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Abstract

Amphibians are components of many ecological conitiesnand they can be used as indicators of enwisgnial quality.
Thus, in this study we evaluated the genome seitgitf four species of anuran amphibians of thdidthe family in a
cattle raising area (Bela Vista de Goias) and imickel area (Barro Alto) both at Goias state, CalrBrazil. The species
analyzed areDendropsophus minutuslypsiboas albopunctatusiypsiboas paranaiband Scinax fuscomarginatu3he
comet assay was used as a biomarker to estimate ddN#age in these four Hylidae species. The genamatyses were
realized using the softwar€tmet Scorevl.5. An analysis of variances (ANOVA) and t-testre carried out to verify the
genomic damage among and between all the fourepeacialyzed. In the three comet assay parameteds the species
sampled from the nickel areas showed the largestthies of DNA damage when compared to the sanmaespgampled in
the cattle raising area. So, we can suggest thaevalluated species may be used for eco-genotgxdfitaquatic
environments.

Keywords Anuran, Comet Assay, Biomonitoring, EnvironmeQahlity

1. Introduction

Nickel (Ni) is a ubiquitous, naturally occurringeetent in dependence on terrestrial and aquatic environméhese
soil and a recognized environmental and industrialanimals are considered important bioindicatorsrfiren-
pollutant (Wozniak & Blasiak, 2002). Elevated leveif mental quality because they are sensitive to cleageur-
nickel concentrations in the soil, either caused thg ring in the environment (Beiswe-nger, 1988; Weigold
presence of serpentine soils (Mesjasz-Przybylowical, 1989; Vitt et al, 1990; Blaustein & Wake, 1995 &icklly,
2001) or by anthropogenic Ni discharges, may lead t 1996).
accumulation of the metal in soil-dwelling organgsrauch
as anurans. Compounds of nickel are known humaiinear To detect DNA damage Ostling & Johanson (1984)
ogens. However, their genotoxic potentials in mafiana  developed the technique of single-cell gel eledtorpsis
cells are rather weak and/or restricted to cytat@xincen-  (SCGE). Subsequently, Singh et al (1988) presemted
trations (Hiraku & Kawanishi, 1996). similar technique under alkaline conditions (pH3).IThe
alkaline pH substantially increased the sensitifythe
The anurans belong to the amphibian class and rgrese assay to identify genotoxic agents. Tice et al (Q0&nd
behavioural and physiological characteristics, saslper-  Collins (2004) demonstrated not only double-strarebks
meable skin, low mobility and life cycle with sinheous  and cross-links, but also single-strand breakslial&bile
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sites and incomplete excision repair sitddie comet
assay is a simple, rapid, sensitive and relatiiredxpens-
ive technique and can be performed in any nucleate
eukaryotic cells, including plant cells (Olive ¢t1890 and
Mitchelmore & Chipman, 1998). It is used as a deteof
genotoxicity and contrary to the Micronucleus Tést
highly sensitive to various types of DNA damage qBr

et al 2006).

The use of biological indicators in cytogenetictdéesot
only helps in evaluating the physico-chemical initggof
environment but also the responses of these omanis
environmental changes resulting from pollution (es,
2000). Thus, the comet assay may also be useadmmaii-
toring programs to localize potential sources ofiytion
and in environmental impact studies (Zagatto & Bletti,
2006).

Table 1. Species, Number of Individuals and Municiglities
Evaluated in this Study

Species Number Municipality
D. minutes 6 Barro Alto
(Peters, 1872) 7 Bela Vista
H. albopunctatus 5 Barro Alto
(Spix, 1824) 5 Bela Vista
H. paranaiba 5 Barro Alto
(Gunther, 1859) 5 Bela Vista
S. fuscomarginatus 4 Barro Alto
(Lutz, 1925) 4 Bela Vista
Total 41

The comet assay was performed following the prdtoco

So, the aim of our study was to evaluate the genomejescriped by Singh et al (1988), an alkaline method

sensitivity of four species of anuran amphibianstho
Hylidae family in a cattle raising area (Bela Vistie
Goias) and in a nickel area (Barro Alto) both ati&So
state, Central Brazil.

2. Material and Methods

2.1. Collection Area and Sampling

Adult’'s anuran of four amphibian specié€s, minutus H.
albopunctatusH. paranaiba and S. fuscomarginatwsre
selected as the test organisdik individuals were sampled
in the municipalities of Barro Alto (14° 58’ 15” &nd 48°
54’ 57” W) and Bela Vista de Goias, Goias statalflE
1), from October 2010 to April 2011, all of themvrater
bodies. Barro Alto area is characterized by anticrop
Cerrado, and is recognized for biodiversity conaton.
The region presents a semi-humid tropical climdtee
average rainfall is 1,400 mm, with a rainy periodni
October to April and the dry season from May tot8eb-
er. The mean temperature is 27 °C in the rainyopeaind
25 °C in the dry period. The relative humidity chgrithe
rainy period is 77 % and in the dry period it is @l As
there are natural nickel-mining areas, nickel cobll
observed in serpentine soils, with adapted vegetati
which can accumulate such metal (Cempel & NikeQ&0

The area of Bela Vista de Goias (16° 58 00" S @84
57 00" W) is characterized as a cattle raisingagrwitho-
ut the usage of agrochemicals. The mean temperiat2&
°C in the rainy period and 26 °C in the dry peridtie
relative humidity during the rainy period is 81 #dan the
dry period it is 58 %.Voucher individuals are halise the
Colegdo Zooldgica of the Universidade Federal déso
(ZUFG).

2.2. Comet Assay
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with some modifications. The anurans were euthahnize
with xylocaine (5 %). Blood samples were collectad
cardiac puncture and erythrocytes were chosen becau
they are nucleated in amphibians. The slides weeged
with agarose of normal melting point (1.5 %) andul 5f
blood, diluted in 1ml of PBS buffer (pH 7.0), was
dropped on each slide. Then, 1@0agarose low melting
points (0.5%) was pipetted onto the precoated raampe
slides. Those were covered with cover slips andt kep
at 4 °C for 10 minutesand then kept in cuvettes
(protected from light) containing cold lysis sobuti(Triton
X-100, DMSO and Stock Lysis Solution of 2.5 M NacCl
100 mM NaEDTA, 10 mM Tris, NaOH to pH 10 ©.5,
and 1% Triton X-100) for 4 hours. Electrophoresiasw
carried at 25V and the current was adjusted to r3@0
The slides were routinely exposed to this current
in the dark for 30 minutes. After electrophoretli® slides
were placed in a staining tray and covered with a
neutralizing buffer (0.4 M, Tris-HCL, pH 7.5) inghdark

for 5 minutes. For analysis, the slides were sthinith 20

pl solution of ethidium bromide (0.02 mg/ mL) and
covered with cover slip. 50 nucleoids per slide 40
nucleoids per sample were analyzed. The analysis wa
performed by fluorescence microscopy systarioplan-
Imagind®, using the software Isis with excitation filter of
510-560 nm and a barrier filter of 590 nm, in aoré@ase

of 200X.

2.3. Software “Comet Score”

For genomic damage assessment, we used the program
TriTek Comet ScoreTM, version 1.5. DNA damage was
expressed as Arbitrary Units (AU). Cells with there
completely fragmented, that is, in apoptosis precesre

not accounted for during the analysis. In softwaralyses,

the intensity of pixels to provide values corresgiog

to genomic damage estimates is given as AU. Oflthe
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parameters provided by the program, we selectegethr 4. Discussion
for the quantification of DNA damage, as described:
tail length, percentage of DNA in tail, and olivailt
moment.

There are few studies involving comet assay in tadul
amphibians (Bosch et al, 2011). In this conteut, study
was carried out in adult amphibians, of very wigeead

and abundant species in the Cerrado Biome, Central
Brazil, to evaluate the genomic sensibility of Hglito
natural nickel exposition. As reported by Agosteti al
(2010), frequent reproduction, large numbers ofseiyg
nests and easiness in sampling make the specigsetha

2.4. Statistical Analysis

The 100 nucleoids assessed per individual weredenresl
replicates. After obtaining the results of genotayi we
first performed the Kolmogorov-Smirnov test to ¥eri

w_hether the dat? followed a normal distributiorgetiher in our paper interesting candidates for genotoyieitalu-
with the Levene’s and Brown-Forsythe tests, to 8880-  a4ion, especially with a tool used for the assestnoé

ples’ homogeneity of variance. The comparison betwe pnA damages, the comet assay (Dhawan et al, 2009).
the estimates of genomic damage between differana

species was based on Analysis of Variance (ANOVA) The analysis of the comet assay generates a langéer
followed by Tukey's post-hoc tests. In all situaowe  of parameters, which reflect the amount of damage t
adopted a significance level pk0.05. All analyses were  pnA and reduces the subjectivity of visual analysis
performed using the Statistical Package for S&iances However, the parameters most frequently used ensiéic
(SPSS) 20.0. research are estimates of the tail length, pergents
DNA in the tail and Olive tail moment (Kumaravel Baa,
2006) which were the ones used in this study. Gt al

) o (2008) discussed that tail length parameter vdesrly
Erythrocytes from the four species of anuran amiph®  according to the frequency of DNA breaks, showing a

were used to evaluate DNA damage using the comepyssitive correlation when compared to manual measur
assay. Tail length, % of DNA in tail and Olive tail gpis.

moment, all of them in arbitrary units (AU), were
measured (Table 2). According to the t-test, reiggrthe

tail length parameter in the specieypsibos paranaiba

(Figure 1 and Table 2), we found statistically igant gjsturbance (Aquino et al, 2010). Such speciessied as
differences in all the three parameters (FigureBable 2)  |gast concern in view of its wide distribution,erdnce of a
evaluated, among the species _analyzed in na_turdl @Nproad range of habitats, presumed large populatiod,
degraded areas. The speci€inax fuscomarginatus pecause it is unlikely to be declining fast enotgyhualify
showed the greatest extent of all the three paemet o jisting in a more threatened category (Azev&onos
evaluated (Figure 1). et al, 2004). On the other hand, the only spetiasgrese-

3. Results

In this study, S. fuscomarginatugpresented the most
extensive DNA damage found in areas with anthropiage

Table 2. Estimates of DNA Damage in Four Anuran Sgees in Two Municipalities of Goias State, CentraBrazil

TL* % DNA* OTM*
Species Municipality
Mean +SD | Probability [Mean +SD Probability [Mean +SD | Probability
. Barro Alto 6.05 +2.58 4.21 +3.26 2.97 £2.84
D. minutes - P <0.01 P<0.01 P <0.01
Bela Vista 3.3183.21 0.05+0.08 0.04+0.09
Barro Alto 5.80 +2.85 5.32 +2.86 3.84 .57
H. albopunctatus - P<0.01 P<0.01 P <0.01
Bela Vista 2.712.08 0.69 +0.16 0.43+0.06
. Barro Alto 5.20 +3.16 2.96 .74 1.71 €.30
H. paranaiba - P >0.05 P<0.01 P <0.01
Bela Vista 4.18 2.92 6.48 +2.32 5.12 +2.96
. Barro Alto 6.43 +2.68 6.48 +2.32 5.12 +2.96
S. fuscomarginatus - P<0.01 P<0.01 P <0.01
Bela Vista 2.87 2.08 0.10+0.22 0.06 +0.05

* TL: Tail Length; %DNA: Percentage of DNA in thd t&TM

: Olive Tail Moment
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Figure 1. Tail Length (TL), DNA in Tail (% DNA) and Olive Tail Moment (OTM) of Four Hylid Species from Municipalities of Goias State,

Central Brazil

(A) Bela Vistacattle raising area (B) Barro Alt, nickel-miningea

In this context, nickel could explain the increasé
genomic damages in all the analyzed species.Khasvn
that nickel is easily accumulated in the biota tipatarly
in the phytoplankton or other aquatic organismsctviare
sensitive bioindicators of water pollution. It cha depos-
ited in the sediment by such processes as pretipifand
ad-sorption on clay particles and via uptake byteio
(Cempel & Nikel, 2006).

did not differ of distinct spots of the Cerrado., Some
anuran species are adapted to natural environnsettiai
present high levels of nickel, as observed to other
biological groups (Boyd et al, 2006 and Kazakou,®0

5. Conclusion

In conclusion, we can suggest that all ¢hvaluated species
may be used for eco-genotoxicity of aquatic enviments.

Many amphibian populations are declining in number However, further studies are necessary in manycispe
worldwide. This phenomenon being, in most cases,The levels of environmental exposure concentrations
associated with pollution of anthropized areas, ttuan which cause DNA damage need to be determined, ks we
excessive amount of heavy metals in nature. Howeveras what concentration can cause DNA damage repair.
other factors such as over-exploitation, diseababjtat

loss and/or modification, introduced species, clana Acknowledgments
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