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ABSTRACT

Nuclear abnormalities in erythrocytes (NAE) werleeta as biomarkers in the catfisbathorops
spixii (Ariidae) sampled in an estuary little affected byman activity (Cananéia) and in three
regions (Santos Channel: SC, Santos Bay: SB andv&&mte Channel: SVC) of the Santos-Sao
Vicente estuary impacted by various anthropogentivities. Increases in NAE were observed in
fish from SC and SVC sampled in the summer persod¢dempared with specimens from the
Cananéia estuary. These results suggest the peeséngenotoxic compounds in these regions.
However, the absence of significant differencesninronuclei frequency reflects slight mutagenic
effects in these individuals. It is possible tha tower NAE frequency in specimens from SB might
be associated with the greater remobilization aigtioh of chemicals in this region. The low
frequency of NAE inC. spixii from the Cananéia estuary is in accordance with shght
anthropogenic influence in this system, and maysbggestive of thabsence of genotoxic and
mutagenic effects in these organisms.

Resuwmo

Alteracdes nucleares eritrocitarias (ANE) foram sideradas como biomarcadores nos bagres
Cathorops spixii (Ariidae) amostrados em um estuario com baixaéntia humana (Cananéia) e em
trés regides (Canal de Santos: CS, Baia de Sdoe:Canal de Sao Vicente: CSV) no estuario de
Santos-S&o Vicente, impactado por diversas atieglahtropogénicas. Aumentos nas ANE foram
observados nos peixes amostrados no CS e CSV dwan¢riodo de verdo, quando comparados
com os espécimes do estuario de Cananéia. Estdtades sugerem a presenca de compostos
genotdxicos nessas regifes. Entretanto, auséncidifeencas significativas na frequéncia de
micronucleos refletem baixos efeitos mutagénicosse® individuos. As menores frequéncias de
ANE nos espécimes amostrados na BS podem estaiiaaiis@ maior remobilizacéo e diluicdo dos
compostos quimicos na regido. A baixa frequéncidANE em C. spixii do estuario de Cananéia
corrobora a menor influéncia antropogénica nessersa, e pode estar sugerindo auséncia de efeitos
genotoxicos e mutagénicos nos organismos.

Descriptors: Nuclear abnormalities, Genotoxicy,Bamitoring, Estuaries, CatfisGathorops spixii.
Descritores: AlteragBes nucleares, GenotoxicidBaemonitoramento, Estuéarios, Bagr&sthorops
Spixii.

INTRODUCTION high specificity to pollutants such as toxic metafsl
PAHSs, in biomonitoring studies (MINISSI et al., B39
The interference of toxic compounds BOMBAIL etal., 2001; OBE etal, 2002; CESTARI
DNA integrity and the formation of nuclear et al., 2004; FERRARO et al., 2004; HOSHINA et al.,
abnormalities are highly useful in investigationto ~ 2008; RAMSDOREF et al., 2008; MARQUES et al.,
the effects of pollutants on aquatic organisms2009). Particularly nuclear abnormalities, sucltres
According to many authors, biomarkers such afrésence of micronuclei in erythrocytes, represent
chromosomal aberration, micronuclei formation and!'9hly significantgenotoxic effect (BOMBAIL et al.,
other nuclear abnormalities in erythrocytes pregent 2001; GUILHERME et al., 2008; MARQUES et al,,
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2009). Micronucleus and other nuclear abnormalitynputs while drift currents are found externallyher
data betray the presence of clastogenic and anieugetidal movements and the freshwater discharges elefin
compounds in the aquatic environment and cathe general hydrological circulation and the water
indicate a potential risk to the biota (GUILHERME etmixture in this estuarine-lagoon complex
al., 2008; HOSHINA et al., 2008). The aim of this present study was to evaluate
Nuclear abnormalities in erythrocytes havethe occurrence of nuclear abnormalities in erytyes
been used in biomonitoring programs to detecdf the benthic fishC. spixii from sites variously
genotoxic effects and DNA damagefish (MINISSI  affected by anthropogenic activities on the
et al. 1996; HAYASHI et al. 1998; AYLLON; southeastern Brazilian coast. The tropical catfish
GARCIA-VAZQUEZ, 2000; GRISOLIA; spixii was chosen for this purpose due its capacity to
STARLING, 2001; CGAVAS; ERGENE- bioaccumulate toxic metals and because of its lenth
GOZUKARA 2005). Abnormal morphological forms behavior that ensures its proximity to the most
of erythrocytes are effective indicators of cytatity.  polluted reservoir in the estuarine system. In the
Additionally, the analysis of nuclear abnormalitiss present study, mercury was the trace metal
described as an efficient cytogenetic techniquetdue investigated.
its ample sensitivity to cytotoxic effects on cet$
individuals exposed to pollutants (CAVAS;

Cathorops spixii  (Ariidae) has wide
geographical distribution along the Atlantic coast Sampling
South America, from Belize to the Brazilian
Southeast. It is, further, the most common catfish Individuals of C. spixii were collected both

the Brazilian coast (TIJARO et al., 1998). These fishy the Cananéia estuarine-lagoon complex (n = 140)
have a benthic habitat and feed mainly on theipelit ynd in the Santos-S3o Vicente estuarine system (n =
fraction in which the bioavailability of contamintaris  81)from the R/V Albacora using a bottom Otter Trawl
highest. There are very few studies on thg1 6" mesh wall and 1.2” mesh cod end)dl m
accumulation in and effects of organic pollutants 0|ength, set at 8.8 m depth, in Winter 2005 and Samm
Cathorops spixii. Some authors have demonstrated thegog. Three sites with distinct pollutant inputihin
capacity of the species in question toserve astie Santos/SZo Vicente estuarine system (San)

bioindicator species of metal pollution, moreang with the following characteristics were conside
specifically of Hg, Co, Fe, Se and Zn, in Santos Bay this study (Fig. 1):

AZEVEDO etal., 2009b). . the system impacted by intense industrial acti@ise
The Santos-Séo Vicente estuary is located ip. Santos Bay (SB) less impacted by industrial
the southeaster coastal region of Sao Paulo Stajgtivity but subject to intense circulation proesss
(24°00°S;  46°2W), Brazil. This region is pomoting the distribution of chemical compounds.
characterized by a heavy rainy season. Industrigite 3. Sio Vicente Channel (SVE) region
activity is highly developed and the tourist trasle characterized byboth mangrove forestand urban
another important economic activity. Santos has th@ccupation. By virtue of the contrast it offers, jgab
largest commercial harbor iBouth America and is as it is to little anthropogenic influence, the Qagia
one of the most important petrochemical andstuary (Can)was considered a reference site.
metallurgical industrial areas in Brazil, includitige The fish collected were maintainadboxes,
Cubatéo industrial complex, home to around 110y water from the sampling site, constantly aerated
factories. ~ Thespread of urbanization anthng transported alive to the laboratory and there

industrialization around the estuary has takefjentified in accordance withigueiredo and Menezes
place mainly during the last 50 years, and has begfg7sg).

responsible for the degradation of the mangrove

vegetation, the emission of industrial effluentsl &me Somatic Indexes
discharge of domestic sewage and solid wasteghrto
aquatic system. All these anthropogenic sources of In the laboratory, the individuals were

pollution contribute directly or indirectly to thaput  weighed,their total length measured and their livers
of contaminants to the estuary. On the other hdved, dissected and weighed. The condition factor (CF) was
Cananéia estuarine-lagoon complex, located on S&alculated as CF = [body weight (g)/length (mim)
Paulo State's southerncoast (25°S; 48°W) is 100 and the hepatic somatic index (HSI) was
considered a preserved region with very low humagalculated using the formula HSI = [liver weight
activity. The inner section of the estuarine-lagoor{g)/body weight] x 100.

complex is subject to tidal cycles and to freshwate
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Fig. 1. Localization of sampling sites showing $sr%ao Vicente estuarine system and Cananéia iestuar
Complex, S&o Paulo, Brazil.

Slide Procedure data and physical and chemical characteristics were
pxpressed as mean + standard deviation, minimum and

nuclear abnormality analysis. Slides containingotllo ma>|<|mtm;. plﬁerences betvxltegnt thte vank?blesl{wetre
smears ofC. spixii were examined to investigate the €V&'Uat€d using non-parametric tests such as Rrusia

presence of micronucleus and other nucleaWa”is' to compare different_ areas and di_fferent
abnormalities in the circulating erythrocytes. Blood>€asonal periods. Mann Whitney was applied for
samples were obtained by caudal vein puncture usinqcomparlson of dlfferen_t annual periods in th_e same
syringe without anticoagulant, a drop was immedjate ocation. The frequencies of each nuclear lesiorewe
smeared on two clear glass slides, air dried, hed t expresseq per 2000 ce.lls. obsgrvgq pralue < 0.05
fixed in absolute methanol for 10 minutes. EacHesli &S considered for statistical significance.

was stained with 10% Giemsa solution for 30 minutes

The blood was sampled and prepared fo

and 2000 erythrocytes were scored under light ResuLTs

microscope with 1000 x magnification to determine

the frequency of micronucleus and other nuclear Somatic Indexes

abnormalities. The observed nuclear alterationsewer )

classified into categories following Carrasco et al. Table 1 givesthe mean values of total

(1990) and other alterations not classified by Gawa |€ngth, weight, hepatic somatic index (HSI) and
et al. (op cit.) were classified as “others” (OWjth ~ condition factor (CF) of. spixii captured during the
the following description: “heart” or “clover-leaf” Summer and winter in Cananéia andhree regions of

shaped. the Santos-Séao Vicente estuary. Fish from SC and SB
sites showed higher values of total length and kteig
Statistical Analysis (p<0.05). Withthe exception of individuals sampled in
SC in the summer, no statistically
Data of nuclear abnormalities showed a nonsignificant differences in CF were observed. Neither
normal distribution. These results are,was any significant differences observed in HSueal

therefore, presented as median values. Morphometrer fish collected at any of the sites.
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Nuclear Abnormalities in Erythrocytes the Santos-Sé&o Vicente estuary in shenmer (Table
2). In brief, alterations such as the Lobed and Notched

The nuclear abnormality — analysis of presented a higher frequency in both estuariesewhil
erythrocytes (NAE) o. spixii showed a significantly vacuolizated nucleus was found as the most frequent
higher frequency of alterations including Notchednuclear disturbance at the SVC site.
Lobed, and Vacuolizated nuclei (Fig. 2), while fish
from Cananéia estuary showed a lower frequency of DisCUSSION
NAE than those from the study areas in the Sanéms-S
Vicente estuary. In general, significant seasonal The high population density typical of
differences (p<0.05) were observed for vacuolizate : o
and notched nucldiTable 2) for all the study sites in Eanstal environments and the use of fertilizers and

the Santos-S&o Vicent t Wh d ssil fuels have increased the concentration of
thé Santos-s>do Vicente es ua}r_y. en compared Wilf} jents in water, while the organic (PAHs, OCs and
individuals from the Cananéia estuary, significan

differences were found only in specimens frone CBs) and inorganic (metatsich as Hg, Cd, Pb, Zn)

L . i ollutants have increased their concentrationsatewy
S.VC. site in both per!ods and for fish from the SCg)ediment and aquatic organisms (LACERDA, 1998;
site in the summer period (Table 2).

A low frequency of micronucleus was BIANCHI, 2007). Metallic contaminants such as Hg,
observed in the specimens from SB, SC and SV AHs, PCBs and nutrient enrichment were found to be

oo X - . . ore significant in the inner area of the Santos-Sa
sites in the winter period. This abnormality was g

further, not found in individuals from the Cananéiaglllcggé%)eswary (HORTELLANI, et al.; BICEGO et

estuary in either period nor at the sites studied i

A B

Fig. 2 Cathorops spixii erythrocytes.(A) Normal; (B) Notched. Note a deggch in a nucleus; (C)
Lobed. Note the nuclear surface with lobes. (D)udizated and micronucleous. Bar = 50 um.
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Higher total mercury (THg) concentrations which genotoxic studies have been integrated imo t
were found in sediments, by Azevedo et al. (20ihl), focus of the investigation (CARRASCO et al., 1990;
inner areas of the Santos-S&o Vicente estuary aWd-SABTI; METCALFE, 1995; PACHECO
lower levels of this metal towards the Santos BaySANTOS, 1996; GRISOLIA; STARLING, 2001;
This profile suggests more intense depositioPORTO et al., 2005; UDROIU, 2006). Many authors
processes in SC and SVC sites but low deposition afdive described the intensive and continuous iniduistr
high remobilization of chemicals at t88 site. In and domestic effluent discharge into the Santos-S&o
relation to nutrients and dissolved oxygen (Tablet3 Vicente estuary, identifying high concentrations of
was possible to confirm the differences between theAH, PCB, trace metals and nutrient enrichment such
regions within the estuaries and between the seasoms nitrogen and inorganic phosphate (HORTELLANI
Therefore, in general, water chemistry and mercurgt al., 2005; BICEGO et al., 2006; AZEVEDO,
data confirmed intense human influence in the $anto2009b). Pollutants such as PAHs and mercury can
Sao Vicente estuary. THéHg data together with those increase the number of micronucleous and other
for nutrients, pH and OD (Table 3) reinforce thewi nuclear abnormalities in fish (PORTO et al., 2005).
that this system needs constant biomonitoringhin t Additionally, other authors (TORRES DE LEMOS et
Cananéia estuary, the THg concentrations were beloaV., 2007) also consider the micronucle@msl other
the TEL limit of 130 ng § (ENVIRONMENT nuclear abnormalitiedetected in exposed fish as due
CANADA, 1990), indicating low anthropogenic to mutagenic agents and industrial sewage.
impact in the region. These environmental data In the present study a higher frequency of
support the biological explanation of the nuclear abnormalities in erythrocytes @f spixii was
abnormalities found in fish. found in specimens from the SC and SVC sites,

Fish from polluted environments usually thus corroborating the results of the other studies
show an increase in the HSI (ADAMS; RYON, 1994;described above. In comparison with the dataCon
KARELS et al., 1998) and decreases in the CF, whilgpixii from the reference site, the results from the
higher CF values may reflect better adaptation & thstudy sites in the Santos-S&o Vicente estuary anelic
environment (ADAMS; RYON 1994; KARELS et al., the presence of genotoxic compounds due to the
1998). In this studyno significant differences were intense industrial activities performed in the pnoiky
found in these indexes i@. spixii from Cananéia and of the SC and SVC sites. The literature takes into
the sites within Santos-S&o Vicente. These profites consideration the greater capacity of chemical
be explained, in part, by the sampling of fish withcompound retention in sediments (LACERDA, 1998).
similar biological characteristics (e.g., lengttgea The smaller values of nuclear abnormalities observe
maturation, and others). in fish from the BS site can be associated with the

The nuclear abnormalities considered in thidlepurative capacity present in this region due to
present study have been studied extensively intaquathe greater dilution capacity of the pollutantattisg
organisms such as fish in biomonitoring programs iffrom the process of circulation.

Table 3. Hydrochemical data and total mercury (Tetg)centration in sediment from Cananéia estuaayn)C
and within different areas in the Santos-Séo Vieastuary (SC: Santos channel; SB: Santos Bay; S4G:
Vicente channel). Data are expressed as mean, maxand minimum in parenthesis (adapted from Azevedo
et al. 2009b; Azevedo et al. 2011).

Region pH DO P-PO,° N-NOz N-NO; N-NH4" THg
Winter

Can 7.84 4.76 1.30 0.19 0.93 2.73 *< 16
(7.54-8.10) (4.42-4.98) (0.77-1.94) (0.14-0.29) (0.56-1.83) (2.25-3.67)

SC 7.92 3.61 4.48 0.93 4.22 10.47 262
(7.80-8.08) (3.12-4.39) (1.87-7.01) (0.11-1.97) (0.58-8.85) (6.16-14.54) (79-413)

SB 8.22 4.15 1.25 0.09 0.20 3.30 65
(8.16-8.25) (3.88-4.71) (0.55-3.10) (0.03-0.14) (0.03-0.58) (1.62-2.92) (53-91)

SVC 7.55 3.18 6.26 0.35 1.36 23.20 192
(7.48-7.65) (3.01-3.36) (5.13-7.87) (0.31-0.41) (0.96-1.48) (20.55-24.86) (43-533)
Summer

Can 7.83 3.82 1.77 0.17 0.11 1.38 38
(7.50-8.09) (3.35-4.01) (1.10-2.70) (0.07-0.35)  (0.09-0.17) (0.79-2.12) (30-49)

SC 8.01 2.73 5.37 21.81 4.44 14.42 247
(7.78-8.41) (1.67-4.75) (1.15-8.30) (1.13-31.69) (0.25-8.13) (2.10-24.52) (185-372)

SB 8.31 3.95 1.12 5.47 1.38 4.93 55
(8.22-8.39) (3.29-4.45) (0.83-1.74) (3.80-6.45) (0.63-2.63) (0.32-14.06) (27-83)

SVC 7.39 1.31 5.09 7.52 3.19 38.67 249
(7.21-7.63) (1.09-1.62) (4.18-5.89) (5.30-9.95) (2.16-4.25) (39.08-44.00) (88-532)

* detection limit = 16 ng §; DO: dissolved oxygen (mg), P-PQ:inorganic dissolved phosphorus,
N-NOs": nitrate, N-NQ: nitrite, and N-NH": ammonium. Nutrients in uM. THg: total mercury (g;i@.
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Table 1. Total length (TL), total weight (TW), hejsa vestiges of petroleum. The higher values of these
somatic index (HSI) and condition factor (CF)@ithorops  ajterations in specimens from the SVC and SC sites
spixii_collected from each sampling site. represents the 5re  therefore, reinforced by the chemical sediment
number of individuals analyzed. retention in these regions, related to its pelitic

characteristics associated with the intense in@listr
n  TL (mm) TW (9) HSI CF

Winter activities undertaken in the more internal areahef

Can 51 19248 83178 1762023 096:008 Santos-S&o Vicente estuary (AZEVEDO et al., 2011).
e 17 239x3%°  138:97 207028 0.91x0.12 The frequency of nuclear lesions may be altered by
SB 18 149428 37427  203:05% 1042018  geyerg| factors such as erythropoiesis, requinee ti

Sve 18 19529 75:23 1.660.18 _0.99:0.06 for maturation and lifespan of erythrocytes (UDRQIU

Summer
Can 34 157428 43:19 150:03% 0.92:008 2006).
sc 21 22634  109:54 2.02:0.38  0.83:0.08 Azevedo et al. (2009b) have evaluated some

SB 10 284+2§ 21378 1.83+0.50  0.91:0.09 i ianei in
SVC 10 192198 5710% 1605098 0.91:0.08 such _ blo_markers as metallothlonel_n (MT)_, lipid
peroxidation and §-ALAD  (§-aminolevulinate

Values are mean + sd. Distinct letters indicataiigant differences dehydratase) activities in th@ spixii from Cananéia
in the sites (p<0.05). and SB, SC and SVC ithe Santos-Sado Vicente
estuary in order to compare the biological respsiose
this species from the two estuaries with distinct
Table 2. Mean Frequency of erythrocytes)(%ith different aﬂthropogenlc influence. The au}hors consider tthat
nuclear abnormalities itC. spixi from Cananéia and from Piomarkers evaluated present differences between th
different areas in Santos-S&o Vicente estuary. ddicclei areas exposed to anthropogenic influence in the
(MN), notched nuclei (N), lobed nuclei (L), blebadiclei Santos-S&o Vicente estuarine system as compared wit
(BN), vacuolizated nuclei (VN) or other kind of the Cananéia estuary, suggesting that disturbamces i
abnormalities (OT)n represents the number of individuals the specific cell mechanisms can occur becauskeof t

analyzed. multiple xenobiotics in the Santos-S&o Vicente

n_ MN N L B v oT estuary. Therefore, in this study, the nuclear
Winter abnormality data were in accordance with those on

Can 60 00 09° 1. 00° 01° 03 other  biomarkers observed €. spixii, thus

s 12 010 12 24 00 07" 12% suggesting the proposal that more attention be

sC 17 006 1.8 24 02° 06° 0.3 . -

SVC 16 014 3P 44 04 55 11% given to the control of the disposal of compounds
Summer that can potentially induce damage to biota ankisris

Can 80 00 1P 26 02° 03 07° to humans in the area of the Santos-Sdo Vicente

SB 12 0C¢ 3.0 34 02° 1.2¢ 1.2%

sC 16 00 5¢ 5P 1.0 1.9 03° estuary. - .
SVC 08 0C 65 79 03¢ 18 17 However, although no specific genotoxic

effect can be related to mercury contamination,
the greater presence of this metal, especiallyhi t
inner area of the Santos-Sao Vicente estuary, is a
strong indication, in the resident species, of rthei
The mechanisms of MN formation, which exposure to other toxic metals in the system. In
can be related to entire chromosomes or the fraggmenstudying its effects in wild and caged specimenthef
resulting from broken chromosomes and theipelagic fishLiza aurata, mercury contamination was
significance are well described in the literat®e.the  detected both in wildand caged fish, thus
other hand, the use of other nuclear abnormalities corroborating the low micronucleus frequency result
erythrocytes for the evaluation of genotoxic effeiet  obtained in this study. Since several studies have
aquatic organismsis still debatable. In recentrsjea indicated that nuclear abnormalities can be induoed
the simultaneous analyses of nuclear abnormaditiels response to exposure to genotoxic agents
micronucleicfrequency in erythrocytes have received(Guu_HERME et al.,, 2008; HOSHINA et al., 2008;
considerable attention. However, the mechaniSmBIARQUES et al., 2009), we woulduggest that the
underlying the formation of nuclear abnormalitiesnuclear abnormalities observed in this study cded
have not yet been fully explained. Further, variousnduced by mercury.
studies have shown that nuclear abnormalities ean b Finally, this study provides additional data to
induced in response to exposure to genotoxic agerg@ integrated into the existimgformation on
(GUILHERME et al., 2008; HOSHINA et al., 2008; bijomarkers inC. spixii and offers new evidence as
MARQUES et al., 2009). to the impact of human activities, such as induatrgt
Cavas and Ergene-Gozikara (2005) considefomestic sewage disposal, on aquatic systems such a
the induction of Lobed and Blebed nuclearBrazilian coastal estuaries.
abnormalities as the result of fishesxposure to

Values are expressed as median. Distinct lettefizate significant
differences in the sites (p<0.05).
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