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Abstract

Some water bodies in the Sinos River Basin (SRB) have been suffering the effects of pollution by residential, industrial
and agroindustrial wastewater. The presence of cytotoxic and genotoxic compounds could compromise the water quality
and the balance of these ecosystems. In this context, the research aimed to evaluate the genotoxicity and cytotoxicity of
the water at four sites along the SRB (in the cities of Santo Anténio da Patrulha, Parobé, Campo Bom and Esteio), using
bioassays in fish and cell culture. Samples of surface water were collected and evaluated in vitro using the Astyanax
Jjacuhiensis fish species (micronucleus test and comet assay) and the Vero lineage of cells (comet assay and cytotoxicity
tests, neutral red - NR and tetrazolium MTT). The micronucleus test in fish showed no significant differences between
the sampling sites, and neither did the comet assay and the MTT and NR tests in Vero cells. The comet assay showed
an increase in genetic damage in the fish exposed to water samples collected in the middle and lower sections of the
basin (Parobé, Campo Bom and Esteio) when compared to the upper section of the basin (Santo Antonio da Patrulha).
The results indicate contamination by genotoxic substances starting in the middle section of the SRB.
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Avaliacio da genotoxicidade e da citotoxicidade de amostras de agua da
Bacia do Rio dos Sinos, sul do Brasil

Resumo

Alguns corpos d’agua da Bacia Hidrografica do Rio dos Sinos (BHRS) vém sofrendo os efeitos da polui¢ao por efluentes
domésticos, industriais e agroindustriais. A presenca de compostos citotoxicos e genotoxicos pode comprometer a
qualidade da agua e o equilibrio desses ecossistemas. Neste contexto, o objetivo do trabalho foi avaliar a genotoxicidade
e a citotoxicidade da agua em quatro pontos ao longo da BHRS (Santo Ant6nio da Patrulha, Parobé, Campo Bom
e Esteio), utilizando bioensaios em peixes e em cultura celular. As amostras de agua de superficie foram coletadas
e avaliadas in vitro utilizando a espécie de peixe Astyanax jacuhiensis (teste de micronticleo e ensaio cometa) e a
linhagem celular tipo Vero (ensaio cometa e os testes de citotoxicidade vermelho neutro - VN e tetrazdlio MTT).
O teste de micronticleos em peixes ndo apresentou diferencas significativas entre os pontos de coleta, assim como o
ensaio cometa e os testes VN e MTT nas células Vero. O ensaio cometa demonstrou aumento nos danos genéticos em
peixes expostos as amostras de agua coletadas nos trechos médio e inferior da bacia (Parob¢, Campo Bom e Esteio) em
relagd@o ao trecho superior da bacia (Santo Antonio da Patrulha). Os resultados indicam contaminacédo por substancias
genotoxicas a partir do trecho médio da BHRS.

Palavras-chave: qualidade da agua, teste de micronticleo, ensaio cometa, bioensaios com peixes, cultura celular.
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1. Introduction

The Sinos River Basin (SRB) is located in the northeast
of the state of Rio Grande do Sul, and is integral to the
Guaiba hydrographic region. It extends over approximately
3,800 km?, encompassing 32 municipalities. The Sinos
River is the main river of the basin and also one of the
most important rivers in the state of Rio Grande do Sul,
supplying drinking water for 1.35 million people and for
an important Brazilian industrial centre (Rio Grande do
Sul, 2009).

The SRB is divided into three sections: upper, middle and
lower and presents a picture of water quality deterioration,
especially in municipalities located in the lower section of
the basin (Rio Grande do Sul, 2009). Spilki and Tundisi
(2010) have reported that the Sinos River Basin is highly
degraded due to a series of recurring impacts on water,
soil and air quality over the years. This current situation
of environmental degradation is the consequence of a
process of huge economic development, arising from the
footwear/leather sector and from intense urbanisation that
took place with no concern for environmental conservation.

The deposition of these pollutant loads in the water leads
to the formation and accumulation of complex mixtures
with toxic and genotoxic potentials, which may compromise
biodiversity. Additionally, processes of bioaccumulation
are potentially damaging to several cell structures, such as
plasma membranes, mitochondrion, lysosomes and DNA
itself (Ohe et al., 2004).

Regarding the creation of applicable measures of
environmental recovery and conservation that might mitigate
the impacts over the basin, one priority goal suggested
in order to monitor the quality of the basin is to perform
research on the toxic and genotoxic effects of pollutants
on plants and animals (Spilki and Tundisi, 2010).

The genotoxic analysis, when combined with a
cytotoxic analysis, enables the prediction of water toxicity
and genotoxicity, especially if synergism, antagonism or
potentiation effects are observed in the components present
in the water. These analyses have been characterised for
presenting a global response, regardless of the knowledge of
pollutants and their chemical properties (Zegura et al., 2009).

The use of fish as bioindicators has allowed for a reliable
evaluation of the presence of pollutant sources that could
potentially cause genotoxic effects, since these animals
have the ability to concentrate and metabolise aquatic
pollutants (Bolognesi and Hayashi, 2011).

Among alternative methodologies of environmental
monitoring is the use of cell lines, which may be applied in
several genotoxicity and cytotoxicity assays due to their easy
manipulation and sensitivity when exposed to chemical and
physical agents, in addition to presenting good reproducibility
(Rogero etal., 2003; Cardozo et al., 2006; Morales, 2008;
Zegura et al., 2009). Metabolically competent cell lines
are among the best lines used to detect and evaluate the
risks that chemical compounds can pose to human health,
since they are able to reflect the metabolism of xenobiotic
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compounds better than other in vitro models, which demand
exogenous metabolic activation (Gabelova et al., 2004).
Therefore, concerning the degradation level of the
water quality in the Sinos River basin and the urban and
industrial occupation of the region, the present study
aimed to evaluate the citotoxicity and genotoxicity of
water samples using bioassays in fish and cell culture.

2. Material and Methods
2.1. Sampling sites

Untreated water samples were collected in September
2012, from four sites located in Water Treatment
Stations (WTS) along the Sinos River Basin. Each
site had its location marked by the Global Positioning
Satellite (GPS), as follows: Santo Antonio da Patrulha
(29°489.967S/50°30°8.38”W), a municipality located in
the upper section of the basin, near the sources of Sinos
River and presenting low urbanisation, with small rural
areas (Vargas et al., 2001). Because of these characteristics,
the site was selected as a reference in fish bioassay; Parobé
(29°36°8.517S/50°49°0.56”W) located in the middle
section, has rice cultures and medium-sized industries in
some areas; Campo Bom (29°41°0.13”S/51°2°3.82”W)
and Esteio (29°50°41.99”S/51°10°42.19”W) are located in
the lower section of the basin, where the large companies
are located, such as metallurgical plants, tanneries, oil
refineries and textile industries, characterising one of the
highest concentrations of urban and industrial occupation in
the state of Rio Grande do Sul (Rio Grande do Sul, 2009).

2.2. Water samples

Approximately 10 liters of water were collected in
each sampling site, in accordance with to the CETESB
collection protocol (Sdo Paulo, 1988), in sterile glass
bottles. After collection, the samples were stored in a
thermal container, preserved with ice and transported to
the Laboratory of Animal Cytogenetics, where genotoxicity
tests were performed, and to the Laboratory of Molecular
Microbiology, where cytotoxicity tests were performed.

2.3. Fish bioassay

An aquarium was filled with the water sample from each
site, to which eight specimens of the Astyanax jacuhiensis
(Cope, 1894) fish species were exposed during 96 hours
(Udroiu, 2006), in a controlled temperature of 22°C.

The micronucleus test consisted in collecting blood
from a cut in the caudal region of each fish, dripping the
blood on the surface of a glass slide. A coverslip was used
to perform the smear, spreading the blood on the surface
of the slide. After air-drying, the slides were fixed in
absolute methanol for 10 minutes, stained using Giemsa
10% for 10 minutes, rinsed in tap water and distilled
water, and finally stored in boxes, at room temperature,
for subsequent analysis. All slides were analysed using an
optical microscope (Nikon) with oil-immersion lens (1000x).
A blind analysis was carried out for 2000 cells/animal.
Other nuclear abnormalities were also analysed, such
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as blebbed and notched nuclei and binucleated cells
(Carrasco et al., 1990).

The comet assay was performed according to
Tice et al. (2000). This technique was performed under
absence of direct light in order to avoid possible DNA
damage. One microlitre of blood was collected from each
fish, from the caudal region, and diluted in 90 pl of fetal
calf serum (FCS) (Cultilab®). An aliquot of this mixture
(1:10) was obtained; 5 pl of this suspension were pipetted
and gently mixed with 95 pul of low melting agarose
0.7% (37°C). This mixture was then applied on the slides
previously coated with normal melting point agarose and
a coverslip was then placed on the slide. The slides were
then stored for seven minutes in a refrigerator, until the
agarose layer solidified. After this period, the coverslips
were gently removed and the slides were immersed in
a lysis solution (2.5 M NaCl, 100 mM EDTA, 10 mM
Tris, pH 10.2, 1% Triton X-100 and 10% DMSO) for a
minimum period of 24 hours, at 4°C. After removal from
the lysis solution, the slides were placed in a horizontal
electrophoresis box filled with fresh electrophoresis
buffer (300 mM NaOH, 1 mM EDTA, pH >13), at 4°C.
The liquid covered the slides, which were then left in
the solution for 20 minutes before the power was turned
on. Electrophoresis was performed at 35V and 300 mA
(~0.95 V/cm) for 25 minutes. At the end, a neutralising
buffer (0.4 M Tris, pH 7.5) was added to the slides. Slides
were then rinsed with distilled water and left to air dry at
room temperature for at least two hours. The following
steps included the slides fixation and staining with silver
stain according to Nadin et al. (2001).

The microscopic analysis was performed on an
optical microscope (Nikon) at 400x magnification, and
100 cells were evaluated for each slide. All slides were
coded and scored by a single observer. Cells were scored
visually according to tail length into five categories, from
undamaged (Type 0) to completely damaged (Type 1V)
(Anderson et al., 1994). Based on the arbitrary values
assigned to the different categories (from Type 0 = 0 to
Type IV = 4), a genetic damage index was calculated
for each fish (Pitarque et al., 1999). Therefore, the total
score per individual ranged from 0 (all undamaged) to
400 (all presenting maximum damage). The damage
frequency (DF) was calculated as the mean percentage of
cells with medium, high and complete damage (categories
IL, IIT and IV) (Palus et al., 1999).

2.4. Bioassays in cell culture

Initially, all untreated water samples were filtered
using microfilters with a 0.22 um pore size. The culture
medium was then prepared with the water samples from
each site. The water was used as the diluting solution for the
Dubelcco’s Modified Eagle’s Medium (DMEM, Sigma®)
substrate. Then, DMEM, sodium bicarbonate and Hepes
buffer (Sigma®) were dissolved in 27 mL of water sample.
After that, the pH was adjusted to 7.4 and 3 mL of fetal calf
serum (FCS) were added. The final volume was completed
with 30 mL of medium with 10% of FCS. The samples
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were filtered again in a microfilter with a 0.22 pm pore
size under sterile conditions and 10.000U/mL of penicillin
with 10 mg/mL of streptomycin (Sigma®) were added.
At the end of the process, a medium culture was obtained
with 100% of the water sample from each sampling site.

The Vero continuous cell line was selected; this cell
line is derived from epithelial cells from the kidney of the
African green monkey. The cells were stored in 25 cm?
polystyrene bottles in DMEM, supplemented with 10%
FCS and antibiotics, in a humid atmosphere with a CO,
level of 5%, at 37°C.

In order to perform the cytotoxicity assays,
1.5x10* cells/well were seeded in a 96 well polystyrene
microplate, according to the cell proliferation rate. After
culture cells were semiconfluent, they were exposed for
24 hours to a prepared medium with each water sample.
For the control cells, only standard DMEM was used.
All assays were repeated in quadruplicates. Cell cultures
were maintained under standard methodology.

2.4.1. Methyl thiazolyl tetrazolium (MTT) test

To verify mitochondrial functionality, the MTT test
(3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium
bromide), was conducted, as described by Mosmann
(1983). After 24 hours of exposure, 20 pL of diluted MTT
solution were added, and the plates were incubated for
2 hours. After incubation, the medium was removed by
inversion and 200 pL of DMSO were added to each well
for solubilisation. All the samples were then transferred to a
96 well plate for the reading of absorbance in a microplate
spectrophotometer at 540 nm.

2.4.2. Neutral red (NR) test

In order to verify the lysosomal viability after the
period of 24 hours, a technique known as cytotoxicity assay
for the neutral red retention was performed, according to
Borenfreund and Puerner (1985) and Rogero et al. (2003).
The cell culture medium with water sample was then
discarded and DMEM (without serum) containing 50 pg of
neutral red/mL was added. After three hours of incubation
at 37°C, the medium was removed and the cells were
washed twice, first with phosphate buffered saline (PBS)
and then with calcium chloride with formaldehyde. After
discarding the solutions, 0.2 mL of 1% acetic acid in 50%
ethanol was added to each well and maintained in agitation
for 10 minutes. The absorbance was read at 540 nm in a
microplate spectrophotometer (TR-Reader, Thermoplate®).

2.4.3. Comet assay in cell culture

For the comet assay, 10* cells/well were seeded in
24 well polystyrene plates with DMEM, and supplemented
with FBS 10%, 24 hours before they were exposed to the
treatments. The water samples from each site were used
to prepare the media, then supplemented with 10% FBS,
pH 7.4, and subsequently filtered through microfilters
with 0.22 pm pores. Two periods of exposure were used:
one short (3 hours) and one long-term (24 hours), each
followed by four replicates.
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At the end of the treatment period of 3 and 24 hours,
the cultures were washed with PBS and subsequently
received trypsin for cell resuspension. The cells were then
transferred to Falcon tubes and centrifuged at 1200 rpm for
10 minutes. The cell pellet was then resuspended in 50 pl of
PBS, and 10 pl of this suspension were mixed thoroughly
with 90 ul low melting point agarose 0.7% (37°C). From
this stage on, the conditions were the same as described
above for the comet assay in the blood cells of fish.

2.5. Statistical analysis

Data were expressed as mean + standard deviation.
All analyses were carried out using the Statistical Package for
the Social Sciences (SPSS) 15.0 for Windows, considering
asignificance level of p < 0.05. The micronucleus and other
nuclear abnormalities results did not presented a normal
distribution. Therefore, the data on micronucleus and other
nuclear abnormalities were compared using the Kruskal-Wallis
test. One-way analysis of variance (ANOVA) was used to
comet assay and citotoxicity results. The Tukey test was
applied for post-hoc comparison. A cytotoxic response was
considered when the viability values observed were below
70%, when compared to the control (Boeira et al., 2001;
Cardozo et al., 2006; Zegura et al., 2009).

3. Results

Results of the micronucleus test in the Astyanax
Jacuhiensis fish are presented in Table 1. Micronuclei and
other nuclear abnormalities were observed in the blood

Table 1. Means and standard deviations of the frequencies
of micronuclei (MN) and nuclear abnormalities (NA)
observed in 1,000 erythrocytes of the Astyanax jacuhiensis
fish species exposed to water samples from four sites in the
Sinos River Basin.

Sampling site n MN NA
Santo Anténioda 6 0.0£0.0 2.6+1.5
Patrulha
Parobé 6 0.0£0.2 1.8+14
Campo Bom 7 0.0+0.0 24+29
Esteio 7 0.1+04 24+1.5
p 0.5 0.9

cells of some animals. However, these types of alterations
were rare and no significant differences were observed
among the different sampling sites.

The frequency of damage and the indices of genetic
damage estimated by the comet assay in blood cells of the
fish are shown in Table 2. The results show that there were
significant differences for the two parameters under study,
with the fish exposed to the sample from Santo Antonio
da Patrulha (reference location) presenting significantly
lower values than those observed for the other three
sampling sites.

The results obtained by the neutral red (NR) and
tetrazolium MTT tests are presented in Figure 1. In the
tetrazolium MTT test, there was no significant loss of
mitochondrial function in Vero cells cultured with water
samples from the four sites of the Sinos River Basin, when
compared to the control group. Likewise, when using the
NR test to assess cytotoxicity by lysosomal viability, no
cytotoxic effect was detected in the Vero cells.

The results of the comet assay in Vero cells after
3h and 24h exposure are shown in Table 3. There were
no significant differences between the sampling sites for
the two exposure times. Likewise, the genetic damage
observed in both exposure times showed no difference,
when compared between the same sampling site.

160 - O Controle
OSanto Anténio da Patrulha
140 4 BParobé
@CampoBom
BEstel
120 Esteio
100 4 — -
<
£ 80
=
&
> 60 +
40
20 A
0 T
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Figure 1. Viability (%) in relation to the control group
obtained by the neutral red (NR) and tetrazolium MTT
tests in Vero cells, after 24 hours of exposure to the water
samples from four sites in the Sinos River Basin.

Table 2. Evaluation of genotoxicity in the water from four sites in the Sinos River Basin based on the comet assay in

erythrocytes of the Astyanax jacuhiensis fish species.

Damage frequency

Sampling site n (IIHTITHIV) Damage index
Santo Antonio da Patrulha 6 33.3+20.4° 112.7 £ 68.1*
Parobé 6 73.8 £16.2° 264.7 + 65.0°
Campo Bom 7 68.0 + 16.2° 224.3 +£44.8°
Esteio 7 71.0 £16.2° 242.0+51.9°
p 0.001 0.001

**Values marked with different letters in the same column have significant difference.
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Table 3. Evaluation of genotoxicity of the water from four sites in the Sinos River Basin, using the comet assay in Vero cells,

after 3 and 24 hours of exposure.

Damage Index

Damage Frequency

Sampling site

3 hours 24 hours 3 hours 24 hours
Santo Ant6nio da Patrulha 121.5+3.5 186.8 + 104.0 245+3.5 51.0+£29.6
Parobé 184.0 £99.6 190.8 £ 64.8 41.3+29.0 51.0+£17.3
Campo Bom 208.7 +78.6 188.0 £45.0 48.7+26.3 55.0+10.0
Esteio 145.5+284 173.3+47.6 33.0+6.4 50.3+10.6
p 0.46 0.97 0.57 0.99

4. Discussion

The middle and lower sections of the Sinos River Basin
present a high concentration of urban occupation and one
of the largest industrial centres in Brazil. Consequently,
the water quality in this area of the basin is influenced by
the direct discharge of different types of toxic substances
from metallurgical, petrochemical, agricultural and
livestock activities, tanneries and residences, which have
the potential to cause effects on genetic and cellular levels
(Vargas et al., 2001; Ohe et al., 2004; Scalon et al., 2010;
Nunes et al., 2011).

Detecting and quantifying the presence of a substance
by traditional analyses cannot establish its true effects on
the ecosystem. Therefore, bioassays must be used in the
triage of environmental samples to evaluate the toxicity
of contaminated rivers, as a diagnosis and monitoring tool
(Goulart and Callisto, 2003).

In this study, the micronucleus test in fish and the
comet assay in fish and cell culture were used to evaluate
the genotoxic potential of water from four sampling sites in
the SRB. The comet assay in fish showed higher sensitivity
to detect an increase in genotoxicity of the water collected
in the middle and lower sections (Parobé, Campo Bom and
Esteio), when compared to the sampling site located in the
upper section of the basin (Santo Antonio da Patrulha).
The results suggest that the Sinos River is contaminated by
substances that can induce genetic damage, which could
have significant consequences for short- and long-term
survival of wild species (Jha, 2008).

The results of this study are consistent with what
has been observed by Scalon et al. (2010) for the middle
section of Sinos River, but are not consistent with findings
about the upper section. Scalon et al. (2010) have assessed
the genotoxicity of the water collected from three points
in the Sinos River during four seasons, using the comet
assay in the fish Hyphessobrycon luetkenii, having found
that the frequency of cells with DNA damage was higher
during spring at the sites located in the upper and middle
sections. Differences between sampling sites or periods
in a river could be related to differences in the sources
of contamination (types of pollutants), the volume
of water (alteration in the concentration of genotoxic
agents) and/or the cumulative effect of different sources
(Matsumoto et al., 2006).

The comet assay is known to be more sensitive in
the detection of genotoxicity than the micronucleus test
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(Mitchelmore and Chipman, 1998). This assay detects
repairable DNA damage, such as single and double
breaks in DNA strand, repair events by incomplete
excisions, alkali labile sites and cross-links between
DNA molecules, while the micronucleus test detects not
repairable chromosome damage, such as clastogenic and
aneugenic lesions (Tice et al., 2000; Bolognesi et al., 2004;
Udroiu, 2006). The results of micronuclei and nuclear
abnormalities suggest that the water samples of Sino
River Basin do not induce chromosome breakage or loss
in fish. In the lower course the demographic density is
high and one of the main environmental problems is the
discharge of untreated domestic sewage in tributaries and
in the main river (Blume et al., 2010). The results of the
present study are in agreement with findings reported by
Grisolia et al. (2005) and Grisolia and Starling (2001), who
also did not observe significant increase in DNA damage in
fish captured in areas under influence of sewage treatment
plant discharges, and in fish exposed to the final effluent
of a municipal wastewater treatment plant, respectively.

The lysosomal viability (VN) and mitochondrial viability
(MTT) tests are widely applied in in vitro toxicology for the
assessment of cytotoxicity (Fotakis and Timbrell, 2006).
The VN and MTT tests have been successfully used to detect
cytotoxicity in surface water and drinking water samples
(Zegura et al., 2009; Marabini et al. 2007). The results
obtained with the 24-hour exposure of Vero cells to water
samples from the four sampling sites do not show the
presence of cytotoxic substances. In contrast, another study
conducted in the SRB with the V79 cell line has found
that three sites (in the cities of Canoas, Sdo Leopoldo and
Novo Hamburgo) presented cytotoxic activity during the
period of June, 2006 (Nunes et al., 2011).

Water from rivers may contain mixtures of pollutants
from various sources and the toxic action of each sample
can vary according to the sensitivity of the assay performed
(Vargas etal., 2001; Zegura etal.,2009; Rochaetal., 2010;
Nunes et al., 2011). The different responses among in vitro
tests could be related to the variation of experimental
conditions (such as organism and cell line, dosage and
time of exposure) (Maffei et al., 2009). Therefore, the
use of different bioassays enables the detection of a wider
spectrum of substances that could have negative effects
on the biota. The use of these bioassays and the constant
monitoring of the main water bodies in the Sinos River
Basin should be encouraged.
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