http://dx.doi.org/10.1590/1519-6984.0113 Original Article

Cytotoxicity assays as tools to assess water quality
in the Sinos River basin
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Abstract

Cytotoxicity assays using cell cultures may be an alternative to assess biological toxicity of surface waters and may help
to improve the control of water quality. This study compared two methods to prepare culture media for the exposure of
Hep-2 cells to water samples collected from the Rolante River, an important affluent of the Sinos River. The toxicity
was evaluated using the MTT and neutral red assays. Two methods were used to prepare culture media. In method 1,
the sample was diluted at 1:1, 1:10, 1:100, 1:1000, 1:10.000 (v/v, sample/medium) in a standard culture medium; in
method 2, water samples were used as the solvent for the culture medium, which was prepared at concentrations of 100,
80, 60, 40 and 20%. Semi-confluent cultures were then exposed to the media test for 24 hours, and cytotoxicity was
determined immediately using the MTT and NR assays. Mitochondrial activity (MTT) was significantly lower at all
concentrations in both methods, except at 1:1000 in method 1. However, the lysosome viability (NR) results revealed
cytotoxicity only in the 1:1 sample of method 1. Both culture preparation methods were efficient and sensitive to the
MTT assay, but method 2 seemed to be more adequate for the NR assay. The Rolante River has cytotoxic contaminants
to Hep-2 cells, which may be one of the explanations for the poor water quality of the Sinos River basin.
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Ensaios de citotoxicidade como ferramentas para avaliar a qualidade
da agua da bacia do Rio do Sinos

Resumo

Os ensaios de citotoxicidade utilizando culturas de células constituem uma alternativa para avaliar a toxicidade bioldgica
de 4guas de superficie e podem auxiliar no controle da qualidade da dgua. Este estudo comparou dois métodos de
preparacao dos meios de cultura com amostras de agua coletadas no rio Rolante, um importante afluente do Rio dos
Sinos, para a exposi¢do de células Hep-2. A toxicidade foi avaliada usando os ensaios do MTT e do vermelho neutro
(VN). Dois métodos foram utilizados para preparar os meios de cultura. No método 1, a amostra foi diluida a 1:1, 1:10,
1:100, 1:1000 e 1:10.000 (v/v, amostra/ meio de cultivo) em um meio de cultura padrdo; no método 2, as amostras de
agua foram utilizados como solventes para o meio de cultura, o qual foi preparado em concentragao de 100% e nas
diluigdes de 80, 60, 40 e 20%. Culturas semi-confluentes foram entdo expostas aos meios teste durante 24 horas, e
a citotoxicidade foi determinada imediatamente usando os ensaios MTT e VN. A atividade mitocondrial (MTT) foi
significativamente menor em todas as concentragdes em ambos os métodos, exceto na dilui¢do 1:1000 do método 1.
No entanto, os resultados de viabilidade lisossomal (VN) revelaram citotoxicidade apenas no na dilui¢do 1:1 do método
1. Ambos os métodos de preparagdo do meio cultura foram eficientes e sensiveis para o ensaio do MTT, mas o método
2 foi mais adequado para o ensaio do VN. O rio Rolante possui contaminantes citotoxicos para as células Hep-2, o que
pode ser uma das explicagdes para a baixa qualidade da agua da Bacia do Rio dos Sinos.

Palavras chave: citotoxicidade, bacia do Rio do Sinos, prepara¢do de amostras.
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1. Introduction

Surface waters, such as in rivers and lakes, are often
exposed to household, industrial and agricultural contaminants
(Ohe et al., 2004; Pellacani et al., 2006; Zegura et al., 2009;
Lemos et al., 2012), such as pesticides, heavy metals and
household cleaning products that contribute to toxicity
(Pereira et al., 2007; Vargas et al., 2008).

The Sinos River basin (SRB) in the state of Rio Grande
do Sul, Brazil, covers thirty two municipalities (Costa and
Schulz, 2010; Figueiredo et al., 2010). The main anthropogenic
factors in the area are the agricultural activity in the upper
reach, the leather and footwear industry and the increase
of the population density in the middle reach, and a high
population density and the presence of leather and footwear
industry, metallurgy and petrochemical plants in the lower
reach (Bieger et al., 2010; Figueiredo et al., 2010; FEPAM,
2012; Nunes et al., 2011).

Surface waters are usually monitored by means of
physical and chemical analyses (Pellacani et al., 2006).
However, these methods only detect and measure
the concentration of toxic substances; they cannot
estimate the effects on the biota and do not assess actual
environmental risks. Therefore, toxicity tests may be a
useful tool to complete the assessment of surface water
quality (Georgudaki et al., 2003; Goulart and Callisto,
2003; Costa et al, 2008).

Toxicity tests, widely used for in vitro toxicology, allow
the direct or indirect contact of the sample studied with a cell
culture and thus, it is possible to assess cell changes produced
according to different mechanisms (Rogero et al., 2003;
Freshney, 2005; Khatibisepehr et al., 2011). Some of
the most used assays are the neutral red (NR) uptake by
lysosomes and the mitochondrial activity test using MTT
(Fotakis and Timbrell, 2006). They produce significant
data in a short period of time, have high sensitivity and
reproducibility and low costs (Rogero et al., 2003), which
suggests that cytotoxicity assays in cell cultures may be used
to assess the ecotoxicological potential of environmental
samples (Suares Rocha et al., 2010).

Cytotoxicity assays may also be used to detect
early damage, since water contaminants have two main
effects on cells: toxic effects, which lead to cell death;
and proliferative effects, which may be associated with
carcinogenic effects on the biota involved (Suares
Rochaetal., 2010). The presence of contaminants may result
in morphological and cell adhesion changes, abnormalities
in the cell cycle and in DNA (Khatibisepehr et al, 2011),
and enzyme changes, particularly those associated with
biotransformation (Suares Rocha et al., 2010).

Considering the little data available and the need
to assess the toxicity of water in Sinos River basin, the
present study compared two methods to prepare culture
media for exposure of Hep-2 cells to a water sample
collected from the Rolante River, an important affluent
of the Sinos River and evaluated water toxicity using the
MTT and NR tests.

76

2. Methods

2.1. Sampling and sample collection

Surface water samples were collected in February
2012 at the water intake sites of the Rolante River, in
the city of Rolante (29°39°25.56”S, 50°34°28.19”W),
Brazil. According to the CETESB (1988) collection
protocols, 100 millilitres of water were collected in
previously sterilized containers of an adequate size. After
collection, samples were placed into a thermal recipient
and taken to the Laboratory of Molecular Microbiology
at the Universidade Feevale.

2.2. Preparation of samples and media test

Samples were filtered using 0.22-puL filters and then
two methods were used to prepare the Dulbecco’s modified
Eagle medium (DMEM, Sigma®) containing the Rolante
River water sample.

Method 1: The water collected from the sampling sites
was mixed with standard culture medium supplemented
with 10% of fetal bovine serum (FBS, Cultilab®),
10,000 U/mL of penicillin and 10 ng/mL of streptomycin
(Sigma®). Samples at 1:1, 1:10, 1:100, 1:1000 and
1:10000 (v/v, sample/medium) were prepared by gradual
dilution of the sample in standard culture medium.

Method 2: water from the sampling sites was used
as the solvent for the culture medium; 0.3 g of DMEM
low glucose (Sigma®), 0.066g sodium bicarbonate and
0.063g Hepes buffer (Sigma®) were dissolved in 27 mL
of surface water. The pH was adjusted to 7.4, and 3 mL
of FBS were added to complete the final volume of
30 mL of medium with 10% of FBS. The samples were
filtered in a 0.22pm filter under sterile conditions, and
10,000U/mL of penicillin and 10 mg/mL of streptomycin
(Sigma®) were added. At the end of the process, a culture
medium with the maximum water sample concentration of
the river was obtained and classified as 100% concentration.
Culture media were then prepared at concentrations of
80%, 60%, 40% and 20% by mixing it with the standard
culture medium.

2.3. Cell culture and treatment

Epithelioid Hep-2 cells were obtained from a cell
bank in Rio de Janeiro, Brazil. These cells were isolated
from cysts formed in mice that had received injections
of human larynx epidermoid carcinoma. This cell line,
derived from mouse responses, was chosen primarily
because of its wide application in genotoxicity studies and
its sensitivity to xenobiotic agents (Amaro et al., 2009).

Cells were grown in DMEM supplemented with
10% FBS, 10,000 U/mL of penicillin and 10 mg/mL of
streptomycin. The culture was maintained at 37°C in a
humid atmosphere at 5% of CO, and a half-open system,
and trypsinization was used for cell maintenance.

For exposure to surface waters, cells were seeded
at a rate of 2x10* cells/well in a 96-well polystyrene
microplate. After the cultures reached semiconfluence,
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culture medium was replaced with the media prepared
using either method 1 or 2 at different concentrations,
and the cells were exposed for 24 hours. Cells cultured
in standard conditions were used as negative control.
All assays were repeated in quadruplicates in two
independent experiments that had the same result profile.

2.4. Cytotoxicity assay using MTT reduction

In order to evaluate cytotoxicity using the mitochondrial
activity parameter, a 3-[4,5-dimethylthiazol-2-yl]-2,5-
diphenyltetrazolium bromide (MTT) assay was used
as described by Mosmann (1983). After exposure for
24 hours, 20 pL of MTT 1.67 mg/mL was added, and
the plates were incubated for 2 hours. After incubation,
the medium was removed by inversion, and 200 pL of
dimethyl sulfoxide (DMSO) was added to each well for
solubilisation. All samples were transferred to a 96-well
plate and absorbance was measured at 540 nm with a
microplate spectrophotometer.

2.5. Cytotoxicity assay by neutral red incorporation

The neutral red (NR) incorporation method, described
by Borenfreund and Puerner (1985), was used to evaluate
cytotoxicity through the lysosome viability. After exposure
for 24 hours, the culture medium was removed and 200 pL
of DMEM without serum and containing 50 pg/mL of NR
was added to each well. After three hours of incubation
at 37°C in humid atmosphere at 5% of CO,, the medium
was removed and the cells were washed with a buffered
saline solution (PBS) followed by another washing with
a fixative solution (1% CaCl, in 0.5% formaldehyde).
After discarding by inversion, 200 pL of 1% acetic acid
in 50% ethanol was added for the solubilisation of the
dye. The samples were gently shaken for 10 minutes for
full dissolution. All samples were transferred to a 96-well
plate and the absorbance was measured at 540 nm with
a microplate spectrophotometer.

2.6. Statistical analysis

One-way ANOVA and the Duncan post-test were used
for statistical analysis with the Statistical Package for the
Social Sciences (SPSS) 15.0 for Windows. The level of
significance was set at p<0.05.

3. Results

Mitochondrial activity, assessed using the MTT assay
(Figure 1), was significantly lower than in controls in all
the culture media prepared using method 1, except for
the 1:1000 medium. In method 2, all the concentrations
(20% to 100%) had a significantly lower mitochondrial
activity than in the control group.

The results of cytotoxicity assays using NR (Figure 2),
which assessed lysosome viability, showed a decrease
of viable cells in the 1:1 medium from method 1.
The culture media prepared using method 2 did not show
any significant reduction of NR results.
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Figure 1. Cytotoxicity of water in the Sinos River basin
using Hep-2 cells and the MTT assay. MTT after exposure to
the Rolante River water sample for 24 hours — black column:
method 1; gray column: method 2. Representative results
of two individual experiments performed in quadruplicate,
each bar represents media £ SD. One-way ANOVA and
Duncan post-test were used for statistical analyses (p<0.05).
Different letters indicate statistically different results.
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Figure 2. Cytotoxicity of water in the Sinos River basin
using Hep-2 cells and the neutral red assay NR after
exposure to the Rolante water for 24 hours — black column:
method 1; gray column: method 2. Representative results
of two individual experiments performed in quadruplicate,
each bar represents media + SD. One-way ANOVA and
Duncan post-test were used for statistical analyses (p<0.05).
Different letters indicate statistically different results.

4. Discussion

The exposure of Hep-2 cells to surface water from
the Rolante River for 24 hours demonstrated significant
changes in cytotoxicity according to the mitochondrial
activity assay. Results were lower than those found for
controls in all the tests for medium prepared using both
methods, except for the 1:1000 medium using method
1. However, the lysosome viability assay demonstrated
changes only in the 1:1 medium prepared using method 1.

Studies suggest that MTT is an economic, rapid, sensitive
and specific assay to determine in vitro cytotoxicity, and
it is also believed to show the effects of early cytotoxicity
(Malich et al., 1997). The test is based on the technique
developed by Mosmann (1983), in which a yellow
tetrazole water soluble salt, MTT, is reduced to a purple
formazan salt by the action of succinate dehydrogenase in
mitochondria. The resulting product indicates mitochondrial
activity and it is proportional to the number of viable cells
(Triglia etal., 1991; Butler, 2004; Freshney, 2005). The NR
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assay was first described by Borenfreund and Puerner in
1985 and it is based on the capacity of a vital soluble dye
to cross the plasmatic membrane and accumulate in viable
lysosomes (Borenfreund et al., 1988; Triglia et al., 1991).

Both assays use colorimetric measurements to define
the number of viable cells after exposure to agents that may
be toxic. However, different cytotoxicity assays may have
different results because each assay may assess a different
function (Borenfreund et al., 1988). According to Fotakis
and Timbrell (2006), who conducted a study with exposures
to cadmium to assess four different cytotoxicity assays,
the NR and MTT assays had a higher sensitivity for the
detection of toxicity than lactate dehydrogenase (LDH)
and protein content assays. Moreover, assays involving
mitochondrial activity may demonstrate early toxicity
signs when compared with the NR assay because lysosome
activity might be associated with the possibility of cell death,
whereas mitochondrial changes may not necessarily lead
to death, but may indicate cell and DNA damage (Fotakis
and Timbrell, 2006). Therefore, the comparison of results
in our study suggests that the MTT assay is more sensitive
than the NR assay since more changes in mitochondrial
functionality were observed than lysosomal viability with
the same samples.

Studies on water toxicity, such as the one conducted
by Zegura et al. (2006), which analysed mitochondrial
activity in water from different sources, including surface
water, found elevated toxicity in two collecting sites for
river samples. The cell line used was Hep-G2, which was
exposed for 20 hours to culture medium containing 40% of
water from the sampling sites. Their results suggested that
the MTT assay was sensitive for the detection of cytotoxic
changes in water and the mixture percentage may be
successfully used. Other studies conducted with the NR
assay and Hep-G2 cells, such as the one conducted by
Marabini et al. (2007), the exposure of cells for 24 hours
to treated water samples revealed cytotoxicity in some of
the samples evaluated. In a study with other cell lines and
waters from the Sinos River basin, Nunes et al. (2011)
found cytotoxicity in the samples collected in Canoas,
Sdo Leopoldo and Novo Hamburgo cities. They studied
water samples from June 2006 using the V79 cell line and
the methanol fixation method followed by violet crystal
staining, which suggested basin depreciation.

The Rolante collection site is located in the upper
reach of the SRB, in a region characterized by the
presence of cattle raising and agro-industrial businesses,
especially rice, sugarcane and vegetable, activities that use
water from the basin for its supply (Lemos et al., 2009;
Bieger et al., 2010; Figueiredo et al., 2010; Scalon et al.,
2010; FEPAM, 2012). Agribusiness involves the use of
pesticides and fertilizers to increase productivity (Carabias
Martinez et al., 2000; Cerejeira et al., 2003); therefore,
the cytotoxicity found in our study may be associated
with the presence of agro-industrial activity. Vargas et al.
(2001), using a microsome assay and Salmonella cells,
found cytotoxicity and mutagenicity in the analysis of
water from a city in the upper reach of the SRB. This
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effect, according to the authors, may be associated with
the presence of contaminants from agro-industry, once
the presence of heavy metals in the region was lower
than in reference values. Lemos et al. (2009) also found
cytotoxicity in water and sediments from the Rolante River
using the same assay.

Our study demonstrated that the Hep-2 cells may be
used in environmental monitoring studies, and that both
methods used to prepare culture media were efficient
and sensitive to MTT. However, method 2 provided
more consistent results for the NR assay. Our data also
confirmed that the Rolante River, an important affluent of
the Sinos River, is contaminated with cytotoxic substances
that may compromise the balance of the aquatic biota in
this river basin.
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