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Abstract
Objective  Insecticides play an essential role in preventing crop losses. However, there is growing concern over adverse 
effects associated with their widespread and long-term use. Cypermethrin (CYP) and lambda-cyhalothrin (LCT) are type II 
pyrethroid insecticides that inhibit voltage-sensitive sodium channel function. Emamectin benzoate (EMB) is an avermectin 
class insecticide that stimulates γ-aminobutyric acid (GABA) receptor and glutamate-gated chloride channel.
Methods  The L-929 cells were exposed to CYP, LCT, and EMB for 48 h to measure the cytotoxic effect by MTT assay. Then, 
Annexin V/PI was used to evaluate apoptosis. Finally, Comet assay was used to determine the genotoxicity and DNA damage.
Results  We present the investigation results of potential cytotoxic and genotoxic effects of LCT, CYP, and EMB insecticides 
on normal murine fibroblast cells (L-929). Our results indicated that cell viability decreased with increasing concentrations 
of insecticides during 48 h. Moreover, the apoptosis induction by EMB was more potent than LCT and CYP. The comet assay 
findings indicated that CYP causes more DNA damage than the other two insecticides. As a result, CYP may be considered 
a genotoxic insecticide.
Conclusion  Our results may be included in future research to provide a more thorough assessment of the toxicity of these 
insecticides.
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Introduction

Different insecticides are widely used to control insect vec-
tors and pests [1]. However, their widespread and unre-
stricted usage contaminates the environment and results 
in the introduction of these chemicals into the food chain 

through water and soil [2]. Recent years have seen a rise in 
exposure to these compounds, and adverse health impacts 
in non-target species, including humans and animals, have 
become evident. Several studies showed that long-term 
exposure to insecticides affects health, by causing oxida-
tive stress, genetic modifications, epigenetic changes, DNA 
damage, chromosomal aberration, mitochondrial dysfunc-
tion, endocrine disruption, and even cancers[3, 4]. Iran con-
sumes approximately 50% of all pesticides [2] .According to 
Food and Agriculture Organization (FAO) data, Iran ranks 
53rd globally and 14th in Asia regarding pesticide usage per 
hectare[5]. Pyrethroid insecticides are used in various pest 
control activities, including garden and household insecti-
cides, as broad-spectrum compounds which represent more 
than 30% of globally used insecticides in the market [6]. 
Pyrethroid insecticides are considered safe, less harmful, 
and relatively non-toxic to the environment and mammalian 
health compared to other insecticides [7]. Despite its low 
toxicity to mammals, pyrethroid retention in mammalian 
tissues through inhalation, dermal absorption, and food/

 *	 Seyed Nasser Ostad 
	 ostadnas@tums.ac.ir

1	 Department of Toxicology and Pharmacology, Faculty 
of Pharmacy, Tehran University of Medical Sciences, 
Tehran, Iran

2	 Department of Molecular Medicine, School of Advanced 
Technologies in Medicine, Tehran University of Medical 
Sciences, Tehran, Iran

3	 Department of Medical Education, Virtual University 
of Medical Sciences, Tehran, Iran

4	 Toxicology and Poisoning Research Centre, Department 
of Toxicology and Pharmacology, Faculty of Pharmacy, 
Tehran University of Medical Sciences, Tehran, Iran

http://orcid.org/0000-0002-5476-8010
http://crossmark.crossref.org/dialog/?doi=10.1007/s13530-022-00143-8&domain=pdf


302	 Toxicology and Environmental Health Sciences (2022) 14:301–306

1 3

water consumption might be harmful [7, 8]. Various epi-
demiological studies have reported the association between 
prolonged high-dose exposure to pyrethroids and possible 
adverse health effects in recent years [9]. The mechanism 
of pyrethroids' action in insects and mammals is similar, 
which involves disrupting the normal function of voltage-
sensitive sodium channels [10]. Cypermethrin (CYP) and 
lambda-cyhalothrin (LCT) are both type II pyrethroid insec-
ticides [10, 11]. World Health Organization (WHO) classi-
fied these insecticides as moderately hazardous (Class II) [5, 
12]. Besides, Occupational Safety and Health Administra-
tion (OSHA) and the American Conference of Governmen-
tal Industrial Hygienists (ACGIH) have not established any 
allowable exposure limits for CYP [5]. CYP has been shown 
to be neurotoxic to insects and mammals. These effects are 
achieved by increasing sodium permeability and hyper-excit-
ing neurons, followed by a prolonged sodium channel open-
ing in the neuronal membrane [13]. Reports indicated that 
this synthetic pyrethroid accumulates in the fatty tissue, skin, 
liver, kidneys, adrenal glands, ovaries and causes damage to 
vital organs [7]. LCT is a mixture of cyhalothrin isomers that 
can provide an effective immediate lethal impact against a 
wide variety of arthropods [3, 14]. The mechanisms of action 
of this synthetic pyrethroid are related to its accumulation 
in the biological membranes which lead to oxidative dam-
age, as suggested by previous reports. Although LCT usually 
manifests a weak toxic effect, several studies showed links 
between adverse health effects and exposure to LCT. There-
fore, the widespread application of this insecticide evokes 
various influences in different in vitro and in vivo models [3, 
4, 14, 15]. Emamectin benzoate (EMB) is a novel macrocy-
clic lactone insecticide that belongs to the avermectin family, 
widely used against various pests [16, 17]. United States 
Environmental Protection Agency (U.S EPA) described 
EMB as a highly toxic compound for mammals [18, 19]. The 
WHO also classified EMB in class II as moderately hazard-
ous [12]. According to the current analysis in rats and mice, 
EMB is considered non-carcinogenic and non-mutagenic, 

but it has strong potential to induce DNA damage and apop-
tosis [18, 19]. This insecticide acts as a neurotoxin via the 
persistent stimulation of the γ-aminobutyric acid (GABA) 
receptor and glutamate-gated chloride channels of the nerve 
cells [16]. Humans have a finite number of GABA-reactive 
neurons. As a result, EMB was meant to be safe [19]. How-
ever, due to EMB's lipophilicity, it may easily cross the cell 
membrane, causing toxicity to humans and animals [19]. 
Numerous investigations have shown that EMB is toxic to 
mammals [16, 19, 20]. Determination of the cytotoxicity and 
genotoxicity of insecticides in cell models may aid in the 
understanding of the mechanism of action of insecticides. 
Therefore, this study investigated the cytotoxic and geno-
toxic effects of LCT, CYP, and EMB insecticides on murine 
fibroblast cells (L-929).

Results

Cytotoxicity of insecticides on L‑929 cells

The cell viability after exposure to the different concentra-
tions of mentioned insecticides (0, 1.95, 3.90, 7.80, 15.62, 
31.25, 62.5, 125, 250, 500,1000 μg/ml) is as shown in Fig. 1. 
These data demonstrated a dose-dependent effect of these 
insecticides on the cells. IC50 values calculated for LCT, 
CYP and EMB were 4.46 ± 0.37, 7.48 ± 0.21, 53.41 ± 7.51 
(µg/ml), respectively. 

Evaluation of apoptosis induction in L‑929 cells

The data showed the incubation of cells with an IC50 dose 
of EMB resulted in the induction of early stages of apoptosis 
(35.4% vs. 2.58% for the control group, p < 0.01) (Fig. 2). 
In comparison, the percentage of late apoptotic (6.83%) 
and necrotic cells (6.6%) was not statistically significant 
compared to the control group (p > 0.05). The incubation 
of cells with LCT and CYP was not statistically significant 

Fig. 1   Determination of cytotoxicity by MTT assay on L-929 cells exposed to CYP, LCT, and EMB insecticides after 48 h; Each value repre-
sents the mean ± standard deviation (SD). *CYP: Cypermethrin, LCT: lambda-cyhalothrin, EMB: Emamectin benzoate
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compared to the control group (p > 0.05). The results showed 
that EMB had induced apoptosis more than the other two 
insecticides.

Evaluation of genotoxicity effect of insecticides 
on L‑929 cells

The parameters of the comets in the control and exposed 
groups are listed in Table 1. The findings demonstrated 
that there was a statistically significant difference in tail 
length in the CYP and EMB groups compared to the control 
group. However, increasing the tail length of the LCT group 
was not significant. In CYP and EMB groups, head DNA 
decreased, and tail DNA increased compared to the control 
group, indicating the migration of DNA from the nucleus 

to the outside (Fig. 3). These changes were not significant 
in the LCT group. In the Tail moment parameter results, 
changes in the CYP group were significant compared to the 
control group, while other insecticides did not show a sig-
nificant difference.

Discussion

There are a few research reports on the cytotoxicity and gen-
otoxicity of insecticides using the normal murine fibroblast 
cell line. Therefore, this study aimed to evaluate the potential 
cytotoxic and genotoxic activity of three common insecti-
cides, including LCT, CYP, and EMB, using MTT assay and 
comet assay on L-929 cell line. The present study indicated 

Fig. 2   Evaluation of the apoptosis in L-929 cells treated with an IC50 
dose of CYP, LCT, and EMB after 48 h. A Flow cytometric dot plots. 
B The percentage of apoptotic cells of CYP, LCT, and EMB; Each 

value indicates the mean ± standard deviation (SD). **p < 0.001, 
****p < 0.0001. *CYP: Cypermethrin, LCT:lambda-cyhalothrin, 
EMB: Emamectin benzoate

Table 1   Evaluation of 
genotoxicity effect of 
insecticides on L-929 cells

Data are represented as the mean ± SD. **p < 0.005, ****p < 0.0001 compared to the control group
* CYP: Cypermethrin, LCT: lambda-cyhalothrin, EMB: Emamectin benzoate

Compound Concentra-
tions (µg/ml)

Tail length (µm) Head DNA% Tail DNA (%) Tail moment

Control 0 3.20 ± 0.85 99.71 ± 0.60 0.28 ± 0.60 0.01 ± 0.02
CYP 7.48 29.09 ± 7.03**** 56.80 ± 8.43**** 43.19 ± 8.43**** 12.90 ± 5.06****

EMB 53.41 9.12 ± 4.32** 92.37 ± 4.15** 7.62 ± 4.15** 0.76 ± 0.66
LCT 4.46 4.18 ± 2.90 97.53 ± 3.76 2.46 ± 3.76 0.12 ± 0.20
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that cell growth rate decreased with increasing concentration 
of LCT, CYP, and EMB insecticides, which clearly showed 
the cytotoxic effect in a dose-dependent manner. LCT and 
CYP were the most cytotoxic and inhibited cell proliferation 
at low doses. However, EMB exhibited the least cytotoxicity. 
This result runs in good agreement with previous studies; 
LCT [21–24], CYP [1, 25, 26] and EMB [27]. On the con-
trary, a study showed that CYP had low cytotoxicity effects 
on human neuroblastoma cell line SH-SY5Y. The authors 
stated that differences in CYP cytotoxicity effects might vary 
in terms of using the pyrethroids with different degrees of 
purity [28]. Studies indicated that the insecticide exposure 
in different cell lines does not show the same pattern of toxic 
reactions, and insecticides inhibit cell growth using various 
toxic mechanisms [28].

Our results showed that in the IC50 dose, EMB showed a 
significant rate of apoptosis induction and caused an increase 
in early apoptotic cells. However, LCT and CYP also had the 
same apoptosis induction rate but were not statistically sig-
nificant. EMB inhibits cell proliferation and promotes apop-
tosis, as shown in this research. Increased apoptotic rates 
in cortical neurons were seen in a research with increasing 
CYP concentrations [13]. Studies have described that EMB 
induces apoptosis in a time- and dose-dependent manner 
[18, 19]. Besides, numerous studies indicated that EMB 
has potent cytotoxic and apoptotic effects on Tn5B1-4 [16], 
QSG7701(human hepatic cancer cell line) [19], 16HBE 
(human bronchial epidermal cells) [20], K562, and Molt-4 
(human acute lymphoblastic leukemia) [29] cells.

In the present  study, the tail length results showed 
that CYP and EMB could induce early DNA damage in 
L-929 cells and CYP had a high genotoxic effect on the 
cells in IC50 dose. Studies suggested that the genotoxicity 

mechanism of CYP is related to its chemical structure. Pre-
vious studies reported CYP-induced DNA damage in non-
target organisms [30–33]. Evidence showed the potential 
genotoxic effects of CYP via inducing DNA damage which 
can be regarded as a trigger of apoptosis [31]; tail formation 
following the nuclear fragmentation indicates apoptosis [31]. 
EMB induces DNA damage in a dose-dependent manner, 
according to a research evaluating its genotoxic impact [19]. 
Exposure to EMB was shown to have genotoxic potential, 
causing DNA damage in insect Sf-9 cells [18], human lung 
cells [20], and HeLa cells [18], according to reports. The 
other finding in our study was that contrary to the high cyto-
toxic effect of LCT, this insecticide had a weak genotoxic 
effect on cells at IC50 dose. Although, other studies showed 
the genotoxic effect of LCT on Sf-9 cells [11], human lym-
phocytes [23], mosquito erythrocytes [34], macrophages 
[24], and bone marrow.

Materials and methods

Chemicals and reagents

All insecticides, including LCT (50 gr/L), a capsule suspen-
sion formulation, EMB 5%, a water-soluble granule formu-
lation, and CYP 10%, were purchased from Dogal Kimyevi 
Maddeler ve Zirai, Turkey. RPMI 1640 medium (RPMI) 
and fetal bovine serum (FBS) were purchased from Biowest 
(Paris, France). Low melt agarose and Annexin V-FITC 
were obtained from Thermo Fisher Scientific (USA). 3-(4, 
5-dimethylthiazol-2-yl)-2, 5-diphenyl-tetrazolium bromide 
(MTT) was purchased from Alfa Aesar (Massachusetts, 
USA). Agarose, dimethyl sulfoxide (DMSO), ethidium 

Fig. 3   Evaluation of the DNA 
damage using Comet assay 
in L-929 cells treated with an 
IC50 dose level of CYP, LCT, 
and EMB after 48 h incubation. 
*CYP: Cypermethrin, LCT: 
lambda-cyhalothrin, EMB: 
Emamectin benzoate
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bromide, and propidium iodide (PI) were obtained from 
Sigma-Aldrich (MO, USA).

Cell culture

L-929 cell line (a normal murine fibroblast) was purchased 
from Iranian Biological Resources Center and maintained 
in RPMI medium with 10% heat-inactivated FBS and 1% 
penicillin–streptomycin solution (Biosera, country) and 
incubated 37 °C (Memmert, Germany) in a humidified incu-
bator with a 5% CO2 level.

MTT assay

L-929 cells were seeded 6 × 103 cells/well in 96-well culture 
plates. After overnight incubation, the cells were exposed to 
various insecticide concentrations. After 48 h of the insec-
ticide exposure, the supernatants were removed, and 20 μL 
MTT (5 mg/ml in Phosphate Buffered Saline, PBS) was 
added to each well. The cells were then incubated at 37 °C 
for 3 h to create the formazan crystals. After dissolving the 
formazan crystals in DMSO, the absorbance was measured 
at 570 nm (wavelength) and 690 nm (reference) using an 
ELISA Plate Reader (Anthos, UK)[35].

Comet assay

The alkaline comet assay was used to evaluate the genotoxic-
ity and DNA damage. L-929 cells (3 × 105 cells/well) were 
seeded in 6-well plates. After 24 h, the cells were treated 
with IC50 of insecticides for 48 h. Then, the cells were col-
lected, resuspended in 75 µL PBS (2 × 103 cells/ mL), and 
mixed with 1% low melting agarose. Subsequently, the cells 
were layered onto frosted glass slides. Slides were preserved 
in refrigerators at 4 °C for 10 min. Then, the slides were 
immersed in pre-chilled lysis solution (2.5 M NaCl, 10 mM 
Tris–HCl, 10 mM Na2 EDTA, 1% Triton X-100, pH 7.5) for 
60 min at 4 °C. The slides were soaked in denaturing solu-
tion (1 mM Na2 EDTA, 300 mM NaOH, pH 13) for 30 min 
at 4 °C then electrophoresis (0.66 V/cm) was carried out for 
20 min, and slides were stained with ethidium bromide. The 
images were taken by fluorescence microscopy (Olympus)
[35].

Apoptosis assay

Annexin V/PI is extensively used to evaluate apoptosis due 
to the high affinity to phosphatidylserine, which is trans-
ferred from the internal to the external plasma membrane 
during the apoptosis process. In brief, L-929 cells were 
seeded on 6-well plates. After 24 h, cells were treated with 
IC50 concentration of insecticides for 48 h. Then the cells 
were trypsinized and washed twice with cold PBS. Then, 

91 μl of binding buffer (1X), 5 μl of Annexin V-FITC, and 
4 µl PI solution (50 μg/ml) were added to the obtained cell 
suspension and incubated for 15 min at room temperature 
in the dark. Before flow cytometry, the labeled cells were 
diluted with 400 µl binding buffer and examined by FACS 
Calibur flow cytometer[35].

Statistical analysis

The results were determined as mean ± standard devia-
tion (SD) for the parameters. The statistical analyses were 
performed using one-way variance (ANOVA) analysis in 
GraphPad Prism software (Version 5.0) to evaluate the group 
differences. Differences with p < 0.05 were considered to 
be statistically significant. The statistical analyses involving 
multiple comparisons among the means are conducted using 
Tukey–Kramer test.

Conclusions

Using insecticides on agricultural fields and in the home 
should be applied with caution and be limited. In general, 
our findings showed cytotoxicity, genotoxicity, and apoptotic 
effects LCT (4.46 ± 0.37 µg/ml), CYP (7.48 ± 0.21 µg/ml), 
and EMB (53.41 ± 7.51 µg/ml), on the cell model. These 
results should be considered in the safety assessments to 
evaluate the appropriate guide to use them. More studies 
are needed to understand insecticide's mechanism of action.
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