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ABSTRACT

Deep-sea hydrothermal vent environments are considered highly toxic with high temperatures, sulphide, methane, carbon
dioxide and heavy metals. Paradoxically, life at the vents exhibits high productivity and therefore provides a unique way
to study the effect of long-term adaptation to environmental stress. The aim of this study was to compare the responses of
some biomarkers of metal exposure between two hydrothermal species, the mussel Bathymodiolus azoricus and the chimaera
fish Hydrolagus pallidus from Lucky Strike vent field. Results show high metal levelsin B. azoricus compared to their coastal
counterparts, especially for Ag, Cd, Cu and Zn in the gills. However, metallothionein (MT) levels were surprisingly low taking
into account the metal accumulation. H. pallidus also exhibited significantly higher metal concentrations in the gills than
the muscle, however with MT levels 2-fold higher in the muscle. Superoxide dismutase (SOD) and catalase (CAT) activi-
tiesin the mussels were significantly higher in the gills, while glutathione peroxidases (GPx) were present mainly in the mantle,
suggesting the two tissues have different antioxidant responses to deal with stress factors. Lipid peroxidation (L PO) was more
evident in the gills, indicating that defence mechanisms in this tissue may not be completely effective against metal toxic-
ity. Although the major food source for H. pallidus consists in metal overloaded mussels, no evidences of metal bioamplification
were found. Chimaeras may possess other detoxification mechanisms that can be more important than MT.
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RESUMO

Fontes hidroter mais como possiveis labor atérios naturais de poluicdo: mecanismos de destoxificacdo
de metais em mexilhdes e peixesde Lucky Srike

As fontes hidrotermais sdo consi deradas ambientes extremamente toxicos, caracterizadas por €l evadas temperaturas e presenca
de grandes concentragdes de sulfuretos, metano, didxido de carbono e metais. Paradoxal mente, a vida nas fontes hidrotermais
apresenta grande produtividade e por isso €elas constituem um meio Unico para estudar os efeitos adaptativos alongo prazo
ao stress ambiental. O objetivo deste estudo foi comparar as respostas de alguns biomarcadores de exposi¢do metélica en-
tre duas espécies hidrotermais, 0 mexilhao Bathymodiolus azoricus e o peixe quimera Hydrolagus pallidus do campo hidrotermal
Lucky Strike. Os resultados mostraram que o mexilhdo B. azoricus apresenta valores elevados de metais quando comparados
com espécies costeiras aparentadas, especialmente paraAg, Cd, Cu e Zn nas branquias. No entanto, os niveis de metalotionina
(MT) foram surpreendentemente baixo tendo em conta a acumulagdo metalica observada. A quimera H. pallidus também
apresentou niveis de metais significativamente superiores nas branquias em comparagao ao musculo, no entanto, os valores
de MT foram duas vezes superiores no musculo. A atividade das enzimas superdxido dismutase (SOD) e catalase (CAT) nos
mexilhdes foi significativamente superior nas brénquias, enquanto as glutationas peroxidases (GPx) foram mais importantes
no manto, o0 que sugere que os dois tecidos apresentam diferentes estratégias antioxidantes para lidar com fatores de stress.
A peroxidagdo lipidica (L PO) foi mais evidente nas branquias, indicando que os mecanismos de defesa nesse tecido podem
nao ser completamente eficazes contra a toxicidade metalica. Apesar de a principal fonte de alimento de H. pallidus serem
mexilhdes com elevados niveis de metais, ndo se encontraram evidéncias de bioamplificacéo de metais. As quimeras poderéo
apresentar outros mecanismos de desintoxicac8o mais importantes que as MT.
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INTRODUCTION

Hydrothermal vents were discovered in 1977 and since
then researches was conducted to understand how organisms
could survive in avery extreme environment, near vent chimneys
that emanate hot, acidic and anoxic fluids, extremely enriched
with metals and hydrogen sulphide that would normally be
toxic in such amounts and combinations (Sarradin et al., 1998).
In this context, hydrothermal vents were lately thought that
could be used as a possible natural pollution laboratory (Prusky
& Dixon, 2002). Bathymodiolus azoricusis one of the most
abundant species in Mid-Atlantic Ridge vents (Desbruyéres
et al., 2000) and Hydrolagus pallidus is a deep-sea fish found
near hydrothermal environments that feeds mainly on vent
mussels (Marques & Porteiro, 2000).

Metals are known to produce deleterious effects in
marine organisms at high concentrations, including the
production of reactive oxygen species responsible for oxidative
cellular damage (Stohs & Bagchi, 1995). Organisms developed
several detoxification mechanisms to deal with metal
contamination including the synthesis of metallothioneins
(MT) and antioxidant enzymes. MT is alow-molecul ar-weight
protein with high sulfhydryl content and high affinity for
groups IB and 1B metal ions, thereby playing an essential
rolein cellular processes of metal handling and detoxification.
These proteins are induced by heavy metals but also by
different chemicals and stressors, in particular by oxidants
(Bauman et al., 1991). Antioxidant enzymes include the
superoxide dismutase (SOD), catalase (CAT) and glutathione
peroxidases (GPx) (Fridovich, 1978). Lipid peroxidation
(LPO) isan important feature in cellular injury, resulting from
free radical reactionsin biological membranes (Chesseman,
1982). Transition metals might stimulate LPO (Halliwell &
Gutteridge, 1984).

The aim of this study was to determine the concentrations
of Ag, Cu, Cd, Fe, Mnand Zn in B. azoricus and H. pallidus
from Lucky Strike and some detoxification mechanisms such
as metallothioneins (MT) in the gills and mantle of mussels
and the gills and muscle of chimaeras. Antioxidant enzymes
and lipid peroxidation (L PO) were only studied in mussels.

MATERIAL AND METHODS

Sample collection and preservation

Both mussels (Bathymodiolus azoricus, n = 10) and fishes
(Hydrolagus pallidus, n = 6) were collected in the Lucky Strike
hydrotherma vent area (37°17'N — 32°16' W; 1580-1711 m deep)
during the Ventox project in summer 2001. Mussels were
collected using aremote operated vehicle during the ATOS cruise
on board of the research vessel Atalante (IFREMER — French
Research Ingtitute for Explaitation of the Seq). Living organisms
were immediately dissected and the gills and mantle were deep
frozen in liquid nitrogen until analysis. Fishes were captured
using baited bottom long-line during VENTACO cruise on board
of the research vessdl Arquipeago (Department of Oceanography
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and Fisheries— University of Azores). The fishes were aready
dead on arrival, which unable to determine antioxidant enzyme
activities due to their fast degradation, and the gills and muscle
were dissected and frozen in liquid nitrogen until analysis.

Metal analysis

The concentration of Ag, Cd, Cu, Fe, Mn and Zn were
determined in both tissues of B. azoricus and H. pallidus by
ET-AAS (Electrothermal atomic absorption spectrometry) or
F-AAS (Flame atomic absorption spectrometry) or ICP-AES
(Inductively coupled plasma-atomic emission spectrometry).
Metal concentrations were expressed asug.g dry weight tissue.

Biochemical analysis

MT concentrations in both tissues of mussels and fishes
were determined in the heat-treated cytosol by differentia pulse
polarography in accordance with the method of Thompson &
Cosson (1984) and Bebianno & Langston (1989). MT levels
were expressed as mg g wet weight.

Antioxidant enzyme activities were only determined in
the gills and mantle of B. azoricus since the tissues of H. pallidus
were collected post mortem and consequently the activity of
these enzymes had ceased. Superoxide dismutase (SOD —EC
1.15.1.1), catdlase (CAT — EC 1.11.1.6) and glutathione peroxi-
dases (GPx) including total-GPx and sel enium dependent-GPx
(Se-Gpx — EC 1.11.1.9) were determined by spectrophotometric
assays a different wavelengths described by McCord & Fridovich
(1969), Greenwald (1985) and Lawrence & Burk (1976)
respectively. SOD activity was expressed as U mg™ of total
protein concentrations (one unit of SOD is the amount of the
enzyme that inhibits by 50% the reduction of cytochrome c by
the xanthine oxidase/hypoxanthine system at a wavelength of
550 nm), CAT as umoles min® mg™ of total protein
concentrations and GPx as nmoles min* mg™ of total protein
concentrations.

Lipid peroxidation was a so determined only in the gills
and mantle of B. azoricus by the method described in Erdelmeier
et al. (1998) designed to evaluate malondialdehyde (MDA)
and 4-hydroxyalkenals (4-HNE). Lipid peroxidation was
expressed as nmoles of MDA and 4-HNE g™ of total protein
concentrations.

Total protein concentrations were determined in the gills
and mantle of B. azoricus and gills and muscle of H. pallidus
by the Lowry method (Lowry et al., 1951) using BSA (bovin
serum albumin) as reference standard. Protein concentrations
are expressed as mg g wet weight tissue.

RESULTSAND DISCUSSION

The hydrothermal vent mussel B. azoricus shows a great
capacity to accumulate metals within their tissues (Table 1).
Thelevelsof all metas are consderably higher than those found
in coastal mussels like M. edulis or M. galloprovincialis, what
strongly reflects the long-term exposure to high metal
concentrations from hydrothermal vent fluids. The metd levels
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in B. azoricus are significantly higher in the gills compared
to the mantle, especialy for Ag, Cd, Cu and Zn concentrations
(p < 0.05). This can be associated to differencesin metal uptake
routes and specific physiologic functions. In bivalves the metal
uptake is mostly done viathe gills, as dissolved ions, and via
the digestive tract as particles phagocyted by the digestive gland.
Additionally, the mantle acts as reserve storage and secretion
of the shell (Fiala-Medioni et al., 2000).

The metal levels observed in H. pallidus (Table 1) were
significantly lower compared to those found in B. azoricus
(p < 0.05). Although these fishes depend on hydrothermal vent
faunafor food supply, and therefore are frequently found near
hydrothermal vents, they have been also captured in non-vent
areas (Marques & Porteiro, 2000). This should reduce
substantially the exposure time to metals from the vent fluids,
comparatively to vent mussels that depend on hydrothermal
emissions to maintain the intracellular symbiotic bacteria (both
sulphur and methanotrophic) in their gills, which autotrophicaly
synthesize organic matter directly in this tissue and therefore
these mussels are continually exposed to the high metal
concentration fluids (Southward et al., 2001).

As observed for B. azoricus, also in H. pallidus the
concentrations of most metals (Ag, Cd, Cu and Mn) were
significantly higher in the gills, except for Fe (no significant
differences between tissues were observed) and Zn (this metal
was significantly higher in the muscle) (p < 0.05). Thiswould
suggest that chimaera fishes accumul ate metals mainly during
respiration and these metals are accumulated in the muscle
in less extent. Moreover, no evidences of metal bioamplification
from mussels to fishes were found.

The MT concentrations in vent mussels (Table 1) were
2-fold higher in the gills (4.6 £ 1.0 mg g* w.w.) compared to
the mantle (2.1 £ 0.6 mg g* w.w.) (p < 0.05). However, higher
levels of these proteins would be expected, taking into account
the metal accumulation data. Furthermore, MT concentrations
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in the tissues of B. azoricus are close to those reported to their
coastal counterparts, exposed to lower metal levelsin their
environment. This suggests that MT in these molluscs might
not be the main detoxification mechanism (Rousse et al., 1998).

Contrarily, in H. pallidus MT levels were significantly
higher in the muscle (0.27 + 0.08 mg g* w.w.) where lower metal
concentrations were found, compared to the gills (0.15 + 0.02
mg g™ w.w.) (p < 0.05). These findings were surprising since
these proteins are generally associated with the metal
detoxification and in this case did not followed the metal
accumulation patterns observed in the two tissues, suggesting
that, as hypothesized for B. azoricus, MT may not be the most
important metal detoxification mechanism in chimaera fishes.

Stressrelated biomarkers were also evduated in the tissues
of B. azoricus (Table 2). Generally, the antioxidant enzymatic
activities found in this vent mussel are close to those reported
for the coastal mussel M. galloprovincialis from Ria Formosa
lagoon (data not shown). Thisis surprising as higher levels
of antioxidant enzymes would be expected in B. azoricus
exposed to agreat variety of toxic compounds known to enhance
reactive oxygen species production from hydrothermal fluids.
SOD and CAT activities were significantly higher in the gills,
while the activity of both total and Se-GPx was higher in mantle
tissue (p < 0.05).

The gills may be more susceptive to oxidative stress, as
lipid peroxidation was 2-fold higher in this tissue (187 + 13
nmol g total proteins) compared to the mantle (99 £ 10 nmol
g total proteins).

CONCLUSIONS

B. azoricus accumulate higher metal concentrations than
coastal mussels and chimaera fishes suggesting a long-term
exposure to metal rich hydrothermal fluids. The gills are the
main target tissue for metal accumulation.

Table 1 — Metal (ug g* d.w.) and MT concentrations (mg g™ prot) in
B. azoricus and H. pallidus from Lucky Strike hydrothermal field. Data are expressed as means + standard error.

Species Tissues Ag Cd Cu Fe Mn Zn MT
. Gills 52+12 47.2+10.0 79.7+£194 303+63 7.6+19 1976 £ 570 46+10
B. azoricus Mantle 08+0.2 2910 142+ 35 235+61 58+15 124 + 37 21+06
] Gills 0.6+ 0.02 037+0.1 47+09 185+43 57%13 172 + 48 0.15+0.02
H. pallidus Muscle 0.08 +£0.03 0.05+0.01 11+03 168+48 28x10 252+ 101 0.27 £0.08
Table 2 — Activities of antioxidant enzymes and lipid peroxidation levels in the hydrothermal mussel B. azoricus.
Tissues SOD CAT Total GPx Se-GPx LPO
(Umg™prot)  (umol mg™tprot) (nmol mg™prot) (nmol mg™prot) (nmol g™ prot)
Gills 191+£29 175+49 87+18 68+11 187+ 13
Mantle 144+16 6.0+x13 185+32 156+21 99+ 10
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Despite the metal concentration antioxidant enzymatic
defences are close to those reported in coastal mussals, suggesting
acontrolled production of ROS in such toxic environment.

MT levelsin these mussels are aso low, suggesting these
proteins are not the major metal detoxification mechanism.

H. pallidus have significantly lower metal levels than
the mussels reflecting smaller exposure to hydrothermal fluids
and showing no evidences of metal bioamplification.

Like mussels, chimaera fishes accumulate considerably
more metalsin the gills.

MT, on the other hand, are significantly higher in the
muscle tissue not reflecting the metal contamination.
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RESUMO

O objetivo deste estudo € avaliar os efeitos de detergente de uso domeéstico na glandula digestiva, no desenvolvimento
embriondrio e nareproducéo de M. olfersi. Camardes foram mantidos em dois aquarios (21,5 L de agua deionizada): o
experimental (aquério I) e o controle (aquério I1). Uma dose de 0,075% de detergente doméstico foi adicionada ao aquério
I, onde os camardes foram monitorados até o 140° dia de exposi¢do. Durante esse tempo, a maturacdo gonadal foi
acompanhada e os ovos foram removidos das fémeas ovigeras e medidos. O desenvolvimento foi caracterizado através
da morfologia externa dos embriGes em cada dia de incubacéo. Fémeas dos dois aquérios foram crioanestesiadas, sendo
0 hepatopancreas e ovérios dissecados, fixados em Bouin (24 h), incluidos em parafina e seccionados (8 um). Ambos os
orgaos foram corados com HE e o hepatopancreas, com Hoescht 33258. Os resultados mostram que a regi&o secretora
do hepatopancreas (aquario 1) apresenta tubos constituidos por células B secretoras com evidente aparato vacuolar. Os
animais expostos ao detergente mostraram decréscimo no nimero de células B secretoras e significativa reducéo do aparato
vacuolar. No grupo experimental foi observada reducéo no tempo de desenvolvimento embrionario, de 14 dias no grupo
controle para 11 dias no grupo experimental. O volume dos ovos nos estagios de disco-germinal e pds-nauplius final (tanque
I) foram de 0,045 e 0,067 mm?3, respectivamente. O volume dos ovos do controle foi, nos mesmos estagios embrionarios,
de 0,044 e 0,075 respectivamente. Estes resultados sugerem que o detergente de uso doméstico tem efeito negativo sobre
a performance reprodutiva de M. olfersi.

Palavras-chave: Macrobrachium olfersi, detergente, reproducado, desenvolvimento embrionério.

ABSTRACT

Effects of domestic detergents on the reproductive biology of the prawn Macrobrachium olfersi

The aim of this study is evaluate the effects of domestic detergents in the digestive gland, embryonic development and
in the reproduction of M. olfersi. Prawns were maintained in two tanks with 21.5 L of deionized-water: the experimen-
tal (tank 1) and the control (tank I11). One dose of 0.075% of domestic detergent was added to the tank I, and the prawns
were monitored on 140" exposure day. During this time, the gonadal maturation was monitored, the eggs were removed
from the ovigerous females and measured. Development was characterized through of external morphology of the em-
bryos in each incubation day. Females from the two tanks were cooled and the hepatopancreas and ovaries were dissected
and fixed in Bouin (24 h), embedded in paraffin and sectioned (8 wm). Both organs were stained with HE and the hepato-
pancreas was also stained with Hoescht 33258. The results show that the secretory region of hepatopancreas (tank 1) present
tubules constituted by B-cells with an evident vacuolar apparatus. The animals exposed to detergent showed a decrease
in the number of B-cells and significant reduction of vacuolar apparatus. In the experimental group was observed a re-
duction in the embryonic development time from 14 days in control group to 11 days in the experimental group. The egg
volume of germinal-disk stage and final post-nauplius (tank 1) were 0.045 and 0.067 mm?, respectively and the egg volume
of the control was, in the same embryonic stages, 0.044 and 0.075 mm?, respectively. These results suggest that the do-
mestic detergent have a negative effect on the reproductive performance of M. olfersi.

Key words: Macrobrachium olfersi, detergent, reproduction, embryonic development.
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INTRODUCAO

Entre os crustaceos da familia Palaemonidae, o género
Macrobrachium é o que apresentaamaior distribuicao no Brasil
(Bond-Buckup & Buckup, 1989), sendo que, das espécies deste
género descritas para a llha de Santa Catarina, Macrobrachium
olfersi, conhecida popularmente como pitu, destaca-se por
habitar corpos de égua doce e salobra, por suarepresentatividade
e periodicidade e pela adaptabilidade as condi¢Ges
experimentais, requisitos essenciais ao adequado andamento
de estudos de laboratério (Nazari et al., 2003).

De modo geral nos palemonideos, a visualizagdo dos
ovarios é facilitada pela transparéncia da carapaca do
cefalotérax, em que € possivel acompanhar os estagios de
maturacdo pelas mudangas em sua col oragdo, tamanho e forma
(Arculeo et al., 1995). Além disso, possuem uma camara
incubadora externa, onde os ovos permanecem até a ecl0sao,
e, devido a transparéncia do cérion, é possivel caracterizar
amorfologia dos embrifes durante todo o periodo de incubagéo
(Mdiller et al., 2003, 2004).

O processo reprodutivo é controlado por mecanismos
endogenos através de horménios produzidos pelo sistema
enddcrino-peduncular (Wilder et al., 1994). Contudo, por se
tratar de invertebrados aquaticos, estas fun¢des apresentam
também forte dependéncia das variacdes de fatores exdgenos,
como temperatura, salinidade e fotoperiodo (Diaz et al., 2003).
Outro fator relevante para a reproducéo € a alimentacéo das
fémeas, pois as caracteristicas do vitelo dependem diretamente
da sua dieta, sendo o hepatopancreas responsavel pelo
metabolismo dos nutrientes indispensaveis ao processo
reprodutivo.

Os organismos agquéti cos encontram-se num meio onde
estdo naturalmente diluidos vérios elementos, inclusive
poluentes. Normalmente, devido a sua diluico, os efeitos dos
poluentes aqudticos ndo podem ser imediatamente reconhecidos
nos organi smos, tendo-se dificuldade de compreender maiores
implicacGes no ambiente (Blockwell et al., 1998).

Estudos realizados em nosso laboratério sugerem que
detergentes domésticos, freqlientes nos efluentes urbanos,
influenciam o repert6rio comportamental, a reproducado e o
desenvolvimento embrionério das espécies nativas de
palemonideos.

Por serem sensivels as dteragBes ambientai's, 0s crustaceos
sé@o considerados indicadores de contaminacgéo aquatica
(Rinderhagen et al., 2000), auxiliando em trabalhos que visam
aidentificar ambientes alterados, com fins de preservacéo e
manutencédo do equilibrio trofico.

Este estudo visaa avaliar o efeito de detergente de uso
doméstico sobre a glandula digestiva, o desenvolvimento
embrionario e areproducdo de M. olfersi coletados em corpos
de &gua doce da |Iha de Santa Catarina, onde é lancada grande
parte dos efluentes urbanos.

Martins et al.

MATERIAISE METODOS

Exemplares adultos de M. olfersi foram coletados no
Parque Municipal da Lagoa do Peri (27°43'S e 48°32' W) —
IBAMA ne 10/04. A capturafoi realizada com pucé (malha
0,5 cm) passado entre as pedras de fundo e na vegetacdo
submersa, sendo os animais capturados transportados para o
laboratorio em recipientes com aguado local de coleta e aeracéo
constante. Em laboratério foram realizadas a pesagem e a
determinacéo do comprimento total dos exemplares, bem como
asexagem, através daandlise dos caracteres sexual s secundarios,
sendo os individuos separados em machos, fémeas e fémeas
ovigeras.

Foram montados dois aquéarios (aquério |: experimental;
aquério I1: controle) nas dimensdes de 30 cm x 30 cm x 50 cm,
com 21,5 L de agua deionizada, sedimento arenoso e pedras
para abrigo. A temperatura foi controlada a 24°C (£1°C) e
sdinidade em 0%o (Mller et al., 1999). Machos, fémeas e fémesas
ovigeras foram mantidos com aeracao constante e alimentagéo
didria. No aguario | foi adicionado detergente de uso doméstico,
na concentracdo de 0,075%, e o aquario Il foi mantido nas
mesmas condicdes, porém sem a adi¢éo do detergente.

Os animais foram monitorados diariamente, sendo a
maturacdo ovariana acompanhada macroscopicamente, atraves
da mudanga de coloragéo e do tamanho dos ovarios,
visualizados devido a transparéncia da carapaga do cefal otorax.

As fémeas ovigeras tiveram uma amostra de ovos (n =
50) retirada diariamente, a qual foi submetida a analise
morfolégicain vivo (10X e 40X), para reconhecimento das
estruturas embriondrias tipicas de cada estdgio do
desenvolvimento (Mdiller et al., 2003). Os ovos foram medidos
com ocular micrométrica (40X), sendo obtidos os valores (mm)
dos eixos (1) longitudinal e (h) transversal, para o calculo do
volume através daformulav = nlh%6 (Odinetz-Colart & Rabelo,
1996).

Apos 140 dias de exposicdo, as fémeas foram
crioanestesiadas e dissecadas para retirada do hepatopancreas
e ovérios, que foram em seguida fixados em Bouin (24 h), sendo
posteriormente desidratados em série etandlica crescente,
incluidos em parafina e seccionados (8 um). Ambos os érgaos
foram corados pela técnica Hematoxilina-Eosina (HE). O
hepatopancreas foi submetido ainda a técnica de Hoescht 33258
para deteccdo de sitios apoptoticos, sendo as |aminas imersas
em tamp&o Mc llvaine (5 minutos) e transferidas para solugéo
de Hoescht 33258/tampéo Mc Ilvaine (1:2000) (12 minutos).
Em seguida, foram lavadas em &gua destilada, montadas com
tamp&o Mc Ilvaine e vedadas com esmalte.

A andlise morfométrica dos 6rgéos foi realizada a partir
das medidas do diametro das ovogobnias, dos ovacitos pré-
vitelogénicos e vitelogénicos, bem como dos vacutol os das
células secretoras do hepatopancreas, através de ocular
micromeétrica (100X).
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RESULTADOSE DISCUSSAO

A morfologiageral do hepatopancreas dos grupos controle
e experimental mostrou-se bastante similar. A estrutura daregido
medular do 6rgdo, em corte transversal, do grupo experimental
nao sofreu modificagdo. Através das técnicas utilizadas, ndo
foi possivel observar ateragdes no nimero e na microestrutura
dos &cinos dos grupos analisados. Contudo, pode-se constatar
reducdo de 42% no diametro dos vacutolos das células B
secretoras, presentes nos acinos dos animais expostos ao
detergente. O didmetro médio dos vactol os dessas células do
grupo controle foi de 27,78 um, enquanto os do grupo experi-
mental tinham em média 16,14 um (Tabela 1).

O numero de células nos tecidos do hepatopancreas
mostrou-se bastante semelhante entre os dois grupos. Através
da técnica de Hoescht ndo foi possivel detectar apoptose das
células acinares e das células epitdliais que revestem as paredes
dos tlbulos dessa glandula. O efeito do detergente sobre a
estrutura celular do hepatopéncreas pode ser explicado pelo
fato de os camardes se alimentarem no sedimento, onde
provavel mente se acumulam grandes quanti dades de contami-
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nantes (Blockwell et al., 1998), os quais sdo transferidos
diretamente para a glandula digestiva.

A maturacdo ovariana pdde ser observada de maneira
semelhante no aguério experimental e no controle, mostrando
gue o detergente ndo afetou a sucessao dos estagios, podendo
ser reconhecida a seguinte seqiiéncia de maturagdo: imaturo,
maturacdo inicial, intermediaria e maduro. Através da andlise
histol gica e morfométrica dos ovarios maduros observou-se,
principalmente, reducéo no didmetro dos ovécitos vitel ogénicos
dos organismos do grupo experimenta (Figura 1).

A reducdo no didmetro das células germinativas pode
estar relacionada a diminuicdo das células B do hepatopancress,
umavez que estas, entre outras funcdes, sdo responsaveis pela
sintese e secrecao de precursores para a formagao do vitelo
nas células germinativas. O detergente pode ter interferido na
atividade das células B secretoras, 0 que pode ser constatado
pelareducéo do seu aparato vacuolar. Assim, pode ter ocorrido
diminuicdo da producéo protéica no hepatopancreas e,
conseglientemente, reducdo na disponi bilidade desses compostos
para as células germinativas, ocasionando reducéo no seu
diémetro.

Tabela 1 — Diametro dos vactolos das células B secretoras de hepatopancreas de M. olfersi dos grupos controle e experimental .

Diametro dos vacuolos (um)
Grupo — — —
Minimo | Maximo | Média | DP (x)
Controle 16,75 46,85 27,78 7,69
Experimental | 10,39 23,74 16,14 | 3,57
, 400
S O Lote 1 — controle
@ 3001 W Lote 2 — detergente
0N —~
© £ i
g 1001
@
= 0 [ s . 1 ,
Ovogbnias Ovdcitos Ovdcitos

pré-vitelogénicos

vitelogénicos

Células germinativas

Figura 1 — Valores do diametro das células germinativas de ovérios de M. olfersi dos grupos controle e experimental.
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O acompanhamento do desenvolvimento embrionario
dos ovos das fémeas ovigeras dos grupos experimental e
controle possibilitou a observacéo de alteracdes no tempo de
desenvolvimento e namorfologiagera dos embrides. O tempo
médio de desenvolvimento embrionério dos ovos do aquério
controle foi de 14 dias, corroborando os dados apresentados
por Miiller et al. (2003, 2004). Os ovos expostos ao detergente
desenvolveram-se num periodo menor de 11 dias. Os estagios
iniciais de desenvolvimento observados nos dois grupos foram
bastante similares, sendo possivel observar as estruturas pré-
naupliares e naupliares tipicas. Contudo, sugere-se que 0s
estégios finais da embriogénese do grupo experimental foram
mais acelerados, ocasionando a reducdo no tempo de
desenvolvimento.

Observaram-se anormalidades morfol égicas nos ovos
e embrides do grupo experimental, sendo constatadas alteracdes
no tamanho, cor e forma dos ovos, bem como na pigmentacéo
do corpo e olhos dos embrides. Anormalidades morfol dgicas
induzidas por compostos inorganicos foram observadas por
Ohta et al. (1998) em ovos de Daphnia magna, sendo reportadas
principalmente malformacdes de carapaca. Neste mesmo estudo
foi constatado que o tempo de desenvolvimento foi mais
prolongado nos individuos tratados do que no grupo controle.

Na maioria das desovas analisadas notou-se alteracdo no
volume dos ovos, ndo sendo possivel estabel ecer um padrao de
variacdo por fémea. Nos estégios iniciais do desenvolvimento
(disco-germind — E3), amédiado volume dos ovosfoi semdhante
entre 0 grupo experimenta (0,045 mm?) e controle (0,044 mn).
Contudo, nos estagios finais (pds-nauplius final — E11) foram
observadas diferencas mais expressivas, com o volume dos
ovos dos grupos experimental e controle sendo respectivamente
de 0,067 € 0,075 mm3,

Nossos resultados mostram que o detergente influencia
o funcionamento dos 6rgédos analisados, afetando também o
desenvolvimento embrionério, evidéncia daimportancia dos
fatores exdgenos na reproducdo desses animais. A diminuicao
da performance reprodutiva tem sido reportada em outros
estudos como um efeito subletal de contaminantes em ambientes
de &guadoce (Blockwell et al., 1998). Estudos mostram o uso
de palemonideos como modelo animal adequado para
determinacdo da toxicidade de metais, agentes quimicos e
biol6gicos (Rayburn & Fisher, 1997; Oberddrster et al., 1999;
Marifio-Balsa et al., 2000).
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