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ABSTRACT

Thiacloprid is an insecticide of the neonicotinoid
family that acts on the insect’s nAChR receptor and
causes its paralysis and subsequent death. The genotox-
icity of the insecticide Calypso® 480 SC (with the active
substance thiacloprid) to human peripheral lympho-
cytes was examined in vitro by comet analysis and phos-
phorylated H2AX, where we detected DNA breaks. To
detect DNA damage in comet analysis, we used thiaclo-
prid-based insecticide in three different concentrations
(60, 240, and 480 pg.ml"') during 2 h of exposure. We
recorded a statistically significant percentage of damage
at a concentration of 240 and 480 pg.ml"'. We monitored
the toxicity of thiacloprid using yH2AX foci, and we
did not observe a statistically significant number of foci

compared to the negative control.
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INTRODUCTION

Neonicotinoids are one of the most important groups

of insecticides chemically related to nicotine [10]. They

are among the newly emerging groups of pesticides that
are used for the protection of plants (crops, fruits, and veg-
etables), livestock, and domestic animals. The mechanism
of action is that by their selective action on the nicotinic
acetylcholine receptor (nACHR) in the central nervous
system (CNS) of insects, they cause convulsions, paraly-
sis, and subsequently death [9]. Their popularity is due to
their unique biological properties such as broad spectral
activity, low application doses, excellent absorption and
translocation in plants, a novel mode of action, and a fa-
vourable safety profile [12].

Despite their positive properties, neonicotinoids have
a systemic effect, long persistence, and are highly soluble
in water, ultimately leading to the possibility of environ-
mental contamination and toxicity to non-target organisms
[1, 13, 18]. Contamination of the environment occurs in
a variety of ways, including dust generated during seed
pickling, runoff into watercourses, untargeted uptake of
the pesticide by the plant through the roots, or deposition
of dust on the leaves. Persistent pesticide concentrations in
non-target plants, watercourses, and soils are variable and
can be affected by the regularity of application [3].

Several recent studies have demonstrated the alarming-
ly harmful effects of neonicotinoid insecticides on human
and animal health. Due to their confirmed toxic effects on

bees in particular, in 2018 the EU banned three neonico-
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tinoids in particular: clothianidin, imidacloprid, and thia-
methoxam for external use. The toxic burden of insecti-
cides has increased dramatically in recent years as neon-
icotinoids have rapidly replaced older chemical groups in
most countries [6, 8].

In our study we focused on the toxicological effects
of thiacloprid, one of the eight neonicotinoids, at different
concentrations. We used two different genotoxic methods,
comet assay, and H2AX phosphorylation assay, to detect
DNA damage. Comet assay monitored DNA migration
of cells in agarose under simultaneous application of an
electric field to detect DNA breaks in human lymphocytes
after thiacloprid treatment, whereas H2AX phosphoryla-
tion depended on the cellular response to DNA damage to
generate yH2AX foci, which we considered to be markers
of double-strand breaks (DSBs).

MATERIALS AND METHODS

Detection of double-strand breaks by alkaline comet
analysis

Peripheral blood was collected from the vena cubi-
ti of a young woman using a sterile syringe containing
heparin solution (2000 IU per 10 cm®). Human periph-
eral blood lymphocytes were isolated using Histopaque
1077 separation medium and subsequently incubated in
a culture medium consisting of RPMI 1640 containing
L-glutamine and HEPES 15 umol.I'! (GE Healthcare Hy-
clone Lab, Utah, USA), 15 % foetal calf serum (BoFeS,
Sigma, ChemicalCo. St. Louis, MO, USA), antibiotics
(100 U.ml ™! penicillin, 0.1 mg.ml™" streptomycin and 0.25
pg.ml! amphotericin) and mitogen phytohemagglutinin
(PHA, 180 pg.ml!, Welcome, Dartford, England). The in-
secticide was added to the cultures for 2 h and dissolved in
distilled water and diluted at concentrations of 60, 240 and
Mikrochem, SR,

250 pmol.I'") was used as a positive control (5 min). The

480 ug.ml". Hydrogen peroxide (H,O,,
resulting samples were viewed at 20x magnification under
a fluorescence microscope (Nikon ECLIPSE Ni-U, Texas
Red filter) when 50—100 random cells were recorded. The
amount of damaged DNA was evaluated using CASPLab
software. Statistical analysis was performed using a sim-
ple analysis of variance (ANOVA, Student’s t-test), which
was used to evaluate the % DNA breaks when comparing

the exposed groups and controls.
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Detection of double-strand breaks using yH2AX foci
Thiacloprid was added to the culture medium (at a con-
centration of 480 pg.ml"') and doxorubicin 1 pmol.I"" was
used as a positive control. For detection of histone yYH2AX,
we used the primary antibody Anti-gamma H2A.X (phos-
phorus S139, ab26350) and the secondary antibody Goat
Anti-Mouse IgG H&L (Alexa Fluor® 488, ab150113). Fi-
nally, we stained the nuclei with DAPI+VECTASHIELD.
The yH2AX foci were evaluated by fluorescence micros-
copy using a NIKON Eclipse microscope equipped with a
dedicated Progress® camera and a METAFER automated

analysis module.

RESULTS

The results of our analysis of DNA damage by alkaline
comet assay in human peripheral blood lymphocytes after
2 h exposure to the neonicotinoid insecticide thiacloprid
(Calypso® 480 SC) at concentrations of 60, 240 and 480

pg.ml! are shown in Figure 1.
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Fig. 1. Percentage of DNA damage in the tail after 2 h exposure of
human lymphocytes to thiacloprid
NC (negative control); distilled water PC (positive control): H,0, (250
pmol. 1)
* P <0.05; ** P <0.01; ***P < 0.001
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Statistically significant lymphocyte DNA damage after
exposure to the commercial preparation Calypso® 480 SC
with thiacloprid as an active ingredient was observed at
concentrations of 240 and 480 pg.ml! (P <0.05; P<0.01).

A graphical representation of lymphocyte viability is
shown in Figure 2. Viability was evaluated by microscopy,
where we counted the number of dead and live cells using
a Biirker chamber. Human peripheral blood lymphocytes
had lower survival and apoptosis occurred at increasing

concentrations.
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Fig. 2. Cell viability — the ability of cells to survive after exposure
to Calypso® 480 SC

Viability of humane peripheral blood lymphocytes determined by the
alkaline comet assay.

When determining the viability, we found that at a con-
centration of 60 pg.ml' the cells showed 97.69 % viability
and there was an average of 3 dead cells per square. At
a concentration of 240 pg.ml”, the viability was 97.69 %
and there was an average of 4 dead cells per square. At our
highest concentration of thiacloprid in Calypso® 480 SC
480 pg.ml! the viability was 91.27 % and the number of
dead cells was on average 5 per square.

Visualization was performed using a fluorescence mi-
croscope (Nikon ECLIPSE Ni-U) equipped with a special
(CCD) camera and connected to a computer. With the help
of the photos, we were able to visually assess the damage
of the comets shown in Figure 3 where we can observe
significantly with increasing concentration more and more
comets that contain a tail, formed due to the DSB and in
this case an important marker of damage to our cells.

DNA damage was investigated after exposure of lym-
phocytes to thiacloprid. The cells were treated with the in-
secticide for 2 h. The positive control was H,O, (5 min).
a) Negative control; b) 60 pg.ml'; ¢) 240 pg.ml'; d) 480
ug.ml; e) positive control H,0,.

In the second part of our experiment, we addressed
the detection of double-strand breaks (DSBs) using the
yH2AX histone. Our assay aimed to detect the ability of
yH2AX to form foci after 4 h exposure to thiacloprid at
a concentration of 480 pg.ml! (not shown). In our experi-
ment, we concluded that lymphocytes did not induce sta-
tistically significant foci of phosphorylated H2AX histone,
which could confirm the DBS caused by the insecticide
thiacloprid.

DISCUSSION

The possible genotoxic effects of the insecticide Ca-
lypso® 480 SC with the active substance thiacloprid were
evaluated in human lymphocytes by an alkaline version
of the comet assay. Our results showed that Calypso® 480
SC can induce significant levels of DNA damage in lym-
phocyte cells, but only at the higher concentrations tested
(P < 0.05; P < 0.01). Our findings were consistent with
those of previous studies, at different concentrations and
exposure times, with the authors using bovine or human
lymphocytes.

Calderon—Seguraetal [4] observed signifi-
cantly increased comet percentages and tail lengths using
alkaline comet assay after exposure of human peripheral
lymphocytes to the insecticidal products Calypso® 480SC
(thiacloprid), Poncho (clothianidin), Gaucho (imidaclo-
prid) and Jade (prothioconazole, tebuconazole). The au-
thors observed an increased percentage of damage in a
dose-dependent manner for all pesticides tested. They also
found that Jade showed the highest cytotoxicity and geno-
toxicity compared to the other insecticides tested.

Feng etal [7] investigated the effects of thiacloprid
on the earthworm Eisenia fetida, where the worms were
exposed to 1 and 3 mg. kg of the insecticide for 7, 14, and
28 days. The results showed that the activities of enzymes
such as glutathione-S-transferase (GST), carboxylesterase
(CarE), superoxide dismutase (SOD), catalase (CAT), and
peroxidase (POD) were inhibited after thiacloprid expo-
sure at one or more sampling times and then increased
during recovery compared to control. The activity of these
enzymes is often used as an important marker of increased
ROS production [2], which is thought to be the primary
source of DNA damage following pesticide exposure [5,
16]. In their study, they also confirmed significant DNA
damage in the comet assay, which increased with thiaclo-
prid exposure time and then decreased with recovery time.

Genotoxic effects have also been confirmed for oth-
er neonicotinoids, such as acetamiprid, which was tested
on Eisenia fetida [11], where changes were noted in the
comet tail after sub-chronic exposure at concentrations
of 0.05-0.50 mgkg'. Similar to thiacloprid, increased
concentrations of ROS and changes in the antioxidant en-
zymes CAT and GST were observed.

Schwarzbacherova etal [17] investigated

the genotoxic effects of a thiacloprid-based insecticide
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Fig. 3. Visualization of comets using a fluorescence microscope (Nikon ECLIPSE Ni-U)
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on bovine peripheral lymphocytes using concentrations
(10, 30, 60, 120, 240 pg.ml ') and exposure time (4 h) in
their experiment. They used several genotoxicity assays
in their study namely: neutral comet assay, cytotoxicity
assay with acridine orange/ethidium bromide staining,
TUNEL assay, 53BP1 and p53 immunostaining, ap-
optosis assay, micronucleus assay, and oxidative stress
parameters. They found that decreased cell viability and
proliferation, 53BP1-mediated cell cycle arrest in the
G1/GO0 phase, and induction of apoptosis, which was ac-
companied by increased concentrations of mitochondri-
al superoxide and carbonylated proteins, were observed
after exposure of cells to thiacloprid. Furthermore, ox-
idant-based DNA damage and DNA damage response
(DDR) were observed, specifically micronucleus forma-
tion, DNA double-strand breaks, and mild accumulation
of p53-binding protein (53BP1) foci.

In the second part of our experiment, we detected foci
of yH2AX in peripheral human lymphocytes after 4 h ex-
posure to thiacloprid (480 pg.ml'), where we did not ob-
serve increased foci formation compared to the negative
control. S am k o v & etal. [14] also investigated pure
thiacloprid at the same concentration on human peripheral
lymphocytes, where, similarly to our case, they concluded
that lymphocytes did not contain statistically significant
foci of phosphorylated H2AX. In addition to yH2AX, they
also evaluated chromosomal and chromatid aberrations
after thiacloprid exposure. They observed statistically sig-
nificant increases at concentrations of 240 and 480 pg.ml"!
and found that chromosomal and chromatid damage were
among the most common aberrations.

Sekeroglu etal [15]investigated the effects of
the insecticide clothianidin on human bronchial epithelial
cells (BEAS-2B). They detected the genotoxicity of clo-
thianidin using yH2AX, 53BP1 loci, and by comet assay.
Three different concentrations (0.15, 0.3, and 0.6 mmol.
I'") and three different exposure times (24, 72, and 120 h)
were used for the analysis. They found that clothianidin
exhibited direct toxic effects on BEAS-2B cells and their
viability decreased with increasing insecticide concentra-
tion, which is comparable to the cell viability observed af-
ter exposure to our test insecticide thiacloprid. In the com-
et assay, tail intensity (%) showed a significant increase at
each clothianidin concentration and at each exposure time
except at the lowest concentration (0.15 mmol. 1) for 24
h. Foci of yH2AX and 53BP1 were observed at all con-

centrations and exposure times, and there were even sig-
nificantly increased numbers of foci in the recovery groups

when cells had time to repair.

CONCLUSIONS

In our study, we were able to record the percentage of
DNA in the tail after exposure to Calypso® 480 SC with
the active ingredient thiacloprid at higher concentrations
(240 and 480 pg.ml') which has been confirmed by oth-
er studies. Our second test, which evaluated the ability
of thiacloprid to generate foci of phosphorylated yH2AX
using the automated program Metafer, came out negative
compared to the control. Although exposure to Calypso®
480 SC induced formation of yH2AX foci, these increas-
es were not significant (P > 0.05). The use of only one
genotoxicity test does not provide sufficient information
to determine the reliability of pesticides. Therefore, var-
ious biomarkers were used to assess the genotoxicity of
pesticides. Detection of yH2AX is a suitable alternative,
in addition to other assays such as comet assays, to further
test the genotoxic effect of various substances.

Considering that neonicotinoids are used to treat crops
with which various non-target organisms, such as bees, as
well as humans, come into contact, it is important that the
toxicity of these substances are continuously investigated
in the future. Comet assay and histone yH2AX detection
certainly have their place in testing, not only pesticides,
but also many other potentially toxic substances that could

induce DNA damage.
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