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Abstract The present study aimed to investigate the
genotoxic, cytotoxic and aneugenic effects of 1, 2, 3.75,
7.5, 15, 30 uM concentrations of the insecticides A-cyhal-
othrin (LCT) and o-cypermethrin (CYP) on human
peripheral blood lymphocyte culture using micronucleus
(MN) and fluorescence in situ hybridisation (FISH) meth-
ods. All the concentrations were tested to assess the MN
and apoptosis effects, and 1 and 2 pM LCT and 7.5 and
15 uM CYP concentrations were tested for FISH analysis.
The cytotoxic effect was also observed using trypan blue
and the acridine orange/ethidium bromide fluorescence
staining method to measure the apoptotic effect. It was
observed that both of the insecticides had a cytotoxic effect
at all the concentrations (p < 0.001) and apoptotic effect
for LCT at 15-30 uM (p < 0.05; p < 0.01) for CYP
between 2 and 30 uM concentrations (p < 0.05; p < 0.01).
The micronuclei that developed after exposure were
induced because of an aneugenic effect (p < 0.001). LCT
and CYP might be spindle poisons or caused damaged to
centromere/kinetochore function.

Keywords A-Cyhalothrin - a-Cypermethrin - FISH -
Aneugenic effect

Pyrethroids represent a class of chemical pesticides widely
used in recent years. They are a synthetic form of pyre-
thrins, which are widely used for the control of various
insect pests. o-cypermethrin (CYP) and A-cyhalothrin
(LCT) are synthetic type II pyrethroid insecticides that have

F. D. G. Muranli (X))

Department of Biology, Faculty of Sciences, Trakya University,
22030 Edirne, Turkey

e-mail: fulyadilek @trakya.edu.tr

been studied in cytogenetic investigations. However, the
results of the studies have varied according to the different
assays and materials used in the test systems, and thus,
contradictory results have been observed. LCT is highly
toxic to fish, aquatic arthropods and honeybees (WHO
1990). The World Health Organization (WHO 2004)
declared that most genotoxicity tests (e.g. reverse mutations
in bacteria, in vitro gene mutations, unscheduled DNA
syntheses, cytogenetic effect tests in mammalian cells and
in vivo micronucleus (MN) tests in mice exposed to LCT
have yielded negative results. However, in recent studies,
LCT has shown positive results in mammalian test systems
(Celik et al. 2003, 2005). Moreover, it has been stated that
although technical forms of A-cyhalothrin show a weak
toxic effect, formulations show high toxic activity (James
1991). Although the toxicity of LCT has been extensively
investigated in insect and animal models, there are few
reports of cytotoxicity and genotoxicity in humans in the
in vitro models (Rupa et al. 1989; Amer and Aly 1992;
Muranli 2009). Due to the lack of in vitro data on the effect
of LCT on human peripheral blood lymphocytes and the
conflicting results obtained in mammalian test systems, it is
necessary to evaluate the effects of a commercial formula of
LCT at the cytotoxic and genotoxic levels in vitro on
peripheral blood samples of healthy human volunteers.
a-Cypermethrin is another highly active pyrethroid
insecticide that is effective in public health, animal hus-
bandry, and agriculture. It has been indicated that CYP
does not induce genotoxic damage in human lymphocyte
culture (Puig et al. 1989) in mouse bone marrow (Chauhan
et al. 2005). It was also stated that CYP led to an increase
in the frequency of CA and single strand-breaks in human
lymphocytes (Suman and Jamil 2006), DNA damage and
MN in vitro in human lymphocytes (Undeger and Basaran
2005; Kocaman and Topaktas 2009). These contradictory

@ Springer



358

Bull Environ Contam Toxicol (2013) 90:357-363

results necessitate genotoxicity studies of pesticides using
different assays with different test materials.

The MN assay is a useful method for evaluating the
genotoxic effect of chemicals and assessing DNA damage
at the chromosome level. The cytokinesis-block MN
(CBMN) assay has been widely used in different cell types
including human lymphocytes for the evaluation of the
clastogenic and aneugenic potential of various agents; that
is, their potential to induce chromosome breakage and
maldistribution. The combination of the cytokinesis-block
method with hybridisation with general or chromosome-
specific centromeric/telomeric probes allowed the identi-
fication of the major mechanisms responsible for MN
induction: double DNA strand breaks leading to micronu-
clei with acentric fragments and failure of the mitotic
apparatus resulting in micronuclei with entire chromo-
somes (Kirsch-Volders et al. 2003). In order to discriminate
MN produced by agents causing chromosome breakage
(clastogens) from those arising following treatment with
agents causing spindle malfunctioning (aneugens), the
fluorescent in situ hybridisation (FISH) technique with a
centromere-specific alpha-satellite DNA probe was used
(Farooqi et al. 1993).

Apoptosis, or programmed cell death, is a process in
which cells play an active role in their own death. Apop-
tosis can be induced by a wide range of biological stimuli
as well as by chemical, physical and genetic factors. It has
been demonstrated that pyrethroid insecticides have an
apoptotic effect on different test organisms (Casco et al.
2006; Fu et al. 2011b).

The present study aims to evaluate the genotoxic,
cytotoxic, clastogenic/aneugenic and apoptotic effects of
A-cyhalothrin and o-cypermethrin on human peripheral
blood lymphocyte culture using CBMN, FISH and Ethi-
dium Bromide/Acridine Orange (EB/AQO) fluorescence
staining methods.

Materials and Methods

The following commercial formulations of synthetic
pyrethroid insecticides were used as test substances:
A-cyhalothrin (commercial name: Tekvando 5 EC with 5 %
active substance; CAS No: 91465-08-6; chemical name:
(RS)-a-cyano-3-phenoxybenzyl = 3-(2-chloro-3,3,3-trifluo-
ropropenyl)-2,2,-dimethylcyclopropanecarboxylate) and
a-cypermethrin (commercial name: Super Takimethrin 100
EC with 10 % active substance; CAS No: 67375-30-8;
chemical name: (S)-a-cyano-3-phenoxybenzyl (1R)-cis-3-
(2,2-dichlorovinyl)-2, 2-dimethylcyclopopanecarboxylate
and (R)-a-cyano-3-phenoxybenzyl(1S)-cis-3-(2,2-ichlorovi-
nyl)-2,2-dimethylcyclopopanecarboxylate). The test sub-
stances were prepared in sterile bidistilled water.
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The concentrations (1, 2, 3.75, 7.5, 15, 30 uM) were
chosen based on a previous study (Muranli 2009). Mito-
mycin C (MMC; CAS No: 50-07-7; SIGMA; 0.1 pg/mL)
was used as a positive control for the MN assay, and
0.1 puM vinblastine sulphate (VBL; CAS No: 143-67-9; MP
Biomedicals) was used as an aneugenic agent for the FISH
assay. All the concentrations were tested to assess the MN
and apoptosis effects, and 1 and 2 pM LCT and 7.5 and
15 uM CYP concentrations were tested for the FISH
analysis.

The culture medium included 10 % foetal calf serum
(Sigma), 1 % phytohaemagglutinin (GIBCO), 89 % Ham’s
F-10 (PAN Biotech) and antibiotics (100 IU penicillin/mL
and 100 pg streptomycin/mL) for the MN assay. For the
MN test, whole-blood cultures were prepared according to
Fenech and Morley (Fenech and Morley 1985). The whole-
blood samples used in the cultures came from healthy,
30-year-old, non-smoking volunteers (two females and two
males) with no history of pesticide exposure. Cytochalasin-
B (final concentration 6 pg/mL) was added after 44 h of
incubation. The cells were exposed to LCT and CYP
concentrations for the last 24 and 48 h of the 68 h culture
period. Whole-blood cultures were used for the MN and
FISH analyses. The number of MN in 2,000 binucleated
(BN) cells per donor (a total of 8,000 binucleated cells per
concentration and treatment period) was scored. Slides
were stored at —20°C for the FISH analysis. A total of
2,000 cells (500 cells per donor for each concentration and
treatment period) were scored for the determination of the
proliferation index. Nuclear Division Index (NDI) was
calculated according to the following formula: NDI =
M1 + 2(M2) 4+ 3(M3) + 4(M4)) / N, where MI1-M4
represent the number of cells with one to four nuclei,
respectively, and N is the total number of cells scored
(Eastmond and Tucker 1989).

FISH was performed using an alpha-satellite probe for
all human centromeres (prime FISH pancentromere;
DIAGEN 1002-CR) according to the manufacturers
instructions. The bandpass filters used were 510, 490 and
360 nm for green, blue and ultraviolet light. At least 50
MN were analysed for the presence of a centromere-posi-
tive signal for each experimental point.

For the EB/AO assay, heparinised blood (20 mL) was
obtained from four healthy donors (two males and two
females). Lymphocytes were separated using Ficoll’s sin-
gle-step continuous density-gradient centrifugation tech-
nique. The separated lymphocytes were washed three times
in Ham’s F-10 culture medium and counted under a
microscope. The lymphocytes were suspended in the
complete culture medium (Ham’s F-10, 10 % foetal calf
serum and antibiotics) to a density of 3 x 10° cells/mL and
incubated with LCT and CYP (1, 2, 3.75, 7.5, 15 and
30 uM concentrations) for 48 h at 37°C in an incubator.
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Table 1 The frequencies of MN and NDI values

Insecticide

Concentration 24 h exposure MN frequency

48 h exposure MN frequency 24 h exposure

48 h exposure

Mean £+ SE Mean + SE NDI NDI
Mean + SE Mean £+ SE
MN % BNMN MN %0BNMN
Control (—) distilled 0.02 mL/mL 3.5+ 1.2 354+29 675+ 19 675+£19 1.54 + 0.17 1.54 £ 0.11
water
Control (+) MMC 0.2 pg/mL 43 £ 12%%% 3975 £ 11%** 149.7 &+ 14 129 £ 11.3*** 140 & 0.16***  1.13 £ 0.04***
A-Cyhalothrin (uM) 1 534+33 5+3 14 + 3.1 9.5+ 1 1.25 £ 0.1%** 1.25 + 0.06%**
2 7T+ 4 6+ 3.5 132+ 3 11+£12 1.13 £ 0. 1%** 1.15 &+ 0.03%**
3.75 Toxic Toxic Toxic Toxic 1.06 £ 0.0%** 1.05 £ 0.02%%*%*
7.5 Toxic Toxic Toxic Toxic 1.02 £ 0.0%** 1.00 £ 0.00%**
15 Toxic Toxic Toxic Toxic 1.00 £ 0.0%** 1.00 £ 0.00%%*%*
30 Toxic Toxic Toxic Toxic 1.00 £ 0.0%** 1.00 + 0.00%**
o-Cypermethrin (M) 1 6.3 +£3.5 6+ 1.7 11.8 £ 32 10.8 £ 3.1 1.50 & 0.17*** 148 £+ 0.12%**
2 85+34 7.8 +£29 17 £ 3.7 155 £ 32 1.43 £ 0.16%**  1.44 £+ 0.11%**
3.75 85+£25 7.8 +24 135+ 06 128 £0.6 1.34 + 0.13***  1.34 4+ 0.08%**
7.5 9.8 +3.5 83+3 18 + 44 173+ 4 1.30 + 0.12%**  1.26 + 0.10%**
15 12+ 4.6 9.6 44 165+ 35 145+ 3.7 1.22 4+ 0.11%**  1.21 £ 0.09%:**
30 Toxic Toxic Toxic Toxic 1.03 £ 0.00%**  1.01 & 0.01%**

Mean + SE
**% significant at p < 0.001

The control cultures were incubated without genotoxic
agents. At the end of the incubation period, for the esti-
mation of the dead cell fraction, cultures were stained with
a 0.4 % solution of trypan blue in PBS. The number of
blue-stained (dead) cells within 2,000 cells was counted.
The staining of the cells with a mixture of fluorescent dyes
(EB/AO) followed the procedure described in Current
Protocols in Immunology (Martin 1998). The cell suspen-
sion (25 pL) was mixed with 1 pL of dye mix (100 pg/mL
AO + 100 pg/mL EB). To determine the percentage of
viable versus dead cells that had undergone apoptosis or
necrosis, 300 cells for each concentration per donor were
examined.

Significances of frequencies of binucleated micronu-
cleus (MNBN) cells in the MN assay and centromere-
positive MN (C+MN) cells in the FISH assay were
evaluated using Fisher’s exact test compared to the control
group. The student ¢ test was used to determine apoptotic
effect results. NDI was analysed using the x> test
(p < 0.05).

Results and Discussion

Total MN frequencies and proliferation index values
obtained from four donors are shown in Table 1. Both of
the pesticides decreased NDI significantly (p < 0.001),
indicating their cytotoxic effect. Concentrations of LCT of
3.75 uM and higher completely inhibited cell division and

showed a cytotoxic effect. For CYP, a concentration of
30 uM inhibited cell division completely. NDI results
showed that the cytotoxic effect of LCT was greater than
that of CYP. The 48-h exposure period caused a greater
genotoxic effect than the 24-h exposure period. Thus, the
results of the MN assay reveal that the two insecticides
have a high cytotoxic and a probable genotoxic effect on
human peripheral blood lymphocyte culture.

The clastogenic or aneugenic reason for the probable
genotoxic effect was investigated on the slides using FISH
assays that were prepared after 1 and 2 pM LCT and 7.5
and 15 uM CYP for 48-h exposure on human lymphocyte
culture with the MN assays of two donors. Table 2 shows
the frequencies of centromere-positive (C+4) and centro-
mere-negative (C—) micronucleated cells induced by LCT,
CYP and positive control vinblastine sulphate. The per-
centage of positive signals was statistically significant in
treated cultures when compared with that of the control
(p < 0.001). Results obtained with the FISH assays dem-
onstrated the aneugenic effect of LCT and CYP.

Lymphocyte viability and mode of cell death was
studied in LCT- and CYP-exposed lymphocyte cells using
a membrane-excluded dye (trypan blue) visible by light
microscopy and a combination of membrane-excluded and
non-excluded DNA-binding fluorescent dyes (AO/EB)
visible by fluorescence microscopy. Apoptotic lympho-
cytes were observed depending on the deformation occur-
ring in the cell membrane. During the trypan blue staining,
healthy and living cells appeared white, while apoptotic
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Table 2 The frequencies of

(C-) and C(+-)MN induced by Compound Concentration Number of micronuclei
(48 h exposure)

LCT, CYP and (+)contol (uM) Total (C—)MN % (C+) MN %
vinblastine sulfate

) - (—) Control - 100 47 53
C + MN, Micronuclei include (+) Control 0.1 100 18 g
centromere; C—MN, . o
Micronuclei do not include A-Cyhalothrin 1 100 8 92
centromere 2 100 12 8gH**
** significant at p < 0.01; a-Cypermethrin 7.5 100 13 87***
**%* significant at p < 0.001 15 100 11 EEES

(Fisher’s exact xz test)

1A

3A 3B
¢

Fig. 1 Apoptosis stages of lymphocytes. 1a Viable cell with normal
nucleus- Bright green chromatin with organized structure. 1b Viable
cell with apoptotic nucleus- Condensed bright green chromatin lc
Viable cell with apoptotic nucleus-Fragmented bright green chroma-
tin. 2a Nonviable cell with normal nucleus-Bright orange chromatin
with organized structure. 2b, 2c¢ Nonviable cell with apoptotic
nucleus- Condensed yellow-orange chromatin. 3a Nonviable cell with
normal nucleus — Bright red chromatin with organized structure. 3b
Nonviable cell with apoptotic nucleus — Condensed red chromatin. 3¢

Nonviable cell with apoptotic nucleus- Fragmented red chromatin
(Color figure online)

C

cells appeared blue. As a result of AO/EB staining, four
types of cells were observed: (1) viable cells with normal
nuclei (bright green chromatin with organised structure),
(2) viable cells with apoptotic nuclei (condensed or frag-
mented bright green chromatin), (3) nonviable cells with
normal nuclei (bright orange chromatin with organised
structure) and (4) nonviable cells with apoptotic nuclei
(condensed or fragmented bright red chromatin (Fig. 1).
Normal and apoptotic nuclei in live cells produce a bright
fluorescent green, while normal and apoptotic nuclei in
dead cells produce a bright orange or red (Fig. 1).
Cypermethrin, one of the two insecticides tested in the
same concentrations, has a greater apoptotic effect than
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LCT. Although LCT induced apoptosis at significantly
higher concentrations (15 and 30 pM), CYP induced
apoptosis even at significantly lower concentrations (2,
3.75, 7.5, 15 and 30 puM) (Table 3).

In the present study, the genotoxic, cytotoxic, clasto-
genic/aneugenic and apoptotic effects of A-cyhalothrin and
a-cypermethrin on human peripheral blood lymphocyte
culture were investigated using MN and FISH assays and
AO/EB staining methods. The MN assay results showed
that two of the pesticides induced MN induction in some
donors. The frequency of MN cells was not seen due to the
cytotoxic effect that decreased the number of binucleated
cells. NDI frequencies were significantly decreased, indi-
cating the cytotoxic activity of insecticides.The results of
the MN assay of the present study showed that the cyto-
toxic effect of LCT and CYP is much greater than the
genotoxic effect. Similar results have been obtained in
other investigations. For example, the pyrethroid insecti-
cide supermethrin has been characterised as more toxic
than clastogenic or genotoxic (Dianovsky 1995). Super-
methrin has not been shown to induce a significant increase
in chromosome damage after in vivo and in vitro studies in
sheep peripheral tissues (Dianovsky 1992).

In the present study, although a significant cytotoxic
effect was observed after LCT and CYP exposure, the
insecticides showed a weak genotoxic effect on human
peripheral blood lymphocytes. Similarly, Surralles et al.
(1995) indicated that pyrethroid insecticides (including
cypermethrin, deltamethrin and fenpropathrin) exhibit
weak genotoxic activity in vitro in human lymphocyte
culture (Surralles et al. 1995). In another study, indepen-
dent exposure of a commercial formulation of cypermeth-
rin (Cyperkill 25 % EC) showed significant inhibition of
MI but did not show CA or micronucleated polychromatic
erythrocytes (PCE) in mouse bone marrow (Chauhan et al.
2005). Permethrin (pyrethroid insecticide) showed a cyto-
toxic but not genotoxic effect in cultured human lympho-
cytes in an in vitro MN test (Djelic and Djelic 2000).

FISH experiments were carried out using an alpha-
satellite probe, complementary to the centromeres of all
human chromosomes. Two concentrations of both
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pesticides (1 and 2 uM LCT and 7.5 and 15 uM CYP)
were studied in lymphocyte cultures. Frequencies of
micronuclei exhibiting (C+MN) or not exhibiting (C—
MN) centromeric signals, thus containing whole chromo-
somes or acentric chromosome fragments, were deter-
mined. C—MN is the result of breakage events, while
C+MN is the result of chromosome loss. The frequency of
C+MN, which contains whole chromosomes, was signifi-
cantly different from the control, indicating an aneugenic
effect. The result of the FISH assay demonstrated that MNi
induction is due to the aneugenic effect. The aneugenic effect
causes spindle disturbance, which leads to aneuploidy in
dividing cells. These findings suggested that CYP and LCT
might be spindle poisons or caused damaged to centromere/
kinetochore function (Fenech and Morley 1989). Similarly,
the same results were obtained in other investigations. In-
stitoris et al. (1999) indicated that CYP and permethrin
(pyrethroid insecticide) increased the number of numerical
chromosome aberrations in bone marrow cells but did not
change the number of structural aberrations in Wistar rats
(Institoris et al. 1999). It has also been indicated that some
commonly used pesticides are capable of inducing aneu-
ploidy in human sperm (Harkonen 2005).

In our previous study (Muranli 2009), although LCT
was not a clastogenic agent on human peripheral blood
culture by CA assay, the insecticide induced aneuploidy in
the early S phase of the cell cycle. This previous result also
supports the present study’s finding that LCT and CYP has
an aneugenic effect. Similarly, Hadnagy et al. (1999)
indicated that pyrethroids inhibit cell cycle progression
during mitosis by interfering with the mitotic spindle
apparatus and reported that, depending on partial spindle
disturbance, aneuploidy may occur in the subsequent cell
division.

The results of the present study demonstrated that the
apoptotic effect of CYP was greater than that of LCT. Even
at lower concentrations, CYP has an apoptotic effect on
isolated human peripheral lymphocytes. The results
showed that LCT has a greater cytostatic effect than CYP
and CYP has a greater apoptotic effect than LCT. Simi-
larly, in previous studies, it has been demonstrated that
pyrethroids induce apoptosis in the testicular tissues of rats
(EI-Gohary et al. 1999) and have an apoptotic effect on fish
(Fu et al. 2011a). In the present study, both insecticide-
inhibited cell division (in the MN assay) and induced cell
death (in the AO/EB cell viability assay) were demon-
strated. Aberrations might not be detected with cytogenetic
methods due to the inhibition of cell division or cell death.
A comparison of the two insecticides reveals that the
apoptotic effect of CYP was greater than that of LCT.

The results of the MN assay revealed that LCT and CYP
showed a weak genotoxic effect on human peripheral blood
lymphocyte culture. LCT and CYP have aneugenic effect
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shown by the FISH assay. CYP and LCT might be spindle
poisons or caused damaged to centromere/kinetochore
function. The results of the cell viability method indicated
that both of the insecticides induced cell death. CYP
induced an apoptotic effect even at lower concentrations,
and LCT affected the cell cycle even at lower concentra-
tions. Different results may be obtained using pure or
commercial formulations of pesticides on different test
systems. Commercial formulations are commonly used
forms in agriculture, and the genotoxic activity of these
pesticides needs to be investigated using different test
systems.
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