress and damage caused to the DNA.
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INTRODUCTION
Pesticides are the chemicals that are extensively applied
in agriculture to fulfill the increasing food demands
of steadily rising population and for the eradication
of numerous vector borne diseases. The ubiquitous
dispersion of these substances contaminated the food as
well as surface, ground and drinking water. In almost all
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parts of the world, low level poisoning of human beings
poses a risk of chronic illness and adverse health effects.
(Sabarwal et al., 2018). Organophosphates (OP) compounds
are some of the most common, and most toxic insecticides
used today, adversely affecting the human nervous system
even at low levels of exposure by irreversibly inhibiting
the enzyme acetylcholinesterase (AChE). Besides being
potent anticholinesterase compounds, many studies
suggest that both acute and chronic exposure of OP
pesticides cause disturbances in cells and tissues of
test animals and in human beings also (Costa, 2018;
Laksmidevi et al., 2020).
All the important biomolecules like proteins, lipids and
nucleic acids are susceptible to oxidative DNA damage.
Both, in acute or chronic OP exposure, induction of
oxidative stress has been reported as the main mechanism
of their toxicity (Farkondeh et al., 2020). DNA oxidation is
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known to be one of the most common kinds of damage.
OP pesticides induced DNA damage has been reported
by many workers. OP compounds have been shown to be
genotoxic in vitro and cause extensive damage to DNA
(Greeshma et al., 2019; Ali, 2020).
The primary oxidant responsible for DNA damage is
OH•, 2017). A variety of oxidized bases have been
identified in nuclear DNA but 8-oxo-7,8-dihydroguanine
(8-oxoGua) is one of the most abundant and readily
formed modified base which if not repaired prior to
replication cause mis-incorporation of adenine leading
to transversion mutation. It has been suggested that
this kind of lesion plays important role in the initiation,
promotion and progression of tumors (Poetsch, 2020).
The modified comet assay has been applied to wide
range to cell types and nowadays, is a well established
and widely used genotoxicity test for estimation of DNA
damage at the individual cell level in both in vivo and
in vitro studies (Collins et al., 2020).
Melatonin, a hormone produced by pineal glands,
is a ubiquitous molecule which is known to possess
antioxidant properties and shown ability to detoxify
H2O2, OH•, peroxynitrite anion, singlet oxygen, O2.and peroxyl radicals. (Hacısevki and Baba, 2018).

Monocrotophos [dimethyl-(E)-1-methyl-2-(methyl
carbamoyl) vinyl phosphate, MCP], is an extremely
toxic, systemic aliphatic OP insecticide, which is applied
to kill various insects like spiders, mites which attack on
cotton, sugarcane, peanuts, ornamentals and tobacco
while quinalphos [O,O-diethyl-O-(2- quinoxalinyl)phosphorothioate, QNP], another extensively used
insecticide, is toxic to the unintended targets including
humans and animals (Eid, 2017; Kaur and Goyal,
2019).
Since MCP and QNP are widely used OP pesticides,
their overlapping application may lead to combined
exposure that may potentiate the action of each other.
The genotoxicity of MCP and QNP has been confirmed
in our previous studies which showed highly significant
extensive single and double strand breaks in DNA in
tissues of rats given acute and subchronic exposure of
MCP and QNP (Mishra et al., 2015). Therefore, it was
considered worthwhile to evaluate the involvement of
oxidative stress in damage of nitrogenous bases of DNA
in tissues of rats given 2 day and 60 days oral exposure
of MCP and QNP, separately and in combination. The
mechanism of this DNA damage was studied by modified
comet assay using bacterial repair enzymes Fpg/ Endo III,
to find out whether DNA damage is caused by oxidative
stress.

Table 1. Division of experimental animals and pesticide treatment
Acute		
Chronic
I		
II		
(2 days pesticide
(Total pesticide exposure
exposure)			
= LD50 in 60 days)		
Group i		
Group ii
Group iii
Group iv
Con		
Con + MT
Con
MCP		
MCP + MT
MCP
4.5mg/Kg
4.5 mg/Kg
0.3 mg/Kg
b.w. x 2 days
b.w. x 2 days
b.w. x 60 days
QNP		
QNP + MT
QNP
5 mg/Kg b.w.
5 mg/Kg b.w.
0.33mg/Kg
x 2 daysx 2 days b.w. x 60 days
b.w. x 60 days
Mix		
Mix + MT
Mix
2.25mg MCP +
2.25 mg MCP +
0.15 mg MCP +
2.5mg QNP/Kg
2.5mg QNP/Kg
0.17mg QNP/Kg
b.w. x 2 days
b.w. x 2 days
b.w. x 60 days
				

The levels of H2O2 and O2•– radical along with total
antioxidant capacity was also estimated in pesticide
exposed rats to find out any correlation with base
oxidation. Since lipid peroxidation is a sensitive
biomarker of oxidative stress, the accumulation of lipid
peroxidation products, malondialdehyde (MDA) and
4-hydroxynonanal (4HNE) was monitored to have an
idea about the extent of oxidative stress. The antioxidant
effect of melatonin, if any, is also evaluated against MCP
and QNP induced increase in generation of ROS and
oxidative DNA damage in the present study.

III
(Total pesticide exposure
=2LD50 in 60 days)
Group v
Group vi

Con + MT
Con
Con + MT
MCP+MT
MCP
MCP + MT
0.3 mg/Kg
0.6 mg/Kg
0.6 mg/Kg
b.w.x 60 days b.w. x 60 days b.w. x 60 days
QNP + MT
QNP
QNP + MT
0.33 mg/Kg
0.66 mg/Kg
0.66 mg/Kg
b.w. x 60 days b.w. x 60 days
Mix + MT
Mix
Mix + MT
0.15 mg MCP
0.3 mg MCP 0.3 mg MCP +
+ 0.17 mg + 0.34mg QNP/ 0.34 mg QNP
QNP/Kg
Kg b.w. x
/Kg b.w. x
b.w. x 60 days
60 days
60 days

MATERIAL AND METHODS
Adult male albino rats of Wistar strain (Rattus norvegicus)
weighing about 120±10 g were used in the present study.
Rats were obtained from the animal facilities of Defence
Research and Development Establishment, Gwalior, India,
and were maintained in a light (light-dark cycle of 12
h each) and temperature (25° ± 2°C) controlled animal
room of our department on standard pellet diet (obtained
from Amrut Rat & Mice Feed, New Delhi, India) and tap
water ad libitum. Rats were acclimatized for one week
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prior to the start of the experiment. The animals were
handled, ethically treated, and humanly killed as per
the rules and instructions of the Ethical Committee on
Animal Care of Jiwaji University, Gwalior, in accordance
with the Indian National Law on animal care and use.
Rats were randomly divided into three groups and were
given 2 days of acute pesticide exposure and 60 days of
subchronic pesticide exposure. The further division of
groups and treatment is as described in Table 1.
The animals were randomly divided into two groups,
which were further divided into subgroups of six animals
each. The rats of first group consisted of twenty four
animals which were further divided into four subgroups
of six animals each and were given pesticides for two
consecutive days. The second group consisted of thirty
animals divided into five subgroups of six animals each,
received co treatment of pesticide and melatonin for two
consecutive days. The rats of first sub group received
MCP [4.5 mg/Kg body weight dissolved in 0.4 ml corn
oil per day equivalent to 0.25 LD50 as the reported LD50
is 18 mg/Kg body weight (Gaines, 1969), orally for two
consecutive days, the second sub group received QNP
(5 mg/Kg body weight dissolved in 0.4 ml corn oil per
day equivalent to 0.25 LD50 as the reported LD50 is 20
mg/Kg body weight, (Raizada et al., 1993).
Orally for two consecutive days), the third sub group
received a mixture of both the pesticides (0.125 LD50
each, total 0.25 LD50 equivalent/Kg body weight, orally,
for two consecutive days), while rats of the fourth sub
group received 0.4 ml corn oil orally for two days and
served as the control. The rats of the second group were
divided into five sub groups, the first, second, third and
fourth sub groups received a co treatment of melatonin
(5 mg/Kg body weight intraperitoneally per day for
two consecutive days(Suke et al., 2006) and MCP, QNP,
their mixture or corn oil orally as in the first group. The
fifth subgroup received just corn oil orally and served
as control.
The blood was collected 24 h after the last treatment via
ocular bleeding and used for lymphocyte (Phatak, 1978)
and serum separation (Tuck et al., 2009) The cell viability
was checked by trypan blue dye exclusion test (Philips
1973) The lymphocytes samples with viability >95% were
used for comet assay. After the blood collection, the rats
were humanly killed by cervical dislocation; liver (Martin
and Neuhaus, 2007) and brain (http:// biology.mit.edu/
sites/default/files/Rat Brain Dissection.pdf) tissues were
excised off, washed with 0.9% NaCl and used for different
estimations.
Superoxide anion release was measured by superoxide
dismutase inhibitable reduction of ferricytochrome
c (Cohen et al., 1980). Lymphocytes (3X105 ) were
incubated in PBS-EDTA buffer (pH7.4) with phorbol12,13-dibutyrate (PDBu) at 37o C for 15 min and
ferricytochrome c and PDBu were added in that the final
concentration should be 50 nmol/L and 100 nmol/L,
respectively, in total volume of 1.0 ml. The change in
absorbance was measured spectrophotometrically at 550
BIOSCIENCE BIOTECHNOLOGY RESEARCH COMMUNICATIONS

nm for 10 min with a double beam Shimadzu UV-160A
spectrophotometer. The amount of superoxide – anion
secreted into the medium was calculated using the molar
extinction coefficient of reduced cyochrome c, 2.1X 104
M-1 cm-1, and the concentration is expressed as nmole
O2˙-/ 106 cells/min (Pick and Keisari, 1981).
Hydrogen peroxide in lymphocytes was measured by the
method of Pick (Pick, 1986). For assay of H2O2, 100 µl of
pesticide treated lymphocytes, 100 µl of assay solution
(containing 0.2 ml phenol red, 0.2 g/l and 0.2 ml of
horseradish peroxidase, 20 U/ml in potassium phosphate
buffer, 0.05 M, pH 7.0 and 9.6 ml of 0.9% NaCl), was
taken in microwell plate and reaction was started by the
addition of 10 µl of 1.0 N NaOH, and absorbance was
recorded at 600 nm. Results are expressed as µmol H2O2
formed/ml preparation.
MDA and 4HNE were estimated by the method of
Jacobson (Jacobson et al., 1999). Briefly 200 µl aliquot
of tissue homogenate (10% w/v in Tris-HCl buffer, 20mM,
pH 7.4) was transferred to 650 µl of 10.3 mM 1-methyl2-phenylindole in acetonitrile and vortex mixed. To
assay MDA + 4HNE, 150 µl of 15.4 M methanesulfonic
acid was added, vortexed and incubated at 45 oC for 40
min. To assay MDA alone, 150 µl of 37% HCl was added
instead of methanesulfonic acid, vortexed, incubated at
45oC for 60 min. After incubation, samples were kept on
ice, centrifuged at 9500 g for 5 min and absorbance was
measured at 586 nm. The levels of MDA and 4HNE are
expressed as nmol g-1 tissue using extinction coefficient
1.1 X 105 M-1 cm-1.
Total antioxidant capacity in serum was measured by
the method described by Rice-Evans and Miller, 1994
(Rice-Evans and Miller,1994). The reaction mixture
containing 8.4 µl of serum sample, 489 µl of buffer
(0.1 M PBS, pH 7.4), 36 µl of 70 µM metmyoglobin, and 300
µl of 5 mM ABTS [2, 2’-azinobis-(3-ethylbanzothizoline6-sulfonic acid) disodium salt] were taken and the
reaction was started by addition of 167 µl of 450 µM H2O2
and the absorbance change was recorded at 734 nm for 5
min. The total antioxidant capacity was calculated using
trolox (2.5 mM) as standard and values were expressed
as mmol trolox equivalent L-1.
Modified bases were estimated by Fpg- Endo enzyme
treatment in combination with the comet assay based
on Collin’s protocols (Collins et al., 1993). A homogenate
(25% w/v) of fresh tissues was prepared in chilled
homogenizing buffer (0.075 M NaCl containing 0.024 M
EDTA, pH 7.2) in a Potter Elvehjem homogenizer with a
single stroke. The nuclei were obtained by centrifugation
at 700 g for 10 min at 4ºC and the pellet was gently
resuspended in 3.0 ml of chilled homogenizing buffer.
75 μl of normal melting agarose (1% prepared in 0.1
M sodium phosphate buffer, pH 7.2, containing 0.9%
NaCl) was quickly layered on end-frosted slide, covered
gently with another slide, and allowed to solidify. The
slides were observed at 10X magnification with a Leica
Optiphase microscope equipped with an excitation filter
of 515-560 nm and barrier filter of 590 nm.
Organophosphate pesticide induced oxidative DNA damage
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A total of 100 cells were scored per tissue per animal
(50 from each replicate slide). The nuclei were divided
into five different categories on the basis of percentage
of DNA in the tail using TriTek CometScoreTM Freeware
v1.5 software. The nuclei having 0-10% of tail DNA were
categorized under 0 stage, 10-25% tail DNA under stage
I, 25-50% tail DNA under stage II, 50-75% tail DNA
under stage III and the nuclei having tail DNA >75%
were categorized under stage IV (Fig. 1). The results are
expressed as DNA damage index, calculated as #0 + #1

+ #2 + #3 + #4/ # of cell scored where # is the total
number of nuclei counted (Figure 1).
Results are expressed as mean ± S.E. of six sets of
observations taken on different days. Statistical analyses
were performed using Sigma Stat Statistical software
version 2.0. All the statistical analyses were performed
using one-way analysis of variance with post hoc
Bonferroni’s multiple comparison test applied across
the treatment groups. Significance was based on P value
< 0.05.

Figure 1: Stages of DNA damage:

RESULTS AND DISCUSSION

The nuclei were divided into four stages on the basis of
percentage of DNA in tail. The nuclei having 0-10% of
DNA were categorised under 0 stage, the nuclei having tail
DNA from 10-25% were categorised under stage I, 25-50%
tail DNA conatining nuclei were categorised under stage
II, 50-75% tail DNA containing nuclei were categorised
under stage III, the nuclei having tail DNA >75% were
categorised under stage IV.

Levels of malondialdehyde and 4-hydroxynonanal (MDA
and 4HNE), the two major end products of peroxidative
damage of lipids, were monitored in the rat tissues
following MCP and QNP exposure either singly or in
combination in rat tissues. The results showed that both 2
days and subchronic exposure of MCP and QNP showed
significantly high accumulation of MDA and 4HNE in
the liver and brain of rats. Two days of MCP and QNP
exposure caused 258% and 220% increase in the liver
MDA and 225% and 192% increase in the brain MDA of
rats, respectively, while the 4HNE levels were increased
by 310% and 317% in the liver and 161% and 151%
increase in the brain of exposed rats, (Table 2). When
the rats were given combined exposure of MCP and
QNP (0.125 LD50 equivalent of each pesticide per day
for two consecutive days), the hepatic MDA and 4HNE
levels were increased by 187% and 249%, while 132%
and 128% increase was observed in the MDA and 4HNE
levels, respectively in the brain, when compared with
respective control.

Table 2. Effect of oral exposure of MCP (4.5 mg/Kg b.w.) and QNP (5 mg/Kg b.w.) single and in mixture on the levels of
MDA and 4HNE in the liver and the brain of rats and evaluation of protective effects of intraperitoneal dose of melatonin
(5mg/Kg b.w.)
Con

Con +MT

MCP

Liver
Brain

20.0 ± 0.9
19.3 ± 1.1

18.8 ± 0.6*
18.0 ± 0.4*

71.5 ± 2.1***
62.8 ± 1.8***

Liver
Brain

15.0 ± 1.3
23.0 ± 0.9

13.0 ± 1.3*
21.0 ± 0.9*

61.5 ± 4.3***
60.0 ± 1.1***

MCP +MT

QNP

MDA
53.0 ± 1.5*** 64..0 ± 0.9***
41.8 ± 1.3*** 56.3 ± 0.9***
4HNE
53.0 ± 1.1*** 62.5 ± 2.8***
48.8 ± 0.6*** 57.8 ± 1.6***

QNP + MT

Mix

Mix + MT

55.5 ± 1.3***
47.0 ± 1.2***

57.3 ± 0.9***
44.8 ± 3.4***

41.3 ± 0.9***
32.0 ± 2.2***

48.3 ± 1.7***
57.5 ± 1.8***

52.3 ± 1.3***
52.5 ± 1.0***

45.3 ± 1.3***
46.8 ± 0.9***

Values of MDA and 4HNE are expressed as nmoles g-1 tissue.Results are expressed as mean ± SE of six set of observations
take on different days.Rats were given 0.25 LD50 equivalent of MCP or QNP or mixture of MCP + QNP (0.125 LD50 equivalent
of each) dissolved in 0.4 ml corn oil, orally for two consecutive days. Another group of rats was given co-treatment of
melatonin (5 mg/Kg body weight intraperitoneally).*P < 0.05, **P < 0.01, ***P < 0.001and ≠P > 0.05 when compared with
respective control.Abbreviations: Con, Control; MT, Melatonin, MCP, Monocrotophos; QNP, Quinalphos; Mix, Mixture; MDA,
malondialdehyde; 4HNE, 4-hydroxynonenal.

The co treatment of melatonin along with pesticide
showed protective effects and the accumulation of
MDA and 4HNE was markedly decreased in both the
tissues when compared with corresponding tissues of
only pesticide treated rats. The decrease in the hepatic

MDA levels were 93%, 42% and 80% while 108%, 48%
and 66% decrease was observed in brain of rats given
co-treatment of melatonin with MCP, QNP and Mix
respectively, when compared with only MCP, QNP and
Mix treated rats. The decrease in the HNE levels in the
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liver and the brain ranged from 1% to 95% on melatonin
co-treatment when compared with pesticide treated
melatonin untreated tissues of rats (Table 2).
Subchronic exposure of MCP, QNP and their mixture also
caused significantly marked accumulation of MDA and
4HNE in the liver and the brain of rats when compared
with the control. The increase in MDA levels ranged

from 23- 42% in the liver and 5- 28% in the brain while
the increase observed in the 4HNE levels ranged from
383- 535% in the liver and 200- 404% in the brain of
rat given 4.5 mg/Kg body weight of MCP, 5 mg/Kg body
weigt of QNP and their mixture (2.25 mg/Kg body weight
of MCP + 2.5 mg/Kg body weight of QNP orally for 60
days (Total MCP and QNP given was LD50 equivalent in
60 days) (Table 3).

Table 3. Effect of 60 days of oral exposure of LD50 equivalents of MCP (18 mg/Kg b.w.) and QNP (20 mg/Kg b.w.) single
and in mixture on the levels of MDA and 4HNE in the liver and brain of rats and evaluation of protective effects of
intraperitoneal dose of melatonin (5 mg/Kg b.w.)
Con

Con +MT

MCP

MCP +MT

QNP

QNP + MT

Mix

				
Liver 24.1 ± 1.1
22.8 ± 0.6* 34.2 ± 1.8**
Brain 22.4 ± 1.6
20.2 ± 0.2*
27.6 ± 0.5*

28.4 ± 0.6***
23.3 ± 0.3≠

Liver
Brain

72.0 ± 8.0**
24.12 ± 4.4≠

20.8 ± 5.2
21.2 ± 6.8

18.0 ± 3.2≠
34.4 ± 2.4*

MDA
31.0 ± 1.1** 30.9 ± 0.8** 31.2 ± 1.1**
29.7 ± 1.4*
26.2 ± 0.4*
28.7 ± 0.7*
25.3 ± 0.3*
23.5 ± 0.5≠
4HNE
100.4 ± 20.8* 82.8 ± 15.2*** 118.8 ± 0.4** 66.8 ± 10.0** 132.0 ±10.0**
63.2 ± 4.4*** 25.2 ± 3.6≠
70.4 ± 6.8** 31.2 ± 13.6* 106.8 ± 6.8***

Mix + MT

Values of MDA and 4HNE are expressed as nmoles g-1 tissue. Results are expressed as mean ± SE of six set of observations
take on different days. Rats were given 1/60 LD50 equivalent of MCP or QNP or mixture of MCP + QNP (1/120 LD50 equivalent
of each) dissolved in 0.4 ml corn oil, orally for sixty consecutive days (total pesticide received by each animal was LD50
equivalents in 60 days). Another group of rats was given co-treatment of melatonin (5 mg/Kg body weight intraperitoneally
per day for sixty consecutive days) along with 1/60 LD50 equivalent of MCP, QNP or their mixture.*P < 0.05, **P < 0.01,***P
< 0.001and ≠P > 0.05 when compared with respective control.Abbreviations: Con, Control; MT, Melatonin, MCP, Monocrotophos;
QNP, Quinalphos; Mix, Mixture MDA, malondialdehyde; 4HNE, 4-hydroxynonenal.
Table 4. Effect of 60 days of oral exposure of LD50 equivalents of MCP (36 mg/Kg b.w.) and QNP (40 mg/Kg b.w.) single
and in mixture on the levels of MDA and 4HNE in the liver and brain of rats and evaluation of protective effects of
intraperitoneal dose of melatonin (5 mg/Kg b.w.)
Con

Con +MT

MCP

				
Liver 22.5 ± 0.2
18.8 ± 1.3* 38.0 ± 1.2***
Brain 19.2 ± 1.1
16.7 ± 0.5* 30.5 ± 0.6***
Liver 22.4 ± 3.2
Brain 21.6 ± 2.8

20.8 ± 0.8*
19.6 ± 1.2*

75.0 ± 8.4**
60.9 ± 6.9**

MCP +MT
MDA
34.2 ± 1.7**
29.1 ± 0.3***
4HNE
77.6 ± 6.7**
50.2 ± 6.5**

QNP

QNP + MT

Mix

Mix + MT

36.3 ± 1.1***
29.2 ± 0.4***

32.5 ± 0.7***
27.0 ± 0.4***

32.4 ± 0.6*** 31.7 ± 1.6***
27.1 ± 0.4** 24.8 ± 0.6**

64.3 ± 3.2***
49.5 ± 6.2***

63.8 ± 3.8***
43.0 ± 1.8**

62.3 ± 6.7** 43.2 ± 7.7**
46.5 ± 5.5*** 34.8 ± 2.5**

Values of MDA and 4HNE are expressed as nmoles g-1 tissue. Results are expressed as mean ± SE of six set of observations
take on different days. Rats were given 1/30 LD50 equivalent of MCP or QNP or mixture of MCP + QNP (1/60 LD50 equivalent
of each) dissolved in 0.4 ml corn oil, orally for sixty consecutive days (total pesticide received by each animal was 2LD50
equivalents in 60 days). Another group of rats was given co-treatment of melatonin (5 mg/Kg body weight intraperitoneally
per day for sixty consecutive days) along with 1/60 LD50 equivalent of MCP, QNP or their mixture. < 0.05, **P < 0.01, ***P
< 0.001and ≠P > 0.05 when compared with respective control. Abbreviations: Con, Control; MT, Melatonin, MCP,
Monocrotophos; QNP, Quinalphos; Mix, Mixture, MDA, malondialdehyde; 4HNE, 4-hydroxynonenal.

When the dose of pesticides was doubled i.e. total 2
LD50 equivalents of MCP, QNP and their mixture was
given in 60 equal doses, the accumulation of MDA and
4HNE was further increased in the liver and the brain
of rats when compared with respective tissues of control
rats. Melatonin co treatment showed protection against
BIOSCIENCE BIOTECHNOLOGY RESEARCH COMMUNICATIONS

pesticide induced peroxidative damage of lipids and
levels of peroxidation products, MDA and 4-HNE, were
accumulated in the liver and the brain of rats when
compared with melatonin untreated group. Melatonin
co treatment caused 0- 15% decrease in the MDA levels
in the liver and 1- 15% in the brain of rats receiving
Organophosphate pesticide induced oxidative DNA damage
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LD50 equivalents of pesticides; 3-17% in the liver and
7-12% in the brain of rats receiving 2 LD50 equivalents
of pesticides either singly or in mixture in equal doses
for 60 days. Melatonin co treated rats showed 93- 289%
decrease in the 4HNE levels in the liver and 39- 189%
decrease in the brain of rats and 0- 85% decrease in the
liver and 30-54% decrease in the brain of rats receiving
2 LD50 equivalent of pesticides in equal doses in 60 days,
respectively, when compared with only pesticide treated
group (Table 4).
Figure 2: Effect of oral acute (2 days) (A) and subchronic
(60 days) exposure LD50 (MCP: 18 mg/Kg, QNP: 20 mg/Kg)
(B), 2 LD50 (MCP: 36 mg/Kg, QNP: 40 mg/Kg) (C) of MCP
and QNP, single and in combination on total antioxidant
capacity in rat serum and evaluation of protective effect
of intraperitoneal exposure of melatonin (5 mg/Kg). aP <
0.05, bP < 0.01, cP < 0.001and dP > 0.05. Abbreviations:
C, Control; MT, Melatonin, MCP, Monocrotophos; QNP,
Quinalphos; Mix, Mixture.

Figure 3: Effect of oral acute (2 days) (A) and subchronic
(60 days) exposure LD50 (MCP: 18 mg/Kg, QNP: 20 mg/
Kg) (B), 2 LD50 (MCP: 36 mg/Kg, QNP: 40 mg/Kg) (C) of
MCP and QNP, single and in combination on superoxide
anion generation in rat lymphocytes and evaluation of
protective effect of intraperitonal exposure of melatonin
(5 mg/Kg). The concentration of superoxide anion is
expressed as nmole O2˙-/ 106 cells/min.35 a P<0.05, b
P<0.01, c P<0.001, d P>0.05. Abbreviations: C, Control;
MT, Melatonin, MCP, Monocrotophos; QNP, Quinalphos;
Mix, Mixture.

The total antioxidant capacity (TAC) measured in serum
of rats was marginally decreased on two days exposure
or subchronic exposure of MCP or QNP, either alone or
in combination. The decrease in TAC was 6%, 4% and
2% in the serum of rats receiving acute exposure of MCP,

QNP and their mixture, respectively, when compared with
control (Fig. 2A). In the group given subchronic LD50
equivalents of pesticides, TAC was reduced to 3%, 2%
and 11%, while the group receiving 2 LD50 equivalents
of pesticides the decrease observed was reduced to 22%,
11% and 3% in the MCP, QNP and mixture treated group,
respectively, when compared with control (Fig. 2B and
C). Melatonin co-treatment although tend to reduce the
pesticide induced alterations in the serum TAC of rats
but the effect was very marginal ranging from 0.4 - 1.3%
in acute treatment and 0.4 – 7.3% in the chronic LD50
group and 3.6 – 7.3% in chronic 2LD50 group when
compared with melatonin untreated group (Fig. 2).
The results of the present study showed that MCP and
QNP exposure either singly or in mixture caused drastic
increase in the rate of generation of superoxide anion
(O2•–) in the lymphocytes of rats. The increase in the
level of O2•– was 14.3-, 13- and 9.8- folds in the rats
given acute exposure of MCP, QNP and their mixture,
respectively, while chronic exposure of LD50 equivalents
caused 15.1-, 10.3- and 5.2- folds increase and exposure
of 2 LD50 equivalents caused 17.8-, 13.5- and 10.3-folds
increase in the rats receiving MCP, QNP and mixture,
respectively (Fig. 3).
Figure 4: Effect of oral acute (2 days) (A) and subchronic
(60 days) exposure LD50 (MCP: 18 mg/Kg, QNP: 20 mg/Kg)
(B), 2 LD50 (C) of MCP and QNP, single and in combination
on the levels of H2O2 in the liver and the brain of rats and
evaluation of protective effect of intraperitoneal exposure
of melatonin (5 mg/Kg). Results are expressed as µmol H2O2
formed/ml preparation.a P<0.05, b P<0.01,c P<0.001, d
P>0.05. Abbreviations: C, Control; MT, Melatonin, MCP,
Monocrotophos; QNP, Quinalphos; Mix, Mixture.

Melatonin co treatment tend to ameliorate the effect of
pesticide exposure; 4.9-, 3- and 5.2- folds decrease was
observed in the levels of O2•– in the group given two
days exposure of MCP, QNP and mixture, respectively
(Fig. 3A). In the group receiving melatonin co treatment
along with chronic exposure of LD50 equivalents of
MCP, QNP and mixture, the increase in the levels of
O2•– was 5.9-, 3.5- and 2.1-folds, respectively, while
2LD50 equivalents of MCP, QNP and mixture exposure
caused 6-, 3.2- and 2.6- fold decrease, respectively, when
compared with only pesticide treated melatonin untreated
group (Fig. 3B and 3C).
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Table 5. Effect of 2 days of MCP (4.5 mg/Kg b.w.) and QNP (5 mg/Kg b.w.) single and in combination on oxidative DNA
damage in rat tissues and lymphocytes and protective effects of intraperitoneal dose of melatonin (5 mg/Kg b.w.)
Tissue

Treat

Con

Liver

Con + MT

MCP

MCP + MT

QNP

QNP +MT

Mix

Mix + MT

Buffer

0.24±0.02

0.25±0.01≠

0.80±0.01***

0.64±0.01***

0.72±0.04***

0.54±0.03***

0.47±0.03***

0.37±0.03**

	Lysis

0.24±0.01

0.18±0.01***

1.48±0.02***

1.21±0.03***

1.10±0.07***

0.89±0.09***

0.88±0.06***

0.70±0.07***

Brain

FPG	

0.31±0.01

0.20≠±0.02

3.01±0.04***

2.00±0.05*

2.65±0.05***

1.70±0.02≠

2.76±0.12***

1.52±0.11≠

Endo

0.21±0.01

0.17±0.02≠

2.00±0.01***

1.13±0.14**

1.58±0.04***

1.03±0.10**

1.24±0.04***

0.89±0.07**

Buffer

0.18±0.02

0.15±0.02≠

0.75±0.03***

0.58±0.02***

0.68±0.02***

0.60±0.03***

0.44±0.03***

0.36±0.03***

	Lysis

0.26±0.02

0.21±0.01≠

1.28±0.04***

0.96±0.04***

1.05±0.07***

0.84±0.09***

0.83±0.09***

0.64±0.07**
1.33±0.08***

FPG	

0.48±0.06

0.38±0.08≠

3.21±0.07***

2.68±0.06***

2.92±0.09***

1.92±0.14***

2.37±0.10***

Endo

0.51±0.09

0.50±0.02≠

2.91±0.09***

1.51±0.07***

2.40±0.09***

1.38±0.07***

1.55±0.14***

0.95±0.03**

Buffer

0.16±0.02

0.15±0.01≠

0.83±0.03***

0.57±0.01***

0.66±0.04***

0.48±0.03***

0.43±0.03***

0.34±0.03***

	Lysis

0.19±0.02

0.16±0.02≠

0.89±0.06***

0.67±0.05***

0.75±0.03***

0.56±0.03***

0.42±0.04**

0.34±0.05*

FPG	

0.48±0.06

0.39±0.07≠

3.19±0.22***

2.11±0.05***

2.47±0.09***

1.86±0.08***

1.78±0.12***

1.34±0.03***

Endo

0.45±0.06

0.37±0.08≠

2.58±0.05***

2.07±0.01***

2.08±0.07***

1.69±0.07***

1.30±0.14**

0.73±0.08*

Lymp

Values of DNA damage are expressed as damage index calculated as #0 + #1 + #2 + #3 + #4/ # of cell scored where # is
the total number of nuclei counted.
Results are expressed as mean ± SE of six set of observations take on different days.
Rats were given 0.25 LD50 equivalent of MCP or QNP or mixture of MCP + QNP (0.125 LD50 equivalent of each) dissolved
in 0.4 ml corn oil, orally for two consecutive days. Another group of rats was given co-treatment of melatonin (5 mg/Kg
body weight intraperitoneally.cdcomparison of MCP + Melatonin with MCP, efcomparison of QNP +Melatonin with QNP
and ghcomparison of Mix + Melatonin with Mixture treated group.
*P < 0.05, **P < 0.01,***P < 0.001and ≠P > 0.05 when compared with respective control.
Abbreviations: Con, Control; MT, Melatonin; MCP, Monocrotophos; QNP, Quinalphos; Mix, Mixture; Lymp, Lymphocytes.

The results of present study clearly showed that the
levels of hydrogen peroxide were significantly increased
on exposure with MCP and QNP either singly or in
combination in the rat tissues when compared with
control (Fig. 4). The exposure of 4.5 mg/Kg body weight
of MCP for two consecutive days caused 370% increase
in the liver and 229% in the brain of rats when compared
with control while 5 mg/Kg body weight of QNP exposure
caused 357% and 155% increase in the liver and brain,
respectively, when compared with control. When the rats
were exposed with the mixture of these pesticides, the
increase in the levels of hydrogen peroxide were 237%
and 106% in the liver and the brain, respectively, when
compared with control (Fig. 4A).
Chronic exposure of LD50 and 2 LD50 equivalents of
MCP and QNP in 60 days, also significantly increased
the levels of H2O2 in the liver and the brain of rats.
The increase observed in the liver was 170%, 112%
and 140%; while brain showed 118%, 75% and 35%
increase when exposed with LD50 equivalents of MCP,
QNP and their mixture respectively, in 60 equal doses
in 60 days (Fig. 4B). On doubling the dose, the levels
of hydrogen peroxide were further increased. Recovery
ranged from 4- 18% in the group given 2 days exposure
and 7-89% in the group receiving subchronic exposure
of pesticides when compared with melatonin untreated
group (Fig. 4C).
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The oxidative damage of purines and pyrimidines was
studied by the modified comet assay with the use of Fpg
and Endo III which remove the damaged purines and
pyrimidines, respectively, and create strand breaks at
abasic sites. The results showed that 2 days exposure of
0.25 LD50 equivalents of MCP and QNP either singly or in
mixture caused extensive DNA damage and the damage
index was increased 233%, 200% and 96% in the liver,
317%, 278% and 144% in the brain and 419%, 313% and
169% in the lymphocytes in buffer treated slides of rats,
respectively. When the slides were treated with Fpg or
Endo III significantly marked increase in damage index
was observed in the liver, brain and lymphocytes of same
group of rats, respectively (Table 5) when compared with
control or when compared with buffer-treated slides.
The increase observed on Fpg-treatment was 870.96%,
754.83% and 790.32% in the liver, 569%, 508%
and 394% in the brain and 565%, 415, and 271% in
the lymphocytes of MCP, QNP and Mix treated rats,
respectively, when compared with control while Endo III
treatment caused 852%, 652.38% and 490.47% increase
in the liver, 471%, 371% and 204% increase in the brain
and 473%, 362% and 189% in the lymphocytes of the
same group of animals, respectively, when compared
with control. The results of the present study showed
that melatonin co-treatment decreased the damaging
effects of pesticides and the DNA damage index was
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decreased in all the tissues tested when compared with
only pesticide treated group. Melatonin co-treatment
also caused significantly marked decrease in the damage

index in the Fpg and Endo III treated liver, brain and
lymphocytes when compared with only MCP, QNP and
mix treated tissues (Table 5).

Table 6. Effect of 60 days exposure of MCP (18 mg/Kg b.w.) and QNP (20 mg/Kg b.w.) single and in combination on
oxidative DNA damage in rat tissues and lymphocytes and protective effects of intraperitoneal dose of melatonin (5 mg/
Kg b.w.)
Tissues Treatment

Con

Con + MT

MCP

MCP + MT

QNP

QNP +MT

Mix

Mix + MT

Liver

Buffer 0.36±0.03
0.31±0.03≠ 1.03±0.05*** 0.79±0.02*** 0.95±0.04*** 0.66±0.02*** 0.64±0.04*** 0.54±0.03**
Lysis
0.44±0.02
0.32±0.02* 1.62±0.15*** 1.18±0.05*** 1.33±0.08*** 0.92±0.07*** 1.06±0.07*** 0.75±0.04***
FPG
0.20±0.01
0.18±0.03≠ 2.62±0.04*** 1.80±0.02*** 2.26±0.08*** 1.75±0.07*** 1.80±0.10*** 1.19±0.07***
Endo
0.26±0.01
0.20±0.02≠ 2.58±0.05*** 1.72±0.03* 2.30±0.06*** 1.39±0.03# 1.65±0.06≠ 0.84±0.04**
Brain Buffer 0.26±0.01
0.20±0.01≠ 1.06±0.05*** 0.80±0.03*** 0.94±0.02*** 0.75±0.04*** 0.73±0.05*** 0.55±0.02***
Lysis
0.33±0.02
0.27±0.02≠ 1.22±0.08*** 0.88±0.04*** 1.16±0.04*** 0.92±0.05*** 0.92±0.06*** 0.83±0.05***
FPG
0.30±0.02
0.21±0.02* 2.96±0.07*** 2.42±0.06*** 2.72±0.09*** 1.74±0.04*** 2.14±0.07*** 1.00±0.06***
Endo
0.37±0.02
0.28±0.02* 2.58±0.05*** 1.72±0.04*** 2.30±0.06*** 1.39±0.03*** 1.65±0.06*** 0.84±0.04***
Lymp Buffer 0.25±0.01
0.20±0.01* 0.95±0.02*** 0.62±0.01*** 0.77±0.02*** 0.58±0.05*** 0.57±0.02*** 0.42±0.04**
Lysis
0.26±0.02
0.23±0.01* 1.14±0.05*** 0.86±0.05*** 0.96±0.03*** 0.78±0.03*** 0.62±0.04*** 0.44±0.05*
FPG
0.35±0.02
0.28±0.02* 2.56±0.04*** 1.89±0.04*** 2.34±0.03*** 1.68±0.03*** 1.75±0.05*** 1.26±0.05***
Endo
0.25±0.01
0.20±0.02≠ 2.60±0.05*** 1.87±0.06*** 2.22±0.04*** 1.38±0.11*** 1.46±0.10*** 0.94±0.10***
Values of DNA damage are expressed as damage index calculated as #0 + #1 + #2 + #3 + #4/ # of cell scored where # is the total
number of nuclei counted.
Results are expressed as mean ± SE of six set of observations take on different days.
Rats were given 1/60 LD50 equivalent of MCP or QNP or mixture of MCP + QNP (1/120 LD50 equivalent of each) dissolved in 0.4 ml
corn oil, orally for sixty consecutive days (total pesticide received by each animal was LD50 equivalents in 60 days). Another group
of rats was given co-treatment of melatonin (5 mg/Kg body weight intraperitoneally per day for sixty consecutive days) along with
1/60 LD50 equivalent of MCP, QNP or their mixture.
*cdcomparison of MCP + Melatonin with MCP, efcomparison of QNP +Melatonin with QNP and ghcomparison of Mix + Melatonin
with Mixture treated group.
*P < 0.05, **P < 0.01, ***P < 0.001and ≠P > 0.05 when compared with respective control.
Abbreviations: Con, Control; MT, Melatonin, MCP, Monocrotophos; QNP, Quinalphos; Mix, Mixture; Lymp, Lymphocytes.

Subchronic treatment of LD50 and 2LD50 equivalents of
MCP, QNP and their mixture also caused significantly
marked increase in the DNA damage index in the liver,
brain and lymphocytes of rats when compared with
control. The increase in DNA damage index observed
was 232%, 164% and 78% in the liver, 308%, 262% and
181% in the brain and 280%, 208% and 128% in the
lymphocytes of rats equivalents of LD50 MCP, QNP and
their mixture, respectively, when compared with control
(Table 6). The group receiving 2LD50 equivalents of these
pesticides, the DNA damage index was increased to 215%,
136% and 54% in the liver, 330%, 233% and 250% in the
brain and 219%, 156% and 113% in the lymphocytes of
MCP, QNP and their mixture treated group, respectively,
when compared with control (Table 7).
The DNA damage index was further increased on
treatment with Fpg or Endo in slides of all the tissues of
the rats of both the groups when compared with buffertreated slides. In the liver Fpg treated slides showed
1210%, 1030% and 795% increase, brain showed 887%,
807% and 613% increase, the lymphocytes showed 631%,
569% and 400% increase while Endo treatment showed
892%, 785% and 534.61% increase in the liver, 597%,

523% and 346% increase in the brain and 940%, 788%
and 484% increase in the lymphocytes on MCP, QNP and
their mixture treatment, respectively, when compared
with control (Table 6). The other group of rats receiving
2LD50 equivalents of pesticide treatment showed further
increase in the DNA damage index when compared with
respective controls (Table 7). Melatonin co treatment
showed protective effects against pesticide-induced DNA
damage and caused significantly marked decrease in the
DNA damage index in all the tissues when compared with
only pesticide treated group in case of both the doses of
subchronic exposure.
Generation of reactive oxygen species (ROS) is inevitable
in aerobic organisms. The ROS including superoxide anion,
hydroxyl radicals, hydrogen peroxide, and others, stem
from endogenous sources through cellular metabolism
and exogenous sources mediated by environmental
exposure of chemicals, pollutants, radiations, cigarette
smoke, pesticides and related neurotoxins etc. Nuclear
and mitochondrial genomes are under continuous assault
by environmentally and endogenous derived ROS,
including the formation and accumulation of mutagenic,
toxic and/ or genome destabilizing DNA lesions. In
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0.46±0.07≠
1.02±0.08≠
0.75±0.06*
0.10±0.02***
0.34±0.03≠
0.36±0.04≠
0.31±0.04≠

0.36±0.02≠
1.02±0.06≠
0.12±0.02≠
0.20±0.02≠
0.25±0.01≠

Con + MT

1.29±0.05***
3.11±0.07***
2.82±0.08***
1.02±0.03***
1.23±0.04***
2.56±0.04***
2.61±0.04***

1.23±0.04***
1.82±0.07***
2.92±0.08***
2.58±0.05***
1.29±0.05***

MCP

1.14±0.05***,cd≠
1.75±0.03***,cd***
1.63±0.02***,cd***
0.92±0.04***,cd≠
0.98±0.08***,cd*
2.16±0.04***,cd**
1.98±0.07***,cd***

0.96±0.01***,cd***
1.44±0.03*,cd**
2.22±0.05***,cd***
1.72±0.03***,cd***
1.14±0.04***,cd*

MCP + MT

1.16±0.02***
2.33±0.08***
2.74±0.08***
0.82±0.04***
1.10±0.02***
2.54±0.02***
2.27±0.06***

0.92±0.03***
1.39±0.09≠
2.51±0.06***
2.30±0.06***
1.00±0.06***

QNP

0.93±0.04***,ef**
1.31±0.05≠,ef***
1.53±0.07***,ef***
0.68±0.04***,ef*
0.92±0.04***,ef**
2.05±0.03***,ef***
1.62±0.04***,ef***

0.68±0.06**,ef*
1.02±0.05≠,ef**
2.00±0.08***,ef**
1.39±0.03*,ef**
0.83±0.05***,ef≠

QNP +MT

0.99±0.01***
2.62±0.05***
2.27±0.09***
0.68±0.04***
0.74±0.04***
2.12±0.04***
1.83±0.04***

0.60±0.02***
1.09±0.07≠
2.08±0.10***
1.65±0.06*
1.05±0.03***

Mix

0.77±0.04***,gh**
1.52±0.05*,gh***
1.35±0.08**,gh***
0.51±0.03**,gh*
0.55±0.03*,gh**
1.84±0.02***,gh***
1.17±0.05***,gh***

0.48±0.03*,gh**
0.82±0.05**,gh*
1.64±0.07***,gh*
0.84±0.04≠,gh*
0.88±0.03***,gh**

Mix + MT

most cases, DNA damage from ROS-generating agents
is mediated by Fenton-chemistry giving rise to the
formation of chronic and persistent damage, including
nucleotide base modification, apurinic/ apyrimidic sites,

Many attempts have been made to establish the
mechanism of OP pesticide-induced DNA damage but the
outcome of most of the studies have been inconsistent.
The present study was carried out to monitor the extent
of oxidative damage of DNA bases in rat tissues and
lymphocytes on exposure with MCP and QNP. The levels
of ROS, total antioxidant capacity and accumulation of

Values of DNA damage are expressed as damage index calculated as #0 + #1 + #2 + #3 + #4/ # of cell scored where # is the total number of nuclei counted.
Results are expressed as mean ± SE of six set of observations take on different days.
Rats were given 1/30 LD50 equivalent of MCP or QNP or mixture of MCP + QNP (1/60 LD50 equivalent of each) dissolved in 0.4 ml corn oil, orally for sixty
consecutive days (total pesticide received by each animal was LD50 equivalents in 60 days). Another group of rats was given co-treatment of melatonin
(5 mg/Kg body weight intraperitoneally per day for sixty consecutive days) along with 1/30 LD50 equivalent of MCP, QNP or their mixture.
cd omparison of MCP + Melatonin with MCP, efcomparison of QNP +Melatonin with QNP and ghcomparison of Mix + Melatonin with Mixture treated
group.
*P < 0.05, **P < 0.01***, P < 0.001and ≠P > 0.05 when compared with respective control.
Abbreviations: Con, Control; MT, Melatonin, MCP, Monocrotophos; QNP, Quinalphos; Mix, Mixture; Lymp, Lymphocytes.

0.60±0.05
1.26±0.08
0.99±0.04
0.32±0.01
0.42±0.03
0.44±0.04
0.45±0.04

	Lysis
FPG	
Endo
Lymp
Buffer
	Lysis
FPG	
Endo

Con
0.39±0.03
1.16±0.03
0.17±0.03
0.26±0.01
0.30±0.02

Treat

Liver
Buffer
	Lysis
FPG	
Endo
Brain
Buffer

Tissue

Table 7. Effect of 60 days exposure of MCP (36 mg/Kg b.w.) and QNP (40 mg/Kg b.w.) single and in combination on oxidative DNA
damage in rat tissues and lymphocytes and protective effects of intraperitoneal dose of melatonin (5 mg/Kg b.w.)

Mishra et al.,

single and double strand breaks, and DNA crosslinks
which can be measured by variety of direct and indirect
assays including the comet assay (Collins et al., 2001;
Azqueta et al., 2009).

lipid peroxidation end products was also monitored in
tissues of rats exposed with MCP and QNP in order to
establish a correlation if any, between oxidative stress
and DNA damage, which could give a clear idea of
the mechanism involved in the OP pesticides-induced
DNA damage. Previous studies from our laboratory
have established that chlorpyrifos, methyl parathion
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and malathion, the most commonly used OP pesticides,
induce oxidative stress in rat lymphocytes and also cause
oxidative DNA damage by oxidation of purines and
pyrimidines (Ojha and Srivastava, 2014). Moore et al.,
2010 have also demonstrated oxidative stress,
DNA damage and cytotoxicity induced by malathion
in human liver carcinoma (HepG2) cells (Moore et al.,
2010). In order to elucidate mechanism of selected OP
pesticide induced DNA damage, the Fpg and Endo III
enzymes are included in the comet assay which can
measure oxidized purines and pyrimidines, respectively.
The study was carried out using rats given acute as well
subchronic exposure of MCP and QNP, single and in
combination, and monitoring DNA damage in tissues and
lymphocytes of exposed rats. The prophylactic potential
of melatonin was monitored by its co treatment with
pesticides followed by estimation of levels of ROS and
DNA damage.
Results of the present study clearly showed that the
levels of ROS are significantly increased in tissues and
lymphocytes of rats on exposure with MCP and QNP
either single or in combination. The results showed that
the MCP exposure caused more pronounced increase in
the levels of ROS than QNP exposure to the rats. When
combined exposure of both the pesticides was given,
the ROS levels were lower than either the MCP or QNP
exposed group. The increase in the levels of O2•– was
higher in the rats given 2 LD50 equivalent of pesticide
in 60 days while the increase in H2O2 levels was more
in the rats given acute exposure of MCP or QNP either
single or in combination.
Co treatment of melatonin has reduced the pesticideinduced increase in the levels of ROS. The results
showed that both these pesticides generated oxidative
stress in tissues of exposed rats which in turn caused
extensive damage to lipids and accumulation of lipid
peroxidation products. Increase in lipid peroxidation
in response to OP pesticide exposure has been reported
by many workers (Rastogi et al., 2009; Mecdad et al.,
2011). Other OP pesticides have also been reported
to decrease the levels of non-enzymatic antioxidants
(Ojha and Srivastava, 2012).
Brain showed higher accumulation than liver in
group given chronic exposure of MCP and QNP which
seems justified as the distribution of antioxidants is
not uniform throughout the body. Because of the low
levels of antioxidant enzymes and glutathione, high
concentration of iron and readily oxidizable substances
such as polyunsaturad fatty acids and catecholamines
and high rate of oxidative metabolic activity, the central
nervous system is particularly susceptible to damaging
effects of ROS.
The decrease in levels of GSH and disturbance in
glutathione homeostasis in rat liver and brain exposed
with MCP and QNP has already been reported earlier
(Mishra and Srivastava, 2015). Chlorpyrifos exposure has
caused cortical damage in wistar albino rats, manifested

due to oxidative stress as observed via increased nitric
oxide production, lipid peroxidation and inducible nitric
oxide synthase expression. Further it was observed that
there was a decrease in glutathione content and in the
activities of glutathione peroxidae, glutathione reductase,
catalase and superoxide dismutase in the cortical tissue
(Albasher et al., 2020).
Results of the present study showed that oral exposure of
MCP and QNP either single or in mixture caused extensive
DNA damage in rat liver, brain and lymphocytes,
measured by single cell gel electrophoresis. DNA
oxidation is known to be the most common type of DNA
damage to human and other species. The role of ROS in
production of DNA single and double strand breaks and
oxidative damage to DNA bases is well known (Azqueta
et al., 2009). The damaged purines and pyrimidines bases
were identified by modified comet assay using lesion
specific bacterial repair enzymes, Fpg, which acts on
damaged purines and Endo III which removes damaged
pyrimidines, and convert base damage to breaks. The
increase in number of breaks on Fpg-Endo treatment, is
directly proportional to the number of oxidized bases.
Results of the present study showed that the DNA damage
index was markedly increased in Fpg-Endo treated slides
of the liver, brain and lymphocytes in MCP or QNP
treated group when compared with buffer treated slides of
corresponding tissues. It was observed that Fpg treatment
caused higher increase in DNA damage index indicating
that oxidation of purines is more than oxidation of
pyrimidines, by these pesticides. In the present study,
the difference in DNA damage index in the presence
and absence of Fpg and Endo III enzymes suggest that
oxidative stress is responsible for OP pesticides induced
DNA damage. The results also showed that rat tissues
given acute exposure of these pesticides showed more
damage than the rats given low level exposure of these
pesticides for longer duration.
Melatonin co treatment showed protection against
oxidative injuries and the DNA damage was lowered in
these groups when compared with melatonin untreated
group. There have been several investigations in in vivo
and in vitro on the correlation between toxicant induced
oxidative stress and DNA damage. The OP pesticides,
chlorpyrifos, methyl parathion and malathion, singly
and in combination cause oxidative stress and oxidation
of purine and pyrimidine bases in rat lymphocytes, in
vitro (Ojha and Srivastava, 2014).
Other studies reported on oxidative stress and DNA
damage in response to exposure with OP pesticides
include methyl parathion in spermatozoa of male mouse
(Rahman et al., 2002), monocrotophos in rat tissues,
malathion on human liver carcinoma cells (Moore et
al., 2010), chlorpyrifos in rat tissues and lymphocytes
(Rahman et al., 2002; Mehta et al., 2008), fenitrothion
in aquatic organism Fingerlings, Oreochromis niloticus
L.(Zeid and Khalil, 2014), and several other OP pesticides
(Lu et al., 2016).
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Malathion has been widely studied for its ability to cause
oxidative stress in human subjects and subsequently
cause toxicity in various organs. Antioxidants have
proved to be very effective in decreasing lipid
peroxidation and oxidative stress. Natural products that
have effectively reduced damage in biological system
include aged garlic extract, Aloe Vera, caffeic acid, grape
seed extract and curcumin (Badr, 2020). Not only in
mammals the organophosphate pesticides have shown to
induce toxicity in Chlorella pyrenoidosa. The pesticides
that were evaluated for their toxic effects were acephate
(ACE), trichlofor (TRI) and glyphosate (GIY). The possible
mechanism of toxicity in this study could be affect on
photosynthesis and subsequent oxidative damage to
C.pyrenoidosa cells (Tao et al., 2020).
Melatonin also prevents the damage caused by OP
pesticides such as diazinon and reduces the levels of
trace and major elements (Sarbia et al., 2009; Cemek
et al., 2010). Melatonin prevented the oxidative
stress in the periodontal tissue of the rats receiving
radiotherapy for the treatment of periodontitis (Kose et
al., 2017). Melatonin also posesses the ability to protect
the biological system such as the renal tissues against
the oxidative damage caused by the carcinogens such
as arsenic, 2-nitropropane, carbon tetrachloride etc
(Gultekin and Hicyilmaz, 2007). Melatonin has recently
been evaluated for its ability to reduce oxidative stress
caused by a carcinogen dimethyl benz (a) anthracene
(DMBA) thereby further validating its antioxidant
properties (Muqbil et al., 2020).

CONCLUSION
The present study clearly demonstrates the ability of
monocrotophos and quinalphos to generate oxidative
stress. This oxidative stress leads to the formation of
oxidized pyrimidines and purines thereby damaging
the integrity of the genome. The protective effects of
melatonin against the exposure of these pesticides
indicate its ability to be used as a suitable therapeutic
agent. Hence the use of low doses of melatonin as a
dietary supplement in agriculture and household can
save the non-target organisms from the harmful effects
of these pesticides.
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