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ABSTRACT

Different components of the mixed function oxidg8~0) system and the levels of fluorescent
aromatic compounds in bile (FACs) were measure@athorops spixiin order to assess the impact
of polycyclic aromatic hydrocarbons (PAHSs). Fishreveampled in an estuary (Santos/Sao Vicente)
with a history of contamination by PAHs, mainly digethe presence of the industrial complex of
Cubatéo city and of another of low anthropogeniluénce (Cananéia) on the Brazilian coast. FACs
were higher in fish from the polluted site, and #&H 5 and 6-ring metabolites were the most
frequent - with 14% and 15%, respectively. Levdlshe different components of the MFO system
showed the same variation profile as the FACs futh kestuaries. Therefore, the values found for
somatic indexes and biomarkers with data of bil¢iRAetabolites indicate the presence of organic
contaminants, especially in the area subject toitifieence of the industrial complex on the
Santos/Sao Vicente estuary.

Resumo

Diferentes componentes do sistema oxidase de fungata (MFO) e os niveis de compostos
aromaticos fluorescentes em bile (FACS) foram dateados enCathorops spixia fim de avaliar o
impacto de hidrocarbonetos policiclicos aromati@sHs). Os peixes foram coletados em um
estuario com histérico de contaminagédo por PAH#t($4Sd0 Vicente), devido principalmente a
presenca do complexo industrial na cidade de Cabatdem outro com baixa influéncia
antropogénica (Cananéia) na costa brasileira. Ffd@sm maiores nos peixes oriundos da area
contaminada, sendo os metabolitos de HPAs com @a®és, os mais representativos com 14% e
15%, respectivamente. Os niveis dos diferentes ooemges do sistema MFO mostraram 0 mesmo
perfil de variagdo que os FACs em ambos os estidPortanto, os valores encontrados para os
indices somaticos e os biomarcadores consideratiosassociacdo com os dados de metabdlitos
biliares de PAHSs, indicam a presenca de contamésantganicos, principalmente na &rea sob
influéncia do complexo industrial no estuario daetBs/Sao Vicente.

Descriptors: Fluorescent aromatic compounds, Cytwmoh P450, MFO systenGathorops spixii
Brazilian coast.

Descritores: Compostos aromaticos fluorescentéec@imo P450, Sistema MFQathorops spixii
Costa brasileira.

INTRODUCTION discharges (OLIVEIRA RIBEIRO et al.,, 2005;
VALDEZ DOMINGOS et al., 2007; AKAISHI et al.,
py2007). In aquatic ecosystems, contaminants

The aquatic environment is affected ) . o
human activity and mainly by industrial dischargesPioaccumulation represent a potential risk to thuteb

Estuaries, in particular, are affected by urband"d consequently to human health (HELLOU et al.,
industrial, harbor and sometimes agricultura|2006)' The input of different pollutants in the
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environment can affect the organism and, therefor&IBEIRO et al. 2005). Furthermore, aquatic organisms
they are exposed to a complex mixture ofare able to metabolize hydrocarbon compounds and to
contaminants (BOENING, 2000). transform them into more polar, soluble by-products
The liver represents one of the mostthat are readily excreted. This metabolism is ntedia
important organs for bioaccumulation processes anda MFO system (SERAFIM et al., 2008).
metabolic pathways in which the monooxigenases Ariidae catfish,Cathorops spixjicommonly
enzymes are involved. Cytochrome P450s (CYPs) ateown as “Madamango sea catfish”, has a wide
a large superfamily of heme-proteins that play kegeographical distribution in the Atlantic coastSafuth
roles in the xenobiotic biotransformation and i th America, from Belize to the Brazilian Southeast coast
synthesis and degradation of physiologically imaott and also is the most common catfish that occurinng
endogenous substrates (FU et al., 2011). This yamithe Brazilian Coast (TIJARO et al., 199&). spixii
of monooxygenases includes the cytochromepaws in late spring/early summer and have a total
bs,NADPH cit. ¢ P450 reductase and NADH clts spawning with synchronic development of oocytes,
reductase as cofactors(SCHLENK et al. 1993; ALand the fecundity is low when compared to othdr fis
ARABI; GOKSOYR, 2002; SCHENKMAN; (GOMES et al., 1999; FAVARO et al., 2008). spixii
JANSSON, 2003) and, the CYP450 activity dependss a demersal fish species that feeds mainly the
on a variety of factors, such as age, sex, sexupklitic fraction (organic detritus) where the
maturity, seasonality, exposure history and dietoncentration of contaminants tends to be higher.
(HARTL et al., 2007). Bioaccumulation and effects of organic pollutants
The analyses of PAH metabolites in fish bilewere demonstrated inCathorops spixii before
provides information about its exposure to PAH(MAGALHAES, 2005), but previous studies of our
compounds (VUORINEN et al, 2006). Theresearch group (AZEVEDO et al., 2009; AZEVEDO
fluorescent aromatic compounds (FACs)et al., 2009a) demonstrated that spixii is also an
determinationin fish bile is very important for theefficient sentinel species for trace metal
environmental quality evaluationto assess the dcgancontamination.
levels of contamination and the potential risk fte For a better comprehension of the
for the biota. PAHs can accumulate in fish tissuebiotransformation/bioaccumulation of organic
inducing the activity of several enzymes, e.gcompounds, it is necessary to support information
glutathione-S-transferase (VUORINEN et al., 2006)regarding PAH metabolites in fish bile and evalomti
but especially the MFO system (STAGG et al., 20000f the MFO contents with biological data such as th
WHYTE et al, 2000; VUORINEN et al., 2006). hepatic somatic index (HSI) and condition factor CF
Intracellular biotransformation of PAHs is relateml to assess the toxic effects in the organism. Somati
mixed function oxidase (MFO) system (SCHLENK et.indexes were previously used in biomonitoring sadi
al., 1993). Although there are considerable diffieess as an efficient tool to support biomarkers respsrise
in PAH inducing capacity, the study of differentsentinel some species (ADAMS; RYON, 1994;
components that integrate the MFO system shows A&ZEVEDO et al.,, 2009a; LOMBARD et al., 2010).
crucial in the PAH metabolism (WHYTE et al., 2000;The CF indicates the environmental condition for
VUORINEN et al., 2006). MFO system also includesiiving organisms such as fish and is an useful tool
i) cytochrome bs, a heme-protein that act ascompare different populations exposed to a variety
intermediate in the unsaturation of fatty acids aad environmental stresses. According to Adams and Ryon
also acts as electron donor to cytochrome P45€héi) (1994) and Karels et al. (1998), fish from polluted
NADPH cit. ¢ P450 reductase, a flavoproteinareas generally show lower CF values, while highest
responsible for the electron transfer from the NADP CF values are found in fish that reflect a larger
to cytochromes P450 ard; and iii) the NADH citbs adaptation to the environment. The HSI reflect the
redutase, a flavoprotein responsible for the abectr proportion between the liver and whole body
transference from the NADH to cytochrorhe It is (ZIMMERMAN, 1997) and HSI values tends to be
important to remark that the components of thidower in the period of gonadal maturation reflegtin
system are also involved in electron transportthéo the use of hepatic reserves during the vitellogenes
r biological processes and in apoptosis (MEHRTENSprocesses (GURGEL et al., 2000). Fish from polluted
LATURNUS; 1999). environments usually show high HSI values
Fish have a high confirmed capacity to(ADAMS; RYON, 1994; KARELS et al., 1998).
accumulate metals and organic compounds in their In the present study, responses of the MFO
tissues (FISK et al., 2001). Therefore, fish atedeas system in the benthic figh. spixiiexposed to “in situ”
good bioindicators for environmental studies due t@rganic contamination were determined. Additionally
their capacity to accumulate pollutants in targeFACs in fish bile were also determined to access the
tissues, transferring xenobiotics through troptiiain  PAH bioavailability in two estuaries with different
(FISK et al., 2001; BOON et al.,, 2002; OLIVEIRA anthropogenic activities located in the Braziliamsto
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CF and HSI were also calculated in order to estimate Cananéia estuarine-lagoon complex, located
the biological conditions of the individuals. Ag fas in the southern coastal region of the Sdo Paulte Sta
we know, this is the first study relating FACs and(25°S; 48°W) was selected as reference samplieg sit
MFO system in a fish species in the southeastemue to their relative unpolluted waters and to rthei

Brazilian coast. preserved estuarine ecosystem. The inner section of
the estuarine-lagoon complex is subject to tidaley
MATERIAL AND METHODS and freshwater inputs that define the regime ofewat
Study Area circulation and water mixture in this estuarinedlag
. . complex. TheC. spixiiwas also present in this second
Santos’ Bay is located in the southeastergystem_
coast of Brazil, as a part of Sdo Paulo State sedbo
(24°00'S; 46°2W). The tropical rain forest climate is Collection of Animals and Sampling Sites
typical, with a heavy rainy season. The industrial Fish were collected using a R/V Velliger I

activity and the tourism constitute important eami®  , winter 2005 and summer 2006 in two estuarine
activities and recently marine petroleum exploifati sysiem at Santos/Sdo Vicente estuarine sysgar) (
activities are starting in this area. The largeshffected by distinct contamination levels: Santoy Ba
commercial harbor of South America and one of th B) n= 10; Santos Channel (SC) n= 10 and S&o
most important petrochemical and metallurgicalsicente Channel (SVC) n= 10. From reference area
industrial areas of Brazil (industrial complex Of(Cananéia estuarine-lagoon complex, Can) were
Cuba_téo city) are Iocat_ed in Baixada_Santis'ga regioRollected 18 animals using R/V Albacora (Fig. 1).
constituted by approximately 1100 industries. Theggth sampling were performed using a bottom Otter
increase in the urbanization and industrializatitose T (1.6” mesh wall and 1.2” mesh cod end) with
to the estuarine area, mainly in the last 50 yesas 11 m |ength, set at 8.8 m depth. The selectiorhef t
the principal resppn5|ble for the degradatlpn .cﬁ thinree sites aSan system was done according the
mangrove vegetation and generated industrial inspacyifrerent degrees of anthropogenic influence on the
and also elevated the generation of domestic sewagguatic system: SC site, inner part of the systsm, i
effluents and solid wastes. Environmental prograims ffected by intense industrial activity; SBsite, sles
pollution control contributed to light diminution the  4¢facted by industrial activity, at this samplinges
pollution impact in this area in the last few yedist  jiution process of the chemical compounds is
the new petroleum exploitation activities C°U|dregulated by the marine currents; SVC site
contribute to a new input of contaminants. For thigharacterized by the presence of mangrove and
reason, we consider very important the establistmepyecarious urban occupation. Can is situated inéo th
of a monitoring program in this area. UNESCO biosphere reserve of Iguape-Cananéia and
shows an excellent conservation state (Fig. 1).
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Fig. 1. Map of studied sites showing the sampliitgssin Cananéia and Santos-S&o Vicente
estuaries (Santos Bay: SB, Santos channel: SCSaod/icente channel: SVC), Sao Paulo, Brazil.
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C. spixii species was identified according tomeasured according to Lowry et al. (1951) using
Figueiredo and Menezes (1978). After collection obovine serum albumin (BSA) as a standard.
the animals, fishes were kept in the same waténef
sampling site and transported to the laboratorye Th Fish bile Fluorescent Aromatic Compounds (FACs)
individuals were anesthetized with benzocaine (8% i
water) and sacrificed through spinal section. Concentrations of PAH metabolites in bile
Morphometric data (sex, total length, total bodyl an content were determined according to Yang and
liver weight) was annotated and the liver and bilBaumann (2006) with modifications. Bile samples
collected. Liver samples were immediately frozen irwere first diluted in  48% methanol (1:1500
liquid nitrogen and stored at -80°C for biochemicabile/methanol) and the metabolites determined
analyses. All biliary content was collect usingterige ~ according with the sets of emission and excitation
syringe and stored at -20°C for subsequent analyses.wavelengths in fluorimeter reader (spectrofluorienet
Somatic indexes were calculated according wittRF-5301 PC): 2-rings PAH compounds, (288 nm/330
Vazoller (1996) and Lombardi et al. (2010). Hepatidm, naphthalene type), 3-rings PAH compounds (267
somatic index (HSI) was calculated as HSI = [livemm/309 nm, phenanthrene type), 4-rings (334 nm/376
weight (g)/body weight]*100 and Condition Factornm, pyrene type, 5-rings (364 nm/406 nm, benzo(a)-
(CF) was determinate as CF = [body weight (g)/lengtiRyrene type) and 6-rings (380 nm/422 nm,
(cm)’|*100. The gonadal index (DK) was obtained bybenzo(gli)perylene type). The results were nornealiz

the expression: (TW/Tl) — (BW/TL), where: to biliary concentration in ngL™. Samples of 10Qg
mL?! 16 USEPA PAHs diluted in 48% methanol

TW = total weight (g) (1:1000, 1:1500, 1:2000, 1:3000, 1:4000, 1:5000,

TL = total length (mm) 1:10000) were used as standards.

BW = body weight (g)

b= ;ngular coefficient of the allometric expressios Statistical Analysis

a.

Normality of data was assessed by
Biochemical Analyses Kolmogorov-Smirnoff test and differences between
sites in the biological parameters, variability RAH
The MFO system was measured in theconcentrations and MFO levels were tested by
microssomal fraction of the individual livers €. ANOVA analysis. Tukey's test was performed to
spixi according with Livingstone (1988). Frozencompare differences between groups with somatic
livers (~1.00 g) were homogenized in bufferindices and MFO compound contents. Differences
containing 10 mM Tris-HCI, 0.15 M KCI and 0.5 M among metabolites of PAHs were assessed using Post-
sucrose (pH 7.6) and centrifuged three timesgg00 hoc Bonferroni test. Results were represented as mean
15 min, 12,0009 for 45 min and then at 100,000g fot standard deviation for all tests statistically
90 min) Microssomal pellets were dissolved in 20 mMksignificance were consideredmat 0.05.
Tris-HCI and 20% glycerol (pH 7.6). The microsomal

suspension of each sample were immediately used for ResuLTs

the analysis. All assays were carried out in tratk.

Total cytochrome P450 and the ‘418-peak’ (putative Biological Aspects

denatured cytochrome P450) contents were evaluated

by the carbon monoxide difference spectrum of the All  C. spixii sampled were mature

sodium dithionite reduced sample, and absorbanggdividual, with active gonadal maturation, inclogi
values were measured in the interval 400-500 nngpawning and post-spawning. Data about biological
using an extinction coefficient of 91 mMcm’.  aspects ofC. spixii from the non-polluted estuary
Cytochrome bs content was determined by the(Cananéia) and from three sites within Santos-S&o
differences in spectra of microsomes reduced with Gicente estuary (SC, SVC and SB) are shown in the
mM NADH versus oxidized microsomes using anTable 2. In order to verify the influence of thender,
extinction coefficient of 185 mM cm® by the all biological data and somatic indexes were first
differences in absorbance values measured at 409 agvaluated in separate male and female groups. Sex-
425 nm (ESTABROOK; WERRINGLOER, 1978).  dependent differences were not found for length,
NAD(P)H cytochromec reductase activity weight, HSI and CF analyses, therefore for these
was calculated by the increase in absorbance valugfalyses animals were separated only by respective
measured at 550 nm after addition of 0.3 mM NADPHsampling site group. Based on weight data, fish from
using an extension coefficient of 19.6 mMm™.  SB site collected in winter showed weight values
Total microsomal protein concentrations weresignificantly lower (37+22 g) than fish sampledtire
same period in SB (213178 g). Meanwhile, fish from
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Can and SVC showed weight values significantly The activity of total CYP450 in fish from SC
lower (p <0.05) in the summer (Can: 45+19 g; SVC:and SB was higher than those fr@@an site. Lower
57+23 g) compared to fish collected in winter (Cantotal CYP450 levels (similar to that of Can site) reve
83178 g; SVC: 75+23 g). According with length observed in fish from SVC. Although the pattern of
values obtained, there are no significant diffeesnc cytochromebs activity and CYP450 was similar, the
between fish sampled in the both estuaries. activity of cytochromebs was high in this species. In
Based on HSI analyses, the lowest valueaddition, significant seasonal differences werentbu
were observed in individuals froBan (1.50+0.32) in total CYP450 andbs; activities in fish from SB
and the highest values were obtained in specimessampled in the summer. High levels of total CYP450
from SC (2.07+0.28). However, statically differencesand bs activities were observed in fishes from SC
were not observed neither between sampling sites noollected in the winter. Moreover, no significant
seasonality. Based on CF values, only fish from S@ariations were detected in CYP450 dmdactivities
collected in the summer showed significant diffees in fish from SVC and Can site. Significant seasonal
in relation to reference site. According with th& D differences were observed in the NADPH and NADH
analysis, only males from SB sampled in the wintecontents of specimens from SB collected in the
(DKy = 64.7%) showed significant differences insummer, when higher values were detected compared
relation to reference animals. In general all fargal to winter.
showed a displacement reservation for the
reproduction of 9-13% (Table 2) while for males 10- Fluorescent Aromatic Compounds (FACs) in Bile
15%, except for fishes from BS collected in winter

(DK: 64.7%). Figure 3 shows the mean levels of FlRAH

MFO system in bile extract ofC. spixiifrom all studied sites. PAH
content was statically highep €0.05 Bonferroni post-
Data concern hepatic MFO levels@n spixii  hoc test) in fish from SC and SVC than @ spixii
are shown in Figure 2. In general, significantfrom Can site and SB. However, there were no
differences were found in levels of CYP45b;, differences in YPAH of fish from Can site
NADH and NADPH. Fish from SC showed a similar(67.81+4.51 ng mt) compared to fishes from SB
pattern than fishes from SB meanwhile fishes fron{62.00+7.2 ng mi}) and between individuals from SC
SVC showed similar MFO levels then individuals(112.8+7.4 ng mt}) and SVC (99.39+10.12 ng rif).

from reference site (Can) (Fig. 2).
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Fig. 2. Seasonal variation of monooxigenase (MA@}esn for microsomal liver of. spixii from Cananéia (Can) and three
areas within the Santos-Sé&o Vicente estuary (S@toSa&hannel; SB: Santos Bay; SVC: S&o VicentergdiarData represent
meanzsdyv, and the bars followed by different Isteme statistically different by Tukey post hod {ps< 0.05).
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significant differences were observed between HSI o
b fish from Santos-S&o Vicente and those from the
Cananéia estuary. This finding can be explained by

sampling period, different abiotic influences anmre
specifically, by the high levels of individual vations
in HSI. Excepting fish from SC sampled in the
summer, CF observed . spixiican be to indicating
an absence of negative effects, or an adaptivenssp
Fig. 3. Mean valueststandard deviatiol)%fAH contents in to the prfzsence of miscellaneous chemicals .ln the
bile of C. spixiifrom Cananéia estuary and three areas Withi§antos-8a0 Vlcgnte eSt“aW DK. was also Co.nsildered,
Santos-Séo Vicente estuary (Santos channel: SGsSBay: 25 Well as GSI index, to investigate the variation
SB, and S3o Vicente channel: SVC). Distinct lettergOnadal maturation stages among the specimens
indicatesignificant differences by Bonferroni tegt<0.05). studied. In general, no significant differences aver
observed in DK values @. spixiifrom both estuaries.
The concentrations of PAH metabolites,The similarity in gonad conditions between
expressed according with the number of aromatithdividuals could be an inner characteristic of the
rings, are shown in the Table 3. Animals fromspecies. However, the highest DK values observed in
different sites shown different profiles of arongati males compared with females can be related to the
metabolites. Naphatalene-like PAHs were the majamale catfish role in the incubation of the fecuedat
PAH group in fish bile of all sites (except in SV&)d oocytes (VAZZOLER et al., 1989; VAZZOLER
the highest contents were found@n spixii from SC  1996), so needing for it larger displacement reserv
(40.92 ng mtY). 3-ring PAHs were also predominantfor the reproduction.
in fish from SC (23.99 ng mt). On the other hand, 4, The present work integrated the levels of
5- and 6- rings-PAHs were higher in individualsniro P450 enzymes with the PAH metabolites in bile and
SVC (39.10 ng mt}, 22.72 ng mi*and 8.88 ng mEt,  the ecological indexes to evaluate the impact ofidiu
respectively). Significant differences were foundhe activities on studied sites. Exposure to PAHSs irduc
levels of 4, 5- and 6-rings PAH comparing individua the total CYP450 activities especially the CYP1A
from the polluted areas in relation to referende.si family (LEE; ANDERSON, 2005). A strong induction
Individuals from polluted areas showed higherof the total CYP450 was observed in fish exposed to
concentrations of high molecular weight PAHs like4—6-rings PAHs as benzo(a)pyrene (SAUER et al.,
benzo(a)pyrene-like (5 rings) (14% content) and993; BURNS et al., 1997; AAS et al., 2000; LEE;
benzo(ghi)perilene-like (6 rings) (15% content)rthe ANDERSON, 2005). Therefore, the family CYP450
from the reference site (7% and 4% respectively).  has been largely used as a specific biomarker ¢t{PA
exposure (SCHLENK et al, 1993; AL-ARABI;

= PAH(ng i)
@
3

can cs BS

Discussion GOKSOYR, 2002) and the present results in this
In order to characterize sampling sitesSPecies support this statement. _
studies analytical chemistry assays of water were The obtained data showed high levels of

performed (Table 1) at the same period of thisystud otal CYP450 in individuals from SC and SB
Based on this results of analytical chemistry ofewat cOmpared to individuals from SVC and Can site.
(nutrients, pH and dissolved oxygen) Can site showfnese flndlngs are in acqordance with that desdribe
characteristics of a low human influence. On ttreept DY other tropical fish species from south and seash

hand, Santos-S&o Vicente estuary sites showed higRast of Brazil (Table 4). The high levelssffound

values of nutrients, indicating anthropogenich C. Spixii are probably associated Wlt.h the intra-
influence. Levels of dissolved oxygen (DO) are atso SPecific endogenous processes, once this enziie (

accordance with this argument. Details about watdf Primarily involved in the oxidation of various
chemistry to both estuaries can be obtained iRndogenous substrates and acts as an electrofetrans

Azevedo et al. (2009a). component in a number of oxidative reactions

The use of somatic indexes such as HSI, CESCHENKMAN; JANSSON 2003). The present data
and AK in environmental studies were consideredS in accordance with other studies where highl&eve
useful tools to evaluate the influence of biotictéas ~ Of total CYP450 andb; were also found in fish species
in the accumulation of these types of contaminant§om North Sea exposed to organic compounds
(ADAMS; RYON, 1994; KARELS et al., 1998; (MEHRTENS; LATURNUS 1999). Tagliari et al.
COUILLARD et al., 1999; LOMBARDI et al., 2010). (2004) also reported high levels of total CYP450 and
Azevedo et al. (2009a) observed high HSI values.in s in the liver ofG. gymnogenysom a polluted site in
spixii from polluted sites in Santos-S&o Vicente_sao Paulo State. These authors suggest that these
estuary as compared with fish from a refen;’,ncénc_reased Ifevels are an evidence of peroxidative
unpolluted area. However, in the present study ni¢Sions mediated by free radicals.
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Table 1. Seasonal water chemistry data from Caaaesiuary (Can) and in three sites
within Santos-Sé&o Vicente estuary (SC: Santos @iaBB: Santos Bay; SVC: Sdo Vicente
channel). Data represent mean, maximum and minirmurparenthesis. Adapted from

Azevedo et al (2009a).

Region  pH DO P-PO,* N-NO3 N-NOJ N-NH/
Winter
Can 7.84 4.76 1.30 0.19 0.93 2.73
(7.54-8.10) (4.42-4.98) (0.77-1.94) (0.14-0.29) (0.56-1.83) (2.25-3.67)
SC 7.92 3.61 4.48 0.93 4.22 10.47
(7.80-8.08) (3.12-4.39) (1.87-7.01) (0.11-1.97) (0.58-8.85) (6.16-14.54)
SB 8.22 4.15 1.25 0.09 0.20 3.30
(8.16-8.25) (3.88-4.71) (0.55-3.10) (0.03-0.14)  (0.03-0.58) (1.62-2.92)
SvC 7.55 3.18 6.26 0.35 1.36 23.20
(7.48-7.65) (3.01-3.36) (5.13-7.87) (0.31-0.41) (0.96-1.48) (20.55-24.86)
Summer
Can 7.83 3.82 1.77 0.17 0.11 1.38
(7.50-8.09) (3.35-4.01) (1.10-2.70) (0.07-0.35)  (0.09-0.17) (0.79-2.12)
SC 8.01 2.73 5.37 21.81 4.44 14.42
(7.78-8.41) (1.67-4.75) (1.15-8.30) (1.13-31.69) (0.25-8.13) (2.10-24.52)
SB 8.31 3.95 1.12 5.47 1.38 4.93
(8.22-8.39) (3.29-4.45) (0.83-1.74) (3.80-6.45) (0.63-2.63) (0.32-14.06)
SvC 7.39 1.31 5.09 7.52 3.19 38.67
(7.21-7.63) (1.09-1.62) (4.18-5.89) (5.30-9.95) (2.16-4.25) (39.08-44.00)

DO: dissolved oxygen (mg1), P-PQ*:inorganic dissolved phosphorus, N-§itrate, N-NQ': nitrite,
and N-NH": ammonium. Nutrients in M.

Table 2. Total length (TL), total weight (TW), heéjgasomatic index (HSI) and
condition factor (CF) o€athorops spixifrom Cananéia estuary (Can) and three
areas within the Santos-S&o Vicente estuary (SBitoSaBay, SC: Santos
channel and SVC: Sao Vicente channel). Data represean + standard
deviation.n = 18 (Can), 10 (SB), 10 (SC) and 10 (SVC) fish $ampling

period.
TL(mm) TW(g)  HSI CF %DKe % DKy

Winter

Can  192+48 8378 1.76+0.28 0.96+0.09 11.9 11.3
SC 239+3% 138+97° 2.07+0.28 0.91+0.13 11.6 64.7
SB 149+28  37£27 2.03+0.59 1.04+0.18 124 10.9
SVC  195+2¢ 7523 1.66+0.16 0.99+0.08 12.3 11.4
Summer

Can  166+22 4519 1.50+0.38  0.92+0.08 13.2 15.0
SC  226+34  109+54° 2.02+0.38 0.83+0.08 12.6 12.3
SB 284428  213+78° 1.83:x0.50 0.91+0.04 9.7 12.5
SVC 182+28  57+23 1.69+0.38 0.91+0.08 11.4 10.2

Distinct letters indicate significant differences Tukey test§ <0.05). %Dk =gonadal
index of females; % Di= gonadal index of males

Table 3. Total amounts of PAH metabolites (ng nkxpressed as aromatic ring number€irspixii from

Cananéia estuary (Can) and within three areasarSdntos-Sao Vicente estuary (SC: Santos chanBel; S

Santos Bay; and SVC: Séo Vicente channel).Dataxgeessed as mean and range (max-mix).

Site 2 rings 3rings 4 rings 5 rings 6 rings >PAH

Can 33.62 19.69 6.79 4.90 2.81 67.80
(19.25-57.57) (15.58-34.77) (5.82-9.52) (3.53-8.80) (1.85-4.40) (42.95-98.28)

SB 26.23 12.15 12.38 8.52 2.86 62.14
(17.39-41.22) (8.11-17.72) (8.54-14.89) (4.85-10.79) (1.75-3.91) (56.93-74.92)

SC 40.92 23.99 29.44 12.53 5.95 112.82
(33.29-46.34) (18.44-30.63) (6.29-66.16) (6.37-25.12) (3.37-10.47)  (93.00-169.17)

svC 18.94 9.73 39.10 22.72 8.88 99.38
(17.85-55.78) (8.68-10.78) (24.95-53.26) (11.10-34.34)  (5.07-12.69)  (71.95-126.82)
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Table 4. Levels of the MFO system in fish liver mgomes from reference (*) and polluted sites. atamean +
standard deviation..Cytochrome P450 dmdpmol mg prot’) and NADPH cytochrome reductase (nmol mihmg
prot™).

Specie Localization n P450 bs NADPH Reference
Gymnogeophagus Rio Grande do Sul State, 41 220+56 320+27 - Tagliari et al., 2004
gymnogenys Brazil *

Gymnogeophagus Rio Grande do Sul State, 60 n.d. 170480 - Tagliari et al., 2004

gymnogenys Brazil

Oreochromis niloticus ~ S&o Paulo State, Brazil * 34 170+140 60+33 120450 Thomaz et al., 2004

Brycon cephalus Séo Paulo State, Brazil * 06 170+70 120+70 120+80 Thomaz et al., 2004

Brycon cephalus Sé&o Paulo State, Brazil 05 230+130 100+10 380+150 Leitdo et al,, 2000

Colossoma Sao Paulo State, Brazil 09 310+190 250175 420+190 eitah et al,, 2000

macropomon

Oreochromis niloticus ~ S&o Paulo State, Brazil 06 160+90 60+25 290+130 itaheet al,, 2000

Oreochromis niloticus  Billings, Sdo Paulo State, 07 8104220 20060 - Bainy et al., 1999

Brazil

Pleuronectes platessa  North Sea, German 02 520+170 100£20 - Mehreemts Laturnus
1999

Limanda limanda North Sea, German 25 340+300 160+110 - Melsramd Laturnus
1999

Gadus morhua North Sea, German 03 220+30 60+40 - Mehrtewk laaturnus
1999

Cathorops spixii Sé&o Paulo State, Brazil * 18 7t 4 488+337 0.2+0.08 This work

Cathorops spixii Sé&o Paulo State, Brazil 27 80+46 2208+1650  0.9@-0. This work

In addition, the variation of NADH cibs  presented in this work showed the effect of
reductase in general followed the same pattern a@bntaminants on the expression of CYP450. The
Cytochrome bs in fish from SC and SB (high present work reinforce the use of these enzymatic
levels),and in fish from SVC and Can site (low leyelssystems as an efficient tool to assess environthenta
following the profile of the total CYP450. Theseimpacts in field studies. Finally, the use of biokeas
findings suggest the influence of the flavoproteinassociated with somatic indexes and chemical agslys
NADH cit. bs reductase in the cytochrombs are essential to understand anthropogenic impads a
activities. NADPH cytochrome c¢ reductase alsgyenerate a more effective diagnosis of environnienta
showed the same pattern of total CYP450. This cdiealth effects.
factor is an electron donor to CYP450 and changes i
probably affecting the function of the monooxygenas
system. The lower levels of CYP450 in individuals

from SVC are explained in part by the presence of a This work was supported by CAPES (Brazilian

large mangrove area. This type of ecosystem plays Q\gency for Science and Technology), Oceanographic

|mp?rtapt trole _n tr:he |mdmob|I|tzat|on O.f thtﬁ Institute of S&o Paulo University and the Labonator
contaminants — n e sediments or in Cof Ecotoxicology and Environmental Chemistry of the
biotransformation of organic pollutants due to th

eUniversity of Algarve. Azevedo J. S. was a recipien
intense biological activity (BIANCHI, 2007). : ) )
Seasonality effects found in total CYP450 of fellowships from CAPES-PDEE (BEX 2176/07-6)

) 'and this study make a part of the FAPESP Project -
bs, NADPH and/or NADH of fish from SC and/or SB y15p|0 process number 2005/50769-2.
reinforces the influence of organic contaminants in
this system. In special in the summer period, fism
SB showed high levels of all CYP450 analyzed

components. The summer period in this region i
chargcterized by a heavy rair?y season. Thus, I?ge la XASAI\IIESE%ASUESNSANJ ' TK B'TD%_" L';ml‘elg\éﬁi\'eioﬁf‘ E”e

rainfall . in this period influences thg i_nput of cytochrome P4501A and DNA adducts as environmental

contaminants or can also act by diluting these isk parameters for chronic oil exposure: a lahmsat

compounds. Finally, the present data supports the experiment with Atlantic codquatic Toxicol., v. 51, p.

influence of organic compounds in Santos-Sao Vieent  241-258, 2000.

estuarine system as a potential risk to the biota. ADAMS, S. M.; RYON, M. G. A comparison of health
FACs analysis in fish bile content confirmed  assessment approaches for evaluating the effects of

a high anthropogenic influence in Santos-Sdo Vieent contaminant-related stress on fish populations. J

9 . pog . . pe Aquatic Ecossyst. Health, v. 3, p. 15-25, 1994.
estuary in comparison with Cananéia. The data
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