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Abstract

In this study, the genotoxic and cytotoxic potential of lambda-cyhalothrin (LCT), a synthetic pyrethroid insecticide, was
investigated in Wistar rat bone-marrow cells, using the structural chromosomal aberration (SCA) and micronucleus (MN)
test systems. LCT was administrated to adult female albino rats as repeated i.p. doses of 6.12, 3.06, 0.8 mg/kg BW for 13
days at 48 h intervals. Mitomycin C (MMC) was used as a positive control (2 mg/kg BW). All the doses of LCT increased the
number of structural chromosomal aberrations and the frequency of micronucleated erythrocytes, compared with the control
group. It was also observed that LCT caused a significant decrease in the number of polychromatic erythrocytes. Our results
demonstrate that LCT has a clastogenic/genotoxic potential as measured by the bone marrow SCA and MN tests in Wistar
rats.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction

The synthetic pyrethroid insecticides are analogs of
naturally occurring pyrethrins. Synthetic pyrethroids
are a group of potent insecticides that are environmen-
tally compatible by virtue of their moderate persis-
tence, low volatility and poor aqueous mobility in soil.
A wide margin of safety to mammals also makes these
compounds ideal insecticides for widespread use in
agriculture, veterinary and public health programs[1].

With the use of pyrethroids steadily rising, it may be
an urgent need to identify the possible adverse effects
that may be associated with their use. The genotoxic
potential of some pyrethroid insecticides has been
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shown in previous studies[2–4]. Lambda-cyhalothrin
(LCT) is a newer pyrethroid insecticide used all over
the world. The cytogenetic effects of LCT were inves-
tigated in humans and in various animal species using
different endpoints such as micronucleus (MN) forma-
tion, induction of chromosomal aberrations, and sister
chromatid exchange[5–7]. The rodent bone-marrow
MN and CA tests are the most widely used short-term
in vivo assays for identification of genotoxic effects
such as chromosome damage and aneuploidy, associ-
ated with mutagenesis and carcinogenesis[8,9].

The data reported on the genotoxicity of synthetic
pyrethroids, including LCT, are rather controversial.
The aim of the present work was, therefore, to authen-
ticate the potential in vivo genotoxic effects of LCT
in bone marrow cells of female laboratory rats using
chromosomal aberrations and micronuclei as genetic
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endpoints. The ratio of polychromatic erythrocytes
(PCEs) to normochromatic erythrocytes (NCEs) was
also calculated to evaluate the cytotoxic effects of
LCT in bone marrow.

2. Materials and methods

2.1. Chemical

LCT, a synthetic pyrethroid insecticide with the
trade name ‘KARATE’ (Fig. 1), CAS chemical name
(R + S)-�-cyano-3-(phenoxyphenyl)methyl-(1S +
1R)-cis-3-(2-2chloro-3,3,3-trifluoroprop-1-enyl)-2-2-
dimethyl-cyclopropane-carboxylate, CAS registry
number 91465-08-06, was from ZENECA agrochem-
icals, UK (2.5%).

2.2. Animals and treatment

Healthy adult female swiss albino rats (Wistar rat)
(6–8 weeks of age, with average body weight (BW) of
180–200 g) were used in this study. Rats were obtained
from the Experimental Animal Center, University of
Gaziantep, Turkey. The rats were randomly selected
and housed in polycarbonate boxes (three or four rats
per box) with stell wire tops and rice husk bedding.
They were maintained in a controlled atmosphere with
a 12 h:12 h dark/light cycle, a temperature of 22±
2 ◦C and 50–70% humidity with free access to pelleted
feed and fresh tap water. The animals were supplied
with dry food pellets commercially available. For each

Fig. 1. Structure of the pyrethroid insecticide lambda-cyhalothrin
(LCT, C23H19CIF3NO3).

dose group, the animals were allowed to acclimate
for 5 days before treatment. LCT was diluted with
isotonic saline as required. LCT was intraperitoneally
administered to adult female albino rats at the doses
of 6.12, 3.06 and 0.8 mg/kg BW, one dose per 48 h
given for 13 days. Three animals were used in each
group per assay. The animals received a total of seven
injections of LCT during the present study.

2.3. Doses

The animals tolerated the highest dose with mini-
mal toxic symptoms. The toxic symptoms were mostly
neurological. However, the animals recovered within
2 h of the treatment. It has been determined that the
LD50 dose for LCT was 612 mg/kg BW for mammals.
Therefore, the highest dose was set at 6.12 mg/kg BW,
i.e. 1% of the LD50 dose. The lowest dose was de-
termined to be 0.8 mg/kg BW because this dose did
not neurologically affect the rats. Groups of three rats
were treated at three different LCT dose levels, 6.12,
3.06 and 0.8 mg/kg BW. Each rat received a total of
seven doses at 48 h intervals, and genotoxic and cy-
totoxic effects were investigated in the bone marrow.
The cumulative doses of LCT given to rats were thus
42.84, 21.42, and 5.6 mg/kg BW.

MMC (2 mg/kg) was used as a positive control. The
positive control and the untreated control rats were
identically treated with equal volumes of normal saline
only via intraperitoneal (i.p.) injection. It is acceptable
that a positive control is administered by a route dif-
ferent from or the same as the test agent and that it is
given only a single time[10]. MMC was given as a
single dose. The same dose regimes were used in both
the chromosome aberration and MN assay.

2.4. Chromosome aberration assay

The rats were sacrificed 24 h after administration
of the last dose for chromosome aberration assay.
Cytogenetic analysis was performed on bone mar-
row cells according to the recommendations of Adler
[11], with slight modifications. Experimental animals
were injected (i.p.) with colchicine (4 mg/kg) 1.5 h
prior to sacrifice. Both femora were dissected out
and cleaned of any adhering muscle. Bone-marrow
cells were collected from both the femora by flushing
in KCl (0.075 M, at 37◦C) and incubated at 37◦C
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for 25 min. Material was centrifuged at 2000× g for
10 min, fixed in aceto-methanol (acetic acid:methanol,
1:3, v/v). Centrifugation and fixation (in the cold)
were repeated five times at an interval of 20 min.
The material was resuspended in a small volume of
the fixative, dropped onto chilled slides, flame-dried
and stained the following day in 5% buffered Giemsa
(pH = 6.8). At least 75 good metaphases containing
42 ± 2 chromosomes were examined per animal to
score different types of aberrations.

2.5. Micronucleus test

Rats were killed by servical dislocation 30 h after
the last treatment. The frequency of micronucleated
erythrocytes in femoral bone marrow was evaluated
according to the procedure of Schmid[12], with slight
modifications of Agarwal and Chauhan[13]. The
bone marrow was flushed out from both femora us-
ing 1 ml of fetal calf serum (FCS) and centrifuged at
2000× g for 10 min. The supernatant was discarded.
Evenly spread bone-marrow smears were stained us-
ing the May-Grünwald and Giemsa protocol. Slides
were scored at a magnification of 1000× using a light
microscope.

2.6. Scoring

For the analysis of micronuclei, 2000 PCEs per
animal were scored to calculate the MN frequencies,
and 200 erythrocytes (immature and mature cells)
were examined to determine the ratio of PCE to
normochromatic erythrocytes (NCE).

2.7. Statistical analysis

Data were compared by one-way variance analy-
sis. Statistical analysis was performed using the SPSS
for Windows 9.05 package program. Multiple compar-
isons were performed by least significant difference
(LSD) test.P < 0.05 was considered as level of sig-
nificance.

3. Results

The metaphase analysis of the bone-marrow cells
revealed various types of chromosomal aberrations,

which consisted of chromatid and isochromatid types
of gaps and breaks, double minute (included isochro-
matid breaks), exchanges, dicentric chromosomes and
fragments. Chromatid gaps and breaks were noted to
be more frequent than others (Table 1). Relatively
higher frequencies of gaps were observed for all the
doses tested. A quantitative assessment of the distri-
bution of breaks and gaps revealed that the distal re-
gions of the long chromosomes were more vulnerable
to the effects of LCT. Numerical aberrations were not
scored in this study.

The results of the chromosome aberration assay,
the ratio of PCE to NCE and the MN frequency in
bone marrow cells after intraperitoneal treatment with
LCT are summarized inTables 1 and 2, respectively.
The frequency of structural chromosomal aberrations
(SCAs) also increased with increasing concentrations
of LCT (Fig. 2), and statistically significant differences
from the control were observed, except at the dose
of 0.8 mg/kg (P > 0.05). The mean of the induced
SCA reached 3.5 ± 0.46, 7.1 ± 0.90, 10.6 ± 0.77, at
LCT doses of 0.8, 3.06, and 6.12 mg/kg, respectively.
Such values are much lower than those induced by the
positive control Mitomycin C (2 mg/kg BW) (19.5 ±
2.35).

LCT induced a dose-related increase in MN fre-
quency (Fig. 3). The two high doses (3.06 and
6.12 mg/kg BW) of LCT significantly increased the
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Fig. 2. Frequency of structural chromosomal aberrations (%) in
relation to lambda-cyhalothrin doses in rat bone marrow. MMC:
mitomycin C (positive control) (2 mg/kg BW).
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Table 1
Frequency of chromosome aberrations in bone marrow cells of female Wistar rat induced by lambda-cyhalothrin

Dose group Fixation
time

Total number of
examined
metaphases (n)

Chromatid
gap break

Chromosome
gap break

Fragment Dic TSCA Mean± % SCA
(excluding gaps)

Isotonic saline (control) 24 225/3 5 3 3 3 1 – 15 3.06± 0.46

LCT (mg/kg BW)
0.8 24 225/3 5 4 4 3 – 1 17 3.50± 0.46a

3.06 24 225/3 9 7 7 6 2 1 32 7.10± 0.90b

6.12 24 225/3 14 12 10 8 4 – 50 10.6± 0.77c

MMC ( mg/kg BW)
2 24 225/3 23 15 18 16 13 – 85 19.5± 2.35d

n: number of animals; TSCA: total structural aberrations; Dic: dicentric chromosome; LCT: lambda-cyhalothrin; MMC: mitomycin C.
a P > 0.05 compared to control group.
b P < 0.05 compared to control group.
c P < 0.01 compared to control group.
d P < 0.001 compared to control group.

Table 2
Micronucleus induction and number of PCEs in LCT-exposed rat bone marrow

Treatment group Rat number MN per 2000 PCEs Fixation
time (h)

PCEs per 200
erythrocytes

Isotonic saline (vehicle control) 1 2 110
2 2 100
3 3 98

Mean± S.E. 2.33± 0.33 30 102.6± 3.71

LCT (mg/kg BW, i.p.)
0.8 1 4 70

2 4 69
3 3 68

Mean± S.E. 3.66± 0.33 30 69± 0.57a

3.06 1 5 64
2 5 66
3 6 58

Mean± S.E. 5.3± 0.33b 30 62.6± 2.40a

6.12 1 7 60
2 7 56
3 8 55

Mean± S.E. 7.33± 0.33a 30 57± 1.52a

MMC (mg/kg BW)
2 (positive control) 1 22 47

2 21 45
3 24 48

Mean± S.E. 22.3± 0.88a 30 46.6± 0.88a

Abbreviations: LCT, lambda-cyhalothrin; PCEs, polychromatic erythrocytes; MN, micronucleus; MMC, mitomycin C.
a P < 0.001 compared with the control group.
b P < 0.01.
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Fig. 3. Frequency of micronuclei in relation to lambda-cyhalothrin
doses on rat bone marrow. MMC: mitomycin C (positive control)
(2 mg/kg BW) and PCE: polychromatic erythrocyte.

frequency of micronuclei compared with the control
(P < 0.01 andP < 0.001). No significant difference
was observed between the lowest dose (0.8 mg/kg
BW) and the control (P > 0.05).

The ratios PCE:NCE measured in whole bone mar-
row samples are summarized inTable 2. All three
doses of LCT decreased the PCE:NCE ratio when
compared with the control (Fig. 4).
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Fig. 4. The number of PCEs as a function of the lambda-cyhalothrin
dose in rat bone marrow. MMC: mitomycin C (positive control)
(2 mg/ml) and PCE: polychromatic erythrocyte.

4. Discussion

The genetic toxicity and mutagenicity studies con-
cerning the synthetic pyrethroids have produced con-
troversial results depending on the compound or the
assay used. In some studies, pyrethroids were reported
to be mutagenic in rodent bone marrow[6,14–17],
human peripheral lymphocyte cultures[2,4], and in
aquatic organisms[7].

The induction of SCAs and micronucleated ery-
throcytes following exposure to LCT indicates a
potential for clastogenicity. The frequency of SCAs
(excluding gaps) following intraperitoneal exposure to
three different concentrations of LCT (0.8, 3.06, and
6.12 mg/kg BW) remained significantly higher than
in controls. This is in agreement with previous reports
on the clastogenic potential of synthetic pyrethroids
as manifested in rodent bone-marrow[4,5,18–24], in
human peripheral lymphocyte cultures[4,18–20], and
in aquatic organism[25].

In the present study, the observed inhibition of
cell proliferation in the rat bone marrow illustrates
the cytotoxicity of LCT. These data indicate the cy-
totoxic potential of LCT. This is also in agreement
with previous reports on the cytotoxic potential of
pyrethroid insecticides. Similar results were observed
in studies performed with different pyrethroid insecti-
cides[2,24,26,27]. Cavas and Ergene-Gozukara[25]
tested the cytotoxic potential of LCT using nucle-
olar biomarkers on fin cells of the fishGara rufa.
They reported that LCT has the ability to repress the
nucleolar activity.

Conflicting results have been obtained in whole an-
imal studies of the induction of DNA damage after
exposure to pyrethroid insecticide[24,26]. It was re-
ported that the pyrethroid insecticide, cypermethrin,
induced numerical chromosome aberrations in rats, but
did not change the number of SCAs[28].

Limited information is available on the cytogeno-
toxicity of LCT. Our results confirm that the increase
in CA and MN, and the decrease in the PCE:NCE
ratio was dose-dependent. We found that there is a
linear relationship between the LCT dose used and
the frequencies of chromosome aberrations and mi-
cronuclei. It is concluded that LCT has a cytotoxic
effect on bone marrow in rats, because the decrease
in the ratio PCE:NCE was observed at all doses.
Such a decreased ratio is often used as an indicator
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of bone marrow cytotoxicity or alterations in erythro-
poiesis. In normal bone marrow, the PCE:NCE ratio
is generally around 1:1[29].

Genotoxic activity is normally indicated by a sta-
tistically significant dose-related increase in the in-
cidence of micronucleated PCEs compared with a
concurrent control group. Bone marrow cell toxicity
(or depression) is normally indicated by a substan-
tial and statistically significant dose-related decrease
in the proportion of PCEs: a very large decrease in
the ratio would be indicative of a cytostatic or cy-
totoxic effect. A decrease in the proportion of PCE
is used as an indication of mutagen-induced bone
marrow cytotoxicity or changes in erythropoiesis
[30].

In conclusion, our data indicate that LCT induces
structural chromosome aberrations and the occurrence
of micronuclei. In addition to this clastogenic effect,
our findings show that LCT is cytotoxic in the bone
marrow. Our observations suggest the in vivo suscep-
tibility of mammals to the genetic toxicity and cyto-
toxic potential of LCT.
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