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ABSTRACT: Peroxidase, an antioxidant enzyme, is important in eliminating excess reactive oxygen species
from earthworm cells. Insecticides such as neonicotinoid acetamiprid and imidacloprid are becoming more
popular by the day in order to increase crop yields. The major goal of this study is to see how different doses
of imidacloprid and acetamiprid affect the antioxidant enzyme peroxidase activity in earthworms Eisenia
fetida and maintaining the right environment for properly measuring the enzymatic activities estimation was
extremely challenging because the enzymatic activity of earthworms varied rapidly. During the current
experiment, three dosages of acetamiprid (0.145 µg, 0.165 µg, and 0.188 µg) and imidacloprid (0.134 µl, 0.195
µl, and 0.280 µl) were tested on direct exposure in vials with a diameter of 3mm and 8 cm length. After 48
hours of exposure to acetamiprid, peroxidase activity was 0.775 and 0.858Umg-1 protein at concentrations of
0.165 µg and 0.188 µg respectively, and 0.805 and 0.885Umg-1 protein at 0.195 and 0.285 µl concentrations of
imidacloprid respectively. After 24 and 48 hours, peroxidase enzyme activities were 0.633 and 0.638Umg-1
proteins, respectively, in the control group. The peroxidase activity of an earthworm is directly related to the
concentration and exposure time of these two neonicotinoid insecticides; as the doses of both pesticides
increased, the peroxidase activities increased as well, indicating the need to limit pesticide use to protect soil
invertebrate flora. It is critical to investigate the impact of neonicotinoid insecticides on earthworm
antioxidant activities in order to reduce insecticide overuse and ensure the future conservation of soil
invertebrate flora. As a result, similar studies should be conducted in situ and ex-situ experiment in various
areas on a regular basis to ensure biodiversity conservation and sustainable use.
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INTRODUCTION
Neonicotinoids are the most common type of pesticide,
and they’re used all around the world as selective
agonists for insect nicotinic acetylcholine receptors.
Apart from their application in agriculture in the form
of granules or foliar sprays, they have also been used to
control household insects such as termites and
cockroaches. They're also utilised to control
ectoparasites in veterinary medicine. Because of their
structural similarities to nicotine, these compounds are
indicated as organophosphate alternatives because of
their particular mode of action (Saha et al., 2017; Wang
et al., 2015b), which suppresses nerve impulse
transmissions in insects (Wang et al., 2015a;
Yamamoto, 2012). Neonicotinoids are safer for other
organisms because of their strong resemblance in
insects that have nicotinic acetylcholine receptors.
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However, because of their broad range of action, some
neonicotinoids may have an impact on organisms that
aren't intended to be affected (Miles et al., 2017; Han et
al., 2019; Rico et al., 2019). Because of its decreased
toxicity, acetamiprid, a neonicotinoid, has been
recommended as a global organophosphate replacement
(Enrico et al., 2019). Acetamiprid, one neonicotinoid in
particular, is a systemic chloronic chemical with
significant efficacy against insects including white flies
and aphids (Saha et al., 2017, Renaud et al., 2018). The
number of earthworms in a given area of soil indicates
the health of the ecosystem and the level of
environmental safety. Earthworms play an important
role in increasing crop output in agricultural settings,
where synthetic pesticides such as acaricides,
fungicides, herbicides, and insecticides are employed in
large quantities to manage hazardous pests. Earthworms
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have been shown to be useful soil pollution
bioindicators because they are sensitive, easy to grow
and maintain, and can be used to research a variety of
toxins (Genazio Pereira et al., 2017). Eisenia fetida has
adapted to thrive in rotting vegetables, leaf litter, and
dung, making it perfect for vermicomposting.
Vermicompost is an organic fertiliser created by worms
like Eisenia fetida that contains humus and a good
amount of nutrients that plants can ingest without
hurting their vegetative growth.
Antioxidant enzymes and immune cells were
researched as endpoints because they show sensitivity
to doses below acute toxicity thresholds, which is
crucial for early detection of insecticide use and the
protection of both biota and ecosystems (Gomes et al.,
2019; Pereira et al., 2019; Zhang et al., 2013). Enzymes
and proteins linked to oxidative stress, such as catalase,
glutathione S-transferase, and glutathione, have been
used
to
assess
environmental
neocotinoid
contamination because of their quick response, ease of
testing, and high sensitivity at low contaminant
concentrations (Li et al., 2018; Wang et al., 2015a;
Zhang et al., 2014).
Zhang et al., 2014 found that imdacloprid (0.2, 0.66, 2,
and 4 mg/kg) had an effect on the antioxidant defence
system of Eisenia fetida on the 1st, 7th, and 14th days,
with catalase (CAT) activity significantly increasing at
concentrations of 0.2, 0.66, and 2 mgkg-1, but a slight
decline in CAT activity at 4 mgkg-1, whereas POD
activities increased at doses of 0.2, 0. To control soilborne pests, pesticides are either applied directly on the
soil or runoff from foliar sprays is deposited on the soil,
and these pesticides affect epigeic earthworms Eisenia
fetida directly or indirectly (Gupta et al., 2011). Boruah
et al., 2019 discovered that using Eisenia fetida to bio
convert citronella bagasse results in a better final
product as vermicompost.
MATERIALS AND METHODS
The experiment took place at Chaudhary Charan Singh
Haryana Agricultural University in Hisar from July to
September 2020.
A. Preparation of earthworm tissue homogenates by
method of Jeyanthi et al., (2016)
The earthworms were treated with different
concentrations of imidacloprid (0.134 µl/cm2,
0.195µl/cm2, and 0.285 µl/cm2) and acetamiprid (0.145
µg/cm2, 0.165 µg/cm2, and 0.188 µg/cm2) for the
antioxidant defence system. They were removed from
the vials and gut cleaned earthworm tissue was placed
into a prechilled mortar and pestles under ice-cold
conditions in 5 For further investigation, the
supernatant was kept at 60°C.
B. The protein content was estimated in each
earthworm sample using the method of Lowry et al.,
(1951)
In 20 ml of NaOH, 1 gm/ml of material was
homogenised (0.5M). The homogenate was placed in a
centrifuge tube and spun for 10 minutes at 3500 rpm. In
a separate tube, the supernatant was collected. To make
the final volume of 5ml, 4 mL distilled water + 1.0 mL
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supernatant, in the same way; a 0.2mg standard protein
solution (bovine serum albumin) was made. Each tube
received 5ml of alkaline solution, which was
thoroughly mixed before being left at room temperature
for 10 minutes. After that, each tube received 0.05ml of
weak Folin Ciacalteau reagent, which was combined
immediately to produce a blue colour. Using a
spectrophotometer, against a blank reagent, the
absorbance was measured at 750 nm (UV-VIS-NIR
Spectrophotometer, Varian Cary-5000). The standard
BSA curve was used to extrapolate the protein
concentration in each sample.
C. Estimation of peroxidase activity (POD)
Song et al., (2009) assessed the rate of guaiacol
oxidation in the presence of H2O2 at 470 nm to
calculate POD. Fill a cuvette with 2.15 ml potassium
phosphate buffer (0.1M, pH 7.0), 0.6 ml guaiacol (1
percent), and 0.1 ml enzyme extract using a pipette.
Then 25 μl of H2O2 (100 mM) were added. The solution
had been thoroughly mixed, and the transmission at 470
nm had been set to 100%. For 3 minutes, the rise in
absorbance was monitored every 15 seconds. The
change in optical density (O.D.) was used to estimate
enzyme activity using a molar extinction value of 26.6
mM-1 cm-1 for guaiacol oxidation. One activity unit of
POD was defined as the amount of enzyme that caused
a 0.01 absorbance unit per minute rise, and the results
were expressed as Umg-1 protein.
For the lab investigation, the experimental design was a
completely randomized block with four replicates. CRD
(in vitro) computed a critical difference (CD) between
the treatments using the software “OPSTAT” created at
CCS Haryana Agriculture University, Hisar.
RESULTS AND DISCUSSION
Experiments were conducted with three dosages of
acetamiprid and imidacloprid. The earthworm's POD
activity was affected by pesticide exposure and
concentrations. After 24 and 48 hours, POD activities
were calculated to be 0.633 and 0.638Umg-1 proteins in
the control group. POD activities of 0.775 and 0.858
Umg-1 proteins at doses of 0.165 µg and 0.188 µg were
reported after 48 hours of exposure with acetamiprid
treatment, whereas POD activity of 0.763 Umg-1
proteins at a concentration of 0.188 µg was seen after
24 hours of exposure with acetamiprid treatment (Table
1).
Table 1: Effect of acetamiprid exposure on POD
activity in adult Eisenia fetida.
Exposure
time

POD activity U/mg protein@ three doses of
acetamiprid
Control 0.145 0.165µg 0.188
Mean
µg
µg
24hr
0.633
0.648
0.710
0.763
0.688
48hr
0.638
0.740
0.775
0.858
0.753
Mean
0.635
0.694
0.742
0.810
C.D (at 0.05%)=0.065,SE(d)=0.031,SE(m) = 0.022, F= 11.54,
D.F=3,Significance value=0.00007, at treatment
C.D. (at 0.05%) = 0.046, SE(d) =0.022, SE (m) =0.016,
F=8.16 , D.F=1 Significance value = 0.00868, at time
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POD activities were 0.603 and 0.628 Umg-1 protein for
imidacloprid-treated earthworms and 0.603 and 0.628
Umg-1 protein for control earthworms at 24h and 48h,
respectively. POD activities in earthworms after 48
hours of imidacloprid exposure were 0.805 and
0.885Umg-1 protein at 0.195 and 0.280 µl doses,
respectively. At a concentration of 0.285 µl
imidacloprid, the result after 24 hours was 0.788 Umg-1
(Table 2). The statistical analysis demonstrated that
acetamiprid and imidacloprid had a significant impact
on POD activity.
Table 2: Effect of Imidacloprid exposure on POD
activity in adult Eisenia fetida.
Exposure
time

24hr
48hr

POD activity U/mg protein @ three doses of
imidacloprid
Control 0.134
0.195
0.285 µl Mean
µl
µl
0.603
0.658
0.710
0.788
0.689
0.628
0.718
0.805
0.885
0.759

Mean
0.615
0.688
0.757
0.836
C.D (at 0.05%)=0.083,SE(d)=0.040,SE(m)=0.028, F=11.18,
D.F = 3, Significance value =0.00009, at treatment
C.D. (at 0.05%) = 0.059, SE(d) =0.028, SE(m) =0.020,
F=7.17, D.F = 1 Significance value =0.01311, at time

The activities of three major antioxidant defence
enzymes, Super Oxide Dismutase, Peroxidase, and
Catalase, were studied at varied pesticide dosages by
Liu et al., (2017). Hydrogen peroxide, superoxide
radical, and hydroxyl radicals are examples of reactive
oxygen species (ROS), which destroy cellular
components and disrupt an organism's physiological
and metabolic activities. These three enzymes are part
of an antioxidant system that helps protect against ROS
produced by pesticide stress (Zelikoff et al., 1996).
Variations in this enzymatic activity serve as
biomarkers and early warning indices for the presence
of pollutants in the environment (Fatima and Ahmad,
2005; Aina et al., 2007). The activity of an antioxidant
enzyme in earthworms is altered due to stress caused by
neonicotinoid insecticides, according to a study by
Parveen et al., 2021. So, at various dosages of
imidacloprid, the activity of a key antioxidant defense
enzyme called Superoxide Dismutase (SOD) was
measured in Eisenia fetida. The results of SOD activity
showed that it was entirely dependent on time and
pesticide concentrations. During the experiment, three
dosages of imidacloprid were utilized to determine
enzymatic activity.
POD activities in the control were 0.633 and
0.638Umg-1 protein after 24 and 48 hours, respectively,
whereas in the acetamiprid treatment, POD activities of
0.775 and 0.858 Umg-1 protein at doses of 0.165 µg and
0.188 µg were observed after 48 hours, whereas POD
activity of 0.763Umg-1 protein at a dose of 0.188 µg
was observed after 24 hours. After 48 hours of
treatment with imidacloprid, POD activity in
earthworms were 0.805 and 0.885Umg-1 protein at
dosages of 0.195 and 0.285 µl, respectively, and after
24 hours of treatment with imidacloprid, it was 0.788
Umg-1 at a dose of 0.285 µl.
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Zhang (2014) observed that POD activities rose at
dosages of 0.20, 0.66, and 2mgkg-1 of imdacloprid,
which followed a similar pattern of results. POD has the
ability to scavenge hydrogen peroxide by oxidizing co
substrates such as ascorbate and guaiacol, and has been
shown to protect E. fetida from oxidative stress induced
by imidacloprid at low concentrations for short periods
of time. POD and CAT activities rose in lockstep with
increasing clothianidin neonicotinoide pesticide
dosages, implying that POD and CAT are involved in
the removal of excess ROS (Tong et al., 2017).
POD and CAT enzymes are widely distributed in
peroxisomes, which degrade hydrogen peroxide into
water and oxygen, according to Wu et al., (2012). Few
studies (Kammenga et al., 2000; Rodrguez and
Hernández 2007) looked at the oxidative stress
sensitivities of POD and CAT enzymes and how they
responded.
CONCLUSION
Pesticides have a greater impact on Eisenia fetida, and
the study found that POD activities are completely
reliant on pesticide concentrations and direct exposure
time. The activities of POD enzyme after 24hr and 48hr
exposure rose as acetamiprid and imidacloprid
concentrations increased, indicating the need to limit
pesticide use to protect soil invertebrate flora.
Acknowledgements. The authors are grateful to the
Department of Zoology and Biochemistry of College of
Basic Sciences and Humanities at CCS Haryana
Agricultural University in Hisar, Haryana, for their
assistance.
REFEERENCES
Aina, R., Labra, M., Fumagalli, P., Vannini, C., Marsoni, M.,
Cucchi, U., Bracale, M., Sgorbati, S., and Citterio, S.
(2007). Thiol-peptide level and proteomic changes in
response to cadmium toxicity in Oryza sativa L. roots.
Environment and Experimental Botany 59, 381–392.
Boruah, T., A. Barman ., P. Kalita ., J. Lahkar., and H. Deka,
(2019). Vermicomposting of citronella bagasse and
paper mill sludge mixture employing Eisenia fetida.
Bioresource Technology, 294, 122147,
Enrico, Mendes, Saggioroa., Danielli, Gundes., Espírito,
Santo., Sidney, Fernandes., Sales, Júnior., Rachel,
Ann., Hauser-Davis., and Veríssimo, Correia., (2019).
Lethal and sublethal effects of acetamiprid on Eisenia
andrei: Behavior, reproduction, cytotoxicity and
oxidative stress, Ecotoxicology and Environmental
Safety 183, 109572.
Fatima, R.A., and Ahmad, M., (2005). Certain antioxidant
enzymes of Allium cepa as biomarkers for the
detection of toxic heavy metals in waste water.
Science of the total environment, 346, 256–273.
Genázio, Pereira, P.C., Reimão, R.V., Pavesi, T., Saggioro,
E.M., Moreira, J.C., and Veríssimo Correia, F.,
(2017). Lethal and sub-lethal evaluation of Indigo
Carmine dye and byproducts after TiO2 photocatalysis
in the immune system of Eisenia andrei earthworms.
Ecotoxicology and Environmental Safety, 143, 275–
282.
Gomes, T.B., Fernandes, Sales, Junior, S., Saint'Pierre, T.D.,
Correia, F.V., Hauser-Davis, R.A., and Saggioro,
E.M., (2019). Sublethal psychotropic pharmaceutical
effects on the model organism Danio rerio: oxidative
13(2): 171-174(2021)

173

stress and metal dishomeostasis. Ecotoxicology and
Environmental Safety, 171, 781–789.
Gupta, R.D., Chakravorty, and P.P., Kaviraj, A., (2011).
Susceptibility of epigeic earthworms Eisenia fetida to
agricultural application
of
six
insecticides.
Chemosphere, 84, 724–726.
Han, W., Yang, Y., Gao, J., Zhao, D., Ren, C., Wang, S.,
Zhao, S., and Zhong, Y., (2019). Chronic toxicity and
biochemical response of Apis cerana cerana
(Hymenoptera: apidae) exposed to acetamiprid and
propiconazole alone or combined. Ecotoxicology, 28,
399–411.
Jeyanthi, V., Paul, J. A. J., Selvi, B. K., and Karmegam, N.,
(2016). Comparative Study of Biochemical Responses
in Three Species of Earthworms Exposed to Pesticide
and Metal Contaminated Soil. Environmental
Processes, 3, 167–178.
Kammenga J.E., Dallinger R., Donker, M.H., Köhler, H.R.,
Simonsen, V., Triebskorn, R., and Weeks, J.M.,
(2000). Biomarkers in terrestrial invertebrates for
ecotoxicological soil risk assessment. Reviews
of Environmental Contamination and Toxicology, 164:
93–147.
Li, B., Xia, X., Wang, J., Zhu, L., Wang, J., and Wang, G.,
(2018). Evaluation of acetamipridinduced genotoxic
and oxidative responses in Eisenia fetida.
Ecotoxicology and Environmental Safety, 161, 610–
615.
Liu, T., Wang, X., You, X., Chen, D., Li, Y., and Wang, F.,
(2017). Oxidative stress and gene expression of
earthworm (Eisenia fetida) to clothianidin.
Ecotoxicology and Environmental Safety, 142, 489–
496. https://doi.org/10.1016/j.ecoenv.2017.04.012.
Lowry, O. H., Rosebrough, N. J., Farr, A. L., and Randall, R.
J., (1951). Protein measurement with the folin phenol
reagent. Journal of Biological Chemistry, 193, 265-27.
Miles, J.C., Hua, J., Sepulveda, M.S., Krupke, C.H., and
Hoverman, J.T., (2017). Effects of clothianidin on
aquatic communities: evaluating the impacts of lethal
and sublethal exposure to neonicotinoids. PLoS One
12,
Parveen. G., Rao, D. S., Gupta. R.K., D. Singh., Dahiya. T.,
Lather, D., and N. Kumar, (2021). Effect on
Superoxide dismuatse activity in earthworm Eisenia
fetida on direct exposure to neonicotinoid insecticide
imidacloprid. The Pharma Innovation Journal 2021;
SP-10(3): 113-115.
Pereira, P.C.G., Soares, L.O.S., Júnior, S.F.S., Saggioro,
E.M., and Correia, F.V., (2019). Sublethal effects of
the pesticide imazalil on the earthworm Eisenia
andrei: reproduction, cytotoxicity, and oxidative
stress.
Environmental
Science and Pollution
Research, 1–12. https://doi.org/10. 1007/s11356-01905440-3.
Renaud, M., Akeju, T., Natal-da-Luz, T., Leston, S., Rosa, J.,
Ramos, F., Sousa, J.P., Azevedo-Pereira, and
H.M.V.S., (2018). Effects of the neonicotinoids
acetamiprid and thiacloprid in their commercial
formulations on soil fauna. Chemosphere, 194, 85–93.
https://doi.org/10.1016/j.chemosphere.2017.11.102.

Rico, A., Arenas-Sánchez, A., Pasqualini, J., García-Astillero,
A., Cherta, L., Nozal, L., and Vighi, M., (2019).
Effects of imidacloprid and a neonicotinoid mixture
on aquatic invertebrate communities under
Mediterranean conditions. Aquatic Toxicology. https://
doi.org/10.1016/j.aquatox.2018.09.004.
Rodríguez-Castellano, L., and Sanchez-Hernández, J.C.,
(2007). Earthworm biomarkers of pesticide
contamination: current status and perspectives.
Journal of Pesticide Science, 32:360–371.
Saha, S., Mondal, R., Mukherjee, S., Sarkar, and M., Kole,
R.K., (2017). Persistence of acetamiprid in paddy and
soil under West Bengal agro-climatic conditions.
Environmental
monitoring for assessment,
189.
https://doi.org/10.1007/s10661-017-5871-0.
Song, Y., Zhu, L.S., Wang, J., Wang, J. H., Liu, W., and Xie,
H., (2009). DNA damage and effects on antioxidative
enzymes in earthworm (Eisenia fetida) induced by
atrazine. Soil Biology and Biochemistry, 41, 905–909.
Tong Liu, Xiuguo Wang, Xiangwei You, Dan Chen, Yiqiang
Li., and Fenglong Wang., (2017). Oxidative stress and
gene expression of earthworm (Eisenia fetida) to
clothianidin. Ecotoxicology and Environmental Safety
142, 489–496.
Wang, K., Mu, X., Qi, S., Chai, T., Pang, S., Yang, Y., Wang,
C., and Jiang, J., (2015a). Toxicity of a neonicotinoid
insecticide, guadipyr, in earthworm (Eisenia fetida).
Ecotoxicology and Environmental Safety,114,17–22.
https://doi.org/10.1016/j.ecoenv.2014.12.037.
Wang, K., Pang, S., Mu, X., Qi, S., Li, D., Cui, F., and Wang,
C., (2015b). Biological response of earthworm,
Eisenia fetida to five neonicotinoid
insecticides.Chemosphere, 132,120–126.
https://doi.org/10.1016/j.,2015.03.002.
Wu, J., Wang, K., and Zhang, H., (2012). Dissipation and
residue of acetamiprid in watermelon and soil in the
open
field.
The
Bulletin
of Environmental
Contamination and Toxicology, 89: 644–648.
Yamamoto, Izuru., (2012). "Pesticide Information Profiles:
Imidacloprid Breaz". Extension Toxicology Network.
2012 "Nicotine to Nicotinoids: 1962 to 1997".
Zelikoff, J. T., Wang, W., Islam, N., Twerdok, L. E., Curry,
M., Beaman, and J., Flescher, E., (1996). Assays of
reactive oxygen intermediates and antioxidant
enzymes: potential biomarkers for predicting effects of
environmental pollution. In: Techniques in aquatic
toxicology, pp 287–306 (Ostrander, G. K., ed.), Boca
Raton, FL: Lewis Publishers.
Zhang, Q., Zhang, B., and Wang, C., (2014). Ecotoxicological
effects on the earthworm Eisenia fetida following
exposure to soil contaminated with imidacloprid.
Environmental Science and Pollution Research , 21,
12345–12353.
https://doi.org/10.1007/s11356-0143178-z.
Zhang, Q., Zhu, L., Wang, J., Xie, H., Wang, J., Han, Y., and
Yang, J., (2013). Oxidative stress and lipid
peroxidation in the earthworm Eisenia fetida induced
by low doses of fomesafen. Environmental
Science and Pollution Research, 20, 201–208.
https://doi.org/10.1007/s11356- 012-0962-5.

How to cite this article: Gill, P., Singh, D. Sharma, B.L., Gupta, R.K., Dahiya, T., Rao, D.S., Lather, D. and Kumar, N.
(2021). Effect of Neonicotinoid Acetamiprid and Imidacloprid Insecticides on Antioxidant Peroxidase Activity in Earthworm
Eisenia fetida. Biological Forum – An International Journal, 13(2): 171-174.

Gill et al.,

Biological Forum – An International Journal

13(2): 171-174(2021)

174

