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ABSTRACT

In order to study the effects of environmental eomihation on wild fish, sites were sampled in S&o
Marcos’ Bay. The first is located near the ALUMARMBOA port, a potentially contaminated area.
The second, located near the Coqueiro beach, wed as a reference area. The activity of
antioxidant defence catalase (CAT) and glutathi@w&ansferase (GST) 5. herzbergiiwas
compared with the biometric data and gonadosomatiex (GSI). The result showed that GSI
decreased significantly in females (p<0.05) atdbvtaminated site. The activity of CAT was higher
in fish caught at the contaminated site. A sigatficdifference was observed in GST activity in the
liver of S. herzbergiin the comparison between fish from the contaremaite and those from the
reference site (p<0.05). GSI provides new insights the nature of the detoxification respe

in this catfish species because it is notretated with the enzymes at the potentially
contaminated site. We are, therefore, in a positiosuggest that the elevated GST/CAT activity
might well be related to the reproduction the animals at the reference site but rnahe
potentially contaminated site. If that be theecasne may conclude that GST/CAT and GSI are
useful biomarkers of aquatic contamination.

Resuwmo

O objetivo desse trabalho foi estudar os efeitosaidaminagdo ambiental em peixes amostrados em
dois locais da Baia de Sdo Marcos. O primeiro pegta localizado préximo ao porto da
ALUMAR/ALCOA, considerado como uma area potencialteecontaminada. O segundo ponto,
situado na praia do Coqueiro, foi usado como urea de referéncia. Dados da atividade da enzima
de defesa antioxidante catalase (CAT) e da glutati®-transferase (GST) e herzbergiiforam
comparados com os dados biométricos e o indicedggsamatico (GSI). Resultados mostraram que
0 GSI diminuiu significativamente em fémeas (p §9.00 local contaminado. A atividade da CAT
foi mais alta nos peixes do local contaminado. Wiferenca significativa foi observada na atividade
de GST deS. herzbergiino local contaminado e no local de referéncia@®5). GSI possibilitou
uma nova abordagem quanto a natureza da respodestbificacdo nessa espécie de bagre porque
este indice ndo apresentou correlacdo com as enziméocal potencialmente contaminado, mas
apresentou no local de referéncia. Assim, sugeceisa boa correlagdo da GST/CAT e GSI poderia
estar relacionada a reproducéo dos animais no decaéferéncia, mas ndo no local potencialmente
contaminado. Se esse for 0 caso, pode-se concigiGST/CAT e GSI podem ser utilizados como
bons biomarcadores para avaliar contaminagéo aquati

Descriptors: Glutathione S-transferase; Catalasap@osomatic index; Catfish; Marine pollution.
Descritores: Glutationa S-transferase; Catalasli¢céngonadossomatico; Bagre; Poluicdo marinha.

(*) Paper presented at th& Brazilian Congress of Marine Biology, on 24-28W8(zios, RJ, Brazil. 2009.



12 BRAZILIAN JOURNL OF OCEANOGRAPHY, 58(special issue [ICBBM), 2010

INTRODUCTION insufficient to combat the action of the reactive/gen
species (ROS), the result is oxidative stressvielbby the

Aquatic animals are exposed to chemicafXidation of lipids, proteins and DNA.
contamination by virtue of an increasing range o The glutathione Stransferases (GSTs)
anthropogenic activities that may activate dergr P€long to a phase Il detoxification enzyme fariigtt
of different toxicity mechanisms, each contribgti €@" mitigate the ceI_IuIar toxicity of_a number of
in diverse ways to the overall deleterious eeff endogenous and enylronmental chemlcals (Hayg; and
(Correia et al., 2003). Pulford, ;995). Enwrpnmental chgmlcals detoxnfleq
S&o0 Marcos’ Bay is an important fishing,by GSTs. include carcinogens, pesticides, and ﬂmptl
location and the most important port in thahtermediates (Eaton and Bammler, 1999). Besides

Maranh&o State, receiving its water mainly from thdh€ir role in biotransformation, GSTs display many

Mearim River. In the last decade, biochemicaPther functions such as those of peroxidase- and

contamination of this Bay due to sewage disdﬂard’somerase-activities, protection againsiOsl induced

and the nutrient runoff from farms, pesticides@POPtosis (Sheehan et al., 2001) and conjugating
industrial waste, as well as the incorrect usé crubproducts of the lipid peroxidation (Awashti &t a
resources and the introduction of new fist?004)-

species, have all aggravated environmental itppac . . 1his study focused on the defensive role of
and thus led to an increasing threat to thath of antioxidant enzymes against oxidative damage in

aquatic organisms. The main pollutants, such asciades herzbergi(Ariidae), a benthic species of
heavy metals, derive from industrial activitiesCatfish dwelling in estuarine waters of the Isleofd
through their respective marine terminals qliia Séo Luis and which has had to adapt to alternating

and ALUMAR/ALCOA) located in S& Marcos' concentrations of dissolved oxygen and salinityisTh

Bay (Zoneamento Costeiro do Estado do Maranhagatfish was selected because of its distribution
2003). throughout S&o Marcos’ Bay, its tolerance to esteari

In this estuarine area. fishes are expose?P”UtiO“ and its medium size ensuring the necgssar
to mixtures of pollutants, whose synergistial an SUPPly Of biological material for assays. The objec

antagonistic effects are interpreted and ptedi is to evaluate the relationship between the bidmetr
exclusively by chemical analysis.

There is ndiata of the Sciades herzbergiiand activity of

information on the levels of contaminants or theédntioxidant defense catalase (CAT) and the phase I

related biological responses of these organisms. biotransformation enzyme glutathione S-transferase
In biomonitoring, biomarker analysis has(GST) in the liver of this catfish in S&o Marcos’yBa

been considered adequate to ascertain the toxic

effects of a given toxicant. The biomarkeeasd MATERIAL AND METHODS

then been defined by measurable modifications at

the molecular, biochemical, cellular, physidtad Site Description and Sample Collection

and behavioral levels revealing the exposofea ) . .
given organism to xenobiotics (Depledge et, al. Specimens  of Sciades herzbergii were

1995). In fishes, detoxification enzymes, stres§aught at two sites in Séo Marcos’ Bay. The firt si
proteins, steroid hormone levels, histologicaS1) is located near the ALUMAR/ALCOA port
alterations and numerous other parameters have beé#°43'14"S and 044°23'35"W), a potentially
widely used in field biomonitoring studies (Mayon e contaminated area. The second site (S2), locatad ne
al., 2006). Exposure to xenobiotics usually causei® Coqueiro beach (02°43'59"S and 044°21'59"W),
changes both in enzyme expression and in functioM/as used as a reference area based on the assumptio
providing parameters for the biochemical monitoringhat it would be free from contamination (Fig. 1).
of the environment. Polluting substances such as  The fish were collected in their natural
heavy metals could act on the organisms by forminfabitats using gill nets, in August 2007. At thadiof
free radicals of oxygen, initiating degenerativecollection, salinity was 27 ppm (S1) and 25 ppm)(S2
processes and causing oxidative stress (Tagliai.et PH was 7.9 (S1) and 7.0 (S2), the water temperature
2004). was 28°C (S1 and S2) and the air temperature 29°C
In accordance with Ogunii et al. (2007), the(S1 and S2). The fish were killed by trans-spinal
main antioxidative enzymes are the super-oxidgissection and their livers were excised and
dismutase (SOD), responsible for hastening thénmediately frozen in liquid nitrogen. The totaliof
dismutation of @ to H,0,, the catalase (CAT) and the material was collected from 40 fish. The total
glutathione peroxidase (GPx). The two latter enzymdength (Ly), standard length ), fork length (1),
are responsible for reducing,® to H0, and are total weight (W) and gonad weight (¥ of each fish
considered the most important antioxidant enzyme4ere recorded.
found in vertebrates. When the antioxidant defeases
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Central point of the image
Latitude: 2°30'S
Longitude: 44'15'W

Fig. 1. Location of catfish sampling sites in Saarbbs’ Bay: S1 (potentially
contaminated); S2 (reference).

Gonadosomatic index (GSI) was calculated Protein concentration in the supernatants
as follows: (gonad weight x 100) / total weightwas determined in accordance with the modified
(Vazzoler, 1981). method of Lowry using bovine serum albumin as

standard (Peterson, 1977).

Tissue Processing and Biochemical Measurements CAT activity was quantified at 240 nm by
he HO, decomposition according to the method of
eutler (1975). The method is based onOH

degradation by the action of the CAT contained & th
0samples examined. One unit of enzyme activity is
defined as the amount of enzyme which decreases the
oncentration of kD, by 50% in 100 s at 26. The
AT activity is expressed as U/mg protein.

The livers were weighed and homogenize
with 1:4 vol. of buffer (Tris-HCI 50 mM, 0.15 M KClI,
pH 7.4), and centrifuged at 9,000 x g for 30 mirt&t
C. The supernatant fraction was centrifuged at 37,0
x g for 60 min at 4° C, in order to obtain the cylas
fraction. This latter was that used to analyze th
activity of CAT and GST.
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GST activity was determined by the increasecontaminated site than in those from the referesitee
in absorbance to 340 nm, using reduced glutathior(@<0.05).
(GSH) and 1-chloro-2,4-dinitrobenzene (CDNB) as
substrates, in accordance with Keen et al. (191763.
method is based on the reaction of CDNB to the -Sl
group of GSH catalyzed by the GST contained in th 100
samples. The assay was conducted by monitoring ti
appearance of the conjugated complex of CDNB an
glutathione at 340 nm. The GST activity is exprdsse
as pmol/min/mg protein. Lo

1600
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Statistical Analysis 600

CAT activity (U/mg protein)

Significant differences between groups were

Y . . 200 Mean
verified using the t-test and one-way analysis o Cver
variance, and only p<0.05 was accepted as signtfica 0 - - e
Linear correlation coefficients between enzymes (potenily containated)  (reference)

(GST, CAT) and biometric data {L.Ls, Le, Wr, We  Fig. 2. Analysis of catalase activity in livers Sfciades
and GSI) were calculated using the mean valugserzbergiicaught in Sio Marcos’ Bay, Maranh&o, Brazil.

observed for each parameter.
Significant differences of GST activity

(p<0.05) were found between the livers &ciades
herzbergiicaught at the potentially contaminated site

The results of the statistical analysis of thS1) and those caught at the reference site (8560

biometric data ofSciades herzbergiire presented in Marcos’ Bay (Fig. 3). An increase of 10% was
Table 1. The mean total and fork length of the fistpPServed in the GST activity of the S1 fish (2.19 +

caught at the potentially contaminated site werd-37 Hmol/min/mg protein) over that of the animats
smaller than those from the reference site. Thal tot>2 (1.97 +0.27 pmol/min/mg protein).
body and gonad weight were not significantly difer 50

ResuLTs

between the two sites. However, the gonadosomat
index showed significant differences (p<0.05) bemwe .
the two fish groups (Table 2).
Table 1. Biometric data ddciades herzbergitaught in Sdo 0 I%
Marcos’ Bay, Maranhdo, Brazil.
S 15
Parameters Mean + S.D. t- test é
s1 s2 g0
Lt 23.90+3.24 (cm) 25.81+2.79 (cm) 0035
Lr 20.44%2.76 (cm) 24.21+2.91 (cm) 0.006 o8 .
Wi 108.14+47.10 (g)  143.35#57.24 (g) 0.626 s
0,0
We 0.625+0.377 (g) 0.934+0.363 (g) 0.652 ity Sy (o

Fig. 3. Analysis of glutathione S-transferase afgtiin liver
Table 2. Gonadosomatic index Stiades herzbergitaught —of Sciades herzbergdaught in Sdo Marcos’ Bay, Maranhao,
in Sdo Marcos’ Bay, Maranhao, Brazil. Brazil.

The data on GST and CAT activity in the

Gender Mean + S.D. t- test . -
livers of S. herzbergii (males and females) are

s1 s2 o = .
summarized in Figure 4. GST and CAT values did not

Female  082:052  2.08:0.22 0.025 appear to be sex-dependent (p>0.05). No significant
Male 0.23:0.03  0.59+0.02 0.041 changes were observed in these enzymes when the

animals from each site were analyzed and compared.

o ) However, both males and females caught at the
_ _ Greater CAT activity (Fig. 2) was observedpotentially contaminated site presented signifiant
in the liver ofSciades herzbergirom the potentially  higher GST/CAT activity.
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25 A ruber) caught in three bays on the Rio de Janeiro
i, * * coast showed that biometric data (total lengthghi

£ in those fishes could be a factor affecting the
E 15 . . .

H biochemical analyses such as the activity of the
g antioxidant defence catalase and the phase I
5°° biotransformation enzyme glutathione S-transferase

(Ventura et al., 2002).

Such xenobiotics cause disruption of the
reproductive endocrine system in fishes, or they ma
directly affect gamete development and viabilityaas
result either of their cytotoxicity or by alterintpe

* *
1000 hormonal environment during gamete development
800 - (Kime, 2000). The GSI in fish from the potentially
000 contaminated site (S&o Marcos’ Bay) was signifigant!
o0 lower (p<0.05) than in control fish during all the

phases of the gonadal cycle. Most studies have rshow
Female male Female male a decrease in the gonadosomatic index (GSI) in
Potentaly contaminated Reference contaminated fishes (Mayon et al., 2006). This
decrease in the index can result in abnormal gdnada
Fig. 4. Analysis of glutathione S-transferase (Ajl zatalase development in the form of delayed maturation, high
(B) activity in the livers ofSciades herzbergifmales and levels of atresia or intersexuality (Kime, 1998).
females) caught in S&o Marcos’ Bay, Maranhéo, Brazi Previous studies on sediment and water contamimatio
in the area studied showed significantly higheelsv
A significant negative correlation was of mercury and chrome which confirms that Séo
observed between the GST activity and the LMarcos’ Bay is a site with high exposure risks for
parameter in fishes at the potentially contaminatedome contaminants (LABOHIDRO/UFMA, 1985;
(S1) and reference sites (S2) in Sdo Marcos’ Bagavalcante et al., 1990).
(Table 3). A similar correlation was observed beme Considering that CAT is mainly located in
CAT activity and the £ However, a significant the peroxisomes, and is responsible for the regicti
correlation between GSI and the activity of the twof the hydrogen peroxide produced in larger amounts
enzymes was only observed at the reference sitiring the biotransformation process (Winston amd D
(Table 3). Giulio, 1991), our results could suggest that a- pro
oxidant condition elicited by the presence of
Discussion contaminants in S2 might be triggering an increase
) ) . the activity of this antioxidant enzyme, as an didep
_ ~The biomarkers associated with theresponse. A similar study carried out by Venturalet
biometric data results showed significant dn"fem_c 2002) showed that higher CAT activity in fish from
between the reference area and the potentialty anabara Bay, might be related to the presence of

contaminated site studied in S&o Marcos’ Baygreater amounts of peroxisome proliferators at that
Comparative studies of biochemical indicators Ogite.

contaminant exposure in spotted pigfishrthopristis

Female Male ‘ Female Male ‘

Potentially contaminated Reference

1400 B

H
8
8
3

CAT activity (U/mg protein)

Table 3. Linear correlation between the CAT/GSTivatgtand the biometric data ¢l-Ls, Lr, Wr, Wi and GSI) ofSciades
herzbergiiin S&o Marcos’ Bay.

Lt Ls Le Wy We GSl
GST (S1) r=-0.3184 -0.3230 -0.8689 -0.3271 -0.2214 -0.1698
p =0.036 P=0.036 p=0.011 p=0.043 p=0.040 p=0.041
GST (S2) r=-0.2422 -0.1932 -0.7690 -0.2394 -0.5886 -0.8599
p=0.039 P=0.013 p=0.043 p=0.040 p=0.041 p =0.036
CAT (S1) r=0.2393 0.2860 -0.8922 -0.1713 -0.1924 -0.2516
p =0.068 P=0.427 p=0.002 p=0.794 p=0.166 p=0.011
CAT (S2) r=-0.1749 -0.1751 -0.7168 -0.0181 -0.5320 -0.7331

p =0.428 P=0.327 p=0.002 p=0.594 p=0.266 p=0.016
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Glutathione S-transferase activity in thebiomonitoring to determine agonistic or antagonisti
livers of Sciades herzbergishowed a significant effects of xenobiotics on the GST and CAT activity o
response to oxidative stress at the contaminatedrsi Sciades herzbergiare needed to validate the use of
Sao Marcos’ Bay, possibly related to a higher lewEl GST/CAT correlated with GSI as biomarkers of
contamination. In a general way, it was observed th aguatic contamination in the natural environment.
the smaller and lighter the animal was, theatgr
the activity of GST, indicating a possible susdaifity ACKNOWLEDGEMENTS
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