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Abstract: In study this, the level of DNA damage in three populations of endemic Beysehir frog (Pelophylax caralitanus) inhabiting on Lakes of
Karamik, Eber and Beysehir with different anthropogenic pollution was assessed by using the DNA Comet Assay technique. Frog erythrocytes
cells were used for the analysis. Seven adult individuals were collected from each biotope containing minimum 100 cells were analysed. While
the results showing a significant increase in the DNA comet index in the contaminated zone [(Eber Lake= |dc=0.22+0.015), (p<0.05)], the ma-
jority of the cells did not contain any DNA damage in the clean zone (Karamik Lake, Idc=0.08+0.001). The obtained data demonstrated t that
the endemic Beysehir frog could serve as a useful flag species in an indicator of anthropogenic impact on ecosystems.
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0z: Bu calismada, DNA Comet Assay teknidi kullanilarak, farkli antropojenik kirlilige sahip Karamik, Eber and Beysehir Géllerinde yasayan
endemik Beysehir kurbadasi (Pelophylax caralitanus) t¢ populasyonunda DNA hasar diizeyleri degerlendirilmistir. Analizler icin kurbaga
eritrosit huicreleri kullanildi ve uygun biyotoplardan toplanilan 7 ergin bireyin, her birinden minimum 100 hiicre ile analiz edilmistir. Sonuclar
DNA comet indeksinde kontamine olmus zonda [(Eber Golu = |dc=0.22+0.015), (p<0.05)] artis oldugu gdsterirken, temiz zonda, hiicrelerin
¢ogunlugunun hasarsiz DNA icerdigini (Idc = 0.08 + 0.001) gdstermistir. Elde edilen veriler, endemik Beysehir kurbagasinin ekosistemler
lizerindeki antropojenik etkinin bayrak tiirli gostergesi olarak kullanilma olasiligini géstermektedir.

Anahtar Kelimeler: Pelophylax caralitanus, endemik Beysehir kurbagasi, DNA hasari, comet assay, antropojenik etki

INTRODUCTION

In last few decades, intensive industrial
developments have led to a dramatic increase in the
concentration of numerous chemicals in the aquatic
and terrestrial ecosystems that pose a potential danger
to the habitat of all living beings including human
beings. Anthropogenic activities such as modern
farming methods, urbanization, industrialization that

et al, 2004; Marquis et al, 2009). These pollutants
contaminate and accumulate in areas such as small
bays, lakes, and seas by transportation via various
water connections and flows at under/over ground
level. Many of these pollutants contribute to aquatic
environmental degradation and in turn results
biomagnifications in aquatic organisms and as well as
in the consumer of aquatic products like humans. Thus,

involve the usage of different chemical pollutants and
toxicants including heavy metals, biocides, pesticides,
industrial effluents etc. which ultimately reach into
aquatic environments and become responsible for
the degradation of aquatic ecosystem (Dautremepuits

they are harmful for the health of both human and
other animals (e.g. Kalay et al., 1999; Ashraf, 2005).

Amphibians are good bioindicators  of
environmental pollution due to their susceptibility
to chemicals during their freshwater cycles. This may
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be due to their sensitivity to changes of their habitat,
and to the fact that their larvae inhabit aquatic
environments. In addition, the presence of gills and
a thin skin are both attributes of larval and adult that
serve amphibians well as model organisms for study
(Pollet and Bendell-Young, 2000; Huang et al., 2007;
Erismis et al., 2013).

DNA damage by environmental xenobiotics is
frequently assessed by single cell gel electrophoresis
(SCGE) or the Comet assay (Singh et al., 1988), which
detects DNA strand breakage and alkali-labile sites by
measuring the migration of DNA from immobilized
individual cell nuclei. In this assay, the cells are
embedded in agarose gel on microscopic slides, lysed
and then electrophoresed under alkaline condition.
Cells with damaged DNA show increased migration
of DNA fragments from the nucleus and the length
of the migration indicates the amount of DNA strand
breakage; the latter can be estimated by manual and
computerized image scoring procedures (Kumar et al.,
2013). The technique is highly sensitive for detecting
DNA damage in any eukaryotic cell type and requires
only a few cells. The minimum technical requirements
for doing this assay in vitro and in vivo are well
established (Cotelle and Férard, 1999; Hartmann et
al.,, 2003). The Comet assay is sufficiently sensitive for
detecting DNA damage in frogs (Dhawan et al., 2009).
Endemic Beysehir frogs (Pelophylax caralitanus) is a
recently described species (Arikan, 1988) in the Lake
District of south-western Anatolia. Historically, it has
been a common inhabitant of lakes and ponds at
elevations of 950-1200 m (Arikan, 1988; Budak et al.,
2000; Jdeidi et al., 2001), ranging from the Konya plain
to Denizli. Ongoing threats to the survival of this species
include habitat loss and over-harvesting by commercial
collectors, principally for the western European frogleg
market. While it is remain locally abundant at some
sites, overall the Beysehir frog population is in rapid
decline and is now considered an endangered species
[(IUCN International Union for Conservation of Nature)-
(the IUCN Red List of threatened Species - 2016)].
Although a number of studies have investigated the
distribution, demographic studies, morphometry,
serology, The fungal pathogen (Batrachochytrium
dendrobatidis) and demographic data of P. caralitanus
(e.g., Arikan, 1988; Budak et al., 2000; Kaya et al,
2002; Erismis and Chinsamy, 2010; Erismis et al., 2013;
Erismis, 2018), evaluation of DNA damage detected
by micronuclei and comet assay of Turkey anurans are
few (Gurkan et al., 2012; Erismis et al., 2013). The aim of
the present study was to develop the first information
concerning the possible biological effects of pollution
from clastogenic chemicals in three lakes on endemic
Beysehir Frog (P. caralitanus) in Lake District of south-
western Anatolia, Turkey.

MATERIALS AND METHODS

Twenty-one adults (11 males, 9 females) were
collected by hand, mainly from the middle of July
through the end of August 2018, which corresponds
to the period of annual activity of the species studied.
Blood samples from each adult frog were taken using
a heparinized syringe and needle via cardiac puncture.
After performing the blood sampling, the

frogs were freed to their natural habitats. Twenty-
one adult endemic Beysehir frogs were selected from
three lakes of Lake District of south-western Anatolia
(Figure 1) for the analysis which differed in the level of
anthropogenic load.
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Figure 1. The map of the sampling localities; 1. Karamik
Lake, 2. Eber Lake, 3. Beysehir Lake

Characteristics of the three lakes studied are; 1.
Karamik Lake (38°26'50”N 30°53'17’E; 1020 m asl) is
located in the southeast of the city of Afyonkarahisar,
in the west of central Anatolia region of Turkey. The
wastewater of Afyonkarahisar - Cay SEKA paper factory
was emptied to the lake in the past. After the year
2004, this factory was closed, and the waste water was
prevented. 2. Eber Lake (38°37'53"N, 31°6'37"E; 967
asl), an “A” class wetland of south-western Anatolia,
is very important for ornithology, fisheries and the
native crayfish. But the structure of Eber Lake has been
affected by industrial pollution from the both alkaloid
and enamel factories located near it. 3. Beysehir Lake
(37°42'37"N, 31°27'10°E; 1125 m asl) is ecologically
vulnerable and taken under protection as a “national
park” however, domestic and industrial sewage
collection and treatment is insufficient contributing to
contamination of surface and ground water resource.

Single-cell electrophoresis (Comet assay)
procedure and determination of DNA damage

Blood samples from each adult frog were taken
using a heparinized syringe and needle via cardiac
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puncture. After performing the blood sampling, the
frogs were freed to their natural habitats. The samples
of 5-10 pL venous blood from the frogs were collected
and examined to determine if any DNA damage had
occurred. Single-cell suspensions were prepared by
diluting whole blood with phosphate buffered saline
(PBS) (1:200, v/v) and were utilized immediately during
the analyses. Then, the whole blood samples of 0.5 pL
were mixed with 100 mL of 0.5% low-melting agarose
in PBS at 37 °C. Subsequently, 80 mL of this mixture was
layered onto a slide pre-coated with a thin layer of 1
% normal melting point agarose, covered immediately
with a coverslip and stored for 5 min at 4 °C to allow
the agarose to solidify. After removing the coverslips,
the slides were immersed in freshly prepared cold (4°C)
lysing solution (2.5 M NaCl, 100 mM EDTA-Na,; 1 % Na-
laurylsarcosine, 10 mM Tris—HCI, pH 10-10.5; 1 % Triton
X-100 with 10 % DMSO being added just before use)
for at least 1 h. The slides were then electrophoresed
(25 V/300 mA, 25 min) after they were immersed in
freshly prepared alkaline electrophoresis buffer (0.3
mol/L NaOH and 1 mmol/L EDTA-Na,, pH 13) at 4
°C for unwinding (40 min). Experimental treatments
were carried out under minimal illumination. After the
electrophoresis application, the slides were neutralized
(0.4 M Tris-HCl, pH 7.5) for 5 min. Each slide was stained

with ethidium bromide (20 Ig/mL) and covered with
a coverslip. Slides were stored at 4 °C in humidified
sealed containers until analysis. The nuclei were ranked
by the four stages of DNA destruction. At least 100
nuclei were counted on each specimen (Fig. 2). Comets
were randomly captured at a constant depth of the gel,
avoiding the edges of the gel, occasional dead cells,
cells near or in a trapped air bubble and superimposed
comets. Results are reported as the mean + SE. The
Student-t test for paired samples was used for statistical
analysis. When more than two means were compared,
one-way ANOVA was performed, followed by the
Duncan post-hoc test. The level of significance was set
at P<0.05, sometimes expressed as DNA comet index
(I,), using the formula: Idc = (0n0 + 1n1 +2n2 + 3n3 +
4n4) / X, where n0-n4 is the number of “DNA comets” of
each type, X is the sum of the counted “DNA comets”.

RESULTS AND DISCUSSION

Blood cells with either no damage or varying
degrees of damage are shown in Fig. 2. Four types of
damaged DNA and non- damaged DNA in the blood
cells of Beysehir frog living in three study lakes (Fig.
2a-e) were observed. Apoptotic cells were observed
(Figure 2f) but not evaluated, since they represented
dead cells (Olive et al., 1993).

Figure 2. The classification of Pelophylax caralitanus blood cells by the comet assay. A: undamaged DNA; B-D:
DNA damage; E: Maximum DNA damage; F: Apoptotic cell. Bar = 1T0pum.
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In the comet assay, DNA fragments move from the
nucleoid core towards the anode, resulting in ‘comet’
formation. The results were summarized in Table 1.

Cells sampled from Karamik Lake, in most cases, had
intact nuclei and the nuclei with the third and fourth
stages of DNA destruction were rarely found (Table 1).
According to the information obtained in this study,
due to less industrial and agricultural pollution of this
lake, the level of DNA damage in the studied blood of
Beysehir frogs was considered negligible, because the
average |, values reached the first stage of damage.
The average value of the DNA comet index for Karamik
Lake was l,. = 0.089 +£0.005. In this regard, the present
study indicated that the value of DNA damage was the
smallest among the studied lakes, despite dwelling in
an obviously polluted habitat by SEKA paper factory
before 2004. This finding may indicate the absence of
severe damaging factors disturbing the cytogenetic
stability at the collection sites. However, it may also
suggest that there are some kinds of repair mechanisms
in homeostatic processes which can neutralize the
detrimental effects of environmental components
in the animals. Nevertheless, according to our data,
certain tendencies occur towards an increase in the
amount of damaged DNA. Thus, one factor ANOVA,
performed using the aggregate of all studied blood
of Beysehir frog in three lakes revealed significant
differences between the studied groups in the DNA
comet index (ANOVA = 53.22; df =2;18, P__ <0.05).

77 0.00

During the experiment, an increase was observed
in the degree of DNA damage under the influence of
industrial pollution from the alkaloid, enamel factories
and weapon factories located in the vicinity of Eber
Lake and Beysehir Lake respectively. |, values of DNA
damage in the collected Beysehir frogs were analysed
statistically. The blood of Beysehir frogs in Eber Lake,
which was the one of the considered areas in this
study, provided the highest Idc value of DNA damage
(Idc = 0.227 +0.015). Results showed that I,_values of
DNA damage were statistically significant between
Eber Lake and Beysehir Lake (Student’s t test = 3.83;
P, o< 0.05). These results could be occurred due to
both the alkaloid factory pollution and the enamel
factory pollution. Despite the protected status of Eber
Lake, fertilizers and pesticides can be drained into the
surrounding lands because Eber Lake is adjacent to
the agricultural fields in the Akarcay basins. A similar
pattern of increasing proportion of damaged DNA was
also observed in the Beysehir Lake, probably due to the
same cause.

As an environmental biomonitoring tool, the comet

assay has been used increasingly by various scientists
globally to assess and establish the genotoxic effects
of xenobiotics on aquatic organisms (Rajaguru, 2001;
Huang et al., 2007; Ismail et al., 2014). The comet
technique used here, also known as single-cell gel
electrophoresis (the SCGE technique), is a simple, fast,
sensitive, and widespread protocol that has been used
in recent years to measure and evaluate DNA damage
in different cell types even with many organisms
(e.g Devaux et al., 1998; Wang and lJia, 2009; Snegin,
2011a). One of the most important advantages of
the technique is that it can be used with virtually all
types of cells, as well as being applicable to amphibian
species. Many studies carried out on amphibian species
in fresh waters as well as in terrestrial can be found in
the literature (e.g. Ralph and Petras, 1998; Ferreira et al.,
2004; El-Zein et al., 2006; Vershinin, 2008; Wang and lJia,
2009; Dhawan et al., 2009; Zhelev et al., 2014). In this
study, we found that cells from the adults of endemic
Beysehir frogs from Karamik Lake which was cleaner
than the other two lakes had compressed DNA and
maintained the circular form of their normal nucleus,
with little or no evidence of comet formation (Fig. 2a).In
contrast, blood cells from frogs living in three polluted
water bodies displayed an altered appearance (Fig. 2b-
e). To our knowledge, this is the first study carried out
on the DNA damage in populations of Turkish endemic
frog (P. caralitanus) in different lakes of the Lake District
of south-western Anatolia. Many studies revealed
that, the contaminants were the major concern in
amphibians because many populations were declining
dramatically and the death of entire populations
increasingly occurred frequently, in some cases, due to
anthropogenic changes in the environment (Pollet and
Bendell-Young, 2000; Marquis et al., 2009; Erismis et al.,
2013; Zhelev et al., 2014). The findings of this study are
in parallel with the literature report that the amphibians
are very sensitive to pollution, because they live at the
interface of two environments land and water and can
easily absorb pollutants through the skin. Therefore,
the present study confirms that the endemic Beysehir
frogs in Lake District of south-western Anatolia, is good
bio-indicators of to assess the genotoxicity and they
may also serve as an early warning of natural responses
to environmental contaminants
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Table 1. DNA damage indicators in the studied groups of Pelophylax caralitanus; N: Number of cells analysed, Na:

Number of apoptotic cells

Number of animals

Lake Indicators
1 2 3 4 5 6 7
N 103 106 108 114 123 102 112
Na 0 0 0 0 0 0 0
g 0 stage 97 98 103 106 118 97 108
_;—'j 1 stage 3 6 3 6 2 3 2
g 2 stage 1 1 - - 2 2 1
N 3 stage 2 - 2 2 - - -
4 stage - 1 - - 1 - 1
L 0.106 0.113 0.083 0.105 0.081 0.068 0.071
N 136 109 113 127 113 113 111
Na 0 1 0 0 1 0 1
© 0 stage 120 96 98 115 104 96 97
ki 1stage 9 12 6 6 9 8
§ 2 stage 3 2 - 2 2 3 1
3 stage 2 - 1 1 4 3 3
4 stage 2 3 2 3 1 2 2
Ly 0.213 0.220 0.203 0.196 0.230 0.283 0.243
N 118 120 108 11 114 104 110
Na 0 1 1 0 0 0 0
v 0 stage 109 108 98 96 105 96 103
(1]
- 1 stage 3 8 10 4 5 3
i 2 stage 2 - 2 4 1 1 1
& 3 stage 3 3 - 1 - 2 1
4 stage 1 1 3 - 4 - 2
lc 0.169 0.175 0.194 0.189 0.192 0.125 0.145
REFERENCES

Arikan, H. (1988). On a new form Rana ridibunda (Anura: Ranidae)
from Turkey. Istanbul Universitesi Fen Fakiiltesi Mecmuasi, istanbul,
53,81-87.

Ashraf, W. (2005). Accumulation of heavy metals in kidney and
heart tissues of Epinephelus microdon fish from the Arabian
Gulf, Environmental Monitoring and Assessment. 101, 311-316.
DOI:10.1007/510661-005-0298-4.

Budak, A., Tok, C.V. & Ayaz, D. (2000). On specimens of Rana ridibunda

Pallas, 1771 (Anura: Ranidae) collected from Isikli Lake (Civril-
Denizli). Turkish Journal of Zoology, 24, 135-137.

Cotelle, S. & Férard, J.F. (1999). Comet assay in genetic ecotoxicology,
A review. Environmental and Molecular Mutagenesis, 34, 246-255.
DOI:10.1002/(SICI)1098-2280.

Dautremepuits, C., Paris-Palacios, S., Betoulle, S. & Vernet G. (2004).
Modulation in hepatic and head kidney parameters of Carp
(Cyprinus carpio) induced by copper and chitosan. Comparative
Biochemistry and Physiology Part C: Toxicology & Pharmacology,
137,325-333.

Devaux, A., Flammarion, P. & Bernardon, V. (1998). Monitoring of the
chemical pollution of the river Rhonethrough measurement
of DNA damage and cytochrome P-450IA induction in chub
(Leuciscus cephalus). Marine Environmental Research, 46, 257-262.
DOI:10.1016/50141-1136(97)00105.

Dhawan, A., Bajpayee, M. & Parmar, D. (2009). Comet assay: a reliable
tool for the assessment of DNA damage in different models. Cell
Biology and Toxicology, 25, 5-32. DOI:10.1007/510565-008-9072.

13


http://dx.doi.org/10.1007/s10661-005-0298-4. 
http://dx.doi.org/10.1002/(SICI)1098-2280. 
http://dx.doi.org/10.1016/S0141-1136(97)00105. 
http://dx.doi.org/10.1007/s10565-008-9072. 

Erismis, Ege Journal of Fisheries and Aquatic Sciences, 36(2), 109-114 (2019)

El-Zein, R.A. Hastings-Smith, D.A, Ammenheuser, M.M., Trinen-
Moslen, M., Gulland, FM. & Ward, J.B. (2006). Evaluation of two
different biomarkers for use in the assessment of toxic chemical
exposure in California sea lions (Zalophus californianus). Marine
Pollution Bulletin, 52, 104-120.

DOI:10.1016/j.marpolbul. 2005.10.007.

Erismis U.C. (2018). Age, size, and growth of the Turkish endemic frog
Pelophylax caralitanus (Anura: Ranidae). The Anatomical Record,
301, 1224-1234.

Erismis, U.C. & Chinsamy, A. (2010). Ontogenetic changes in the
epiphyseal cartilage of Rana (Pelophylax) caralitana (Anura:
Ranidae). The Anatomical Record, 293(11), 1825-1837.

DOI: 10.1002 /ar.21241.

Erismis, U.C., Cigerci, I.H. & Konuk, M. (2013). Evaluation of DNA
damage in Eurasian Marsh Frogs (Pelophylax ridibundus)
by Comet Assay for determination of possible pollution in
the different lakes in Central Anatolia, Turkey. The Bulletin of
Environmental Contamination and Toxicology, 90, 660-665.
DOI:10.1007/500128-013-0991.

Ferreira, C.M., Lombardi, J.V., Machado-Neto, J.G., Bueno-Guimaraes,
H.M., Soares S.R.C. & Saldiva, PH.N. (2004). Effects of copper
oxychloride in Rana catesheiana tadpoles: toxicological
and bioaccumulative aspects. Bulletin of Environmental
Contamination and Toxicology, 73, 465-470.

Glrkan, M., Hayretdag, S., Yakin, B.Y. & Tok, C.V. (2012). A preliminary
study on micronucleus analysis and nuclear abnormalities in
Pelophylax ridibundus (Pallas, 1771) (Amphibia: Anura) specimens
collected around Vize (Kirklareli) and Ida Mountains (Canakkale,
Turkey). Ege Journal of Fisheries and Aquatic Sciences, 29, 133-136.
DOI: egejfas.2012.29.3.05.

Hartmann, M., Schneider, T.R,, Pfeil, A., Heinrich, G., Lipscomb, W.N.
& Braus, G.H. (2003). Evolution of feedback-inhibited beta/alpha
barrel isoenzymes by gene duplication and a single mutation.
Proceedings of the National Academy of Sciences of the United States
of America, 100(3), 862-7. DOI:10.1073/pnas.0337566100.

Huang, D., Zhang, Y., Wang, Y., Xie, Z. & Ji, W. (2007). Assessment of
the genotoxicityin toad Bufo raddei exposed to petrochemical
contaminants in Lanzhou Region, China. Mutation Research:
Genetic Toxicology and Environmental Mutagenesis, 629, 81-8.
DOI: 10.1016 /j.mrgentox.2007.01.007.

Ismail, M., Khan, Q., Ali, R, Ali, T. & Mobeen, A. (2014). Evaluation of the
genotoxicity of chlorpyrifos in common indus valley toad, Bufo
stomaticus using alkaline single-cell gel electrophoresis (Comet)
assay. The Journal of Agricultural Science 5, 376-382

Jdeidi, T, Bilgin, C.C. & Kence, M. (2001). New localities extend the
range of Rana bedriagae caralitana Arikan, 1988 (Anura: Ranidae)
further west and suggest specific status. Turkish Journal of
Zoology, 25, 153-158.

Kalay, M. Ay, O. & Canil, M. (1999). Heavy metal concentration in
fish tissues from the northeast Mediterean Sea. The Bulletin
of Environmental Contamination and Toxicology, 63, 673-681.
DOI: 10.1007/5001289901033.

Kaya, U., Cevik, I.E. & Erismis, U.C. (2002). New distributional records
for Rana bedriagae caralitana in Anatolia. Turkish Journal of
Zoology, 26,381-383.

Kumar, P, Kumar, R, Nagpure, N.S. Nautiyal, P, Kushwaha, B. &
Dabas, A. (2013). Genotoxicity and antioxidant enzyme activity
induced by hexavalent chromium in Cyprinus carpio after in
vivo exposure. Drug and Chemical Toxicology, 36, 451-460.
DOI:10.3109/01480545.2013.776581.

Marquis, O., Miaud, C., Ficetola, G.F, Boscher, A, Mouchet, F,
Guittonneau, S. & Devaux, A. (2009). Variation in genotoxic
stress tolerance among frog populations exposed to UV
and pollutant gradients. Aquatic Toxicology, 95(2), 152-161.
DOI: 10.1016/j.aquatox.2009.09.001.

Olive, P, Frazer, G. & Banath, J.P. (1993). Radiation-induced apoptosis
measured in TK6 human B lymphoblast cells using the comet
assay, Radiation Research. 136, 130-136.

Rajaguru, P, Kalpana, R., Hema, A, Suba, S., Baskarasethupathi, B.,
Kumar, PA. & Kalaiselvi, K. (2001). Genotoxicity of some sulfur
dyes on tadpoles (Rana hexadactyla) measured using the comet
assay. Environmental and Molecular Mutagenesis, 38, 316-22.
DOI:10.1002/em.10027.

Ralph, S. & Petras, M. (1998). Caged amphibian tadpoles and in situ
genotoxicity monitoring of aquatic environments with the
alkaline single cell gel electrophoresis (comet) assay. Mutation
Research, 413, 235-250. DOI:10.1016/51383-5718(98)00024-2.

Singh, N.P, Mc-Coy, M.T,, Tice, R. &chneider, E.L. (1988). A simple
technique for quantitation of low levels of DNA damage in
individual cells. Experimental Cell Research, 175, 184-191.
DOI:10.1016/0014-4827(88)90265.

Snegin, E.A.(2011a). Assessment of the state of population gene pools
of terrestrial mollusks in conditions of influence of ore dressing
combines from the example of Brady baena fruticum Mull
(Gastropoda, Pullmonata). Russian Journal of Genetics: Applied
Research, 1(5),379-389. DOI: 10. 1134 /520 790 59711050133.

Vershinin, V.L. (2008) Morpha striata in the members of the
genus Rana (Amphibia, Anura), the reasons of adaptability to
environmental changes. Zhurnal Obshchei Biologii, 69(1), 65-71.

Wang, M.Z. & Jia, X.Y. (2009). Low levels of lead exposure induce
oxidative damage and DNA damage in the testes of the frog
Rana nigromaculata. Ecotoxicology, 18,94-99.

Zhelev, Z.M., Arnaudov, AT. & Boyadzhiev, P. (2014). Colour
polymorphism, sex ratio and in the populations of Pelophylax
ridibundus and Pseudepidalea viridis (Amphibia: Anura) from
anthropogenically polluted biotopes in southern Bulgaria and
their usage as biondicators. Trakia Journal of Sciences, 12 (1), 1-12.

14


http://dx.doi.org/10.1016/j.marpolbul. 2005.10.007. 
http://dx.doi.org/10.1002 /ar.21241.
http://dx.doi.org/10.1007/s00128-013-0991.
http://dx.doi.org/egejfas.2012.29.3.05. 
http://dx.doi.org/10.1073/pnas.0337566100.
http://dx.doi.org/10.1016 /j.mrgentox.2007.01.007.
http://dx.doi.org/10.1007/s001289901033.
http://dx.doi.org/10.3109/01480545.2013.776581.
http://dx.doi.org/10.1016/j.aquatox.2009.09.001. 
http://dx.doi.org/10.1002/em.10027. 
http://dx.doi.org/10.1016/S1383-5718(98)00024-2. 
http://dx.doi.org/10.1016/0014-4827(88)90265. 
http://dx.doi.org/10. 1134 / S 20 790 59711050133. 

