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Abstract

The Synthetic Pyrethroid Lambda-cyhalothrin is one of the most common and used pesticides worldwide for pest control. Its
application has resulted in serious environmental hazards and health concerns and has led to the development of resistant
pest populations. There are few studies of insecticide toxicity and genotoxicity on insects; therefore, in this study, we
evaluated the potential genotoxic activity of Lambda-cyhalothrin using the single-cell microgel electrophoresis or comet
assay (the alkaline comet assay) on Sf9 insect cell line. Four different concentrations of Lambda-cyhalothrin were used (0.5,
5, 25, and 100 pum) to treat Sf9 cells for 24 h. UVC (for 45 min) was used as a positive control. The results showed that
Lambda-cyhalothrin induced a statistically significant increase in DNA damage in Sf9 insect cell line compared with
negative control (p < 0.05), except at the 5 um concentration. UVC induces oxidative stress as Lambda-cyhalothrin
insecticide. Lambda-cyhalothrin was more genotoxic than UVC on the Sf9 cell line. This may suppose that Lambda-

cyhalothrin insecticide has other genotoxic effects on the Sf9 insect cell line than what is known.
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1. Introduction

The excessive use of synthetic pesticides in agriculture
has resulted in serious environmental hazards (Packiam et
al., 2015), health concerns, and a spike in resistant pest
populations (Giner et al., 2012; Nagy et al., 2014).
Therefore, several assays were recently developed to
evaluate the genotoxic effects of chemicals and other
potent environmental toxicants in living organisms, for
example, the structural chromosomal aberrations assay
(SCA), micronucleus test (MN), and sister chromatid
exchanges and comet assay (Mohanty et al., 2011).
Among these assays, single-cell gel electrophoresis or
comet assay has been widely used in the detection and
evaluation of genotoxic compounds in several test systems
(Singh et al., 1988; Collins, 2004) both in vitro and in vivo
(Sasaki et al., 2007).

Lambda-cyhalothrin is a synthetic pyrethroid type Il
insecticide that contains a cyano group widely used to
control agricultural and domestic insect pests of cotton,
cereals, hops, ornamentals, and vegetables. It is also used
in public health applications to control insects, ticks, and
flies which may act as disease vectors (Abdel Aziz and
Abdel Rahem, 2010). Lambda-cyhalothrin is classified as
a class D carcinogen by US EPA (US Environmental
Protection Agency, 2012). It is moderately persistent in the
soil environment (Saleem et al., 2014).

Lambda-cyhalothrin  penetrates the insect cuticle,
disrupting nerve conduction within minutes by interacting
with sodium channels on nerve membranes (Chakravarthi
et al., 2007; Shaurub and Abd El-Aziz, 2015). Upon
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application, the insect suffers loss of muscular control,
which results in paralysis and eventually death. There are
several reports of lambda-cyhalothrin toxicity to mammals
and its ability to induce oxidative stress in vivo and in vitro
(Tukhtaev et al., 2012). Lambda-cyhalothrin is highly
toxic to fish, aquatic arthropods, and honeybees (Muranli,
2013; Aldehamee, 2015).

Some studies have reported lambda-cyhalothrin
genotoxicity using structural chromosomal aberrations
assay (SCA), micronucleus test (MN), and comet assay
(Celik et al., 2005a, b; Naravaneni and Jamil, 2005). Most
studies focused on lambda-cyhalothrin toxicity to
vertebrates, including cytotoxicity (Celik et al., 2005 b),
endocrine disruption (Al-Sarar,2015; Kim et
al.,2015), genotoxicity like induction of micronucleus
(MN), nuclear abnormalities formation on mosquitofish
(Muranli and Giiner, 2011) and chromosomal aberrations
to Mystus gulio fish (Velmurugan et al.,2006).
Some assays also indicated immunotoxicity in
vitro models, such as human lymphocytes (Naravaneni and
Jamil, 2005) and rat bone marrow (Celik et al., 2005 a, b;
Zhang et al., 2010). Whereas the studies of insecticide
toxicity and genotoxicity on insects were few, some
studies were carried out using the in vivo model as the
effect of lambda-cyhalothrin on desert locust, Schistocerca
gregaria Forsk (Al Hariri and Suhail, 2001) that caused an
increase in the total counts and abnormal haemocytes.

The genotoxicity of anther pyrethroid insecticide”
Deltamethrin “was investigated on cell-mediated immune
of Galleria  mellonella (Lepidoptera: Pyralidae) that
induced genotoxic damage by micronucleus formation
(Kurt and Kayis, 2015). The majority of studies focused on
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the genotoxic effect of radiation on DNA damage in
vivo model on Ephestia kuehniella insect (Tuncbilek et al.,
2011), and in vitro model on Sf9 cell line resistance to
DNA-damaged treatments, by radiation and hydrogen
peroxide(Chandna et al.,2004; Cheng et al.,2009).

Comet assay was first described by Ostling & Johanson
(1984), and numerous modifications have been reported to
date to allow the detection of various types of DNA
damage (Gaivao and Sierra, 2014). Different types of the
comet assay for different purposes have been described by
Collins (2004); the neutral comet assay to detect Double-
strand breaks (DSB) and the alkaline comet assay to detect
DNA single-strand breaks (SSB).

The most widely used method for the assessment of
DNA damage is the alkaline comet assay (Nandhakumar et
al., 2011).

The comet assay is a micro electrophoretic technique
for the direct visualization of DNA damage at the level of
the individual cell (Hamdani et al., 2014). DNA damage is
evaluated by the proportion of DNA which migrates out of
the nuclei toward the anode when individual cells or
isolated nuclei, embedded in a thin agarose layer, are
subjected to electrophoresis that results in a “comet-like”
shape of nuclei. The Comet is examined after staining with
an appropriate fluorochrome stain like ethidium bromide
using a fluorescence microscope or with silver staining
(Nadin et al., 2001; Garciaet al., 2007). The comets can
be classified either by visual scoring or by using image
analysis software packages (Collins , 2004; Collins et al.,
2008). According to visual scoring, the comets are
classified into five different classes, from 0 (no tail) to 4
(almost all DNA in tail), based on the tail length and the
amount of DNA present in the tail. If 100 comets are
scored, and each comet assigned a value of 0 to 4
according to its class, the total score for the sample gel will
be between 0 and 400 “arbitrary units or damage
index” (Garcia et al.,2004; 2011; Collinset al., 2008;
Collins et al.,2014). Due to the lack of in vitro data on the
effect of lambda-cyhalothrin on insect cells, results
necessitate more genotoxicity studies of pesticides using
different assays with different test materials (Bhoopendra
and Nitesh, 2015).

This study aimed to investigate the in vitro genotoxic
effects induced by analytical grade Lambda-cyhalothrin on
Sf9 insect cells line as a model for lepidopteran insect cells
by using the comet assay.

2. Materials and methods

2.1. Chemicals

Lambda-cyhalothrin ~ (RS)-a-cyano-3-phenoxybenzyl
(1R)-cis-3-(2)-(2-chloro-3, 3, 3-trifluoropl-enyl)-2, 2-
dimethylcyclopropanecarboxylate, purity of (98.7%) were
obtained from Syngenta.

A stock solution of 10 mM of lambda-cyhalothrin was
prepared using DMSO (Dimethyl sulfoxide) freshly made
before cell treatment.

2.2. Cell culture

The Sf9 cells derived from pupal ovarian tissue
of Spodoptera  frugiperda (Vaughnet al., 1977) were
purchased from Gentaur-Belgium. The culture was
routinely maintained at 27°C using the incubator (Selecta )
in 25-cm2 culture flasks (TPP)by adding 4ml of EX-cell

medium (serum-free medium), (Sigma-Aldrich). Cells
formed a monolayer and were sub-cultured every 3—4 days
using (TPP) scraper.

2.3. Cell treatment

Cells were seeded into a 6 well tissue culture plate with
a density of 1x10°cells/ml and allowed to grow for 24 h.
The cultures were then treated for 24 h with four
concentrations (0.5, 5, 25 and 100 puM) of lambda-
cyhalothrin that induced inhibition of cells growth (6, 24,
39, 51%) respectively, based on previous studies, then the
culture media were removed and the cells were washed
with cold (PBS) Phosphate Buffer Saline (Ca™ and Mg™)
free, and scraped, centrifuged and resuspended in 200 pl
PBS for the comet assay.

2.4. Comet assay

The comet assay was performed using the Comet
Assay® Silver Staining Kit Catalog #4251-050-K
(Trevigen).  Alkaline  CometAssay®following  the
manufacturer’s instructions with slight modification.
Briefly, cells ( 1 x 10° cells /ml ) were mixed with molten
LM Agarose (at 37°C) at a ratio of 1: 10 (v/v).Then, a 50
pL of mixing was pipetted onto the Comet Slide™
area immediately. Cells exposed to UVC (257.3 nm) for
45 min were used as positive controls, and cells treated
with DMSO alone were used as a negative control. To
prevent additional damage, all the steps described above
were conducted under dim light.

The slides were incubated at 4°C for 1 h to accelerate
the gelling of the agarose disc and then transferred to
prechilled lysis solution (cat# 4250-050-01) 40 ml with
10% DMSO incubate overnight at 4°C. Comet Slide™
was immersed in alkali unwinding solution (pH=13, 300
mM NaOH, 1 mM EDTA) at room temperature, in the
dark for 30 minutes.

Slides placed in an electrophoresis slide tray, and then
covered with 500 ml alkaline electrophoresis solution
pH=13 (300 mM NaOH, 1 mM EDTA). Electrophoresis
was performed for 30 minutes (1 Volt/cm / 300 mA). Then
slides were immersed twice in dH20 for 5 minutes then in
70% ethanol for 5 minutes. Samples were dried at 37°C for
10-15 minutes and stained with silver staining.

2.4.1. Silver Staining:

The sample area was covered with 100 pl of prepared
fixation solution :10X Fixation Additive (cat# 4254-200-
05), dH20, methanol, glacial acetic acid, incubated for 20
minutes at room temperature, and then rinsed in dH20 for
30 minutes. The samples were then covered with 100 pl of
prepared staining solution : dH20, 20X Staining Reagent
#1 (cat# 4254-200-01), 20X Staining Reagent #2 (cat#
4254-200-02), 20X Staining Reagent #3 (cat# 4254-200-
03), and incubated at room temperature for 5 - 20 minutes.
The intensity of staining was visualized under the
microscope using a 100X objective, and the reaction
stopped when comets were easily visible by covering
samples with 100 pl of 5% acetic acid for 15 minutes and
rinsing in dH20.

2.4.2. Comet analysis:

Comets (more than 50 per treatment) were captured,
digitized, and copied to the computer.

Each comet was identified by a number from 0 to 4
with various degrees of DNA damage. Class 0 represents
no damage with the head being large and intact and comet
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without a tail. Class 1 represents slight damage with the
head being large and little affected and a short tail whose
length is less or equal to one head diameter. Class 2
represents medium damage with the head being large and
little affected, and a short tail. Class 3 represents extensive
damage with the head being reduced, long and large tail.
Class 4 represents severe damage with the head being
greatly reduced; long and large tail whose contour is
difficult to determine due to the dispersion of small DNA
fragments (Collins, 2004). Then DNA damage was
calculated in AU as using the formula:

AU=(0xNO+1xN1+2xN2+3xN3+4xN4) x100

#comets analyzed

Where NO, N1, etc. are the numbers of comets in categories 0, 1,
etc. (Garcia et al., 2011).

2.5. Statistical analysis

For each treatment, two slides were prepared, in two
independent experiments performed. Statistical analyses
were performed with the Mann-Whitney test using SPSS-
17.0 Software. Error bars represent standard deviation.
Results were considered statistically significant when p <
0.05.

3. Results

The results showed that lambda-cyhalothrin,
significantly increased DNA damages in Sf9 insect cell
line, compared with negative controls (P > 0.05), except at
the 5 UM concentration, while no significant difference
was observed between the all lambda -cyhalothrin
concentrations and positive control, as shown in figure
(1).DNA damage index was: 125,100,125,158, using
concentrations (0.5, 5, 25 and 100 pM ) of Lambda-
cyhalothrin that induced inhibition percentage of cell
growth, ( 6, 24, 39, 51%) respectively .

It was observed that lambda-cyhalothrin insecticide
induced DNA-damage of 125 AU at the lowest
concentration of 0.5 pM compared to 25 AU of untreated
cells. The lowest DNA damage was measured in 100 AU
at 5 uM concentration, while the higher value of damage
was 158 AU at 100 uM, which is the highest concentration
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Figure 1. DNA damage induced by lambda-cyhalothrin in Sf9 insect
cell line expressed in arbitrary units (AU) in the comet assay. Data are
means of values of repeated experiments + standard deviation. A
statistically significant increase (p < 0.05) as determined by comparing
the values of DNA damage induced by various concentrations of
lambda-cyhalothrin with the negative control (with 10% DMSO).

Figure 2 shows the Images of the silver-stained comet
of Sf9 insect cell line, with various degrees of DNA
damage. Class 0 represents undamaged cells and class 4
represents the most heavily damaged.

Figure 2. Visual scoring of DNA damage from 0 to 4 according to
comet appearance, Study sample: SF9 insect cells, Stain: Silver
nitrate, Magnification: 200X

4. Discussion

Long-term extensive use of insecticides has been a
major cause for insecticides-resistance development in
insects, which creates an important problem and is a major
threat to agriculture, human, and animal health.

Measuring DNA damage is a key step in a broad range
of biomedical and toxicological research studies. Among
several methods of detecting DNA damage, the comet
assay, being very simple, cheap, and not requiring
sophisticated high-cost equipment, has been most widely
adopted and used.

Resistance to Pyrethroids insecticides refers to the
genetic change in the insect pest genome. This genetic
change can occur by two main mechanisms: 1) increased
levels of detoxification enzymes resulting in metabolic
resistance, and 2) target-site mutations in the voltage-gated
sodium, known as knock-down resistance (kdr) (Shen et
al., 2016).

Lambda-cyhalothrin belongs to Pyrethroids insecticides
and is used extensively in pest control. It is essential to
study and analyze the cytotoxic and genotoxic effects of
Lambda-cyhalothrin on both environment and human
health. These studies will enable better adoptions for
measures that can protect humans from the potential
mutagenic, carcinogenic effects of these insecticides, and
halt the development of insecticide resistance in the insect
pest (Nagy et al., 2014).

Most toxicity studies of the Lambda-cyhalothrin
insecticide effect were performed on vertebrate’s in vivo/in
vitro model, whereas a few data are available for insects;
therefore, this current research is applied on Sf9 insect cell
line model using comet assay to investigate the
genotoxicity of Lambda-cyhalothrin insecticide. The
results indicate that Lambda-cyhalothrin insecticide is
genotoxic to Sf9 insect cell line by causing DNA damage
in all concentrations, which corresponds with previous
studies applied on other organisms (Celik et al., 2005a,b;
Naravaneni and Jamil, 2005; Zhang et al., 2010; Muranli
and Glner, 2011; Muranli,2013 ). The DNA damage index
was measured as (125,100,125,158) AU, using
concentrations (0.5, 5, 25, and 100 pM) of Lambda-
cyhalothrin that induced inhibition of cells growth at (6,
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24, 39, 51%), respectively. It was observed that DNA
damage index is related to the inhibition rate except for the
5 UM concentration, and that can be explained by that the
Sf9 cell's response to DNA damage is induced by Lambda-
cyhalothrin insecticide. This response includes cell cycle
arrest to allow DNA repair (Remington, 2010), or cell
death via apoptosis if the damage encountered is great
(Chandna et al., 2004).

A possible mechanism for lambda-cyhalothrin
cytotoxicity could be the induction of oxidative stress by
the increase in reactive oxygen species (ROS or free
radicals). ROS will impair the balance between the ROS
generation and antioxidant defense capability, and this will
cause damage to the cell membrane lipids and proteins
(Tukhtaev et al., 2012), in addition to single-strand DNA
breaks, (Zhang et al., 2010; Fetoui et al., 2015; Deeba et
al., 2017).

In this present study, it was found that Sf9 insect cell

line is resistant to UVC effect, which explains the
insignificant differences between all concentrations of
Lambda-cyhalothrin and cells treated with UVC as a
positive control (Cheng et al., 2009). Chandna et al (2004;
2010) reported that Lepidopteran insect cells are known to
exhibit very high radio-resistance, which is possibly
caused by a stronger antioxidant system and active DNA
repair mechanisms. Previously, we reported two different
populations of Sf9 cells were identified, mononucleated
and polynucleated according to their nuclear number
(Saleh, 2011).The endopolyploid cells (polynucleated)
possibly play a role in Sf9 cells metabolism and their
ability to active DNA repair, as with lvanov and others
(2003) who also reported that endopolyploid cells
produced after severe genotoxic damage, which might
facilitate an alternative pathway of cell survival and
therefore contribute to genotoxic resistance.
Although the mode of action of UVC and lambda-
cyhalothrin insecticide is one, which is inducing oxidative
stress, the genotoxic effect of lambda-cyhalothrin on Sf9
insect cell line was higher than UVC, which may indicate
that Lambda-cyhalothrin insecticide has an additional
genotoxic effect on Sf9 insect cell line.

In conclusion, the results from this present study
indicate that Lambda-cyhalothrin insecticide is genotoxic
to the Sf9 insect cell line, and can cause DNA damage in
all tested concentrations. DNA damage index was:
125,100,125,158, using concentrations (0.5, 5, 25 and 100
pM) of lambda-cyhalothrin that induced inhibition
percentage of cells growth :( 6, 24, 39, 51%), respectively.
The possible mechanism by which Lambda-cyhalothrin
cytotoxicity occurs is by oxidative stress induction, and
additional mechanisms await further characterization.
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