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Abstract
The current research work was conducted to evaluate the acute toxicity of the widely used herbicide,
Atrazine on the behavioral responses and biochemical changes in different tissues of Silver carp
(Hypophthalmichthys molitrix). Adult fish were exposed to different concentrations of Atrazine for
different time periods. Mortality of fish was observed with increase in the concentration of Atrazine and
time of exposure. The LC50 of Atrazine for 96 hours was calculated as 13.7µl/L. Fish exposed to Atrazine
showed fast swimming, loss of equilibrium and balance, gulping, pale body coloration, and an excess
amount of mucous secretion covered the buccal cavity and gills. Total protein contents, antioxidant
enzymes including catalase (CAT), peroxidase (POD), and glutathione reductase (GR) and lipid
peroxidation (LPO), were measured in the brain, gills, liver, and muscle tissues for biochemical analysis.
Atrazine exposure resulted in a significant time-dependent decrease in total protein content in the liver,
gills, brain, and muscle tissue of fish compared to the control group. A slight increase was observed in the
activities of CAT and POD in the control group, while a significant decrease was observed in the ATZ-
treated groups from 24 to 96 h. The glutathione reductase activity was significantly increased in the ATZ
treated groups compared to control group. Likely, LPO level also increased in the liver, gills, brain, and
muscle tissue in a time-dependent and concentration-dependent manner in ATZ treated groups compared
to control group. Concludingly, our results revealed that Atrazine is toxic to fish, alter enzymes and total
protein level, and lipid peroxidation level in fish. This harmful effect of Atrazine maybe generalized into
environment and reduce the Silver carp population in the natural freshwater bodies.

1. Introduction
Atrazine is a triazine herbicide that is widely used as a preemergence and postemergence herbicide for
the control of weeds in maize, sorghum, pineapple, sugar cane and cereals (Singh et al. 2008; Singh et al.
2011). It is the second most widely consumed pesticide in the world with an annual consumption of
about 70,000–90,000 tons (Kumar et al. 2013; Cheng et al. 2016). ATZ has been recorded in a
concentration as high as 30 µg/L from ground and surface water (Singh et al. 2018). An estimated 2 to
3 million people, who use groundwater as their primary source of drinking water, are exposed to at least
0.2 ppb of atrazine (US EPA 2001). Due to its persistence and frequent occurrence in groundwater above
the permissible limits, ATZ has been banned in several developed countries (Huang et al. 2009; Bahlova
et al. 2014; Glæsner et al. 2014; Vonberg et al. 2014), however, it is still commonly used in the world
(Singh et al. 2018).

ATZ is thought to be a potential contaminant in aquatic habitats, where it may gain entry through run-offs
from treated fields, spillage, or accidental discharge, as well as frequent torrential rains. Hence, ATZ
residues are found in many environments, especially in surface- and ground-waters (Wightwick and
Allinson 2007) whereas several studies reported ATZ from aquatic bodies above permissible limits by
local guidelines (Davis et al. 2007). Atrazine is slowly degraded in the environment and its half-life may
vary between 13 and 260 days (US EPA 2006). Thus, the indiscriminate use of ATZ herbicide to improve
agricultural production has a devastating effect on non-targeted aquatic organisms including fish
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(Mhadhbi and Beiras 2012). Fish respond to contaminates similar to higher vertebrates therefore fish are
used as an indicator in monitoring programs (Al-Sabti and Metcalfe 1995).

Studies showed changes induced by environmental pollutants on fish, such as long-term exposure to
pesticides induces physiological disturbance, behavioral changes, histopathological damages,
hematological alterations, biochemical changes, immune suppression, hormone disruption, reproductive
abnormalities, cancer, and toxicities at the molecular level such as DNA damage and mRNA transcription
(Pandey et al. 1995; Ullah and Zorriehzahra. 2015; Ullah et al. 2018; Ullah et al. 2019a). These adverse
impacts are not only posed on fish but ATZ also leads to different types and level of toxicities in other
animal models including mice (Zhang et al. 2011; Gely-Pernot et al. 2017), rats (Song et al. 2014;
Abarikwu and Farombi 2016), tadpoles (frog) (Dornelles and Oliveira 2014), quail (Hussain et al. 2011),
etc.

Atrazine adversely affecting the immune system of juvenile rainbow trout (Shelley et al. 2012) and
common carp (Khalil et al. 2017). Atrazine has a profound effect on the oxidative stress markers and
detoxifying enzyme of the exposed zebrafish (Blahová et al. 2013). Atrazine behaves as an enzyme
inhibitor, impairing hepatic metabolism, and produces genotoxic damage to different cell types as studied
in Plotosus lineatus (Santos and Martinez 2012). A lower concentration (1 µg/L) of ATZ altered the
endocrine function in Salmo salar (Moore and Lower 2001). The AChE mRNA transcription was
significantly reduced in common carp after 40 days exposure to ATZ (Xing et al. 2010). The sublethal
concentration of ATZ exposure led to a significant reduction in the bactericidal activities and phagocytic
index of the serum, total serum peroxidase, and serum lysozyme in Rhmadia quelen (Kreutz et al. 2012).
Exposure to ATZ showed histopathological damage and changes in the activities of antioxidant enzymes
in the brain and kidney of common carp (Xing et al. 2012). Exposure of Cyprinus carpio to different
concentration of ATZ led to disturbed biochemical profile (Blahova et al. 2014). A significant decrease in
the RBCs, hematocrit, and hemoglobin was observed in Tor grypus after exposure to ATZ (Zadeh et al.
2016).

Silver carp is an economically important fish species because of its huge annual yield and high
nutritional value (Li et al. 2011). Silver carp along with bighead carp accounted for more than 6.5 million
tons and over 19.3% of the total freshwater fish production around the world (FAO 2012). This global
economic importance of silver carp compelled us for studying its response against a highly employed
pesticide across the globe. Although the toxicities of ATZ-based herbicides have been widely studied in
diverse groups of aquatic organisms, studies concerning the impacts of ATZ on Silver carp are still rare.
Thus, this study aims to determine the acute toxicity of ATZ on the behavior and biochemical responses
in different tissues of Silver carp.

2. Materials And Methods

2.1 Collection and acclimatization of fish
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Silver carp (23.3 ± 1.4 g, 15.2 ± 0.70 cm) were obtained from a local fish hatchery and carried to the
Laboratory of Fisheries and Aquaculture, Department of Zoology, Kohat University of Science and
Technology, Kohat. The fish were acclimatized one week before the start of the experiments. All fish were
cautiously examined and treated with 0.2% KMnO4 solution for two minutes before stocking to prevent
any dermal infection (Khan et al. 2016). The pH and water temperature in the tanks were kept constant
and checked every other day (pH: 7.2, Temperature 21ºC, dissolved oxygen: 6–7 mg/L, Conductivity 750
µS/cm, total dissolved solid: 370 mg/L)

2.2 ATZ dilution
Technical grade ATZ (97.5 %) (Sigma Chemical, USA) was used for experiments. By dissolving 5 ml of
ATZ in 5 ml of 80 percent acetone, a stock solution was prepared. From this stock solution, 1 ml was
dissolved in 9 ml distilled water and this solution was used for making test concentrations (Dawar et al.
2016).

2.3 Acute Toxicity Experiment
One group was formed as the control group consists of 05 fish and kept without treatment. For acute
toxicity analysis, 20 fish were taken and four treatment groups were made and concentrations were
applied through water flow system. Groups 1 and 2, consisting of 05 fish each, were treated under a dose
of 08µl/L and 10µl/L for 24, 48, 72, and 96 hours, respectively. Groups 3 and 4, consisting each of 05 fish,
were processed under a dose of 13µl/Land 15µl/L up to 96 hours, respectively. After 24, 48, 72, and 96 h,
the number of dead and live specimens was noted and the LC50 (96 h) was calculated using the protocol
of Kumar et al. (2007).

2.4 Behavioral study
The behavior of fish from both groups was examined by noticing their breathing, movement, balance, air
gulping, and operculum beating. The body color of the fish was also observed.

2.5 Fish Dissection
After exposure to different concentrations of Atrazine in the tanks, fish were collected and dissected from
both control and treatment groups and different organs including liver, brain, gills, and muscle tissue were
extracted out. To anesthetize the collected specimens, MS 222 was used.

2.6 Biochemical study
Total protein content, lipid peroxidation level, and antioxidant enzymes (catalase, peroxidase, and
glutathione reductase) were assessed. For biochemical parameters, 10 mg of preserved tissue was
homogenized with an ultra-sonic machine of 25 mM KH2PO4 buffer containing 1mM EDTA and
centrifuged at 4ºC at 12000rpm for 15 minutes. For protein and antioxidant enzyme analysis, the
supernatant was stored at -80ºC, and the pellet was disposed of by following the protocol employed by
Dawar et al. (2016).
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2.6.1 Total protein estimation
The total protein content in the liver, brain, gills, and muscle tissue was measured, using BSA as a
standard, according to the Lowry method (Lowry et al. 1951).

2.6.2 Catalase Assay
Catalase activity was appraised by following Chance and Maehly (1955). The reaction mixture was
prepared by adding 100 µl of enzyme extract to 25 µl of 10 mM H2O2 and 2.7 ml potassium phosphate
buffer. The final volume was made up to 3 ml by the addition of distal water. Absorbance was measured
at 240 nm after 1 min by using a spectrophotometer.

2.6.3 Peroxidase Assay
POD activity was calculated according to the process used by Chance and Maehly (1955). Briefly, 3 ml
reaction mixture was prepared by addition of 0.1 ml enzyme extract, 0.1 ml of 1.5% guaiacol, 2.7 ml
potassium phosphate buffer, and 0.1 ml of 0.4% H2O2. Then after 1 min absorbance of the reaction
solution was measured at 470 nm.

2.6.4 Glutathione reductase (GR) Assay
Glutathione reductase (GR) was measured by following Carlberg and Mannervik (1975) in the brain, gills,
liver, and muscle tissue. Total 2 ml of the reaction mixture was prepared which contained 0.1 ml of
enzyme extract, 1.65 ml phosphate buffer, 0.1 ml EDTA, 0.1 ml NADPH and 50 µl oxidized glutathione
1mM. The GR activity was evaluated by mixing the reaction mixtures and calculating the wavelength of
NADPH disappearance at 25°C and 340 nm.

2.6.5 Lipid peroxidation assay
LPO activity was performed according to the protocol of Wright et al. (1981). For different periods, the
LPO estimation level in the liver brain, gills, and muscle tissue of both the control and ATZ-exposed fish
was checked. The medium was prepared for the LPO evaluation by applying 100µl of enzyme extract to
the 250µl phosphate buffer, 100µl of ascorbic acid, and 10µl of ferric chloride. The whole mixture was put
at 37ºC for 1 h in a water bath. The reaction was stopped by adding 1 ml of 10% trichloroacetic acid, 0.5
ml of 0.67% thiobarbituric acid to each tube, and was retained for 20 minutes in a boiling water bath.
Upon cooling, the sample was centrifuged for 10 min at 4000 rpm. By using a spectrophotometer
supernatant was collected and absorbance is measured at 532 nm.

Statistical analysis

The obtained data was analyzed by one-way analysis of variance (ANOVA). A p-value smaller than 0.05
(P < 0.05) was considered statistically significant.

3. Results



Page 6/24

3.1 Behavioural and Morphological effects
The observed behavioural responses of fish exposed to different concentrations of Atrazine for 96 hours
are presented in Table 1. In the control group, the fish did not show any abnormal behavior.

3.2 Acute toxicity
Total mortality observed in various treated groups for 96 hours at each 24 hours interval of Atrazine
exposure is shown in Table 2. An increase in mortality was observed with increasing concentrations of
Atrazine herbicide. In the control group, no mortality was observed.

3.3 LC50 Determination
LC50 is the lethal concentration that kills 50% of the population. The 96-hour LC50 value for Atrazine was
13.7µl/L was presented in Table 3.

Table 1
Behavioral responses of Silver carp exposed to different concentrations of Atrazine for 96 hours at

21ºC
Behavioral Responses Control Atrazine Concentrations

8 (µl/L) 10 (µl/L) 13 (µl/L) 15 (µl/L)

Fast swimming     + ++ ++

Loss of equilibrium and balance     + ++ ++

Gulping     + ++ +++

Pale body color     + ++ +++

Excess amount of mucous secretion     + +++ +++

Key: -: Normal behavior, +: Low, ++: Moderate, +++: High

Table 2
Acute toxicity test of Atrazine exposed Silver carp during 96 hours at 21ºC.

Concentrations (µl/L) No of fish exposed/group Mortality (h)

24 48 72 96

% survival % mortality

0µl/L(control) 5 0 0 0 0 100 0

8µl/L 5 0 0 0 0 100 0

10µl/L 5 0 0 0 0 100 0

13µl/L 5 0 0 0 1 80 20

15µl/L 5 0 1 1 1 40 60
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Table 3
Determination of Atrazine LC50 value in Silver carp for 96 hours at 21ºC.

Concentration Concentration
difference

No of fish
exposed per
group

Number of
dead fish

Mean
death

Mean death ×
concentration
difference

0 (Control) 0 5 0 0 0

8µl/L 8 5 0 0 0

10µl/L 2 5 0 0 0

13µl/L 3 5 1 0.5 1.5

15µl/L 2 5 3 2.5 5

          ∑= 6.5

The LC50 (Lethal concentration with 50% mortality) was calculated as:

LC50 = LC100 - ∑ (Mean death × concentration difference) / Number of fish per group

LC50 = 15 − 6.5/5 = 13.7µl/L

3.4 Total protein estimation
In the present study, total protein contents in the liver, gills, brain, and muscle of Silver carp exposed to
varying concentrations of Atrazine for different periods has been significantly reduced as compared to
the control groups shown in Figs. 1, 2, 3 and 4.

3.5 Catalase Assay:
In current work, the atrazine exposure causes a significant decrease in the activity of CAT in the liver, gills,
brain, and muscle tissue exposed to ATZ 8, ATZ10, ATZ13, and ATZ15 for 24, 48, 72, and 96 hours. The
Catalase activity increased significantly from 24 to 96 h in the control group whereas decreased in ATZ
treated group Shown in Table 4.

3.6 Peroxidase Assay
In the present study, the POD activity was significantly decreased in the liver, gills, brain, and muscles
tissue exposed to ATZ 8, ATZ10, ATZ13, and ATZ15 for 24, 48, 72, and 96 hours compared to the control
group where it increases with the time shown in Table 5.

3.7 Glutathione reductase assay
In the current work Atrazine exposure cause a significant increase in the activity of GR in the liver, gills,
brain, and muscles tissue exposed to a different experimental period of ATZ 8, ATZ10, ATZ13, and ATZ15
for 24, 48, 72, and 96 hours as compared to the control group. Exposure of fish to Atrazine did not affect
Glutathione reductase in gills (Table 6).
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3.8 Effect of Atrazine on Lipid peroxidation
The result of the present study revealed that the ATZ Administration resulted in an increase in MDA level
in liver, gills, brain, and muscle of ATZ exposed groups compared to the control group (Figs. 5, 6, 7 and 8).
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Table 4
Activity of Catalase (µmol/min/mg/protein) in the liver, gills, brain, and muscle
of Silver carp exposed to different concentrations of Atrazine for 96 hours at

21ºC
Exposure time Groups Liver Gills Brain Muscle

24 h CTR 11 ± 0.78a 5 ± 0.48a 3 ± 0.11a 3 ± 0.28a

  ATZ 8 8 ± 0.60ab 5 ± 09ab 2 ± 0.15a 3 ± 0.26ab

  ATZ 10 7 ± 0.54a 5 ± 0.31b 2 ± 0.13ab 2 ± 0.49b

  ATZ 13 5 ± 0.76a 6 ± 0.70b 1 ± 0.10b 4 ± 0.65b

  ATZ 15 4 ± 0.70b 3 ± 0.58b 1 ± 0.39ab 1 ± 0.20b

48 h CTR 11 ± 0.56a 6 ± 0.78a 3 ± 0.20a 4 ± 0.43a

  ATZ 8 9 ± 0.55ab 4 ± 0.5b 3 ± 0.90ab 2 ± 0.23bc

  ATZ 10 7 ± 0.42ab 2 ± 0.64c 2 ± 0.43bc 2 ± 0.34c

  ATZ 13 6 ± 0.48b 2 ± 0.19c 1 ± 0.32c 3 ± 0.22bc

  ATZ 15 7 ± 0.42b 2 ± 0.36b 1 ± 0.19ab 1 ± 0.51c

72 h CTR 9 ± 0.47a 6 ± 0.51a 2 ± 0.8a 4 ± 0.24a

  ATZ 8 7 ± 0.52b 5 ± 0.33b 2 ± 0.12c 3 ± 0.48c

  ATZ 10 3 ± 0.33ab 2 ± 0.28c 2 ± 0.19cd 2 ± 0.41c

  ATZ 13 2 ± 0.58b 2 ± 0.27c 3 ± 0.32d 2 ± 0.38c

  ATZ 15 2 ± 0.62b 1 ± 0.58c 1 ± 0.03b 1 ± 0.44cd

96 h CTR 12 ± 0.68a 6 ± 0.04a 3 ± 0.18a 4 ± 0.56a

  ATZ 8 4 ± 0.87b 3 ± 0.45c 3 ± 0.34d 2 ± 0.07d

  ATZ 10 3 ± 0.48b 3 ± 0.34c 2 ± 0.12d 1 ± 0.06d

  ATZ 13 5 ± 0.47b 2 ± 0.11d 1 ± 0.53e 1 ± 0.15d

  ATZ 15 1 ± 0.13b 1 ± 0.91d 1 ± 0.20b 1 ± 0.12d

CTR = Control; ATZ = Atrazine Exposed; Data are expressed as mean ± S.E. Different letters indicate
significant differences between the groups.
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Table 5
Activity Peroxidase (nmol/min/mg protein) in the liver, gills, brain, and muscle of Silver carp

exposed to Atrazine for 96 hours at 21ºC
Exposure time Groups Liver Gills Brain Muscle

24 h CTR 19.7 ± 0.81a 15.5 ± 0.28a 19.4 ± 0.07a 2.57 ± 0.07a

  ATZ 8 15.1 ± 0.76b 22.4 ± 0.23b 16.1 ± 0.09b 2.34 ± 0.32ab

  ATZ 10 14.7 ± 0.10a 13.5 ± 0.31a 14.2 ± 0.13b 2.18 ± 0.13a

  ATZ 13 10.5 ± 0.66b 11.3 ± 0.22b 14.2 ± 0.15b 1.56 ± 0.21b

  ATZ 15 9.29 ± 0.20b 15.2 ± 0.01b 14.6 ± 0.15b 0.92 ± 0.00b

48 h CTR 19.2 ± 0.65a 13.4 ± 0.18a 20.8 ± 0.06a 2.77 ± 0.10a

  ATZ 8 20.0 ± 0.75b 23.6 ± 0.17b 14.6 ± 0.19c 2.60 ± 0.28b

  ATZ 10 18.0 ± 0.48a 23.8 ± 0.15b 11.5 ± 0.24c 1.86 ± 0.00b

  ATZ 13 11.6 ± 0.20b 19.2 ± 0.10c 15.6 ± 0.22c 1.32 ± 0.11c

  ATZ 15 6.44 ± 0.24bc 14.2 ± 0.19c 10.2 ± 0.07c 0.74 ± 0.00b

72 h CTR 21.5 ± 0.92a 16.7 ± 0.25a 20.8 ± 0.10a 3.33 ± 0.19a

  ATZ 8 24.4 ± 0.31c 21.5 ± 0.10c 11.3 ± 0.17d 2.39 ± 0.12c

  ATZ 10 15.5 ± 0.24ab 18.7 ± 0.12c 8.52 ± 0.16d 1.81 ± 0.22c

  ATZ 13 21.3 ± 0.42c 25.4 ± 0.10d 6.25 ± 0.12d 0.09 ± 0.00d

  ATZ 15 11.5 ± 0.23bc 12.4 ± 0.16d 5.39 ± 0.07d 0.43 ± 0.00c

96 h CTR 30.1 ± 0.15a 17.5 ± 0.22a 22.2 ± 0.15a 3.46 ± 0.38a

  ATZ 8 14.3 ± 0.40d 24.4 ± 0.10d 10.1 ± 0.01d 1.77 ± 0.09d

  ATZ 10 11.3 ± 0.27b 21.7 ± 0.05d 6.54 ± 0.31e 1.58 ± 0.07d

  ATZ 13 10.6 ± 0.24d 12.5 ± 0.21e 4.56 ± 0.05e 0.03 ± 0.00e

  ATZ 15 4.2 ± 0.10c 10.6 ± 0.17e 3.24 ± 0.15e 0.01 ± 0.00c

CTR = Control ATZ = Atrazine Data are expressed as mean ± S.E. Different letters indicate significant
differences between the groups.
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Table 6
Activity of Glutathione reductase (nmol/min/mg protein) in the liver, gills,
brain, and muscle of Silver carp exposed to Atrazine for 96- hour at 21ºC
Exposure time Groups Liver Brain Muscle

24 h CTR 5.15 ± 0.17a 15.1 ± 0.56a 3.53 ± 0.13a

  ATZ 8 5.63 ± 0.44ab 10.4 ± 0.08b 3.25 ± 0.15b

  ATZ 10 3.26 ± 0.16b 7.4 ± 0.16b 5.85 ± 0.15b

  ATZ 13 4.43 ± 0.09b 9.39 ± 0.24b 5.36 ± 0.22b

  ATZ 15 7.37 ± 0.15b 12.5 ± 0.17b 4.58 ± 0.17b

48 h CTR 5.93 ± 0.05a 17.3 ± 0.25a 2.57 ± 0.35a

  ATZ 8 6.40 ± 0.13b 14.2 ± 0.05c 2.13 ± 0.05c

  ATZ 10 7.64 ± 0.38c 15.1 ± 0.16c 3.59 ± 0.30c

  ATZ 13 11.2 ± 0.07c 18.4 ± 0.13c 5.48 ± 0.29c

  ATZ 15 6.48 ± 0.26c 20.2 ± 0.22c 7.32 ± 0.28c

72 h CTR 5.48 ± 0.16a 14.2 ± 0.16a 2.07 ± 0.01a

  ATZ 8 4.65 ± 0.12bc 11.3 ± 0.15d 2.06 ± 0.29d

  ATZ 10 4.94 ± 0.05d 9.28 ± 0.6d 2.18 ± 0.28d

  ATZ 13 10.3 ± 0.09d 16.5 ± 0.19d 7.36 ± 0.24d

  ATZ 15 14.4 ± 0.18d 21.3 ± 0.25d 7.52 ± 0.34d

96 h CTR 4.54 ± 0.22a 18.1 ± 0.12a 1.47 ± 0.07a

  ATZ 8 9.36 ± 0.12c 13.2 ± 0.17e 2.41 ± 0.31d

  ATZ 10 11.3 ± 0.21e 15.8 ± 0.02e 2.89 ± 0.12d

  ATZ 13 8.58 ± 0.16e 22.2 ± 0.10e 6.24 ± 0.17d

  ATZ 15 15.3 ± 0.26e 23.3 ± 0.02e 6.70 ± 0.12e

CTR = Control, ATZ = Atrazine. Data are expressed as mean ± S.E. Different letters indicate significant
differences between the groups.

4. Discussion
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Atrazine herbicides are used for the prevention of broadleaf weeds in crops (Cui et al. 2002). The fact
that, Atrazine is highly mobile and can move to untargeted areas especially aquatic bodies after
application (Waring and Moore 2004), where different concentrations of atrazine showed different
changes in fish biochemical parameters (Elia et al. 2002), compelled us to elucidate the acute toxicity of
Atrazine on the freshwater fish. In this study, the effects of ATZ acute toxicity on Silver carp were
measured during 24, 48, 72, and 96 hours. The LC50 of ATZ for 96 hours was determined to be 13.7 μl/L
for Silver carp, unlike Xing et al. (2015) found 2.142 mg/L of ATZ to be LC50 for 96 hours against
Common carp. The LC50 of ATZ against bluegill sunfish was found to be 16 mg/L (Tomlin 2000) and
9957 μl/L against Psetta maxima (Lazhar et al. 2012), and 24.95 ppm against Rutilis frisii kutum
(Khoshnood et al. 2014) for 96 hours. The LC50 of ATZ for 24 hours against Cyprinus carpio was 18.5
ppm (Ramesh et al. 2009). The difference in the LC50 of the same toxicant is embodied to the test species
(their age, size, health, antioxidant capacity, and immunity) and experimental conditions. The physico-
chemical parameters of the water including DO, turbidity, pH, temperature, and formulation of the
chemical also contribute to these differences. Moreover, the toxicant can dissociate and transform to
different sub-types/daughter chemicals, which might be less/more toxic, or having the same potential of
toxicity as the parent chemical.

Fish exposed to atrazine showed behavioral defects such as rapid swimming, loss of balance, grouping,
mucous on the body, and other irregular behavior. In the beginning, the fish were found to be healthy and
very active. During the experiment, they sought to get rid of the water by swiftly swiping the tested water,
jumping, and performing some other random movements for some time. There was no change observed
in control/unexposed fish. Fish became pale as the intensity of body color decreased, which might be
associated with the increased amount of mucus secreted under stress due to ATZ exposure. Under such
conditions, the efficiency of oxygen uptake decreased considerably, which was manifested as enhanced
breathing rate along with more frequent visits to surface water for gulping fresh air. Such altered behavior
has not been exhibited by fish from the control group, which indicated that ATZ was responsible for such
changes. Likely, different behavioral changes in common carp were observed after exposure to different
concentrations of ATZ (Bahlova et al. 2014). Chapadense et al. (2009) recorded different behavioral
changes in Colossoma macropommum after exposure to ATZ such as lethargy, increased frequency of
opercular movements, and equilibrium loss. Fish would have shown this altered behaviour due to
different internal biochemical and physiological changes in coping with the stress induced by the
pesticides. These alterations may take place to compensate for the challenge posed by pesticides.

To evaluate these lethal, chronic, acute, or toxic effects, different biochemical and physiological
parameters are appraised, such as endocrine disruption, the concentration of cortisol, blood glucose, ACh
or AChE, protein contents, metabolic enzymes and activities of antioxidant enzymes in different tissues.
Proteins are one of the fundamental biochemical properties used to describe the general health of fish
and the mechanism of metabolism under pollutant stress (Martinez et al. 2004). In the present study, ATZ
caused a significant time dependant decrease in total protein contents of the liver, brain, gills, and muscle
tissue of Silver carp. The decrease in protein levels is due to the stress immobilization of these
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compounds in response to the increased energy required by fish to cope with toxic environmental
conditions (Vasanthi et al. 1990). Therefore, a decrease in protein concentrations was observed
compared to the control group, which might be due to the conversion of protein to glucose by the process
of gluconeogenesis to cope with the stress induced by ATZ. This result was consistent with Ramesh et al.
(2008); Ramesh et al. (2009) and Khan et al. (2016).

It is well established that exposure to xenobiotics leads to increased production of ROS (Ullah et al.
2019b). The results of this study showed that, like other animals, fish suffered from oxidative stress and
responded by altering the activity of antioxidant enzymes. Jin et al. (2010) observed that exposure to ATZ
led to oxidative stress in zebrafish, which is in agreement with our study as revealed by an increase in the
lipid peroxidation. Every organism has a unique enzyme system to overcome this problem, which shows
variations in its activities by facing ROS (Shao et al. 2012). In fish like other vertebrates’ catalase is the
most important enzyme which reduces hydrogen peroxide (H2O2) to water and oxygen. CAT not only
neutralizes the directly produced H2O2 but also neutralizes the H2O2 produced after the neutralization of
superoxide anion by SOD (Hermes-Lima 2004). The fluctuation in the activity of CAT across the tissues
studied revealed its primary role in the antioxidant defense system and its susceptibility to ATZ. CAT
detoxifies H2O2 to water.

Glutathione reductase is an important antioxidant enzyme that plays important role in reducing oxidative
stress in aquatic animals (Hasspier et al. 1994; Gohar et al. 1999). Peroxidase catalyzes both H2O2 and
hydroxyl radicals into oxygen and water while glutathione reductase catalyzes NADPH-dependent
regeneration of glutathione (GSH) from the oxidized form glutathione disulfide (GSSG) generated by
peroxidase. Therefore, the elevation in the activities of the antioxidant enzymes reveals the compensatory
responses of the exposed species against the induced stress after exposure to toxicants, such as ATZ in
our study. Sometimes, the decreased activities of these antioxidants reveal that the exposed organisms
suffered from damage after exposure, exhausted, and consequently, their antioxidant enzymes system
got weaken such as Santos and Martinez (2012) observed reduced activities of GPx, CAT, and SOD in the
liver of Prochilodus lineatus after exposure to ATZ. Hence, antioxidant enzymes provide the first line of
defence against stress (Ullah et al. 2014).

The antioxidant enzymes including CAT, POD, and GR protect against oxidative stress by converting
reactive oxygen intermediates to non-radical products. The current result showed that fish like other
animals, undergo oxidative stress, and responded by changing the activity of antioxidant enzymes
(Montilla et al. 1998). The present study revealed that Atrazine exposure causes a significant decrease in
the activity of CAT in the liver, gills, brain, and muscle tissue exposed to ATZ 8, ATZ10, ATZ13, and ATZ15
for 24, 48, 72, and 96 hours. The CAT activity increased slightly from 24 to 96 h in the control group
whereas decreased in the ATZ treated group. The reason for the decrease in catalase activity may be the
inactivation of the enzyme by the overproduction of ROS (Pigeolet et al. 1990). Xing et al. (2012)
observed a decrease in CAT activity after exposure of common carp to ATZ, however, Nwani et al. (2010)
observed an increase in the activity of CAT in Channa punctatus after exposure to ATZ. POD activity in
the ATZ treated group was also decreased from 24 to 96 h compared to the control group where it
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increases over time. This finding is consistent with that of Santos et al. (2012) where a decreasing trend
of antioxidant enzymes was observed in P. lineatus exposed to Atrazine. The increased activity of GR, in
treated groups, indicates an attempt to maintain normal levels of glutathione. The maintenance of
glutathione might contribute to the reduction of atrazine toxicity through its association with the
herbicide molecule (Wiegand et al. 2001). This is supported by Elia et al. (2002) who reported increased
GR activity in the muscle and liver tissues of bluegill sunfish (Lepomis macrochirus) following exposure
to atrazine.

Lipid peroxidation is a complex process that is more active in bio-membranes rich in polyunsaturated
fatty acids. Reactive oxygen species (ROS) produced during oxidative stress react with unsaturated fatty
acids present in the membrane and cause lipid peroxidation (Thiele et al. 1995). The estimation of LPO
provides useful data about the effect of exposure to aquatic pollutants. After exposure to toxic
substances, several researchers have reported increased levels of LPO in various fish tissues (Uner et al.
2001). Therefore, the result of this study indicated that administration of ATZ increased MDA levels in the
liver, gill, brain, and muscle of the treated group as compared to the control group, which adversely impact
the biological integrity of the exposed individuals. This finding is consistent with Elia et al. (2002). Xing et
al., (2012) observed a concentration-dependent increase in MDA level in the kidney and brain of common
carp. Increased lipid peroxidation level is an indicator of elevated ROS levels and consequently reveals
the initiation of damage to the cellular membrane. Hence, LPO is a valuable biomarker and is extensively
used to research oxidative stress.

Conclusion
This study concluded that Atrazine is toxic to Silver carp. Its exposure induced oxidative stress and led to
alterations in the activities of antioxidant enzymes, protein content, and lipid peroxidation level in the liver,
brain, gills, and muscle tissues. The results of the current study can be interpolated on other fish species
as well. The study further recommend that pesticides used on farmland not only control target organisms
rather affect other non-target organisms that can also pose a risk to human health.
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Figure 1

Total protein content in liver of Silver carp exposed to ATZ. The data are expressed as mean ± S.E and
analyzed by ANOVA (P< 0.05)

Figure 2

Total protein content in gills of Silver carp exposed to ATZ. The data are expressed as mean ± S.E and
analyzed by ANOVA (P< 0.05)



Page 22/24

Figure 3

Total protein content in the brain of Silver carp exposed to ATZ. The data are expressed as mean ± S.E
and analysed by ANOVA (P< 0.05)

Figure 4

Total protein content in muscle of Silver carp exposed to ATZ. The data are expressed as mean ± S.E and
analysed by ANOVA (P< 0.05)
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Figure 5

Effect of Atrazine on lipid peroxidation in liver of Silver carp. The data are expressed as mean ±S. E and
analysed by ANOVA (P< 0.05)

Figure 6

Effect of Atrazine on lipid peroxidation in gills of Silver carp. The data are expressed as mean ± S.E and
analysed by ANOVA (P< 0.05)
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Figure 7

Effect of Atrazine on lipid peroxidation in the brain of Silver carp. The data are expressed as mean ± S.E
and analysed by ANOVA (P< 0.05)

Figure 8

Effect of Atrazine on lipid peroxidation in the muscle of Silver carp. The data are expressed as mean ±
S.E and analysed by ANOVA (P< 0.05)


