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Abstract

Bifenthrin is a synthetic pyrethroid that affects the enzyme system in living things and causes oxidative
stress by producing free radicals and changing oxygen or antioxidant free radicals. Synthetic pyrethroids
are the source of pollution and are utilized globally for household, agricultural, and other applications. It
has detrimental effects on humans, insects, and aquatic life in many ways. The purpose of the current
study was to examine how exposure to Bifenthrin affected the antioxidant enzymes Catalase (CAT),
Reduced Glutathione (GSH), and Lipid Peroxidation (LPO) in the liver and brain of Danio rerio during
the course of 5,10,15 and 20 days length of exposure. Adult fish were given four different concentrations
of bifenthrin for this study: 0.47, 0.93, 1.39, and 1.86ug/l (20%, 40%, 60%, and 80% of the sublethal
dose of 96-h LCso). After being exposed to Bifenthrin, Zebrafish, Danio rerio, showed oxidative stress in
their liver and brains, as evidenced by a marked dose- and time-dependent decrease in the activity of the
enzymes CAT and GSH and an increase in LPO.

Keywords: Bifenthrin, liver, brain, zebrafish, oxidative stress

Introduction

Rapid industrialization and fast growth in human population causes different kinds of pollution
like air, water and soil. Water is the most precious natural resources that exist on earth. The
most precious resource of nature on the planet is water. It is a crucial component of the life
support system, and the preservation of health is profoundly affected by its quality. Industrial
waste, home sewage, drainage, chemical fertilizers, and certain types of pesticides used widely
in agricultural practices for food production are the main contributors of contamination of
water [, At present, various categories of pesticides such as organophosphates,
organochlorins, carbamates, synthetic pyrethroid and natural products are used at present in
agriculture to control pests. In the 1970s, the synthetic counterpart of the decorative plant
Chrysanthemum cinerariaefolium was used to create synthetic pyrethroids, that are synthetic
forms of naturally occurring pyrethrins.

Synthetic pyrethroids originally used in agriculture to preserve fruits, vegetables, cotton,
grains, cereals, and ornamental. However, they were also used for a number of other
applications, including insecticides, lice shampoos, repellents for insects like mosquitoes and
for the management of ectoparasites like lice, tick bugs etc 12,

Type-I pyrethroids like bifenthrin are commonly used in agricultural fields to control pests and
public health applications to control of vectors and ectoparasites Bl. Due to moderately
hazardous it is allowed by WHO for public uses [*. Due to excellent insecticidal property and
rapid degradation in agricultural field, pyrethroids are dominant insecticide over the worldwide
markets 1. Bifenthrin is generally more demanding due to their very high insecticidal
property, low cost, and low toxic for mammalian and birds [, Extremely persistent in the
environment, bifenthrin has been found in floor wipes, house dust, urban regions, agricultural
fields, and human and animal body tissues from all over the world [, Bifenthrin was the
most found pesticide in the samples of stream and wetland bed sediments of USA [:19],

The widespread and increasing use of Bifenthrin has raised significant concerns about its
environmental persistence and its toxic effects on non-target aquatic organisms [, Earlier
studies have evaluated various toxicological endpoints and biomarkers to investigate
Bifenthrin-induced toxicities, such as oxidative stress, developmental abnormalities,
neurotoxicity, behavioural disturbances, endocrine disruption, and immune system impairment
in pregnant mice %71, Toxicological effects of Bifenthrin have also been investigated in
several model fish species, including fathead minnows ¥ and Zebrafish [1°20 However,
research on Bifenthrin-induced toxicities in fish remains limited compared to other pyrethroids
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like cypermethrin and deltamethrin, with the majority of
existing studies focused primarily on Zebrafish.

Pesticides can cause various physiological and biochemical
alterations in fish and other aquatic organisms by affecting the
activity of several enzymes. Dimethoate is reported to exhibit
toxicity toward adult Zebrafish, embryos, and fingerlings,
leading to a notable decline in fecundity, embryo viability,
hatchability, and fingerling survival 24,

Bifenthrin has the potential to induce oxidative stress in
aquatic organisms, as all aerobic species rely on molecular
oxygen for metabolic processes, which can inadvertently
generate reactive oxygen species (ROS) such as superoxide
anions (O27), hydrogen peroxide (H20:), and hydroxyl
radicals (OH") 221 Due to their high reactivity, these ROS can
damage essential biomolecules, including lipids, proteins,
carbohydrates, and nucleic acids 2. Antioxidants play a
crucial role in safeguarding biological systems by
counteracting harmful oxidative reactions, preventing DNA
damage, excessive oxidation, and cell death 24, According to
the World Health Organization (WHO), around 3 million
cases of pesticide poisoning occur each year, resulting in
approximately 22,000 deaths globally 2],

Catalase (CAT) is a widely occurring enzyme present in
nearly all oxygen-exposed organisms, where it plays a vital
role in breaking down hydrogen peroxide (H20:) into water
(H20) and oxygen (O2). Additionally, it is capable of
oxidizing various toxic substances, including formaldehyde,
formic acid, phenol, and alcohols. Reduced glutathione
(GSH), an antioxidant contributes in shielding cells against
reactive oxygen species (ROS), including peroxidase and free
radicals. In live cells, the glutathione defence enzyme system
detoxifies and gets rid of xenobiotics, which results in the
production of compounds that are readily soluble in water and
are quickly removed from the body. Lipid peroxidation (LPO)
is a widely recognized process used to assess cellular damage
in both plants and animals. It serves as a key indicator of
oxidative stress within cells and tissues. The peroxidation of
lipids caused by free radicals is considered a primary
mechanism underlying cellular damage and destruction 21,
The present study aimed to evaluate the toxic effects of sub-
lethal concentrations of Bifenthrin on catalase (CAT) activity,
reduced glutathione (GSH) levels, and lipid peroxidation
(LPO) in the liver and brain tissues of Zebrafish (Danio rerio)
as they are officially recommended as model species for
toxicological research by the Organization for Economic
Cooperation and Development (OECD) 271,

Materials and Methods

Collection and Maintenance of Zebrafish

Zebrafish were collected from the local ponds of Gorakhpur,
stocked and acclimatized for a month before rearing them in
glass aquaria containing de-chlorinated water under the
laboratory conditions. The water of the aquarium was aerated
continuously using diffusers connected to a mechanical air
compressor. The pH was maintained between 6.6 and 8.5 and
temperature of the water was maintained between 25 + 2°C.
The fishes were fed alternately with brine shrimps, spirulina
granules, tubifex worm, blood worm and other fish food
purchased from local markets twice a day [?¢,
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Biochemical Studies: The objective of the biochemical
analysis was to measure alterations in the liver and brain of
Zebrafish at various doses and exposure times. Therefore,
mature adult Zebrafish weighing approximately 1 gram in
weight and 3.4 - 4 cm in length were procured from stock
aquarium and exposed to four different doses of Bifenthrin
20%, 40%, 60% and 80% of the 96-h LCs value i.e., 0.47,
0.93, 1.39 and 1.86 g/l respectively 1, Each group, total
four as per doses, with fifty fishes each was exposed to the
pesticide for 20 days continuously. The water in the aquaria
was replaced daily with fresh addition of bifenthrin during the
experiment. A group of control fishes was maintained with in
aquaria with water without bifenthrin. Required number of
fishes were removed from control as well as exposed groups
after 5, 10, 15 and 20 days for biochemical analysis of their
brain and liver.

The activity of enzyme catalase and level glutathione was
evaluated in tissue homogenate of brain and liver samples by
following the well-established previously reported methods.
Catalase (CAT) activity was determined by the method of
Sinha B9, The activity of CAT was expressed as units/mg
protein (umol of H,O, consumed/min/mg protein). Reduced
Glutathione (GSH) content in the both the tissue homogenate
was estimated according to the method of Paglia et al and
expressed as GSH mg/mg protein B, Thiobarbituric acid
reacting substances (TBARS) and the colour reaction for
malondialdehyde (MDA) were used to quantify the amounts
of LPO in the liver and brain in accordance with the methods
described by Placer et al. A standard calibration curve plotted
using 1,1,3,3' tetra-methoxypropane was used to measure the
MDA concentration and the results were presented as pM of
MDA formed/30 min/mg protein £,

The significance of the data was tested using two-way
analysis of variance (ANOVA). The means (n=6) + standard
deviation (SD) are used to represent all the data, and a
difference was deemed significant at P<0.05.

Results and Discussion

On exposure of Bifenthrin, the Zebrafish displayed abnormal
behaviour such as restlessness, sudden and jerky movements,
increase in opercular movements accompanied with surface to
bottom movements and loss of balance.

The liver and brain of Zebrafish administered to different
doses of Bifenthrin (0.47, 0.93, .39, and 1.86 pg/l) and times
of exposure (5, 10, 15, and 20 days) exhibited significant
(p<0.05) alterations in CAT activity, GSH, and LPO levels.
Table 1 displays the impact of Bifenthrin exposures on CAT
activity in the liver of Zebrafish. A significant (p<0.05)
decrease in catalase activity with respect to control was
observed in the animals exposed to different doses of
bifenthrin. The catalase activity was estimated to be
144.98+0.12 (93%), 138.11+0.32 (88%), 129.52+0.37 (83%)
and 125.13+0.20 (80%) uM H>0; utilized/min/mg protein on
exposure to the 0.47, 0.93, 1.39 and 1.86pg/l of bifenthrin
respectively after exposure for 5 days and 115.75+0.26
(73%), 107.98+0.19 (67%), 98.43+0.20 (63%) and
87.10+£0.50 (55%) uM H20. utilized/min/mg protein on
exposure to the 0.47, 0.93, 1.39 and 1.86pg/l of bifenthrin
respectively after exposure for 20 days in comparison to
control indicating the effect to be dose and time dependent.
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Table 1: Effect of Bifenthrin on CAT activity (UM H20z2 utilized/min/mg protein) in the liver of Zebrafish*

. Exposure period (days)
Concentrations(ug/l) 5 10 15 20
Control (0.00) 156.23+0.21 (100%) 155.01+0.30 (100%) 155.2340.35 (100%) | 157.06+0.50 (100%)
20% (0.47 pg/l) 144.98+0.12 (93%) 137.24+0.43 (88%) 130.74+0.23 (84%) 115.7540.26 (73%)
40% (0.93pg/1) 138.11+0.32 (88%) 128.9740.11 (83%) 121.96+0.11 (78%) 107.9840.19 (67%)
60% (1.39 pg/l) 129.52+40.37 (83%) 120.5040.16 (78%) 117.1540.34 (75%) 98.4340.20 (63%)
80% (1.86 pg/l) 125.13+0.20 (80%) 112.2940.16 (72%) 108.51+0.18 (70%) 87.1040.50 (55%)
ANOVA computation Summary
Origin of Variances Degree of freedom | Sum of squares |Variance F-values Sign. level
Operational Variation 3 1708.44 569.48 13.63 P<0.05
Change due to Concentrations 4 5325.61 1331.40 31.88 P<0.05
Combined Effect of all Interactions 12 501.12 41.76
Total 19 1735.17

The mean (n = 6) plus standard deviation (SD) is represented by the values.

Data were significant at P<0.05 (two-way ANOVA).

Numbers enclosed in parenthesis represent the percentage change, rounded to the closest value, with respect to the control value, which is
assumed to be 100%.

*The exposure concentrations used were 20%, 40%, 60% and 80% (0.47, 0.93, 1.39 and 1.86g/I) of 96-h LCso value.

respectively for 5 days and 2.77+0.04 (64%), 2.23+0.07
(51%), 1.95+0.03 (45%) and 1.42+0.02 (33%) mg/mg protein
on exposure to the 0.47, 0.93, 1.39 and 1.86pg/l of bifenthrin
respectively for 20 days with respect to control indicates that
the reduction was dose and time dependent.

Table 2 displays the impact of Bifenthrin exposures on GSH
levels in the liver of Zebrafish. A significant reduction in
GSH level from 3.95+0.06 (93%), 3.17£0.03 (74%),
2.74£0.12 (64%) and 2.23+0.15 (52%) mg/mg protein on
exposure to the 0.47, 0.93, 1.39 and 1.86pg/l of bifenthrin

Table 2: Effect of Bifenthrin on GSH level (GSH mg/mg protein) in the liver of Zebrafish*

. Exposure period (days)
Concentrations(pg/l) 5 10 15 50
Control (0.00) 4.26+0.10 (100%) 4.41+0.07 (100%) 4.3440.08 (100%) | 4.35+0.08 (100%)
20% (0.47 pgll 3.95+0.06 (93%) 3.67+0.05 (83%) 3.3540.05 (77%) 2.7740.04 (64%)
40% (0.93pg/l) 3.1740.03 (74%) 3.24+0.02 (73%) 3.02+0.03 (69%) 2.2340.07 (51%)
60% (1.39 pg/l 2.7440.12 (64%) 2.7140.02 (61%) 2.56+0.02 (59%) 1.95+0.03 (45%)
80% (1.86 pg/l 2.2340.15 (52%) 2.1740.02 (49%) 2.1040.03 (48%) 1.42+0.02 (33%)
ANOVA computation Summary
Origin of Variances Degree of freedom | Sum of squares | Variance F-values Sign. level
Operational Variation 3 1.69 0.56 11.98 P<0.05
Change due to Concentrations 4 13.14 3.28 69.56 P<0.05
Combined Effect of all Interactions 12 0.56 0.04
Total 19 15.41

The mean (n = 6) plus standard deviation (SD) is represented by the values.

Data were significant at P<0.05 (two-way ANOVA).

Numbers enclosed in parenthesis represent the percentage change, rounded to the closest value, with respect to the control value, which is
assumed to be 100%.

*The exposure concentrations used were 20%, 40%, 60% and 80% (0.47, 0.93, 1.39 and 1.86pg/l) of 96-h LCso value.

Similarly, dose and time dependent increase in the level of
LPO as shown in table 3 was observed in the liver of the
animal. 15.09+0.11 (105%), 16.25+0.13 (113%), 17.44+0.17
(122%) and 19.15+0.12 (134%) pM of MDA formed/30
min/mg protein on exposure to the 0.47, 0.93, 1.39 and

1.86pg/1 of bifenthrin respectively for 5 days and 21.99+0.07
(134%), 23.00+0.04 (140%), 24.13+0.14 (147%) and
25.00+0.33 (152%) uM of MDA formed/30 min/mg protein
on exposure to the 0.47, 0.93, 1.39 and 1.86pg/1 of bifenthrin
respectively for 20 days with respect to control.

Table 3: Effect of Bifenthrin on LPO level (uM of MDA formed/30 min/mg protein) in the liver of Zebrafish*

. Exposure period (days)
Concentrations(ug/l) 5 10 15 20
Control (0.00) 14.31+0.12 (100%) 14.75+0.13 (100%) 15.44+0.11 (100%) | 16.46+0.61 (100%)
20% (0.47 pg/l) 15.09+0.11 (105%) 15.93+0.17 (108%) 17.97+0.08 (116%) | 21.99+0.07 (134%)
40% (0.93ug/l) 16.25+0.13 (113%) 17.95+0.20 (121%) 19.00+0.04 (123%) | 23.00+0.04 (140%)
60% (1.39 pg/l) 17.44+0.17 (122%) 19.00+0.04 (129%) 20.22+0.10 (131%) | 24.13+0.14 (147%)
80% (1.86 pg/l) 19.15+0.12 (134%) 20.06+0.09 (136%) 21.50+0.19 (139%) | 25.00+0.33 (152%)
ANOVA computation Summary
Origin of Variances Degree of freedom | Sum of squares | Variance F- values Sign. level
Operational Variation 3 90.51 30.17 38.01 P<0.05
Change due to Concentrations 4 90.73 22.68 28.59 P<0.05
Combined Effect of all Interactions 12 9.51 0.79
Total 19 190.76

The mean (n = 6) plus standard deviation (SD) is represented by the values.
-data were significant at P<0.05 (two-way ANOVA).
Numbers enclosed in parenthesis represent the percentage change, rounded to the closest value, with respect to the control value, which is

assumed to be 100%.

*The exposure concentrations used were 20%, 40%, 60% and 80% (0.47, 0.93, 1.39 and 1.86pg/l) of 96-h LCso value
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Alterations observed in the brain of the Zebrafish on exposure
to different doses of bifenthrin on CAT activity, GSH level
and LPO level is displayed in table 4, 5 and 6.

Table 4 displays the impact of Bifenthrin exposures on CAT
activity in the brain of Zebrafish. A significant (p<0.05)
decrease in catalase activity with respect to control was
observed in the animals exposed to different doses of
bifenthrin. The catalase activity was estimated to be
137.41+0.65 (90%), 125.64+0.33 (82%), 117.10+0.32 (77%)

https://www.phytojournal.com

and 105.57+0.30 (69%) uM H,0; utilized/min/mg protein on
exposure to the 0.47, 0.93, 1.39 and 1.86pg/l of bifenthrin
respectively after exposure for 5 days and 115.75+0.26
(73%), 95.23+0.13 (63%), 85.31+0.19 (57%) and 79.12+0.18
(53%) pM H,0- utilized/min/mg protein on exposure to the
0.47, 0.93, 1.39 and 1.86pg/l of bifenthrin respectively after
exposure for 20 days in comparison to control indicating the
effect to be dose and time dependent.

Table 4: Effect of Bifenthrin on CAT activity (UM H20x2 utilized/min/mg protein) in the brain of Zebrafish*

Exposure period (days)

Concentrations(pg/l)

5 10 15 20
Control (0.00) 152.61+0.40 (100%) 154.01+0.32 (100%) 153.28+0.32 (100%) | 149.94+1.30 (100%)
20% (0.47 ug/l) 137.41+0.65 (90%) 136.98+0.39 (89%) 110.65+0.26 (72%) | 100.53+0.15 (67%)
40% (0.93ug/1) 125.64+0.33 (82%) 125.09+0.23 (81%) 102.28+0.15 (67%) | 95.23+0.13 (63%)
60% (1.39 ug/l) 117.1040.32 (77%) 115.89+0.22 (75%) 96.26+0.14 (63%) 85.31+0.19 (57%)
80% (1.86 ug/l) 105.57+0.30 (69%) 105.84+0.26 (68%) 87.88+0.19 (57%) 79.12+0.18 (53%)
ANOVA computation Summary
Origin of Variances Degree of freedom | Sum of squares | Variance F-values Sign. level
Operational Variation 3 2487.25 829.08 17.81 P<0.05
Change due to Concentrations 4 7924.41 1981.10 42.55 P<0.05
Combined Effect of all Interactions 12 558.61 46.55
Total 19 10970.28

The mean (n = 6) plus standard deviation (SD) is represented by the values.

Data were significant at P<0.05 (two-way ANOVA).

Numbers enclosed in parenthesis represent the percentage change, rounded to the closest value, with respect to the control value, which is

assumed to be 100%.

*The exposure concentrations used were 20%, 40%, 60% and 80% (0.47, 0.93, 1.39 and 1.86pg/l) of 96-h LCso value.

Table 5 displays the impact of Bifenthrin exposures on GSH
levels in the brain of Zebrafish. A significant reduction in
GSH level from 4.57+0.12 (80%), 3.85£0.10 (68%),
3.20+0.06 (56%) and 2.88+0.09 (51%) mg/mg protein on
exposure to the 0.47, 0.93, 1.39 and 1.86pg/l of bifenthrin

respectively for 5 days and 3.10£0.01 (53%), 2.94+0.02
(50%), 2.46+0.02 (42%) and 1.87+0.05 (32%) mg/mg protein
on exposure to the 0.47, 0.93, 1.39 and 1.86pg/l of bifenthrin
respectively for 20 days with respect to control indicates that
the reduction was dose and time dependent.

Table 5: Effect of Bifenthrin on GSH level (GSH mg/mg protein) in the brain of Zebrafish*

. Exposure period (days)
Concentrations(ug/l) 5 10 15 20
Control (0.00) 5.69+0.17 (100%) 5.52+0.08 (100%) 5.7440.21 (100%) | 5.83+0.22 (100%)
20% (0.47 pgll) 4.57+0.12 (80%) 4.19+0.03 (76%) 3.55+0.04 (61%) 3.1040.01 (53%)
40% (0.93ug/l) 3.85+0.10 (68%) 3.63+0.02 (65%) 3.09+0.02 (54%) 2.94+0.02 (50%)
60% (1.39 pg/l) 3.20+0.06 (56%) 3.00+0.03 (54%) 2.86+0.04 (50%) 2.46+0.02 (42%)
80% (1.86 pg/l) 2.88+0.09 (51%) 2.31+0.06 (42%) 2.32+0.06 (40%) 1.87+0.05 (32%)
ANOVA computation Summary
Origin of Variances Degree of freedom | Sum of squares | Variance F-values Sign. level
Operational Variation 3 1.71 0.57 6.89 P<0.05
Change due to Concentrations 4 26.36 6.59 79.62 P<0.05
Combined Effect of all Interactions 12 0.99 0.08
Total 19 29.07

The mean (n = 6) plus standard deviation (SD) is represented by the values.

Data were significant at P<0.05 (two-way ANOVA).

Numbers enclosed in parenthesis represent the percentage change, rounded to the closest value, with respect to the control value, which is

assumed to be 100%.

*The exposure concentrations used were 20%, 40%, 60% and 80% (0.47, 0.93, 1.39 and 1.86pg/I) of 96-h LCso value.

Similarly dose and time dependent increase in the level of
LPO as shown in table 6 was observed in the brain of the
animal. 17.04+0.10 (111%), 18.06+0.05 (117%), 19.98+0.15
(130%) and 21.29+0.13 (138%) pM of MDA formed/30
min/mg protein on exposure to the 0.47, 0.93, 1.39 and

1.86pg/1 of bifenthrin respectively for 5 days and 24.44+0.14
(139%), 25.69+0.32 (146%), 26.63+0.21 (152%) and
27.96+0.28 (159%) UM of MDA formed/30 min/mg protein
on exposure to the 0.47, 0.93, 1.39 and 1.86pg/1 of bifenthrin
respectively for 20 days with respect to control.
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Table 6: Effect of Bifenthrin on LPO activity (UM of MDA formed/30 min/mg protein) in the brain of Zebrafish*

. Exposure period (days)
Concentrations(pg/l) 5 10 15 20
Control (0.00) 15.39+0.15 (100%) 16.31+0.10 (100%) 16.47+0.14 (100%) | 17.55+0.52 (100%)
20% (0.47 pg/l) 17.0440.10 (111%) 18.7240.20 (115%) 20.77+0.20 (126%) | 24.4440.14 (139%)
40% (0.93ug/l) 18.0640.05 (117%) 20.30+0.14 (124%) 22.63+0.21 (137%) | 25.69+0.32 (146%)
60% (1.39 pg/l) 19.98+0.15 (130%) 21.80+0.24 (133%) 23.80+0.20 (144%) | 26.63+0.21 (152%)
80% (1.86 pg/l) 21.29+0.13 (138%) 23.06+0.06 (141%) 25.63+0.21 (156%) | 27.96+0.28 (159%)
ANOVA computation Summary
Origin of Variances Degree of freedom | Sum of squares | Variance F-values Sign. level
Operational Variation 3 102.41 34.13 33.06 P<0.05
Change due to Concentrations 4 152.44 38.11 36.91 P<0.05
Combined Effect of all Interactions 12 12.39 1.03
Total 19 267.24

The mean (n = 6) plus standard deviation (SD) is represented by the values.

Data were significant at P<0.05 (two-way ANOVA).

Numbers enclosed in parenthesis represent the percentage change, rounded to the closest value, with respect to the control value, which is

assumed to be 100%.

*The exposure concentrations used were 20%, 40%, 60% and 80% (0.47, 0.93, 1.39 and 1.86pg/l) of 96-h LCso value

Bifenthrin is used to control pests in cotton, fruits, vegetable
crops. It is used in public health and animal husbandry and
fish production to control ecto-parasites 3. It has been
utilised for managing indoor pests owing to its minimal
toxicity to animals. Synthetic pyrethroid is one of the most
prevalent pollutants in the freshwater aquatic system due to its
widespread use 34, Synthetic pyrethroids contain chlorine
atoms in a vinyl side chain of the compound. In addition to
altering the calcium channels and gamma-amino butyric acid
receptors in nerve filaments, they also block sodium channels
by prolonging their depolarisation phase [,

All pesticides can induce oxidative stress, which can change
antioxidants or enzyme systems that scavenge free oxygen
radicals and produce free radicals. Depletion of antioxidants,
excessive buildup of reactive oxygen species (ROS), or both
can lead to disturbance in the delicate balance between
oxidants and antioxidants resulting into a condition known as
oxidative stress ¢, Like all aerobic animals, aquatic animals
have several cellular defence pathways to control the amount
of ROS and guard against the negative effects of free radicals
under normal metabolic setting B, The defence system
includes enzymatic (CAT) and non-enzymatic antioxidants
such as reduced glutathione (GSH) and its precursor that
either by repairing the damaging effect of free radicals or by
scavenging the free radicals counteract the adverse effects of
the free radicals 8. Industrial pollutants are reported to result
into oxidative stress in fishes exposed to them 9. Failure in
neutralizing the free radicals by the antioxidant defence
system of a living organism results in damage to the vital
biomolecules. Catalase (CAT) is a common enzyme found
almost in all the organisms that are exposed to oxygen. It
catalyses the decomposition of H:0: to O: and H-:O.
Therefore, CAT is considered as the primary enzyme that
eliminates the ROS formed in the hepatic cell during bio-
transformation of xenobiotics. The activity of this enzyme
however, gradually decreased significantly with time on
exposure to Bifenthrin in the present study. Ullah et al
reported that “Bifenthrin has capability to induce stress
through enhanced ROS production and subsequently results in
damage to other components of the cell or tissues including
proteins, enzymes, DNA etc” 2, The liver plays an important
role in intermediate metabolism of an individual as well as in
the metabolism of xenobiotics and is considered as a good
indicator of the health status of fish. The liver is important in
oxidative stress as it exhibits more antioxidant defence.
Decreased CAT activity might be due to the influx of

superoxide radicals generated in the fish due to bifenthrin as
reported by various workers % 41 The dose-dependent
decrease in the activity of catalase observed during the
present study has also been reported by other investigators.
The decrease in CAT activity in brain and liver of Zebrafish
exposed to Bifenthrin with respect to control may be due to
oxy-radical production. A time dependent decrease in the
CAT activity was also observed by Rosety et al., in sea bream
gills exposed to malathion ™2, Wielgomas and Krechniak,
have reported the alteration in CAT activity in wistar rat liver
after exposure to alpha-cypermethrin and chloropyriphos 31,
Naveed et al., reported the decrease in CAT activity in the
tissues of brain, liver and kidney of Channa punctatus
exposed to triazophos [“41. Singh and Ansari reported decrease
in CAT activity in brain and liver of Zebrafish exposed to
cypermethrin . Tripathi and Bandooni, also, observed a
decrease in CAT activity in the brain, gill, liver and skeletal
muscles of Channa punctatus (Bloch). The increase or
decrease of enzyme activity is related to the intensity of
cellular damage 61,

Glutathione (GSH) is nonenzymatic antioxidant that protects
the cells from the ROS such as free radicals and peroxides by
scavenging them and by transforming the xenobiotics to the
water-soluble products so that they can be rapidly excreted
from the body of the organism. The reduced glutathione
(GSH) antioxidant system is the protective mechanism of
cells and also a key factor in the development of immune
response by immune cells. Reduction in the level of reduced
glutathione might increase the risk of the oxidative stressi7l.
A significant decline in GSH level in brain and liver under the
present experimental study may be due to its utilization to
challenge the prevailing oxidative stress under the influence
of ROS generated from Bifenthrin. The decrease in the level
of GSH is correlated with oxidation of glutathione
peroxidases that occurs due to increase in oxidative stress and
detoxification process via oxidation of toxicants. Sharma and
Ansari, have also reported the significant concentration and
time dependent decrease in the level of GSH [l Rao
observed the decreased level of GSH in the gill, liver, brain
and muscle of Oreochromis mossambicus exposed to
organophosphate insecticide [“61. Farombi et al., observed the
reduction in GSH level in kidney, gill and heart of African
catfish, Clarias gariepinus treated with butachlor “8. The
decreased GSH level in liver and brain of treated fish
indicates that more protection against the ROS is required.
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Evaluation of lipid peroxidation is a major an important
biomarker of the oxidative stress and cause of liver damage
41, The complicated process of lipid peroxidation is brought
on by free radicals reacting with cellular membranes, which
are abundant in polyunsaturated fatty acids. Increased lipid
peroxidation following pesticide exposure indicates that
oxidative cell damage brought on by free radicals may be a
factor in the toxicity of pesticides. The measured levels of
LPO in the liver and brain of Danio rerio after 20 days of
exposure to Bifenthrin during the current study indicate that
ROS production is elevated, which may be related to the
metabolism of Bifenthrin causing membrane lipids in both
types of tissues to peroxide. According to Sayeed et al.,
increased LPO in Channa punctatus exposed to deltamethrin
was the result of oxidative stress and causes several
degenerations 9, Impairment of enzymatic antioxidant
system may be the reason that favours accumulation of free
radicals that may be responsible for increased LPO on
bifenthrin exposure. Elevation in the level of LPO was
observed in the liver, gill, muscle and brain of organo-
phosphorous insecticide intoxicated Oreochromis
mossambicus in comparison to control 161, Agrahari et al.,
also observed an increase in the total lipid content in liver,
gill, muscle and brain of Channa punctatus exposed to
monocrotophos 191,

Conclusion

According to the current study, bifenthrin damages aquatic
creature’s antioxidant defence mechanisms, particularly those
of fish. It is best to prevent such harmful compounds from
contaminating the environment. other investigation is required
to examine the impact of other pesticides and insecticides on
the fish's antioxidant enzyme status in the lab and in the field
prior to using such markers in the present situation.
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