
Alteration in the Antioxidant Enzymes Activities as Potential 
Biomarkers for Identification of Stress Caused by

Afidopyropen Intoxication in Cyprinus Carpio.

MAHANTESH DODAMANI1 and MUNISWAMY DAVID2*

Environmental and Molecular Toxicology Research Laboratory, Department of Studies in Zoology, 
Karnatak University, Dharwad, India.

Abstract
This study comparatively investigated the afidopyropen-induced oxidative 
stress in the fish Cyprinus carpio which is mainly focused on some biochemical 
parameters such as SOD, CAT, GPx, LPO, ALT, ALP, and GGT activities. 
Fishes were exposed to different durations (1, 10, 20, and 30 days) in a semi-
static method at a sub-lethal concentration of LC50 value. Results show that 
the duration elicited higher levels of LPO, ALT, and ALP. The LPO levels in the 
blood were higher in 30 days of exposed fish and this led to significant changes  
in GPx. The fish exposed for 1 day had found the least increment of 0.71%, 
and 2.08% in ALT, and ALP activity respectively.  The assessment of CAT, GPx, 
and GGT they were decreased by sub-lethal concentration i.e., 0.2 mg/L of 
afidopyropen for 10, 20, and 30 days. The results conclude that the afidopyropen 
has a negative effect on the fish Cyprinus carpio and these differences are 
evidenced by sensitivity to afidopyropen in the aquatic environment.

CONTACT Muniswamy David  davidkcd@gmail.com  Environmental and Molecular Toxicology Research Laboratory, Department 
of Studies in Zoology, Karnatak University, Dharwad, India.

© 2023 The Author(s). Published by Enviro Research Publishers. 
This is an  Open Access article licensed under a Creative Commons license: Attribution 4.0 International (CC-BY).
Doi: http://dx.doi.org/10.12944/CWE.18.1.5

 

Article History 
Received: 18 October
2022
Accepted: 04 January
2023

Keywords
Afidopyropen;
Antioxidant Enzymes;
Cyprinus Carpio;
Plasma, Ros.

Current World Environment
www.cwejournal.org

ISSN: 0973-4929, Vol. 18, No. (1) 2023, Pg. 49-58

Introduction
Nowadays agrochemical market is a flamboyant field 
for pharmaceuticals and chemicals, which consists 
of natural products and semi-synthetic products 
from natural sources and their derivatives that are 
derived from plants and microbes.1,2,3 This is because 
it has an increasing demand for pest management 
products to ensure sustainable use by promoting 
efforts in the discovery and development of new 
chemicals which are made of living things.1 We can 
see Wide production and extensive use of pesticides 

throughout the world to control various pests in 
crops. Since 1991 it has represented a beginning  
of a new era for new insecticides with many improved 
environmental concerns,2 which means concerned 
with the protection of aquatic animals, soil animals, 
and land animals. The development strategy for 
novel pesticides has been extremely low dosage, 
and pesticides resulted in a significant reduction 
in the active ingredient needed for the control of 
pests and weeds, but there is no such research 
evidence on these insecticides which are derived 



50DODAMANI & DAVID, Curr. World Environ., Vol. 18(1) 49-58  (2023)

from natural sources that do not prove to have an 
impact on non-target organisms. And new chemical 
related to crop protection is still being reported.4  
In the present study, we used one such pesticide 
which is afidopyropen, a novel insecticide, and 
an excellent insecticidal activity against common 
aphid species, that damage a variety of fruit plants, 
vegetables, and ornamentals plants, and also 
against mealybugs, leafhoppers, whiteflies.3 And 
afidopyropen has been previously reported to be 
harmful to Cyprinus Carpio fish.5

For animals, pesticides act as a stressor. Pesticides 
enter the aquatic ecosystem and interact with 
various targets in the cells of fish and other living 
organisms. Oxidative stress in aquatic living things, 
essentially fish has the most important animal model  
for aquatic toxicology. Since oxidative stress is 
incited by various manufactured compounds 
including a few pesticides, these xenobiotics might 
change the antioxidant status in the fish body,6 and 
disturbances in the production of free radicles and 
antioxidant activity also result in oxidative stress.
 
Living cells have highly active enzyme defense 
systems against reactive oxygen species, and 
enzyme activity varies according to species and 
muscle type.7 When ROS increases in cells it leads 
to a lack of balance between the production of ROS 
and antioxidant defense that alters the physiological 
processes in the body, finally which impacts and 
alters the DNA material as previously it was.8 In 
cells, antioxidant defense systems play an important 
role in maintaining the cellular homeostasis of 
organisms against reactive oxygen species (ROS), 
which are continuously detoxified and removed 
within cells.9 And also, different types of antioxidants 
protect cells against damage10 such as Vitamin E, 
and Vitamin C, and known antioxidant enzymes 
that fight against them. Oxidative stress is evoked 
by many chemicals including some pesticides, 
organochlorine, organophosphates, carbamates, 
pyrethroids, bipyridyl, triazine, chloroacetanilide, and 
other pesticides,11 all these pesticides have been 
shown to cause oxidative stress. As a result, reactive 
oxygen species are a typical outcome of xenobiotic 
metabolism, and many contaminants exhibit some 
of their toxicity through the production of reactive 
oxygen species12 and lead to DNA damage, and 
reduced protein synthesis, which may cause cellular 
integrity.13

The common carp Cyprinus carpio is widely used 
for aquaculture and also used as a food source this 
fish is the best aquatic toxicology model because 
of its sustainability and availability throughout the 
season and good adaptation capacity to laboratory 
conditions. Therefore, several investigations about 
pesticide toxicity in different fishes have been 
conducted so far. However, no study on the blood 
antioxidant enzymes of Cyprinus carpio exposed 
to afidopyropen has yet to be reported. Because 
animal blood is having abundant antioxidants and 
also serves as a transporter of oxygen, antioxidants 
including superoxide dismutase, catalase, and 
other antioxidant enzymes.14 Hence, this current 
study aims at highlighting the biochemical changes  
in Cyprinus carpio exposed to afidopyropen.

Material and Methods
Test Animal and Maintenance
Healthy Cyprinus carpio were obtained from local 
fishermen and were acclimatized for a week in a 
huge cement tank containing 5000L of tap water 
with continuous aeration. During this period 
commercial pallet was given and health status 
was monitored, before the test. Healthy fishes 
were exposed to Afidopyropen and throughout the 
experimental duration, the oxygen concentration 
and photoperiods 12 hrs dark and 12 hrs light were 
maintained. Fish Cyprinus carpio (mean body length 
18.18 ± 1.62 cm, mean weight 100.64 ± 10.25 
g). The physicochemical properties of the water15  
in all aquaria were controlled as follows: Dissolved 
oxygen-7.8 ± 0.9 mg/L. Total hardness-32.2 ± 
3.1 mg as CaCO3/L.  Ph-7.05 ± 0.2. Salinity; Nil. 
Specific gravity-1.001. Calcium-18.29 ± 1.52 mg/L. 
Magnesium-0.76 ± 0.3 mg/L. Phosphate-0.032 ± 
0.005 mg/L and oxygen saturation was 90–98%. 
Temperature-26 ± 2 °C.

Test Chemicals
Insecticide afidopyropen volume was procured from 
Garg Agro Center Malout, Panjab., The remaining 
chemicals used in the present study were procured 
from SRL. Pvt. Ltd. Company Mumbai.

Experimental Design and Exposure
The experiment was a semi-static assay conducted 
over 1,10,20,30 days. Fish have been divided into 
five groups including control held in an aquarium. 
Sub-lethal concentration was selected based on 
1/5th of the Lc50 value. Fish were exposed to 0.2 
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mg/L afidopyropen and throughout the experimental 
duration, the oxygen concentration and photoperiods 
12 hrs dark and 12 hrs light were maintained  
in Control and treated groups in the test chamber.

Sample Collection and Biochemical Assays
Fish were starved for 24 hours before sampling. 
The blood sample was collected from the caudal 
vein, centrifuged at 6000 rpm for 10 min at 4°C, 
and stored at −25 °C until further use. Measurement  
of biochemical parameters of the CAT, SOD, 
MDA, and GPx activities was determined by using  
a commercial kit in a microplate reader16 (RANSEL 
by Randox Laboratories, UK), and was expressed 
in international units per liter, MDA was expressed 
in mMol/ml. The estimation of plasma levels of ALT, 
GGT, and ALP was determined according to the 
modified IFCC method (International Federation  
of Clinical Chemistry) by using a commercial kit. 
Protein concentrations were measured according to 
lowry et al17 by using a UV-visible spectrophotometer 
(Systronic) and values were expressed in g/dL.

Ethical Statement
Throughout the experiments, the animals were used 
and maintained according to the guidelines imposed 

forth by the committee for control and supervision  
of experiments on animals. Delhi, India.

Statistical Analysis
To determine antioxidant enzyme activities in the 
blood are presented as mean ± SE. The statistical 
significance of the difference between the control 
and treatment was analyzed by analysis of variance 
followed by Duncan’s post hoc test was performed 
using the SPSS software version 25. P <0.05  
is considered to be statistically significant.

Results
In the present investigation, significant alteration in 
the antioxidant status of fish Cyprinus carpio was 
found to be dose-duration manner. The results are 
summarized in 1-7 graphs. The plasma CAT activity 
in fish showed a significant (p < 0.05) maximum 
percent inhibition of 46.31% on the 30th day  
of exposure (Figure.1). While 1-day exposed fish 
showed a slight increase of 1.12%, and fish treated 
for 10 and 20 days showed a significant decrease 
of 17.25%, and 34.32% respectively compared  
to the control.

Fig.1: Effect of Afidopyropen on CAT activity in plasma of Cyprinus carpio at 0.2mg/L for 
Different Exposure periods and the data are shown as mean ± SE of six fish per group; 

significant differences compared to the control and treated are represented by 
Alphabetic symbols (P<0.05).

Under the influence of afidopyropen, the plasma 
SOD activity was significantly elevated by 63.21% on 
the 30th day of exposure. Whereas 1-day exposed 
fish showed an increase of 26.81%, fish exposed 

to 10- and 20-days showed a significant increase 
of 46.72%, and 50.75% respectively compared  
to the control (Figure.2).
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The plasma LPO activity showed an increase  
of 64.73% on the 30th day of exposure. Also, 10 and 
20 days showed a significant increase of 33.15%, 

and 50.48% respectively. While 1-day exposure 
indicated an increase of 1.16% compared to the 
control (Figure.3).

Fig. 2: Effect of Afidopyropen on SOD activity in plasma of Cyprinus carpio at 0.2mg/L for 
Different Exposure periods and the data are shown as mean ± SE of six fish per group; significant 
differences compared to the control and treated are represented by Alphabetic symbols (P<0.05).

Fig.3: Effect of Afidopyropen on LPO activity in plasma of Cyprinus carpio at 0.2mg/L for 
Different Exposure periods and the data are shown as mean ± SE of six fish per group; significant 
differences compared to the control and treated are represented by Alphabetic symbols (P<0.05).

The sub-lethal concentration depicted decreased 
levels in the plasma GPx activity in a dose-
dependent manner. The plasma GPx activity  
of 1- day exposed fish revealed a negligible decline 
of 0.13% (Figure.4), however, it suggested relatively 
less harm as compared to the control. It was noticed 
that the highest decrement level of GPx activity 
was 58.18% on the 30th day. Also, decreased 

GPx activity was observed on day 10 and day  
20 with 11.27%, and 26.54% respectively compared 
to the control.

The effect of afidopyropen on ALP activity (Figure.5) 
was higher compared to the control. Fish exposed 
for 1-day showed a 2.08% increase in ALP activities 
in blood plasma compared to the control. The 30th 
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day of exposure had the highest level of activity 
by 30.88%, whereas the 10- and 20-day exposed 
groups showed an increase of 12.61%, and 21.29% 

respectively compared to the control. The ALP levels 
were remarkably increased with the increasing 
duration of treated groups.

Fig. 4: Effect of Afidopyropen on GPx activity in plasma of Cyprinus carpio at 0.2mg/L for 
Different Exposure periods and the data are shown as mean ± SE of six fish per group; significant 
differences compared to the control and treated are represented by Alphabetic symbols (P<0.05).

Fig. 5: Effect of Afidopyropen on ALP activity in plasma of Cyprinus carpio at 0.2mg/L for 
Different Exposure periods and the data are shown as mean ± SE of six fish per group; significant 
differences compared to the control and treated are represented by Alphabetic symbols (P<0.05).

Although ALT activity significantly increased at 
62.97% in fish exposed to afidopyropen on the 
30th day. The fish exposed for 1-day had the least 
increment of 0.71% and did not much differ from the 
control group (Figure 6). Whereas, 10 and 20 days 
of exposure showed 34.74%, and 51.85%, and were 
significantly higher compared to the control.

In addition, on the 30th day of exposure, fish depicted 
the lowest GGT activity of 59.95% percent on the 
30th day. The 1-day exposed fish showed a slight 
detectable fall in the plasma GGT activity of 0.98% 
without much difference from the control. 10 and 
20-day exposed fish showed a significant decrease 
of 9.82%, and 20.96% (Figure.7), respectively 
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compared to the control.  Protein content significantly 
lowered in all exposure durations, 1 day (1.56%), 
10 days (16.62%), 20 days (26.58%), and gradually 

decreased on the 30th day (57.27%) respectively 
compared to the control.

Fig. 6: Effect of Afidopyropen on ALT activity in plasma of Cyprinus carpio at 0.2mg/L for 
Different Exposure periods and the data are shown as mean ± SE of six fish per group; significant 
differences compared to the control and treated are represented by Alphabetic symbols (P<0.05).

Fig. 7: Effect of Afidopyropen on GGT activity in plasma of Cyprinus carpio at 0.2mg/L for 
Different Exposure periods and the data are shown as mean ± SE of six fish per group; significant 
differences compared to the control and treated are represented by Alphabetic symbols (P<0.05).

Discussion 
Blood provides an important profile for studying 
the toxicological effect on animals. Different blood 
parameters frequently undergo changes depending 
on stress conditions and various environmental 
factors. An increase or decrease in certain enzymes 
depends on the nature of the species and xenobiotics. 
In the present study, the antioxidant enzymes are 
expected to form an antioxidant defense system 

to increase under the exposure of afidopyropen  
to detoxify ROS, the enzymes are intrinsically linked 
and dependent upon the activity of one another.

Catalase is an antioxidant enzyme that helps to 
separate water and oxygen from hydrogen peroxide. 
It avoids the excess accumulation of hydrogen 
peroxide that is present within a cell Jeeva et al.18 
This enzyme is in charge of neutralizing hydrogen 
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peroxide by breakdown, ensuring an optimum level 
of the molecule in the cell, which is also important 
for cellular signaling activities Nandi et al.19 On 1 day 
of exposure, fish showed the defensive mechanism 
by increasing CAT activity. The present study 
showed that the plasma CAT activity is decreased 
may be due to a detoxifying mechanism failure 
against afidopyropen toxicity. On days 10 and 20 
the activity decreased and further decreased on the 
30th day of exposure, it showing reduced activity in 
protecting the cells against afidopyropen. similar 
work was reported by Vinodhini and Narayan20 who 
exposed Cyprinus carpio to heavy metals. In this 
study, afidopyropen decreases the metabolic rate, 
which in turn results in lower CAT, and GGT enzyme 
activity at sub-lethal concentration, the decreased 
activity of CAT may indicate failure to scavenge 
H2O2 by increased ROS production under sub-lethal 
concentration.

SOD is one of the antioxidants that act to prevent 
the formation of reactive species in cells. It's a 
key endogenous antioxidant. This enzyme helps 
in making the potentially damaging superoxide 
anion less dangerous to the living cells Ighodaro 
and Akinloye.21 In this study SOD activity in plasma 
was significantly increased by afidopyropen 
exposure and this was dependent on the duration 
of the exposure and leads to damage to the gills 
and liver. Vinodhini and Narayanan20 found that 
the SOD levels found to be were increased and 
decreased for 16- and 32-day exposure in the liver 
and kidney which triggers induction response in 
heavy metal intoxicated groups. Our results have 
consisted of the findings of Abhijith et al22 reported 
that a significant increase in SOD activity leads to 
leakage of these enzymes into plasma with damage 
to the liver, and gills of Catla catla exposed to methyl 
parathion. which also reflects similar findings noticed 
by afidopyropen increases the SOD activity in the 
plasma noted in the present study and shows  
a possibility of a defense mechanism itself against 
the toxic effect by increasing its activity. Hence, SOD 
and glutathione levels can be considered indicators 
of oxidative stress.

MDA levels either increase or decrease it’s usually 
a key point in estimating the lipid peroxidation 
parameter Rui et al,23 and its primary step of cellular 
damage caused by pesticides and other chemicals 
Yonar and Sakin.24 In this study, MDA levels in 

the blood plasma of Cyprinus Carpio exposed to 
afidopyropen showed a marked increase in all 
exposed duration except 1-day exposure duration 
which slight changes were observed as compared 
to the control. Similar results were reported by 
Banaee, et al25 in Alburnus mossulensis, exposed 
to fenpropathrin. A similar increase in plasma LPO 
level was noted in cypermethrin-treated freshwater 
mussel unio Elongatulus eucirrus by koprucu  
et al26 and in Cyprinus carpio exposed to dichlorvos 
by hai et al.27 The increase in plasma and liver 
LPO levels in Cyprinus carpio is due to the failure 
defense mechanism against afidopyropen toxicity, 
The current study indicated that the imbalance  
of MDA levels causes oxidative stress.

Glutathione peroxidase has to suppose protect the 
blood from damage by H2O2 and also protect tissue 
against oxidative damage due to lipid peroxidation.20 
In the current study we observed reduced GPx 
activity in exposed fish which leads to tissue damage 
our findings are in agreement with Espinoza et al,28 
who reported that When GPx activity is reduced, 
more hydrogen peroxide is produced in a cell, 
resulting in tissue damage.

Alkaline phosphatase removes the phosphate group 
from molecules using a phosphatase enzyme. 
Haghi, Banaee29 reported that 0.2 mg /L microplastic 
exposed to Cyprinus carpio for a period of 30 days 
leads to damage to the liver cells membrane, and 
other digestive and reproductive organs due to 
a significant increase. In the present study, fish 
exhibited an increase in plasma ALP, and ALT 
activities (Figure.5 and 6), which could be one of 
the reasons for liver damage and thus. In addition, 
Demerdash et al30 determined that enzyme leakage 
compared with is a result of cell damage. Hence, 
toxic substances make damage the membrane 
function at the cellular level and are often associated 
with increased cell membrane permeability.

In the present study, GGT activity was a significant 
decrease, similar results were observed in Cyprinus 
carpio treated with chlorpyrifos and polyethylene 
glycol, TiO2-NPs, and paraquat Hatami et al,31 
Banaee et al.32 Monteiro et al,33 Yonar and Sakin24 
reported that enzyme activity can decrease when 
some biochemical processes are slowed down by 
excess substrate. Thus, a reduction in the activity of 
GGT might reflect a possible failure of the antioxidant 
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system in the blood plasma of exposed fish. Protein 
is important in a living organism it provides energy 
and the breakdown of protein to reduce the toxic 
effect of xenobiotics on the body David et al.34  
In this study, the protein content of Cyprinus carpio 
was found to be decreased significantly. Hence, 
exposed fish shows a decrease in the total protein 
as compared to the control. Our results consisted  
of Amin and Hashem35 who reported that a decrease 
in protein could lead to alters protein synthesis which 
led to increasing ALT and AST activities. 
 
Conclusion
Enzymes are responsible for catalyzing chemical 
reactions within the cell. If chemicals, interrupts the 
biological system it results in the cause of severe 
damage to the cells, and an imbalance in the 
activity of an enzyme leads to aberrant physiological 
conditions and slows down biochemical events in 

the body, which may be harmful. The present study 
of afidopyropen showed responsible for the altered 
antioxidant enzymes are the witness to the unhealthy 
status of the fish Cyprinus carpio and the changes in 
these enzymes are the root cause of DNA damage. 
As This study greatly fills a gap in the scientific 
literature about afidopyropen.
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