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RESUMO 

 
 

ANÁLISE DE BIOMARCADORES EM JUNDIÁS (Rhamdia 

quelen) EXPOSTOS IN SITU COMO UMA FERRAMENTA 
DE AVALIAÇÃO AMBIENTAL 

 

 
AUTOR: Eduardo Stringini Severo 
ORIENTADORA: Vania Lucia Loro 

 
 

Os ecossistemas aquáticos são afetados pelo uso de agroquímicos em áreas 

agrícolas próximas a rios. Para avaliar possíveis impactos, são necessários estudos 

com animais que habitam esses ecossistemas. A exposição in situ é uma das formas 

de avaliar possíveis danos em ecossistemas. O objetivo deste estudo foi investigar o 

uso da espécie Rhamdia quelen como bioindicador, através de sua exposição in situ. 

Grupo de 10 peixes foram transportados e colocados em gaiolas em três locais (S1, 

S2 e S3) do rio Vacacaí na cidade de São Gabriel, Rio Grande do Sul. Após o 

período de exposição de 96 horas, os peixes foram eutanizados e cérebro, brânquia, 

fígado e músculo foram removidos para ensaios bioquímicos. Foram analisados 

biomarcadores de danos oxidativos como substâncias reativas ao ácido 

tiobarbitúrico (TBARS) e carbonilação de proteínas (PC), biomarcador de 

neurotoxicidade como a enzima acetilcolinesterase (AChE) e parâmetros 

antioxidantes como glutationa s-transferase (GST), superóxido dismutase (SOD), 

catalase (CAT), capacidade total contra peróxidos (ACAP) e tióis não protéicos 

(NPSH). O cálculo do Índice Integrado de Respostas de Biomarcadores (IBR) foi 

utilizado para auxiliar na interpretação dos resultados. Houve uma diminuição da 

AChE no cérebro dos peixes expostos nos três locais estudados (S1, S2 e S3). Além 

disso, diminuiu os níveis de TBARS no cérebro e aumentou a PC no cérebro, fígado 

e brânquias em S2 e S3. A atividade da SOD diminuiu em todos os pontos nas 

brânquias e CAT aumentou em S3. O aumento de GST foi observado principalmente 

no fígado nos três pontos. ACAP aumentou em S3. O cálculo do IBR mostrou um 

valor maior em S2, seguido por S3 e S1. Rhamdia quelen mostrou ser um excelente 

bioindicador para ser usado em experimentos in situ. O uso dos biomarcadores com 

o auxílio do IBR, mostraram-se bastante úteis para o resultado do trabalho. 

. 

Palavras-chave: Peixes. Estresse oxidativo. Ecotoxicologia, Biomonitoramento 



 

 

ABSTRACT 

 
 

ANALYSIS OF BIOMARKERS IN JUNDIÁS (Rhamdia quelen) EXPOSED IN-SITU 

AS AN ENVIRONMENTAL ASSESSMENT TOOL 
 

AUTHOR: Eduardo Stringini Severo 

ADVISOR: Vania Lucia Loro 
 

 

Aquatic ecosystems are affected by the use of agrochemicals in agricultural 

areas near rivers. To evaluate possible impacts, studies with animals that inhabit 

these ecosystems are needed. In situ exposure is one way of assessing possible 

damage to ecosystems. The aim of this study was to investigate the use of Rhamdia 

quelen as a bioindicator through its in situ exposure. Group of 10 fishes were 

transported and placed in cages at three sites (S1, S2 and S3) of the Vacacaí river in 

the city of São Gabriel, Rio Grande do Sul. After the exposure period of 96 hours, 

fish were euthanized and brain, gill, liver and muscle were removed for biochemical 

assays. Biomarkers of oxidative damage as thiobarbituric acid reactive substances 

(TBARS) and protein carbonylation (PC), biomarker of neurotoxicity as the  

acetylcholinesterase enzyme (AChE) and antioxidant parameters such as glutathione 

s-transferase (GST), superoxide dismutase (SOD), catalase (CAT), antioxidant 

capacity against peroxyl radicals (ACAP) and non-protein thiols (NPSH) were 

evaluated. The calculation of the Integrated Biomark Response Index (IBR) was used 

to aid in the interpretation of the results. There was a decrease in AChE in  brain of 

exposed fishes in the three studied sites (S1, S2 and S3). In addition, it decreased 

levels of TBARS in the brain and increased PC in the brain, liver and gills in S2 and 

S3. SOD activity decreased at all site in the gills and CAT increased at S3. The 

increase in GST was mainly observed in the liver at all three sites. ACAP increased 

in S3. The IBR calculation showed a higher value in S2, followed by S3 and S1. 

Rhamdia quelen has been shown to be an excellent bioindicator for use in in situ 

experiments. The use of biomarkers with the help of the IBR proved to be very useful 

for the results of the study. 

 
 

 
 
Keywords: Fish. Oxidative stress. Ecotoxicology. Biomononitoring 
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1 INTRODUÇÃO 

 

1.1 EXPOSIÇÃO IN SITU  

 

Os estudos de ecotoxicologia integram os conceitos da ecologia e da 

toxicologia. Essa ciência compõe a diversidade e importância dos organismos nos 

ecossistemas com os efeitos adversos dos poluentes sobre as comunidades 

biológicas (PLAA, 1982) 

Testes ecotoxicológicos são frequentemente realizados através de 

experimentos controlados em laboratório, através de relações 

concentrações/resposta. Embora haja correlação muito próxima entre os dados 

obtidos em laboratório para avaliação de impacto ambiental, existem casos em que 

essa extrapolação não se aplica (ZAGATTO E BERTOLETTI, 2008). 

A exposição in situ surgiu como uma alternativa para avaliação de locais 

potencialmente contaminados. Esta técnica possui algumas vantagens em relação a 

coleta de bioindicadores nos locais de interesse como o conhecimento preciso do 

local e a duração precisa da exposição. A migração de muitas espécies de peixes 

para alimentação e reprodução cria incerteza sobre o quão bem reflete a qualidade 

da água no local ou ao redor do local de captura (OIKARI, 2006).  

Além disso, todo os animais utilizados na exposição in situ vem de um mesmo 

local, evitando assim grandes variedades de tamanho e peso. Diversas espécies de 

peixes já foram testadas para a utilização dessa metodologia como Prochilodus 

lineatus, Cyprinus carpio, Oncorhynchus tshawytscha (KELLEY et al., 2011; 

SCARCIA et al., 2012; VIERA et al., 2016). Moluscos e crustáceos também tem 

demonstrado serem bons organismos aquáticos para serem utilizados em estudos in 

situ (LACAZE et al., 2011; GILTRAP et al., 2013; LEBRUN et al., 2015; TURJA et al., 

2015). 

 

1.2 CONTAMINAÇÃO DE AMBIENTES AQUÁTICOS 

 

Os agrotóxicos estão entre os principais instrumentos utilizados no 

crescimento da agricultura brasileira. Segundo o IBGE (2015), o uso de agrotóxicos 

saltou de 2,7 quilos por hectare para 6,9 quilos por hectare entre os anos de 2002 e 
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2012. Desses agrotóxicos utilizados em 2012, 64,1% foram considerados como 

perigosos e 27,7% muito perigosos.  

Os processos envolvidos no destino ambiental dos agrotóxicos dependem de 

suas propriedades físico-químicas e forma de aplicação, características do solo e 

condições ambientais (Figura 1). Dentre os processos que favorecem a 

contaminação ambiental estão a lixiviação, escoamento superficial, sorção, 

degradação química e biológica e volatização (SPADOTTO et al., 2010; PETERS et 

al., 2013). 

O meio aquático é afetado por dois tipos de fontes de contaminação, as 

chamadas fontes pontuais e as não pontuais ou difusas. As fontes pontuais são os 

esgotos domésticos lançados diretamente nos cursos d‘água, provenientes dos 

grandes centros urbanos. Quando misturados com resíduos provenientes das 

grandes indústrias, acaba por se tornar muito mais perigoso e de difícil tratamento 

(MERTEN E MINELLA, 2002). 

As fontes não pontuais ou difusas, tratam-se de fontes de contaminação que 

não são possíveis a identificação do ponto de lançamento do contaminante no 

ambiente aquático. Os tipos mais comuns são causados por fertilizantes (arraste de 

nutrientes) e pesticidas pelo escoamento superficial. Em grandes centros urbanos a 

contaminação por esgoto doméstico também pode ser definida como não pontual, 

isso ocorre em cidades sem planejamento na coleta de esgoto. Esse tipo de 

contaminação pode ocorrer pelo escoamento superficial das águas das chuvas 

(ZAGATTO E BERTOLETTI, 2008). 
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Figura 1 – Alguns processos que afetam o destino ambiental dos agrotóxicos, a 

largura da seta indica a importância relativa da rota de exposição. 

Fonte: adaptado de SOLOMON et al., 2008, p.725. 

 

 
1.3 BIOMARCADORES 

  

O contato de organismos aquáticos a agentes tóxicos pode levar a mudanças 

bioquímicas, fisiológicas ou histológicas nestes organismos. Estas alterações podem 

ser avaliadas através do uso de biomarcadores que possuem o potencial de 

antecipar prejuízos em níveis de população, comunidade e ecossistemas.  

Quando expostos a agentes tóxicos a produção de espécies reativas de 

oxigênio (EROS) pode ultrapassar a capacidade de defesa do organismo, 

caracterizando-se uma situação de estresse oxidativo (PISOSCHI, POP, 2015). 

Entre os biomarcadores utilizados para avaliar os possíveis danos causados nos 

organismos destaca-seos níveis de substâncias reativas ao ácido tiobarbitúrico 

(TBARS), que indica danos em lipídios pela peroxidação lipídica. A lipoperoxidação 

pode ser definida como uma cascata de eventos bioquímicos resultante da ação de 

radicais livres sobre os lipídeos insaturados das membranas celulares, em casos 

mais extremos pode levar à morte celular (BENZIE, 1996).  

Danos em proteínas podem ser avaliados através de proteínas carbonil (PC) 

formadas. A oxidação de proteínas pode ser reversível ou irreversível, dependendo 
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do alvo e da forma de dano oxidativo. Todos os resíduos de aminoácidos podem ser 

oxidados por EROS, podendo também sofrer agregação e fragmentação, formando 

grupos carbonilas (VALKO et al., 2006; TRACHOOTHAM et al., 2008). 

É possível avaliar danos neurológicos através da atividade da enzima 

acetilcolinesterase (AChE). Alterações comportamentais podem estar relacionada 

com a inibição da enzima acetilcolinesterase (AChE), cuja ação é crucial na 

propagação do impulso nervoso e também na transmissão nervo-músculo. A AChE 

inativa a ação do neurotransmissor acetilcolina (AChE) hidrolisando-o em acetato e 

colina. Este processo de hidrólise evita a propagação contínua do impulso nervoso, 

evitando hiperatividade, asfixia e morte (ROEX, 2003). 

São exemplos de marcadores de defesa a atividade de enzimas de 

biotransformação (GST), defesa antioxidante enzimática (SOD, CAT e ACAP) e não-

enzimáticas (NPSH).  A GST pertence a uma família de enzimas de fase II que 

conjugam compostos eletrofílicos (hidrocarbonetos aromáticos policíclicos - HAPs) 

com glutationa (GSH) e participam na proteção celular contra os efeitos tóxicos de 

uma variedade de xenobióticos e subprodutos metabólicos oxidados (HAYES et al., 

2005; TONI et al., 2011; PEREIRA et al., 2013). 

A enzima antioxidantes superóxido dismutase (SOD), catalisa a dismutação 

de O2
•− em H2O2 enquanto que a enzima catalase (CAT), é responsável por catalisar 

a redução do H2O2 a H2O e O2. O principal tiol não protéico é a GSH, a sua função 

antioxidante é mediada pelo grupo tiol (-SH) reativo da cisteína, que confere a 

capacidade redutora da GSH.  

A capacidade antioxidante contra peróxidos (ACAP) determina a capacidade 

antioxidante total, como uma alternativa para reduzir o número de análises de 

antioxidantes (AMADO et al., 2009). 

 

1.4 ÍNDICE INTEGRADO DE RESPOSTAS DE BIOMARCADORES 

 

Embora os biomarcadores possam fornecer informações valiosas e possam ser 

usados para medir uma ampla gama de respostas fisiológicas a agente tóxicos, seu 

uso é limitado se estes não puderem ser integrados em um esquema geral que 

facilite a análise e interpretação de dados. O ―índice integrado de respostas de 

biomarcadores‖ (IBR) descrito por Beliaeff e Burgeot (2002) é uma metodologia que 

integra as respostas de diferentes biomarcadores em um único valor ou gráfico e 
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vem sendo utilizada em estudos de campo e laboratótio (MURUSSI et al., 2015; 

VIEIRA et al., 2016). O resultado de cada análise é primeiramente dívidido pelo valor 

do grupo controle (o grupo controle é dívidido por ele mesmo resultando em valor 

igual a 1)  em seguida, cada resultado é logaritmizado para diminuir a variância. Do 

resultado da logaritimização (Yi)  é realizado a média (µ)  e o desvio padrão (s) de 

todos os resultados. Então os valores de Yi são padronizados pela seguinte fórmula 

— Zi = (Yi - µ) / s — e a diferença entre Zi e Z0 (controle) é calculada para determinar 

os valores de A. Os valores de A representam o resultado atribuído para cada 

biomarcador calculado. O IBR é estimado para cada grupo pela soma dos valores de 

A convertidos em valores absolutos (S). Os resultados são apresentados como 

gráficos de radar que indica o desvio de todos os biomarcadores em relação ao 

controle (0). Os valores acima da linha do zero representam a indução dos 

biomarcadores, enquanto os valores abaixo de zero representam inibição dos 

biomarcadores.  

 

 

Figura 2 – O cálculo do IBR foi realizado no  programa Microsoft Excel 2010. 
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Figura 3 – O resultado A de cada grupo foi utilizado para a geração do gráfico em 

radar. O valor de S de todos os biomarcadores de cada grupo foram somados e 

colocados acima do gráfico.  

 

 

Figura 4 – A comparação entre o grupo 1 (A), grupo 2 (B) e grupo 3 (C) neste 

exemplo hipotético demonstra que o grupo 1 foi o que mais sofreu alteração nos 

biomarcadores estudados.  

 

 

1.5 ORGANISMO TESTE 

 

Rhamdia quelen (QUOY & GAIMARD, 1824), popularmente conhecido como 

jundiá, é um peixe teleósteo pertencente à família Heptapteridae (BOCKMANN, 

GUAZZELLI, 2003). Sua coloração varia de marrom-avermelhado claro a cinza 

ardósia, pode ser diferenciado de outras espécies pertencentes ao mesmo gênero 

através de algumas características como: espinho da nadadeira peitoral serrilhado 

em ambos os lados, barbilhões maxilares no mínimo 28,8% do comprimento padrão 

(SILFVERGRIP, 1996) (Figura 2). Os adultos são onívoros, possuem preferência por 

determinados alimentos de acordo com a sua abundância. Peixe nativo da região 

Sul do Brasil, vive em lagos e rios, com preferência a águas calmas com fundo de 
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areia e lama junto as margens e vegetações. Possuem hábito noturno, procurando 

alimentos principalmente após períodos de chuva. Estudos mostram que são 

generalistas em relação a escolha de alimento (GOMES et al., 2000; MEURER & 

ZANIBONI FILHO, 1997). 

 

 

Figura 5 – Exemplar de jundiá, Rhamdia quelen. 

Fonte: arquivo pessoal. 

 

A maturidade sexual é atingida por volta de um ano de idade nos dois sexos. 

Os machos iniciam o processo de maturação gonadal com 13,4 cm, e as fêmeas 

com 16,5 cm. A partir de 16,5 cm e 17,5 cm todos os exemplares machos e fêmeas, 

respectivamente estão potencialmente aptos para reprodução (NARAHARA et al., 

1985). Os alevinos de Rhamdia quelen possuem uma tolerância a mudanças de 

salinidade suportando até 9,0 g/L de sal comum (NaCl) por 96h. Alguns estudos 

relatam que esta espécie suporta variações de pH (4,0 a 9,5) além de suportarem 

temperaturas de 15 a 34ºC (MARCHIORO et al., 1999; CHIPPARI GOMES et al., 

2000). 

Os jundiás são amplamente utilizados em estudos de avaliação toxicológica 

de diversos compostos. Quando expostos a compostos químicos em condições 

laboratoriais, os jundiás apresentaram mudanças em seu perfil antioxidante, 

parâmetros de estresse oxidativo, parâmetros metabólicos e alterações histológicas. 

Devido a estas características, o jundiá é considerado um bom organismo 
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bioindicador (GLUSCZAK et al., 2007; MENEZES et al., 2011; MURUSSI et al., 

2015). 

Segundo Akaishi (2004) algumas características devem ser levadas em 

consideração ao escolher um determinado organismo bioindicador, como sobreviver 

em ambientes saudáveis e possuir resistência a ambientes contaminados, assim 

como abundância da espécie escolhida no ambiente e facilidade em adaptar-se aos 

ensaios laboratoriais. 

 

1.6 OBJETIVOS 

 

1.6.1 Objetivo Geral 

Investigar o potencial uso de Rhamdia quelen exposto in situ como organismo 

bioindicador de ambientes contaminados.  

 

1.6.2 Objetivos Específicos 

 

 Avaliar a presença de agroquímicos em água e sedimento do rio 

Vacacaí, no município de São Gabriel. 

 Verificar neurotoxicidade através de atividade da enzima 

acetilcolinesterase. 

 Avaliar danos oxidativos através dos biomarcadores TBARS e 

carbonilação de proteínas. 

 Determinar o perfil antioxidante enzimático e não enzimático em 

diferentes tecidos de jundiás, medindo-se as atividades de CAT e SOD, 

níveis de NPSH e capacidade antioxidante contra peróxidos (ACAP).  

 Analisar a atividade da enzima de detoxificação GST. 

 Avaliar a eficácia da abordagem do Índice Integrado de Resposta de 

Biomarcadores (IBR) em três localidades do rio Vacacaí. 
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ABSTRACT: 

 

Aquatic environments are impacted by the use of agrochemicals in agricultural 

areas near rivers. To evaluate its impact on wildlife, in situ exposure has become an 

alternative to evaluate these environments. In this study the use of the Rhamdia 

quelen as a bioindicator was investigated through in situ exposition. Were placed 10 

fishes per cage in each site of a total of three sites in Vacacaí river. After 96-hours of 

exposure, the fishes were euthanized and brain, gill, liver and muscle were removed 

for biochemical assay. Biomarkers of oxidative damage (thiobarbituric acid-reactive 

substance - TBARS, carbonylated protein - CP), neurotoxicity (acetylcholinesterase - 

AChE) and antioxidant parameters (glutathione S-transferase - GST, superoxide 

dismutase  - SOD, catalase - CAT, antioxidant capacity against peroxyl radicals - 

ACAP and non-protein thiols - NPSH) were analyzed. The IBR calculation was used 

to aid in the interpretation of the results. Biomarker variations were observed at the 

three sites of in situ exposure. Decrease in AChE, TBARS, PC and SOD mainly in 

the most contaminated sites. In addition,  CAT, GST and ACAP biomarkers 

presented increase in the results. IBR showed a higher value at the points of 

exposure considered to be the most contaminated. The Rhamdia quelen showed to 

be an excellent bioindicator to be used for in situ experiments. All biomarkers also 

contributed to the result of this work.  

 

KEYWORDS: fish, bioindicator, oxidative stress, ecotoxicology 

 

1 INTRODUCTION: 

 

The aquatic ecosystem is considered the most susceptible to pollution and 

contamination. Commonly associated with the discharge of domestic, industrial or 

agricultural effluents [1]. The presence of pollutants in these environments can affect 

the health and survival of fishes and other aquatic animals. According to the data 

from IBGE [2], the use of chemicals in Brazilian agriculture more than doubled, in a 

period of 10 years, jumping from 2.7 to 6.9 kilograms per hectare. Quantitative 

chemical analyzes are used to evaluate the amount of these pollutants in the 

environment, but they are not able to demonstrate the possible effect on aquatic 
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fauna. In this way, biomonitoring has been proven to be a necessary way to 

complement traditional monitoring techniques [3]. 

There are several ways to perform biomonitoring studies, and one of the most 

usual ways is to collect animals directly at the places of interest [4,5]. Nevertheless, 

according to Oikari et al. [6], the migration of many species of fish for feeding and 

breeding creates uncertainty about how well an individual's tissue sample reflects the 

quality of the water at or around the site of capture.  

An individual could recently have entered in a more or less contaminated area 

and therefore exhibit accumulated contaminants from earlier site. Thereby, an 

alternative for biomonitoring would be the use of in situ exposure. This method has 

been used because of its efficiency in demonstrating the effects of the mixture of 

contaminants on the environment [7,8]. The in situ exposure also offers numerous 

advantages such as the precise site knowledge and species selection at the 

development stage of interest. In addition, the use of animals from the same source 

also reduces inter-individual variability of exposed organisms, and minimizes the 

influence of adaptive mechanisms [6,9]. 

The fish species chosen for this study was used in previous toxicology studies 

[10–12]. The silver catfish (Rhamdia quelen) belongs to the family Heptapteridae and 

it is a native species from the southern region of Brazil, although the genus Rhamdia 

has a wide distribution in the South America continent. The silver catfish has an 

important role in the environment since its diet is based on animals belonging from 

diverse levels of the food chain, such as insects, mollusks and even other fish. 

Moreover, has a commercial relevance due to its high quality meat [13,14]. 

To check possible changes in the animals after exposure, it is necessary to 

evaluate biomarkers. Biomarkers are defined as biochemical, physiological or 

histological changes caused by contact with xenobiotics [15,16]. Exposure to 

different pollutants may cause oxidative damage resulting from the generation of free 

radicals and increased production of reactive oxygen species (ROS). Hence, the 

increase of ROS can cause changes in the antioxidant profile [17,18]. 

The place chosen for this study was the Vacacaí river at city of São Gabriel, that 

has a population of approximately 62,874 inhabitants [19]. The Vacacaí river belongs 

to the Vacacaí-Vacacaí Mirim basin, which is an important hydrographic basin 

located in the Center-West region of the Rio Grande do Sul State, providing drinking 

water for approximately 385,000 inhabitant [20]. A study conducted by Marchezan et 
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al. [21] showed that contamination of agrochemicals occurs in the Vacacaí River 

mainly due to rice cultivation. Although this study was carried out in another 

municipality, rice is one of the main sources of economy of the municipality of São 

Gabriel [22]. 

The aim of this study was test biomarkers in Rhamdia quelen exposed in situ and 

to evaluate those biomarkers during the 96-hour period, making possible the use of 

this species in similar studies in other environments with potential interest for 

research. 

 

2  MATERIAL AND METHODS: 

 

2.1. STUDY SITES 

The sites chosen in this study are located in the Vacacaí river, located in 

rural areas and in an urbanized region of the municipality of São Gabriel. The first 

site (S1) was chosen because of this distance from the urban and rural area, in a 

region with a large riparian forest (30°27'14.7"S 54°22'25.5"W). The second site (S2) 

is located at a distance of approximately 10 km from the first point, this location is 

close to rice and soybean crops (30°22'40.7"S 54°20'54.8"W). The third site (S3) is 

an urbanized region (30°20'30.5"S 54°18'19.9"W) (Fig 1). 

 

2.2. ANIMALS  

Juvenile silver catifsh of both sexes (mean weight 22.3 ± 7.05 g, body length 

13.55 ± 0.98 cm) were obtained from a fish farm (Rio Grande do Sul, Brazil) and 

were acclimatized at the aquatic toxicology laboratory at Universidade Federal de 

Santa Maria (UFSM). 

The animals were acclimated for ten days to laboratory conditions, with 

natural photoperiod (14h light/10h dark). They were maintained in static system in 

250 L boxes of fiberglass, with continuously aerated tap water and physical and 

biological filters. Water quality parameters were verified daily (temperature 24.05 ± 

0.96°C, pH 7.15 ± 0.17, dissolved oxygen 7.90 ± 0.74 mg/L, non-ionized ammonia 

0.15 ± 0.04 µg/mL, nitrite 1.11 ± 0.78 mg/mL). The fish were fed twice a day with 

commercial feed to satiety during the acclimation period. Feces and pellet residues 

were removed by suction.  This study was authorized by the responsible 

environmental entity (ICMBio, protocol number: 52452-1). 
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2.3. EXPERIMENTAL DESIGN 

A total of 50 silver catfish were transported in oxygenated plastic bags to the 

municipality of São Gabriel. Eugenol was used as anesthesia according to Cunha et 

al. [23]. After transport, 10 animals were anesthetized using eugenol solution 

(concentration of 50 µL/L) and then euthanized by spinal cord section. After 

dissection, brain, liver, gills and muscle were removed and stored at -80°C for later 

analysis. We named this group as ―transport group‖ in order to evaluate changes in 

the biomarkers associated with animal transportation. 

Another group of 10 silver catfish was kept in an aquarium (32 x 32 x 48 cm, 

49 L) at Universidade Federal do Pampa campus São Gabriel, located at the city of 

São Gabriel – Rio Grande do Sul, with conditions suitable for survival over the 96 

hours period (we named this group as ―control group‖). The other fish were 

transported to the site mentioned in item 2.1 and transferred to cages (32 x 32 x 48 

cm, 49 L), where they remained for 96 h. The cages were completely submerged 

(depth ≤ 1 m), and their design allows full water circulation following the methodology 

used by Vieira et al. [8].  It were placed 10 fishes per cage and each group of fish 

received the name of the place where they were exposed (S1, S2 and S3). 

At the end of 96 h of in situ exposure all fishes were transported to the 

Universidade Federal do Pampa, where they were anesthetized using eugenol 

solution (concentration of 50 µL/L) and euthanized by spinal cord section. After 

dissection, brain, liver, gills and muscle were removed and stored at -80°C for later 

analysis. We did the same with ―laboratory control‖ after the end of the 96 h. 

 

2.4. ANALYSIS OF WATER AND SEDIMENT 

The samples of water and sediment were collected at the same sites 

mentioned in item 2.1, in the first and the last day of in situ exposure.  We performed 

water and sediment collections in the months of november and december before in 

situ exposure which was held in late january and early february. The water was 

collected in 500 mL amber bottle and the sediment was collect in a sediment 

collector pot, both were placed immediately on ice. The water and sediment samples 

were evaluated qualitatively and quantitatively for agrochemicals, according to the 

methodology described by Donato et al. [24]. 
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With the aid of multiparameter water quality equipment (Horiba) the following 

parameters were determined: temperature, pH, dissolved oxygen. Were also 

measured nitrite and ammonia in water sample.  

 

2.5. BIOCHEMICAL BIOMARKERS 

 

2.5.1. Tissue preparation 

  Samples of brain, liver, gills and muscle (1:20) were homogenized with Tris-

HCl 50 mM buffer (pH 7.4) in a Potter-Elvejhem glass/Teflon homogenizer, 

centrifuged (3000 g for 10 min, - 4º C) and the supernatant was transferred to 

microtubes and kept at -80 ºC for posteriors assays. 

 

2.5.2. Biomarkers of oxidative damage 

Lipid peroxidation and carbonylated protein were determined in brain, liver, 

gills and muscle. Lipid peroxidation was estimated by thiobarbituric acid-reactive 

substance (TBARS) production, which is widely performed for measurement of lipid 

redox state [25]. Results were expressed as nmol MDA/mg of protein. Further details 

of the methodology can be found in Nunes et al. [26]. 

The levels of carbonylated protein (PC) were assayed based on the method 

described by Yan et al [27], adapted to 96 wells microplate reader. Further details of 

the methodology can be found in Müller et al. [28]. 

 

2.5.3.  Antioxidant parameters 

Catalase (CAT) and superoxide dismutase (SOD) activities were determined 

in liver and gills. CAT was expressed as µmol/min/mg protein, according to Nelson 

and Kiesow [29]. The SOD activity was measured in accordance with Misra and 

Fridovich [30] and it was expressed as U/mg protein. Further details of those 

methodologies can be found in Murussi et al. [10]. 

Glutathione S-transferase (GST) activity was analyzed according to Habig et 

al. [31] in brain, liver, gills and muscle. The activity was expressed as μmol GSDNB/ 

min/mg protein. Further details of the methodology can be found in Nunes et al. [26] 

Non-protein thiols levels (NPSH) were determined in brain, liver, gills and 

muscle and were assayed based on the method described by Ellman [32] in a 
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microplate reader. Results were expressed as nmol SH/ mg protein. Further details of 

the methodology can be found in Nunes et al. [26]. 

The antioxidant capacity against peroxyl radicals (ACAP) determines total 

antioxidant capacity as an alternative to reduce the number of antioxidant 

analyzes.The peroxide radicals are generated by thermal decomposition at 35°C of 

2,2'-azobis (2 methylpropionamidine) dihydrochloride (ABAP, 4 mM) following the 

procedures described by Amado et al. [33] 

 

2.5.4. Biomarker of neurotoxicity 

The AChE activity was measured by the rate of hydrolysis of acetylthiocholine 

iodide (0.88 mM) was determined in a final volume of 300 µL, with 33 µL of 

homogenized sample and 33 µL of 100 mM phosphate buffer, pH 7.5 mixed to 2.0 

mM 5,5‘-dithionitrobis 2-nitrobenzoic acid (DTNB). The hydrolysis of acetylthiocholine 

iodide was monitored in a microplate reader by the formation of thiolate dianion of 

DTNB at 412 nm for 2–3 min (intervals of 30 s) [32]. Controls without the 

homogenate preparation were performed in order to determine the non-enzymatic 

hydrolysis of the substrate. AChE activity was expressed as µmol thiocholine 

(SCh)/h/mg of protein.  

 

2.5.5. Protein determination 

Protein was determined by the Coomassie blue method using bovine serum 

albumin as standard. Absorbance of samples was measured at 595 nm as described 

by Bradford [34]. 

 

2.6. IBR 

The results obtained in this study were applied to the ―Integrated biomarker 

response‖ (IBR) to characterize the effects in each site that silver catfish was 

exposed in situ. Representative results are shown as star plot charts indicating the 

deviation of all biomarkers in relation to the control, the IBR was estimated for each 

site resulting in S values. The area above 0 reflects biomarker induction, and the 

area below 0 indicates a biomarker inhibition. IBR is based in a method described by 

Beliaeff and Burgeot [35] and modified by Sanchez et al. [36].  Further details of 

these methodology can be found in Vieira et al. [8]. 
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2.7. STATISTICAL ANALYSIS 

The results are presented as means ± standard error of mean (S.E.M.). The 

data were homogeneous, proven by the Shapiro-Wilk test. Comparisons between 

groups were by one-way ANOVA followed by Newman-Keuls multiple comparisons 

test. The significant level considered was P < 0.05. Analyzes were performed with 

the software GraphPad Prism version 6.01. 

 

3 RESULTS:  

 

The agrochemicals of the water and sediment from the in situ exposures and 

collections made in previous months are given in Table 1. The herbicide clomazone 

was found at all sites and the fungicide tebuconazole at S2. Physical and chemical 

parameters of the water from the in situ exposure and previous water collection are 

given in Table 2. The results of the transport group did not show significant 

differences in relation to the control group and the animals from the in situ exposure, 

so we did not put their data in the tables and graphs. The use of eugenol to transport 

silver catfish demonstrated to be useful, since it was not responsible for the changes 

of biomarkers. 

The TBARS levels in brain decreased in S2 and S3 in relation to the control 

group, S3 show decrease in relation to S2. In muscle there was decrease in the 

TBARS levels in S1 and S2 and in S3 was an increased in relation to S1. An 

increase in liver was observed only in S1 in relation to all others groups. In gills there 

was no significant change in the TBARS levels between the sites and control group 

(Fig. 2) 

The PC levels in brain increased in S2 and S3 in relation to S1 and control 

group.  In liver it was observed that PC level increased in S3, but S1 and S2 shows 

no significant difference in relations to control group and S3. In gills it was observed 

an increase only in S3 in relation to all groups and in muscle there was no significant 

change between the sites and control group (Fig.3 ) 

The results of GST show a decrease of this activity in brain in S1. GST 

increase in muscle in S3 in relation to control group and S1, S2 do not show 

difference in relation to the other groups. In liver it is observed an increase in S1 and 
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S2 in relation to the control group and in S3 in relation to all groups. In gills, an 

increase occurred only in S2 in comparison to other groups (Table 3).  

NPSH results show no variation in liver and gills. In muscle there was an 

increase in S1 and S3 in relation to control group, but not in relation to S2. In brain 

was observed an increase in S2 in comparison to control group (Table 3). 

CAT activity in liver increased in S1 in relation to the control group and S2, S3 

increased only in relation to control group, but do not show significant differences in 

relation to S1 and S2.  In gills it was an increase in S3 in relation to S2, and both 

control group and S1 do not show significant differences in relation to S2 and S3 

(Table 4). 

In SOD, there were no significant differences in liver. In gills was observed a 

decrease in SOD activity  at the three sites studied  in comparison to control group 

(Table 4). 

There were no significant differences in ROS  production ACAP increased at 

S3 in relation to S1 and S2, those result were no significant in relation to control 

group (Table 4). 

AChE activity in the brain decreased at all sites studied, in comparison to 

control group. In muscle, AChE activity increased in S2 in relation to control group 

and S1 (Fig. 4). 

Values of IBR for silver catfish at S1, S2 and S3 was 2.10, 3.12 and 3.06 

respectively. The star plots indicate that CAT, GST and PC were the most 

representative biomarker in S1, showing an increase especially in liver tissue, 

together with a reduction in CAT and AChE in gills and brain respectively. In S2 and 

S3, GST, CAT, NPSH and PC levels were the most representative biomarker as they 

showed greater variations in comparison to the basal group, with a reduction in SOD 

at S2 and S3 in gills tissue, and AChE and TBARS in S3 in brain tissue (Fig. 5) 

 

4 DISCUSSION: 

 

When we chose the sites of this work, we decided that S1 would be the place 

used as a reference, since it presents ciliary forest and is far from crops, however, as 

seen in the last water collection (in situ exposure), it was found equal clomazone 

concentrations of S2 and S3 water samples. However, previous collections 

(november and december) show the increase in clomazone concentrations found.  
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The water quality analyzes did not show any changes above that allowed in Brazilian 

waters [37]. In addition, these concentrations are within the stipulated limits for the 

creation of this species under optimum conditions. According to Chiparri-Gomes et al. 

[38] Lethal temperatures for Rhamdia quelen are below 3ºC and above 32ºC. 

According to Braun et al. [39] Dissolved oxygen (OD) below 1.6mg / L occurs 

mortality. The ideal pH range for juveniles is between 4.0 and 9.0 according to 

Zaions et al. [40] And the levels of ammonia and nitrite are below the concentrations 

considered dangerous of 0.44mg / L and 1.2mg / L respectively [41,42]. 

Some results found in this study are in agreement with previous study 

performed by our research group. Coincidentally our group performed laboratory 

studies with clomazone and tebuconazole, the same agrochemicals found in water 

samples collected during the in situ exposure period and still using Rhamdia quelen 

as model organism [43–46]. 

The results obtained in this study show, in general, that Rhamdia quelen 

presented different results according to the analyzed organ. Lipid peroxidation is a 

common response observed after herbicide exposure, and is usually estimated by 

TBARS. However, TBARS levels in brain and muscle showed a decrease, thus 

indicating that lipid peroxidation did not occur in this organ probably due to the action 

of antioxidant system. This same result was observed in Murussi et al. [45] in liver 

tissue, who exposed silver catfish to clomazone in two different concentration. 

Another parameter used to verify damage caused by agrochemicals is the 

estimation of protein carbonyl caused by oxidative damage. Protein carbonyl 

increased in almost all tissue and sites that silver catfish were exposed.  

The hypothesis for this result would be the inefficient protection of the antioxidant 

system. In our study, this explanation makes sense if we consider that GST 

increased in much the same way as carbonyl protein levels in the liver in S3 and 

brain in S2 and S3. 

GST is a phase II enzyme that conjugates xenobiotics or their metabolites with 

glutathione, making them less toxic and more easily able to be excreted. This 

biomarker have been used in many biomonitoring studies [5,47]. Our study presented 

a very satisfactory result in relation to this enzyme. It is observed the increase of its 

activity in relation to the sites with the highest number of agrochemicals found in 

water and sediment collections, mainly in S2 and S3. Although the increase in its 
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activity is notorious, it is probably not enough to prevent oxidative damage as show in 

PC.  

As seen in Vieira et al. [8] the non-increase in NPSH might have impaired the 

antioxidant capacity of the organisms, leading to oxidative damage. This may been 

responsible for the oxidative damage caused in PC in liver and gills at S3. 

The SOD and CAT enzymes are an important group to protect organism 

against ROS. SOD convert superoxide anions O2
-
 into H2O2 and CAT subsequently 

into H2O and O2. In our results, we observe a decrease in SOD at gills tissue in all 

sites. A similar result was observed in Xing et al. [48] exposing common carp to 

different agrochemicals, indicating that the decrease of this enzyme contributes to 

the elimination of ROS from the cell, after a period of recovery the increase of the 

activity of this enzyme was observed. According to Doyotte [49], depending on the 

intensity and duration of chemical stress, it may increase or inhibit the activity of 

antioxidant enzymes and may reflect an adaptation of the organism to the presence 

of xenobiotic. CAT increased is usually related as a mechanism against oxidative 

damage caused by chemical stress induction and inhibition were observed after the 

exposure of fish to environmental pollution [47,50]. 

ACAP is a fast and general method to determine the total antioxidant capacity 

against ROS. In our results it was possible to observe that ACAP increased at S3, 

this result indicates that at this site the fish antioxidant system was that most worked 

to reduce ROS. Although this biomarker is generalist, this result was in agreement 

with the results of CAT at S3 in liver and gills. A similar result was found by Beauvais 

et al. [51]. 

Inhibiton of AChE can result in excessive stimulation of cholinergic nerves, 

resulting in behavioral alterations such as tremors, convulsions, and erratic or 

lethargic swimming [52,53]. AChE is usually associated with exposure to 

organophosphates and carbamates however studies indicate that this enzyme may 

be inhibited by the presence of metals and other agrochemicals [54–56]. Our result 

corroborates with this hypothesis, since inhibition of this enzyme was observed in all 

sites in brain tissue. A similar result was observed by others field study on the most 

impacted site [8,57]. Some authors suggest that the increase in TBARS levels could 

be associated with AChE inhibition, but in our results was observed the inhibition in 

brain in both biomarkers. However, another hypothesis is the involvement of protein 

carbonyl to disrupt AChE activity [58], we observed that protein carbonyl increased in 
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S2 and S3, in S1 was not observed increased in this biomarker even though AChE it 

has decreased. 

 IBR results was a great tool in this work as it helped to summarize all the 

biomarkers in a single result. As expected, the value of IBR was higher in the sites 

with higher pollution presence. Although agrochemicals appeared at all sites during 

the exposure, previous collections indicate that S2 and S3 are more contaminated. 

The results of IBR are in agreement with the results seen in Vieira et al. [8] Where 

higher values of the sum of the biomarkers were also observed in the most 

contaminated sites. 

 It is evident in our study the differences of biomarkers evaluated at each site of 

exposure. As expected, the sites considered more contaminated resulted in 

significant alterations in relation to the control group and the animals exposed in S1. 

This result makes sense, since riparian forest is thought to be effective at intercepting 

and controlling chemical loads from diffuse agricultural sources to entering water 

bodies [59]. 

It was observed that none of the agrochemicals found in our water collections 

are described in the last report provided by CONAMA [37] responsible for 

determining maximum amounts of the chemicals found in the environment In waters 

of the Brazilian territory. The concentrations of clomazone and tebuconazole found in 

our study deserve attention and should be studied under controlled conditions, in an 

isolated and synergistic way once that effects of mixture toxicity are complex and 

poorly understood [60]. 

 

5 CONCLUSION: 

 

The use of silver catfish in an in situ exposure for 96 hours proved to be quite 

efficient, since the animals showed good adaptation, surviving during the exposure 

period. The evaluation of all the biomarkers used proved to be quite adequate for the 

study, since all gave some kind of response. This study has the potential to serve as 

a reference for future studies in the field of ecotoxicology, making possible the use of 

Rhamdia quelen in in situ experiments in regions where environmental risks are 

assessed.  Even, our study helps to corroborate the importance of the preservation of 

riparian forests and their role in the preservation of aquatic fauna. 

 



32 

 

AKNOWLEDGEMENTS: 

 

The authors would thank the Universidade Federal de Santa Maria and 

Universidade Federal do Pampa for support and the facilities and Coordenação de 

aperfeiçoamento de pessoal de nível superior (CAPES) for the scholarship and the 

undergraduate student grant. Vania Lucia Loro received CNPq research fellowship 

(process number: 312983/2013-1). 

 

  



33 

 

REFERENCES: 

1. Saunders DL, Meeuwig JJ, Vincent ACJ. Freshwater protected areas: 

Strategies for conservation. Conserv. Biol. 2002;16:30–41. 

2. IBGE. Available from 

http://revistagloborural.globo.com/Noticias/noticia/2015/06/uso-de-agrotoxicos-

no-brasil-cresce-mais-de-duas-vezes-e-meia-em-dez-anos-1.html. Accessed 

April 3, 2017. 

3. Soininen J, Kononen K. Comparative study of monitoring South-Finnish rivers 

and streams using macroinvertebrate and benthic diatom community structure. 

Aquat. Ecol. 2004;38:63–75. 

4. Colin N, Porte C, Fernandes D, Barata C, et al. Ecological relevance of 

biomarkers in monitoring studies of macro-invertebrates and fish in 

Mediterranean rivers. Sci. Total Environ. 

2015;doi:10.1016/j.scitotenv.2015.06.099. 

5. Loro VL, Murussi C, Menezes C, Leitemperger J, et al. Spatial and temporal 

biomarkers responses of Astyanax jacuhiensis (Cope, 1894)(Characiformes: 

Characidae) from the middle rio Uruguai, Brazil. Neotrop. Ichthyol. 

2015;13:569–578. 

6. Oikari A. Caging techniques for field exposures of fish to chemical 

contaminants. Aquat. Toxicol. 2006;78:370–381. 

7. Kelley MA, Gillespie A, Zhou GD, et al. In situ biomonitoring of caged, juvenile 

Chinook salmon (Oncorhynchus tshawytscha) in the Lower Duwamish 

Waterway. Mar. Pollut. Bull. 2011;62:2520–2532. 

8. Vieira CED, Costa PG, Lunardelli B, et al. Multiple biomarker responses in 

Prochilodus lineatus subjected to short-term in situ exposure to streams from 

agricultural areas in Southern Brazil. Sci. Total Environ. 2016;542:44–56. 

9. Klobučar GI V, Malev O, Šrut M, et al. Genotoxicity monitoring of freshwater 

environments using caged crayfish (Astacus leptodactylus). Chemosphere. 

2012;87:62–67. 

10. Murussi CR, Costa MD, Leitemperger JW, et al. Exposure to different 

glyphosate formulations on the oxidative and histological status of Rhamdia 

quelen. Fish Physiol. Biochem. 2016;42:445–455. 

11. Becker AG, Moraes BS, Menezes CC, et al. Pesticide contamination of water 

alters the metabolism of juvenile silver catfish, Rhamdia quelen. Ecotoxicol. 



34 

 

Environ. 2009;72:1734–1739. 

12. Menezes C, Leitemperger J, Toni C, et al. Comparative study on effects of 

dietary with diphenyl diselenide on oxidative stress in carp (Cyprinus carpio) 

and silver catfish (Rhamdia sp.) exposed to herbicide clomazone. Environ. 

Toxicol. Pharmacol. 2013;36:706–714. 

13. Carneiro PCF, Mikos JD. Freqüência alimentar e crescimento de alevinos de 

jundiá, Rhamdia quelen. Ciência Rural. 2005;35:187–191. 

14. Baldisserotto B. Piscicultura continental no Rio Grande do Sul: situação atual, 

problemas e perspectivas para o futuro. Ciência Rural. 2009;39:291–299. 

15. Belanger SE, Balon EK, Rawlings JM. Saltatory ontogeny of fishes and 

sensitive early life stages for ecotoxicology tests. Aquat. Toxicol. 2010; 97:88–

95. 

16. Ahmad F, Noldus LPJJ, Tegelenbosch R a J, Richardson MK. Zebrafish 

embryos and larvae in behavioural assays. Behaviour. 2012;149:1241–1281. 

17. Hauser-Davis R a., Oliveira TF, Silveira  a. M, Silva TB, Ziolli RL. Case study: 

Comparing the use of nonlinear discriminating analysis and Artificial Neural 

Networks in the classification of three fish species: acaras (Geophagus 

brasiliensis), tilapias (Tilapia rendalli) and mullets (Mugil liza). Ecol. Inform. 

2010;5:474–478. 

18. Hernández-Moreno D, Soler F, Míguez MP, Pérez-López M. Brain 

acetylcholinesterase, malondialdehyde and reduced glutathione as biomarkers 

of continuous exposure of tench, Tinca tinca, to carbofuran or deltamethrin. 

Sci. Total Environ. 2010;408:4976–4983. 

19. IBGE. Available from 

http://cidades.ibge.gov.br/painel/painel.php?codmun=431830. Accessed April 

23, 2017. 

20. Costa-Silva DG, Nunes MEM, Wallau GL, et al. Oxidative stress markers in fish 

(Astyanax sp. and Danio rerio) exposed to urban and agricultural effluents in 

the Brazilian Pampa biome. Environ. Sci. Pollut. Res. 

2015;doi:10.1007/s11356-015-4737-7. 

21. Marchesan E, Sartori GMS, Avila LA De, et al. Resíduos de agrotóxicos na 

água de rios da Depressão Central do Estado do Rio Grande do Sul, Brasil. 

Ciência Rural. 2010;40:1053–1059. 

22. Prefeitura Municipal de São Gabriel. Economia 2017. 



35 

 

http://www.saogabriel.rs.gov.br/Portal/conheca/economia.html. Accessed 

March 01, 2017. 

23. Cunha MA Da, Zeppenfeld CC, Garcia LDO, et al. Anesthesia of silver catfish 

with eugenol: time of induction, cortisol response and sensory analysis of fillet. 

Ciência Rural. 2010;40:2107–2114. 

24. Donato, FAdaime MB, Zanella R. Development of a Multiresidue Method for 

Pesticide Analysis in Drinking Water by Solid Phase Extraction and 

Determination by Gas and Liquid Chromatography with Triple Quadrupole 

Tandem Mass Spectrometry. J. Braz. Chem. Soc. 2015;26:2077–2087. 

25. Draper HH, Hadley M. Malondialdehyde determination as index of lipid 

peroxidation. Methods Enzymol. 1990;186:421–431. 

26. Nunes ME, Müller TE, Braga MM, et al. Chronic Treatment with Paraquat 

Induces Brain Injury, Changes in Antioxidant Defenses System, and Modulates 

Behavioral Functions in Zebrafish. Mol. Neurobiol. 2016;1–10. 

doi:10.1007/s12035-016-9919-x. 

27. Yan L-J, Traber MG, Packer L. Spectrophotometric method for determination of 

carbonyls in oxidatively modified apolipoprotein B of human low-density 

lipoproteins. Anal. Biochem. 1995;228:349–351. 

28. Müller TE, Nunes ME, Menezes CC,et al. Sodium Selenite Prevents Paraquat-

Induced Neurotoxicity in Zebrafish. Mol. Neurobiol. 2017;doi:10.1007/s12035-

017-0441-6. 

29. Nelson DP, Kiesow LA. Enthalpy of decomposition of hydrogen peroxide by 

catalase at 25ºC (with molar extinction coefficients of H2O2 solutions in the 

UV). Anal. Biochem. 1972;49:474–478. 

30. Misra HP, Fridovich I. The Role of Superoxide Anion in the Autoxidation of 

Epinephrine and a Simple Assay for Superoxide Dismutase The Role of 

Superoxide Anion in the Epinephrine and a Simple Assay for Superoxide 

Dismutase. J. Biol. Chem. 1972;247:3170–3175. 

31. Habig WB, Pabst MJ, Jakoby WB. Glutathione S-transferase, the first 

enzymatic step in mercapturic acid formation, J. Biol. Chem. 1974;249:7130–

7139. 

32. Ellman GL. Tissue sulfhydryl groups. Arch Biochem Biophys. 1959. 82:70-77. 

33. Amado LL, Garcia ML, Ramos PB, et al. A method to measure total antioxidant 

capacity against peroxyl radicals in aquatic organisms: Application to evaluate 



36 

 

microcystins toxicity. Sci. Total Environ. 2009;407:2115–2123. 

34. Bradford MM. A rapid and sensitive method for the quantitation of microgram 

quantities of protein utilizing the principle of protein-dye binding. Anal. 

Biochem. 1976;72:248–254. 

35. Burgeot BB and T. Integrated biomarker response: a useful tool for ecological 

risk assessment. Environ. Toxicol. Chem. 2002;21:1316–1322. 

36. Sanchez W, Burgeot T, Porcher JM. A novel ‗Integrated Biomarker Response‘ 

calculation based on reference deviation concept. Environ. Sci. Pollut. Res. 

2013;20:2721–2725. 

37. Conama. 2005. Resolução n 357, 18 de março de 2005. Diário Of.:58–63. 

Acessed March 5, 2017. 

38. Chipari-Gomes AR, Gomes LC, Baldisserotto B. Lethal temperatures for 

Rhamdia quelen fingerlings (Pimelodidae). J. of Appl. Aqua. 1999;9: 11-21. 

39. Braun N, Lima RL, Moraes B, et al. Survival, growth and biochemical 

parameters of silver catfish, Rhamdia quelen (Quoy & Gaimard, 1824), 

juveniles exposed to different dissolved oxygen levels. Aquac. Res. 

2006;37:1524-1531. 

40. Zaios MI, Baldisseroto B. Na and K body levels and survival pf fingerlings of 

Rhamdia quelen (Siluriformes, Pimelodidae) exposed to acute changes of 

water pH. Ciência Rural. 2000;30:1041-1045. 

41. Miron DS, Moraes B, Becker AG, et al. Ammonia and pH effects on some 

metabolic parameters and gill histology of silver catfish, Rhamdia quelen 

(Heptapteridae). Aquaculture. 2008; 277: 192-196. 

42. Lima RL, Braun N, Kochhann D, et al. Survival, growth and metabolic 

parameters of silver catfish, Rhamdia quelen, juveniles exposed to different 

waterborne nitrite levels. Neotropical Ichthyology. 2011, 9(1): 147-152. 

43. Crestani M, Menezes C, Glusczak L, et al. Effect of clomazone herbicide on 

biochemical and histological aspects of silver catfish (Rhamdia quelen) and 

recovery pattern. Chemosphere. 2007;67:2305–2311. 

44. Ferreira D, Motta AC, Kreutz LC, Toni C, Loro VL, Barcellos LJG. Assessment 

of oxidative stress in Rhamdia quelen exposed to agrichemicals. 

Chemosphere. 2010;79:914–921. 

45. Murussi CR, Costa M, Menezes C, et al. Integrated assessment of biomarker 

response in carp (Cyprinus carpio) and silver catfish (Rhamdia quelen) 



37 

 

exposed to clomazone. Arch. Environ. Contam. Toxicol. 2015;68:646–654. 

46. Menezes CC, Loro VL, da Fonseca MB, et al. Oxidative parameters of 

Rhamdia quelen in response to commercial herbicide containing clomazone 

and recovery pattern. Pestic. Biochem. Physiol. 2011;100:145–150. 

47. Paola Scarcia, Gabriela Calamante F de la T. Biomarker Responses in Caged 

Carp (Cyprinus carpio) and Native Collected Fish (Leporinus obtusidens) in the 

Rio de la Plata Estuary, Argentina. Environ. Toxicol. 2009;24:296–303. 

48. Xing H, Li S, Wang Z, Gao X, Xu S, Wang X. Histopathological changes and 

antioxidant response in brain and kidney of common carp exposed to atrazine 

and chlorpyrifos. Chemosphere. 2012;88:377–383. 

49. Doyotte A, Cossu C, Jacquin MC, Babut M, Vasseur P. Antioxidant enzymes, 

glutathione and lipid peroxidation as relevant biomarkers of experimental or 

field exposure in the gills and the digestive gland of the freshwater bivalve Unio 

tumidus. Aquat. Toxicol. 1997;39:93–110. 

50. Oost D, Beyer J, Vermeulen NPE.  Fish bioaccumulation and biomarkers in en 

v ironmental risk assessment : a review. Environmental Toxicol. Pharmacol. 

2003;13:57–149. 

51. Machado AADS, Wood CM, Bianchini A, Gillis PL. Responses of biomarkers in 

wild freshwater mussels chronically exposed to complex contaminant mixtures. 

Ecotoxicology. 2014;23:1345–1358. 

52. Beauvais SL, Jones SB, Parris JT, Brewer SK, Little EE. Cholinergic and 

behavioral neurotoxicity of carbaryl and cadmium to larval rainbow trout 

(Oncorhynchus mykiss). Ecotoxicol. Environ. 2001;49:84–90. 

53. Fernández-Vega C, Sancho E, Ferrando MD, Andreu E. Thiobencarb-Induced 

Changes in Acetylcholinesterase Activity of the Fish Anguilla anguilla. Pestic. 

Biochem. Physiol. 2002;72:55–63. 

54. Payne JF, Mathieu A, Melvin W, Fancey LL. Acetylcholinesterase, an old 

biomarker with a new future? Field trials in association with two urban rivers 

and a paper mill in New foundland. Mar. Pollut. Bull. 1996;32:225–231. 

55. Barillet S, Adam C, Palluel O, Devaux A. Bioaccumulation, oxidative stress, 

and neurotoxicity in Danio rerio exposed to different isotopic compositions of 

uranium. Environ. Toxicol. Chem. 2007;26:497–505. 

56. Pretto A, Loro VL, Menezes C, et al. Commercial formulation containing 

quinclorac and metsulfuron-methyl herbicides inhibit acetylcholinesterase and 



38 

 

induce biochemical alterations in tissues of Leporinus obtusidens. Ecotoxicol. 

Environ. Saf. 2011;74:336–341. 

57. Barhoumi B, Clrandeau C, Gourves PY, et al. Pollution biomonitoring in the 

Bizerte lagoon (Tunisia), using combined chemical and biomarker analyses in 

grass goby, Zosterisessor ophiocephalus (Teleostei, Gobiidae). Mar. Environ. 

Res. 2014;101:184–195. 

58. Clasen B, Leitemperger J, Murussi C, et al. Carbofuran promotes biochemical 

changes in carp exposed to rice field and laboratory conditions. Ecotoxicol. 

Environ. Saf. 2014;101:77–82. 

59. Weissteiner CJ, Pistocchi A, Marinov D, Bouraoui F, Sala S. Science of the 

Total Environment An indicator to map diffuse chemical river pollution 

considering buffer capacity of riparian vegetation — A pan-European case 

study on pesticides. Sci. Total Environ. 2014;484:64–73. 

60. Diepens NJ, Buffan-Dubau E, Budzinski H, et al. Toxicity effects of an 

environmental realistic herbicide mixture on the seagrass Zostera noltei. 

Environ. Pollut. 2017;222. 

 

  



39 

 

TABLES 

Table 1. Agrochemicals found in water and sediment from in situ exposure sites and 

previous collections. 
 

 Water   
 S1 S2 S3 

November    
Clomazone - <LOQ <LOQ 

December    
Bentazon - 1.8 0.77 

Clomazone - 0.33 0.31 
Clorimuron <LOQ <LOQ <LOQ 
Quinclorac - 0.45 0.4 

 
In situ exp. 0h 

Clomazone 0.4 0.4 0.4 
In situ exp. 
96h    

Clomazone 0.34 0.41 - 
Tebuconazole - 0.3 - 

 
 Sediment   
 S1 S2 S3 

December    
Carbofuran <LOQ 0.029 - 

 
Concentrations of agrochemicals are reported as µg L

-1
, LOQ = limit of quantification, indicates 

concentration less than the limit of qualification of the method. 

 

Table 2. Physical and chemical parameters of the water from the in situ exposure 

sites. 
 

    
 S1 S2 S3 

In situ exp. 0h 
 
 

 
 

Temperature 25.4 26.19 27.28 
pH 7.54 7.48 7.33 
DO 9.07 9.27 9.47 

Ammonia  0.013 0.022 0.019 
Nitrite  0.034 0.077 0.070 

 
In situ exp. 96h 
 

Temperature 24.84 25.66 28.64 

pH 7.36 7.17 7.2 
DO 8.64 9.79 10.08 

Ammonia  0.014 0.011 0.017 
Nitrite  0.032 0.054 0.05 

 

Values of temperature are reported as ºC, dissolved oxygen as mg/L, ammonia as mg/mL and nitrite 
as mg/mL. 
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Table 3. NPSH levels and GST activity in brain , gills, liver and muscle of silver 
catfish exposed in situ. 

 

 Control S1 S2 S3 

 
NPSH 

    

Brain 0.42 ± 0.032
a
 0.47 ± 0.023

ab
 0.54 ± 0.006

b
 0.52 ± 0.023

ab
 

Gills 0.51 ± 0.006
a 

0.49 ± 0.02
a 

0.53 ± 0.012
a 

0.49 ± 0.017
a 

Liver 0.59 ± 0.01
a 

0.59 ± 0.013
a 

0.57 ± 0.027
a 

0.59 ± 0.02
a 

Muscle 0.47 ± 0.019
a 

0.56 ± 0.01
b 0.53 ± 0.016

ab 
0.57 ± 0.016

b 

 
GST 

  
 

 

Brain 0.12 ± 0.005
a
 0.097 ± 0.002

b
 0.105 ± 0.005

ab
 0.12 ± 0.007

ab
 

Gills 0.09 ± 0.002
a 

0.09 ± 0.003
a 

0.15 ± 0.007
b 

0.10 ± 0.008
a 

Liver 0.44 ± 0.033
a 

0.68 ± 0.038
b 

0.70 ± 0.044
b 

0.98 ± 0.025
c 

Muscle 0.10 ± 0.009
a
 0.10 ± 0.005

a
 0.11 ± 0.006

ab
 0.15 ± 0.013

b
 

 
NPSH levels was expressed as µmol NPSH/g tissue, and GST activity was expressed as µmol GS-
DNB/min/mg. Data are reported as mean ± S.E.M (n = 10). Different letters indicate differences 
between groups (p < 0.05). 
 

Table 4. CAT, SOD, ROS and ACAP activities in liver and gills of silver catfish 
exposed in situ. 

 

 Control S1 S2 S3 

 
CAT 

    

Gills 0.101 ± 0.01
ab 

0.112 ± 0.01
ab 

0.071 ± 0.005
a 

0.13 ± 0.012
b 

Liver 1.18 ± 0.075
a 

2.54 ± 0.107
b 

1.60 ± 0.123
ac 

2.10 ± 0.169
bc 

 
SOD 

  
 

 

Gills 6.65 ± 0.45
a 

3.81 ± 0.06
b 1.92 ± 0.29

b 
2.75 ± 0.33

b 

Liver 7.47 ± 0.74
a 

6.21 ± 0.41
a 5.96 ± 0.43

a 
6.60 ± 0.060

a 

 
ROS 

    

Liver 4.49 ± 0.55
a 

3.47 ± 0.23
a 

5.61 ± 0.41
a 

5.54 ± 0.54
a 

 
ACAP 

  
 

 

Liver 1.28 ± 0.055
ab 

1.17 ± 0.10
a 1.09 ± 0.025

a 
1.58 ± 0.1

b 

     

 
CAT activity was expressed as µmol/min/mg protein, SOD activity was expressed as U/mg protein, 
ROS production was expressed as area 10

3 
/mg protein, and ACAP was expressed as relative area

-1
.  

Data are reported as mean ± S.E.M (n = 10). Different letters indicate differences between groups (p < 
0.05). 
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FIGURES  

 

Figure 1. Map of Rio Grande do Sul State and the location of the municipality of São 

Gabriel.  The three sites where in situ tests were carried out are marked with a red 
dot on the map. 
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Figure 2. TBARS levels in brain (A), gills (B), liver (C) and muscle (D) from silver 
catfish exposed in situ. Data are reported as mean ± S.E.M. (n = 10). Different letters 
indicate differences between groups (p < 0.05). 
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Figure 3. PC levels in brain (A), gills (B), liver (C) and muscle (D) from silver catfish 
exposed in situ. Data are reported as mean ± S.E.M. (n = 10). Different letters 
indicate differences between groups (p < 0.05). 
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Figure 4. AChE activity in brain (A) and muscle (B) from silver catfish exposed in 

situ. Data are reported as mean ± S.E.M. (n = 10). Different letters indicate 
differences between groups (p < 0.05). 
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Figure 5. IBR values of S1 (A), S2 (B) and S3 (C) from in situ exposure. 
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3 CONCLUSÃO 

 

No presente estudo evidenciou-se que: 

 O uso de jundiás em exposição in situ é viável no período de 96 horas, uma 

vez que os animais mostraram boa resistência a vários fatores estressores.  

 Os biomarcadores utilizados neste trabalho se mostraram bastante úteis e 

responderam de forma variada em cada local onde os peixes foram expostos.  

 O uso de IBR foi bastante útil para a interpretação geral dos resultados, uma 

vez que esse cálculo transforma todos os resultados dos biomarcadores em 

um único valor. 
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