Beta-Cyfluthrin-Induced Hepatic Alterations in Zebrafish: Enzymatic
Profiles and Oxidative Stress Responses

Abstract

Beta-Cyfluthrin is a widely used pesticide belonging to class of synthetic pyrethroids which
affects the central and peripheral nervous systems. The current study investigates the impact of
beta-Cyfluthrin on the biochemical parameters of liver of zebrafish (Danio sp.). Adult zebrafish
were exposed to concentrations of 0.25, 0.5, 1.0, 2.0 and 4.0 pg/L of beta-Cyfluthrin for acute
(96 hours) and chronic (21 days) exposure periods respectively (n=20). It was observed that
exposure to beta-Cyfluthrin led to variations in biochemical markers in both acute and chronic
exposure groups. Liver function tests revealed significant elevated activity of alanine
transaminase (ALT) and aspartate transaminase (AST) at exposure concentrations of 2.0 and
4.0 pg/L of beta-Cyfluthrin in both acute and chronic groups, while acid phosphatase (ACP)
and alkaline phosphatase (ALP) activity decreased significantly at concentrations of 1.0, 2.0
and 4.0 pg/L in the chronic group. Lipid peroxidation exhibited a concentration and time-
dependent increase with significant difference at 1.0, 2.0 and 4.0 pg/L in both acute and chronic
groups, while superoxide dismutase (SOD) and peroxidase (PER) levels declined significantly
in both acute and chronic exposure groups at exposure concentrations of 1.0, 2.0 and 4.0 pg/L
for SOD and 2.0 and 4.0 pg/L for PER. Catalase (CAT) initially increased significantly in
acute groups of 1.0, 2.0 and 4.0 pg/L but decreased in chronic ones. Glutathione S-transferase
(GST) levels exhibited a significant increase at lower concentrations of 0.25 pg/L but a
decrease at higher concentrations, 1.0, 2.0 and 4.0 ug/L of beta-Cyfluthrin. The level of
significance were considered at p<0.05 and p<0.01. This research suggests that exposure to
beta-Cyfluthrin leads to hepatic damage in adult zebrafish. This indicates a potential risk to
non-target aquatic fauna, through runoff where beta-Cyfluthrin is used as an agricultural
pesticide.
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1. Introduction

As an agricultural nation, more than 60% of Indians depend on agriculture and its related
industries for their livelihood. India produces all types of crops like food grains, horticultural
and commercial crops [1]. This in turn leads to the high incidence of pests and diseases and
the consequent usage of a multitude of agrochemicals for the protection of crop plants. India is
the fourth leading manufacturer of agrochemicals in the world [2]. A significant proportion of
the pesticides used reach aquatic ecosystems as agricultural runoff and affect non-target aquatic
organisms adversely.

Synthetic pyrethroids (SP) are some of the most widely used pesticides [3]. SPs have low
mammalian and avian toxicity but are highly toxic to fishes and aquatic invertebrates [4, 5, 6].
Beta-Cyfluthrin is a carboxylic ester and is characterised as a type Il SP. Type Il pyrethroids
possess a-cyano group and are characterized by increased biological activity compared to type
| pyrethroids. They affect the nervous system and inhibit the transmission of neurotransmitters



like GABA to the receptors by closing calcium channels, leading to dysfunction of both the
peripheral and central nervous systems [7, 8].

In India, beta-Cyfluthrin is widely used for both domestic and agricultural purposes. It is
marketed under several brand names, including Solfac® and Responsar® (beta-Cyfluthrin) for
house flies, cockroaches, and mosquitoes in homes, and Solomon® (beta-Cyfluthrin +
Imidacloprid) for pests like girdle beetles, aphids, and fruit borers on brinjal and soybean crops
[9]. Very little ecotoxicological data is available for beta-cyfluthrin. When irradiated with light,
the half-life of beta-Cyfluthrin is 16 hours in aqueous solutions [10]. Beta-Cyfluthrin is
expected to adsorb to suspended solids and sediments in water, based on the Koc range. The
estimated Bioconcentration Factor (BCF) of beta-Cyfluthrin is 170, which suggests that the
potential for bioaccumulation in aquatic organisms is high [11, 12]. Hence, itis very important
to study the effects of beta-cyfluthrin on aquatic organisms.

In this current investigation, we examined how exposure to low levels of beta-Cyfluthrin in the
environment affects zebrafish (Danio sp.). Zebrafish was selected as the model animal due to
its small size, rapid development, ease of maintenance, large number of eggs laid in a single
spawning, and its physiologic similarity to other vertebrates including humans [13, 14]. Since
the liver is the main detoxification centre for xenobiotics, exposure to toxic substances like
synthetic pyrethroids can impact liver function, affecting enzyme activity and tissue structure.
Liver enzymes are sensitive indicators of liver damage and dysfunction caused by chemicals
[15]. Thus, we analyzed specific activities of enzymes such as AST, ALT, ALP and acid
phosphatase ACP in liver tissue.

An imbalance between reactive oxygen species (ROS) and antioxidants lead to oxidative stress
in organisms. When organisms are exposed to external stressors like pesticides, it triggers
oxidative stress due to increases ROS production. Fishes and other organisms depend on
antioxidant enzymes like SOD and CAT to mitigate the effects of ROS. SOD acts as the
primary defence against ROS like superoxide radicals generated by mitochondria after a
xenobiotic insult. SOD breaks down superoxide anions into less harmful substances like
oxygen and hydrogen peroxide [15, 16]. CAT, a crucial antioxidant enzyme and PER, a group
of oxidoreductase enzymes break down hydrogen peroxide produced by SOD into water and
oxygen [17]. Reactive aldehydes like malondialdehyde (MDA), formed during lipid
peroxidation of fatty acids, can trigger an adaptive stress response during xenobiotic exposure,
leading to increased activity of the antioxidant system [18, 19]. GST plays an important role in
detoxification by neutralizing toxic compounds through the SH group of reduced GSH [20].
Other synthetic pyrethroids have been shown to induce oxidative stress responses. Therefore,
we also conducted assays on oxidative stress marker enzymes - SOD, CAT, PER, GST and
lipid peroxidation in liver tissue.

2. Materials and Methods

2.1 Chemicals
Beta-Cyfluthrin[cyano-(4-fluoro-3-phenoxyphenyl)methyl]-3-(2,2-dichloroethenyl)-2,2-
dimethylcyclopropane-1-carboxylate, 96.4%] was obtained from Sigma Aldrich [21]. A stock
solution of 1 mg/L concentration was prepared using acetone as a solvent medium and stored
in the dark at 4°C. A solvent control (SC) was prepared with a concentration of 4 pl/L of



acetone. Based on pilot trials conducted on the lethal toxicity of beta-Cyfluthrin, test solutions
of 0.25, 0.5, 1.0, 2.0 and 4.0 pg/L were prepared by diluting the stock solution.

The kits for enzyme assays were procured from ARKRAY Healthcare Pvt. Ltd. for AST, ALT,
and ALP analysis, while ACP analysis was done using kits from Coral Clinical Systems (Tulip
Diagnostics Pvt. Ltd.). AR Grade chemicals for antioxidant stress enzyme assays were obtained
from SISCO Research Laboratories Pvt Ltd. Lipid peroxidation analysis was carried out using
HiMedia (Product Code - CCKO023) kits. The physicochemical parameters of the aquarium
water in the aquarium was monitored daily for pH, temperature, ammonia, nitrate, and nitrites
using commercially available APl Freshwater Master kit. All the other chemicals were of
analytical grade and were obtained from S D Fine-Chem.

2.2 Experimental design

Adult zebrafish (Danio sp.), around four months old were obtained from Zebrafish Breeding
and Maintenance facility, Sophia College for Women. They were housed as per the standard
laboratory protocols at the Zebrafish Breeding and Maintenance facility registered under the
Committee for Control and Supervision of Experiments on Animals (CCSEA) at Sophia
College for Women, Mumbai, Registration Number 1936/PO/Re/S/17/CPCSEA.

The fishes were then transferred to static tanks and acclimatized for a period of two weeks at
28+1°C and exposed to a light:dark cycle of 14:10 hours at a stocking density of 20 fishes in
10 litres of charcoal-filtered, UV purified tap water. They were fed with readymade fish food
granules ad libitum, twice a day throughout the study period. The tanks were cleaned daily and
any waste matter was siphoned out. After acclimatization, healthy individuals of both genders,
with an average body length ranging from 2.5 to 3.5 cm were randomly chosen for inclusion
in the study. To study the effect of acute and chronic exposure of beta-Cyfluthrin on adult
zebrafish, different groups were exposed to varying concentrations for 96 hours and 21 days
respectively. Within each treatment period, seven groups of 20 adults each were created, one
group as Control (C), one as SC and 5 test concentrations of 0.25, 0.5, 1.0, 2.0 and 4.0 ug/L of
beta-Cyfluthrin.

To maintain the relevant concentration of beta-Cyfluthrin in the tank, 30% of the aquarium
water was replaced by semi-static renewal method and the appropriate volume of stock solution
was added into the tank to get the specific working solution as per OECD guidelines [16]. At
the end of the treatment periods, the animals were sacrificed ethically by immersing in ice-cold
water. The liver was immediately dissected out, rinsed in saline, blotted, and processed for
enzyme assays under ice cold conditions. All the protocols regarding maintenance of animals,
exposure to test chemical, euthanization, and handling of tissues were conducted as per the
guidelines of OECD Test No. 203 and 230 [22, 23].

The liver homogenate was prepared by pooling the tissue obtained from all the individuals of
the respective treatment groups. The antioxidant stress profile was evaluated by determining
the specific activity of CAT [24], PER [25], SOD [26], GST [27] in terms of protein
concentration of the liver homogenate. Lipid peroxidation was expressed as malondialdehyde
(MDA) concentration in terms of protein concentration of the liver homogenate [28]. The
protein concentration was determined by Folin Lowry method [29]. The liver enzyme assays
for ALT, AST, ACP and ALP [30, 31, 32] were determined in terms of protein concentration.
Double Beam UV-VIS Spectrophotometer LMSPUYV -1200 was used for spectrophotometric
analysis. All the assays were replicated twice for a treatment group.

2.3 Statistical Analysis



The data was presented as Mean * standard deviation (SD). Statistical differences between
control and treatment groups were evaluated by one-way ANOVA for significance between
treatment groups at different concentrations and two-way ANOVA was used to find
significance between treatment groups at different time durations, followed by Bonferroni and
Holm pairwise comparison of means for post-hoc analysis. The differences were considered
statistically significant when p<0.05 and extremely significant when p<0.01.

3. Results and Discussion

Among commonly used insecticides in agricultural as well as domestic settings, SPs are the
highly effective insecticides against their target groups. Their toxicity to birds and mammals is
very low, however, they are highly toxic to fishes and other aquatic invertebrates. This can
result in the inadvertent impact of these insecticides on non-target species in aquatic
ecosystems due to agricultural runoff. The current study investigated the effect of sub-lethal
concentrations of acute and chronic exposure to beta-Cyfluthrin, a widely used synthetic
insecticide on adult zebrafish (Danio sp.) liver antioxidant stress profile and liver function
profile.

3.1 Mortality

No significant mortality was observed in any of the control or experimental groups. In the
chronic group, fishes exposed to concentrations of 1.0, 2.0 and 4.0 pg/L showed less than 10%
mortality at the end of the study period. There was no mortality in the acute group. This shows
that the LC50 of beta-Cyfluthrin on zebrafish is greater than 4.0 pg/L.

3.2 Liver Function Profile
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Fig.1. Mean values of specific activity of ALT enzyme following exposure for (A) 96 hours
(Acute), (B) 21 days (Chronic) treatment in liver tissues of zebrafish, (C) Comparison
between the acute and chronic experimental groups. Differences that are significant between
the control and the respective experimental groups or between two exposure periods of
respective concentrations at p<0.01 are marked as **.

In the present study, specific activity of ALT and AST increased in a dose and time
dependent manner for both acute and chronic treatment groups when compared to the Control
and Solvent control groups (Fig. 1A, 1B, 2A, 2B). The increase was significant at
concentrations of 2.0 and 4.0 pg/L for both the treatment periods for ALT and AST.
Comparison of acute and control groups showed significant increase in ALT activity in the
chronic group at concentration of 4.0 pg/L, while AST activity decreased significantly in the
chronic group at 2.0 and 4.0 pg/L (Fig. 1C). African sharptooth catfish (Clarias gariepinus)



exposed to synthetic pyrethroids, cypermethrin and deltamethrin showed concentration-
specific increases in ALT, AST and ALP [33]. Zebrafish exposed to sublethal concentrations
of fenvalerate showed increased activity of ALT and AST in the liver [34]. Increased activity
of ALT and AST could be due to an increase in the synthesis of amino acids or increase in
the transamination process from fatty acids in response to xenobiotics [34]. AST and ALT
activity levels are frequently used as biochemical indicators of xenobiotic injury to the liver.
Increased activity of transaminases in the liver could indicate deterioration of cellular
functions and loss of tissue integrity due to necrosis, edema, cholestasis and cellular
inflammation [35, 36, 37]. The decrease in AST (Fig 2C) in the chronic group could indicate
the breakdown of liver cytoarchitechture after prolonged stress.
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Fig.2. Mean values of specific activity of AST enzyme following exposure for (A) 96 hours
(Acute), (B) 21 days (Chronic) treatment in liver tissues of zebrafish, (C) Comparison
between the acute and chronic experimental groups. Differences that are significant between
the control and the respective experimental groups or between two exposure periods of
respective concentrations at p<0.05 are marked as * and p<0.01 as **.

ACP and ALP

In present study, specific activity of ACP and ALP decreased in a dose and time dependent
manner for both acute and chronic treatment groups when compared to the Control and Solvent
control groups (Fig. 3A, 3B, 4A, 4B). The decrease in ACP activity was significant at
concentrations of 4.0 pg/L for the acute group while there was no significant change for ALP.
The decrease in ACP was significant at concentrations of 2.0 and 4.0 pg/L for the chronic
group while there significant decrease at 1.0, 2.0 and 4.0 pg/L for ALP. Comparison of acute
and control groups showed significant decrease in ACP activity levels in the chronic group at
concentrations of 2.0 and 4.0 pg/L, while ALP activity decreased significantly in the chronic
group at 1.0, 2.0 and 4.0 pg/L (Fig. 3C and 4C). ACP and ALP activity in the liver and gills of
zebrafish exposed to alphamethrin showed significant decrease [38]. Labeo rohita fingerlings
exposed to sub-lethal concentrations of Cypermethrin showed a similar decrease in ALP [39].
In Channa punctatus, ACP activity decreased after exposure to fenvalerate [34]. However,
contrary to our findings, in Heteropneustes fossilis, chronic exposure to fenvalerate resulted in
an increase of ALP activity in the liver [34]. Hepatic cellular damage can lead to significant
alteration in phosphatase activity. Decreased enzyme synthesis could be a result of organ
dysfunction [40]. The decrease in ALP can be an indicator of hepatic parenchymal damage and
necrosis. Any damage in the hepatic cells may result in an alteration in phosphatase activity
[41].
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Fig.3. Mean values of specific activity of ACP enzyme following exposure for (A) 96 hours
(Acute), (B) 21 days (Chronic) treatment in liver tissues of zebrafish, (C) Comparison
between the acute and chronic experimental groups. Differences that are significant between

the control and the respective experimental groups or between two exposure periods of
respective concentrations at p<0.01 are marked as **.
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Fig.4. Mean values of specific activity of ALP enzyme following exposure for (A) 96 hours
(Acute), (B) 21 days (Chronic) treatment in liver tissues of zebrafish, (C) Comparison
between the acute and chronic experimental groups. Differences that are significant between

the control and the respective experimental groups or between two exposure periods of
respective concentrations at p<0.05 are marked as * and p<0.01 as **.

3.3 Oxidative Stress Response Profile

In the current study, there was a significant increase in lipid peroxidation in the liver of fishes
exposed to 2.0 and 4.0 pg/L of beta-Cyfluthrin in both the acute and chronic groups (Fig. 5A
and 5C). Comparison between the respective concentrations of acute and chronic treatments
showed significant increase in the chronic group at concentrations of 2.0 and 4.0 pg/L (Fig.
5C). Anincrease in lipid peroxidation is a good biomarker for the presence of xenobiotic stress
in an organism as it indicates increased production of ROS [17, 18]. This is in concurrence
with other studies in which an increase in LPO was observed in the liver and kidney of
Oreochromis nilticus and Cyprinus carpio (L) exposed to cypermethrin and deltamethrin [42,
43]. Freshwater mussel Unio elongatulus euchres exposed to deltamethrin showed similar
increase in lipid peroxidation [44]. Common carp (Cyprinus carpio L.) exposed to deltamethrin



also showed an increase in lipid peroxidation [45]. The liver is the main detoxification organ
and serves as the location for numerous oxidative processes. The highest production of free
radicals occurs there. Exposure of the liver to beta-Cyfluthrin could have led to an increase in
ROS, which could be associated to the metabolism of beta-Cyfluthrin to the peroxidation of
membrane lipids of the liver [46, 47, 48].
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Fig.5. Mean values of MDA concentration (lipid peroxidation) following exposure for (A)
96 hours (Acute), (B) 21 days (Chronic) treatment in liver tissues of zebrafish, (C)
Comparison between the acute and chronic experimental groups. Differences that are
significant between the Control (C), Solvent Control (SC) and the respective experimental
groups or between two exposure periods of respective concentrations at p<0.05 are marked
as * and p<0.01 as **.

In this study, SOD activity decreased significantly in both acute and chronic groups at
concentrations of 1.0, 2.0 and 4.0 pg/L of beta-Cyfluthrin (Fig. 6A and 6B). Comparison
between acute and chronic groups showed an initial increase in the chronic group at lower
concentrations, followed by a decrease at concentrations 2.0 and 4.0 pg/L. However, the
decrease was not significant (Fig. 6C). In a similar study, fenvalerate, a type Il synthetic
pyrethroid exposure resulted in decreased SOD activity in zebrafish liver after 28 days [34].
Nile tilapia (Oreochromis niloticus) exposed to chlorpyrifos, an organophosphate insecticide
and common carp (Cyprinus carpio) exposed to hexachlorobenzene also showed a decrease
in SOD activity [49, 50]. However, contrary to our findings, exposure of zebrafish to
Cypermethrin lead to a significant increase in SOD activity. Labeo rohita exposed to beta-
Cypermethrin also increased SOD activity in the liver [51, 52]. An increase in the antioxidant
activity of SOD indicates attempts by the oxidative stress response system to eliminate ROS.
However, our studies show slight elevation at lower concentrations followed by a reduction
in SOD activity. This trend can be interpreted as initial attempts by the antioxidant system
to get rid of ROS at lower concentrations. Reduction of SOD activity at higher concentrations
and prolonged treatment periods could indicate an overwhelmed antioxidant capacity
potentially leading to cell damage [53].
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Fig.6. Mean values of specific activity of SOD enzyme following exposure for (A) 96 hours
(Acute), (B) 21 days (Chronic) treatment in liver tissues of zebrafish, (C) Comparison
between the acute and chronic experimental groups. Differences that are significant between
the control and the respective experimental groups or between two exposure periods of
respective concentrations at p<0.01 are marked as **.

Exposure to beta-Cyfluthrin led to an increase in CAT activity with increasing concentrations
in the acute treatment group (Fig. 7A), while the chronic group showed a decreasing trend
(Fig. 7B). Comparison between acute and chronic trend shows a significant reduction in the
chronic group when compared to acute group ate concentrations of 1.0, 2.0 and 4.0 pg/L of
beta-Cyfluthrin (Fig. 7C). Zebrafish exposed to dimethoate, an organophosphate showed a
gradual decline in the activity of CAT inthe liver at 7, 14 and 21 days [54]. Zebrafish exposed
to Alphamethrin showed a time and dose dependent reduction in CAT activity [20]. Tripathi
and Singh also reported a reduction of CAT activity in the brain, liver and skeletal muscles
of Channa punctatus exposed to alphamethrin [16]. However, larval stages of zebrafish
exposed to Cypermethrin showed an increase in CAT activity [55]. The increase in CAT
activity with increasing concentrations in the acute group could stem from the antioxidant
system trying to degrade hydrogen peroxide into water and oxygen. However, chronic
exposure could have led to decreased CAT activity due to excess production of hydrogen
peroxide. This could be due to the increased flux of superoxide radicals which has been
shown to inhibit CAT [56].

A) CAT B) CAT C) CAT
Acute Exposure Chronic Exposure Acute vs Chronic
60— 40—

50—
b mm Acute

w
=)
1

=3 Chronic

»
=)
1

*k

Y
o
1

20—

n
=)
1

(U/mg of Protein)

Specific activity of CAT
(U/mg of Protein)

Specific activity of CAT
=

o

1

Specific activity of CAT
(U/mg of Protein)
*
*

T
[ SR S TR TR NI
o7 ¥ o7 N T W O L &fg ® N v o

R K NN N

Concentration of beta-Cyfluthrin (ug/L) Concentration of beta-Cyfluthrin (pg/L Concentration of beta-Cyfluthrin (ug/L
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(Acute), (B) 21 days (Chronic) treatment in liver tissues of zebrafish, (C) Comparison between
the acute and chronic experimental groups. Differences that are significant between the control



and the respective experimental groups or between two exposure periods of respective
concentrations at P< 0.05 are marked as * and P< 0.01 as **.
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Fig.8. Mean values of specific activity of peroxidase enzyme following exposure for (A) 96
hours (Acute), (B) 21 days (Chronic) treatment in liver tissues of zebrafish, (C) Comparison
between the acute and chronic experimental groups. Differences that are significant between
the control and the respective experimental groups or between two exposure periods of
respective concentrations at p<0.05 are marked as * and p<0.01 as **.

In the current study, peroxidase activity showed a significant decrease at higher concentrations
in both acute and chronic groups (Fig. 8A and 8B). The decrease in the chronic group was more
compared to the acute group (Fig. 8C). Earlier studies show that the livers of mice exposed to
deltamethrin showed a significant decrease in peroxidase [57]. Ullah reported an increase in
peroxidase activity in the liver of Grass carp, Ctenopharyngodon idella [58]. Exposure of rats
to pesticides chlorpyrifos (CPF), methyl parathion (MPT) and malathion (MLT) resulted in
significant decrease in Glutathione peroxidase activity [59].
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Fig.9. Mean values of specific activity of GST enzyme following exposure for (A) 96 hours
(Acute), (B) 21 days (Chronic) treatment in liver tissues of zebrafish, (C) Comparison between
the acute and chronic experimental groups. Differences that are significant between the control
and the respective experimental groups or between two exposure periods of respective
concentrations at p<0.05 are marked as * and p<0.01 as **.

In the current study, the specific activity of GST increased in zebrafish exposed to
concentrations of 1.0 and 2.0 pg/L of beta-Cyfluthrin, followed by a significant reduction at
4.0 pg/L in both the acute and chronic groups (Fig. 9A and 9B). Comparison acute and chronic



groups showed increase in the chronic group at 2.0 pg/L, followed by decrease at 4.0 pg/L of
beta-Cyfluthrin (Fig. 9C). GST is responsible for detoxification and neutralizes toxic
compounds through the SH group of reduced GSH. [57, 59]. Prior research conducted on rats
has reported increase in GST activity when exposed to permethrin and cypermethrin [59].
Freshwater Channa punctatus exposed to deltamethrin showed a similar increase [42]. Kong
et al. 2021 found that exposure to deltamethrin, a type Il pyrethroid over 28 days caused a
decrease in GST levels in snakehead fish, Channa argus [60]. Long-term exposure of
deltamethrin on Common carp, Cyprinus carpio showed a similar reduction in GST activity
[45]. Ensibi et al 2013 studied the effects of deltamethrin on liver biomarkers in Common Carp,
Cyprinus carpio L. found that while there was no significant change in the GST levels during
short-term exposure, chronic exposure resulted in a reduction of GST levels [45]. Exposure to
Lambda-cyhalothrin, a type Il pyrethroid in Cyprinus carpio L. for 45 days showed a
significant increase in liver GST in the initial stage followed by a subsequent reduction [61].
The above findings are in agreement with the present study. Exposure to beta-Cyfluthrin could
have led to increased levels of ROS, which would have triggered the stress-response
mechanism. This would lead to an increased generation of glutathione (GSH). The subsequent
decrease in GST activity at higher concentrations and increasing exposure periods could be a
result of the reduced efficiency of the detoxification mechanism of the liver [62].

This study investigates the impact of beta-Cyfluthrin taking zebrafish (Danio rerio) as a model
organism. Therefore, the present research findings are obtained in the laboratory controlled
environment. The study could be extrapolated by choosing other fishes from natural
ecosystems polluted with beta-Cyfluthrin, which could then give a comprehensive picture.

4. Conclusion

In the current study, there was no significant mortality indicating that the LC50 of beta-
Cyfluthrin is greater than 4.0 pg/L. It was observed that exposure to beta-Cyfluthrin resulted
in significant variations in biochemical markers, both in acute and chronic groups. Liver
function tests indicated an increase in ALT and AST levels, while ACP and ALP decreased.
This change was more significant in chronic groups, indicating that longer exposure could lead
to liver damage. Lipid peroxidation increased in a concentration and time dependent manner,
indicating increasing levels of ROS. SOD and PER levels decreased in both acute and chronic
groups, while CAT increased initially in acute groups, but decreased in chronic groups. GST
showed an increase in lower concentrations and a decrease in higher concentrations.

In summary, this study highlights the adverse effect of beta-Cyfluthrin on biochemical markers
of the liver which can help create more effective regulatory measures to protect ecosystems
and reduce their inadvertent effects on non-target species.

References

1. Bharadwaj, K. (2023). Production conditions in Indian agriculture. In Rural Development
(pp. 269-288). Routledge.

2. Tirth, S. (2023). India emerging a colossus in the field of agrochemical exports, Business,
TOIl https://timesofindia.indiatimes.com/blogs/voices/india-emerging-a-colossus-in-the-
field-of-agrochemical-exports/

3. Singh, P. B., & Singh, V. (2008). Cypermethrin induced histological changes in
gonadotrophic cells, liver, gonads, plasma levels of estradiol-17 and 11-ketotestosterone,
and sperm motility in Heteropneustes fossilis (Bloch). Chemosphere, 72(3), 422-431.
https://doi.org/10.1016/j.chemosphere.2008.02.026



https://timesofindia.indiatimes.com/blogs/voices/india-emerging-a-colossus-in-the-field-of-agrochemical-exports/
https://timesofindia.indiatimes.com/blogs/voices/india-emerging-a-colossus-in-the-field-of-agrochemical-exports/
https://doi.org/10.1016/j.chemosphere.2008.02.026

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Miyamoto, J. (1976). Degradation, metabolism and toxicity of synthetic pyrethroids.
Environmental Health Perspectives, 14, 15-28. https://doi.org/10.1289/ehp.761415
Mueller-Beilschmidt, D. (1990). Toxicology and environmental fate of synthetic
pyrethroids. Journal of Pesticide Reform, 10(3), 32-37.

Thatheyus, A. J., & Selvam, A. G. (2013). Synthetic pyrethroids: toxicity and
biodegradation. Appl Ecol Environ Sci, 1(3), 33-36. http://pubs.sciepub.com/aees/1/3/2
Du Guizhen, D. G., Shen OuXi, S. O., Sun Hong, S. H., Fei Juan, F. J., Lu ChunCheng, L.
C., Song Ling, S. L., ... & Wang XinRu, W. X. (2010). Assessing hormone receptor
activities of pyrethroid insecticides and their metabolites in reporter gene assays.

Wouters, W., & van den Bercken, J. (1978). Action of pyrethroids. General Pharmacology:
The Vascular System, 9(6), 387-398. https://doi.org/10.1016/0306-3623(78)90023-X
Bayer, (2018). Retrieved from www.cropscience.bayer.in/Products-H/Brands/Crop-
Protection/Insecticide-Solomon.aspx

Jensen-Korte, U., Anderson, C., & Spiteller, M. (1987). Photodegradation of pesticides in
the presence of humic substances. Science of the Total Environment, 62, 335-340.
https://doi.org/10.1016/0048-9697(87)90518-3

Cyfluthrin and Beta-Cyfluthrin classification and endpoints (2022). Environmental
Protection Authority, https://www.epa.govt.nz/assets/Uploads/Documents/Hazardous-
Substances/Synthetic-Pyrethroids-consultation/APP203936-Draft-Hazard-classification-
and-endpoint-memo-Beta-cyfluthrin-and-Cyfluthrin.pdf?vid=2

Lanteigne, M., Whiting, S. A., & Lydy, M. J. (2015). Mixture toxicity of imidacloprid and
cyfluthrin to two non-target species, the fathead minnow Pimephales promelas and the
amphipod Hyalella azteca. Archives of environmental contamination and toxicology, 68,
354-361. https://doi.org/10.1007/s00244-014-0086-7

Spitsbergen, J. M., & Kent, M. L. (2003). The state of the art of the zebrafish model for
toxicology and toxicologic pathology research—advantages and current limitations.
Toxicologic pathology, 31(1_suppl), 62-87. https://doi.org/10.1080/01926230390174959
Teraoka, H., Dong, W., & Hiraga, T. (2003). Zebrafish as a novel experimental model for
developmental toxicology. Congenital anomalies, 43(2), 123-132.
https://doi.org/10.1111/j.1741-4520.2003.th01036.x

Kohen, R., & Nyska, A. (2002). Invited review: oxidation of biological systems: oxidative
stress phenomena, antioxidants, redox reactions, and methods for their quantification.
Toxicologic pathology, 30(6), 620-650. https://doi.org/10.1080/01926230290166724
Tripathi, G., & Singh, H. (2013). Impact of alphamethrin on biochemical parameters of
Channa punctatus. Journal of Environmental Biology, 34(2), 227-230.

Valavanidis, A., Vlahogianni, T., Dassenakis, M., & Scoullos, M. (2006). Molecular
biomarkers of oxidative stress in aquatic organisms in relation to toxic environmental
pollutants.  Ecotoxicology = and  environmental  safety, 64(2), 178-189.
https://doi.org/10.1016/j.ecoenv.2005.03.013

Ayala, A., Mufoz, M. F., & Argielles, S. (2014). Lipid peroxidation: production,
metabolism, and signaling mechanisms of malondialdehyde and 4-hydroxy-2-nonenal.
Oxidative medicine and cellular longevity, 2014. https://doi.org/10.1155/2014/360438
Kochhann, D., Pavanato, M. A,, Llesuy, S. F., Correa, L. M., Riffel, A. P. K, Loro, V. L.,
& Baldisserotto, B. (2009). Bioaccumulation and oxidative stress parameters in silver
catfish (Rhamdia quelen) exposed to different thorium concentrations. Chemosphere,
77(3), 384-391. https://doi.org/10.1016/j.chemosphere.2009.07.022

Ansari, S., & Ansari, B. A. (2014). Toxic effect of Alphamethrin on catalase, reduced
glutathione and lipid peroxidation in the gill and liver of zebrafish, danio rerio. World
Journal of Zoology, 9(3), 155-161.



https://doi.org/10.1289/ehp.761415
http://pubs.sciepub.com/aees/1/3/2
https://doi.org/10.1016/0306-3623(78)90023-X
https://doi.org/10.1016/0048-9697(87)90518-3
https://www.epa.govt.nz/assets/Uploads/Documents/Hazardous-Substances/Synthetic-Pyrethroids-consultation/APP203936-Draft-Hazard-classification-and-endpoint-memo-Beta-cyfluthrin-and-Cyfluthrin.pdf?vid=2
https://www.epa.govt.nz/assets/Uploads/Documents/Hazardous-Substances/Synthetic-Pyrethroids-consultation/APP203936-Draft-Hazard-classification-and-endpoint-memo-Beta-cyfluthrin-and-Cyfluthrin.pdf?vid=2
https://www.epa.govt.nz/assets/Uploads/Documents/Hazardous-Substances/Synthetic-Pyrethroids-consultation/APP203936-Draft-Hazard-classification-and-endpoint-memo-Beta-cyfluthrin-and-Cyfluthrin.pdf?vid=2
https://doi.org/10.1007/s00244-014-0086-7
https://doi.org/10.1080/01926230390174959
https://doi.org/10.1111/j.1741-4520.2003.tb01036.x
https://doi.org/10.1080/01926230290166724
https://doi.org/10.1016/j.ecoenv.2005.03.013
https://doi.org/10.1155/2014/360438
https://doi.org/10.1016/j.chemosphere.2009.07.022

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

National Center for Biotechnology Information (2024). PubChem Compound Summary for
CID 56608859, beta-Cyfluthrin. Retrieved  April 25, 2024  from
https://pubchem.ncbi.nim.nih.gov/compound/beta-Cyfluthrin.

OECD (2019). Test No. 203: Fish, Acute Toxicity Test, OECD Guidelines for the Testing
of Chemicals, Section 2, OECD Publishing, Paris.
https://doi.org/10.1787/9789264069961-en

OECD (2009). Test No. 230: 21-day Fish Assay, OECD Guidelines for the Testing of
Chemicals, Section 2, OECD Publishing, Paris https://doi.org/10.1787/9789264076228-en
Takahara, S., Hamilton, H. B., Neel, J. V., Kobara, T. Y., Ogura, Y., & Nishimura, E. T.
(1960). Hypocatalasemia: a new genetic carrier state. The Journal of Clinical Investigation,
39(4), 610-619. https://doi.org/10.1172/3C1104075

Kochba, J., Lavee, S., & Spiegel-Roy, P. (1977). Differences in peroxidase activity and
isoenzymes in embryogenic ane non-embryogenic ‘Shamouti’orange ovular callus lines.
Plant and Cell Physiology, 18(2), 463-467.
https://doi.org/10.1093/oxfordjournals.pcp.a075455

Misra, H. P., & Fridovich, 1. (1977). Superoxide dismutase: a photochemical augmentation
assay.  Archives of  Biochemistry and  Biophysics, 181(1), 308-312.
https://doi.org/10.1016/0003-9861(77)90509-4

Habig, W. H., Pabst, M. J., & Jakoby, W. B. (1974). Glutathione S-transferases: the first
enzymatic step in mercapturic acid formation. Journal of biological Chemistry, 249(22),
7130-71309. https://doi.org/10.1016/S0021-9258(19)42083-8

Yagi, K. (1998). Simple assay for the level of total lipid peroxides in serum or plasma. Free
radical and antioxidant protocols, 101-106. https://doi.org/10.1385/0-89603-472-0:10
Lowry, O. H., Rosebrough, N. J., Farr, A. L., & Randall, R. J. (1951). Protein measurement
with the Folin phenol reagent. J biol Chem, 193(1), 265-275.

Reitman, S., & Frankel, S. (1957). A colorimetric method for the determination of serum
glutamic oxalacetic and glutamic pyruvic transaminases. American journal of clinical
pathology, 28(1), 56-63. https://doi.org/10.1093/ajcp/28.1.56

Kind, P. R. N., & King, E. (1954). Estimation of plasma phosphatase by determination of
hydrolysed phenol with amino-antipyrine. Journal of clinical Pathology, 7(4), 322.
https://doi.org/10.1136%2Fjcp.7.4.322

King, E. J., & Armstrong, A. R. (1934). A convenient method for determining serum and
bile phosphatase activity. Canadian Medical Association Journal, 31(4), 376.

Eni, G, Ibor, O. R., Andem, A. B., Oku, E. E., Chukwuka, A. V., Adeogun, A. O., &
Arukwe, A. (2019). Biochemical and endocrine-disrupting effects in Clarias gariepinus
exposed to the synthetic pyrethroids, cypermethrin and deltamethrin. Comparative
Biochemistry and Physiology Part C: Toxicology & Pharmacology, 225, 108584.
https://doi.org/10.1016/j.cbpc.2019.108584

Al-Ghanim, K. A., Mahboob, S., Vijayaraghavan, P., Al-Misned, F. A., Kim, Y. O., &
Kim, H. J. (2020). Sub-lethal effect of synthetic pyrethroid pesticide on metabolic enzymes
and protein profile of non-target Zebra fish, Danio rerio. Saudi Journal of Biological
Sciences, 27(1), 441-447. https://doi.org/10.1016/j.sjbs.2019.11.005

Begum, G. (2004). Carbofuran insecticide induced biochemical alterations in liver and
muscle tissues of the fish Clarias batrachus (linn) and recovery response. Aquatic
toxicology, 66(1), 83-92. https://doi.org/10.1016/j.aquatox.2003.08.002

Adeogun, A. O., Ibor, O. R., Adeduntan, S. D., & Arukwe, A. (2016). Intersex and
alterations in reproductive development of a cichlid, Tilapia guineensis, from a municipal
domestic water supply lake (Eleyele) in Southwestern Nigeria. Science of the Total
Environment, 541, 372-382. https://doi.org/10.1016/j.scitotenv.2015.09.061



https://pubchem.ncbi.nlm.nih.gov/compound/beta-Cyfluthrin
https://doi.org/10.1787/9789264069961-en
https://doi.org/10.1787/9789264076228-en
https://doi.org/10.1172/JCI104075
https://doi.org/10.1093/oxfordjournals.pcp.a075455
https://doi.org/10.1016/0003-9861(77)90509-4
https://doi.org/10.1016/S0021-9258(19)42083-8
https://doi.org/10.1385/0-89603-472-0:10
https://doi.org/10.1093/ajcp/28.1.56
https://doi.org/10.1136%2Fjcp.7.4.322
https://doi.org/10.1016/j.cbpc.2019.108584
https://doi.org/10.1016/j.sjbs.2019.11.005
https://doi.org/10.1016/j.aquatox.2003.08.002
https://doi.org/10.1016/j.scitotenv.2015.09.061

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49,

Yang, B., Zou, W., Hu, Z., Liu, F., Zhou, L., Yang, S., ... & Zhang, D. (2014). Involvement
of oxidative stress and inflammation in liver injury caused by perfluorooctanoic acid
exposure in mice. BioMed research international, 2014.
https://doi.org/10.1155/2014/409837

Ansari, S. H. A. B. N. A. M., & Ansari, B. A. (2012). Alphamethrin toxicity: effect on the
reproductive ability and the activities of phosphatases in the tissues of zebrafish, Danio
rerio. Int. J. Life Sci. Pharma Res, 2, 89-100.

Das, B. K., & Mukherjee, S. C. (2003). Toxicity of cypermethrin in Labeo rohita
fingerlings: biochemical, enzymatic and haematological consequences. Comparative
Biochemistry and Physiology Part C: Toxicology & Pharmacology, 134(1), 109-121.
https://doi.org/10.1016/S1532-0456(02)00219-3

Sunmonu, T. O., Owolabi, O. D., & Oloyede, O. B. (2009). Anthracene-induced enzymatic
changes as stress indicators in African catfish, Heterobranchus bidorsalis Geoffroy Saint
Hilaire, 1809. Research Journal of Environmental Sciences, 3(6), 677-686.

Onikienko, E. A. (1963). Enzymatic changes from early stages of intoxication with small
doses of chloroorganic insecticides. Gigienari. Fiziol. Truda. Taksikol. Klinikackiev Gos.
IZ. Med. Git. Ukr. USSR, 77.

Sayeed, 1., Parvez, S., Pandey, S., Bin-Hafeez, B., Haque, R., & Raisuddin, S. (2003).
Oxidative stress biomarkers of exposure to deltamethrin in freshwater fish, Channa
punctatus Bloch. Ecotoxicology and environmental safety, 56(2), 295-301.
https://doi.org/10.1016/S0147-6513(03)00009-5

Uner, N., Oruc, E. O., Canli, M., & Sevgiler, Y. (2001). Effects of cypermethrin on
antioxidant enzyme activities and lipid peroxidation in liver and kidney of the freshwater
fish, Oreochromis niloticus and Cyprinus carpio (L.). Bulletin of Environmental
Contamination and Toxicology, 67(5), 657-664.

Kopriicii, S. S., Yonar, E., & Seker, E. (2008). Effects of deltamethrin on antioxidant status
and oxidative stress biomarkers in freshwater mussel, Unio elongatulus eucirrus. Bulletin
of environmental contamination and toxicology, 81, 253-257.
https://doi.org/10.1007/s00128-008-9474-x

Ensibi, C., Pérez-Lopez, M., Rodriguez, F. S., Miguez-Santiyan, M. P., Yahya, M. D., &
Hernandez-Moreno, D. (2013). Effects of deltamethrin on biometric parameters and liver
biomarkers in common carp (Cyprinus carpion L.). Environmental toxicology and
pharmacology, 36(2), 384-391. https://doi.org/10.1016/].etap.2013.04.019

Giil, S., Belge-Kurutas, E., Yildiz, E., Sahan, A., & Doran, F. (2004). Pollution correlated
modifications of liver antioxidant systems and histopathology of fish (Cyprinidae) living
in Seyhan Dam Lake, Turkey. Environment International, 30(5), 605-609.
https://doi.org/10.1016/S0160-4120(03)00059-X

Avci, A., Kagmaz, M., & Durak, 1. (2005). Peroxidation in muscle and liver tissues from
fish in a contaminated river due to a petroleum refinery industry. Ecotoxicology and
environmental safety, 60(1), 101-105. https://doi.org/10.1016/j.ecoenv.2003.10.003

Atli, G., Alptekin, O., Tikel, S., & Canli, M. (2006). Response of catalase activity to Ag+,
Cd2+, Cr6+, Cu2+ and Zn2+ in five tissues of freshwater fish Oreochromis niloticus.
Comparative Biochemistry and Physiology Part C: Toxicology & Pharmacology, 143(2),
218-224. https://doi.org/10.1016/j.cbpc.2006.02.003

Ozkan, F., Giindiiz, S. G., Berkdz, M., Hunt, A. O., & Yalin, S. (2012). The protective role
of ascorbic acid (vitamin C) against chlorpyrifos-induced oxidative stress in Oreochromis
niloticus. Fish physiology and biochemistry, 38, 635-643. https://doi.org/10.1007/s10695-
011-9544-6



https://doi.org/10.1155/2014/409837
https://doi.org/10.1016/S1532-0456(02)00219-3
https://doi.org/10.1016/S0147-6513(03)00009-5
https://doi.org/10.1007/s00128-008-9474-x
https://doi.org/10.1016/j.etap.2013.04.019
https://doi.org/10.1016/S0160-4120(03)00059-X
https://doi.org/10.1016/j.ecoenv.2003.10.003
https://doi.org/10.1016/j.cbpc.2006.02.003
https://doi.org/10.1007/s10695-011-9544-6
https://doi.org/10.1007/s10695-011-9544-6

50.

51.

52.

53.

54.

55.

56.

S7.

58.

59.

60.

61.

62.

Song, S. B., Xu, Y., & Zhou, B. S. (2006). Effects of hexachlorobenzene on antioxidant
status of liver and brain of common carp (Cyprinus carpio). Chemosphere, 65(4), 699-706.
https://doi.org/10.1016/j.chemosphere.2006.01.033

Shi, X., Gu, A., Ji, G, Li, Y., Di, J.,, Jin, J., ... & Wang, X. (2011). Developmental toxicity
of cypermethrin in embryo-larval stages of zebrafish. Chemosphere, 85(6), 1010-1016.
https://doi.org/10.1016/j.chemosphere.2011.07.024

Iwase, T., Tajima, A., Sugimoto, S., Okuda, K. I., Hironaka, I., Kamata, Y., ... & Mizunoe,
Y. (2013). A simple assay for measuring catalase activity: a visual approach. Scientific
reports, 3(1), 1-4. https://doi.org/10.1038/srep03081

Laszlo, A., Matkovics, B., Varge, S. I., Wittman, T., & Fazekas, T. (1991). Changes in lipid
peroxidation and antioxidant enzyme activity of human red blood cells after myocardial
infarction. Clinica Chimica Acta; International Journal of Clinical Chemistry, 203(2-3),
413-415. https://doi.org/10.1016/0009-8981(91)90319-8

Ansari, S., & Ansari, B. A. (2014). Temporal Variations of CAT, GSH, and LPO in Gills
and Livers of Zebrafish, Exposed to Dimethoate. Fisheries & Aquatic Life, 22(2), 101-109.
https://doi.org/10.2478/aopf-2014-0009

shi, X., Gu, A., Ji, G, Li, Y., Di, J.,, Jin, J., ... & Wang, X. (2011). Developmental toxicity
of cypermethrin in embryo-larval stages of zebrafish. Chemosphere, 85(6), 1010-1016.
https://doi.org/10.1016/j.chemosphere.2011.07.024

Ahmad, I., Hamid, T., Fatima, M., Chand, H. S., Jain, S. K., Athar, M., & Raisuddin, S.
(2000). Induction of hepatic antioxidants in freshwater catfish (Channa punctatus Bloch) is
a biomarker of paper mill effluent exposure. Biochimica et Biophysica Acta (BBA)-General
Subjects, 1523(1), 37-48. https://doi.org/10.1016/S0304-4165(00)00098-2
Nieradko-Iwanicka, B., & Borzgcki, A. (2016). How Deltamethrin Produces Oxidative
Stress in Liver and Kidney. Polish Journal of Environmental Studies, 25(3).
https://doi.org/10.15244/pjoes/61818

Ullah, S., Ahmad, S., Altaf, Y., Dawar, F. U., Anjum, S. ., Baig, M. M. F. A., ... & Wanghe,
K. (2022). Bifenthrin induced toxicity in Ctenopharyngodon idella at an acute
concentration: a multi-biomarkers based study. Journal of King Saud University-Science,
34(2), 101752. https://doi.org/10.1016/j.jksus.2021.101752

Ojha, A., Yaduvanshi, S. K., & Srivastava, N. (2011). Effect of combined exposure of
commonly used organophosphate pesticides on lipid peroxidation and antioxidant enzymes
in rat tissues. Pesticide biochemistry and physiology, 99(2), 148-156.
https://doi.org/10.1016/j.pestbp.2010.11.011

Kong, Y., Li, M., Shan, X., Wang, G., & Han, G. (2021). Effects of deltamethrin subacute
exposure in snakehead fish, Channa argus: Biochemicals, antioxidants and immune
responses. Ecotoxicology and environmental safety, 209, 111821.
https://doi.org/10.1016/j.ecoenv.2020.111821

Chatterjee, A., Bhattacharya, R., Chatterjee, S., & Saha, N. C. (2021). A cyhalothrin induced
toxicity and potential attenuation of hematological, biochemical, enzymological and stress
biomarkers in Cyprinus carpio L. at environmentally relevant concentrations: A multiple
biomarker approach. Comparative Biochemistry and Physiology Part C: Toxicology &
Pharmacology, 250, 109164. https://doi.org/10.1016/j.cbpc.2021.109164

Otitoju, O., & Onwurah, I. N. (2007). Glutathione S-transferase (GST) activity as a
biomarker in ecological risk assessment of pesticide contaminated environment. African
Journal of Biotechnology, 6(12).



https://doi.org/10.1016/j.chemosphere.2006.01.033
https://doi.org/10.1016/j.chemosphere.2011.07.024
https://doi.org/10.1038/srep03081
https://doi.org/10.1016/0009-8981(91)90319-8
https://doi.org/10.2478/aopf-2014-0009
https://doi.org/10.1016/j.chemosphere.2011.07.024
https://doi.org/10.1016/S0304-4165(00)00098-2
https://doi.org/10.15244/pjoes/61818
https://doi.org/10.1016/j.jksus.2021.101752
https://doi.org/10.1016/j.pestbp.2010.11.011
https://doi.org/10.1016/j.ecoenv.2020.111821
https://www.google.com/url?q=https://doi.org/10.1016/j.cbpc.2021.109164&sa=D&source=docs&ust=1702241040023219&usg=AOvVaw0POm_MBmuYqCp5pdx6Ecjr

