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Investigation of Genotoxic Mechanisms of Etofenprox:
Cytotoxicity, Micronucleus and Comet Analyses

Faysal YILMAZ
ABSTRACT

Etofenprox is a synthetic pyrethroid pesticide widely used in agriculture, with
significant ecotoxicological concern due to its potential for long-term persistence
in the environment. This study aimed to evaluate the cytotoxic and genotoxic
effects of etofenprox on Chinese hamster ovary (CHO) cells. Cytotoxicity was
determined by measuring the cytokinesis-block proliferation index (CBPI) after
exposure to various concentrations (1-800 pg/mL) of etofenprox. Genotoxicity
was assessed using the micronucleus (MN) assay and alkaline comet assay. The
results revealed significant reductions in CBPI, increases in MN frequency, and
pronounced elevations in DNA damage parameters (tail length, % tail DNA, olive
tail moment) at higher concentrations. These effects increased in a dose-
dependent manner, particularly at concentrations >200 ug/mL, where the changes
were statistically significant (p<0.05). The data indicate that at high doses,
etofenprox may cause both clastogenic effects and DNA strand breaks. The
findings suggest that, while the pesticide may pose a low risk at typical
environmental exposure levels, high-dose exposure can induce adverse effects at
cellular and genetic levels.

Etofenprox’un Genotoksik Mekanizmalarimin Incelenmesi:
Sitotoksisite, Mikroniikleus ve Komet Analizleri

OZET

Etofenprox, tarimda yaygin olarak kullanilan sentetik bir piretroit pestisittir ve
cevrede uzun siire kalabilme potansiyeli nedeniyle ekotoksikolojik agidan 6nem
tagimaktadir. Bu c¢alisma, etofenprox’un Cin hamsteri ovaryum (CHO)
hiicrelerinde sitotoksik ve genotoksik etkilerini degerlendirmek amaciyla
gerceklestirilmistir. Sitotoksisite, farkli konsantrasyonlarda (1-800 pg/mL)
etofenprox uygulamasi sonrasi hiicrelerde ¢ekirdek béliinme indeksi (CBI)
olgiilerek belirlenmistir. Genotoksisite degerlendirmesi ise mikroniikleus (MN)
testi ve alkali komet testi ile yapilmistir. Bulgular, yiiksek doz uygulamalarinda
CBI’de anlamli azalmalar, MN frekansinda artislar ve DNA hasar
parametrelerinde (kuyruk uzunlugu, kuyruk DNA yiizdesi, olive kuyruk
momenti) belirgin yiikseligler oldugunu gostermistir. Bu etkiler doza bagimh
olarak artmis ve ozellikle >200 pg/mL konsantrasyonlarda istatistiksel olarak
anlamli bulunmustur (p<0.05). Elde edilen veriler, etofenprox’un yiiksek dozlarda
hem klastojenik hem de DNA zincir hasarina neden olabilecegini ortaya
koymaktadir. Calisma, bu pestisitin ¢evresel maruziyet seviyelerinde diigiik risk
tagiyabilecegini, ancak yogun temas kosullarinda hiicresel ve genetik diizeyde
olumsuz etkiler olusturabilecegini gostermektedir.
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1. INTRODUCTION

Etofenprox is a synthetic pyrethroid insecticide widely used in agricultural production to control harmful
insects. Due to its high lipophilicity and low vapor pressure, it has long-term environmental persistence [1]
and possesses the potential to interact with biota in soil and aquatic ecosystems. The effects of pesticides
on non-target organisms, particularly the potential damage they can cause to genetic material, constitute an
important research area in ecotoxicology [2].

Genotoxicity refers to biological effects that lead to permanent changes in DNA, such as strand breaks,
chromosomal aberrations, and mutations [3]. Such effects can, in the long term, contribute to the
development of cancer, reproductive disorders, and hereditary diseases. Current data on the potential
genotoxic effects of etofenprox on mammalian cells are limited, and most studies have been restricted to
acute toxicity or ecotoxicological parameters [4,5].

In this study, the cytotoxic and genotoxic effects of etofenprox on mammalian cells were investigated in
vitro using the Chinese hamster ovary (CHO) cell line. Cytotoxicity was evaluated through the cytokinesis-
block proliferation index (CBPI), and genotoxicity was assessed using the micronucleus (MN) assay and
alkaline comet assay. The results are expected to contribute to determining the potential risks of this
pesticide at the cellular and genetic levels, and to environmental safety assessments.

2. MATERIALS and METHODS
2.1. Cell Culture

The Chinese hamster ovary (CHO) cell line was used in this study. Cells were cultured in RPMI-1640
medium supplemented with 10% fetal bovine serum (FBS) and 1% penicillin-streptomycin, and incubated
at 37 °C in a humidified atmosphere containing 5% CO.. Experiments were conducted using cells in the
logarithmic growth phase. All chemical solutions were prepared under sterile conditions.

2.2. Test Substance and Determination of Concentrations

Etofenprox (=98% purity, Sigma-Aldrich) stock solution was prepared in dimethyl sulfoxide (DMSO) and
diluted with the appropriate culture medium prior to experiments. Based on preliminary trials and
clonogenic assay results, six concentrations were selected: 1, 10, 50, 200, 400, and 800 pg/mL. In all
treatments, the DMSO concentration did not exceed 0.5%.

2.3. Cytotoxicity Analysis — Clonogenic Assay

The clonogenic assay was used to determine cell viability. A defined number of cells were seeded into each
well, and after 24 h of etofenprox exposure, cells were washed with fresh medium and incubated for 7 days.
At the end of incubation, colonies were stained with 0.5% crystal violet and counted using an image analysis
system. The percentage of cell viability was calculated according to Equation (1) with respect to the control

group:

Viability (%) — Number of colonies (treatment)

100 1)
Number of colonies (control) 8 (1)
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2.4. Micronucleus (MN) Assay

The MN assay was performed in accordance with OECD Guideline 487. CHO cells were exposed to
selected doses of etofenprox for 24 h. At the end of this period, cytochalasin-B (3 pg/mL) was added to
block cytokinesis, followed by an additional 20 h of incubation. Cells were harvested by trypsinization,
centrifuged, and fixed with methanol:acetic acid (3:1). Prepared slides were stained with Giemsa, and
micronucleus frequencies in binucleated cells were scored under a microscope.

The cytokinesis-block proliferation index (CBPI) was calculated using Equation (2):

M, +2x Ms+3x Mz +4 x M, (2)
N

CBPI =

where M1IM_1M1-M4M_4M4 represent the number of cells with 1, 2, 3, and 4 nuclei, respectively, and
NNN is the total number of scored cells.

2.5. Comet (Single Cell Gel Electrophoresis) Assay

The alkaline comet assay was performed to determine DNA damage. Cells from each treatment group were
embedded in low-melting-point agarose on pre-coated microscope slides. Slides were immersed in lysis
buffer (pH 10) for 1 h, followed by alkaline electrophoresis buffer (pH > 13) for 20 min, and then subjected
to electrophoresis at 25 V/300 mA for 20 min. After neutralization, slides were stained with ethidium
bromide. Comet parameters, including tail length and olive tail moment, were analyzed using
“KAMERAM?” software under a fluorescence microscope.

2.3. Statistical Analysis

All experiments were performed in triplicate, and data were expressed as mean + standard error (SE).
Statistical analysis was conducted using SPSS 22.0 software. Differences between groups were evaluated
by one-way ANOVA followed by Dunnett’s post-hoc test, with p <0.05 considered statistically significant.
Dose-response relationships were assessed by linear regression analysis.

3. RESULTS

3.1. Effect of Etofenprox on the Survival Rate (%)

To determine the concentrations of etofenprox to be used in the study, Chinese hamster ovary (CHO) cells
were evaluated using the clonogenic assay, and the survival rates of the experimental groups were
calculated (Figure 1). According to the formula, the ICso value of etofenprox for CHO cells was calculated
as 302 pg/mL. Based on this value, six concentrations (1, 10, 50, 200, 400, and 800 pg/mL) were selected
for use in the genotoxicity assays.
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Figure 1. Survival rates (%) of CHO cells exposed to various concentrations of etofenprox, determined by the

clonogenic assay.

3.2. Effect of Etofenprox on Micronucleus Formation

CHO cells were incubated for 24 hours with the determined concentrations, and micronucleus (MN)
frequencies were calculated for each group according to the MN test procedure (Table 1, Figure 2). The
data showed that, except for the 1 and 10 pg/mL doses (p>0.05), all other concentrations resulted in
statistically significant increases in MN frequency. These increases were significant at p<0.05 for 50
ng/mL, p<0.01 for 200 and 400 pg/mL, and p<0.001 for 800 ug/mL. Regression analyses revealed that the

increase in MN frequency was not dose-dependent (p>0.05).

Table 1. Micronucleus frequencies in CHO cells exposed to various concentrations of etofenprox.

MN frequencies
Test substance Doses
(ng/mL) MN (%o) = SE
MONO BI
— 10 1 2.52 +0.002
Control
PK (H,0,) 200 pl 119 13 17.360 +0.006
Etofenprox 1 pg/ml 6 0 3.100 +0.066
10 pg/ml 6 0 3.850 £0.056
50 pg/ml 10 1 5.255 +0.087
200 pg/ml 53 4 12.495 +0.085
400 pg/ml 57 11 14.250 £0.017
800 pg/ml 62 17 16.495 £0.094
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Figure 2. Micronucleus frequencies (%o0) in CHO cells exposed to various concentrations of etofenprox
(*p<0.05, **p<0.01, ***p<0.001).

3.3. Effect of Etofenprox on the Cytokinesis-Block Proliferation Index (CBPI)

Based on the MN test results, CBPI values were calculated and presented in Table 2 and Figure 3. No
statistically significant changes in CBPI were observed at 1, 10, and 50 pg/mL doses compared to the
control group (p>0.05). However, significant decreases were observed at p<0.05 for 200 and 400 pg/mL
doses, and at p<0.01 for the 800 ug/mL dose. Regression analyses indicated that this decrease was not dose-
dependent (p>0.05).

Table 2. CBPI values in CHO cells exposed to various concentrations of etofenprox.

Test substance  Doses (ug/mL) Scored nucleus numbers NDI + SE
1 2 3 4
- 498 3254 180 68 1.954 £0.101
Control
SC (Ethanol) 50 pl 1378 2253 247 122 1.931 £0.097
PK (H,0,) 200 pl 1988 1953 51 8 1.213 £0.226
Etofenprox 1 pg/ml 250 1634 104 39 1.960 +0.121
10 pg/ml 287 1612 102 31 1.941 +0.095
50 pg/ml 316 1553 106 20 1.910 +0.187
200 pg/ml 1222 2493 265 20 1.772 £0.105
400 pg/ml 1326 2496 164 14 1.712 £0.167
800 pg/ml 1708 2044 231 17 1.639 +£0.117
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Figure 3. CBPI values in CHO cells exposed to etofenprox (*p<0.05, *p<0.01).

3.4. Effect of Etofenprox on Comet Formation

Comet measurements were performed using the “KAMERAM?” software, and the DNA damage status in
CHO cells is shown in Figure 4. The mean tail length and Olive tail moment values obtained are presented
in Table 3, Figures 5 and 6.

The findings indicated a statistically significant increase in both tail length and Olive tail moment at 200
pg/mL (p<0.05) and at 400 and 800 pg/mL (p<0.001) doses. Regression analyses revealed that the increases
in both parameters were dose-dependent (tail length: R = 0.88; Olive tail moment: R? = 0.87; p<0.05).

-
-

Figure 4. Comet images in CHO cells: a) undamaged DNA, b) slightly damaged DNA, c¢) moderately
damaged DNA, d) severely damaged DNA (x400).
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Table 3. Mean tail length and Olive tail moment values in CHO cells exposed to various concentrations of

etofenprox.

Test Doses Mean Tail Mean Olive Tail
substance (ng/mL) Length + SE Moment + SE
Control -— 0.00767 £ 0.00019 0.00322 +0.00014
SC (Ethanol) 50 pl 0.00756 £+ 0.00022 0.00291+ 0.00012
PK (H,0,) 200 pl 0.05763 £ 0.00277 0.02550 + 0.00139
Etofenprox 1\, 0/m] 0.01063 = 0.00048 0.00556 = 0.00035
5 nug/ml 0.01201 £ 0.00059 0.00626 = 0.00035
50 pg/ml 0.01063 + 0.00032 0.00548 + 0.00022
200 pg/ml 0.02912 £0.00211 0.01326 £ 0.00107
400 pg/ml 0.04660 +0.00275 0.02135 £ 0.00140
800 pg/ml 0.05840 + 0.00304 0.02633 + 0.00149
0,070
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®
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Figure 5. Mean tail length values determined by the comet assay (K: Control, SC: Solvent Control, PC: Positive
Control) (*p<0.05, **p<0.01, ***p<0.001).
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Figure 6. Mean Olive tail moment values determined by the comet assay (K: Control, SC: Solvent Control, PC:
Positive Control) (*p<0.05, **p<0.01, ***p<0.001).
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4. DISCUSSION and CONCLUSION

Exposure of CHO cells to etofenprox at concentrations ranging from 1 to 800 pg/mL resulted in a clear
concentration-dependent reduction in cell viability, as determined by the clonogenic assay. The calculated
ICso value was 302 pg/mL, indicating substantial cytotoxicity at higher exposure levels. Statistically
significant decreases in viability were observed at concentrations > 200 pg/mL (p < 0.05), suggesting that
etofenprox disrupts cellular proliferation and colony-forming ability under high-dose conditions.

Micronucleus (MN) assay results demonstrated a significant elevation in MN frequency at concentrations
> 50 pg/mL, with the maximum induction recorded at 800 pg/mL (p < 0.001). Despite these increases,
regression analysis did not reveal a strictly linear dose—response relationship, implying that MN induction
may occur through threshold-dependent or non-linear mechanisms.

The Nuclear Division Index (NDI) was stable at lower concentrations (< 50 pug/mL) but declined
significantly at doses > 200 pg/mL, indicating possible interference with mitotic progression and cell cycle
dynamics.

Alkaline comet assay data revealed a robust, dose-dependent increase in DNA strand breaks, supported by
strong correlations in both tail length and Olive tail moment parameters (R?> 0.85, p <0.05). DNA damage
became statistically significant at concentrations > 200 pg/mL, suggesting that etofenprox can induce direct
or oxidative DNA strand scission at high doses.

Taken together, these results provide strong evidence that etofenprox exerts both clastogenic and DNA-
damaging effects in CHO cells. The observed genotoxicity becomes pronounced at concentrations
substantially above typical environmental exposure levels, indicating a limited genotoxic risk for the
general population under normal conditions. However, the significant cytogenetic and DNA damage effects
at higher doses underscore the necessity for strict occupational safety measures and exposure monitoring,
particularly in agricultural and industrial applications where etofenprox is extensively employed.
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