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Abstract
Eco-genotoxicity was evaluated in fresh

water fish, Catla catla using two commercially
available pesticide mixtures, viz., Deltamethrin 1%
+ Triazophos 35% EC and Profenofos 40% EC +
Cypermethrin 4% EC. Acute toxicity studies were
conducted primarily to determine LC50 of each
pesticide mixture. The fish were exposed to each
pesticide mixture for 21 days at a dose value of 1/
20th and 1/10th of LC50. The gills were isolated from
the fish at the end of the exposure period, and
processed for comet assay. Nucleoids were
scored visually, observed significant increase of
damage and categorized into various degrees of
damages. Based on the results obtained from this
study it is concluded that the pesticide mixtures
evaluated could be potentially genotoxic to fresh
water fish, Catla catla.

Key words: Eco-genotoxicity, acute toxicity,
comet assay, DNA damage.

Introduction
The current scenario to assess risk,

particularly the regulatory limits for the use of
pesticides mixtures are based on selective
toxicological tests of the individual pesticides in
the mixture and not on the basis of combined
toxic effects of the pesticides in the mixtures.
The aim of the most of the toxicity studies being
conducted usually with individual pesticides or
mixtures of pesticides on aquatic organisms are
to understand mortality, behavioral changes and
sometimes hematological and biochemical

changes. The reports on genotoxicity induced by
the pesticides or in combination on fish are very
limited. The reason to choose fish for assessment
of eco genotoxicity is because of sensitive to
pesticide residues and other toxic pollutants. Fish
accumulates pollutants dissolved in water and
respond to toxicants in a similar way to higher
vertebrates (1, 2). Carcinogenic activities such as
formation of tumors in different tissues of fish
exposed to insecticide may be the cause of
xenobiotic used. The eco-genotoxic activity of
certain pesticides can reduce the fitness of wild
fish production, and also pose high risk to human
health via food chain (3). Endocrine disruptors
being used in insecticides can change the
expression of vital genes that are responsible for
reproductive dysfunction or immunosuppression
(4).

The pesticides that are proved to be non
genotoxic using existing battery of tests may or
may not be non genotoxic for ecologically
important organisms.  The analysis of DNA
changes in aquatic organisms will be a useful tool
to evaluate contaminants existed in the aquatic
environments with genotoxic compounds (5,6).
Chromosomal aberrations, micronuclei formation,
sister chromatid exchange and comet assay are
the frequently using biomarkers to assess
genotoxic effects of pesticides (7). Single cell gel
electrophoresis (SCGE) or comet assay are the
inexpensive techniques have been used for the
past few years for measuring and analyzing DNA
single and double-strand breaks, DNA cross-
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linking and delayed repair-site detection in
eukaryotic individual cells (8, 9).  Based on the
availability of limited literature on combination of
pesticide mixtures in the present study eco-
genotoxic effects of two pesticides mixtures were
evaluated in the freshwater fish, Catla catla.

Materials and methods
Acute toxicity: Two pesticides mixtures viz.,
Deltamethrin 1% + Triazophos 35% EC (D+T(EC))
and Profenofos 40% EC + Cypermethrin 4% EC
(P+C(EC)) were procured commercially. Fresh
water fish (Catla catla) (6 – 7 cm in length and
approximately 6g in weight) were procured from a
commercial supplier. Fish were transported to the
laboratory in aerated water and quarantined for
12 days. Prior to initiation of the experiment fish
were, acclimatized for 7 days and feed was
withdrawn for 24 h before conduct of the study.
Fish were fed with commercially available fish feed
during the acclimatization and quarantine period.
The acute toxicity of pesticide mixtures in fish
was determined based on OECD guideline 203
(10) and Guidance document on toxicology for
registration of pesticides in India, 2017 (11).

The temperature of the test room and the
test medium was maintained between 21 - 25°C
and a photoperiod of 12 h light and 12 h darkness
was maintained using a timer. Blended water (A
mixture of well water and reverse osmosis water
in the ratio of 1:1) was used as the exposure
medium. Ten fish each were exposed to 5 different
test concentrations (Table 1) of each pesticides
mixture and blended water as a control for 96 h.
The concentrations of pesticides were prepared
separately and transferred to glass aquaria
containing 20 L of blended water. The exposure
media were renewed at the end of every 24 h with
the respective concentrations or blended water.
An initial study was performed to assess the acute
toxicity of the pesticides mixtures with various
concentrations of D+T (EC), viz., 0.1, 0.5, 1, 5,
10mg/L and P+ C (EC) viz., 0.05, 0.1, 0.5, 1.0,
5.0 mg/L. Fish were observed for mortality and
morbidity at 3 h and 6 h at the start of exposure
and thereafter at the end of 24, 48, 72 and 96 h.

Physico-chemical parameters such as pH,
dissolved oxygen, temperature were analyzed
daily in the exposure media (12).  LC50 values for
different concentrations of pesticides mixture were
calculated by AAT Bioquest® calculator (13).

Sub-lethal toxicity: Ten fish each were exposed
to sub-lethal concentrations (1/20th and 1/10th of
LC50 values) of each pesticide’s mixtures for 21
days.  The 1/20th and 1/10th of LC50 values were
0.05 and 0.10 mg/L, respectively for D+T (EC),
0.02 and 0.05 mg/L, respectively for P + C (EC).
A concurrent control was also maintained. The
concentrations of the pesticides mixtures were
prepared as given above. Exposure medium was
renewed daily. The fish were fed with commercially
available fish feed once in two days. The fish were
observed for morbidity and mortality if any, daily.

Genotoxicity (Comet assay: At the end of 21
days sub-lethal toxicity study, the exposed fish
gills were isolated and minced using a mincing
solution comprised of (HBSS, 20 mM EDTA,
DMSO and Sterile water) with a micropestle and
allowed to settle. The supernatant containing
single cells extracted from the gills tissue was
used for comet assay (9, 14). For the basal layer,
1% normal melting agarose in phosphate buffered
saline (PBS) was prepared. To this about 25 μl of
the cell suspension from each sample was mixed
with 75 μl of low melting agarose (0.5% in PBS)
covered with cover glass and allowed to solidify.
After removal of the cover glass, the slides were
immersed in 50 ml of cold lysing solution and
maintained in dark condition at 4°C for 1 h. Slides
were then transferred to a tank containing
electrophoresis buffer (300 mM NaOH, 1 mM Na2
EDTA, pH >13), for 20 min to make the DNA
unwinding. After electrophoresis, the slides were
washed in neutralizing buffer (0.4 M Tris-HCl, pH
7.5) for 15 min and then stained with 75 μl of
ethidium bromide (2 μg/mL) and screened for
comets using a fluorescence microscope at 400X
magnification. The cells were scored by their tail
intensities and the scores were categorized as 0
(undamaged), 1 (mild), 2 (moderate), 3 (severe)
and 4 (extensive) based on (15). The total amount
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of DNA strand breakage was expressed in total
arbitrary units (AUT) defined as:

     AUT = N0 x 0+N1 x
1+N2 x2+N3 x3+ N4 x 4,

where Ni is the number of nuclei scored in
each category (16).

Statistics : Statistical evaluation was performed
using SPSS 16.0 version.

Results and discussion
Acute toxicity: It’s a continuous process that
aquatic organisms are being exposed to various
pollutants in the environment. A group of organisms
such as plants, animals, fish or wildlife under
controlled conditions when exposed to toxic

pollutants can be easily evaluated the toxicity.
Pesticides can produce adverse effects in a
biological system, seriously damaging its
structure and function of living system finally leads
to death of organism. Those adverse responses
may be defined in terms of a measurement as
acute toxicity. Pesticides are entering into aquatic
ecosystem by agriculture runoff from land,
impairing the quality of the water and making it
unfavorable for aquatic life (17).

Treatment with Pesticide  mixture D+T (EC):
No mortality was observed in control and fish
treated with D+T (EC) at a concentration of 0.1
and 0.5mg/L, whereas 30% mortality was

Table 1. Mortality in Catla catla exposed to various concentrations of D+T (EC) at 3, 6, 24, 48, 72
and 96 hours (h).

Concentra- No of Mortality  at Mortality (%)
tion (mg/L Fish  upto
water) tested 3h 6h 24h 48h 72h 96h 96 h

Control 10 0 0 0 0 0 0 0
0.1 10 0 0 0 0 0 0 0
0.5 10 0 0 0 0 0 0 0
1 10 0 0 0 1 2 0 30
5 10 0 0 4 6 0 0 100
10 10 0 0 10  0 0 0 100

Table 2.   Mortality in Catla catla exposed to various concentrations of P+C (EC) at 3, 6, 24, 48,
72 and 96 hours (h).

Concentra- No of Mortality  at Mortality (%)
tion (mg/L Fish  upto
water) tested 3h 6h 24h 48h 72h 96h 96 h

Control 10 0 0 0 0 0 0 0
0.05 10 0 0 0 0 0 0 0
0.1 10 0 0 0 0 0 0 0
0.5 10 0 0 0 1 3 0 40
1 10 0 0 2 6 0 0 80
5 10 0 0 5 5 0 0 100

Eco-genotoxic effects of pesticide mixtures on freshwater fish, Catla catla
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observed in fish exposed to the concentration of
1 mg/L after 96 h. Fish exposed to the
concentration of D+T (EC) at 5 mg/L exhibited
100% mortality at the end of 48 h, while fish
exposed to 10 mg/L exhibited 100% mortality at
the end of 24 hrs (Table 1). Fish exposed to the
concentrations of 1, 5 and 10 mg/L exhibited
clinical signs such as pigmentation, loss of
equilibrium, rapid opercular movement and lateral
lying at the bottom of the aquaria. Acute toxicity
study conducted by (18) revealed that Triazophos
exposed to fish individually at lower concentrations
indicates no mortality but when exposed to higher
concentrations showed death after 2-3 hours of
exposure period.

Treatment with Pesticides mixture P+C (EC):
Control and fish treated with P+C (EC) at a
concentration of 0.05 and 0.1 mg/L showed no

mortality until 96 h, whereas 40% mortality was
observed in fish exposed to the concentration of
0.5 mg/L at 72 h. Fish exposed to the
concentration of 1 mgL exhibited 80% mortality
at the end of 48 hrs, respectively (Table 2).
Similarly, 100% mortality was observed when fish
treated with 5mg/L at 48hrs. Fish exposed to the
concentrations of 0.5, 1 and 5 mg/L exhibited
toxicity signs such as pigmentation and loss of
equilibrium.  A dose dependent increase and time
dependent decrease were observed in Catla catla
when exposed to Profenofos individually and the
mortality rate at the exposure time increased from
24 to 96 hours (18).

Determination of LC50: Based on the above
mortality data, the LC50 were determined by AAT
Bioquest® calculator (13) and results were
incorporated in Table 3.

Table 4.   Analysis of DNA damage as measured by comet assay in gills tissue of Catla catla.

Concentration      Proportion of damaged nuclei % DNA DNA
Damage Damage

(1+2+3+4) score (AU)

0 1 2 3 4
Control 71.00 23.00 0.90 0.10 0.00 24 25.1

74 29 1 0.4 0.00 30.4 32.2
79 24 0.7 0.3 0.00 25 26.3

Average 74.67 25.33 0.87 0.27 0.00 26.47 27.87
SD 4.04 3.21 0.15 0.15 0.00 3.44 3.80
0.05mg/L 46 26 14 7 2 49 83

43 29 20 11 2 63 110
48 28 17 5 3 53 89

Average 45.67 27.67 17.00 7.67 2.33 55.00 94.00
SD 2.52 1.53 3.00 3.06 0.58 7.21 14.18
0.10mg/L 29 30 31 14 6 81 158

23 26 30 17 6 79 161
25 25 27 10 7 69 137

Average 25.67 27.00 29.33 13.67 6.33 76.33 152.00
SD 3.06 2.65 2.08 3.51 0.58 6.43 13.08
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Table 3. LC50 of pesticides mixtures for Catla
catla

Pesticides mixtures LC50 (mg/L)

D+T (EC) 1.09
P+C (EC) 0.51

Physico-chemical parameters: The physico-
chemical parameters in the exposure media
determined during the experiments were, pH- 7.2
– 8.0; temperature - 21.2 – 23.5°C; dissolved
oxygen - 75 – 108%; hardness - 201 – 209 mg/L
and conductivity - 741 – 783 μs/cm, and were
within the acceptable range (12).

Table 5.   Analysis of DNA damage as measured by comet assay in gills tissue of Catla catla.

Concentration      Proportion of damaged nuclei % DNA DNA
Damage Damage

(1+2+3+4) score (AU)
0 1 2 3 4

Control 78.00 19.00 0.60 0.40 0.00 20 21.4
79 18 0.5 0.6 0.00 19.1 20.8
81 25 0.8 0.2 0.00 26 27.2

Average 79.33 20.67 0.63 0.40 0.00 21.70 23.13
SD 1.53 3.79 0.15 0.20 0.00 3.75 3.53
0.02 39 23 15 13 7 58 120

41 27 19 12 8 66 133
42 23 10 12 8 53 111

Average 40.67 24.33 14.67 12.33 7.67 59.00 121.33
SD 1.53 2.31 4.51 0.58 0.58 6.56 11.06
0.05 19 20 18 17 15 70 167

22 21 18 21 17 77 188
25 21 19 25 18 83 206

Average 22.00 20.67 18.33 21.00 16.67 76.67 187.00
SD 3.00 0.58 0.58 4.00 1.53 6.51 19.52

Sub-lethal toxicity: Mortality and any toxicity
signs were not observed in control and in fish
exposed to the sub- lethal concentrations of the
pesticides mixtures for 21 days.

Comet assay (genotoxicity in fish): DNA damage
if any by the pesticide mixtures was analyzed
and observed that the pesticide mixtures, D+T
(EC) (Table 4) and P+C (EC) (Table 5) induced
strand breaks, when exposed to the

concentrations of 0.05, 0.10 mg/L and 0.02,
0.05mg/L, respectively. In the present study, the
pesticides mixtures exhibited a significant
increase (p < 0.05) in the % DNA damage
compared to the control. The DNA damage
observed could possibly be initiated from DNA
single or double strand breaks or through the
formation of DNA adducts and/or DNA cross links,
which might have resulted due to the interaction
of DNA with the pesticides mixtures (19, 20).

Eco-genotoxic effects of pesticide mixtures on freshwater fish, Catla catla
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Studies of this nature are useful to monitor the
ecosystem health and, consequently, for the well-
being of all the organisms exposed to it, including
man (21).

Conclusion
On analysis it was concluded that at lower

concentrations, pesticides may not be toxic to
aquatic organisms directly/immediately but may
alter the genomic function of the organisms as
revealed in the present study where the sub-lethal
concentration of the pesticides mixtures did not
show any signs of toxicity, but caused
genotoxicity. However, from the comet assay  one
can point out only the general damages to  the
DNA and cannot specify the region, affected,
which may impair the growth, reproduction and
population dynamics of the organisms in the long
term exposure which in turn gradually leads to
the extinction of these species, further molecular
studies are essential to understand about the
mode of action of these chemicals on genome of
the beneficial organisms, on its DNA repair
mechanisms and the genome area, affected.
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