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ABSTRACT

Coastal and estuarine areas can be impacted by several sources of anthropogenic activities derived from industries, agriculture,
sewage and harbor activities. Two Brazilian estuarine areas (Piraqué — ES e Paranagua — PR) located close to harbours,
industries and sewage from urban centers were evaluated through analysis of somatic indexes, histopathological, biochemical
and genetic biomarkers on fish. Histopathological lesions as lamellar fusion, hyperplasia, epithelial lifting, and second lamellae
disorganization were found in gills. Necrosis was the main alteration observed in the liver of sampled animals and the occurrence
of melano-macrophages in Cathorops spixii was similar among the evaluated areas. Cholinesterase activity increased in most
of the contaminated areas. Genotoxic responses as micronucleus induction and occurrence of DNA strand breaks were detected
in Piraqué and Paranagua estuaries in all sampling seasons. Our results suggest that these areas are impacted by anthropogenic
activities and that a multi-biomarker approach is valuable and recommended for environmental pollution evaluation.

Keywords: histopathology, cholinesterase activity, genotoxicity, environmental contamination, toxic effects, Cathorops spixii,
Lutjanus synagris

RESUMO

Avaliacio do impacto antrépico em dois estuarios brasileiros por meio de biomarcadores em peixes

Regides estuarinas e costeiras sdo freqiientemente impactadas por varios tipos de influéncias antropogénicas derivadas de
industrias, agricultura, esgoto e atividades portudrias. Duas areas estuarinas brasileiras (Piraqué — ES e Paranagua — PR)
foram biomonitoradas utilizando-se duas espécies de peixes por meio de indices somaticos e biomarcadores histopatologicos,
bioquimicos e genéticos. Lesdes histopatologicas como fusdo de lamelas, hiperplasia, descolamento de epitélio, desorganizagio
de lamelas secundarias e neoplasias foram encontradas nas branquias. A principal alteragdo observada no figado dos animais
amostrados foi a necrose. A ocorréncia de centros de melanomacrofagos no figado foi similar entre as areas avaliadas. A
atividade da colinesterease foi mais elevada na maioria das areas contaminadas. Respostas genotdxicas como a indugdo de
micronucleos e a ocorréncia de quebras no DNA foram detectadas nos estuarios de Piraqué e Paranagua em todas as estagdes
amostradas. Nossos resultados sugerem que estas areas estdo impactadas por atividades antrdopicas e que a abordagem utilizando
multiplos biomarcadores ¢ recomendada para a avaliagdo de poluigdo ambiental.

Palavras-chave: histopatologia, atividade da colinesterase, contamina¢do ambiental, efeitos toxicos, Cathorops spixii, Lutjanus
synagris.
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INTRODUCTION

Industrial, urban and agricultural wastes are the main
sources of aquatic contamination, and polycyclic aromatic
hydrocarbons (PAHs), polychlorinated byphenils (PCBs),
organochlorine compounds (OCs) and heavy metals represent
the most representative classes of contaminants frequently
found in these environments (Oliveira Ribeiro et al., 2005;
Ueno et al., 2004; Ueno et al., 2005; Hincka et al., 2008;
Silva et al., 2009; Vicente-Martorell et al. 2009).

Toxic chemicals in the environment may affect aquatic
organisms inducing several damages. General conditions of
living organisms as growth, weight-length relationship, liver
and gonad health status can be modified after exposure to
chemicals. Thus, indexes as hepatosomatic, gonadossomatic
and condition factor can be altered in fishes after exposure
to pollutants (Teles and Santos, 2006; Hincka et al., 2008;
Bervoets et al., 2009).

Histopathological lesions, disturbs on enzyme activity
as well alterations on the integrity and functionality of DNA
are some of these damages reported by previous studies in
aquatic organisms from impacted areas due to human activities
(Bombail et al., 2001; Fanta et al., 2003; de la Torre et al.,
2005; Lemos et al., 2005; Lemos et al., 2006; Schlacher et al.,
2007; Hincka et al., 2008; Valdez Domingos et al. 2007;
Katsumiti et al., 2008; Silva et al., 2009). Necrosis areas,
cellular vacuolization, inflammatory response, pre-carcinogenic
or carcinogenic lesions are frequently observed in liver of fish
environmentally exposed to PAH’s, PCB’s, heavy metals,
sewage, harbor or industrial effluents (Schmalz et al.; 2002;
Norena-Barroso et al., 2004; Oliveira Ribeiro et al., 2005;
Schlacher et al., 2007; Katsumiti et al., 2008; Silva et al., 2009).
Lesions on secondary lamellae like fusion, epithelial lifting,
hiperplasia of gills epithelial cells and aneurisms can also be
detected in fishes from contaminated areas (Stentiford et al.;
2003; Norena-Barroso et al., 2004; Oliveira Ribeiro et al.,
2005; Schlacher et al., 2007; Katsumiti et al., 2008; Silva et al.,
2009). Melano-macrophages can be induced by natural factors
(aging, starvation and infectious diseases) or by exposition to
contaminants, especially that associated with oxidative stress in
cells. They can be observed as isolated pigmented cells (MM)
or groups of pigmented cells (MMC) containing lipofucsine,
ceroid, hemosiderin and melanin that occur in different organs
as liver, head kidney and intestine of fish. Oxidative damage
as lipid peroxidation induces the release of lipofucsin and
consequently increase the occurrence of macrophage aggregates
(Couillard and Hodson, 1996). The use of macrophage aggregates
(MMCs) has been proposed by some authors as biomarkers of
environmental pollution (Wolke, 1992; Couillard and Hodson,
1996; Stentiford et al., 2003; Rabitto et al., 2005).

The evaluation of cholinesterases activity (Sturm et al. 1999;
de la Torre et al., 2005; Rabitto et al., 2005; Valdez
Domingos et al., 2007; Solé et al., 2008; Bervoets et al. 2009) and
chromosomal aberrations, breaks in DNA strains and occurrence
of micronuclei and nuclear abnormalities (Bombail et al., 2001;
Lemos et al., 2005; Porto et al., 2005; Lemos et al., 2006;
Teles and Santos, 2006; Lemos et al., 2008) represent valuable
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biochemical and genotoxic parameters in environmental
monitoring programs.

Studies performed on Brazilian coastal areas have
increased in the last years, especially in south and southeast
regions (Joyeux et al., 2004; Amado et al., 2006; Camargo and
Martinez, 2006; Tortelli et al., 2006; Zanette et al., 2006; Valdez
Domingos et al., 2007; Lemos et al., 2008; Katsumiti et al.,
2008; Silva et al. 2009). As observed to other countries, in Brazil
recent studies of environmental impacts in coastal areas are
a matter of interest to understand the effects of pollutants on
the aquatic organism’s health and sea food quality. The use of
biomarkers has been done in isolated studies and there are few
data comparing different areas in order to establish species or
standard methods to evaluate the impact of human activities on
the Brazilian coast. The most recent investigations using a variety
of biomarkers in Brazil have been concentrated in southern
areas (Lemos et al., 2005; Amado et al., 2006; Camargo and
Martinez, 2006; Zanette et al., 2006; Valdez Domingos et al.,
2007; Katsumiti et al., 2008; Silva et al. 2009).

The objective of this study was to evaluate the effect of
anthropogenic activities through different biomarkers in fishes
environmentally exposed in two estuarine areas located on
south and southeast Brazilian coast.

MATERIAL AND METHODS

Study areas and sampling

Adult individuals (males and females) representing two
carnivorous species of fish were collected in two Brazilian
estuaries in the present study (Figure 1): Cathorops spixii
(Ariidae) in Paranagua (PR) estuary, and Lutjanus synagris
(Lutjanidae) in estuarine complex of Piraqué-Mirim and
Piraqué-Agu rivers (ES) in August of 2003 (winter) and February
of 2004 (summer). Ten individuals were used to evaluate the
biomarkers proposed in the current work in each sampling site.
Physicochemical parameters as temperature, salinity and pH
were measured during the samplings. Fishes were anesthetized
with benzocaine 200 ppm before tissue sampling.

To study the impact of human activity two sites were
chosen according to the distance from the most important source
of contaminants in each studied area, where the reference (R)
and contaminated (C) sites (Figure 1) were respectively more
distant or close to the source of contaminants. Paranagud estuary
(Parana State) receives agricultural, industrial and domestic
sewage effluents as well as harbor related residuals. In this area
the reference site was located at Laranjeiras estuary, a protected
natural reserve (Teodoro, 2004). The most contaminated site
in estuarine complex of Piraqué-Mirim and Piraqué-Agu
rivers (Espirito Santo State) is affected by hydrogen peroxide,
metal-mecanic, electronic and short fiber cellulose production
plants and also receives agricultural, harbor and domestic sewage
effluents.The presence of metals as Cd, Cr, Cu, Zn and Pb was
reported in fishes collected at Vitoria estuary (ES) by Joyeux et
al. (2004). According to Niencheski et al. (2005) Zn, Cu and
Cr were found bioaccumulated in liver and muscle of the same
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Figure 1 — Sampling sites along the Brazilian coast: Piraqué —
Espirito Santo and Paranagua — Parana estuaries. Reference (R) and
contaminated (C) sites. Adapted from Zanette et al. (2006).

fish species and studied areas of the current work despite of
the distance from the source of contamination.

Somatic indexes

Livers and gonads were weighed (W) and somatic indexes
calculated as follows: HSI = liver somatic index "[(W W )] %
100; GSI = gonadosomatic index [(W,, . W, D] x 100; and

the condition factor, CF = W fish.(fish length®.—1), where b is
the angular coefficient of weight-length relationship.

Histopathological analysis

Gills and liver tissues were preserved by immersion
in Alfac fixative solution, dehydrated in a graded ethanol
series and embedded in Paraplast (Sigma®). A lesion index
of each studied fish was calculated for gills and liver after the
histopathological analysis. A score value was attributed (0,
2,4 or 6) to the fish according to the occurrence of each kind
of lesion, this value was then multiplied by the importance
factor (1, 2 or 3) suggested by Bernet et al. (1999). The final
fish score was composed by the sum of lesions detected in
each fish (range: 0-18 for gills and 0-24 for liver). MMC and
MM were evaluated according to the method proposed by
Rabitto et al. (2005), 15 slide fields were analyzed for each fish
and all MMC and MM were counted under a graduated eye
piece. The results were expressed per mm?. Fish gills and fish
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liver fragments were fixed in a modified Karnovsky fixative
solution (Glutaraldehyde 2,5%, Paraformaldehyde 2%, CaCl,
2.5 mM, NaCl in Cacodylate 0.1 M pH 7.2-7.4) for two hours,
embedded in PoiEMBED 812 resine (Electron Microscopy
Sciences®) and analyzed in JEOL — 1200 transmission electron
microscope (TEM). For scanning electron microscopy (SEM)
gills were fixed in 3% glutaraldehyde, 0.1 M sodium cacodylate
pH 7.2-7.4, washed in 0.1 M sodium cacodylate buffer, dehydrated
in graded ethanol series (Merck®), and the critical point was
achieved with CO,. The samples were observed using a JEOL
JSM-6360LV scanning electron microscope.

Cholinesterase activity

Muscle samples were homogenized (5% w/v) in cold
phosphate buffer (0.05 M) containing 20% glycerol at pH 7.0
and centrifuged at 850 x g (4 °C) for 15 minutes. The supernatant
was again centrifuged at 12,800 % g (4 °C) during 15 minutes.
The supernatant was used as enzyme source. To determine the
substrate affinity (Km) and maximum cholinesterase activity
(Vmax), different acetylthiocholine iodide (AcSCh) concentrations
ranging from 0 to 20 UM were assayed. Cholinesterase activity
was analyzed following the method described by Ellman et al.
(1961) adapted for microplate. Protein concentration of each
sample was determined according to Bradford’s method (1976),
using bovine serum albumin (BSA) as a standard.

Genotoxicity analysis

Micronucleus (MN)

A drop of fish blood was drawn over the slide to form a
thin smear which was air-dried, fixed with absolute methanol
(Merck), stained with Giémsa in phosphate buffer pH 6.8
(Merck) (Ferraro et al., 2004). Two thousands erythrocytes
of each sample were analyzed and scored for the presence of
both typical micronuclei and nuclear alterations characterized
as changes in the normal elliptic shape of the nuclei (Ayllon
and Garcia-Vazquez, 2000).

Comet assay

The comet assay or single-cell gel test (SCGT) was
performed according to Speit and Hartmann (1999). An
aliquot of blood (10 uL) was diluted in 1 mL of fetal calf
serum. Microscopy slides were prepared using 10 uL of this
cell suspension and 120 pL of low melting point agarose
at 37 °C followed by incubation in lysis solution (1 mL of
Triton X-100, 10 mL of DMSO and 89 mL of stock lysis
solution — 2.5 M NaCl, 100 mM EDTA, 10 mM Tris, 10 mM
Na-lauroyl sarcosine) for 1 hour in the dark at 8 °C. After
lysis, slides were placed in buffer (0.3 N NaOH, 1 mM EDTA,
pH > 13) for 25 minutes to unravel the DNA. Electrophoresis
was performed (25 minutes at 25 V and 300 mA), and after
this slides were neutralized in 0.4 M Tris, fixed in absolute
ethanol and stained with ethidium bromide (0.02 pg.mL™)
afterwards. Comets were scored using a Leica epifluorescence
microscope. For each fish, a hundred cells were visually
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Table 1 — Water physicochemical parameters from studied estuaries along the Brazilian coast.

Studied Areas Sites Winter Summer
T (°C) S (ppt) pH T(°0) S (ppt) pH

Piraqué Reference 23.9 35.0 6.1 29.7 20.8 10.1

Contaminated 24.1 335 7.1 28.7 17.6 11.3
Paranagua Reference 20.0 25.0 8.0 28.0 20.0 8.2

Contaminated 22.0 23.0 7.9 28.0 17.0 8.4
T = Temperature; S = Salinity

Table 2 — Somatic indexes of fishes collected in two estuaries on the Brazilian coast.
Sampling Winter Summer
Sites HSI CF HSI CF R?

Piraqué R 1.241 £ 0.736>* 0.008 + 0.0086>* 0.9935 0.692 + 0.569 8 0.015 £ 0.0040>% 0.7458
Piraqué C 0.729 £ 0.359*® 0.016 + 0.0009° 0.9883 0.560 + 0.132*° 0.016 +0.0012*° 0.9921
Paranagud R 1.261 £0.219%4  0.003 £ 0.0002* 0.9328 1.596 + 0.296~ 0.003 + 0.0005* 0.8529
Paranagua C 1.589 + 0.356" 0.003 + 0.0004° 0.7862 1.814 £ 0.253*° 0.003 + 0.0012*° 0.7327

Mean values + SD, ®" indicate difference between reference and contaminated area and * ® indicate difference between winter and summer. n = 10.
HIS = liver somatic index, CF = condition factor, R?= correspondent to length weight regression.

Figure 2 — Representative lesions observed on gills. a) Gill normal
structure; note the organization of cells inside primary (pl) and secondary
lamellae (sl). b) Note the vessels dilation on secondary lamellae extremities
(*) and swelling of chloride cells (cc). ¢) Epithelial lifting on secondary
lamellae (el). d) Fusion of secondary lamellae and mucous cells (mc)
hypertrophy and proliferation. ¢) SEM gill normal structure, note the
external structure of primary (pl) and secondary lamellae (sl).

f) Fusion (*) on the base of secondary lamellae (sl). g) Complete fusion
of secondary lamellae (f) and aneurism area (#) adjacent to fusion. Scale
bars A, B, C and D = 50 um; E and F = 100 um and G =200 pum.

analyzed according to Koestuaryashi et al. (1995), based on
the migration of the fragments (tail size) (class 0 — no visible
damage; class 1 — a short tail smaller than the diameter of the
nucleus; class 2 — a tail length 1 to 2 times the diameter of
the nucleus; and class 3 — a tail length more than two times
the diameter of the nucleus). Cells that presented a totally
fragmented nucleus were considered as class 4. A damage
index was calculated multiplying the number of comets by its
score value (0, 1, 2, 3 or 4), the index ranges from zero (100 x
0; 100 observed cells with no damages) to 400 (100 x 4; 100
observed cells with maximum damage).

Statistical procedures

Two kinds of comparison were performed for all
biomarkers: reference versus contaminated area from each site

and respective season and a seasonal evaluation comparing
only reference or contaminated areas between summer
and winter samplings. Enzyme activity, somatic index and
melanomacrophage occurrence were compared through T-test;
while histopathology, frequencies of micronuclei and comet
assay results were compared through Mann-Whitney test.
Enzyme kinetic parameters (Vmax and Km) were estimated
by Michaelis-Menten equation. Correlation among fish length,
weight and cholinesterase activity was analyzed by Pearson
correlation.

RESULTS

Differences on temperature were observed between winter
and summer in both studied areas and the oscillation on salinity
was more expressive in Piraqué estuary (Table 1).

The length of collected animals in each estuary was
compared and did not present significant differences. CF was
similar among individuals from reference (R) and contaminated
(C) sites in Paranagua estuary on both seasons, HIS followed
the same trend in summer, but in winter higher values on HIS
were observed in the contaminated area. A seasonal comparison
shows that HSI values were higher in summer than in winter
(Table 2). Both somatic parameters presented similar values
in Piraqué during winter and summer. Seasonal comparisons
showed that in Piraqué HSI values were higher in winter and
CF values were higher in summer (Table 2).

Histopathology

The most evident damages observed on gills were the
epithelial lifting, lamellar fusion, hyperplasia and disorganization
of lamellae structure (Figure 2). Vessels dilation on lamellae
extremities and swelling of chloride cells are observed on Figure 2b
and epithelial lifting due to detachment of the epithelial cells
layer on secondary lamellae in the Figure 2¢. Lamellar fusion
areas were often associated with hypertrophy and proliferation
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Figure 3 — Histopathological findings in liver. a) Liver organization under
light microscopy. b) Smooth endoplasmic reticulum proliferation (arrow).
¢) Distribution of electron dense granuli (g) on hepatocytes cytosol.

d) Cytosolic disorganization indicative of necrosis (arrow); ¢) Area of focal
necrosis (arrow), note the presence of electon dense granuli (g).

f) Cytosolic disorganization (arrows). g) Region of Disse’s space organization
(d) with an erythrocyte in the sinusoid (white arrow). Images B to G were
obtained through transmission electron microscopy.

of mucous cells and other epithelial cells found on primary
lamellae between two or more secondary lamellae (Figure
2d). SEM results confirmed the fusion of secondary lamellae
detected through light microscopy and demonstrated partial
fusion located only at the base of secondary lamellae and a the
presence of aneurisms (Figure 2f and 2g). The occurrence of
histopathologic lesions on gills was similar between reference
and contaminated areas of Paranagua and Piraqué in both winter
and summer, except for fishes from Paranagua contaminated
site in summer that presented lower gill lesions indexes than
in Paranagua reference sites.

The most expressive lesions identified by light microscopy
studies in the liver of the studied species were necrosis, hepatocyte
vacuolization (Figure 3) and leucocyte infiltrations. Through
transmission electron microscopy (TEM) analyses was identified
A proliferation of smooth endoplasmic reticulum proliferation
(Figure 3b) and occurrence of numerous citosolic electron dense
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Figure 4 — Comparative lesions index (according to Bernet et al., 1999)
in gills (a, b) and liver (c, d) of Lutjanus synagris and Cathorops spixii
collected in Piraqué and Paranagud estuaries respectively. Density of
melanomacrophage centers (e) and free melanomacrophages (f) in
Cathorops spixii collected in Paranagud (mean + standard deviation).
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Figure 5 — Substrate affinity constant (K ) and maximum activity (V) of
muscle cholinesterase from Cathorops spixii. K is expressed in um and
V. .. in nmol.min"'mg of proteins™.

m

granules (Figure 3c and 3e). The presence of necrosis were
visualized on both light and electron microscopy, this areas
were recognized by focal tissue and cytosolic disorganization
(Figure 3d, 3e, 3f). Gill lesions index was similar in reference
and contaminated sites in Paranagua and also in Piraqué in both
seasons (Figure 4a and b). Liver lesions index was similar in
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Figure 6 — Cholinesterase activity in Cathorops spixii and Lutjanus synagris collected in Piraqué and Paranagua
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Figure 7 — Micronucleus occurrence (a, b) and DNA damage (c, d) in Lutjanus synagris and Cathorops spixii collected in Piraqué and Paranagua estuaries
respectively (mean + standard deviation). * indicate significant difference between reference and contaminated sites in each season, # indicate significant
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all sites (Figure 4c), except in Piraqué during summer where
contaminated area presented lower index than the respective
reference (Figure 4d). All individuals collected in Piraqueé,
did not present MMC or MM occurrence in liver neither in
reference nor in contaminated sites. MMC occurrence was
similar between reference and contaminated sites of Paranagua
in both seasons, as well isolated pigmented macrophages (MM)
(Figure 4e and f).

Cholinesterase

Based on the Michaelis-Menten constants (Km and Vmax)
for muscle Ache, the concentration of 9 mM of the substrate
AcSCh (acetylthiocholine iodide) (Figure 5) was used to measure
cholinesterase activity in both evaluated species.

A correlation among length, weight and cholinesterase
activity from individuals collected in all studied sites was not
observed. Fishes collected in Piraqué during winter presented
negative correlation between AChE activity and length as well
as between AChE activity and weight on C area. In summer a
negative correlation was detected between weight (from R and
C fishes) and length from R fishes with AChE activity (p <0.05).
An increase in enzyme activity was observed in Paranagua
contaminated sites if compared with the respective reference
site in winter. During summer Paranagud presented similar
cholinesterase activities. In general individuals collected in winter
presented higher cholinesterase activities when compared with
summer for both studied sites. This difference on Piraqué was
significant for contaminated area in summer (Figure 6).

Genotoxicity — micronucleus test (MN)

Individuals from both Piraqué and Paranagué estuaries
in contaminated sites presented higher occurrence of MN than
reference, and a lower level of nuclear abnormalities was found
in individuals from Piraqué contaminated site if compared
with Paranagud reference site. After seasonal comparisons
the reference or contaminated sites in Piraqué and Paranagua
estuaries did not presented differences (Figure 7a and b).

Genotoxicity — comet assay

The occurrence of DNA damage in fishes from studied
sites in Paranagua estuary was similar in summer but a higher
level of DNA damage was observed in contaminated site during
winter. In comparison with Piraqué, the damages in DNA showed
similar results with the studied sites in Paranagua estuary.
Comets incidence was similar between Piraqué reference site
when compared summer and winter while the higher occurrence
of DNA damage was observed in the contaminated site during
winter (Figure 7c and c).

DISCUSSION

The effects of contaminants on the environment are
generally evaluated in a focal area as an estuary, river or
lagoon, besides that these studies seldom use one or few
classes of biomarkers to perform an evaluation of the target
environment (De la Torre et al., 2005; Oliveira Ribeiro et al.,
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2005; Zanette et al., 2006; Lemos et al., 2008; Solé et al.,
2008). In this work we presented an evaluation of multiple
responses through somatic, histopathologic, biochemical and
genetic biomarkers in two different estuarine areas affected by
human activities along the Brazilian coast.

Somatic indexes were applied to assess the general condition
of fish exposed to contaminants, this parameters were already
used with a similar approach by Oliveira Ribeiro et al. (2005),
Hincka et al. (2008) and Bervoets et al. (2009). CF is a general
health index in which individuals exposed to contaminants can
present not only lower values but the absence of differences,
as reported in the current work for some sampling sites and
by other authors (de la Torre et al., 2005; Bervoets et al.,
2009). Fishes collected in contaminated sites frequently show
increase in HSI and decrease in CF (Adams and Ryon, 1994,
Bervoets et al., 2009). Our CF results were similar to de la
Torre et al. (2005) and Bervoets et al. (2009). HIS results
from Paranagud during winter were similar to Adams and
Ryon (1994) and Bervoets et al. (2009) findings. As fishes are
able to bioaccumulate metals (Vicente-Martorell et al., 2009),
PAHs (Liang et al., 2007; Perugini et al., 2007), chlorinated
biphenils (Miranda et al., 2008) and polychlorinated biphenils
(Oliveira Ribeiro et al., 2005) on their tissues when exposed
to waterborne contaminants on the environment, increases on
HSI can be associated to bioaccumulation of contaminants.
According to Teles and Santos (2006) HSI can also indicate
altered metabolic state on fish. As both studied species, Cathorops
spixii and Lutjanus synagris present carnivorous feeding habits
we expected to observe higher HSI in all contaminated areas as
an evidence of pollutants bioaccumulation. This situation was
observed only in Paranagua sites. Based on HSI results we can
conclude that only the organisms collected on the contaminated
area of Paranagua estuary were affected by pollutants.

Aquatic organisms exposed to multiple contaminants
frequently present lesions in gills and liver, as reported in by
Stentiford et al. (2003), Norefia-Barroso et al. (2004), Oliveira
Ribeiro et al. (2005), Schlacher et al. (2007), Schmalz et al. (2002).
Gills maintain direct contact with water and the presence of
lesions in this organ is considered as an acute answer to the
effects of chemicals (Akaishi et al., 2004). Fusion of lamellae
was found in individuals from all studied sites and was
reported to occur in fishes exposed to copper (Arellano et al.,
1999), and PAH’s (Katsumiti et al., 2008; Silva et al. 2009).
Epithelial lifting on fish gills can be induced by copper and
organophosphorus exposure, respectively (Arellano et al.,
1999; Fanta et al., 2003). Epithelial lifting and lamellae fusion
increase the distance between epithelial cells and vessels causing
impairment on gas exchange process and also lead to disturbs
in osmorregulation function, essential mechanisms to fish
adaptation in stress conditions. The proliferation of mucous and
other epithelial cells in gills suggest a protective mechanism
in situations of impairment caused by waterborne pollutants or
stress responses due to chemicals exposure. In addition cell and
tissue hypertrophy can be an indicative of cellular dysfunction
that can cause the development of neoplasic lesions, which
were already registered in fishes chronically exposed to PAHs,
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chlorinated pesticides or PCBs (Norefia-Barroso et al., 2004;
Oliveira Ribeiro et al., 2005).

Necrosis represented the most evident hepatic lesion
found in this study and have been considered as a quite
common lesion in fish collected in areas impacted by multiple
contaminants (Schmalz et al., 2002; Stentiford et al., 2003;
Oliveira Ribeiro et al., 2005; Katsumiti et al., 2008). The
presence of this lesion in individuals from both reference and
contaminated sites represents an indicative that the estuaries
are widely impacted, even in areas distant from the main focus
of contamination. Necrosis can cause functional and structural
impairments to liver (Stentiford et al., 2003) as well disturbs on
the functionality of the organ. Besides that, large and numerous
necrotic areas can lead to organ failure causing impairments to
the individual health, survival and in consequence can affect
higher levels of biological organization, as populations and
communities (Rabitto et al., 2005). Although The occurrence of
necrotic areas has been observed in estuarine areas associated
to the presence of pollutants as PAHs (Stentiford et al., 2003),
chlorinated pesticides (Oliveira Ribeiro et al., 2005), heavy
metals (Schmalz et al., 2002) and organophosphorus pesticides
(Fanta et al., 2003). The incidence of lipid vesicles suggest
a mechanism of lipophilic compounds immobilization as
described by Oliveira Ribeiro et al. (2005) in Anguilla anguilla
environmentally exposed to chlorinated pesticides, PAHs and
PCBs. As described above the high incidence of liver lesions,
(especially necrosis) observed on both species, indicate that
all evaluated areas are subjected to environmental impact. The
occurrence of melanomacrophage (MMC or MM) was similar
among the analyzed areas, which corroborate the hypothesis
that the status of both evaluated areas in each estuary is quite
similar.

The occurrence of similar lesion indexes in gills and liver
on both estuaries and seasons indicate that all areas are affected
by human activities. A seasonal effect was not observed in this
study, contrary to our results obtained with oysters on the same
estuaries (Valdez Domingos et al., 2007). Our results confirm
that histopathological biomarkers represent a valuable tool to
evaluate environment quality. The results obtained through
histophatology and somatic index data are in agreement with
the presence of metals on these environments and confirm that
both evaluated areas in each estuary are impacted.

Cholinesterase activity in fish and other aquatic organisms has
been extensively used as biomarker of contamination in monitoring
programs by different research groups (Sturm et al., 1999;
Tortelli et al., 2006; Valdez Domingos et al., 2007; Sol¢ et al., 2008).
This endpoint is an efficient biomarker to detect sublethal
effects of xenobiotics, mainly organophosphates, carbamates
and some heavy metals (Sturm et al., 1999; Rabitto et al., 2005;
Solé¢ et al., 2008) that are classically known to cause enzyme
inhibition. According to Akaishi et al. (2004) hydrocarbons can
also inhibit cholinesterase activity on tropical freshwater fish. In
the current work a trend of increase on cholinesterase activity
were observed in Paranagua, in both seasons, and in Piraqué
during winter. The induction of this enzyme was also described
to Puntius conchonius after exposure to endosulfan in muscle
and liver (Gill et al., 1990). Negative correlations between AChE
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activity and fish length and between fish weight and AChE
activity were observed in Piraqué. Similar results regarding to
fish length was previously observed by Flammarion et al. (2002),
indicating that is important to consider these parameters when
evaluating AChE activity on field studies. Michaelis—Menten
constants Km and Vmax showed different patterns in C. spixii
collected in Paranagua estuary reference and contaminated site.
Km values were similar in both studied sites in summer while
Vmax showed higher values in fishes from contaminated site.
Similar result was also described by Thompson et al. (1991)
in individuals chronically exposed to contaminants. A study
conducted by Tortelli et al. (2006), showed that the formation
of reversible enzyme-inhibitor complex was favored in fishes
collected at the polluted site, while the irreversible enzyme-
inhibitor complex formation occurred in reference areas. Such
findings can elucidate the lower activity values observed in
the reference area from Paranagua estuary. Another possible
hypothesis to explain the increase of cholinesterase activity
observed in the studied sites can be related with the presence
of anticholinesterasic contaminants on the reference areas or
AChE inducers on contaminated areas. The identification of
the contaminants present on these estuaries is recommended
to clarify the results.

Among all evaluated biomarkers, genotoxicity was the
most sensitive endpoint to express differences between the
evaluated sites in Piraqué and Paranagua. The induction of
DNA damage, micronucleus and DNA strands breaks, were
higher on the sampling sites closest to the main contamination
source. Induction of genotoxic effects was already demonstrated
in fishes exposed to specific groups of contaminants as PAHs
(Katsumiti et al., 2008), chlorinated hydrocarbons as DDT and
PCBs (Porto et al., 2005), and heavy metals (Bombail et al., 2001;
Porto et al., 2005) or environmentally exposed to mixtures
of contaminants (Lemos et al., 2005; Amado et al., 2006;
Lemos et al., 2008). Erythrocytic nuclear abnormalities and
micronuclei occurrence were observed on fish exposed to
petrochemical industry effluents by Lemos et al. (2008).

Morphological, somatic and genetic biomarkers showed that
the estuarine regions evaluated are impacted by anthropogenic
activities. The most sensitive biomarkers were the induction
of micronucleus and DNA strand breaks. Our data showed
that the use of different kinds of biomarkers is recommended
when evaluating environmental pollution. They are also very
useful to detect the impacted of human activities in aquatic
ecosystems through the association of histopathological lesions
with biochemical and genetic findings.

Our parallel survey using oysters as bioindicators (conducted
on the same estuaries with the same classes of biomarkers),
indicate that the answers of these organisms presented a seasonal
effect specially on necrosis occurrence and cholinesterase activity
(Valdez Domingos et al., 2007), this trend was not observed
on our results with fishes. The data presented here reinforce
which was presented on our previous study: the health status
of the evaluated animals is quite similar inside the estuaries,
indicating that there is a clear influence of contaminants on all
evaluated areas. The results reported here can be considered
as short (early warning) and medium term responses that can
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be harmful to the ecosystem health if environmental pollution
control measures are not implemented.
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