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Abstract

The effects of atrazine, an herbicide used worldwide and considered as a potential contaminant in aquatic environments. In the
present research, the effect of atrazine on antioxidant enzyme activity in the fresh water fish Labeo rohita is carried out.The
experimental fish were treated with atrazine (0.5 mg/ L) for 120 hours. Another group (III) of fish treated with atrazine in 120
hours, and then exposed to dried Noloxone pellet 2 gram. The group IV fish was exposed to Noloxone alone for 120 hours. After
the treatment fish were dissected and the following organs namely gill, liver and kidney were analyzed for antioxidant enzymes
like Catalase (CAT), Superoxide dismutase (SOD), Lipid peroxidation (TBARS) level. Antioxidant enzymes are biomarkers used
to indicate the atrazine toxicity. The SOD, CAT and LPO are increased during the atrazine exposure period (P>0.05). In the
group III, atrazine along with Noloxone exposure the antioxidant enzymes was recovered (P>0.05). The present study suggests
that the Naloxone algae might play a role in reducing the toxic effect of atrazine and Sits enzymological effects seem to mediate
such a protective effect.
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Introduction

The presence of pesticides in the environment has
caused significant social and scientific development
anxiety worldwide, as their all over the world
extensive usage can create potential risks to the
environment and human health, as they can easily
pollute bodies of water, resulting in extensive damage
to non-target species, including fish [1]. Fish
representing as bio-indicator of environmental
contamination and may play an important role in the
evaluation of the potential risk of pollution in

aquatic environment. They may directly exposed to
chemicals caused by agricultural output through runoff
or indirectly by food chain of ecosystem, this may
reflect the biological influences of environmental
contamination in water [2].

Atrazine is one of the most currently and widely used
herbicides and several studies have already detected its
presence in water bodies at levels above the limits
determined by local guidelines [3,4].
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Despite being classified as moderately toxic, atrazine
can promote toxic effects on aquatic animals [5,6].
Some studies have been conducted on fish to evaluate
the toxicity of atrazine [7] and focused on several
aspects such as the biochemical [8], genetic [6],
histopathological [9] and physiological effects [10,11].
However, the mechanisms of toxicity of this herbicide
and its metabolites are not yet fully understood [12].

Antioxidant enzymes are important in coping
oxidative stress caused by the metabolism itself and
environmental factors [13]. Oxidative stress results
from disruption of the prooxidant and antioxidant
balance by reactive oxygen species (ROS) and other
radicals or oxidants [14]. While xenobiotics are able to
increase ROS levels, the capacity to induce oxidative
stress depends on the over whelming of antioxidant
defenses. Aerobic organisms have developed
antioxidant defense mechanisms that scavenge ROS or
prevent ROS-mediated cellular damage [15], including
enzymes sensitive to free radical proliferation such as
superoxide dismutase (SOD), catalase (CAT),
glutathione peroxidase (GPx) [16]. Among the main
ROS-inflicted damages is lipid membrane oxidation,
known as lipid peroxidation (LPO), a process that
follows exposure to a wide variety of environmental
pollutants [17].

Fish are the most important aquatic organisms and are
very vulnerable to such environmental stresses. Many
recent laboratory and field studies have suggested that
the measurement of enzymatic activities might be an
effective indicator of exposure to chemical pollution;
Atrazine (2-chloro-4–ethylamino–6-isopropylamino-s-
triazine) is one of the most commonly used herbicides
found in the rural environments. It is extensively used
on corn, sorghum, sugarcane, pineapple and to some
extent on landscape vegetation. Rated as moderately
toxic to aquatic species, atrazine is mobile in the
environment and is among the most detected
pesticides in streams, rivers, ponds, reservoirs and
ground waters [18]. It has a hydrolysis half-life of 30
days and relatively high water solubility (32 mg·L-1),
which aids in its infiltration into ground water [19].
Atrazine concentrations of 20 μg·L-1 have been
commonly detected in surface water runoff, while
concentrations as high as 700 μg·L-1 have been
reported [20-22]. Due to the low persistence of
atrazine herbicide, repeated applications are practiced
for the control of weeds in agricultural fields, and as a
result, large quantities of the herbicide find their ways

into water bodies. The mode of action of atrazine is
blocking electron transport in photosystem II leading
to chlorophyll destruction and blocking
photosynthesis. When atrazine was first released for
agricultural use, it was thought that since
photosynthesis is limited to plants, animals would be
immune to any effects of atrazine. It was soon
suspected that atrazine might have non-target action in
animals including genotoxic [23], clastogenic [24] and
biochemical effects [25]. The indiscriminate use of
this herbicide, careless handling, accidental spillage or
discharge of untreated effluents into natural water
ways have harmful effects on the fish populations and
other aquatic organisms and may contribute to long
term effects in the environment.

Noloxone is a cyanobacterium is classified as blue
green algae. It has been used as a food [26] because of
its quantity of proteins, vitamins, essential amino
acids, minerals and essential fatty acids [27]. It has
been reported that Noloxone have several
pharmacological activities. Brown et al., [28] reported
that Noloxone have antioxidant properties especially
some phycobiliproteins such as cphycocyanin (CP)
and allophycocyanin [29]. Hence, the aim of the
present study is to determine the protective effect of
atrazine on antioxidant enzyme activities and
therapeutic efficiency of Noloxone in the fresh water
fish Labeo rohita.

Materials and Methods

The fish Labeo rohita of 75±5g weight and 15±5cm
length were obtained from the Fisheries Department,
Anantapur, Andhra Pradesh, India and were
transferred to large cement tanks. They were kept in
the cement tank filled with dechlorinated water and
supplied continuous aeration. Acclimatization to
experimental condition for 15 days at room
temperature, fishes were fed with artificial libitum
during acclimatization and tank water was renewed
every day after feeding, food was withheld from
before 24 hours to the experiment.

Atrazine toxicity studies

Acute toxicity bioassays to determine the LC50 was

calculated by the log – dose /probit regression line,
sub lethal concentration 0.5 mg/ L was used for 24, 48,
72, 96 and 120 hours experimental study.
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Experimental design

After acclimation the Labeo rohita fresh water fish
were divided into four groups whereas Group I
control, Group II atrazine treated, Group III Atrazine +
Noloxone, Group IV Noloxone alone treated. Each
group was exposed to sub-lethal concentration of
atrazine for a period of 120 hours. Simultaneously, a
control was maintained to compare toxic impacts. For
the present study commercial formulations of atrazine
(50% WP) with the trade name “Rasayanzine”,
manufactured by Krishi Rasayan Exports Ltd (India)
was purchased from the local market.

Antioxidant enzymes assay

The concentration of TBARS in the tissues (gill, liver
and kidney) was estimated by the method of Biradar
and Rayburn [30]. Superoxide dismutase (SOD)
activity was determined following the procedure of
Pandey et al., [31]. The activity of catalase (CAT) was
assayed by the method of Patlac and Chinoy [32].

Statistical analyses

The data obtained from the quantitative study were
expressed as the mean±SE, percentage changes and
were statistically analyzed using student ‘t’-test, to
compare means of treated data against their control
and the result were considered significant at
(P<0.05),(P>0.05) level.

Results

In the present study, the fish Labeo rohita were
exposed to atrazine (group II) to study the effects of
atrazine on antioxidant enzyme activity. When
compared with control (group I), the antioxidant
enzyme superoxide dismutase values were gradually
increased (P>0.05). The observed group III atrazine
along with Noloxone exposed fish showed gradually
recovered. The group IV also increased (P>0.05) when
compared with control group. The observed liver SOD
(Table - 1) in fish were exposed to atrazine (group II).

When compared to control groups the SOD level was
gradually increased for the period of 24, 48, 72, 96 and
120 hours, respectively. The group III (atrazine along
with Noloxone), group IV (Noloxone supplemented)
exposed also increased (P>0.05), when compared with
control groups. The kidney tissues show enzyme
superoxide dismutase levels were increased, for the
period of 24, 48, 72, 96 and 120 hours, respectively.
The observed values of group III atrazine along with
Noloxone exposed gradually recovered and the group
IV (Noloxone supplemented) also increased when
compared with control group.

The catalase activity (Table - 2) in Labeo rohita group
II atrazine treatment increased when compared with
control for the period of 24, 48, 72, 96 and 120 hours,
respectively. The group III atrazine along with
Noloxone exposed and group IV Noloxone
supplemented also increased in the enzyme activity,
when compared with control group. In the liver tissue
of herbicide atrazine exposed group II, the enzyme
activity was increased. The catalase activity in group
III and group IV also increased when compared with
control group (P>0.05). The catalase activity in kidney
of the atrazine treatment group II were increased when
compared with control group, for the period of 24, 48,
72, 96 and 120 hours, respectively. In the group III
(atrazine along with Noloxone exposed) and group IV
(Noloxone supplemented) also the enzyme activity
was gradually increased when compared with control
group (P>0.05).

The observed value of LPO (Table - 3) levels in Labeo
rohita exposed to atrazine herbicide increased in lipid
peroxidation activity in all tissues (gill, liver and
kidney), for the period of 24, 48, 72, 96 and 120 hours,
respectively. The observed group III and group II were
increased in peroxidase activity, when compared with
control group. The observed liver and kidney lipid
peroxidase activity were increased, when compared
with control groups. The group herbicide atrazine
exposed group II of Labeo rohita induce the rapid
secretion of enzyme peroxidase.
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Table 1. Change in the level of Superoxide dismutase (U mole / mg protein) activity in the fresh water fish Labeo
rohita exposed to 120 hours sublethal concentration of atrazine and therapeutic efficiency of Noloxone.

Organs
Exposure period

Groups 24h 48h 72h 96h 120h

Group I 30.15±1.48 30.19±1.49 30.52±1.81 30.28±1.78 30.39±1.78

Group II
38.46 NS 2.29 41.14 NS ±2.35 48.11 *  ±2.29 49.29 * ±2.35 52.08 NS ±2.54

28.01 36.48 57.31 62.58 71.32
Gill Group III

35.48 NS ±2.11 35.27 NS ±1.62 36.19 NS ±1.73 37.34 NS ±1.82 38.07 NS ±1.78

18.12 16.53 18.19 23.37 25.26

7.59 14.39 24.74 24.58 26.82
Group IV

30.15** ±1.65 30.35 NS ±1.68 31.03 NS ±1.75 31.23 NS ±143 32.11 NS ±1.81

0.11 0.56 1.35 3.13 5.56

Group I 48.15±2.36 48.69±2.41 48.95±2.43 48.98±2.44 49.26±2.45
Group II

49.97 NS ±2.35 52.96 NS ±2.59 56.08 NS ±3.34 60.23 NS ± 2.96 62.13 NS ±3.67

4.26 9.38 14.89 22.87 26.02
Liver Group III

49.95 NS ±2.37 50.42 NS ±2.43 51.28 NS ±2.53 52.31 NS ± 3.09 53.21 NS ±2.57

4.19 4.16 4.85 6.63 7.89
0.09 4.86 8.71 13.14 14.32

Group IV
48.13 NS ±2.34 49.11 NS ±2.39 49.17 NS ±2.41 50.09 NS ±2.97 15.11 NS ±2.92

0.25 0.94 0.45 2.19 1.63

Group I 34.05±1.56 34.53±1.96 34.21±1.63 35.23±1.68 35.45±171
Group II

37.09 NS ±1.75 39.25 NS ±2.29 42.37 NS ±2.47 48.27*±2.43 56.29*±3.38

8.87 13.53 23.74 36.79 58.62
Kidney Group III

38.35 NS ±1.79 39.51 NS ±1.89 40.25 NS ±1.92 41.58 NS ±2.41 43.14 NS ±2.11

12.52 14.35 17.36 17.65 21.65
-3.31 -0.63 5.18 13.89 23.27

Group IV
35.34 NS ±1.69 35.02 NS ±2.01 39.26 NS ±2.14 36.08 NS ±1.73 36.25 NS ±2.15

3.65 1.19 5.56 2.08 2.15

Values are mean ± SE of six replicates percentage changes and student “t” test, Significant at
* P > 0.05; ** P < 0.01 levels
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Table 2. Change in the level of Catalase (μ mole / min / mg protein) activity in the fresh water fish Labeo
rohita exposed to 120 hours sublethal concentration of atrazine and therapeutic efficiency of Noloxone.

Organs
Exposure period

Groups 24h 48h 72h 96h 120h

Group I 9.82 ± 0.45 9.89 ± 0.56 9.99 ± 0.46 10.11 ± 0.57 10.21 ± 0.48

Group II 8.97 NS ± 0.51 9.11 NS ± 0.52 8.61 *  ± 0.41 7.98* * ± 0.37 7.32 * * ± 0.41

3.67 7.62 13.65 20.74 28.09
Gill

Group III 9.32 NS ± 0.43 9.25 NS ± 0.51 9.15 NS ± 0.41 9.15 NS ± 0.51 9.11 NS ± 0.50

5.13 0.07 8.25 9.51 10.61

-2.85 -1.28 -6.21 -14.15 -24.29

Group IV 9.11 NS ± 0.51 9.17 NS ± 0.43 9.35 NS ± 0.52 9.22 NS ± 0.42 9.39 NS ± 0.53

7.25 7.21 6.25 8.72 7.87

Group I 11.35 ± 0.75 11.79 ± 0.69 11. 87 ± 0.55 12.01 ± 0.56 12.59 ± 0.58

Group II 11.49 NS ±0.71 10.37 NS ±0.63 9.31 ** ±0.48 8.42 ** ± 0.53 7.51**±0.46

0.18 12.85 22.24 30.45 4.07
Liver Group III 8.35**±0.48 8.71 ** ±0.51 9.12 ** ±0.53 9.89 * ± 0.57 10.08**±0.49

26.28 26.13 23.19 17.68 19.91

26.41 15.24 1.25 -18.21 -34.95

Group IV 10.32* ±9.01 11.37 NS ±0.65 11.59 NS ±0.67 11.96 NS ±0.69 12.29 NS ±0.83

0.49 3.51 1.98 0.32 2.27

Group I 15.41±0.75 15.16±0.89 15.96±0.75 16.09±0.93 16.23±0.78

Group II 15.32 NS ±0.74 14.61 NS ±0.85 13.34 * ±0.62 13.05*±0.74 12.25**±0.59

0.56 3.51 16.43 18.81 24.42
Kidney

Group III 13.12 * ±0.62 13.65 NS ±0.79 14.42 NS ±0.69 14.97 NS ±0.71 15.37 NS ±90

15.01 9.85 9.64 6.85 5.19

14.51 6.53 -8.13 -14.72 25.43

Group IV 14.39 NS ±0.83 14.85 NS ±0.71 14.71 NS ±0.84 15.35 NS ±0.88 16.29 NS ±0.95

0.81 1.96 7.89 4.48 0.34

Values are mean ± SE of six replicates percentage changes and student “t” test, Significant at * P > 0.05; ** P < 0.01
levels, NS - Non-Significant.
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Table 3. Change in the level of Lipid peroxidation (n mole / mg protein) activity in the fresh water fish
Labeo rohita exposed to 120 hours sublethal concentration of atrazine and therapeutic efficiency of

Noloxone.

Organs
Exposure period

Groups 24h 48h 72h 96h 120h
Group I 18.57 ± 0.89 18.69 ± 0.89 18.80 ± 0.90 18.896 ± 0.91 18.936 ± 0.91

Group II 20.19 NS ± 1.02 24.09 * ± 1.38 29.29 * *  ± 1.41 33.37* * ± 1.88 35.06 * * ± 1.69

8.59 28.98 55.76 76.78 85.36
Gill

Group III 31.38 * * ± 1.53 29.09 * ± 1.97 26.29 * ± 1.54 24.09 * ± 1.17 22.15 NS ± 1.08

68.59 55.53 39.71 27.73 17.05

-54.28 -20.52 -10.26 27.68 36.81

Group IV 20.08 NS ± 1.17 21.09 NS ± .22 21.43 NS ± 1.46 22.45 NS ± 1.54 22.69 NS ± 1.55

7.95 12.86 14.01 18.89 19.95

Group I 12.08 ± 0.56 12.45 ± 0.71 12.29 ± 0.57 12.61 ± 0.72 12.93 ± 0.85

Group II 13.31 NS ±0.75 14.38 NS ±0.81 18.07 *±1.76 16.18 ** ± 0.77 19.22 NS ±0.67

10.11 15.49 46.94 28.11 -48.57
Liver

Group III 20.07**±1.16 18.21 ** ±0.87 17.45 ** ±1.01 22.32 ** ± 1.09 28.37**±1.38

65.91 46.11 41.84 81.46 119.23

-50.39 -26.45 3.44 -37.54 -47.51

Group IV 13.03 NS ±0.75 13.44 NS ±0.91 13.72 NS ±0.79 14.05 NS ±0.81 14.08 NS ±0.96

7.95 7.99 11.64 11.26 8.91

Group I 9.25±0.61 9.39±0.52 9.64±0.55 9.85±0.46 9.91±0.65

Group II 10.24 NS ±0.58 12.35 ** ±0.57 14.36**±0.82 14.21**±0.79 14.02**±0.65

10.51 31.47 49.08 44.05 41.61
Kidney

Group III 19.08 NS ±0.81 18.41 ** ±0.89 16.07 ** ±0.93 18.21 ** ±0.87 21.35 ±1.02

1.81 95.62 66.67 84.59 115.15

-86.15 -48.71 -11.75 -28.11 -51.87

Group IV 10.29 NS ±0.68 10.69 NS ±0.70 11.27 * ±0.64 11.72 * ±0.06 12.05*±0.81

11.06 13.76 17.14 18.65 28.49
Values are mean ± SE of six replicates percentage changes and student “t” test, Significant at * P > 0.05; ** P < 0.01

levels, NS - Non-Significant.
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Discussion

Fish are often used as sentinel organisms for
ecotoxicological studies because they play number of
roles in the trophic web, accumulate toxic substances
and respond to low concentration of mutagens [33].
Therefore, the use of fish biomarkers as indices of the
effects of pollution are of increasing importance and
can permit early detection of aquatic environmental
problems [34,35]. Fishes are used as a model for the
biomonitoring of the aquatic environment and as
sentinel agents for pollutants [36]. The pollutants
affect various organs, particularly gills, which are
exposed directly to the contaminants in the
environment. However, most of the pollutants are
transferred to the blood and transported to the liver,
which is the principal detoxifying organ for xenobiotic
substances. Hepatic tissue is the place where most of
the pollutants accumulate and therefore the long-term
damage is most likely to occur. Most of the pollutants
and their metabolites induce toxicity via oxidative
stress arising from the increased production of free
oxygen radicals. The antioxidant defense enzymes
involved in the removal of ROS are the principal
candidates for biomarkers of oxidative stress. The
antioxidant defense enzymes, however, have great
variability and are dependent on the organisms, organ
tissues and the nature of pollutants involved [37].

The antioxidant enzymes in fish could be used as
biomarkers of exposure of aquatic pollution [38].
Pesticides may significantly damage certain
physiological and biochemical processes when they
enter into the organ of fishes. Atrazine can cause
serious impairment to physiological and healthy status
[39]. Lipid peroxidation is the initial step of cellular
membrane damage caused by pesticides, metals and
other xenobitoics [40]. Exposure of atrazine and
Noloxone dosage increased in gill, liver and kidney
tissues. These increase described to an excessive
production of ROS, which could be related to
antioxidant enzyme leakage.

The present study shows atrazine treatment induced
oxidative stress as demonstrated by compromised
antioxidant defences. Results are in agreement with
the study which demonstrated a significant increase in
lipid peroxidase in fish liver, kidney and gills
following atrazine administration group II and group
III atrazine along with Noloxone exposure. Khan et al.,
[41]; Lu et al., [42] have registered the elevated level

of LPO exposed to various toxicants. Nwani et al.,
[43] reported by the elevated level of lipid peroxidase
in the liver of C. punctatus in response to the exposure
to atrazine as observed that there is increased
production of ROS. Increased ROS production may,
thus, be associated with the metabolism of atrazine
herbicide leading to the peroxidation of membrane
lipids of the liver. The liver is noted as site of multiple
oxidative reactions and maximal free radical
generation [44-46]. Previous investigations have
reported the induction of LPO by pesticides such as
deltamethrin [47,48], alachlor [49], malathion [50] and
butachlor [51] in fish. Lushchak et al., [52] however,
did not record elevation of lipid peroxidation in the
brain and liver of goldfish Crassius auratus exposed
to sublethal concentration of Roundup®. The different
responses probably are functions of species, the time
of exposure, type and concentration of stressors. The
observed LPO resulting from ROS generated by the
atrazine may lead to cell apoptosis. ROS and oxidative
stress have been demonstrated to be triggers of
apoptosis [53].

In this current study atrazine caused significant
increase in CAT activities in liver, kidney and gill
tissues of Labeo rohita. CAT is an enzyme located in
peroxisomes and facilitates the removal of H2O2

[54,55]. Herbicides induced inhibition of CAT activity
has been reported in various studies in fish species.
Luck [56], reported that endosulfan caused a decrease
in CAT activity. In this study, CAT activity was not
connecting to other markers of the oxidative stress.
The low levels of CAT could be attributed to high
production of O2. This has been reported to inhibit
CAT activity in decrease of excess production
(Academic Press). Pesticides – induced inhibition of
CAT activity has been stressed by simulation of O2

[57]. Enhancement of CAT activity was observed in
Cichlid fishes from polluted waters [58], in mullets
[59], Lepomis macrochirus [60] and Prochilobus
lineatus [61] exposed to herbicides. The inhibition of
CAT by the superoxide radical has been reported
[29,62].

The increase in superoxide dismutase activity after
atrazine administration appears to be an adaptive
response to increased generation of reactive oxygen
species. The exposure of animals to xenobiotics
increases SOD was reported and the present study
reflects a compensatory mechanism to increase
oxidative stress. In the present investigation,
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therapeutic efficiency of Noloxone are important
detoxifying mechanism against atrazine toxicity of
Labeo rohita. Noloxone has been shown to be an
excellent source of proteins, vitamins and minerals
[38]. Noloxone is useful in human nutrition, due to the
high quality and quantity of its protein. Other benefits
are attributed to Noloxone antiarthritic effect due to
the anti-inflammatory and antioxidative properties of
phycocynanin [63], anti-atherogenic property [64],
chemo protective and radio-protective effect [65] and
antioxidant activity on lead-induced toxicity. This may
cause to recover the animal from atrazine toxicity.
Reported in various studies in fish species, for
example, Bainy et al., [66]; Mohan Singh and Rajat
Sandhir [67] reported that endosulfan caused
decreases in CAT activity in liver, kidney and gill
tissues of Channa punctatus. SOD is a group of
metalloenzymes that plays a crucial antioxidant role
and constitutes the primary defence against the toxic
effects of superoxide radical in aerobic organism [68].
Depletion of antioxidant enzyme activity could be
caused by a down regulation of transcription and
translation process. However, organisms are equipped
with interdependent cascades of enzymes to alleviate
oxidative stress and repair damaged macromolecules,
produced during normal metabolism or due to
exposure to xenobiotics. In this cascade, SOD and
CAT are the major enzymes in eliminating ROS
formed during bioactivation of xenobiotics in the
hepatic tissues [69] and the induction of SOD/CAT
system provides a first line of defense against ROS.
Nwani et al., [43] reported by the increase in LPO,
CAT and SOD activities in the liver tissue with
sublethal concentrations of atrazine induce oxidative
stress in C. punctatus and could be an adaptive
response to protect the fish from the atrazine-induced
free radical toxicity.

The present study fish exposed to concentration of
atrazine displayed an increase in superoxide dismutase
activity. This increased observation in SOD activity
could be explained by oxidative stress caused by
atrazine exposure and could contribute to atrazine
toxicity. As revealed in literature, this may also be the
results of excessive SOD radical production or a direct
action of herbicides on synthesis of the enzyme [70].

In summary, the present study clearly indicates that
atrazine increased the in vivo SOD, CAT and LPO
levels in Labeo rohita. Weather it is because of
atrazine or its metabolite and this effect

remains to be clarified. However, toxicity associated
with atrazine may, in part, result from change in the
antioxidant enzymes and that some protection from
this toxicity could be provided by antioxidant.
Furthermore, our results indicate that the Labeo rohita
is a convenient species for monitoring pesticides in
freshwater of agricultural areas.

Conclusion

We conclude that the antioxidant enzyme activity in
the different organs (gill, liver and kidney) did not
represent good indices of the effect of atrazine in
Labeo rohita. However, the activity of SOD, CAT and
LPO in the organs of fish potential useful
bioindicators in the Naloxone is reducing the herbicide
atrazine toxicity.
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