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ABSTRACT

Paranagua bay is a complex estuary located in eguBrazil containing three protected areas listed
by UNESCO. Historically, the estuary has been &by urban, industrial, agricultural and harbor
activities, and occasional accidents. Specificatlye explosion of the Chilean ship Vicufia in
December 2004 spilled methanol and crude and filelwhich affected both protected and non-
protected areas. The present study sought to igaéstthe pollution threat to aquatic organisms in
order to evaluate the potential effects of polltsai®ne hundred and twenty adult fistherinella
brasiliensiswere collected from different sites within Param&agestuary, including the harbor and
open ocean, during summer, autumn and winter 06 28énong the biomarkers, the somatic index,
chemical analysis of bile, biochemical, genetic andrphological parameters were considered.
Chemical analysis of bile showed a continuous kdalility of polycyclic aromatic hydrocarbons
(PAHSs) according to proximity to the harbor sitéeThistopathological findings have demonstrated
aconsiderable incidence of severe pathologies énlitter and gills, corroborated by biochemical
disturbances and genetic damage. These findingeaiedthat more studies are necessary to
evaluate both water quality and fish health scogsermit a better analysis of the impact of patinti

in Paranagué estuary.

Resumo

A Baia de Paranagua é um complexo estuarino l@chdino sul do Brasil constituido de trés areas de
protecéo ambiental listadas pela UNESCO. Historezatm o estuario tem sido afetado por atividade
urbana, industrial, agricultura e portuéria, e éwaimente por acidentes. Particularmente a explosao
do navio Chileno Vicufia em dezembro de 2004 dersametanol, 6leo cru e combustivel atingindo
areas protegidas e ndo protegidas. O presenteoetdtd por objetivo investigar a poluicdo em
organismos aquaticos. Cento e vinte individuos tagullo peixeAtherinella brasiliensisforam
coletados em quatro diferentes pontos de coletashtario de Paranagud, partindo do porto até o
oceano aberto nos periodos de veréo, inverno epeira de 2005. Os indices somaticos, parametros
quimicos, enzimaticos, genéticos e morfolégicosrforconsiderados. As andlises histopatolégicas
demonstraram expressiva incidéncia de patologiafigado e nas branquias algumas vezes
corroboradas pelas alteragGes bioquimicas. Dannétiges e anormalidades genéticas também
foram observados. As analises quimicas na bile rarash uma continua biodisponibilidade de
hidrocarbonetos policiclicos aromaticos para oamignos aquaticos. Os dados obtidos indicam que
a qualidade da agua e a salude dos peixes encaserdrastante comprometidos no estuario de
Paranagua.

Descriptors: Biomonitoring, Biomarker&terinella brasiliensisParanagué bay.
Descritores: Biomonitoramento, Biomarcado#®rinella brasiliensisBaia de Paranagua.

INTRODUCTION activities. In December 2004, the explosion of the
Chilean shipVicufia spilled methanol and crude and
Paranagua estuary is located in southerfiel oils over more than 30 Knaffecting protected
Brazil and presents a very important and compleR'€as, sea food farms, beaches and mangrove swamps,
ecosystem with protected areas listed by UNESCO. And thus  contributing to  the already existing
considerable area of Paranagua estuary is contmuoupmblem of the human activities in the Paranagué
impacted by urban, industrial, agricultural andboar €Stuary (KATSUMITI et al., 2009).
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According to Vanparys et al. (2008) one of Katsumiti et al. (2009) reported the effects of
the important tasks of environmental risk assestmethe acute impact of théicuiia accident using
is the evaluation of the causal relationship betweeCathorops spixas as bio indicator. According to the
contaminants and their adverse health effects cawthors, caution is necessary when biomarkers are
the biological systems in the environment. In gaher used to evaluate accidents in historically contated
marine biota is exposed to a variety of contamiglantregions. As far as we know, the studies with
and biomarkers are useful to verify their biologica Cathorops spixiireported by Katsumiti et al. (2009)
effects and establish some of the aforementioméd.li and the current study witA. brasiliensisare the only
Viarengo et al (2007), for example, described thenes on the impact of human activities in the
importance of biomarkers at different levels ofParanagua estuary using fish as bio indicators.
biological organization in bio monitoring studies)d The hypothesis defended here is that human
Pikkarainen (2006) reported that the necessity ddctivities in Paranagua bay have compromised afjuati
monitoring biological effects has been recognizgd borganisms’ health chronically by deteriorating wate
several international programs and committeegquality and that th¥icufiaaccident contributed to this
(HELCOM, 2006; ICES, 2001; UNEP, 1999). environmental degradation. To corroborate this

Biomarkers may be derived from hypothesis, the human impact in Paranagua estuary
morphological, biochemical and physiologicalwas investigated usingtherinella brasiliensisas the
alterations in organisms on their exposure taentinel species, and somatic, chemical, enzymatic,
xenobiotics, integrating biological responses tgyenetic and morphological parameters were evaluated
contamination and may thereby indicate sublethal

exposure. According to Lyons et al. (2006) and MATERIAL AND M ETHODS
Akaishi et al. (2007), the identification of inceeal

incidence of disease and pathological conditions in A total of one hundred and twenty adult fish
aquatic organisms, whether caused by infectioUgiherinella brasiliensisvere caught at four sites (P!,
agents, environmental factors or xenobiotics, iP11, PIIl and PIV) between February and October
considered a highly relevant indicator of ecosysterQOOS, (summer, autumn and winter seasons; 10 fish
health and potential risks to human populationf,er site and season) in Paranagua estuary
(ALVES COSTA et al,, 2007; DAMASIO etal., 2007; (551 9'430"S, 4832'398"W) (Fig. 1). The study sites
RABITTO _et al., 2011). ) . were chosen along a pollution gradient extendingfr

_ Fish ~are particularly sensitive 10 the paranagua city (impacted by extensive urban and
environmental contamination of water and, thereforg,, hor activities; where theicufia exploded (Pl)) out
pollutants may significantly interfere with seve@ 4 pontal do Sul (Paranagu4 estuary; PIV; Figure 1)

their biochemical ~processes. Hydrocarbons capjgh were captured with nets and transported iredox
activate ~ ethoxyresorufirdeethylase  (EROD) protected from light and temperature variationshie
detoxification mechanisms in fish (TEJEDA-VERA et §.aan Studies Center of the Federal University of

al., 2008), while many pollutants change the redo¥arana. The journey took about 30 min, and biokdgic

milieu of cells, eliciting an antioxidant d‘Efensesamples were obtained after fish acclimation under

response or causing oxidative damage in cellulgtynirolied conditions of aeration and temperatare f
macromolecules of aquatic organisms, such as DN§g min

(FILIPAK NETO et al., 2007; ANDRIGHETTI- The fish were anesthetized with benzocaine

FROHNER et al., 2006).. Histological endpoqnts arq200 ppm dissolved in water) and killed by spinaidc
helpful tools for detecting and characterizing the&ection after blood sampling, measurements of total

biological effects of acute and chronic exposure t?ength and weights then being recorded (Table 1).
chemicals (MIRANDA et al., 2008; OLIVEIRA ayia| muscle, liver, gills, blood and head kidnegne

RIBEIRO et al., 2005b; SILVA et al., 2009; SILVA gampled for biochemical, morphological and genetic
ET al., 2011; STENTIFORD et al., 2003; RABITTO

. . . analyses.
et al., 2011), while somatic indexes are important
explain the effects of pollutants on growth, lonigev Somatic Indexes
and reproductive ability of organisms (ALBERTO et
al., 2005, OLIVEIRA RIBEIRO et al., 2005b, Hepatosomatic (HS|) and gonad_somatic

TEJEDO-VERA et al,  2008).Hydrocarbon index (GSI), and Fulton’s condition factor (K) were
bioavailability depends on the type of oil andcalculated as follows. HSI= [(W/Wssh)] X 100; GSI
biological degradation and so the determination of [(Wyonad Wisr)] X 100; K = 100 X Wep, /L3, where W
metabolites of polycyclic aromatic hydrocarbonsis the weight (in g) andl is the total length of the fish

(PAHS) in the bile of fish is another recommendedin cm). These indexes were transformed for stedist
biomarker (OLIVEIRA RIBEIRO et al., 2005b). comparisons.
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Fig. 1. Localization of the study sites (PI, PllliRRnd PIV) in Parangu& Bay, Southern Brazil.

Table 1. Comet assay of head kidney nuclei andeaucl respectively. The PAH concentrations were
alterations of erythrocytes ofAtherinella brasiliensis  determined through comparison with a standard curve
collected from Paranagua estuary in winter afeufiaship  for each group of rings and normalized by protein

accident content in bile (BRADFORD, 1976).
Cometassay a:?;gﬁgrr]s Biochemical Procedures
Pl Liver and muscle samples were frozen and
193.23+32.23  53.6+33.28 kept at -76C until analysis. Then samples were
thawed on ice, homogenized in 0.1 M potassium
Pl 241.14+44.78  38.5:23.58 phosphate buffer (pH 7.5 for muscle and ph 6.5 for
liver) and centrifuged at 100@pfor 10-20 min at 4°C.
el Notsampled Notsampled Supernatants were utilized for the analysis.
Cholinesterase (ChE) actiyit 50 pl of
PIV 156.07442.30  27.07+17.77 supernatant or the potas_siym phosphate buff_erl(blgn
and 200 pl of 5,5-dithio-bis-2-nitrobenzoic acid
Different letters indicate statistically differegtoups solution (0.75 mM in potassium phosphate buffer)
were added to a 96-well microplate, followed by 80
Chemical Analysis of Bile of acetylthiocholine iodide solution (54 mM in

Bile samples were diluted in methanol 4gy,Potassium phosphate buffer) to initiate the reactio

(1:600) and PAHs were detected by fixed-wavelengthELLMANN et al., 1961). Absorbance was measured
fluorescence performed in the spectrofluorimeteft 415 NMm- _

(AAS et al, 2000; OLIVEIRA RIBEIRO et al., . _EthoxyresorufinO-deethylase (EROD)
2005a). The wavelength pairs of excitation/emissioACtiVity:EROD was measured in accordance with the

of 288/330 nm, 267/309 nm, 334/376 nm, 364/406 niA'ethod of Burke and Mayer (1974). A volume of 50
and 380/422 nm were used for the detection of supernatant or potassium phosphate buffer

naphthalene-type (2 rings), phenanthrene-type Iaqk) apd 420 pl of 7-ethoxyresorufin solution6(2
fings), pyrene-type (4 rings), benzo(a)pyrene-tfpe UM in Trls-HCI buffer 0.1 M, pH 7..5, T:27'C?). were
fings), and benzo(ghi)perylene-type (6 rings) PAHSpIaced in a quartz cuvette. Reaction was initiated b
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30 pl of 2.6 MM NADPH and resorufin formation wasin ethanol for 30 min, slides were air-dried arairstd
measured in the spectrofluorimeter for 10 minwith 10% Giemsa solution for 15 min. Small, non-
(excitation = 530 nm; emission = 590 nm). refractive, circular or ovoid chromatin bodies witte
Glutathione S-transferase (GST) activity:50same staining intensity as the nucleus were coreide
pl of supernatant or potassium phosphate buffap be micronuclei (AL-SABTI; METCALFE, 1995),
(blank) and 100 pl of reaction medium (1.5 mM GSHwhereas nuclear abnormalities were classified in
2.0 mM CDNB, 0.1 M potassium phosphate bufferaccordance with Carrasco et al. (1990). For stedilsti
pH 6.5) were placed in a 96-well microplate.purposes, both alterations were counted together in
Absorbance increase was immediately measured @to thousand intact erythrocytes per fish and
340 nm for 2 min at 12 s intervals and the firseimal  are referred to hereinafter as nuclear alterations.
of 1 min with #>0.99 and the molar extinction
coefficient for CDNB of 9.6 mNt.cm® were used to
calculate the enzyme activity (KEEN et al., 1976).
Catalase (CAT) activity: 10 pl of
supernatant or potassium phosphate buffer (blaaks) w
mixed with 990ul of reaction medium (20 mM®},
50 mMTris-base, 0.25 mM EDTA, pH 8.0, 25°C) in a
quartz cuvette and J@, absorbance decrease wasi, Alfac
immediately measured at 240 nm for 1.5 min at 2
intervals. The first 1 min interval wittf¥0.99 and the
extinction coefficient for KO, of 40 M* cm® were
used to calculate the enzyme activity (AEBI, 1984).
Protein  concentration:  total  protein
concentration was quantified in supernatants and in Statistical Procedures

bile in accordance with Bradford (1976), utilizing ) ) )
bovine serum albumin as standard. Differences between the collection sites and

) between seasons were determined independently by
Genetic Procedures means of one-way analysis of variance (ANOVA)
Comet Assay:DNA damage (nonspecific followed by the Tukey test for enzymatic parameters
DNA cleavage) was analyzed by means of Cometnd the Kruskal-Wallis test for genetic ones.0.05
assay (COLLINS et gl 1997; RAMSDORF et gl. Was considered statistically significant.
2008). Head kidney samples of fish were
homogenized in buffer (250 mM sucrose, 10 mMtris- ResuLTs
HCI, pH 8.6), suspended in 0.5% low-melting point
agarose (LMPA), layered onto precoated 1.5% Somatic Indexes and Chemical Analyses of Bile
normal-melting point agarose microscope slides, and
spread with a coverslip. After LMPA solidification, In summer, all the somatic indexes were
the coverslips were removed and the slides werée kepigher in fish from P1V, the most distant site frahe
in cold-lyses solution (220 mMNaCl, 9 mM EDTA, most polluted oneie., Pl (Fig. 2). The values of the
0.9 mMTris, 1% Triton X-100, 10% DMSO, 0.9% condition factor were generally lower at PIl andl i
sodium sarcosianate, pH 10) for 24 h at 4°C. Then tithe same season. The hepatosomatic index was
slides were placed in electrophoresis buffer (30¢pwer at Pl, Pll and PIlIl than at PIV in summer and
mMNaOH, 1 mM EDTA, 2% DMSO, pH > 13) for 20 autumn, but not in winter. Likewise, the gonad-
min to allow DNA unwinding_ E|ectrophoresis Wassomatic index was lower at those same sites (FN, Pl
performed at 25 V and 300 mA for 25 min. Afterand Plll) in summer and at PIl in autumn (Fig. 2).
electrophoresis was completed, the slides were Comparatively, the concentration of total
neutralized in 0.4 M Tris-HCI (pH 7.5), immersed inPAHSs in bile in summer was higher in fish from PI,
absolute ethanol for 10 min and stained with ethidi decreasing in individuals from PII and Plll. Howeve
bromide (2ug mr?). All procedures were performed PAH levels were higher in fish from the most distan
under red light. For analyses, one hundred nuaei psite (PIV), even though the values were generally
slide were classified according to their tail len¢?, 1, being lower than that at PI (Fig. 3). These resukise
2, 3 and 4) under the LEICA DMLS2 fluorescencesimilar to the winter ones, but not to those iruaut;
microscope and scored as follows: Score = u(damagé autumn PIl and PIIl fish had PAH levels even
class x percentage of incidence). higher than those at Pl, and PII presented a signif
Micronucleus and Nuclear Abnormalities: increase in PAHs in relation to summer and winter
blood samples were obtained from the caudal vein dfig. 3).
the fish and spread over glass sides. After imroersi

Histopathological Procedures

For morphological investigation, the liver
and gills ofA. brasiliensiswere analyzed using a light
microscope.

Light microscopyGills and liver were fixed
solution (16 h) and dehydrated in graded
Series of ethanol and embedded in Paraplast Pdirs re
(Sigma®). Sections of 5 um were stained with
Haematoxilin and Eosin and observed under the
photomicroscope.
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activity values varied between seasons in PI, R a

Summer PlIl, and at these sites enzyme activities weresfow
7 e fish captured in summer and winter than in autumn
6 (Fig.5). Muscle of fish from PIV presented the Istve
5 — ChE activity compared with those of other sites in
4 — oK summer and autumn. In autumn, however, ChE was
3 5 acs| highest at Pll (Fig. 4). Fish from different sitead
2 g @ aa S r—— aHs similar hepatic catalase activity in summer, bwtdo
1.15-"1_|E.—I__’gi-r_ activity was observed in those from PIl and Pl in
0- winter; and from PII and PIV in autumn. Also, in
PI Al Pl AV winter fish from PIV had higher catalase activityan
those from PIl and PIIl but not in those from P
Autumn (Fig. 6). Seasonal differences occurred for catedds
5 P11, the highest activity being recorded during suen
a a and at PIV with the lowest activity during autumn
R a & (Fig. 4).
B I
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0.8 b —.a meGsl
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=
Fi'é,.l 2. Comparative values of somatic indexes (K —
condition factor; GSI — gonad-somatic index; HSI —

S A ; i 1 Spring
hepatosomatic index) inAtherinela brasiliensis oo
captured in summer, autumn and winter. Different e
letters represent statistically different valueslsemn 1000

COmpOUndS with 2 ringS (“ke naphthalen pool1 | pool2 | pool1 | pool2 | pool3 | pool4 | pool5 | pool1 | pool2

sampling stations. “ [L |:L
=L o [L mi

were the most abundant in bile for all the studgssi I R I I

and seasons, followed by 3-ring compounds (li

phenanthrene) (Fig. 3). Compounds with 4 ringse(li Fig. 3._ PAHs in bile ofAtherinela brasilien_sisfrom
pyrene) were present at Pl in all the seasonsestu Sty sites PI Pll, Plll and PIV captured duriugnsner
and at PIl in winter, but they were absent at Rilall (. winter (Il) and autumn (lll). 2 rings (naphieae

type), 3 rings (phenanthrene type) and 4 ringsefmyr

the seasons. In fish captured at PIV site, comp®uiiu type). Each pool represents 2-5 individuals.

with 4 rings were present only in summer (Fig. 3).
Biochemical Biomarkers Genetic Parameters

GST activity was similar in fish at Comet and nuclear alteration analyses were
the various sampling sites and in all the seasdata( performed only in the fish from three sites (PI, &id
not shown). Fish from PII, Plll and PIV had the &st  PIV) collected in winter. Fish from PIV had lower
hepatic EROD activites in summer, but nolevels of DNA damage and nuclear alterations ttien d
differences between sites were observed within arfjjose from Pl and PIl. These two latter sites had
particular season (Fig. 4). For Pl site, EROD aftivi Similar levels of nuclear alterations, but DNA da@a
was similar in all seasons (Fig. 4). Muscle ChBEwas greater at Pll than at Pl (Table 1).
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Histopathological Parameters

Table 2

presents

the morphological

alterations observed in fish liver and gills.

Fish captured at Pl and PIl showed higher
incidences of neoplasia at the base and the extremi
of the secondary lamellae (Fig. 5). Aneurysms (Fig.
5A) were found in the majority of individuals froadl
the sites studied. Necrosis was the most abundant
injury observed in liver of the majority of the His
from all the sites (Fig. 6 and Table 2). Cytoplasm
steatosis in hepatocytes was observed in fish fthm
sites (Fig. 6 and Table 2), indicating an apparent
disturbance in cellular metabolism. Another type of
steatosis was characterized by the concentration of
small bodies or ‘vesicles’ that may result from
increased secretion rates (Fig. 6). The presence of
invasive and non-invasive neoplasia (Fig. 7) was
indicative of chronic and hazardous damage in the
liver of A. brasiliensisfrom all studied sites (Table 2).
The presence of hepatic parasites in fish fronthel
study sites was a strong indication of
immunodepression (Fig. 8).

Discussion

Somatic indexes may provide practical
parameters to evaluate fish’'s health conditions.A:0
brasiliensis the high somatic index values in summer
for PIV were associated with nutrient and food
enrichment resulting from urban discharge and the
apparently least intense presence of pollutantstdue
the site's being situated at the greatest disténoce
the most severely impacted site (PI). Although Bsw
also impacted by urban discharge, the comparatively
lower values of somatic indexes in summer for BlI, P
and PIIl demonstrated that the presence of other
pollutants interfered with the health conditions of
yrganisms. A similar pattern was found in autumut, b
n winter the values were lower and more
1omogeneous at all the study sites. This findinglua
:xplained by the lowest remobilization and dynaafic
sediments during winter due to the low rainfall. In
jeneral, somatic index values increased as they stud
sites receded from Pl and approached the open ocean
r~urther, a seasonal effect was detected for indalil
collected during the summer, as they were more
greatly affected than those collected during wilated
autumn.

Table 3.0ccurrence of morphological lesions inrligBAtherinella brasiliensigrom Paranagua estuary afiéicufiaship accident.

Summe Pl
Pl
Pl
PIv

Winter Pl
Pl
Pl
PIV

Spring Pl
Pl
Pl
P IV

CMM
10(10;
8 (10
6 (10'
4(10
4(10
2 (10
5 (10'
3(10
6 (10'
1(10°
4(10
5 (10°

]
2(10
0 (10
0 (10
2 (10
2 (10
0 (10
1(10°
0 (10
1010
0 (10
0 (10
1(10°

Neoplasii Necrosis Vacuolizatior Parasite:
3(10 3(10) 2 (10 10 (10
4 (10 5 (10, 3(10 6 (10,
2 (10 7 (10 5(10 8(10;
2 (10 4 (10 4 (10 0 (10;
0 (10 6 (10, 2(10 5 (10,
2 (10 3 (10 4 (10 6 (10,
3(10 6 (10, 5(10 10 (10
2(10 0 (10 6 (10, 10 (10
2 (10 9 (10, 5(10 2 (10
2 (10 5 (10, 5(10 6 (10,
0 (10 5 (10, 4(10) 4(10
0 (10 3(10 4 (10 7 (10

CMM = Melanomacrophage Center, Lleukocytes infiltration, () number of individuals
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Fig. 5. Gills ofAtherinela brasiliensisrom Paranagua
Bay stained with Haematoxilin and Eosin. A -
Aneurisms (arrow). B, C, D, E - cell proliferatiamd ! ' 'S _
fusion of Secondary lamellae (arrows). F, G - cell Paranagué_B_ay stained with HaematOXI!ln and Edsin.
proliferation in secondary lamellae extremity (avsp B, C, D - distinct encapsulated neoplasia (arros
bar = 50 um). Bars: A, F, G =50 um; B, C, D, EC91 the small arrows point to vesicles in the hepaegyE,

F - invasive neoplasia (arrows). Bars: A = 20 unx B
100 pm; C, D and E =50 pm; F =100 pm.

Fig. 7.Neoplasia in liver otherinela brasiliensigrom

um.

Fig. 8. Parasites in the liver dftherinela brasiliensis
from Paranagua Bay stained with Haematoxilin and
Eosin. Large arrows point to the parasites and Ismal
arrows point to the pancreatic tissue. Bar = 100 pm

Fig.6. Liver of Atherinela brasiliensifrom Paranagua

Bay stained with Haematoxilin and Eosin. A - tissue Particularly, the lower GSI level found

without lesion. B - pancreatic tissue island irefiybar = . ' :

50 m). G, D - large necrotic areas (amows). EGF, frl_ng summer at th_e sites closest to thg aredef t
scident may result in decreased fecundity cauged b

different aspects of steatosis (arrows). Bars: 20sum; . .
B=50 um; C, D, E, F and G = 100 pm. oavailable pollutants. For HSI, although it caa b
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positively associated with PAHs (PINKNEY et al., with the enzymatic biomarkers, leading to responses
2001), no such association was observed eithehiby t that do not correlate completely with site and seab
present study or by another (YANG; BAUMANN, differences in PAH levels.
2006). Interactions between the various contamfant The highest incidence of DNA damage in
such as metals, present in the Paranaguée cells of fish from PIl and the decreasing Ievef
estuary (HOQUE et al., 1998)may be responsible faruclear alterations from PI toward the PIV site
the weak negative association between HSI and thedicated the presence of a gradient of pollutavits
biliary PAHs also described by YANG; BAUMANN genotoxic properties. As with the other parameters,
(2006). PAH bioavailability as well as the presence of othe
The fluorimetric data on the bile showed thepollutants may be responsible for the findingscsin
involvement of the harbor activities and proballiig t many chemicals including PAHs and metals have
Vicufiaaccident with PAH bioavailability, resulting in genotoxic properties. Extensive DNA damage in
high biliary PAH values during summer and decreasekidney cells certainly threatens fish’s health. The
values during winter and autumn. Pyrene typ&idney has hematopoietic functions in fish and cell
compounds have been the major hydrocarbon found damage as well as peripheral erythrocytes' nueke¢ h
the bile of several fish species (PIKKARAINEN, provided fundamental information about acute and
2006; RUDDOCK et al., 2002), though not .  chronic exposure to genotoxic pollutants in Paraaag
brasiliensis These compounds were present in fistestuary.
from PI, but not in those from PIIl. Their presence The alteration of gill architecture due to cell
also in fish from PIV, the closest site to Pontal d proliferation, lamellar fusion and aneurisms was
Parana city, corroborated the idea that the actmeth consistent with the data reported for organic gatits
the harbor activities together contributed to PAHAKAISHI et al., 2004; OLIVEIRA RIBEIRO et al.,
bioavailability. 2005b) and resulted from the deleterious effects of
The decreased activity of ChE at PIVpollutants rather than compensatory responses.eThes
revealed a continuous impairment of ChE byinjuries compromise gill function and consequently
pollutants released from urban areas and the hafborcan result in susceptibility to other pathological
Pontal do Sul city. Not least, the worst situatfon conditions, including infection by opportunist
ChE seemed to arise during summer and winter ratherganisms.
than in the autumn. The exact reason for this paer Likewise, liver function can be compromised
result and for EROD seasonal differencedy pollutants and so a number of adverse
requires further investigation, but sediment dyr@mi consequences for growth, health and reproduction of
and pollutant remobilization may be involved. ChEorganisms can arise, affecting even natural
activity is a valuable biomarker in biomonitoring populations. But, better than gills, liver register
programs (OLIVEIRA RIBEIRO; SILVA DE ASSIS, chronic exposure in the form of hepatic lesionseLi
2005a) and its inhibition by PAHs (AKAISHI et al., lesions have been diagnosed in various fish species
2004) and other pollutants has important consegsencthe basis of internationally accepted diagnostieca
for the swimming, behavior, feeding and survival of(MIRANDA et al., 2008; VIARENGO et al., 2007),
fish. Likewise, the induction of EROD is a sensitivewhich we have utilized. Several alterations, inglgd
response to exposure to various anthropogenitecrotic and neoplasic areas and leukocyte irtittna
chemicals (OLIVEIRA RIBEIRO et al, 2005b; have been identified in the liver &. brasiliensis
STEGEMAN; HAHN, 1994), although the absence ofindicating health problems, though not a pollution
any correlation between EROD activity and PAHs hagradient.
already been reported for fish (AAS; KUNGSOYR, Necrosis is a degenerative lesion
1998). characterized by cell lysis followed by tissue
ChE, EROD and GST activities did not disorganization. Metals (Melee al., 2007), PAHs
emphasize the pollution gradient assumed to exist £OLIVEIRA RIBEIRO et al., 2005b) and PCBs
the beginning of our investigation. In particul&@ST (MIRANDA et al., 2008) can cause necrosis. Thus the
activity has not been altered by any possiblénigh incidence of necrosis observedAinbrasiliensis
comparison, even though it has already proved itgrobably resulted from a continuous, multiple and
suitability to verifying the effects of pollutants varied exposure to pollutants.
elsewhere (FILIPAK NETO et al., 2007; SIMONATO Abnormal lipid accumulation (steatosis)
et al., 2008; WANG et al., 2006). CAT, on the othercould be responsible for the cytosolic vacuolizatio
hand, weakly indicated a pollution gradient in wint observed in hepatocytes Af brasiliensisas reported
when fish from PIl and PIIl presented inhibitedelsewhere in fish that had PAH residues in bile
activityas compared with those from PIV. All these(MARTY et al., 2003), fish exposed to hydrophobic
observations indicate that the long-term exposore tpollutants such as polychlorinated  biphenyls,
and presence of other pollutants may be interferingrganochlorine pesticides and PAHs (OLIVEIRA
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RIBEIRO et al., 2005b) or in fish caught in the aréa o ACKNOWLEDGEMENTS
the Exxon Valdez oil spill (MARTY et al., 2003).
Although hepatic necrosis and steatosis have The current study was supported by CNPq

harmful consequences for organisms, their prograssi (Brazilian Agency for Science and Technology) and
usually depends on continuous exposure to the\Rs (Centre National de la Recherche Scientifique—
chemicals concernede., when the insult ceases therrance). The authors thank the Ocean Studies Center

lesion is healed or stops progressing if the fighise. ot the Federal University of Parana for their téchh
Chronic exposure to PAHs and many other pollutants,scistance and collection facilities.

however, can cause neoplasia and once these tumors
are present they can potentially progress to cancer
even without additional or continued insults. Liver
microscopy provided some evidence of a connection o
between human activities and thécufiaaccident in  ~AS: B KLUGSOYR, J. PAH metabolites in bile and

p S . EROD activity in North Sea FisiMar. Environ Res., v.
the Paranagud estuary and the incidence of hepatic 46, n.1-5, p. 229-232, 1998.

neoplasia, since fish from Pl and PIl had moreolesi aas, E.; BEYER, I; GOKSOYR, A. Fixed wavelength
than those from PIIl and PIV during summer and fluorescence (FF) of bile as a monitoring tool for
autumn. However, the carcinogenic potential of polyaromatic hydrocarbon exposure in fish: an
different PAHs and isomers varies greatly (e.ge th evaluation of compound specificity, inner filterfesft
five-ring  carcinogenic  benzo[a]pyrene but not  and signal interpretationBiomarkers, v. 5, p. 9-23,
carcinogenic benzo[e]pyrene, Carrel et al., 1993), s _ 2000.

that the fluorometric analyses undertaken in th@\EBll,zg.l%aStzlase in vitroMeth. Enzymol., v. 105, p. 121-

present study did n(_)t have the reso_lution requioed AKAISHI. F.M.: SILVA DE ASSIS, H. C.: JAKOBI, S. S.
any better assumption than the existence of a rough . ERAS-STOFELLA, D. R.. ST-JEAN, S. D.:
connection between biliary PAH levels and COURTENAY, S. C.; LIMA, E. F.: WAGENER, A. L.
the incidence of neoplasia. This limitation, howegve R.; SCOFIELD, A. L.; OLIVEIRA RIBEIRO, C. A.
does not diminish the significance of the striking  Morphological and neurotoxicological findings in
observation that the very high incidence of nedalas  tropical freshwater fishAstyanaxsp.) after waterborne
in A. brasiliensis reflects the unhealthy status of ~ and acute exposure to water soluble fraction (wf)

the Paranaguéa estuary. This idea was reinforcetiey g{)uodéle oil. Arch. Environ. Con. Tox.., v. 46, p. 244-253,

genetic parameters previously discussed, and thgaisHi E M- ST-JEAN. S. D.: BISHAY. F.: CLARKE
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