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Abstract

Aquatic environments contaminated by industrial effluents and urban sewage present as common characteristic the release of
xenobiotics complex mixture that potentially affects important aspects related with physiological aspects in fish. In the present
work, fish specimens, Astyanax aff. fasciatus and Oreochromis niloticus, were used to evaluate the anthropogenic impact in
two lakes (Lake Park and Cedeteg) situated in Guarapuava City, southern of Brazil. The occurrence of morphological changes
in gills and liver associated with somatic indexes (Hepatosomatic - HSI and Condition Factor - CF) were used as biomarkers,
and two reference sites were used. According to the results, individuals from both studied sites presented morphological
damages in gills (aneurysms, hyperplasia, lamellar fusion and neoplasia) and liver (necrosis and leukocyte infiltration). The
lesion indexes for liver and gills studied in both lakes were significantly impacted when compared with reference sites, but
individuals from Lake Park were more affected. The HSI in both species was not different, but the CF in A. fasciatus decreased
in both studied sites. These results suggest that the morphological findings found in the present study were developed due to
the urban sewage release, reinforcing the importance of histopathological investigation in biomonitoring programs to evaluate

the water quality and environmental assessment.
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INTRODUCTION

In the last few decades, the increasing of environmental
degradation has contributed for the distribution of toxic
chemicals to the environment and consequently serious
effects in wild aquatic organisms’ health can be noticed.
Untreated sewage effluents consist of complex mixtures of
toxicants that increase significantly the impact on aquatic
ecosystems, decreasing the species diversity observed
in different regions of the world (Schmitt et al., 1999;
Amisah & Cowx, 2000). The tolerance of wild organisms to
toxicants in domestic effluents may vary among species and
their integrative effects may lead to reproductive failure or
reduction of fish species number (Wendelaar Bonga, 1997;
Minier et al., 20006).
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According to Oga (2003) and Adams (2002), the response
to chemical stress can be used as biomarkers or sentinels of
environmental conditions. Biomarkers are early responses or
measurable biological event due to exposure to pollutants after
acute or chronic exposure and the morphological findings has
been largely considered in biomonitoring studies (Lagadic et
al., 2000; Winkaler et al., 2001; Oliveira Ribeiro et al., 2005;
Miranda et al., 2008). According to Winkaler ef al. (2001) and
Ayas et al. (2007), histopathological events are considered fast
and efficient for detection of acute and chronic adverse effects
in fish; and may express the health condition of exposed
individuals (Myers & Fournier 2002; Oliveira Ribeiro et al.,
2005; Miranda et al., 2008). Field investigations are important
to interpret assessment risks and understand biological effects
of chemicals under natural conditions, representing also a real
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health state (Mallatt 1985; Lagadic et al., 2000; Winkaler et
al., 2001; Alberto et al., 2003).

Fish exposure to chemical contaminants induce lesions in
different target organs, especially in liver (Oliveira Ribeiro et
al., 2005; Rabitto et al., 2005; Mela et al., 2007; Miranda et al.
2008) and gills (Winkaler et al., 2001; Tkatcheva et al., 2004;
Oliveira Ribeiro et al., 2005; Benli ef al., 2008). According
to Ayas et al. (2007) and Lemes & Braccini (2004), liver is
an important target organ related to important metabolic and
detoxification mechanisms. In addition, gills are in permanent
contact with water and represent an important target organ to
pollutants dissolved in water. This organ is essential on gas
exchanges and osmotic regulation. Morphological changes
in gills can represent adaptive strategies for conservation of
some physiological functions or endpoints to evaluate acute
or chronic exposure to chemical present in water and sediment
(Winkaler et al., 2001; Tkatcheva, et al., 2004). Also,
physiological evaluation through somatic indexes as condition
factor (CF) and hepatosomatic index (HSI) are indicatives of
metabolic fish condition that increase the information about
water quality, as described by Schibatta (2005).

Astyanax aff. fasciatus is an abundant and widely
distributed species across Central and South America (Araujo
1997), while Oreochromis niloticus tilapia is one of the most
important freshwater finfish species in aquaculture around
the world (Shaw & Handy 2006). This study investigated
the occurrence of morphological changes in liver and gills of
fish tropical species through morphological damages in target
organs and somatic indexes parameters.

MATERIAL AND METHODS

Study areas and sampling

The present study considered two lakes (Municipal Lake
Park and University of the Midwest - Lake Cedeteg) located
at Guarapuava City - Parana State, Southern of Brazil. Both
studied sites are impacted by domestic sewage effluents. The
reference site for 4. fasciatus was the Segredo Hydroelectric
power plant and for O. niloticus, the aquaculture farm at
Araucaria City, both sites also located at Parana State (Fig.
1). Twenty five adult male and female fish of each species A.
fasciatus and O. niloticus were collected from the studied and
reference sites and used in the present study.

Fish analysis

The specimens were anesthetized with ether benzocaine
(200ppm) before measure the weight (total body and liver)
and length (total body). After anesthesia the specimens were
killed by medullar section and liver and gills were sampled for
hepatic somatic index and histological procedures.

The Condition Factor (CF) was estimated using the
formula TL= TW/TL®, where TW is the total weight (g) and
TL is the total length (cm), b is the angular coefficient weight-
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Fig. 1 - Map of the studied sites. (A) Reference site to Oreochromis niloticus in
Araucaria City (star); (B) Reference site of Astyanax aff. fasciatus in Segredo
Hydroelectric power plant (star) and the studied sites: (C) Municipal Lake Park
(white arrow) and Lake Cedeteg (black arrow) both in Guarapuava City.

length relation obtained from linear regression between total
weight and total length. The calculation of hepatic somatic
index (HSI) was estimated by the formula HSI = LW/TWx100
where LW represents the liver weight (g) and TW is the total
weight (g).

Histopathological procedures

Gills and liver samples were preserved in ALFAC fixative
solution (ethanol 80%, formaldehyde and glacial acetic acid) for
16 h, dehydrated in a graded series of ethanol baths and embedded
in Paraplast Plus resin (Sigma ®). The sliced sections (5 pum)
were stained in hematoxylin and eosin, observed under light
microscope Leica and described according to Hybia (1982).

Results were expressed as a prevalence of fishes with
histopathological lesions and gill and liver lesion index
determinated according to Bernet et al. (1999). Briefly,
this index is based on the sum of the score rankings and
importance factors for each considered lesion in the tissue.
The score ranking was based on the percentage of lesions. The
importance factor was determined for each lesion depending
on the effects considered as minimal (1), moderate (2) and
irreversible (3).

Statistical Analysis

All data were compared using one-way analysis of
variance (ANOVA) followed by Tukey’s test. All the tests
were regarded statistically significant when p < 0.05.

RESULTS
The histopathological analysis showed severe lesions in

liver and gills of fishes from both Municipal Park and Cedeteg
Lakes when compared with individuals from reference sites.
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Morphological Aspects

The gills structure of A. fasciatus and O. niloticus were
similar to that described to other freshwater teleost species,
presenting primary and secondary lamellae (Fig. 2a and 3a)
(Mallat, 1985, Wilson & Lauren, 2002).

Circulatory lesions as aneurisms were found in the
majority of individuals from both studied sites, but increasing
in individuals from Lake Park for both studied species (Table
1 and 2). This lesion represents a disruption of pillar cells
and consequent erythrocytes blooding (Fig. 2b and 3b). A
proliferation of epithelial cells in primary lamellae induces
the lamellae fusion and consequently decreasing the surface
area for gas exchange. This cellular hyperplasia on epithelial

Fig. 2 - Cross sections of gills of Astyanax aff. fasciatus. (A) General view
of the gills (reference site); (B) The arrow shows aneurisms in secondary
lamellae; (C) Neoplasia in secondary lamellae (arrows); (D) and (E)
Hyperplasia of epithelial cells on secondary lamellae showing the fusion
between lamellae; (F) The arrow shows the presence of ectoparasite among
secondary lamellae. Hematoxylin/Eosin stain.

Fig. 3 - Cross sections of gills of Oreochromis niloticus. (A) General view
of the gills (reference site); (B) Aneurism in secondary lamellae (arrow);
(C) Fusion among secondary lamellae (arrow); (D) Hyperplasia of epithelial
cells on secondary lamellae (arrow); (E) Parasite among secondary lamellae
(arrow). Hematoxylin/Eosin stain.
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tissue was observed also in the majority of individuals from
both studied areas and absent in individuals from reference
site (Tables 1 and 2). Those findings represent a more chronic
exposure while aneurisms are more related with acute exposure
(Fig. 2d,e and 3c,d). Those cells presented enlarged nuclei
suggesting a high nuclear activity or cell metabolism (Fig.
2e and 3c). The occurrence of differentiated cellular regions
that characterize a neoplastic event between two secondary
lamellae (Fig. 2¢) was found only in 4. fasciatus mainly from
Lake Park (Table 1). This kind of lesion is related with chronic
exposure. Ectoparasites (no characterized) were observed in
gills from both studied species (Fig. 2f and 3e).

According to the lesion index determinated to gills, the
Park and Cedeteg Lakes were more impacted (p<0.05) than
the reference sites, but individuals of A. faciatus are more
affected when compared with O. niloticus in both studied sites
and when compared with individuals from the same species
from Lake Cedeteg (Fig. 6A).

The liver morphology of both considered species A.
fasciatus and O. niloticus also showed similar structure to
that described to other freshwater fish species (De Andrade
Brito et al., 2012, Silva et al, 2012). The hepatocytes were

Table 1 - Prevalence of histopathological findings (%) in gills and livers of
Astyanax aff. fasciatus from Reference, Lake Cedeteg and Lake Park.

Lesion Reference Lake Cedeteg Lake Park
Gills

Hyperplasia 0 40 60
Lamellar fusion 0 28 56
Aneurysm 20 36 56
Neoplasm 0 04 24
Ectoparasites 0 0 08
Liver

Necrosis 0 32 76
iniacion 2 16 0
Parasites 0 08 44

Table 2 - Prevalence of histopathological findings (%) in gills and livers of
Oreochromis niloticus from References, Lake Cedeteg and Lake Park.

Lesion Reference Lake Cedeteg Lake Park
Gills

Hyperplasia 04 20 28
Lamellar 0 28 5
Fusion

Aneurysm 16 44 64
Ectoparasites 0 0 04
Liver

Necrosis 0 28 72
Leukocyte

infiltration 08 20 36
Parasites 0 0 0
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easily identified as large and polyhedral cells with rounded
nuclei forming cords around capillary sinusoids that radiate
from a central vein. The bile ducts presented variable size and
were easily identified due to cubical or cylindrical epithelium
usually associated with veins (Fig. 4a and 5a).

Two main lesions were found in liver of both species, the
presence of leukocytes infiltration and necrosis areas. The
presence of leukocytes infiltration was found in all groups
including the reference, but the incidence in groups from the
studied sites was higher mainly in individuals from Lake Park
(Table 1 and 2). The leukocytes traverse the hepatic vessels
featuring a leukocyte infiltration (Fig. 4b and 5b). This event
was in general associated with the occurrence of necrosis
(cell death), in individuals from studied sites but not in fish
from reference sites (Tables 1 and 2). The hepatic lesions in

Fig. 4 - Cross section of liver of Astyanax aff. fasciatus. (A) General aspect
of liver (reference site). (B) The arrow shows a leukocyte infiltration;
(C) Necrosis area; (D) Incidence of parasites around vessels (arrow).

Hematoxylin/Eosin stain.

Fig. 5 - Cross section of liver of Oreochromis niloticus. (A) General aspect
of liver (reference site); (B) Leukocyte infiltration (arrow); (C) Necrosis area
(arrow). Hematoxylin/Eosin stain.
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individuals of Lake Park had a higher incidence in both species
(Tables 1 and 2 and Fig. 4c and 5c). The high occurrence of
parasites in liver may represent an immunological system
failure, observed by the presence of intra-hepatic parasites
genus Calyptospora (Protozoa: Apicomplexa) around the
liver vessels (Fig. 4d).

The lesion index in the liver corroborate the results found
in the gills, which for both species studied, the urban lakes
are more impacted than the reference sites, and also the Lake
Park is more affected than the Lake Cedeteg. Considering
the lesion index to liver, it was observed that, differently that
observe to gills, there were no difference between the same
species in both sites studied (Fig. 6B).

The HSI for A. fasciatus and O. niloticus was not different
between the studied sites (Fig. 6C and E), but the condition
factor (CF) in A. fasciatus showed a decrease in both sites
studied, as compared to the reference sites (Fig. 6D), while O.
niloticus showed no difference (Fig. 6F).

DISCUSSION

The structure of liver and gills described to Astyanax aff.
fasciatus and Oreochromis niloticus were also reported to
other teleost species by Mallat (1985), Machado (1999) and
Lemes & Braccini (2004), favoring the comparisons with
other studies where the chronic exposure to contaminants
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Fig. 6 - Histopathological lesions index to gill (A) and liver (B) to 4.
fasciatus and O. niloticus from control (reference), Lake Cedeteg and
Urban Lake Park groups. Hepatic somatic index of 4. fasciatus (C) and O.
niloticus (E), and Condition factor of 4. fasciatus (D) and O. niloticus (F)
from control (reference), Lake Cedeteg and Lake Park sites; Difference are
indicated by *(p<0.05) and *** (p<0.001). The index difference between the
species are indicated by letters (p<0.05).
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were investigated. According to Winkaler ef al. (2001) and
Tkatcheva et al. (2004), some morphological changes in gills
and liver may represent adaptive strategies to maintaining
physiological functions, but the histopathological lesions
as described in the present study indicated that fishes were
affected by the exposure to pollutants presented in water
and sediment. The presence of surfactants, phenols, PAHs
(polycyclic aromatic hydrocarbons), metals and other urban
pollutants certainly were the reason to those damages, as also
described by Tkatcheva et al. (2004). The reduction of oxygen
may be also the source of physiological disturbances that can
sometimes reflect in morphological damages (Fernandes &
Rantin, 1994; Alberto et al., 2003).

The branchial findings described in fish chronically
exposed to urban sewage in the present study are similar to
those observed by Alberto ef al. (2003) and Monteiro et al.
(2009) respectively in Astyanax altiparanae and A. fasciatus.
The exposure of gills to different contaminants may be marked
by the occurrence of lamellar fusion, tissue hyperplasia
as neoplastic events, cellular hypertrophy and aneurysms
(Tkatcheva et al., 2004 and Oliveira Ribeiro et al., 2000 and
2005).

Hyperplasia and lamellar fusion in gills found in individuals
from Lake Park and Lake Cedeteg are considered as moderate
severity according to the classification of Bernet et al. (1999).
These types of lesion may occur as a tissue response to the
presence of pollutants diluted in water, increasing the distance
between the blood capillary and lamellae surface, reducing in
theory the pollutants uptake. However this cell proliferation
also leads to respiratory dysfunction, affecting gas exchange
due to the decreasing of gill surface and also leading to
disturbances in animal osmoregulation (Mallat, 1985).
According to Valdez Domingos ef al. (2009) and De Andrade
Brito et al. (2012), the occurrence of secondary lamellar fusion
is frequently found in fishes exposed to urban sewage.

The presence of pre-neoplastic foci or tumors in gills
was described by Ali & Sreekrishnan (2001) and Shailaja &
D’Silva (2003) as a cause of chronic exposure to pollutants
as PAHs or organochloride compounds. Those findings were
also reported by Oliveira Ribeiro et al. (2005) in liver and
spleen of Anguilla anguilla chronically exposed to the organic
pollutants. Pre-neoplastic fociand tumors mean anonreversible
lesion and chronic exposure to highly toxic pollutants in small
concentrations, not easily detectable. According to the results
both studied sites are chronically impacted by pollutants that
may potentially induce the development of neoplastic effects.

The application of the lesion index of Bernet, associated
with image analyses allows a more accurate evaluation
of morphological effects caused by pollutants. After the
establishment of the index is easier to compare the level of
injuries between the target organs on the same individual,
between two or more different species and also among groups of
the same species from different locations studied. According to
the lesions and alterations described to gills of O. niloticus from
Lake Park, this site can be considered the most impacted by
pollutants dissolved in water. According to the same parameter
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Lake Cedeteg showed a higher impact level than the reference
sites, where was not found evidences of impact.

The hepatic necrosis are described by Bernet ef al. (1999)
as irreversible injury to tissue. Those findings were observed
in A. fasciatus and O. niloticus from both sites studied but
absent in individuals from the reference sites. Necrosis was
also reported in liver of Brazilian tropical and subtropical
fish species exposed to multiple contaminants in different
impacted regions (Miranda et al. 2008; Valdez Domingos et
al. 2009). According to Gonzales et al. (1993), necrosis found
in the fish liver are usually related to contaminants found in
water or sediment. Khan et al. (1994) and Ayas et al. (2007)
described that those lesions in liver of fish is one of the most
important histopathological responses due to exposure to
contaminants. The principle of hepatic necrosis results from
the presence of chemicals within cells causing disturbs on
biochemical process as enzyme inhibition, failure on protein
synthesis, carbohydrate metabolism, reactive oxidative
species production, damages in cell membrane and failure of
ATP synthesis (Manahan 1994; Rabitto ef al., 2005; Mela et
al., 2007).

Leukocyte infiltration is another morphological disturbance
foundinliverofindividuals exposed to pollutants and represents
a first line of immunological response due to cell death, and
presents a moderate severity according to the classifications
proposed by Bernet et al. (1999). This finding was observed
in the majority of individuals from Lake Park, corroborating
the chronic exposure of gills to pollutants described, and also
signaling the presence of infections agents (Wedemwyer et al.
1990). According to Bernet ef al. (1999), leukocyte infiltration
is often associated also with other changes but in general, the
main functions are related to neutralize and destroy the source
aggressor, cleaning the tissue, removing the aggressor agent
and dead cells, and induce the recovery of damaged tissue.

As described to gills, the lesion index calculated to liver
from both studied lakes showed that these sites are more
impacted than reference ones for both considered species.
According to the liver lesion index the reference sites are not
impacted by pollutants and reinforce the theory that animals
found in the studied sites are affected by subchronic, chronic
and trophic exposure to pollutants.

The occurrence of ecto and endoparasites is common in
gills and liver of fish but depending on the incidence may be
considered as a potent immunological biomarker (Oliveira
Ribeiro et al., 2005). Although significative parasite
infestations have not been found in gills of individuals
from the current work, the occurrence of high infestation
of endoparasites as Calyptospora sp in liver of Astyanax
aff- fasciatus, may represent disturb of the immunological
defense system, as described by Casal et al. (2007). The
higher incidence found in individuals from the Lake Park
corroborate the hypothesis that this lake is more affected by
human activities.

Condition factor (CF) is an indicative of the health status
and may be used to assess field contamination. Alterations in
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growth rates are induced by contaminants and the explanation
is the reallocation of energy to detoxification mechanisms,
depleting reserves that were originally destined for growth
(Nicholson & Lan 2005; Valdez Domingos et al., 2009).
Animals collected in the field often display low CF values
at sites contaminated with PAH’s, PCB’s (Poli Chloride
Biphenyls), TBT (Tributyltin), metals and urban sewages
(Alberto et al., 2003; Nicholson & Lan 2005;). The low
CF values of 4. fasciatus in Lake Cedeteg and Lake Park
indicates the worst condition of fish in the sites studied. This
condition was not observed to O. niloticus in the same sites
studied suggesting that this species is physiologically more
adapted to the impacted condition present in the urban lakes.
These data showed that introduced species as O. niloticus
present advantages on native species concerns to tolerance to
chemical stress.

Hepatic somatic index HSI is also an indicative of the
metabolic condition in fish. The increase of HSI levels is
normally associated with enhanced detoxification activities in
response to the presence of toxic compounds (Pereira & Kuch,
2005). In contrast, decreases in the HSI level means that fish
populations are under chemical stress (Kopecka et al., 2000).
Despite of all lesions observed in liver of both considered
species in the present study, no statistical differences were
found. But according to De la Torre ef al. (2005), individuals
exposed to contaminants may also show lower or similar
index rates among groups, meaning that this parameter must
consider also other findings.

CONCLUSION

The data in the current work showed that according to the
morphological analysis the Lake Park is more impacted than
Lake Cedeteg. This is supported by the severity of lesions
found differently in both considered species. Also the results
conclude that both studied sites are impacted by different
pollutants and a further monitoring and assessment program
in these lakes is strongly suggested.

In addition the results reinforce the high potential of
histopathological lesions to reveal chronic and acute exposure
of fish to pollutants, increasing the credibility of the diagnosis
in impacted studies of water quality of aquatic ecosystems.

REFERENCES

ADAMS, S.M., 2002, Biological indicators of aquatic ecosystem
stress. Am. Fishe. Soc., 3: 104-112. http://dx.doi.org/10.1016/;.
ecoenv.2006.07.006.

ALBERTO, A., CAMARGO, F.M., VERANI, J.R., COSTA,
O.F.T. & FERNANDES, M.N. 2003, Health variables and
gill morphology in the tropical fish Astyanax fasciatus from a
sewage-contaminated river. Ecotox. Environ. Safe., 61: 247-255.
http://dx.doi.org/10.1016/j.ecoenv.2004.08.009.

ALI, M. & SREEKRISHNAN, T.R., 2001, Aquatic toxicity from
pulp and paper mill effluents: a review. Adv. Environ. Res., 5:
175-196. http://dx.doi.org/10.1016/S1093-0191(00)00055-1.

AMISAH, S. & COWX, 1. G., 2000, Response of the fish populations

Liebel et al.

of the river Don in South Yorkshire to water quality and habitat
improvements. Environ. Pollut., 108 (2): 191-199. http://dx.doi.
org/10.1016/S0269-7491(99)00190-6.

ARAUJO,F.G. & SIMONI,M.R.F., 1997, Relagdo peso comprimento
do lambari rabo vermelho (A4styanax fasciatus paraybae ) e do
lambari rabo amarelo (Astyanax bimaculatus) na represa de
Ribeirdo das Lajes, Rio de Janeiro. Arq. Biol. Tecnol., 40 (2):
453-458.

AYAS, Z., EKMEKCI, G., OZMEN, M. & YERLI, S. V., 2007,
Histopathological changes in the livers and kidneys of fish in
Sariyar Reservoir, Turkey. Environ. Toxicol. Pharmacol., 23 (2):
242-249. http://dx.doi.org/10.1016/j.etap.2006.11.003.

BENLLA.C.K.,KOKSAL,G.&0OZKUL,A.,2008, Sublethalammonia
exposure of Nile tilapia (Oreochromis niloticus L.): Effects on
gill, liver and kidney histology. Chemosphere, 72 (9): 1355-
1358. http://dx.doi.org/10.1016/j.chemosphere.2008.04.037.

BERNET, D., SCHMIDT, H., MEIER, W., BURKHARDT-HOLM,
P. & WAHLI, T., 1999, Histopathology in fish: proposal for
a protocol to assess aquatic pollution. J. Fish Dis., 22: 25-34.
http://dx.doi.org/10.1046/j.1365-2761.1999.00134 x.

CASAL, G., PADOVAN, 1., MATOS, E., PADOVAN, P., MATOS,
P.,GUIMARAES, A. & AZEVEDO, C.,2007, Morphological And
Ultrastructural Redescription Of Calyptospora Serrasalmi Cheung,
Nigrelli & Ruggieri, 1986 (Apicomplexa: Calyptosporidae),
A Parasite Found In Two New Host Species Of The Genus
Serrasalmus. Braz. J. Morphol. Soc., 101(1): 11-16.

DE ANDRADE BRITO, I., FREIRE, C.A., YAMAMOTO, F.Y.,
SILVA DE ASSIS, H.C., RODRIGUES, L.S.B., CESTARI,
M.M., GHISI, N.C., PRODOCIMO, V., FILIPAK NETO, F. &
OLIVEIRA RIBEIRO, C.A., 2012, Monitoring water quality in
reservoirs for human supply through multi-biomarker evaluation
in tropical fish. J. Environ. Monit., 14:615-625. http://dx.doi.
org/10.1039/C2EM104611J.

DE LA TORRE, F.R., FERRARI, L. & SALIBIA’, N.A,,
2005, Biomarkers of a native fish species (Cresterodon
decemmaculatus) application to the water toxicity assessment of
a peri-urban polluted river of Argentina. Chemosphere, 59 (4):
577-83. http://dx.doi.org/10.1016/j.chemosphere.2004.12.039.

FERNANDES, M.N. & RANTIN, F.T., 1994, Relationships
between oxygen availability and metabolic cost of breathing in
Nile tilapia (Oreochromis niloticus): equacultural consequences.
Aquaculture, 127: 339-346. http://dx.doi.org/10.1016/0044-
8486(94)90236-4

GONZALES, G., CRESPO, S. & BRUSLE, J., 1993, Histo-
cytological study of the liver of the cabrilla sea bass, Serramus
cabrilla (Teleostei, Serramidae), an available model for marine
fish experimental studies. J. Fish Biol., 43: 363-73.

HYBIA, T., 1982, An atlas of fish histology normal and pathological
features. College of Agriculture and Veterinary Medicine, Nihon,
Tokyo, Japan.

KHAN, R.A., BARKER, D.E., HOOPER, R., LEE, E2M., RYAN,
K. & NAG, K., 1994, Histopathology in Winter Flounder
(Pleuronectes americanus) Living Adjacent to a Pulp and Paper
Mill. Arch. Environ. Contamin. Toxicol., 26: 95-102. http://
dx.doi.org/10.1007/BF00212799.

KOPECKA, J., LEHTONEN, K., BARSIENE, J., BROEG, K.,
VUORINEN, P., GERCKEN, J. & PEMPKOWIAK, J., 2006,
Overview of biomarker responses in fish (Platichthys flesus) and
mussels (Mytilus trossulus) from the Gdansk Bay. Marine Pollut.
Bul., 53 (8-9): 406-421.

LAGADIC, L., AMIARD J.C. & CAQUET T., 2000, Biomarkers
and evaluation of the ecotoxicological impact of pollutants.
In: Lagadic, L., Caquet, T., Amiard, J. C., Ramade, F., Use of
Biomarkers for Environmental Quality Assessment. Science
Publishers, Enfield (NH) USA.



Fish histopathology as biomarker...

LEMES, A.S. & BRACCINI, M.C., 2004, Descricdo e analise
histologica das glandulas anexas do trato digestorio de Hoplias
malabaricus (Bloch, 1794) (Teleostei, Erythrinidae). Biodiv.
Pamp., 2: 33-41.

MACHADO,M.R., 1999, Uso de branquias de peixes como indicadores
de qualidade das 4guas. Cienc. Bio. Satde., 1: 63-76.

MALLAT,J., 1985, Fish gill structural changes induced by toxicants
and other irritants: a statistical review. Can. J. Fish. Aquat. Sci.,
42: 630-648.

MANAHAN, S. E., 1994, Environmental Chemistry, Lewis
Publishers, Michigan, 811 p.

MELA, M., RANDI, M.A.F., VENTURA, D.F., CARVALHO,
C.E.V., PELLETIER, E. & OLIVEIRA RIBEIRO C.A., 2007,
Effects of dietary methylmercury on liver and kidney histology
in the neotropical fish Hoplias malabaricus. Ecotoxicol.
Environ. Saf., 68 (3): 426-435. http://dx.doi.org/10.1016/j.
ecoenv.2006.11.013.

MINIER, C., ABARNOU, A., JAOUEN-MADOULET, A. &
LE GUELLEC, A.M., 2006, A pollution-monitoring pilot
study involving contaminant and biomarker measurements
in the Seine Estuary, France, using zebra mussels (Dreissena
polymorpha). Toxicol. Environ. Chem., 25: 112-119. http://
dx.doi.org/10.1897/05-161R.1.

MIRANDA, A.L.,, ROCHE, H., RANDI, M.A.F., MENEZES,
M.L. & OLIVEIRA RIBEIRO, C.A., 2008, Bioaccumulation
of chlorinated pesticides and PCBs in the tropical freshwater
fish Hoplias malabaricus: Histopathological, physiological, and
immunological findings. Environ. Int., 34(7): 939-949. http://
dx.doi.org/10.1016/j.envint.2008.02.004.

MONTEIRO, S.M.,ROCHA, E., MANCERA, ]. M., FONTAINHAS-
FERNANDES, A. & SOUSA, M., 2009, A stereological study
of copper toxicity in gills of Oreochromis niloticus. Ecotox.
Environ. Saf., 72 (1): 213-223. http://dx.doi.org/10.1016/;.
ecoenv.2008.02.008.

MYERS, M.S. & FOURNIE, J.W., 2002, Histopathological
biomarkers as integrators of anthropogenic and environmental
stressors. In: Biological indicators of aquatic ecosystem stress.
Am. Fish. Soc., 24: 221-287.

NICHOLSON, S. & LAN, P.K.S., 2005, Pollution monitoring in
Southeast Asia using biomarkers in the mytilid mussel Perna
viridis (Mytilidae : Bivalvia). Environ. Int., 31: 121-132. http://
dx.doi.org/10.1016/j.envint.2006.02.003.

OGA, S., 2003, Fundamentos de Toxicologia, Atheneu, Sdo Paulo,
474p.

OLIVEIRA RIBEIRO, C. A., PELLETIER, E., PFEIFFER, W. C.
& ROULEAU, C., 2000, Comparative uptake, bioaccumulation,
and gill damages of inorganic mercury in tropical and nordic
freshwater fish. Environ. Res. Sec. A, 83: 286-292. http://dx.doi.
org/10.1006/enrs.2000.4056.

OLIVEIRA RIBEIRO, C. A., VOLLAIRE, Y. SANCHEZ-
CHARDI, A. & ROCHE, H., 2005, Bioaccumulation and the
effects of organochlorine pesticides, PAH and heavy metals in the
Eel (Anguilla anguilla) at the Camargue Nature Reserve, France.
Aquatic Toxicol.,74 (1): 53-69. http://dx.doi.org/10.1016/].
aquatox.2005.04.008.

Ecotoxicol. Environ. Contam., v. 8, n. 2, 2013 15

PEREIRA, M.S. & KUCH, B., 2005, Heavy metals, PCDD/F and
PCB in sewage sludge samples from two wastewater treatment
facilities in Rio de Janeiro State, Brazil. Chemosphere, 60 (7),
844-853. http://dx.doi.org/10.1016/S1001-0742(08)62293-7.

RABITTO, 1.S., ALVES COSTA, J.R.M., SILVA DE ASSIS, H.C.,
PELLETIER, F.M., AKAISHI, F.M., ANJOS, A., RANDI,
M.A.F. & OLIVEIRA RIBEIRO, C.A., 2005, Effects of dietary
Pb(Il) and tributyltin on neotropical fish, Hoplias malabaricus:
histopathological and biochemical findings. Ecotoxicol.
Environ. Saf., 60: 147-156. http://dx.doi.org/10.1016/;.
ecoenv.2005.03.012.

SCHIBATTA, O.A., 2005, Reprodu¢ao do pira-brasilia
Simpsonichyhys  boitonel  Carvalho  (Cyprinodontiformes,
Rivulidae), e caracterizacdo de seu habitat no Reserva Ecologica
do Instituto Brasileiro de Geografia e Estatistica, Brasilia, Distrito
Federal, Brasil. Rev. Bras. Zoo., 22 (4): 1146-1151.

SCHMITT, C.J., ZAJICEK, J.L., MAY, T.W.E & COWMAN, D.F.,
1999, Organochlorine residues and elemental contaminants
in U.S. freshwater fish, 1976-1986: National Contaminant
Biomonitoring Program. Rev. Environ. Contamin. Toxicol., 162:
43-104.

SHAILAJA, M.S. & D’SILVA, C., 2003, Evaluation of impact of
PAH on a tropical fish Oreochromis mossambicus using multiple
biomarkers. Chemosphere, 3: 835-841. http://dx.doi.org/10.1016/
S0045-6535(03)00667-2.

SHAW, B.J. & HANDY, R.D., 2006, Dietary cooper exposure and
recovery in Nile tilapia, Oreochromis niloticus. Aquatic Toxicol.,
76: 111-121. http://dx.doi.org/10.1016/j.aquatox.2005.10.002.

SILVA, G.S., FILIPAK NETO, F., SILVA DE ASSIS, H.C.,
BASTOS, W.R. & OLIVEIRA RIBEIRO, C.A., 2012, Potential
risks of natural mercury levels to wild predator fish in an Amazon
reservoir. Environ. Monit. Assess., 184: 4815-4827. http://dx.doi.
org/10.1007/s10661-011-2304-3.

TKATCHEVA, V., HYVARINEN, H., KUKKONEN, I,
RYZHKOV, L.P. & HOLOPAINEN, L.J., 2004, Toxic effects of
mining effluents on fish gills in a subarctic lake system in NW
Russia. Ecotoxicol. Environ. Saf., 57: 278-289. http://dx.doi.
org/10.1016/S0147-6513(03)00079-4.

VALDEZ DOMINGOS, F.X., ASSIS, H.C.S., SILVA, MANUELA,
D., DAMIAN R.C.,, ALMEIDA, M.ILM., CESTARI, M.,
RANDI, M. & OLIVEIRA RIBEIRO, C.A., 2009, Anthropic
impact evaluation of two Brazilian estuaries through biomarkers
in fish. J. Braz. Soc. Ecotox., 4: 21-30. http://dx.doi.org/10.5132/
jbse.2009.01.004.

WEDEMWYER, GA, BARTON, B.A. & MCLEAY, D.J., 1990,
Stress and acclimation methods for fish biology. Am. Fishe. Soc.,
451-489. http://dx.doi.org/10.1590/S1413-77392000000100007.

WENDELAAR BONGA, S.E., 1997, The stress response in fish.
Physiol. Rev., 77: 591-625.

WILSON, J.M. & LAUREN, A., 2002, Fish Gill Morphology: Inside
Out, J. Exp. Zool., 293:192-213.

WINKALER, E. U., SILVA, A.G., GALINDO, H. C. « MARTINEZ,
C. B. R., 2001, Biomarcadores histologicos e fisioldgicos para
o monitoramento da saude de peixes de ribeirdes de Londrina,
Estado do Parana. Acta Sci., 23 (2): 507-514.



