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ABSTRACT
This paper seeks to identify the biomarker response to oxidative stress in Astyanax
bimaculatus, a freshwater fish, collected from the Una River and its associated water bodies.
The fish were collected using fishing nets at three different points on the river basin, namely
Fazenda Piloto (FP), Ipiranga (IP) and Remédios (RM), during the period from December
2013 to March 2014. Physical and chemical analyses of the water at the sample locations
indicate that IP and RM possibly have larger concentration of either natural or anthropic
pollutants as compared to FP. FP can therefore be considered as the point less impacted by
pollutants than other points. Hepatic activity of antioxidant stress enzymes, superoxide
dismutase (SOD) and catalase (CAT), were measured in the specimens. The levels of SOD
were reduced at RM while they were elevated in fish collected at IP. The CAT levels for the
fish at RM and IP were about 148.9% and 202.4% above the values at FP, respectively. These
results suggest that antioxidant enzymes could be used as biomarkers to measure oxidative
stress caused by pollutants in the Una River Basin.
Keywords: biomonitoring, pollution, radical oxygen species.

Níveis teciduais das enzimas antioxidantes superóxido dismutase e
catalase no peixe Astyanax bimaculatus da bacia hidrográfica do rio Una
RESUMO
O presente trabalho teve como objetivo identificar respostas de biomarcadores de estresse
oxidativo no peixe de água doce Astyanax bimaculatus, coletado nos rios e corpos d’água da
bacia hidrográfica do rio Una. Os peixes foram coletados com rede de pesca entre dezembro
de 2013 e março de 2014, em três diferentes pontos da bacia: Fazenda Piloto (FP), Ipiranga
(IP) e Remédios (RM). Análises físico-químicas das amostras de água nos pontos de coleta
indicaram que IP e RM possivelmente apresentaram uma maior concentração de poluentes,
naturais ou antrópicos, quando comparados ao FP. Portanto, FP pode ser considerado como o
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ponto menos impactado por poluentes em relação aos outros pontos. Níveis hepáticos de
atividade das enzimas antioxidantes superóxido dismutase (SOD) e catalase (CAT) foram
medidos nos espécimes. Os níveis de SOD foram reduzidos no RM, enquanto que eles foram
aumentados em peixes coletados em IP. Os níveis de CAT nos peixes coletados em RM e IP
foram 148,9% e 202,4% maiores do que os valores encontrados nos peixes do ponto FP,
respectivamente. Os resultados sugerem que as enzimas antioxidantes podem ser usadas como
biomarcadoras para mensurar os níveis de stress oxidativo causado pelos poluentes na bacia
hidrográfica do rio Una.
Palavras-chave: biomonitoramento, espécies reativas de oxigênio, poluição.

1. INTRODUCTION
River ecosystems are extremely vulnerable to alterations in the environment due either to
natural changes or to anthropic activities. Globally, the biodiversity of freshwater ecosystems
has been reduced drastically as a result of human activity (Dahl et al., 2004). The runoff water
from agriculture containing fertilizers, pesticides and herbicides, discharge of untreated
sewage from urban areas, and heavy metals present in the effluents discharged from industries
as well as mining along the river banks are the principal causes of river water pollution.
Increasing urbanization and industrialization generate increasing amounts of waste that are
dumped directly into freshwater bodies, thereby the lowering the quality of water (Beasley
and Kneale, 2003). A large number of studies have shown the negative effect of different
pollutants on the aquatic biota resulting in the loss of biodiversity and making the water unfit
for life
Water quality, as measured by the physical and chemical parameters, does not give a
long-term integrated view of the effect of pollution. The visibly debilitating effects of
pollution on organisms in an ecosystem develop over a long period, and by the time they
become conspicuous it may already be too late to reverse the degradation of the ecosystem or
economically infeasible to take corrective action. It is therefore necessary to investigate
methods that lead to early detection of harmful changes in the environment. Biomonitoring,
which uses organisms to indicate the health of the environment, is well suited to this purpose
as the existing organisms are adapted to the specific ecosystem and any alterations in the
environment are reflected in the composition and structure of the biological communities
(Alba-Tercedor, 1996; Fonseca et al., 2014). Both invertebrates and vertebrates have been
used for bio-monitoring a river. Since fishes occupy an intermediate range in the food
pyramid, they are ideally suited for bio-monitoring. Fishes of the genus Astyanax have been
used to study the genotoxicity of the aquatic environments (Moreira et al., 2010), and their
feasibility as biomarkers of pollution has been investigated (Trujillo-Jiménez et al., 2011).
One method of bio-monitoring is to use biomarkers. Biochemical biomarkers are
molecules that are present in the body fluids, cells and tissues of organisms and whose
activity is altered by the presence of toxic agents in the environment (McCarthy and Shugart,
1990). One important set of biomarkers is the antioxidant defense enzymes that decompose
the Reactive Oxygen Species (ROS). These enzymes have an important role in the control,
production and elimination of ROS, which in excess can alter the normal functions of the cell
and lead to oxidation of the cell membranes as well as lesions in mitochondria, proteins, DNA
and other components of the cell. Natural or anthropic changes in the environment introduce
oxidative stress that results in disequilibrium in the cell by increasing the production of ROS
(Lushckak, 2011). Superoxide dismutase (SOD) and catalase (CAT) are members of the
antioxidant defense enzymes. SOD converts superoxide radicals into hydrogen peroxide. It
has been shown that SOD activity is altered in mussels living in areas contaminated by heavy
metals and organic pollutants (Binelli and Cogni 2010). The enzyme CAT is widely
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distributed in biological tissues and is involved in the decomposition of hydrogen peroxide
into oxygen and water. It is one of the most prominent enzymes involved in defense against
oxidative stress in both vertebrates and invertebrates (Goyal and Basak, 2010).
This paper discusses the biomonitoring of the Una River. The Una River Basin is formed
by the union of the Ribeirão das Almas Stream with the Rocinha River and its effluents
(Itaim, Ribeirão das Pedras or Ipiranga, Ribeirão das Sete Voltas, Rio das Antas, Ribeirão do
Registro and other effluents). The basin has an area of 442,85 km² with 8% in the
municipality of Pindamonhangaba, 8% in the municipality of Tremembé and the rest (84%) in
the municipality of Taubaté. Geographically, the Una River Basin is on the right bank of the
Paraíba do Sul River. The altitude of the basin varies between 500 to 1000 m
(http://www.agro.unitau.br/una/una_plano_bacias_04.html). The importance of the Una River Basin
and its tributaries became evident during the evaluation of the Paraíba do Sul River by the
Committee on the Hydrography of Paraíba do Sul (CBH-PS). The Committee established a
number of guidelines for the effective use and preservation of the river and all of its
tributaries. Of the important guidelines established, priority was given to the water supply for
public consumption, controlling the rate of urbanization of the basin, resolving conflicts
arising from the use of the river water for multiple purposes, restoration of the soils,
restoration of the riparian zones and the recuperation of the basin (Batista et al., 2002).
This paper studies the response to oxidative stress in the fish Astyanax bimaculatus,
collected at various locations in the Una River Basin. Specifically, it investigates the hepatic
levels of SOD and CAT as candidate biomarkers of antioxidant defense in this species.

2. MATERIAL AND METHODS
2.1. Sample collection
Sampling sites were selected based on the presence of plantations, untreated sewage
discharge and regions where there was less human activity near the river or its tributaries. The
geographic coordinates of the sites were determined using GPS. The sites used to collect the
fish were: 1) Fazenda Piloto (FP), in the Ribeirão Itaim stream located inside Fazenda Piloto
(an experimental farm) of the University of Taubaté, S23º 01’ 38.3’ W045º 30’ 31.6”; 2)
Remédios (RM), a ditch which flows to Una River, located in the municipality of Remédios,
S23° 03’26.4” W045° 30’23.5”, close to rice cultivation; 3) Ipiranga (IP), a lake near a
pasture for cattle and near the municipal highway Dr. José Luiz Cembranelli, S23º01’49.4”
W45º30’16.7” (Figure 1). The last site was visibly polluted and had oil-like slicks on the
water surface. The specimen sampling was approved by MMA – SISBIO (authorization No.
41097-1). A single sampling of five specimens of the fish Astyanax bimaculatus (locally
called lambari) was collected at each of the three locations between December 2013 and
March 2014. A size 20 nylon fishing net was cast in the water and left for a period of 20
minutes, after which any fish that were caught in the net were retrieved and immediately
transferred into a large bucket filled with water from that location. The 20 minute interval was
used to ensure that the fish caught in the net did not suffer undue stress that could affect the
experiment. The fish were photographed for later identification, dissected on an ice tray, and
the hepatic tissue was retrieved and transferred to eppendorf tubes which were labeled and
kept in ice until transported to the biochemistry laboratory of the Institute of Basic
Biosciences (IBB), University of Taubaté (UNITAU), where they were stored in a freezer
at -86° C for further analysis.
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Figure 1. Hydrographic basin of the Una River
and the three sites from which fish specimens
were collected.
Source: http://www.agro.unitau.br/una.

Samples of the water were also collected for analysis of the physical and chemical
parameters. The samples were collected in 300 mL glass bottles, stored in ice and transported
to the water analysis laboratories of Department of Civil Engineering and Department of
Agricultural Sciences, University of Taubaté, where they were kept refrigerated between 0º a
5ºC. The values of pH, hardness, chemical oxygen demand (COD), turbidity, apparent color,
conductivity nitrogen content, phosphate and soluble n-hexane were determined using the
method of APHA et al. (1998). The quantities of nitrate and nitrite were determined following
the methods of Instituto Adolfo Lutz (1985) and Hevel and Marietta (1994), respectively.
2.2. Biochemical analysis
The hepatic tissue of the fish was homogenized in a Potter-Elvehjen homogenizer, in the
proportion 1:5 of tissue in a Tris-HCl 50 mM buffer at a pH of 7.4. The subcellular structures
were broken down with a sonic dismembrator (Model 100, Fisher Scientific) and then
centrifuged at 14,000 x g (5810 R, Eppendorf) for 10 minutes at 4ºC, and only the supernatant
was used for further biochemical analysis.
SOD activity was determined using a reaction system containing a sodium carbonate
buffer of 100mM (pH 10.2), 17.5 µM de EDTA and 1 mM of NBT (nitrotetrazolium blue
chloride). The reaction was initiated by the addition of hydroxylamine for a final
concentration of 3.7 mM. The increase in absorbance was measure at λ=560 nm by using a
microplate reader (Fluorstar Optima, BMG Labtech) (Kono, 1978). One unity of SOD is
expressed as a quantity of enzyme that inhibit 50% of NBT reduction. CAT activity was
determined in a reaction system containing 100 mM sodium phosphate buffer (pH 7.0), and
12 mM of H2O2. The reduction in absorbance was determined at λ=240 nm
(spectrophotometer DU 640, Beckman) (Regoli et al., 1997). The total protein concentration
was determined using the bicinchoninic acid method (BCA) using the reagent kit made by
Sigma-Aldrich with bovine albumin serum as a standard (Smith et al., 1985). The CAT
activity is expressed in International Units (U), indicating the quantity of substrate in µmol
transformed into product in one minute (µmol min-1) and normalized as a function of the total
protein concentration in the homogenate (µmol min-1 mg protein-1; U mg-1).
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2.3. Data analysis
Statistical analysis was done using Graph Prism for Windows version 5.0. The results are
presented as mean ± SEM (standard error of the mean). Statistical comparison between the
groups was done using one way ANOVA, followed by the multiple pairwise Tukey
“a posteriori” comparison test. Differences were considered significant for p<0.05.

3. RESULTS AND DISCUSSION
The physical and chemical parameters of the water at the sites where the fish were
collected are given in Table 1. At FP all of the parameters are within the reference limits
except for apparent color and total phosphates. At RM, conductivity, apparent color and
N-hexane are well above the recommended limits, whereas at IP, conductivity and COD are
well above the reference values.
Table 1. Water parameters at sampling sites on the Una River basin.
Parameters

Fazenda
Piloto

Remédios

Ipiranga

Reference a

Conductivity (S cm-1)

106.0

198.7

121.0

100b

Apparent Color (Pt-Co L-1)

307.0

191.5

858.0

15c

Hardness (mg CaCO3 L-1)

6.02

12.05

8.43

500d

pH

6.5

6.4

6.2

6.0 to 9.0

Turbidity (NTU)

30.9

22.7

101.0

100

COD (mg O2 L-1)

8.45

10.75

64.21

20e

Total Phosphates (mg L-1)

0.3

ND

ND

0.1f

N-hexane-soluble (mg L-1)

ND

1.5

ND f

Virtually
absent

Total Nitrogen Kjeldahl
(mg L-1)

0.66

0.84

0.32

3.7g

Nitrate (mg L-1)

0.523±0.019

0.279±0.015

1.064±0.042

10.0

Nitrite (mg L-1)

0.042±0.014

0.027±0.004

0.265±0.003

1.0

Note: a for class II rivers (Brasil, 2005), unless otherwise indicated; b for surface water of unpolluted
waters (CETESB, 2014); c, d for waters from source for public supply system (Brasil, 2011); e for
surface water of unpolluted waters (Chapman and Kimstach, 1996); f for classes I and II lotic rivers
(CONAMA Resolution 357, 2005), g for waters with pH  7,5 (Brasil, 2005).

Figure 2 shows the hepatic SOD activity of the fish. The SOD levels of fishes from IP are
60% larger than those at RM and 39.17% higher than those at FP. There is a significant
difference (p<0.05) in the SOD activity of fishes at RM and IP, but no difference in SOD
activity for fishes from FP as compared to those from IP or RM. The hepatic SOD activity in
the fish at RM had a very large variation, whereas for SOD they were within a very narrow
range as compared to the fish from the other two locations.
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2.0

b

SOD Activity
(U/mg)

1.5

ab
1.0

a
0.5

IP

R
M

FP

0.0

Sampling Sites
Figure 2. SOD levels in the hepatic tissues
of Astyanax bimaculatus at three different
points in the Una River Basin. Data
presented as mean ± SEM (standard error
of the mean). Different letters above bars
indicate
significant
differences
in
experimental group means (p<0.05).

The hepatic CAT activities of fish from three locations are shown in Figure 3. The CAT
activity of fish at FP is 148.9% lower than the activity in fish at RM and 202.36% lower than
those at IP and this difference is significant (p<0.005). However, there is no difference in the
CAT activity of fishes from RM and IP. Further, the variation in CAT activity in the fishes at
RM is very small.
Fishes are used as a model for the biomonitoring of the aquatic environment and as
sentinel agents for pollutants (Sedeño-Diaz and Lopez-Lopez, 2013). The pollutants affect
various organs, particularly gills, which are exposed directly to the contaminants in the
environment. However, most of the pollutants are transferred to the blood and transported to
the liver, which is the principal detoxification organ for xenobiotic substances. Hepatic tissue
is, therefore, the place where most of the pollutants accumulate and therefore where long-term
damage is most likely to occur. Most of the pollutants and their metabolites induce toxicity
via oxidative stress arising from the increased production of free oxygen radicals. The
antioxidant defense enzymes involved in the removal of ROS are the principal candidates for
biomarkers of oxidative stress. The antioxidant defense enzymes, however, have great
variability and are dependent on the organisms, organ tissues and the nature of the pollutants
involved (Sole et al., 2011).
Examining Table 1, it can be seen that COD at IP is elevated. COD is elevated when
there is industrial discharge and is an important test to determine the organic content of
effluents that may contain toxic substances (Vidal et al., 2014). In addition, conductivity is
above the reference values set by CETESB at RM and IP, indicating the presence of dissolved
inorganic solids and metals (Vidal et al., 2014). Metals may occur naturally in soils and are
leached into water by the action of rain, or they may be due to industrial, agricultural or other
anthropogenic activity (Qu et al., 2014). Another parameter, the apparent color, is also high at
IP. Iron and other metals either in nature or arising from the discharge of highly corrosive

Rev. Ambient. Água vol. 9 n. 4 Taubaté – Oct. / Dec. 2014

Tissue levels of the antioxidant enzymes …

627

products could affect the water color. Copper, iron and lead, measured by CETESB near the
water pumping stations on the river (S 23º01’49” W45º30’26”) indicate that the concentration
of these metals increases during the months of December to February, when there are rains.
Based on these factors, it may be assumed that IP and RM have a larger quantity of pollutants
(of both natural and anthropic origins) as compared to FP. Hence FP may be used as reference
point as it was less impacted than the other sampling locations during the period December
2013 to March 2014.
400

b

CAT Activity
(U/mg)

300

b

200

a
100

IP

M
R

FP

0

Sampling Sites
Figure 3. CAT activity in the hepatic
tissues of fish, Astyanax bimaculatus, from
three different locations in the Una River
Basin. Data is presented as mean ± SEM
(standard error of the mean). Different
letters above bars indicate significant
differences in experimental group means
(p<0.05).

SOD and CAT activity are the most widely used measures of oxidative stress. The
hepatic SOD activity of Astyanax bimaculatus was greatly reduced at RM and was elevated at
IP. SOD activity is elevated in the presence of heavy metals (Lushchak 2011; Farombi et al.,
2007; Kanak et al., 2014). Farombi et al. (2007) have found that SOD activity is enhanced in
the hepatic tissues of fish in the Ogun River, Nigeria, near industrial activity. However, there
have also been studies that indicate the inhibition of SOD activity in the presence of metals
(Ameur et al., 2012) or upon exposure to herbicides and pesticides (Modesto and Martinez,
2010; Sakuragui et al., 2013).
Since the exact nature of the pollutants and their seasonal variations in the Una River
Basin are not known, it would be difficult to attribute the SOD activity levels to any specific
substance. The reduction in SOD activity at RM could be due to the presence of chemical
substances (pesticides) that inhibit the SOD, or due to suppression of SOD activity as a result
of oxidative damage to the hepatic tissue, or alternately that fish have been exposed to
pollutants for a short time during which the fish did not have time to adapt to the environment
and increase SOD activity. SOD activity could also be depleted by prolonged exposure to
pollutants at low concentrations (Pandey et al., 2003). The elevated SOD activity at IP could
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be due to adaptation of the fish to the pollutants or to brief exposure for a very short time.
Sedeño-Diaz and Lopez-Lopez et al. (2012) found that SOD activity was either enhanced or
inhibited depending on the concentration and seasonality of the pollutants.
Sedeño-Diaz and Lopez-Lopez (2012) found enhanced CAT activity with elevated levels
of pollutants, principally hydrocarbons and pesticides. The enhanced CAT activity in the
presence of herbicides and pesticides was also verified in a study with the freshwater fish
Channa puncatatus (Nwani et al., 2010) and with the neotropical fish Astyanax altiparanae
used to asses water quality in an agriculture area (Vieira et al., 2014). In the present work,
CAT was significantly lower at FP as compared to the RM and IP.
CAT degrades the hydrogen peroxide produced by the dismutation of superoxide ion by
SOD during oxidative stress. Hence an increase in SOD activity should result in increased
CAT activity. However, this is not always observed in practice and appears to be species
dependent (Ferreira et al., 2005; Lushchak, 2011).

4. CONCLUSIONS
Based on the analysis, FP could be considered a less-impacted site. Since RM is near an
agricultural zone, probable runoff from fertilizers and pesticides depressed the levels of SOD
and enhanced CAT. The elevated levels of SOD and CAT at IP could be due to pollutants
(visible oil slicks). These results indicate the antioxidant activity of the enzymes SOD and
CAT could be used as biomarkers. The possible inductor or inductors responsible for the
alterations in the present work was not identified. However, alterations found in this work
suggest that there may be micro pollutants that are affecting the metabolism of fish in the
hydrographic basin of the Una River. Our results therefore highlight the need for further
investigation to determine the presence of pollutants as such herbicides, pesticides and heavy
metals, especially around the stretches of RM and IP.
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