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Abstract: Abamectin, a widely used pesticide with insecticidal, anthelmintic, and acaricidal properties, has raised safety 
concerns due to its toxic effects on certain non-target organisms. The toxicity of abamectin, the active ingredient in the 
commercial pesticide formulation Alopec® EC, was evaluated using cytogenetic and comet assays on Allium cepa root tips. 
Mitotic index (MI) and phase index (PI) values were used for cytotoxicity assessment. Chromosomal aberration (CA) 
frequencies in the dividing cells and comet data were used for genotoxicity assessment. The root growth test showed a 
significant concentration-based decline in root growth after abamectin exposure, with a median effective concentration (EC50) 
of 2.50 mg/L. Following 96-hour exposure to three concentrations of abamectin (1.25, 2.50, and 5.00 mg/L), cytogenetic and 
comet analyses indicated a significant concentration- and time-dependent decrease in the MI, alongside an increase in DNA 
damage. Additionally, there was a significant concentration-dependent rise in the total frequency of CAs. These findings 
show that abamectin is a pesticide with lethal effects on A. cepa root tip meristematic cells, even at lower concentrations, 
over prolonged exposure times, with CA-forming and DNA-damaging effects, and that it is highly cytotoxic and genotoxic.
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INTRODUCTION

Agrochemicals, which include pesticides and fertilizers, 
have become an important component of worldwide 
agricultural practices over the last century, enhancing 
crop yields and food production [1]. Pesticides are 
widely used in modern agriculture to eliminate the 
damage caused by pests, weeds, and plant diseases [2]. 
Even though pesticides aim to control target organ-
isms, they usually exhibit adverse effects on non-target 
organisms [1,3]. As large amounts of pesticides reach 
the environment and contaminate the soil, water, 
and air [4,5], their extensive and indiscriminate use 
threatens public and environmental health [6,7], mak-
ing pesticides of environmental and human health 
concern worldwide.

Avermectins, a class of macrocyclic lactones with 
nematocidal, acaricidal, and insecticidal activities, 

are derived from the soil-dwelling actinomycete 
Streptomyces avermitilis as a fermentation product 
[8]. As potential neurotoxins, avermectins such as 
doramectin, selamectin, abamectin, and ivermectin 
act through the glutamate-gated chloride channels 
in invertebrates and/or the gamma-aminobutyric 
acid-gated chloride channels in both invertebrates 
and vertebrates, resulting in membrane hyperpolariza-
tion in neurons, paralysis, and eventually death of the 
parasite [8,9]. Despite their short half-lives and dif-
ferent degradation pathways, avermectins can persist 
in water, sediment, and soil [8,10]. Abamectin, a key 
member of the avermectin family, is widely used as an 
insecticide due to its potent insecticidal, anthelmintic, 
and acaricidal properties [8]. Its versatility allows for 
applications not only in agriculture but also in phar-
maceutical and veterinary fields, contributing to its 
extensive global use. The intensive use of abamectin 

https://orcid.org/0000-0002-3107-1798
https://orcid.org/0000-0002-6141-0690


478 Arch Biol Sci. 2024;76(4):477-490

has recently raised concerns regarding its safety since 
it has various toxic effects on some non-target organ-
isms [8,11,12]. Within this framework, environmental 
monitoring is important.

Biomonitoring is an effective tool to obtain a better 
understanding of the environmental effects of con-
taminants including pesticides, and the data obtained 
from biomonitoring studies are useful for making 
effective management decisions on the sustainability 
of environmental health [13,14]. As the use of living 
organisms in environmental monitoring has the ad-
vantage of revealing the complex effects of pollutants/
toxicants [15,16], biomonitoring studies use various 
bioindicator species, including invertebrates [17,18] and 
vertebrates [19,20] as well as higher plants [13]. Among 
the higher plant species used to assess environmental 
contamination/pollution, Allium cepa, with a variety 
of advantages such as low cost, ease of handling, and 
good chromosome conditions for the study of chromo-
some damage or disturbance of cell division [21], is 
one of the most frequently employed species [22]. The 
A. cepa test is used for cytotoxicity and genotoxicity 
evaluations of different environmental contaminants 
[23]. It is more sensitive in detecting toxicity and 
genotoxicity than other tests [24]. A. cepa root tips are 
directly exposed to toxic materials dispersed in soil or 
water [24], making them highly sensitive to toxicants 
[25]. Furthermore, the strong correlation of the A. cepa 
test system with mammalian and non-mammalian test 
models enhances its significance in research [21,26].

The A. cepa test system has been employed to 
evaluate the toxicity of various pesticides, provid-
ing valuable information regarding their safety and 
environmental health. Considering the wide usage 
areas and intensive use of abamectin, it is important 
to understand all aspects of its toxic effects on non-
target organisms for a comprehensive and accurate 
approach to environmental protection. The present 
study was conducted to investigate the cytotoxicity and 
genotoxicity potentials of abamectin as the commercial 
product Alopec® EC in A. cepa root tip meristematic 
cells after a 96-h exposure using the cytogenetic and 
comet assays. For cytotoxicity assessment, the mitotic 
index (MI) and phase index (PI) were used, while 
genotoxicity was evaluated through chromosomal ab-
erration (CA) frequencies in dividing cells and comet 
assay data. The data obtained were comprehensively 

analyzed to reveal the potential relationships of each 
parameter with concentration and exposure time.

MATERIALS AND METHODS

Test organism, model insecticide, and preparation 
of test solutions

A. cepa (2n=16) was the test organism in this study. 
Healthy onion bulbs of nearly equal size (untreated) 
were purchased from a market in Denizli, Türkiye, and 
kept dry until the experiments. The model insecticide 
abamectin was purchased as a commercial formulation 
with the trade name of Alopec® EC (18 g/L abamectin). 
Before the experiments, the commercial formulation 
was diluted with distilled water (dH2O) to give a stock 
solution at a concentration of 1 g/L. This stock solution 
was protected from light and kept at 4°C until use. 
The stock solution was then diluted with tap water to 
prepare the final test solution concentrations used in 
the experiments.

Determination of EC50

The A. cepa root growth inhibition test was imple-
mented following [21], with some modifications. 
Equal-sized onion bulbs (about 20 mm in diameter) 
were placed in glass test tubes (15 mL) filled with tap 
water and allowed to generate roots for 24 h. After 24 
h, the best-rooted bulbs were selected to be used in 
the root growth inhibition test and treated with tap 
water (control) and nine different concentrations of 
abamectin (0.1, 0.5, 1, 2.5, 5, 10, 25, 50, and 100 mg/L) 
for 96 h at 25±1°C in the dark, with each treatment 
consisting of five onion bulbs (as replicates). All solu-
tions in the test tubes were renewed daily. At the end of 
an exposure time of 96 h, the lengths of 10 randomly 
selected roots from each onion bulb were gauged with a 
digital caliper. Using the mean root lengths for each of 
10 treatments, the effective concentration of abamectin 
that inhibited root growth by 50% compared with the 
control (EC50) was calculated.

Test solutions and treatment experiments

Onion bulbs with a diameter of 20 mm were cleaned 
from their dried roots, placed in glass test tubes (15 
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mL) filled with tap water and allowed to generate 
roots in laboratory conditions (at 25±1°C in the dark) 
for 24 h. Following the 24-h period, the best-rooted 
bulbs were selected. Based on the calculated EC50, 
three concentrations of abamectin (1/2×EC50, EC50, 
and 2×EC50) were selected to encompass the recom-
mended field application dose of the tested commercial 
pesticide formulation. Three exposure groups with 
these concentrations (1.25, 2.50, and 5.00 mg/L) were 
established for use in the cytogenetic and comet assays. 
Abamectin-free tap water was used as the negative 
control group and methyl methane sulfonate (MMS; 
10 mg/L) as the positive control group. The selected 
onion bulbs were treated under laboratory conditions 
with solutions representing the five experimental groups 
for 24, 48, 72, and 96 h per assay. Each group consisted 
of five onion bulbs (as replicates) per exposure time, 
with all solutions in the test tubes renewed daily. The 
main reason for determining these exposure times in 
the study is that the cell cycle in A. cepa meristematic 
cells is 24 h [27].

Cytogenetic assay

At the end of each exposure time (24, 48, 72, and 96 
h) for the treatment experiments, 10 to 15 randomly 
selected root tips (8-10 mm in length) were cut from 
each of five onion bulbs using sterile razor blades. 
This process was performed between 07:00 and 08:00 
in the morning since the highest mitotic rate in A. 
cepa root meristems is between 06:00 and 09:00 [28]. 
After washing with dH2O, the root tips were fixed in 
freshly prepared Carnoy solution (3 ethanol:1 glacial 
acetic acid, v/v) for 24 h and preserved in 70% alcohol 
at 4°C. They were then hydrolyzed with 1 N HCl in 
a water bath at 60°C for 7 min and rinsed with dH2O 
three times for 5 min each. Following staining with 
2% aceto-orcein at 60°C for 5 min, the root tips were 
placed on glass slides, covered with coverslips, and 
squashed; the coverslips were sealed with transparent 
nail polish to obtain semi-permanent slides. For each 
onion bulb in each experimental group, 10 slides were 
prepared for use in the subsequent cytogenetic analyses.

Cytogenetic analyses were performed by micro-
scopically examining the prepared slides of the root tips 
through a B-600Ti Optika light microscope with a 4083.
B5 OptikamB5 digital camera (Optika Microscopes, 
Italy). At least 200 cells in each of five microscopic 

regions per slide were observed, and the stages of these 
cells (interphase, prophase, metaphase, anaphase, or 
telophase) were detected. Based on the obtained data, 
the MI and PI values were used to assess the cytotoxic 
effect of abamectin.

The MI (%) was calculated per onion bulb using 
the following formula [29]:

where MI is the mitotic index, NDC is the number of 
the dividing cells, and TNOC is the total number of 
the observed cells.

The PI (%) for each mitotic phase was calculated 
per onion bulb through the following formula [30]:

where PI is the phase index, NCP is the number of cells 
in a specific phase, and TNDC is the total number of 
dividing cells. 

At least 150 cells from each of five randomly se-
lected slides per experimental group were observed, 
and CAs in the dividing cells were monitored. Based 
on the obtained aberrations data, the frequency of 
each CA was determined to be used for assessing the 
genotoxic effect of abamectin.

The frequencies of CAs (%) were calculated per 
onion bulb with the following formula [31]: 

where CAF is the chromosomal aberration frequency, 
NDCCA is the number of the dividing cells having a 
specific chromosomal aberration, and TNDC is the 
total number of the dividing cells.

Comet assay

To assess the genotoxic effect of abamectin by examin-
ing DNA damage levels in root tip meristematic cells at 
varying concentrations and exposure times, the alkaline 
comet assay was performed following a previously 
described protocol [32], with some modifications. At 
the end of each exposure time (24, 48, 72, and 96 h), 
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10-15 randomly selected root tips (8-10 mm in length) 
were cut from each of five onion bulbs as mentioned 
in the cytogenetic assay, and immediately chopped in 
a Petri dish containing 500 μL of ice-cold Tris-MgCl2 
buffer (0.2 M Tris, 4 mM MgCl2 6H2O, 0.5% Triton 
X-100, pH 7.5) using sterile razor blades to isolate the 
nuclei of the cells. Fifty μL of low-melting agarose in 
0.75% phosphate-buffered saline (PBS) was mixed 
with 50 μL of the prepared suspension, then pipetted 
onto slides that had been pre-coated with 1% normal 
melting agarose in PBS the previous day. The slides 
were covered with coverslips and placed on an ice pack 
for 5 min to solidify the agarose. For each onion bulb 
in each experimental group, five slides were prepared 
for the subsequent comet analyses. The coverslips were 
removed, and the slides were lysed in a fresh lysing 
solution (2.5 M NaCl, 100 mM Na2-EDTA, 200 mM 
NaOH, 1% Triton X-100, 10% DMSO, pH 10) for 60 
min at 4°C. After the lysis step, the slides were kept in a 
horizontal electrophoresis chamber containing freshly 
prepared chilled buffer (1 mM Na2-EDTA, 300 mM 
NaOH, pH>13) for 30 min at 4°C to allow the DNA 
to unwind, and then subjected to electrophoresis at 25 
V and 300 mA for 30 min at 4°C. After maintaining 
in a neutralization buffer (400 mM Tris-HCl, pH 7.5) 
three times for 5 min each to remove excess alkali and 
detergent, the slides were rinsed with deionized water 
(diH2O) two times for 2 min each and dried for 20 
min. All steps described above were performed under 
dim light or in the dark to prevent artefactual DNA 
damage. The next step was the staining for which the 
silver staining method procedure [33] was followed 
with slight modifications. The slides were dried for 60 
min at room temperature and then kept in a fixation 
solution comprising 15% trichloroacetic acid, 5% zinc 
sulfate, and 5% glycerol for 10 min at room tempera-
ture. After washing with diH2O three times for 1 min, 
they were dried for 60 min at 37°C, rehydrated with 
diH2O for 5 min, and then incubated with a staining 
solution comprising solution A (5% sodium carbonate) 
and solution B (0.2% silver nitrate, 0.2% ammonium 
nitrate, 0.5% tungstosilicic acid, 0.15% formaldehyde, 
and 5% sodium carbonate) for 20 min. After wash-
ing with diH2O three times for 2 min each, they were 
kept in a stop solution of 1% acetic acid for 5 min to 
terminate the staining reaction, rinsed with diH2O 
two times for 2 min each, and stored in light-protected 
boxes until analysis.

Each of two blind observers independently ex-
amined 100 randomly selected cells per slide under a 
light microscope, categorizing them into five classes 
ranging from 0 (no DNA damage) to 4 (maximal DNA 
damage), based on head size, tail length, and intensity. 
Based on averaged results of two independent classifi-
cations, DNA damage was expressed in arbitrary units 
(AU) and calculated using the following formula [34]:

where Ni is the number of cells in a specific class, and 
i is the class number (0, 1, 2, 3, or 4).

Statistical analysis

The obtained experimental data were presented as 
the arithmetic mean±standard deviation (SD) of five 
onion bulbs. Statistical analyses were performed using 
Minitab 21 (Minitab Inc., State College, PA). Differences 
among the groups for each parameter measured per 
endpoint were statistically analyzed using one-way 
ANOVA, followed by Tukey’s test. Pearson’s correlation 
test was used to assess potential relationships between 
the parameter and both concentration and exposure 
time. A P-value of less than 0.05 was considered sta-
tistically significant.

RESULTS

Determination of EC50

In this study, the A. cepa root growth inhibition test 
was successfully performed, and different root growth 
rates after a 96-h exposure depending on the applied 
concentration were observed (Supplementary Fig. 
S1). As can be seen in Fig. 1, the mean root length was 
4.63±0.65 cm in the tap water treatment (control) and 
ranged between 0.32±0.08 cm and 4.22±1.12 cm in the 
abamectin treatments. When the obtained root growth 
inhibition test results were statistically examined, dif-
ferent abamectin concentrations caused significant 
differences in root lengths (F9, 490=276.28, P<0.001), 
with higher concentrations exerting a strong negative 
effect on root growth (r=-0.665, P<0.05). Based on the 
root length data in this study, the EC50 of abamectin 
was 2.50 mg/L (Fig. 1).
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Cytogenetic assay

Based on the determined EC50 value, treatment experi-
ments were carried out with the selected concentrations 
of abamectin (1.25, 2.50, and 5.00 mg/L) and negative 
and positive controls, and the MI values of the experi-
mental groups at 24, 48, 72, and 96 h exposure times 
were calculated (Table 1). Analysis of the MI values for 
the experimental groups at identical exposure times 
revealed statistically significant differences among the 
groups at all exposure durations: F4, 20=411.03, P<0.001 
for 24 h; F4, 20=221.83, P<0.001 for 48 h; F4, 20=359.25, 
P<0.001 for 72 h; and F4, 20=297.57, P<0.001 for 96 h. 
At each exposure time, the highest MI was observed 
in the control group and the lowest in the positive 
control group. The highest MI among the exposure 
groups was observed in the 1.25 mg/L group, and the 
lowest in the 5.00 mg/L group (Table 1). Examination 
of the MI values for the exposure times in identical 
experimental groups revealed that there were statis-
tically significant differences among the exposure 
times in all groups (F3, 16=114.42, P<0.001 for the 1.25 
mg/L group; F3, 16=101.97, P<0.001 for the 2.50 mg/L 
group; F3, 16=22.89, P<0.001 for the 5.00 mg/L group; 
and F3, 16=8.76, P<0.01 for the positive control group), 
except for the control group (P>0.05). In these four 
groups, the lowest MI was at 96-h and the highest at 
24-h exposure time (Table 1). Abamectin caused in-
hibition in the MI in the exposure groups; however, 
the percentages of these reductions were lower than 
that in the positive control at all four exposure times. 

Moreover, correlation analyses revealed that the MI 
was negatively correlated with the concentration at all 
four exposure times (P<0.001) (Fig. 2A) and the expo-
sure time at all four concentrations (P<0.001), except 
for 0.00 mg/L, where there was a positive correlation 
between the MI and the exposure time (P<0.05) (Fig. 
2B), indicating a significant decrease in the MI with 
increasing concentrations and prolonged exposure 
time. The correlation of the MI with the concentration 
was strong at all four exposure times (r=-0.991 at 24 h, 
r=-0.948 at 48 h, r=-0.877 at 72 h, and r=-0.847 at 96-h 
exposure). The correlation of the MI with exposure 
time was moderate at 0.00 mg/L (r=0.468), and very 
strong at 1.25 mg/L (r=-0.937), 2.50 mg/L (r=-0.941), 
and 5.00 mg/L (r=-0.865).

The PI values of the experimental groups calculated 
for each mitotic phase at 24-, 48-, 72-, and 96-h expo-
sure times are presented in Table 1. After the PI values 
for the experimental groups at identical exposure times 
were examined, there were no statistically significant 
differences among the groups for the prophase PI at 
any of the exposure times (P>0.05); there were statisti-
cally significant differences only for the metaphase PI 
at 24-h exposure (F4, 20=4.40, P<0.05), the anaphase PI 
at 48-, 72-, and 96-h exposures (F4, 20=5.63, P<0.01; F4, 

20=5.41, P<0.01; and F4, 20=3.19, P<0.05; respectively), 
and the telophase PI at 24-h exposure (F4, 20=5.31, 
P<0.01). Analysis of the PI values for the exposure 
times in identical experimental groups revealed that 
there were no statistically significant differences among 
the exposure times for the metaphase PI in any of the 
groups (P>0.05) but there were statistically significant 
differences among the exposure times for the prophase 
PI in the 1.25 mg/L group (F3, 16=22.63, P<0.001), 
the anaphase PI in the 1.25 mg/L group (F3, 16=7.90, 
P<0.01) and the positive control group (F3, 16=3.83, 
P<0.05), and the telophase PI in the 1.25 mg/L group 
(F3, 16=13.26, P<0.001) and the positive control group 
(F3, 16=3.83, P<0.05). In addition, correlation analyses 
revealed that the anaphase PI at all exposure times and 
the telophase PI values at 24 h and 96 h were negatively 
correlated with the concentration (P<0.05) and that 
the metaphase PI values at 24 h and 72 h were posi-
tively correlated with the concentration (P<0.05). The 
analyses also showed that the PI for prophase at 1.25 
mg/L and for metaphase at 2.50 mg/L were positively 
correlated with exposure time (P<0.05) and that the 
PI for anaphase at 2.50 mg/L and for telophase at 1.25 

Fig. 1. Effects of different concentrations of abamectin ranging 
from 0.1 mg/L to 100 mg/L on A. cepa root length after a 96-h 
exposure. Root length values that do not share a superscript letter 
are statistically different (P<0.05). Note that the EC50 of abamectin 
is indicated by dashed blue line.
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mg/L were negatively correlated with 
exposure time (P<0.05 and P<0.01, 
respectively). The general pattern 
showed a slight increase in PI values 
for prophase and metaphase, while 
PI values for anaphase and telophase 
decreased with increasing abamectin 
concentration at all exposure times.

The types of CAs observed in the 
mitotic phases of root tip cells through 
microscopic examinations included 
polyploidy, C-mitosis, chromosome 
bridges, vagrant chromosomes, lag-
gard chromosomes, ring chromo-
somes, and chromosome stickiness 
(Supplementary Fig. S2). The frequen-
cies of CAs caused by the treatments 
in the study are presented in Table 2. 
Among the exposure groups, the most 
common CA was C-mitosis in the 5.00 
mg/L group at 96 h (13.14±3.97%), 
whereas the least common CA was 
laggard chromosomes in the 1.25 
mg/L group at 24 h (0.17±0.24%). 
Examination of the CA frequencies 
of the experimental groups at identi-
cal exposure times revealed statisti-
cally significant differences among 
the groups for most of the CA types 
at several exposure times (P<0.05) 
(Table 2). Significant differences in the 
total frequency of CAs were observed 
among the groups at all four exposure 
times (F4, 20=24.63, P<0.001 for a 24-h 
exposure; F4, 20=46.79, P<0.001 at 48 
h; F4, 20=65.35, P<0.001 at 72 h; and 
F4, 20=69.95, P<0.001 at 96 h). At each 
exposure time, the lowest frequency of 
the total CAs was in the control group, 
and the highest was in the positive 
control group; the lowest frequency 
among the exposure groups was ob-
served in the 1.25 mg/L group, and 
the highest in the 5.00 mg/L group 
(Table 2). Analysis of CA frequencies 
for the exposure times in identical 
experimental groups revealed statisti-
cally significant differences among the Ta
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exposure times for laggard chromo-
somes in the 1.25 mg/L group (F3, 

16=3.35, P<0.05), for C-mitosis and 
stickiness in the 2.50 mg/L group 
(F3, 16=8.27, P<0.01 and F3, 16=4.94, 
P<0.05, respectively), for C-mitosis 
and chromosome bridges in the 5.00 
mg/L group (F3, 16=9.34, P<0.01 and 
F3, 16=3.37, P<0.05, respectively), and 
for C-mitosis in the positive control 
group (F3, 16=10.29, P<0.01) (Table 
2). As for the frequency of the total 
CAs, it was determined that there 
were no significant differences in the 
total CAs among the exposure times 
in any of the groups (P>0.05) except 
for the positive control group, where 
the frequencies of the total CAs for 
the exposure times significantly dif-
fered from each other (F3, 16=4.74, 
P<0.05). Moreover, correlation 
analyses revealed that the total CA 
frequency was positively correlated 
with the concentration at all four 
exposure times (P<0.001) (Fig. 2C), 
indicating a significant increase in 
the total CAs with ascending con-
centrations, and with the exposure 
time at 5.00 mg/L (P<0.05) (Fig. 2D), 
indicating a significant increase in 
the total CAs with prolonged expo-
sure time at this concentration. The 
correlation of the total CA frequency 
with concentration was strong at all 
four exposure times (r=0.880 at 24 
h, r=0.932 at 48 h, r=0.934 at 72 h, 
and r=0.948 at 96 h). However, the 
correlation of the total CA frequency 
with exposure time was moderate at 
5.00 mg/L (r=0.472).

Comet assay

Five damage classes were observed 
in the slides of A. cepa root tip 
meristematic cells based on head 
size and tail length and intensity 
(Supplementary Fig. S3). The comet 
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assay results are given in Table 3. Increased DNA dam-
age levels between 28.93% and 333.33% in the positive 
control and exposure groups compared to the negative 
control group were determined at four exposure times. 
After the DNA damage levels of the experimental 
groups at identical exposure times were examined, it 
was found that there were statistically significant dif-
ferences among the groups at all four exposure times 
(F4, 20=217.89, P<0.001 for a 24 h; F4, 20=216.89, P<0.001 

at 48 h; F4, 20=414.01, P<0.001 at 72 h; and F4, 20=369.94, 
P<0.001 at 96 h). At each exposure time, the lowest 
DNA damage level was determined in the negative 
control group and the highest in the positive control 
group. The lowest DNA damage level in the exposure 
groups was in the 1.25 mg/L group and the highest in 
the 5.00 mg/L group (Table 3). After the DNA damage 
levels for the exposure times in identical experimental 
groups were analyzed, it was determined that there were 

Fig. 2. Correlation graphs demonstrating concentration-response and time-response relationships. Correlation of the MI with the con-
centration (A) and the exposure time (B). Correlation of the total CA frequency with the concentration (C) and the exposure time (D). 
Correlation of the DNA damage with the concentration (E) and the exposure time (F).
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statistically significant differences among the exposure 
times in all the groups (F3, 16=24.28, P<0.001 for the 
1.25 mg/L group; F3, 16=214.81, P<0.001 for the 2.50 
mg/L group; F3, 16=82.53, P<0.001 for the 5.00 mg/L 
group; and F3, 16=9.39, P<0.01 for the positive control 
group) except for the negative control group (P>0.05). 
In these four groups, the highest DNA damage level 
was at the 96-h exposure time and the lowest at the 
24-h exposure time (Table 3). Additionally, correlation 
analyses showed that the DNA damage level was posi-
tively correlated with concentration at all four exposure 
times (P<0.001) (Fig. 2E) and with exposure time at 
all concentrations (P < 0.001) (Fig. 2F), indicating a 
statistically significant increase in DNA damage with 
higher concentrations and longer exposure durations. 
The correlation of DNA damage with concentration 
was strong at all four exposure times (r=0.947 at 24-h 
exposure, r=0.971 at 48 h, r=0.952 at 72 h, and r=0.927 
at 96 h). The correlation of DNA damage with exposure 
time was strong at 1.25 mg/L (r=0.904), 2.50 mg/L 
(r=0.975), and 5.00 mg/L (r=0.968).

DISCUSSION

Abamectin is one of the most extensively utilized 
pesticides worldwide in agriculture but also pharma-
ceutic and veterinary medicine. It is known to persist 
in water, soil, sediment, and crops, posing a potential 
risk to non-target organisms. Therefore, it is important 
to investigate all aspects of its toxic effects on non-
target organisms for reliable and robust environmental 
protection and management.

The MI, a biomarker of cell proliferation [35,36], 
is a parameter for assessing anthropogenic pollutants/
toxicants [22,37-39]. Consistent with the results of 
previous studies regarding the effect of abamectin on 

the MI [12,38], a significant decrease in MI, depen-
dent on both concentration and exposure time, was 
observed in the present study as a result of abamectin 
exposure, indicating that abamectin has a cytotoxic 
effect on A. cepa root tip meristematic cells. Based on 
the obtained MI results, the most cytotoxic abamectin 
concentration was 5.00 mg/L, followed by 2.50 and 1.25 
mg/L. In previous studies, abamectin was reported to 
be a cytotoxic pesticide [12,38,40], in agreement with 
the detection of its cytotoxic effect in this study. As it 
decreases MI, abamectin may have a mitochondrial 
depressive effect. This implies a negative effect on 
the cell cycle in A. cepa root tip meristem, preventing 
cells from entering prophase and stopping the cycle in 
interphase. The proportion of dividing cells decreased 
while that of non-dividing cells in interphase increased 
with increasing abamectin concentrations at all expo-
sure times. The blockage of the cell cycle stages (G1, S, 
and/or G2) prevents cell proliferation [41] and inhibits 
root growth. A 50% inhibition of MI compared with 
the control group is considered to be a toxicity limit 
value, with the evaluation of toxicity of a given chemical 
based on this value obtained in toxicity studies. Thus, 
decreases below 50% (i.e. inhibition above 50%) relative 
to the control group have a sublethal effect on the test 
organism, while decreases below 22% (i.e. inhibition 
above 78%) suggest lethal effects [7,42,43]. In the pres-
ent study, inhibition of the MI ranging from 14.97% 
to 85.80% after exposure to abamectin suggested that 
the toxic limit of abamectin in A. cepa after exposure 
for 96 h is a concentration below 1.25 mg/L. Based 
on the inhibition rates, it can be concluded that the 
abamectin concentration of 5.00 mg/L at 24-h exposure 
induces sublethal effects on A. cepa, concentrations 
of 2.50 and 5.00 mg/L at 96-h exposure have a lethal 
effect and a 1.25 mg/L concentration at 96-h exposure 
is sublethal. The concentrations of 2.50 and 5.00 mg/L 

Table 3. Effects of exposure to three different concentrations of abamectin (1.25, 2.50, and 5.00 mg/L) on the DNA damage in A. cepa 
root tips at different exposure times

Exposure time
DNA damage (AU)

Negative control 1.25 mg/L 2.50 mg/L 5.00 mg/L Positive control
24 h 76.40±15.44d,A 98.50±7.41d,B 127.10±12.29c,D 172.60±16.84b,D 314.40±17.31a,B

48 h 77.50±12.41e,A 112.60±10.81d,B 157.10±12.70c,C 222.80±20.32b,C 320.60±15.03a,B

72 h 78.00±16.55e,A 130.80±10.92d,A 225.90±7.58c,B 271.90±7.40b,B 333.60±12.02a,AB

96 h 82.50±18.18d,A 144.70±6.91c,A 292.00±11.66b,A 332.10±19.38a,A 357.50±10.23a,A

Data are presented as the mean±SD of five replicates (onions). DNA damage values with different lowercase superscripts in the same row are statistically 
different (P<0.05). DNA damage values with different uppercase superscripts in the same column are statistically different (P<0.05).
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at 48 h and 72 h induce sublethal effects in A. cepa. 
These toxicity evaluations emphasize the necessity of 
a detailed examination of the impacts of abamectin 
on non-target organisms for the maintenance of en-
vironmental health.

The PI is a parameter used for assessing cell divi-
sion inhibition [43,44]. The high PI value in the cell 
division phase suggests that cells in this phase take 
longer to transition to the next phase and complete 
division [44,45]. After analyzing the PI values for dif-
ferent mitotic phases, statistically significant changes 
were detected for several cases. In general, the PI values 
for prophase and metaphase slightly increased and the 
PI values for anaphase and telophase decreased with 
increasing abamectin concentrations. These changes 
in PI values may be due to the cytotoxic effect of ab-
amectin, which aligns with the observed decreases 
in MI values. The effect of abamectin on PI can be 
ascribed to obstacles at the beginning of cell division or 
to prolonged maintenance of prophase and metaphase 
due to mitotic stress in cells caused by abamectin.

Given that the toxic effects of various chemicals, 
including pesticides, may not be immediately evident, 
assessing their genotoxicity is essential in ecotoxicol-
ogy studies [42]. Genotoxicity is a crucial toxicological 
endpoint for assessing the safety of chemicals [46]. One 
widely used method for genotoxicity testing involves 
estimating CAs in dividing cells, a reliable parameter for 
assessing pesticide-induced genotoxicity [22,36,40,43].

In this study, abamectin exposure led to the forma-
tion of multiple CA types, such as polyploidy, C-mitosis, 
chromosome bridges, vagrant chromosomes, laggard 
chromosomes, ring chromosomes, and stickiness, and 
significantly increased CA frequency compared to 
the control. A notable concentration-dependent rise 
in overall CA frequency induced by abamectin was 
observed. This increase in CA frequency, alongside a 
decrease in mitotic index (MI), aligns with findings 
from studies on A. cepa and V. faba exposed to other 
herbicides [47]. Previous research also reports that 
several pesticides are highly genotoxic, leading to 
increased CA frequencies [10,12,43]. Thus, our find-
ings suggest that abamectin exerts genotoxic effects 
on A. cepa root tip meristematic cells, inducing CAs, 
which is consistent with studies identifying abamectin 
as highly genotoxic [12,38,40].

Furthermore, CA data in this study revealed that 
abamectin exposure significantly increased the fre-
quencies of C-mitosis, vagrant chromosomes, laggard 
chromosomes, and stickiness compared to other CA 
types. These findings suggest that abamectin’s CA-
inducing genotoxicity is likely linked to mitotic spindle 
impairment [48]. The observed CA types indicate that 
abamectin acts as both a clastogenic and aneugenic 
agent in A. cepa root tip meristematic cells [22].

The comet assay, or single-cell gel electrophoresis, 
allows researchers to detect DNA damage, specifically 
strand breaks, at the cellular level without relying on 
cell division [49]. DNA damage often results from in-
creased free radical and reactive oxygen species (ROS) 
activity following exposure to various chemicals. While 
organisms can repair DNA damage, the effectiveness of 
this repair depends on the concentration and duration 
of exposure, the characteristics of the DNA-damaging 
chemical, and the species involved [50].

In this study, a significant concentration- and 
time-dependent increase in DNA damage was ob-
served following abamectin treatment, suggesting a 
DNA-damaging genotoxic effect on A. cepa root tip 
meristematic cells. This finding aligns with the observed 
increase in total CA frequency mentioned earlier. The 
DNA-damaging effects of abamectin observed here are 
consistent with previous studies that used A. cepa as 
a model organism to assess the genotoxicity of other 
pesticides, such as imazethapyr [51], flubendiamide 
[39], and fenaminosulf [52].

Pesticides are known to induce ROS production, 
leading to oxidative stress and DNA strand breaks 
[13,50]. Although biochemical changes in root tip 
meristematic cells in response to abamectin expo-
sure were not assessed in this study, it is plausible 
that abamectin induced ROS production, resulting 
in oxidative stress within A. cepa root tip cells. Thus, 
the DNA-damaging genotoxic effects observed here 
may stem from the oxidative imbalance caused by 
abamectin in A. cepa root tip cells.

The literature is extensive regarding the toxic-
ity of abamectin across various organisms and cell 
types; however, to our knowledge, only two studies 
have specifically investigated its toxic effects on A. 
cepa [12,38]. In the present study, we examined the 
cyto-genotoxicity of abamectin, using the commercial 
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formulation Alopec® EC, by exposing A. cepa root 
meristematic cells to three different concentrations 
and assessing effects through cytogenetic and comet 
assays. While this study shares some aspects with 
previous research, such as using A. cepa as the test 
organism and conducting root growth and cytogenetic 
analyses, it distinguishes itself by introducing a new 
commercial pesticide, selecting a high concentration 
range that includes the recommended application 
level, sampling root tips at 24-hour intervals to rep-
resent four different exposure times, and employing 
the alkaline comet assay.

Examining the toxic effects of different commercial 
pesticide formulations on non-target organisms is 
crucial, as commercial products often exhibit higher 
toxicity than the active ingredients alone, likely due to 
additional excipients [23,53]. Moreover, by including 
the recommended application concentration in the 
concentration range, this study offers insights into 
potential environmental effects of abamectin exposure 
at realistic levels. Sampling root tips across four differ-
ent exposure times also allowed for the assessment of 
temporal variations in toxicity parameters, an important 
consideration given the persistence of pesticides like 
abamectin in the environment and their cumulative 
impact on non-target organisms.

The use of the alkaline comet assay provided a 
quantitative measure of DNA damage in individual 
cells, extending beyond cytogenetic analysis of CAs 
alone and offering a more comprehensive view of 
abamectin’s genotoxicity. Collectively, the findings 
of this study contribute to the existing literature on 
abamectin toxicity and offer a foundation for future 
research. These insights also provide valuable guidance 
for researchers and policymakers in addressing global 
environmental challenges, particularly as pesticide use 
continues to rise.

CONCLUSIONS

Given the ongoing environmental and public health 
challenges worldwide, investigating the toxic effects 
of pesticides is essential for guiding environmental 
management and conservation strategies. In this study, 
we evaluated the toxic effects of abamectin, the active 
ingredient in the commercial pesticide formulation 

Alopec® EC, on A. cepa root tips and analyzed toxic-
ity parameter changes based on concentration and 
exposure duration. The root growth assay demon-
strated a significant concentration-dependent reduction 
in root growth following abamectin exposure, with 
an EC50 value of 2.50 mg/L. Cytogenetic and comet 
analyses revealed that abamectin exposure caused 
a concentration- and time-dependent decrease in 
the MI, a significant increase in DNA damage, and a 
concentration-dependent rise in total CA frequency.

These results indicate that abamectin exerts lethal 
effects on A. cepa root tip meristematic cells, even 
at lower concentrations with prolonged exposure, 
alongside its ability to induce CAs and DNA damage, 
highlighting its significant cytotoxicity and genotoxic-
ity. To safeguard public health and ecosystems, careful 
regulation of abamectin concentrations, particularly 
in agroecosystems, is essential. Further research is 
recommended to fully elucidate the mechanisms un-
derlying abamectin’s toxic effects in A. cepa root tip 
meristematic cells and other organisms.
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Supplementary Fig. 3S. Classification 
of A. cepa root tip meristematic cells 
following the comet assay according 
to the head (nucleus) size and the tail 
length and intensity. A – Class 0; B 
– class 1; C – class 2; D – class 3; E – 
class 4. Stain is silver nitrate. Original 
magnification: 400 ×.

Supplementary Fig. 1S. Root growth of A. cepa exposed to tap 
water (control) and different concentrations of abamectin rang-
ing from 0.1 mg/L to 100 mg/L for 96 h.

Supplementary Fig. 2S. Typical mi-
totic stages in A. cepa root tip meriste-
matic cells (A–E) and the CAs detected 
in the cells after treatment experiments 
(F–L). A) interphase; B) prophase; 
C) metaphase; D) anaphase; E) telo-
phase; F) polyploidy; G) C-mitosis; 
H) chromosome bridge; I) vagrant 
chromosome; J) laggard chromosome; 
K) ring chromosome; L) stickiness.
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