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Abstract

It was investigated of genotoxical effects of fipronil, that is widely used in Kazakhstan, on background
rodents from South Kazakhstan biotopes, where widely used phenylpyrazoles insecticides. The frequency of
chromosomal and genomic mutations in bone marrow cells of Citellus fulvus from Arys and Shardara areas
were significantly higher (P<0.01) than in rodents from Kazygurt area, that is furthest from
the pesticide treatments. High level of chromatid aberrations are indicative for the presence of chemical
mutagens. It was determined fipronil and it’s degradation to fipronil-sulfone metabolite in Citellus fulvus from

biotopes of South Kazakhstan, where used phenylpyrazoles pesticides.
Keywords: genotoxical effects, Citellus fulvus, pesticide treatments.

Introduction

Due to intensification of environmental
pollution processes by ecologically hazardous
factors of physical, chemical and biological
nature, which impact all components of
ecosystem, thorough investigation of potential
toxic and genotoxic effects on living organisms
including human acquires special importance.
Majority of these factors are products of human
activities [1-4]. Currently, according to CAS
data about 50 000 000 organic and inorganic
compounds were registered [5]. These data
suggest that increase in number of chemical
compounds, which are introduced into the
environment by man, the probability of its
pollution by mutagenic factors also increases.
The mutagenic factors can penetrate into cells of
living organisms and cause disruption of their
genetical structures.

Number of published data suggest that doses
of various pesticides, used in agriculture affect
like mutagens, causing cytotoxic and negative
genetic  effects [6-10].  According to
toxicologist’s study presence of pesticides was
determined in many food types, and the number
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of pesticide poisoning according to WHO data
comprises 1% annually [World Health
Organization, WHO]. Pesticides could persist in
soil for a long of time. They migrate and pollute
surface and underground water sources. As a
result of pesticide influence the the following
occurs: disruption of population content of agro-
and bio-cenosis, as well as elimination of natural
predators and pests, negative effects on on
useful fauna, occurrence of pesticide resistant
species populations, due to accumulation of
trace concentrations of pesticides in agricultural
crop types harvest quality may change, also it
may cause negative influence on genetical
material of all living organisms [11]. However
pesticides application in various sectors of the
human economical activity is inevitable, as it
due to economic necessity.

Currently, in Kazakhstan, particularly in
South Kazakhstan, phenylpyrazole insecticides
(such as Adonis, Regent) are widely used
against large number of grasshoppers [12-14].
The main active component of phenylpyrazole
insecticides is fipronil. According to literature
data fipronil can degrades in natural conditions
and in mammalian organisms and forms toxic
metabolites, which are characterized by high
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toxicity and stability in contrast to former
chemical [12, 15].

Data by mutagenic effects of fipronil on
mammals are quite controversial. Therefore
conduction of analysis of genetic effects of
insecticides, which are based on fipronil, on
mammalian in natural conditions is very
important. Therefore, the research subjects were
the study of mutagenic effects of fipronil on
background rodent populations (Citellus fulvus)
from South Kazakhstan biotopes, where are
used phenylpyrazoles insecticides.

Materials and methods

The material was Citellus fulvus from
Shardara and Arys areas of South Kazakhstan,
where widely used phenylpyrazoles insecticides.
The control zones was Kazygurt area of South
Kazakhstan,  which is  furthest  from
the pesticide treatments.

The cytological specimen preparations and
cytogenetic analysis of bone marrow cells were
performed using standard protocol [16]. Rodent
chromosomes were stained with Giemsa stain.
Slides were analyzed and photographed by light
microscope Axioscope-40 (Zeiss). Fipronil and
fipronil-sulfone were quantified by GC EC

Yuonglin instrument (South Korea), GC EC HP,
GC 8000 (Series Carlo Erba). It was used
modified protocol in gas chromatography
analysis [17-19].

Statistical analysis for evaluation of all
quantitative data standard Student's test were
used. In order to obtain mean values of
parameters were treated by standard methods of
variational statistics [20]. Tables and graphic
images of data were obtained using the
Microsoft Excel Windows program.
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Figure 1 - The frequency of structural chromosomal and genome aberrations in bone marrow cells Citellus fulvus
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Results and discussion

The results of cytogenetical analysis of bone
marrow cells of Citellus fulvus from fipronil
exposed biotopes demonstrated higher frequency
of structural chromosomal aberrations (Figure 1).
Figure 2 shows a normal karyotype of Citellus
fulvus.

Figure 2 - Normal karyotype of Citellus fulvus,
2n=36, x 1000

The frequency of aberrant bone marrow cells
in rodents from Arys and Shardara areas was
high 2,5 (P<0.05) and 3 times (P<0.01),
respectively, than the same rates in rodents from
Kazygurt areas. Additionally, the level of
polyploid cells increased significantly in those
animals (P<0.01). Chromosomal aberrations
were presented by pair chromosomal deletions
and pair point deletions (figure 3); chromatid —
cromatid deletions, chromatid point fragments
and acenrtic fragments (figure 4). Polyploid cells
were presented by tetraploid, hexaploid and
octaploid cells (figure 5).

Thus, the cytogenetical study of bone marrow
cells of rodents from fipronil exposed biotopes
revealed significant increase of chromosomal
aberrations frequency in comparison with the
same rates in rodents from Kazygurt areas.
Significant increase of structural mutations
number resulted from chromatid aberrations.
High level of chromatid aberrations in rodents
from Arys and Sharadar areas indicate presence
of chemical pollutants in that biotopes. The
results demonstrate the increase of genetical
burden in rodents from natural population,
subjected to man-made chemical pollutants. The

presence of high frequency of chromosome and
genome aberration in Citellus fulvus indicatives
of the presence of genotoxic factors in studied
environment and can be considered as indication
of general disorders in rodent organisms from
polluted biotopes.

Figure 4 - Chromatide deletion, x 1000
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Figure 5 - Polyploid cell, 8n=36, x 1000
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Above presented results testified the presence
of chromosome and genome aberration in
Citellus fulvus, Therefore, the research of the
possibility of the presence xenobiotics in
organism of Citellus fulvus from Arys and
Saradara regions of South Kazakhstan with gas
chromatography were performed.

It was determined fipronil and it’s
degradation to fipronil-sulfone metabolite in
Citellus fulvus from biotopes of South

Kazakhstan, = where are  widely  used
phenylpyrazoles pesticides. The metabolite
content exceeded the fipronil content in rodent
tissues, but the significant increase was observed
in kidneys only (Figure 6). The investigation of
fipronil and fipronil-sulfone content in
background objects from fipronil exposed lands
demonstrated their accumulation in rodent
tissues.
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Figure 6 - Fipronil and fipronil-sulfone contents in Citellus fulvus

Thus, the frequency of chromosomal and
genomic mutations in bone marrow cells of
Citellus fulvus from Arys and Shardara areas
were significantly higher (P<0.01) than in rodents
from Kazygurt region. High level of chromatid
aberrations in rodents from Arys and Sharadar
areas indicate presence of chemical pollutants in
that Dbiotopes. The results demonstrate the
increase of genetical burden in rodents from
natural population, subjected to man-made
chemical pollutants.  The present structural
changes in animal organs and high frequency of
chromosome aberration in Citellus fulvus
indicatives of the presence of genotoxic factors in

studied environment and can be considered as
indication of general disorders in rodent
organisms from polluted biotopes [21, 22].

It was determined fipronil and it’s degradation
to fipronil-sulfone metabolite in Citellus fulvus
from biotopes of South Kazakhstan, where are
widely used phenylpyrazoles pesticides.
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