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Effect of Neonicotinoid Insecticides Imidacloprid and Acetamiprid
on Catalase Activity in Earthworm Eisenia fetida
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ABSTRACT

Neonicotinoid insecticides are the most important
agricultural chemicals applied to crops and are
considered as the world’s largest selling insecticides
form many years. They account for one-fourth of the
entire insecticide market because of their excellent
insecticidal activity. Imidacloprid and acetamiprid are
the predominantly used neonicotinoide insecticides
with harmful effect on antioxidant enzyme of earth-
worms of Eisenia fetida. Various concentrations of
imidacloprid and acetamiprid were applied directly on
earthworms and catalase activities have been studied
to find out the effect. Catalase (CAT) activities in
earthworms in control were 20.33 U/mg and 20.83
U/mg at 24 h and 48 h of exposure respectively.
Acetamiprid at concentrations of 0.165 and 0.188ug
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have resulted the CAT activities of 22.83 and 24.00
U/mg proteins respectively at 48 h of exposure. At
24 h of exposure time the CAT activities were found
to be 23.16 U/mg proteins at 0.188 g of acetamiprid
concentration and effect of imidacloprid on catalase
activity in earthworms at 48 h of exposure time have
studied and found that the CAT activities were 23.40
U/mg proteins at 0.195 pl and 24.66 U/mg proteins at
0.285ul concentrations respectively. At 24h exposure
to imidacloprid the CAT activity was 23.26 U/mg
proteins at 0.285ul concentration. The study revealed
that CAT activities are affected by both insecticides.

Keywords Neonicotinoide, Imidacloprid, Acetami-
prid, CAT activity, Eisenia fetida.

INTRODUCTION

The soil is arguably the most diverse habitat within
terrestrial ecosystems. In fact, survey data from sev-
eral studies revealed that a quarter of invertebrate and
vertebrate species inhabit the soil and it has recently
been estimated that the biodiversity of soil animals
comprises 23% of the biodiversity of all described
species (Brown et al. 2000). Therefore, soil biodiver-
sity is an essential component of the general biodiver-
sity concept and nowadays it is recognized that soil
organisms are responsible for the provision of many
ecosystem services necessary for human wellbeing.



Pesticides have been used for crop protection by
preventing range of pests. Some pesticides are even
used in control of house hold pests to prevent dengue,
malaria and other insect born diseases. Pesticides
include insecticides, insect repellents, fungicides and
weedicides are extensively used in Indian agriculture.
Since the uses of pesticides have started the major
increase in food production in our country due to
prevention of loses caused by various pests on crops.

The pesticides target various vital metabolic
systems in the organism and affect their function and
cause death. Various enzymes are also prime targets
of pesticides. They directly help agriculture but at
the same time pose threat to environment causing
range of biohazards and because of their toxicity
they, as well pose danger to human being. The ap-
plied pesticide will normally decompose in the soil
over time and their longevity in the soil will depend
on the type of chemical used in formulations. Upon
decomposition of these pesticides they will release
nutrients like carbon, nitrogen, phosphorus and sulfur.
The released nutrients may lose through water flow
and drift. Undecomposed chemical pesticides often
enter into food chain cause serious health effects to
human (Anne et al. 2010). Neonicotinoids are now
the most prominent class of insecticides and are
being used globally as selective agonists of insect
nicotinic acetylcholine receptors (Jeschke et al.
2011, Szczepaniec et al. 2013). Besides their use in
agriculture in various formulations such as granules
or foliar sprays, they even found their way to con-
trol house hold insects likes termites, cockroaches.
They are also been used in veterinary medicine to
control ectoparasites (Jeschke et al. 2011, Goulson
2013). Imidacloprid is a systemic insecticide that
acts as an insect neurotoxin and belongs to a class of
chemicals called the neonicotinoids which act on the
central nervous system of insects. Acetamiprid is
the second-generation of neonicotinoid insecticides
and Japan commercialized it by Nippon Soda in 1995
and is used as foliar applications while direct soil
uses are restricted (Elbert ef al. 2008). Earthworms
are considered the most significant soil invertebrates
in most terrestrial ecosystems worldwide (Rombke
et al. 2005). They are called ‘ecosystem engineers’
because of their ability to create or modify the soil
habitat through various activities such as burrowing,
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casting, breakdown of organic matter, seed dispersal,
ingestion of soil particles and symbiotic interactions
with soil microbes (Cole et al. 2006, Gill ef al. 2019,
Jouquet ef al. 2006, Rombke ef al. 2005).

MATERIALS AND METHODS

(A) Preparation of earthworm tissue homogenates by
method of Jeyanthi et al. (2016).

(B) The protein content was estimated in each
earthworm sample using the method of Lowry ef
al. (1951).

(C) Catalase activity was determined by slightly
modified method of Xu ef al. (1997).

To 1 ml of sodium potassium phosphate buffer ( 0.05
M, pH 7.4), added 1.25 ml of H,0, (0.066M ) and 250
ul of enzyme extract. Blank was prepared by adding
Iml assay buffer to 1.25 ml of H,0, (0.066M) without
enzyme extract along with the samples. One unit of
enzyme activity was equal to the amount of enzyme
consumed after decreasing half of H,O, over 100 sec
at 25° C. Subtract the absorbance of samples from
that of blank and calculate the amount of H,0, from
the standard curve.

Statistical analysis

The standard statistical tools were used for analysis
of data recorded in experiments. The experimental
design for lab study was Completely Randomized
Block with four replicates. A critical difference (CD)
was calculated between the treatments by CRD (in
vitro), accordingly, using software “OPSTAT”, de-
veloped at the Computer Center, College of Basic
Science and Humanities, CCS Haryana Agriculture
University, Hisar, Haryana.

RESULTS

The catalase activities in earthworm’s Eisenia fetida,
which are exposed to three concentrations of imi-
dacloprid and acetamiprid with regard to exposure
time, have been studied and the obtained results are
presented in Fig. 1 and 2 from these observations it
was clear that CAT activity of earthworms has depend
on concentration of pesticides and time of exposure.
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Catalase activity U/mg protein @ three doses of acetamiprid
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Fig. 1. Effect of acetamiprid on CAT activity in Eisenia fetida.

From results given in Fig. 1 showed that the CAT
activities in Eisenia fetida in control were 20.33 U/
mg and 20.83 U/mg at 24 h and 48 h of exposure
respectively. Acetamiprid at concentrations of 0.165
and 0.188ug have resulted the CAT activities of
22.83 and 24.00 U/mg proteins respectively at 48h of
exposure. At 24 h of exposure time the CAT activity
was found to be 23.16 U/mg proteins at 0.188ug of
acetamiprid concentration.

From experimental results presented in Fig. 2, it
is revealed that the CAT activities in Eisenia fetida in
control were 20.50 U/mg and 20.90 U/mg at 24 h and
48 h of exposure respectively. Effect of imidacloprid
on catalase activity in earthworms at 48 h of exposure
time have studied and found that the CAT activity was
23.40 U/mg proteins at 0.195 pl and 24.66 U/mg pro-
teins at 0.285ul concentrations respectively whereas
at 24 h exposure of imidacloprid the CAT activity
was 23.26 U/mg protein at 0.285ul concentration.

Statistically data of both pesticides are significant
with regard to treatment and time of exposure.

DISCUSSION

Earthworms have a key role in agriculture because of
its excreta providing quickly available plant nutrients
like Nitrogen, Phosphorus and Potassium. It burrows
in the soil and increase its porosity but they are direct-
ly or indirectly affected by pollutants as a result of
indiscriminate use of pesticides for better crop yield.
Earthworms are important bio-indicators for ecolog-
ical factor, key part of food web and are non-target
species affected by insecticides as a consequence of
reach of these chemicals into soil and water bodies
and eventually affect the ecosystems. Fish is the major
species affected by these pollutants in water bodies
and/or indirectly affected by consuming intoxicated
earthworms upon eating in aqua systems.

Catalase activity U/mg protein @ three doses of imidacloprid
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Fig. 2. Effect of imidacloprid on CAT activity in Eisenia fetida.



The present study revealed the activities of anti-
oxidant enzymes in E. fetida were changed as a result
of stress produced by acetamiprid and imidacloprid
insecticides up on exposure. Reactive oxygen species
(ROS) contain hydrogen peroxide (H,0O,), superoxide
radical (O,-) and hydroxyl radicals (OH-) engage in
destruction of cellular components and affect phys-
iological and biochemical functions of an organism
(Liu et al. 2017). CAT is a significant antioxidant
enzyme which exists in Cytosol, mitochondria and
peroxisomes that act in the degradation of hydro-
gen peroxide to water and oxygen (Satyro et al.
2017 Zhang et al. 2013). CAT enzyme decomposes
hydrogen peroxide to stop the oxidative damage at
cellular levels (Valavanidis et al. 2006, Hyrsl et al.
2007). From present observations it was clear that
CAT activity of earthworms was depend on doses of
insecticides and exposure time and similar increasing
trend of CAT activities were observed by Enrico et
al. (2019) after 24 h exposure to highest acetamiprid
dose (1.6x107° pg/cm?) whereas at 48 h exposure
significant increase was observed at 1.6 x 107, 8.3 x
10*and 1.6 107 pg/cm?and on 30™ and 45" days
as well as with various concentrations of acetamiprid
(0.001,0.01, 0.05 and 0.1 mg /kg, 1.6 x 1074, 8.3 x
104,1.6 X 107* pgem™2) on earthworms of E. andrei.
Normally after acetamiprid exposure to earthworms,
the CAT activity involved in an activation and recov-
ery process to control levels throughout.

According to study of Zhang et al. (2014)
acetamiprid and imidacloprid were able to induce
earthworm’s antioxidant defense system in early
exposure stages. Increasing trend of CAT activities
was also reported by Liu et al. (2017) with exposure
period of seven days to neonicotinoid clothianidin.
Similar result was also revealed by the study of Bing
et al. (2018). The study of Yanning et al. (2017)
also showed the similar trend of SOD and CAT with
imidacloprid doses of 0.3 and 1.0 mg /kg at 7, 14™,
351 42 and 56™ day on E. fetida.

CONCLUSION

Three doses of imidacloprid as well as acetamiprid
have been used during the experiment for identifi-
cation of catalase enzymatic activity in earthworm
E. fetida. The results of CAT activity revealed that
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their activities were completely depending on time
and concentrations of pesticides. With increased con-
centration of imidacloprid and acetamiprid increased
the activities of enzyme at 48h exposure.
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