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Abstract:

Genotoxicity monitoring using the Comet assay on peripheral blood leukocytes was performed. Blood
samples of yellow-necked wood mouse (Apodemus flavicollis) from different protected areas of the SNP
(Lopushna, Silkosia and Sredoka) in the autumn of 2010 and 2011 were collected. An increase in the
Comet assay parameters in the analysed individuals of yellow-necked mouse from Sredoka protected area
was established. Those results indicate that there was genetic damage in some mice populations and a
chronic contamination was still present.
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Introduction
Strandzha Nature Park is the biggest protected area
in Bulgaria and belongs to the localities with the
most representative examples of biodiversity of the
small mammals’ fauna in Bulgaria.
Rodents are routinely used as bioindicators of
environmental contamination, partly due to their ubiquitous distribution, high relative abundance, r-type
reproductive strategy, ease of trapping and handling,
limited home range size and close association with
the soil. Mice from the genus Apodemus have been
shown to be relevant pollution bioindicators (Berry
1975; Abramsson-Zetterberg et al. 1997; Stopka,
Mcdonald 1999; Atanasov et al. 2000; Adrian et
al. 2002; Damek-Poprawa, Sawicka-Kapusta, 2003;
Ieardi et al. 2003; Metcheva et al. 1999, 2001;
Topashka-Ancheva et al. 2003). The consequences
of such exposure on the biology of animals have
been assessed using cytogenetic signs, such as: micronuclei frequencies (Abramsson-Zetterberg et
al. 1997; Ieardi et al. 2003), chromosomal aberrations frequencies (Metcheva et al. 2001; TopashkaAncheva et al. 2003; Velickovic, 2004), and sperm

abnormalities (Ieardi et al. 2003). The species of the
genus Apodemus are the most common members of
small mammal communities in Bulgaria (Peshev et
al. 2004). All maintained traits make them useful
mammalian models for environmental monitoring
(Ninova et al. 2004; Metcheva et al. 2001).
In recent years, the Comet assay, also known
as a ‘‘single cell gel’’ (SCG) electrophoresis assay,
has become an important tool for assessing DNA
damage in exposed animal populations. This is the
method of choice for population-based studies of environmental exposure to air pollutants, metals, pesticides, radiation, and other xenobiotics. The Comet
assay provides a rapid, visual method for quantitatively assessing DNA damage in single cells and is
established as a valuable tool in the investigations of
fundamental DNA damage and DNA repair mechanisms as well as biomonitoring in wild animal and
plant populations. (Fairbairn et al. 1995; Visvardis
et al. 1997, 2000).
The aim of the present study is to evaluate the
possible overall mutagenic potential of the environ155
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ment in the SNP protected areas via genotoxic analyses of a zoomonitor rodent species.

(1988), with some modifications. Stained nucleotides were scored visually using a fluorescence microscope equipped with a camera. Fifty comets on
each slide, coded and blindly scored, were acquired
Material and Methods
using an image analysis system to obtain 100 images
The area of study covers locations inside the SNP: for each mouse examined. To quantify the induced
Lopushna (LOP), Silkosia (SIL) and Sredoka DNA damage, we considered two parameters: the
Reserves (SRD) (Fig.1) and an impact region (IR) in tail moment (TM) and the percentage of DNA in the
the area of the Asenovgrad lead-zinc smelting facto- tail. TM is a measure of the migrated DNA in the
ry as a negative control. According to data from the tail multiplied by the tail length (Olive et al., 1990).
Plovdiv regional inspectorate of environment and In both the tables and the figures, TM values are exwaters (2008) the contamination in the impact re- pressed in arbitrary units ±SD. DNA % in the tail is
gion is present by polymetal dust emission of lead, expressed as the proportion of DNA in the tail vs. the
cadmium and zinc microagragates.
total DNA in the Comet.
The yellow-necked mouse is a nonprotected
Analysis of variance (ANOVA) was applied and
rodent, which attained high population densities, a t-test for independent groups was used to calculate
that lives as a predominant small mammal species the level of significance for differences in the mean
in the park and it is highly suitable as an ‘‘in situ’’ value of TM and % of DNA in the tail of mice colpollution zoomonitor. A total of 28 individuals of A. lected in single sites. The level of significance was
flavicollis from SNP, 18 collected in October 2010 established at P ≤ 0.05. All analyses were carried out
and 10 in October 2011 were analysed. The 15 mice using the GraphPad Prism 5 package.
from the IR were caught in October 2011. The individual home range of A. flavicollis obtained by the
Results
inclusive boundary strip method varied from 100 to
2300 m2 (Vukicevic-Radic et al. 2006). In according The DNA damages in investigated mice were evaluwith these data we assume that due to its usual home ated on the basis of apoptotic cells, which appearing
range the animals which were collected on each lo- as a Comet cells (fig.2). The mean values (± SD) of
cation were of different generations. Therefore, as TM and % DNA in the tail of A. flavicollis collected
the limits of each trapping area were within the terri- in the four sampling sites are presented in Table 1.
tory of the above-mentioned home range, we believe In 2010 samplings no significant differences among
that the collected mice were spent their lifetimes in- the TM and the DNA% values of the mice from the
side the areas of trapping.
three protected areas in the SNP were found (F=
The animals were killed by cervical disloca- 2.24, P=14.1; F=1.72, P=0.21 respectively). The TM
tion and prepared immediately for analysis. Blood and DNA% values of the mice from the IR were sigwas collected in heparin by cardiac puncture, placed nificantly higher than those in the LOP and SIL mice
in vials with DMSO (0.1%).
(Table 1). On the contrary, these parameters between
The Comet assay (CA) was applied on periph- SRD and IR mice show no significant differences
eral blood leukocytes as described by Singh et al. (TM: P= 0.14; DNA%: P=0.14). Mice sampled at
Table 1. Mean values of TM and % of DNA in mice collected in four different sites
Site

N

LOP
SIL
SRD
IR

5
6
7
11

October 2010
% DNA
TM ± SD
in the tail ± SD
8.45 ± 6.03a
7.48 ± 4.22c
11.23 ± 8.67b
10.15 ± 7.05d
18.95 ± 10.84
17.05 ± 12.88
30.28 ± 19.78
29.8 ± 19.31

N
3
4
3
15

October 2011
% DNA
TM ± SD
in the tai ± SD
12.67 ± 8.15
14.5 ± 8.11
17.5 ± 12.10
18.8 ± 19.31
19.96 ±13.47
22.24 ± 17. 99
38.13 ± 26.79
32.8 ± 19.34

Note: Statistically significant differences between investigated protected areas using t-test: a) IR>LOP P=0.022; b)
IR>SIL P=0.015; c) IR>LOP P=0.025;d) IR>SIL P= 0.031.

156

DNA damage detected by Comet assay in Apodemus flavicollis...
samplings. Comparing the data from mice collected
in the different years TM values and DNA percentages were significantly higher (F=36.10, P= 0.002)
in 2011 samplings.

Discussion

Fig. 1. Sampling sites inside the Strandzha Nature Park.

Fig.2. Comet images with different levels of DNA damage.

SRD appear as those showing higher genotoxic
damage as a whole, as compared with those animals
from Sites LOP and SIL. The data analyzes for the
2011samples shows other tendency. There are no significant differences between the investigated parameters among the mice from the protected areas (TM:
F=0.31, P=0.74; DNA%: F=0.17, P=0.85). Also,
no significant differences were found in parameters
values among mice from all investigated sites (TM:
F= 1.23, P=0.32; DNA%: F= 1.82, P=0.75) in 2011

In the present study there was significantly greater
DNA damage score in the SRD protected area than in
the other investigated areas in the SNP in 2010. On
the other hand the animals from the 2011 samplings
had significantly more DNA damage than the animals
sampled in 2010. This indicates that the background
contamination in the SNP is not an accidental occurrence. The area of SNP may suffer from global air
pollution caused by industrial emissions in this part
of the country. In our opinion, the result indicates
that a chronic contamination is still present and the
significantly increase of TM and % DNA values between the 2010 and 2011 samplings may reflects the
enlargement of the industrial activeness (renewed
mining industry in the SNP areas, air contamination of the closely located refinery near Burgas) and
automobile use. Different toxicants find its way into
plants and animals beings through the consumption
of water and food, and the breathing of air.
The results obtained in this study are in accordance with results presented by Chassovnikarova
et al. (2010) and Michailova et al. (2010), which
investigated other genetically end points (micronucleus frequencies and chromosomal aberrations)
for evaluation of the genome response of Apodemus
flavicollis to environmental stress agents in the region of Asenovgrad lead-zinc smelting factory. In
both studies genome instability was found, realized
by many structure chromosome rearrangements and
increase of micronucleus frequencies. The comparative analysis of these results and the present study
indicates that the Apodemus flavicollis is a suitable species for zoomonitoring and confirms the
suitability of the applied Comet assay as a low cost
and effective indicator of genotoxicity, and hence
suitable marker of potential environmental stress.
The Comet assay allows DNA damage to be
detected in individual cells after acute and/or chronic
exposure (Singh et al. 1988; Tice et al. 1991, 2000;
Festa et al. 2003; Scheirs et al. 2009). In the present
study, the single cells gel electrophoresis was sufficiently sensitive to detect naturally occurring levels of
genotoxic agents in the investigated protected areas.
157
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The result suggests that the mutagenicity
level in natural populations, living in protected
areas, should be controlled and wild mice could
be used as key organisms in pollution monitoring
and environmental conservation in protected ar-

eas. Successive monitoring should be carried out
to evaluate a long-term persistence of genotoxic
agents inside the SNP.
Acknowledgments: This study is supperted by NSF, project
DMU 3-32.
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