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ABSTRACT

The aim of present investigation was to evaluate B-cyfluthrin induced oxidative
stress and genotoxicity in male Swiss abino mice. Two doses of pesticide viz. 1/20
of LDs (Low dose) and 1/10 of LDsy (High dose) were administered for 7 and 14
days to different groups of mice. Activity of antioxidant enzymes such as catalase
(CAT) and superoxide dismutase (SOD) were estimated in the liver. Genotoxicity
of pesticide was assessed in bone marrow cells of mice using chromosomal
aberration assay. Cyclophosphamide was used as positive control. B-cyfluthrin
reduced the body weight and food consumption in treated animals. CAT and SOD
activities were not affected in 7 days group but these were significantly reduced in
14 days group. Mitotic index decreased in a days as well as dose dependent
manner. A significant number of chromosoma aberrations like acentric
fragements, chromosome breaks, centric rings and polyploidy occurred in 14 days
groups. It may therefore be inferred that B-cyfluthrin has the ability to elicit
oxidative stress and cause genotoxicity in mice at the tested dose levels.

I ntroduction

Worldwide application of pesticides is
increasing continually to the extent that
they have become an integral part of the
ecosystem. Approximately 5.6 billion
pounds of active pesticide ingredients are
used annually throughout the world
(USEPA, 2001). Post market surveillance
has revealed that as many as 25 million
agricultural workers worldwide experience
unintentional pesticide poisoning each
year (Alavanja et al., 2004). It has been
reported that pesticides available in the
market may cause cancer in humans
(Alavanjaet al., 2004; 2005; Bonner et al.,
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2005; Beane-Freeman et al., 2006; Hou et
al., 2006; Van et al., 2008). Zahm and
Ward (1998) showed that childhood
cancers such as leukemia, neuroblastoma,
Wilms tumor, soft tissue sarcoma, Ewing’s
sarcoma, non-Hodgkin’s lymphoma and
cancers of brain and testes are linked to
pesticide exposure. Synthetic pyrethroids
are the most widely used pesticides and
comprise  approximately  25%  of
worldwide insecticide market (Casida and
Quistad, 1998). Human exposure to
pyrethroids is well documented (Heudorf
and Angerer 2001; Schettgen et al., 2002)
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including exposure to pregnant women,
infants and toddlers (Whyatt et al., 2002;
Berkowitz et al., 2003; Lu et al., 2006;
Morgan et al., 2007).

Synthetic pyrethroids are derived from
natural insecticide pyrethrin, which is
extracted from Chrysanthemum
cinerariaefolium flowers (Casida, 1980).
They are environmentally compatible due
to their moderate persistence, low
volatility and reduced agueous mobility in
soil. These favorable properties of this
class of insecticides have promoted its
widespread application in amost all
sectors of food protection and pest control
programs. B-cyfluthrin is a synthetic
fluorinated pyrethroid, widely used in
agriculture and in houses to control pests
and disease vectors (Surgan et al., 2002).
It is an active ingredient of many
insecticide formulations such as Attatox,
Baygon, Laser and Solfac (Meister, 1995).

DCCA (cis/trans-3-(2,2-dichlorovinyl)-
2,2-dimethylcyclopropane carboxylic
acid) and FPBA (4-flouro-3-

phenoxybenzoic acid) are the main
metabolites of cyfluthrin formed in
humans and these get eliminated renally.

As the use of pyrethroids is steadily
increasing, there may be an urgent need to
identify the adverse effects that may be
associated with their use. The carcinogenic
potential of pyrethroids has been discussed
in a review by Litchfield in 1985. -
cyfluthrin is a newer pyrethroid insecticide
used all over the world. It is reported to be
neurotoxic (Satpathy et al., 1997),
hepatotoxic (Omotuyl et al., 2006) and
teratogenic (Soni et al., 2011). B-cyfluthrin
toxicity is exhibited by its metabolites
which in turn generate free radicas (El-
Demerdash 2007). In vitro study on human
erythrocytes demonstrated that cyfluthrin
generates the reactive oxygen species in
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cells (Sadowaska-Woda et al., 2010).
Reports on the genotoxicity of B-cyfluthrin
are limited. Therefore, the present work
was aimed to evaluate its in vivo oxidative
stress, and genotoxic effects in the bone
marrow cells of male Swiss albino mice.

Materials and M ethods
Animals

Adult male Swiss albino mice were
procured from the Indian Veterinary
Research institute, Barellly (U. P.). The
animals were housed at a temperature of
29°+2°C (relative humidity 33-40%) and
12 hrs. light and dark cycle. They were
kept in sanitized polypropylene cages
containing saw dust as bedding and given
ad libitum access to food (Hindustan
Lever Limited, Chandigarh, India) and tap
water. Healthy and sexualy mature
animals (6-8 weeks, 30+5 g) were selected
for the experiments.

The experiments were performed
according to the guidelines for care and
use of the animals in scientific research, of
the Indian National Science Academy
(2000), New Delhi. The study had the
consent of the Ingtitutional Ethical
Committee (IEC).

Compound Administered

Technica grade  B-cyfluthrin  was
purchased from Bayer (Sigma-Aldrich,
CAS No. 68359-37-5). The purity of
pesticide was 96.1%, molecular weight
434.3 g/mol and chemical formula is
CxH18CloFNOs. Its chemical name is 3-
(2,2-dichloro-vinyl)-2,2-dimethyI-

cyclopropane-carboxylic acid cyano-(4-
fluoro-3-phenoxy-phenyl)-methyl ester
(Fig 1). It is an enriched isomeric form of
the two biologically active diastereo
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isomeric pairs of isomers of cyfluthrin; 3-
(2,2-dichloro  -vinyl)-2,  2-dimethyl-
cyclopropane -carboxylic acid cyano-(4-
fluoro-3-phenoxy-phenyl)-methyl ester. It
is an optical isomer of cyfluthrin and acute
toxicity of former is approximately 2-5
times higher than cyfluthrin (European
Commission, 2002). The primary
mechanism of its toxicity is interaction
with  sodium-ion  gated  channels,
depolarization of the membrane and loss
of electrical excitability in nervous system.
The second mechanism is through
inhibition of calcium transport enzymes in
cell (Wolansky et al., 2006).

Figure.1 Chemical structure of -
cyfluthrin.
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Experimental Protocol

To assess the antioxidant enzyme activity
and genotoxicity of B-cyfluthrin, the mice
were administered technical grade
pesticide dissolved in corn oil (0.1 ml) by
oral gavage. The doses of pesticide
selected were 1/20 of LDsy (Low dose)
and 1/10 of LDsy (High dose). The ord
LDsy of this pesticide as reported by
EMEA (2003) is 291 mg/kg b. wt. for
male mice. Both doses were administered
for 7 and 14 days daily to different
experimental groups, each consisting of 6
animals. The control animals received
only the vehicle i.e. corn oil every day.

32

Cyclophosphamide was used as positive
control (25 mg/kg b. wt.) and given to
animals intraperitoneally. After 24 hrs. of
last dose administration, the animals were
sacrificed by cervical didlocation, their
femurs and liver were excised. Liver was
washed with ice cold norma saline and
used for enzyme assay for oxidative stress.
Chromosomal aberration assay was
performed in bone marrow cells.

Body weight and food consumption

The body weight of the experimental and
control animals were recorded on every
aternate day and food consumption was
recorded daily during the period of
treatment.
Assessment of antioxidant
activity

enzyme

10% (w/v) homogenate of liver was
prepared as described by Awasthi et al.,
(2013). Activity of CAT and SOD was
estimated by the methods suggested by
Aebi (1974), and Marklund and Marklund
(1974) respectively.

Chromosomal aberration assay

To anayze the chromosomal damage in
the cells, bone marrow preparations were
made (Adler, 1984). Colchicine was
injected in the animals intraperitoneally
1.5 hr. prior to sacrifice. Bone marrow
cells were aspirated with pre-warmed
(37°C) Potassium chloride (0.59%) from
the femurs and treated hypotonically for
20 min. at 37°C in incubator. The material
was then centrifuged at 1000 rpm for 10
mins, and supernatant was discarded. The
cell pellee was fixed in chilled
methanol:acetic acid (3:1 v/v). The
centrifugation and fixation steps were
repeated thrice with an interval of 30 mins.
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The dlides were prepared by dropping
method, dried completely and then stained
with 4%  giemsa Chromosomal
aberrations were scored under 1000X total
magnification with oil immersion under
the light microscope. Only well spread
metaphases with 40+1 chromosomes were
analyzed. Structural chromosomal
aberrations (SCAS) like chromatid breaks,
chromosome breaks, acentric fragments,
centric ring, polyploidy, pulverization and
robertsonian translocation were scored.
One hundred metaphase cells per animal
were analyzed to determine the total
chromosomal aberrations. The mitotic
index was obtained by counting the
mitotic cells/1000 cells per mouse. The
frequency of aberrant cells was calculated
asfollows:

Total aberrant cells
Total No. of cells
studied

Frequency of =
aberrant cells

x 100

Statistical Analysis

The data for all groups is expressed as
Mean + SEM and subjected to variance
analysis by using one way ANOVA
followed by Tukey’s honestly significant
difference (HSD) test for comparison
between the treated and control groups and
within the treated groups. The p<0.05
level was set as significant and p<0.01
level was set as highly significant.

Result and Discussion

Body weight and food consumption

Treated animals that received B-cyfluthrin
showed behavioral toxicity such as
dullness, abnormal gait, burrowing
behavior and loss of hair. Similar results
were reported by Sankar et al., (2010) in
rats treated with cypermethrin. A
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significant reduction in body weight of
experimental animals was observed in this
study (Fig. 2). Tiwari et al. (2008) and
Sankar et al. (2010) also reported loss of
weight in  animas treated with
cypermethrin and deltamethrin. This may
probably be due to effect of the insecticide
on gastrointestinal tract, resulting in
decreased appetite and absorption of
nutrients from gut (Venkatesanwarlu et al .,
1997). It is further supported by decreased
food consumption in treated animals in
comparison to controls (Figure.3).

Exposure to B-cyfluthrin for 7 days did not
cause any change in CAT and SOD
activity at both the dose levels. However,
14 days exposure caused a significant
attenuation in CAT and SOD activity in
comparison to control in a dose dependent
manner (Fig. 4, 5).

The probable mechanism of this decline
may involve their inhibition during the
breakdown of free radicals and the high
level of superoxide anion and hydrogen
peroxide following pyrethroid treatment
(Maiti and Kar, 1997; Kale et al., 1999;
Giray et al., 2001). Cyfluthrin has been
reported to increase free radical generation
and decrease SOD and CAT activity in
treated mice (Omotuyl et al., 2006;
Erasan et al., 2007) and in cultured
human erythrocytes (Sadowaska-Woda et
al., 2010). .

Deltamethrin  treatment too caused an
induction in the level of lipid peroxidation
and maondialdehyde (MDA), and
decreased SOD and CAT activity in mice
(Yarsan et al., 2002; Rehman et al., 2006).
Kae et al., (1999) earlier demonstrated an
increase in erythrocytes SOD and CAT
activities in rats following fenvalerate and
cypermethrin treatment.
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Table.1 Mitotic index, frequency of aberrant cellsin control and B-cyfluthrin treated mice.

Groups Doses Mitotic Chromosome Acentric Polyploidy | Centric Total Frequency of
I ndex Break Fragment Ring Chromosomal aberrant
Aberrations cells
Control 10.90+1.04 0 3.50+0.64 0 0 3.50+0.64 3.50+0.64
7 days Low 9.35+0.99 0 5.0£1.08 0 0.25+0.02 5.25+1.19 5.0£0.91
Dose
High 6.75+0.54* 0.50+0.29 5.25+0.63 0.25+0.02 0 5.50+0.87 5.50+0.87
Dose
control 9.97+0.73 0.25+0.02 2.50+0.85 0 0.250+0.02 3.0£0.70 3.0£0.71
14 days Low 7.15+0.61* 0.50+0.05 5.75+0.63 1.0+0.41 | 0.50+0.29 7.75+0.95 6.75+0.63*
Dose
High 4.72+0.43**% 0.750+£0.04 11. 0£0.92 1.50£0.50 | 1.0+0.58 14.25+1.80 12.25+1.1***
Dose
Cyclophosphmide 2.52+0.48 12.75+1.80 10.75+1.89 1.0+0.41 | 0.50+0.23 25.0+1.29 22.75+0.85

*P< 0.05, Significant to their respective control, **P<0.01, Highly significant to their respective control

Within the both dose level
Q P<0.05, Significant to low dose level in the same days group
#P<0.01, Highly significant to low dose level in the same days group
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Figure.2 Body weight gain or loss in control and B-cyfluthrin treated animals.
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Figure.3 Food consumption in control and B-cyfluthrin treated animals.
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Figure.4 Changesinthe CAT activity in mice liver exposed to different doses of
B-Cyfluthrin. Values were calculated and expressed as mean + SEM.
& significant at p<0.05 level b; highly significant at p<0.01 level.
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Figure.5 Changes in the SOD activity in mice liver exposed to different doses
of B-Cyfluthrin. Values were calculated and expressed as mean + SEM.
& significant at p<0.05 level b; highly significant at p<0.01 level.
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The mitotic index was calculated as
percentage of dividing cells. It decreased
significantly in the treated groups. The
decrease in mitotic index was significant
at low dose level and highly significant at
high dose level in 14 days group in
comparison to control animals, indicating
the inhibition of cell proliferation in bone
marrow.

This suggests the probable microtubular or
spindle disturbing nature of pesticide and
illustrates its cytotoxicity. Deltamethrin
too has been reported to reduce the
mitotic index in rat bone marrow (Agarwal
et al.,1994). Supermethrin also dicited
cytotoxicity in vivo and in vitro conditions
(Dianovsky and Sivikova, 1995).

The cytogenetic analysis of mice bone
marrow cells revealed chromosomal
aberrations like chromosomal breaks,
acentric fragments, polyploidy and centric
rings (Table 1). Acentric fragments were
the most frequent type of aberration seen.
Treatment for 7 days with both doses

—

Low Dose

36

High Dose
@ Day 14

caused no significant change in frequency
of aberrant cells. However, in 14 days
group, the frequency of aberrant cells
increased  significantly and  highly
significantly at low and high dose levels
respectively. Thus, pesticide treatment for
14 days showed toxicity in mouse bone
marrow. This is in concomitance with the
results of Ila et al., (2008) who reported
that B-cyfluthrin treatment increased the
frequency of SCAs in rats, and cultured
human peripheral blood lymphocytes.
Clastogenic  effects of  synthetic
pyrethroids have also been reported in
rodent bone marrow earlier by Tyrkiel et
al. (2001).

Fenvalerate was reported to increase the
frequency of sister chromatid exchange
(Giri et al., 2002). Lambda-cyhalothrin
significantly  increased  micronucleus
frequency and decreased the number of
polychromatic erythrocytes in the bone
marrow cells of Wistar rats (Celik et al.,
2005).The possible clastogenicity of -
cyfluthrin may therefore be attributed to
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free radical formation in exposed animals.
It is further supported by the decreased
activity of antioxidant enzymes as evident
from the results of antioxidant enzyme
assay (Fig. 4 and 5). In conjunction with
this, pyrethroids are also lipophilic in
nature and may easily penetrate into the
cells (Nausti et al.,, 2003), thereby
inducing oxidative stress and further
damage to the genetic material.

It may thus be concluded that B-cyfluthrin
induced oxidative stress and DNA damage
in mouse at the tested dose levels. The
results of this investigation may help in
creating awareness about the possible
genetic hazards to human population and
the environment. This in turn may lead to
careful usage of these pesticides in
agricultura fields and at human dwellings.
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