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ABSTRACT

In this preliminary study, the chromosomal aberrations were investigated for the first time in the subterranean Nannospalax
xanthodon species. The locations in Bilecik province where the samples were collected were divided into the polluted and non-
polluted area. The concentrations of cadmium, copper, nickel, lead, and zinc were measured on the Atomic Absorption
Spectrometer in the soil samples and liver tissues of the animals. The metal levels detected in liver tissues were found to be higher
than the metal levels of soil samples. Therefore, Nannospalax species were considered as appropriate bioindicators for the
determination of terrestrial pollution. The examination of chromosomes revealed intense deletions and fragmentations in the
chromosome plates of samples from the polluted area. It was concluded that these chromosome aberrations can be associated
with metal pollution.
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1. INTRODUCTION

Natural processes (volcanoes, erosion, and spring water) and anthropogenic activities (mining, fossil
fuel, agriculture) cause the accumulation of heavy metals in the soil which are toxic for plants,
animals, and humans [1]. Exposure to a wide range of non-essential heavy metals like lead (Pb),
mercury (Hg) and cadmium (Cd), and essential elements such as zinc (Zn) and copper (Cu) can
produce toxic effects in all organisms [2]. Plants that take the heavy metal ions from the soil with their
roots are primarily affected by this pollution [3]. Mammals are affected by environmental pollutants
through oral, dermal, and inhalation routes. Although hair and skin provide a significant barrier to
contaminants, rodents are frequently exposed to heavy metals through contaminated foods. Under the
soil, various volatile contaminants and/or heavy metals bound to soil particles can be easily inhaled by
mammals. Therefore, respiratory exposure is also important for some species that spend most of their
time under the ground. [4,5].

Nannospalax species belonging to Rodentia are very well-adapted to subsoil life and spend almost all
of their life under the ground. Their nutrients are usually sub-plant parts of the plants [6,7].
Considering the habitat and nutrition requirements of mole rats, there may be strong exposure to heavy
metals through oral, dermal, and inhalation routes. Bioaccumulation of heavy metals and toxic
elements in animals causes different modifications in bone marrow chromosomes. Detection of
chromosomal disorders is considered to be highly reliable in detecting genotoxic effects induced by
heavy metals and other toxic elements. Chromosomal aberrations (acentric fragments, chromatid and
chromosome fractures, inversion, translocation, ring chromosome) are frequently used in detecting the
mutagenic effects of chemical compounds on mammals [8,9]. Topashka et al. [10] determined the
heavy metal concentrations in small mammals in Bulgaria, living in Zn, Cu, Pb, and Cd contaminated
areas. The authors of the study found a significant correlation between the heavy metal load of rodents
and the frequency of chromosomal aberrations and pathological changes in erythrocytes. Agarwal et
al. [11] intraperitoneally administered certain doses of copper sulfate (CuSO5H,0) to mice at
different time intervals to evaluate the toxicity of Cu on bone marrow chromosomes in a dose-
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dependent manner. It was noted that all administered concentrations dose-dependently increase the
chromosomal aberrations such as chromatid fractures and chromosomal rearrangements in bone
marrow cells. Cd and Pb are highly toxic heavy metals that affect almost all livings. By combining
these two heavy metals with an insecticide cypermethrin, Nehez et al. [12] examined their genotoxic
effects on bone marrow cell chromosomes in rats. Cypermethrin and Pb caused significant
chromosomal abnormalities by forming acentric fragments.

In ecotoxicological studies conducted in Europe's terrestrial ecosystems, some small mammal species
belonging to the genus Erinaceus, Apodemus, and Microtus are frequently used for the determination
of environmental pollution. The chemical analysis of hair, liver, and kidney tissues from these animals
was conducted to determine the bioaccumulation levels of metal and metalloid pollutants. A positive
correlation was found between the soil metal concentrations and the metal concentrations determined
in the various tissues of the animals. Many researchers have shown that heavy metal concentrations in
rodent populations are generally associated with environmental pollution [13,14,15]. Although many
studies revealed the relationship between the heavy metal bioaccumulation in natural populations of
small mammals and environmental pollution in Continental Europe, this kind of research is not
common in Turkey. Generally, the conducted studies were presented the potentially harmful effects of
various drugs and chemicals on live systems by applying these substances to experimental animals in a
laboratory environment. In such studies, the tested chemicals promoted DNA damage and
chromosomal abnormalities.

In this preliminary study, it was aimed to determine the concentrations of Cr, Cd, Cu, and Pb in
Nannospalax xanthodon (N. xanthodon) and evaluate the relationship between heavy metal
bioaccumulation and chromosomal aberrations in natural environments. Besides, the suitability of
using blind mice as a bioindicator species in the conservation of natural habitats of our country was
investigated for the first time.

2. MATERIAL AND METHODS

2.1. Sample Location

An area where the tire recycling facility was previously located in the province of Bilecik (Pazaryeri),
was grouped as polluted soils, and an area away from the settlement and roadside was grouped as non-
polluted soils (Figure 1). Adult blind mole rats (180-200 g, polluted soils: 337, non-polluted soils:

233" were captured from each location (approximately 60 m? area) by a live trap which was designed
previously by Yagci&Asan [16].
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Figure 1. The locations of captured animals and collected soils
2.2. Heavy Metal Analysis of the Soil and Biological Material

Soil samples were taken according to Beernaert et al. [17]. The concentrations of Cd, Cu, Cr, Pb, and
Zn in the soil samples were determined by Atomic absorption spectroscopy (AAS) analysis at the
Eskisehir Directorate of Forestry Soil and Ecology Research Institute (Table 1). The concentrations of
Cd, Cu, Cr, Pb, and Zn in liver tissues of the animals captured from the polluted and non-polluted
regions were determined using AAS at Central Research Laboratory of Bilecik Seyh Edebali
University (Table 2). For metal analysis, the samples from each muscle tissue were stored at -20 °C.
Subsequently, 1 g of freeze-dried tissues was powdered. After the addition of 5 ml of HNOj3, the
samples were stored at room temperature for 24 hours. On the second day, the dissolved samples were
heated at 100 °C in a water bath for 20 minutes, then cooled and 1 ml of H.O was added to each tube.
After standing overnight, the samples were heated again at 100 °C for 1 hour and allowed to cool to
room temperature. Finally, the solution was completed with 25 ml of deionized water to ensure
transparency for AAS analysis [18].

2.3. Chromosome Analyses

Chromosomal damage was evaluated by the examination of chromosomal preparations from bone
marrow cells of each individual taken from polluted and non-polluted areas. For karyotyping, the
Colchicine Hypotonic Citrate method was used [19]. The standard Giemsa-stained metaphase plates
were photographed under the X100’ immersion objective. Twenty metaphase plates were examined
for each specimen and the structural anomalies were determined according to El-Refaiy et al. [20] and
Aly et al. [21]. The chromosomal results are presented in Figures 2-3 and Table 3.

3. RESULTS AND DISCUSSION
3.1. Heavy Metal Concentrations of the Samples
According to the results of soil heavy metal analysis; Regulation on Control of Soil Pollution [22] and

Regulation on the Use of Domestic and Urban Treatment Sludges in Soil [23]; The upper limits of the
Cd are 3 ppm and 1.5 ppm respectively, which are exceeded in polluted area samples. The upper limit
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of the Pb is 100 ppm and the concentration detected in the polluted area samples is above this value
(Table 1). Other metal concentrations are below the acceptable ranges.

Table 1. Metal concentration in the analyzed soils (mg/kg) (mean, n=4 for the polluted area and n=4 for the non-polluted
area, n: number of specimens)

Sampling Sites/Metal Zn Cu Ni Cd Pb Ph
concentrations

Polluted area/n=4 38.75 415 28.25 9 125.5 7.6
Non-polluted area/n=4 36.45 40.7 27.20 0.7 16.8 7.6

Increasing industrialization has also brought environmental pollution which caused the deterioration of
the ecological balance. The concentration of heavy metals in the soil above a certain level constitutes a
danger for all living beings [24]. The comparison of acceptable metal concentrations between the
European countries and Turkey revealed higher values of Cd, Cu, Ni, and Pb in Turkey [25]. Research
on heavy metal pollution caused by motor vehicles has indicated higher concentrations of Cd, Pb, Ni,
Cu, and Zn in soils and plants [26,27]. From these metals, the high concentrations of Cd and Pb affect
plants negatively and also disseminate to other organisms by the food chain [28]. The most important
harmful effect of heavy metals on animals is the formation of reactive oxygen species (ROS). ROS,
such as superoxide (O2-), hydroxyl (OH"), and hydrogen peroxide (H2O>), are continuously produced
at low levels during normal oxidative metabolism in biological systems. However, increased ROS
formation due to exposure to chemical substances such as heavy metals generates oxidative stress,
promoting harmful effects on DNA, lipids, and proteins and as a result, the functional impairments of
enzymes and other important macromolecules happen [29].

According to investigations conducted on natural rodent species, the heavy metal contents in the liver,
muscle, and kidneys of these animals were elevated due to the exposure to pesticides, fertilizers, and
industrial wastes [30,31]. Schleich et al. [30] and Lourenco et al. [31] therefore, stated that some rodent
species (Ctenomys talarum, Apodemus sylvaticus) are efficient and practical biological indicators in the
determination of environmental pollution. In this study, the heavy metal concentrations in liver tissues of
animals taken from sampling areas are given in Table 2. Accordingly, Cd and Pb concentrations in the
samples taken from the polluted area were found to be higher than the samples taken from the non-polluted
area. The findings from the tissue samples reflect the differences in the metal contents of both soils.

Table 2. Metal concentration in the liver tissues (mg/kg) (n=3 for the polluted area and n=2 for the non-polluted area, n:
number of specimens).

Cd Cu Ni Pb  Zn
1.80 28.68 0.75 4.30 140.63
205 2751 0.87 580 170.80
3.07 2044 095 7.50 164.40
6.92 76.63 257 17.6 475.83
0.21 19.60 0.70 0.54 75.20
0.25 19.67 0.65 0.60 90.73
046 39.27 135 1.14 165.93

Sampling Sites
Polluted area/n=3

Total
Non-polluted area/n=2

NN RPR[WWwN (S

Total

3.2. Chromosomal Aberrations

Animals of the genus Nannospalax show a high degree of chromosomal polymorphism (2n=36-60) due
to the diversity observed in 2n (diploid chromosome number) and NF (fundamental number) values. In
Bilecik province, there are two common cytotypes, 2n=52 NF=70 and 2n=60 NF=78 [32,33]. To
eliminate the discrepancies caused by different cytotypes, only 2n=60 NF=78 chromosomal forms
distributed in the same region were examined in this study. The chromosome set of regionally distributed
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N. xanthodon species consists of 8 double bi-armed chromosomes and 22 double acrocentric
chromosomes. The X chromosome is metacentric, while the Y chromosome is acrocentric as illustrated
in Figure 2.
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Figure 2. Ideogram of standard karyotype in N. xanthodon (2n=60) (light-colored columns show the bi-armed chromosomes,
dark-colored columns show the acrocentric chromosomes).

The examination of metaphase plates of the samples taken from the polluted area revealed a large number
of chromosomal deletions, chromosomal rings, dicentric chromosomes, fragments, and the chromosomal
end to ends compared to normal plates (Figure 3). To quantify the effect of metal pollution on
chromosomes, 20 metaphase plates of each sample were examined and the chromosomal aberrations
occurring in 100 cells in total are presented in Table 3. Accordingly, bone marrow cells of animals from the
polluted group were found to have more fragments and deletions in chromosomes compared to the non-
polluted group.

Table 3. The number of chromosomal aberrations in the metaphase chromosome of N. xanthodon in polluted and non-
polluted areas (CD: chromosomal deletion, DC: dicentric chromosomes, CR: chromosomal ring and CF: fragments,
EE: chromosomal end to end).

Sampling sites Number of Number of examined ChD DC CR CF EE
specimens metaphase plates
Polluted area 1 20 60 14 20 51 22
2 20 42 17 16 35 17
3 20 58 22 12 44 19
Total 3 60 160 53 48 130 58
Non-polluted area 1 20 26 11 05 21 12
2 20 31 08 07 25 17
Total 2 40 57 19 12 46 29
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Figure 3. Metaphase plates of chromosomes in N. xanthodon, showing a) chromosomal deletion (CD), b) dicentric
chromosomes (DC), ¢, d, and e) chromosomal ring (CR), chromosomal fragments (CF), and chromosomal end to end
(EE), f) normal metaphase plate.

The toxic metal concentrations in the mammalian liver were previously reported as Zn>100, Ni>2,
Pb>1, Cd>1.5, Cu>30 [34]. However, the toxic metal concentrations in soil samples were estimated as
Zn>90, Ni >50, Pb >35 Cd>0.35, Cu >30 [35]. Silva et al. [36] in their study on Ctenomys torquatus
reported the Pb (2.9 mg/kg), Ni (8.4 mg/kg) and Zn (128.2 mg/kg) values as toxic and also revealed
genotoxic and cytogenetic damages (bone marrow, spleen, kidney, liver and lung cells) as a result of
this toxicity. Metal levels determined in our study were also found toxic except for Cu and Ni and
caused different modifications in bone marrow chromosomes. In studies on wild rodent and
insectivorous species, the most common cause of chromosomal aberrations was attributed to Pb and
Cd exposure [37-40]. However, it is also known that the various combinations of metals can induce or
diminish chromosomal aberrations. Singh and Sankhla [41] reported that CdCl; significantly increases
the number of chromosomal aberrations in animals. Zn has been found to decrease the toxic effect by
inhibiting Cd absorption in living organisms [42,43]. Compared to other terrestrial rodent and
insectivore species which are known to be chromosomally affected by the accumulation of metals in
the soil, N. xanthodonindividuals live a longer life under the soil. Since the accumulation of metal is
affected by factors such as species, texture, sex, age, seasonal differences, and pollution level of the
region, it seems very difficult to compare the toxic effect of metal accumulation in N. xanthodon with
other species.

Blind mole rats develop multiple adaptive complexes when exposed to underground stress (darkness,
energy expenditure to dig hard soil, low efficiency, nutrient shortage, hypoxia, hypercapnia), and in
this way, they diversify both chromosomally and genetically [44]. As a common consensus, it is
thought that the 2n variety seen in the genus Nannospalax originates from the Robertsonian
translocations [45]. New chromosomal forms occur as a result of the fusion of the acrocentric
chromosomes from the centromere regions or by dividing the chromosomes from the centromere
region to generate two chromosomes. The pericentric inversions that cause the change of the
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centromere position affect the NF number due to the increase or decrease in the number of
chromosomal arms [46,47].

4. CONCLUSIONS

The determination of the impact of human activities on animal populations has a significant influence
on wildlife conservation. The use of animals as a bioindicator of environmental pollution at the same
time illustrates the biological risks for the human population. Therefore, the result of this study was
reported to the facility and it was effective in the removal of that facility from the area. The increase in
metal levels in liver tissue due to the environmental abundances of these metals in the soil indicates
that these animals are candidate bioindicators for ecotoxicological investigations. A preliminary study
on the determination of chromosomal aberrations in N. xanthodon will also contribute to their
cytogenetic studies in addition to the Robertsonian translocations.
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