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ABSTRACT

There are few environmental studies using biomarker the speciestherinella brasiliensis in
Brazil. In the present work, the presence of hepdtistopathological lesions and nuclear
abnormalities in erythrocytes were investigatedAinbrasiliensis from Lamberto, a beach under
influence of domestic wastes and marine activitiest comparison, fish were also sampled in
Puruba, a non-polluted beach, located in the nastieen of S&do Paulo State. The frequency of
lesions found in liver was in higher numbers iniwilials from Lamberto than Puruba beach. The
most critical injuries observed iA. brasiliensis were the presence of necrotic areas, leucocytes
infiltration and piknotic nucleus. A high occurrenof cells with vacuolization was also observed.
The hepatic lesion index of the fish from Lambevach showed significant high valuegg£13)
when compared with fish from Puruba beagh=T) suggesting the influence of the several human
activities in the studied site. Notched and blelreatleous were observed in this study, and
significant differences were found between the istlicsites. However, these differences did not
reflect the total nuclear alterations.

Resumo

Existem poucos estudos no Brasil usando biomareademAtherinella brasiliensis. No presente
trabalho foram investigadas a presenca de les8tsphtioldgicas hepaticas e as alteragfes nucleares
em eritrocitos deA. brasiliens's amostrados na praia do Lamberto, local submetiddlééncia de
residuos domésticos e atividades humanas. Paraacapdp, individuos da espécie foram também
amostrados na praia de Puruba, local ndo impadiachlizado no noroeste do estado de S&o Paulo.
Peixes provenientes da praia do Lamberto apresemtiasdes hepaticas em ndmero maior do que
aqueles da praia de Puruba. Areas necréticagragfio de leucécitos e ndcleos picnéticos foram os
danos de maior importancia observados Anbrasiliensis, apesar de uma elevada ocorréncia de
vacuolizagdo também ter sido verificada. O indieded&o hepatica dos peixes da praia do Lamberto
mostrou valores significantemente maiorgg=13) quando comparados com o dos peixes da praia
de Puruba {ls=7), sugerindo influéncia das diversas atividadesdnas existentes na area avaliada.
Em relac@o aos nucleos “notched” e “blebed”, foralmservadas diferencas significativas entre as
areas, mas nao para as alterag6es nucleares totais.

Descriptors: Histopathology, Nuclear abnormalitietherinella brasiliensis, biomonitoring,
Brazilian Coast.

Descritores: Histopatologia, Alterag6es nucleaftiserinella brasiliens's, biomonitoramento, Costa
brasileira.

INTRODUCTION environments. The estuaries are under high infleenc
of urban, industrial, harbor and agricultural aities
The discharge of chemicals by (LIVINGSTONE, 1993, 1998; OLIVEIRA RIBEIRO
industrialization  process affects the aquaticet al., 2005: VALDEZ DOMINGOS et al 2007;
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AKAISHI et al., 2007). Furthermore, organisms aredistributed, from Venezuela to the South of Bragiba
exposed to a complex mixture of contaminants ais toxmember of the most common in haul of beaches and
metals, organoclorides compounds, polycyclicestuaries in the southeast-south coast of Brazil
aromatic hydrocarbons (PAHs) and sewage, and due (BIGUEIREDO; MENEZES, 1978).

the dynamics of hydrographical and geomorphological The current work presents histopathological
conditions  the bioavailability can increase. Inalterations on liver and nuclear abnormalities lwod
addition, other aspects as stage of life cycleof A. brasiliensis from two beaches in the Brazilian
development of tolerance and abiotic factors asoast, with different human activities. The aimtlif
temperature, water hardness, pH and salinity mest lwork is also to improve knowledge about
considered (BOENING, 2000). Fish has beeristopathological and genotoxic biomarkers far
considered good indicators for environmental stidiebrasiliensis representing the first study with this
due to the facility to accumulate pollutants ing&tr species as bioindicator in Brazilian coast.

tissues, and transferring them to higher trophi

levels (FISK et al. 2001; BOON et al. 2002;

OLIVEIRA RIBEIRO et al, 2005) MATER|AL AND METHODS
Although qualitative analysis are more
frequently used in pathological studies caused by Sampling Stations

chemical compounds, the integration of the qualitat
and quantitative analysesupply better evidences .
about the pollutant reactions in the organisms. . _The Puruba beach was used as reference ,S'te
(JAGOE, 1996). The chemical exposure cause nce it is a well preserved site located at 2323

damages in different levels of biological organizat 4°56'W at UbaturPirim Bay. The environmental
and may be measured by histological, genetic a otected area from “State Park of Serra do Maith w

physiological findings. Chemical stress induce km of extension (Fig. 1). The second beach, dalle

. ; : ; . Lamberto, is smaller with 50 m of extension, lodate
alterations in metabolic functions in both cellutard ' '
organ IleveLle, (AYAS etlalu20C|)7) I . at Flamengo Bay (23°30'S; 45°07'W) and under the

Histopathological endpoints is an importantinﬂ”en(_:e of urban and harbor activities _vvith
method to evaluate the toxic effects caused bgPProximately a thousand of small motor and aréban
contaminants and can also provide more knowled éshery boats._ Ad(_jmonally,_ the m“”'C'Pa' pier 1s
about the mechanisms of action and target organ ,cated also in this area increasing the discharges
necessary for further characterizing the risk ofido sources (Fig. 1).
compounds (WESTER et al., 2002). Cellular
biomarkers act as early warning signal of stress
suffered by organisms exposed to contaminatiah an
may provide information on the level of the
developing stress syndrome from starting biological A total of 20 adult specimens étherinella
effects to the impact on the cell physiology. Anbrasiliensis were collected in two beaches in February
assessment of fish health status monitoring liveof 2006, using a beach seine (9 x 1.5 m, with 10 mm
lesions in free-roaming populations has recentlgnbe mesh central and 20 mm mesh lateral). In the
recommended as a consequence of several studleboratory morphometric data of each fish was taken
performed in European and North America sea wateffer instance total length, total weight and sexveki
(LYONS et al, 2004). and blood samples were taken and prepared for

Fish tissues are potentially able tohistopathological and nuclear alterations analysis,
bioaccumulate inorganic and organic compoundeespectively.

(OLIVEIRA RIBEIRO et al., 2005). In addition, the The liver was sampled after fish have been
chemical exposition can induce several lesions arahesthetized with benzocaine (2% in water) anedkill
injuries in different organs of fish through labtmy by spinal section, and preserved in Alfac fixative
assays (RABITTO et al., 2005; MELA et,&006) or solution (85% alcohol at 80%, 10% formalin at 40%
in field studies (OLIVEIRA RIBEIRO et al.,, 2005; and 5% acetic acid) for 16 h, dehydrated in a gtade
MIRANDA et al., 2008). The histopathological lesionsseries of ethanol baths, and embedded in Paraplast-
and the nuclear abnormalities are used as bionsarkePlus resin (Sigma) for histopathological examinatio
due to its fast and easy interpretation (HEDDLRIgt Five-micrometer-thick sections were obtained and
1991; BOMBAIL et al., 2001). stained in Haematoxylin/Eosin for light microscopy

Atherinella brasiliensis is a small pelagic analysis (OLIVEIRA RIBEIRO et al.,, 2005) and
fish species reaching a total length of 169 mmdik$ studied trough lesion index methods according to
varies from copepods, shirimps, amphipods td@ernet et al. (1999).
tanaidaceans and smaller fish. This species islyide

Fish and Procedures
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Fig. 1. Map of studied area with the sampling sitesamberto and Puruba beaches, Ubatuba southe&stzilian coast.

Slides containing blood smears oA ResuLTs
brasiliensis were examined to investigate the presence
of micronuclei and other nuclear abnormalitieshe t A brasiliensis from reference beach are

circulating erythrocytes. Blood samples were obt:hinebigger in size and weight when compared with the
by caudal vein puncture using a syringe. Blood wagyqy area (respectively 123.10 + 11.5 mm and 12.14
smeared immediately onto two clear glass slides, ai 3 g g, and 79.80 + 6.4 mm and 3.31 £ 0.8 g), with
dried, and then fixed in absolute methanol for 10.m ,tive "gonadal maturation, including spawning and
Each slide was stained with 10% Giemsa solution f ost-spawning individuals, but only immature
30 min and 2000 erythrocytes were scored under 100Qyiyiduals were collected in the studied area.
x magnification to determine the frequency o In general, no morphological lesions as fungi
micronuclei and other nuclear abnormalities Werntestations, inflammations, parasites or tumorsewe
counted for each specimen. The nuclear lesiongyqerved. The general hepatic morphology revealed
observed were classified into categories followingp gt the hepatocytes are typically organized inach
Carrasco et al. (1990). groups of polyhedral cells as observed in othewotsts
species (Fig. 2A)The specimens from both studied
Statistical Analvsis sites presented small differences concern to #ierle
Y observed in this tissue (Table 1). The majoritythaf
For histopathalogical analysis KoImogorov-indiViduals from b_oth the reference and_studiedssit
Smimov test. Kruskal-Wallis (K-W) and the Chi- presented necrotic areas (Fig. 2B), inflammatory
: . ) .response (Fig. 2C) and cytoplasme vacuolization not
square test were applied to lesions occurrencegusing oiod with glycogen deposits (Fig. 2D) but the

the lesion |ndc3x. ThzeoérgqUEnmes t?]f r(]jL_Jf(f:Iear IGEiS'OHmacrophage aggregates normally found in liver & th
Wwere expressed per cells and the ditierenees Wspecies were absent. Eventually, inflammatory

ap«’:t\]yt;edl by S.tfl.Jde"lt.i"SI\'/Tre rf%ugg were CorLQ"derecjresponses as leucocytes infiltration associated to
statistical significant iip-vaiue < 9.05. necrotic lesions were found, but in low frequencies
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(Table 1). Enlarged hepatocytes containing pyknotic Nuclear abnormalities in the erythrocytes of
nucleus were observed in livers from the pollutedd. braslienss were analyzed, quantified and
beach (Fig. 2E). A vermiforme parasite was alselassified. Significant differences p<0.05) were
observed in some fish (Fig. 2F). Despite of theobserved between individuals from studied and
occurrence of some lesions in the liver of indidtiu reference beaches, concerning notched and blebed
from both sites, the occurrence of necrosis wakdrig nucleus (Table 2). However, the total nuclear
in individuals from the impacted site. abnormalities did not differ significantly and

The values of the lesion index estimatedmicronucleus was not observed. These data suggest
were significantly higher in the individuals from no occurrence of genotoxic pollutants in the stddie
polluted in relation to the non-polluted arge@.05) areas.

(Fig. 3).

Table 1. Prevalence (%) of the alterations for rliaserved in
Atherinella brasiliensis from Lambertcand Puruba beaches.

- Studied site Reference site
Lesions (Lamberto beach)  (Puruba beach)
Necrotic areas 100 60
Fat vacuolization 90 90
Leucocytic infiltration 20 10
Pyknotic nucleus * 30 0.0
Tissue differentiation * 10 0.0
Vermiforme parasites 0.0 10
* p<0.001.

Fig. 2. Liver cross section ditherinella brasiliensis stainned with hematoxylin and eosin. (A) Normakue; (B) Large
necrotic area; (C) Inflammatory response; (D) Véatgal area of the liver; (E) Pyknotic nucleus; TiRansversal view of one
vermiforme parasite.
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presence of PAHs or effects of contaminants in the

" water that can interfere with vesicles traffic aasl

5 T consequence accumulation of secretion product
(OLIVEIRA RIBEIRO et al., 2005). On the other
10- hand, the association with the metabolic mechawitm

the fish cannot be discarded.
The pyknotic nuclei are related with the
.. o degree of cell metabolic activity (ALBERTS et al.,

0 : e ‘ ) 2002). The presence of pyknotic nucleus in fishimfro
Puruba beach Lamberia heaeh impacted beach can be related with cell death. This
elstands (studiec) standard suggests a mechanism of energy reserve in

Fig. 3. Lesions Index in the liver dftherinella brasiliensis  specimens submitted to some stress in the
from reference (Puruba) and studied (Lamberto) hemc environment. In addition, the metabolic activityndae
Lamberto beach results were significativg<0.05. also linked to the intrinsic biological processdsAo
brasiliense from the impacted beach, since all the
_individuals collected were juveniles and therefore
"ost of the energy expense is direct to growth and
developmental processes during this phase of fae li
cycle (FUIMAN; WERNER, 2002). On the other
hand, a according to Roberts (1981) and Heath (1995
fish fed properly, their hepatocytes are usually d@
glycogen and neutral fat, however, during periofls o

Table 2. Prevalence (%) of nuclear abnormalities
erythrocytes ofAtherinella brasiliensis from Lamberto and
Puruba beaches.

Nuclear Studied site Reference site
abnormalities  (Lamberto beach) (Puruba beach)

Notched * 0.15 0.6 stress response, there may be three differentisitsa
a) the alarm phase, occurs the mobilization ofrlive
Lobed * 0.16 0.4 glycogen, b) the phase of resistance and adaptation
glycogen can be found at low levels or not, anthe)
Blebed 0.0 0.03 stage of exhaustion, can occur depletion of liver
glycogen.
Binuclei cell 0.0 0.006 Leucocytes infiltration is a sign of
] inflammatory process, that can be associated the
Vacuolizated 0.0 0.01 several factors, thus not being able to be idetifin
. . only cause (BERNET et al.,, 1999). In general,
Micronuclei 00 0.0 leucocytes infiltrations are associated with theratc
Others * 0.04 015 areas, justifying an increase of leucocytes imiltm

for the fish from impacted beach in relation to fisé
* p<0.005. from non-polluted beach. The majority of pollutants
are able to cause cell death and depending on the
gravity of the lesion can develop to large necrasés,
Discussion and consequently increasing inflammatory response i
the tissue, as reported by others (OLIVEIRA
The usefulness of histopathological andRIBEIRO etal., 2005; MIRANDA et al., 2008).

erythrocytes nuclear abnormalities as biomarkers ca The individual analysis of Bernet et.al
give an overview of possible effects caused by1999) index for each lesionei( necrosis; fat
pollutants, but it cannot be linked with cause-giffe ~ Vvacuolization;  leucocytes infiltration;  tissue

The melanomacrophage centers, are diferentiation as the presence of areas was olerve
indicative of removal of foreign particles or pratis ~coloration changes or tissue arrangement disturt; a
of the cellular degradation by phagocytosis (Raktto Piknotic nu_cleus) shows that the fish specimenmfro
al., 2005) and these centers can also be considered Polluted site presented more damages than non-
specific indicator of exposure to environmentalPolluted beach. The most representative lesions in
contaminants (AU, 2004). The absence ofhese fish were the irreversible injuries that caose
melanomacrophages centers may be associated withtotal or partial loss of organ function. However,
the exposure to pollutants associated witifytoplasme vacuolization, a reversible and moderate
immunodepresive mechanisms as organochloringdteration, was the most representative in theffism
(MIRANDA et al., 2008). On the other hand. reference beach, and it can be a product of metabol
brasilienses presented occurrence of fat vacuolizatiorProcesses of individual fish. This alteration cam b
in both, polluted and non-polluted environment. Theconsidered a reservation in these individuals, ibut
presence of vacuolization can be related with thgéannot be discarded the possibility of PAHs expesur
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As the fish from polluted beach showed also highesAYLLON, F.; GARCIA-VAZQUEZ, E. Induction of
values for liver lesion index 4}) than fish from non- micronuclei and other nuclear abnormalities in fpean
polluted beach, showing that values from the imgéct ~ Minnow Phoxinus phoxinus and moliie Poecilia

: . latipinna: an assessment of the fish micronucleus test.
beach reflects the group of alteration observethén Mutation Res, v. 467, p. 177-186, 2000.

tissue. i " BERNET, D.; SCHMIDT, H.; MEIER, W.; BURKHARDT-
Nuclear morphologic abnormalities are  popwm, p.; WAHLI, T. Histopathology in fish: proposa
successful in biomonitoring studies therefore ttede for a protocol to assess aquatic pollutidnFish. Dis, v.

genotoxic products and damage in fish (HAYASHI et 22, p. 25-34, 1999.

al., 1998; AYLLON; GARCIA-VAZQUEZ, 2000; BOENING, D. W. Ecological effects, transport, aradef of
GRISOLIA; STARLING, 2001;PORTO et al., 2005). mercury: a general revienChemosphere v. 40, p.
Ateeq et al. (2002) considers that abnormaj 1335-1351,2000. _

morphological forms of erythrocytes are effectiveBo'\'/'A\BA'.L’ V. AW, D. GORDON, E.. BATTY, J.
I - 2 pplication of the comet and micronucleus assay to
lndlcators_ . of CytOtO)_('C'ty' _Addltlonally, nuclear butterfish Pholis gunnellus) erythrocytes from the Firth
abnormalities analyze is considerate the more cammo ot Forth, ScotlandChemosphere v. 44, p. 383-392,
cytogenetic techniques due its large sensitivityht® 2001.

cytotoxic effects cell the pollutant exposition.BOON, J.P.; LEWIS,W.E.; CHOY, M.R.; ALLCHIN, C.R.;
(CAVAS et al., 2005). Our results indicated that the LAW R.J.; de BOER, J. Levels of polybrominated
total nuclear abnormalities did not differ signéfitly diphenyl ether (PBDE) flame retardants in animals
between the areas. In spite of these data suggest n representing different trophic levels of the NoSkea

occurrence of genotoxic pollutants in the studiezhs, ;oooc;:izweb.Envwon. Sci. Technol,v. 36, p. 4025-4032,

the composition and quantification of theCARRASCO’ K. R.: TILBURY, K. L. MYERS, M. S.
contaminants in the beaches can vary markedly and assessment of the Piscine Micronucleus Test asnan i

additional studies must be performed. It must bgt ke  sjtu Biological Indicator of Chemical Contaminant

in mind that the histopathological and nuclear yeed Effects.Can. J. Fish. aquat. Scj.v. 47, p. 2123-2136,
are generalized and not specific, and that tharfgsl 1990.

here could be a result of multiple impacts in theaa GAVAS, T.; GARANKO, N. N.; ARKHIPCHUK, V. V.
including sewer. Induction of micronuclei and binuclei in blood, Igiind

liver cells of fishes subchronically exposed toroadn
chloride and copper sulphateood Chem. Toxicol, v.
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