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ABSTRACT

In this study, 96 h LC50 and lethal values of three different mixtures of insecticides viz. endosulfan (E), chlorpyrfos (C)
and bifenthrine (B) for Cirrhina mrigala were calculated by using Probit Analysis. The activities of enzymes viz.
superoxide dismutase (SOD), peroxidase (POx), catalase (CAT) and glutathione S-transferase (GST) in organs and
genotoxic parameters (DNA damage and micronuclei) in blood of fish exposed to acute and sub-lethal dose (1/3rd LC50)
were also assessed. Analysis of Variance under completely randomized design (CRD) was applied to check the
differences among organs for enzymes activities. The genotoxic data was compared by applying the non-parametric
Mann-whitney U-test. Toxicity results showed that fish had higher tolerance limit against B+C mixture followed by B+E
and C+E mixture. During both acute and chronic exposure activities of SOD, POx and GST significantly (P<0.05)
increased in organs of stressed fish. The CAT activity showed some different trend it was increased in gills, liver and
kidney of fish exposed to insecticides mixtures while it was decreased in brain, muscle and heart of fish. In both acute
and chronic trails all the insecticides mixture induced significant damaged to DNA, MN and NAs in RBCs of C.
mrigala. Maximum induction was observed due to C+E mixture of insecticides. During acute trail, NAs followed the
order: DEN>BIN>MN>BN>DN>NN while in chronic order was as MN>DEN>BIN>BN>NN>DN. Duration dependent
response showed that DNA damage, MN and NAs were increased with exposure period while in chronic exposure
damage increased during first 30 days after that these were decreased.
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INTRODUCTION

Pesticides are widely applied to boost up the
agriculture yield and in fish farms to kill the population
of pests including insects and aquatic weeds,
respectively. These synthetic chemicals ultimately find
their way into natural aquatic system by spraying on
target pest or through transfer of pesticides from soil.
Some economically important non-target organism such
as prawn and fish are most vulnerable to these pesticides
(Saravanan et al., 2010). From last few decades, some
insecticides like endosulfan an organochlorine (Piazza et
al., 2015), chlorpyrifos an organophosphate (Anita et al.,
2016) and bifenthrin an pyrethroid (Johnson et al., 2010)
are most extensively applied in agriculture to control
pests. Extensive use of these insecticides may cause the
lethal and sub-lethal effects to fish depending upon the
species, gender and life stage of organism (Majumder and

Kaviraj, 2018). Lethal exposure cause mass mortalities in
fish while sublethal effects include morphological,
oxidative, biochemical, neurobehavioural, tissue damage,
haematological and developmental abnormalities (Dar et
al., 2015; Sunanda et al., 2016).

Pesticides induce toxicity by producing the
reactive oxygen species (ROS) like super-oxide radicals,
hydroxyl and hydrogen peroxide (Kumar et al., 2011);
these can cause oxidation of lipid, protein, carbohydrates
and nucleic acids (Kaur and Jindal, 2017). The key
antioxidant enzymes for scavenging the ROS are
superoxide dismutase, peroxidase, catalase and
glutathione S-transferase. Superoxide dismutase transfers
the super-oxide anion in to hydrogen peroxide (Modesto
and Martinez, 2010). The hydrogen peroxide further
converted into oxygen and water by catalase in
peroxisomes (Mani et al., 2014) and peroxidase in
mitochondria (Vijayakumar et al., 2016). Glutathione S-
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transferase belongs to phase II enzymes responsible for
detoxification of xenobiotics.

Mutagenic and geno-toxic effects of pesticides
can be assessed in apparently healthy aquatic animal like
fish by genetic biomarkers. Among these genetic
biomarkers, micronucleus (MN) test is most reliable
assay due its simplicity and sensitivity for identifying
DNA damage (Anbumani and Mohankumar, 2011).
According to Da-Silva and Fontanetti (2006), nuclear
abnormalities such as blebbed, lobed, notched nuclei and
bi-nucleated cells can also serve as a good indicator of
genotoxicity. Beside MN, comet assay is also being
commonly applied to see the genotoxic consequences of
toxicants in aquatic individuals (Yin et al., 2008). Both
techniques have been effectively applied on fish blood as
the fish possess nucleated red blood (Ventura-Campos de
et al., 2008).

Extensive use of different insecticides at same
time in agriculture means that insecticides are present in
cocktail and organisms exposed to the mixture of
insecticides rather than single. Therefore, this work was
done to check the effect of different insecticides in
mixture form on oxidative stress parameters and
genotoxicity in Cirrhina mrigala exposed to acute and
sub-lethal dose.

MATERIALS AND METHODS

Cirrhina mrigala were acquired from the fish
seed Hatchery, Faisalabad and moved to the wet
laboratory, University of Agriculture, Faisalabad and
placed in smooth concrete tank to acclimatize the
laboratory environment for a couple of weeks. The one
gram of pure technical grade insecticides viz. endosulfan
(E), chlorpyrifos (C) and bifenthrin (B), separately,
mixed in analytical grade methanol (100 ml) to prepare
stock-1 solution. However, mixtures (stock-II solutions)
were ready by further dilutions of stock-I in deionized
water by the ratio of 1:1.

Trial-I: Toxicity Assay: The toxicity tests (LC50 and
lethal conc. for 96 h) of insecticides mixtures viz., B+C,
B+E and C+E for C. mrigala (90-day old) were carried
out. The experiment was started in February 2016. To
carry out the toxicity test fish (n=10) were kept in 70-L
glass aquaria (n=11) which were facilitated with
automated air pump to provide air. The total hardness
(223 mgL-1), pH (7.0) and temperature (28°C) of water
were stabilized throughout the toxicity trial. The mixtures
concentration starts from zero with an increase of 0.01
μgL-1. During 96 h trial, mortality of fish was noticed
after each 12 h to remove dead fish. To see the acute
effects, fish were alone, kept in 96 h LC50 conc. of each
insecticide mixture for 4-days. Fish sample (n=5) were
collected after interval of 1-day. For control, fish were
kept without any treatment.

Trial-II: Chronic Assay: Fish (n=20) were kept in sub-
lethal conc. (1/3rd LC50) of each mixture for 60-days. In
sub-lethal trial, sample of fish (n=5) was collected after
15-day interval. The unstressed fish (without pesticide)
was labeled as a negative control (NC). In positive
control (PC), fish was injected with cyclophosphamide
(20 μgg-1 body weight). Each trial was carried out in
triplicate and twenty fishes (n=20) were used for each test
mixture.

Antioxidant Enzymes: After both acute and sub-lethal
trial, superoxide dismutase (SOD), peroxidase (POx),
catalase (CAT), and glutathione S-transferase (GST)
were evaluated from muscle, gills, brain, liver, heart and
kidney of fish. The phosphate buffer (0.2 M) of pH 7.0
was mixed in organs by the ratio of 1:4 (w/v) and
homogenized for 10 minutes. The homogenates were
filtered and centrifuged at 12,000 rpm and at 4ºC for 10
minutes. Following the centrifugation transparent
supernatants were collected and stored at 80ºC for
enzyme analyses. Giannopolitis and Ries (1977) method
was followed to check the SOD activity. The CAT and
POx activities were checked according to protocol
described by Chance and Mehaly (1977). For GST
activity Mannervik (1985) method was followed.

Comet Assay: A sterilized syringe was used to collect
the blood from fish caudal vein and processed according
to Singh et al. (1988) after each sampling. The damaged
DNA was measured according to the Grover et al.
(2003). Five types of damaged DNA known as “comet”
according to the length of tail were evaluated. DNA
damage was quantified by applying following formulae:

Micronucleus test: Barsiene et al. (2004) method was
applied to prepare the slides for micronuclei (MN).
Scoring of micronuclei and other nuclear anomalies were
done according to Fenech et al. (2003). Following
formula was applied to calculated MN frequency:

Data Analyses: Probit analysis was used to compute
LC50, lethal conc. (96 h), and regression equation of
insecticides mixtures. The software package Statistix (8.1
version) was used for statistical analyses. Statistical linear
model Analysis of Variance under completely
randomized design (CRD) up to three levels was applied
to check the differences among organs for enzymes
activities, treatments and duration of exposure followed
by Tukey HSD for comparison of means. The P-value
less than 0.05 was considered as significant (Steel et al.,
1996). Genotoxic data was compared by applying the
non-parametric Mann-whitney U-test.
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RESULTS AND DISCUSSION

Toxicity Assay: Fish was more sensitive toward C+E
mixture with mean LC50 and lethal conc. (96 h) of
1.269±0.03 and 4.86±0.15 μgL-1, respectively. Toxicity
of mixtures towards fish followed the trend
B+C<B+E<C+E (Figure 1). The widespread use of
different forms of pesticides to improve agricultural
production contributes to the existence of pesticides
mixture in aquatic bodies (Belenguer et al., 2014; Masia
et al., 2015). Aquatic pesticide contamination has caused

unjustified fish mortality (Gupta et al., 2012). The main
factors responsible for sudden death of fish are exposure
duration and dosage of toxicant (pesticides) together with
age, size, biology, habitat, diet and life cycle of species
(Al-Rudainy and Kadhim, 2012; Piazza et al., 2015).
Insecticidal toxicity including organochlorines,
pyrethroids, organophosphates and carbamides has
already been reported for many fish species (Naz et al.,
2019a and 2019b; Desai and Bhilave, 2018; Naz et al.,
2017; Vijayakumar et al., 2016; Ambreen and Javed,
2015).

Fig. 1 The 96-h toxicity of insecticides mixtures (μgL-1±SD) for C. mrigala

Antioxidant enzymes: In acute and chronic experiment,
activities of SOD, POx and GST significantly increased
in organs of exposed fish. The SOD activity increased as
muscle<heart<gills<kidney<brain<liver. The POx
activity in exposed fish followed the trend:
muscle<heart<kidney<gills<brain<liver. In acute
exposure GST activity followed the trend:
heart<muscle<gills<kidney<liver<brain while in chronic
exposure it was increased as heart <muscle <kidney
<gills <brain<liver. Similarly, Naz et al. (2019a) noticed
the increased level of SOD, POx and GST in muscle,
liver, heart, gills, brain and kidney of rohu exposed to
END+CPF mixture. Naz et al. (2017) also observed the
duration specific increase in liver SOD level of Indian
carps under acute exposure of bifenthrin+ endosulfan+
chlorpyrifos mixtures. SOD activity tends to increase in
different tissues of exposed Cirrhinus mrigala in order of
liver>muscle>gill>brain at both the lethal and sub-lethal
concentrations of methanol (Desai and Bhilave, 2018).
Endosulfan+deltamethrin mixture increased level of GST
in kidney, gills, muscle and liver of Channa striata

(Abdullah et al., 2018). Endosulfan+chlorpyrifos mixture
caused the raised in SOD, POx and GST activities in all
organs of C. catla (Naz et al., 2021).

CAT activity showed some different results, it
was increased in gills, liver and kidney of fish exposed to
insecticides mixtures while it was decreased in brain,
muscle and heart of fish. Chlorpyrifos or its metabolites
when binds with CAT may cause reduction in its activity.
It also affects the production and breakdown of the
enzymes. Naz et al. (2019a) noticed significant raise in
liver, gills and kidney catalase activity of END+CPF
mixture exposed L. rohita while it was decreased in
muscle, brain and heart. Cypermethrin at sub-lethal dose
caused increase in SOD and CAT in bronchial, hepatic
and renal tissues of fish (Vijayakumar et al., 2016).
Treatment specific response showed that C+B mixture
caused maximum increase in activities followed by E+B
and B+C mixture. The enzymes activities were increased
as the exposure duration increased while in chronic
exposure activities increased during first 30 days after
that these were decreased (Figure 2-3). Usman et al.
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(2020) also noticed the time specific decline in neural,
cardiac, and muscle tissues of C. idella when exposed
two different insecticides mixtures.

The two possible pathways of organophosphate
pesticides (chlorpyrifos) to produce reactive oxygen
species (ROS) are included i) the enzyme cytochrome
P450s catalyzes the oxidation-reduction cycle in which
bond between–P=S is converted into –P=O or it is
already exist in organophosphate pesticides, has ability to
acquire an electron and transfer O2 into superoxide anion
which can easily produce other ROS like OH- (Kovacic,
2003) ii) these pesticides can inhibit the antioxidant
enzymes which can diminish the ROS resulted in
excessive amassment of ROS (Karaoz et al., 2002).One
of the most toxic organochlorine pesticides is endosulfan
which degrade into more stubborn metabolites as
compared to original compound such as endosulfan ether,
endosulfan α-hydroxy ether, endosulfan sulfate,
endosulfan alcohol and endosulfan lactone (Awasthi et

al., 2000). This insecticide can amass and induced toxic
effects in the body including respiratory sickness, tissue
impairment, changes in biochemical, physiological and
molecular processes and ultimately cause the organismal
mortality (Dar et al., 2015; Piazza et al., 2015).
Bifenthrin is a pyrethroid insecticide which cause
neurotoxicity in fish by binding transiently itself to
sodium channel present in the nerve cells (Burr and Ray,
2004). This will happen after action potential and resulted
in non-stop firing of axon however, bifenthrin did not
disturbed the resting membrane potential. The disparity in
pesticides toxicity may be due to variation in
vulnerability and resistance with respect to pesticides
absorption, bio-transformation and removal (Oruc and
Usta, 2007). The toxicity of pesticides also associated
with their formulation as well as some water quality
variables including temperature, pH and dissolved
oxygen (Tripathi and Yadav, 2015).

Fig. 2 Treatment and duration specific evaluation of enzymes activities in C. mrigala under acute exposure

Genotoxicity: In both acute and chronic trials all the
insecticides mixture induced significant formation of

damaged nuclei (%), GDI, MN and NAs in RBCs of C.
mrigala. Maximum induction was observed due to C+E
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mixture of insecticides. During acute trail, NAs followed
the order DEN>BIN>MN>BN>DN>NN while in chronic
order was as MN>DEN>BIN>BN>NN>DN. Duration
dependent response showed that DNA damage MN and
NAs were increased with exposure period while in
chronic exposure damage increased during first 30 days
after that these were decreased (Figure 4-5). Significant
induction in micronuclei, blebbed, notched, lobed,
binuceated and pear shape nuclei in RBCs of rohu
exposed to triazophos was observed by Ghaffar et al.
(2015). Labeo rohita showed increase in DNA damage in
RBCs when exposed to both acute and chronic dose of
cypermethrin (Gadhia et al., 2016). Ambreen et al.
(2018) confirmed the damage to nuclei and GDI in RBCs
of Ctenopharyngodon idella under sub-lethal dose of
CPF+END. Naz et al. (2019b) also documented the
END+CPF induced damage to nuclei and GDI in RBCs

of C. catla in duration-specific manner. E+C mixture
exposure caused increase in the formation of MN and
NAs in RBCs of C. catla (Naz et al., 2021).

During metabolism, pesticides produce the ROS
(Kovacic, 2003) includes hydroxyl radical, superoxide
anion and hydrogen peroxide (Guney et al., 2007;
Banudevi et al., 2006), which interact with nucleic acid
by generating breaks in DNA strand and also damage the
purine and pyrimidine bases (Mohanty and Mohanty,
2018; Lu et al., 2013). The two electrophilic groups, i.e.
the alkyl- and phsophoryl-groups were formed by
organophosphate pesticides metabolism. They can
interact with DNA via mechanism of phosphorylation
(Ali et al., 2009; Blasiak et al., 1999). According to
Fenech and Ferguson (2001) living organisms have
ability to synthesize and control specific enzyme that can
repair these DNA damages.

Fig. 3 Treatment and duration specific evaluation of enzymes activities in C. mrigala under chronic exposure
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Fig. 4 Damaged to DNA in fish under acute insecticides mixtures exposure
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Fig.5 Damaged DNA in fish under chronic insecticides mixtures exposure

Conclusion: This work suggests that insecticides
mixtures have potential to induce oxidative stress and
genotoxicity in C. mrigala. This study also concludes that
antioxidant enzymes and molecular biomarkers are useful

tools for assessing the toxicity of agrochemical to aquatic
animal and might be helpful in environmental monitoring
programs for estimation of aquatic pollution.
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