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PROCENA GENOTOKSICNOSTI KORISCENJEM KOMETA TESTA U
RAZLICITIM TKIVIMA KLENA 1Z RECNE VODE

Apstrakt

Cilj ovog rada je bila analiza oSte¢enja molekula DNK primenom komet testa (engl.
Single Cell Gel Electrophoresis, SCGE) na klenu (Squalius cephalus L.) kao potencijalnom
model organizmu za procenu genotoksicnosti vode Kolubarskog basena. Kolubarski basen
je bogat nalazistima lignita pa kao takav trpi veliki pritisak rudarskog postrojenja, “Kolu-
bara”, pored veé¢ postojeceg uticaja komunalnih voda kao i spiranja sa obradivih povrS$ina.
Uzorkovanja su vrsena mesec¢no tokom sezone 2011/2012 god. Jedinke klena sa Zlatarskog
jezera, Uvac, su koris¢ene kao prirodna kontrolna populacija.

Komet test je osetljiva i relativno jednostavna metoda primenljiva na velikom broju
razli¢itih organizama i tkiva. Za detekciju ostec¢enja DNK molekula u ovom radu koriséena
su tri tkiva: krv, jetra i Skrge.
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INTRODUCTION

The European chub, Squalius cephalus, an ubiquitous fish species displaying a wide
ecological niche, feeding on a low trophic level and widely distributed all over Europe,
offers possibilities to investigate various polluted contexts (Durand et al., 1999). The use of
chub as bioindicator has already been reported in field studies assessing the environmental
quality of inland waters differently impacted by anthropogenic activities (Winter et al.,
2005; Randak et al., 2006; Krca et al., 2007; Pavlica et al., 2011). Several biomarkers have
also been characterized in this species in response to chemical pollutants, including levels
of DNA strand breaks (SB), ethoxyresorufin O-deethylase (EROD) activity, polycyclic aro-
matic hydrocarbon (PAH) metabolites in bile, DNA adducts, erythrocyte micronucleation,
inhibition of acetylcholinesterase (AChE), activities of glutathione S-transferases (GST)
and vitellogenin gene induction (Devaux et al.,1998; Flammarion et al., 2000; Machala et
al., 2001; Winter et al., 2005; Randak et al., 2006; Krca et al.,2007, Frenzilli et al., 2008).

The comet assay, also referred to as the single cell gel electrophoresis assay (SCGE), is
arapid, visual, and quantitative technique for measuring DNA damage in eukaryotic cells
(Singh et al., 1988).

The aim of the present research was to evaluate the application of the comet assay on
different tissues of Squalius cephalus as a model organism for monitoring the pollution of
Kolubara basin.

MATERIAL AND METHODS

Field sampling was conducted at two sites (N 4426°05.26” E 20015°22.95”, N
44929°40.67”" E 20°17°07.88"*) at Kolubara basin. Kolubara basin has rich deposits of lignite
and hence the whole area is under intensive mining activity. Total of 65 specimens of chub
were caught by electrofishing device ELEMAX SHX 2000 (SAWAFUIJI). Average body
length and weight were: 22.75+7.22 cm and 163.27+£164.92 g.

Uvac River “Zlatar” reservoir was used as a reference site. This is a protected natural
area of great importance with very low anthropogenic impact. Total of 11 specimens were
used for analysis. Average body length and weight were: 23.89 + 6.97 cm and 194.7 + 217.87
g, respectively. The alkaline comet assay procedure was performed in accordance with the
method described by Singh et al. (1988) but with some modifications (Sunjog et al., 2014).
Results of the comet assay were compared by analysis of variance, one-way ANOVA (Stat
Soft, , 2007). Results that yield p < 0.05 are considered border-line statistically significant.

RESULTS AND DISCUSION

Results presented in Fig. 1 represents DNA damage expressed with TI (tail intensity
or % the DNA in tail), and shows the difference in level of DNA damage in three tissues
(blood, liver and gills) at Kolubara basin compared with reference site, Uvac. All tissues
were significantly different compared to reference site. Gills showed the best response as
compared to other tissues. Gills may be more prone to injury than other tissues, due to a
high respiratory blood flow and permanent contact with the water environment. Blood was
less sensitive in comparison to other tissues. This might be due to circulation of blood cells
in the bloodstream, which indicates that blood could be used as a biomarker only for acute



VII INTERNATIONAL CONFERENCE “WATER & FISH” - ZBORNIK PREDAVANJA 487

contaminations. It was determined that the turnover rate of fish erythrocytes is approxima-
tely 100 days (Devaux et al., 1998; Fischer et al., 1998; Buschini et al., 2004).
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Figure 1. DNA damage of blood, liver and gills at Kolubara basin compared with reference
site

Tissue specific responses are expected because of variations in alkali-labile sites and
cell types with different background DNA single-strand break levels, due to variations in
excision repair activity, metabolic activity, antioxidant concentrations, or other factors (Lee
& Steinert, 2003). However, although the blood gave the lowest response to DNA damage
compared to other tissues, it was still possible to observe the significant difference compa-
red to Uvac.

CONCLUSION

Overall the results obtained in this study confirmed that S. cephalus can be used for
the assessment of river basin genotoxicity based on comet assay. All tested biomarkers are
sensitive and suitable for this type of research.

ACKNOWLEDGEMENT

his study represents a part of activities within the Project No. 173045, funded by the
Ministry of Education, Science and Technological Development of the Republic of Serbia.

REFERENCES

Buschini, A., Martino, A., Gustavino, B., Monfrinotti, M., Poli, P., Rossi, C., Santoro,
M., Dor, A.J.M., Rizzoni, M. (2004): Comet assay and micronucleus test in circulating



488 VII INTERNATIONAL CONFERENCE “WATER & FISH” - CONFERENCE PROCEEDINGS

erythrocytes of Cyprinus carpio specimens exposed in situ to lake waters treated with di-
sinfectants for potabilization. Mutation Research, 557: 119-129.

Devaux, A., Flammarion, P., Bernardon, V., Garric, J., Monod, G. (1998): Monitoring of
the chemical pollution of the river Rhone through measurement of DNA damage and cyto-
chrome P4501A induction in chub (Leuciscus cephalus). Marine Environmental Research,
46: 257-262.

Durand, J.D., Persat, H., Bouvet, Y. (1999): Phylogeography and postglacial dispersion
of the chub (Leuciscus cephalus) in Europe. Molecular Ecology, 8: 989—-997.

Fischer, U., Ototake, M., Nakanishi, T. (1998): Life span of circulating blood cells in
ginbuna crucian carp (Carassiusauratus langsdorfii). Fish and Shellfish Immunology, 8:
339-349.

Flammarion, P., Brion, F., Babut, M., Garric, J., Migeon, B., Noury, P.,Thybaud, E.,
Tyler, C.R., Palazzi, X. (2000): Induction of fish vitellogenin and alterations in testicular
structure: preliminary results of estrogenic effects in chub (Leuciscus cephalus). Ecotoxi-
cology, 9: 127-135.

Frenzilli, G., Falleni A., Scarcelli V., Del Barga 1., Pellegrini S., Savarino G., Mariotti
V., Benedetti M., Fattorini D., Regoli F., Nigro M. (2008): Cellular responses in the cypri-
nid Leuciscus cephalus from a contaminated freshwater ecosystem. Aquatic Toxicology,
89: 188-196.

Krea, S., Zaja, R., Calic, V., Terzic, S., Grubesic, M.S., Ahel, M.,Smital, T. (2007):
Hepatic biomarker responses to organic contaminants in feral chub (Leuciscus cephalus)
laboratory characterization and field study in the Sava River, Croatia. Environtal Toxicolo-
gy and Chemistry, 26: 2620—-2633.

Lee, R.F., Steinert, S. (2003): Use of the single cell gel electrophoresis/comet assay for
detecting DNA damage in aquatic (marine and freshwater) animals. Mutation Research,
544: 43—64.

Pavlica, M., Stambuk, A., Malovi¢, L., Mladini¢, M., Klobugar, G.I. (2011): DNA inte-
grity of chub erythrocytes (Squalius cephalus L.) as an indicator of pollution-related geno-
toxicity in the River Sava. Environmental Monitoring and Assessment, 177: 85-94.

Randak, T., Zlabek, V., Kolarova, J., Svobodova, Z., Hajslova, J.,Siroka, Z., Janska, M.,
Pulkrabova, J., Cajka, T., Jarkovsky, J. (2006): Biomarkers detected in chub (Leuciscus cep-
halus L.) to evaluate contamination of the Elbe and Vltava Rivers, Czech Republic. Bulletin
of Environmental Contamination and Toxicology, 76: 233-241.

Singh, N.P., McCoy, M.T., Tice, R.R., Schneider, E.L. (1988): A simple technique for
quantitation of low levels of DNA damage in individual cells. Experimental Cell Research,
175: 184-191.

Stat Soft (2007): STATISTICA (Data Analysis Software System), Version 8.0,
www.statsoft.com

Sunjog, K., Kolarevi¢, S., Kra¢un-Kolarevi¢, M., Gaci¢, Z., Skori¢, S., Dikanovi¢, V.,
Lenhardt M., B. Vukovi¢-Gaci¢, B. (2014): Variability in DNA damage of chub (Squalius
cephalus L.) blood, gill and liver cells during the annual cycle. Environmental Toxicology
and Pharmacology, 37: 967-974.

Winter, M.J., Verweij, F., Garofalo, E., Ceradini, S., McKenzie, D.J.,Williams, M.A.,
Taylor, EW., Butler, P.J., Van der Oost, R.,Chipman, J.K. (2005): Tissue levels and biomar-
kers of organic contaminants in feral and caged chub (Leuciscus cephalus) from rivers in
the West Midlands, UK. Aquatic Toxicology, 73: 394—405.





