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ABSTRACT

Metallothionein and lipid peroxidation are associated to metals toxicity, it is possible that accumulation in tissue
might as well be related to their increase. Both biomarkers under Cr and Cd exposure were evaluated in the American
oyster Crassostrea virginica (Gmelin) by Semi-static bioassays, 96 h long. Metallothionein content was determined by
silver saturation, lipid peroxidation by reactive components to thiobarbituric acid, and metals concentration by atomic
absorption spectrophotometry. Metallothioneins increased in digestive gland and abductor muscle under Cr exposure,
after 6 h. Under Cd exposure, metallothioneins showed variations, with high values after 48 h in digestive gland,
abductor muscle and gill, and important dispersion of data. Lipid peroxidation under Cr exposure reached after 48 h.
In Cd, values higher than controls were observed after 6 h exposure. Metallothioneins in gill and digestive gland were
positively correlated with the Cr concentration in water and in oysters. In contrast, these proteins correlation turned
out to be negative to the Cr Bioconcentration Factor in digestive gland and muscle. The higher peroxidation in oysters
which accumulated less, suggests deterioration and a metabolic effort to control the Cr internal concentration. Under
Cd exposure, metallothioneins showed positive correlations between water and oysters metal content, and with the
Bioconcentration Factor. The correlations, indicates incapability to control the Cd stored levels. The results indicate
that the protective role of metallothioneins was limited in the case of this non esencial metal, in oyster originated in
native populations from Mandinga Lagoon.
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RESUMEN
Las metalotioneinas y la lipoperoxidacion estan asociadas a la toxicidad de los metales, su incremento posiblemente
se relaciona también con su acumulacion en tejido. Se evaluaron ambos biomarcadores en el ostion americano
Crassostrea virginica (Gmelin), bajo exposicion a Cr y Cd con bioensayos semiestaticos de 96 h. Las metalotioneinas
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se determinaron por saturacion de plata, la lipoperoxidacion por los componentes reactivos al acido tiobarbitirico,
y la concentracion de metales por espectrofotomeria de absorcion atémica. Las metalotioneinas se incrementaron
en la glandula digestiva y masculo abductor, después de 6 h de exposicion a Cr. En el caso de exposicion a Cd las
metalotioneinas mostraron variaciones, con valores elevados e importante dispersion de datos en glandula digestiva,
masculo y branquia, posteriores a 48 h. La lipoperoxidacion se incrementd después de 48 h bajo exposicion a Cr.
Valores superiores al control fueron observados después de 6 h de exposicion a Cd. Las metalotioneinas en branquia
y glandula digestiva se correlacionaron positivamente con la concentracion de Cr en agua y ostion. En contraste,
esta correlacion fue negativa respecto al Factor de Bioconcentracion de Cr en glandula digestiva y mdsculo. La
mayor peroxidacion en ostiones que acumularon menos Cr, sugiere deterioro y un esfuerzo metabdlico para controlar
la concentracion interna. Las correlaciones positivas de las metalotioneinas con el Cd en agua y ostion, asi como
con el Factor de Bioconcentracion, indica la incapacidad para controlar el Cd almacenado. Los resultados indican
que el papel protector de las metalotioneinas fue limitado para este metal no esencial, en ostiones provenientes de

poblaciones nativas de la Laguna de Mandinga.

Palabras clave: Metalotioneina, lipoperoxidacion, ostidon, cromo, cadmio.

INTRODUCTION

Metals, such as Cr and Cd, tend to increase in diverse coastal
environments of the Mexican Gulf, hoarding in the sediment
(Paez, 2005) and in filtering organisms, like oysters, where cri-
tical levels for consumption can be exceeded (Guzman et al,
2005). The oyster Crassostrea virginica (Gmelin, 1791) is found
in the Atlantic coast from North America and literature about
its physiology is profuse (Roesijadi, 1996); it is considered an
adequate indicator to assess the contaminants contributions,
since the metals concentrations incorporated in tissue fluctua-
tes reflecting the environmental concentration. In Mexico, they
are also distributed in the Gulf coastal lagoons and there are
some studies about Cr and Cd levels accumulated in organisms
(Contreras & Castarieda, 1995; Botello, 1994 Villanueva & Botello,
1998). This specie represents a regionally important exploitable
resource and it is extracted directly from the lagoons. It has
been considered that metals concentrations collected in tissue,
constitute potential biological impact indicator of environmental
concentration, since the metals bioavailability is automatically
considered (Borgmann, 2000). Wood et al. (1997) state that this
kind of approach can be useful to predict the metals toxicity
induced from water to benthonic organisms. In filtering organis-
ms, such as C. virginica, tissue hoarding is particularly important
since, even though there are several access routes for both
metals into the animals, the main route is the water (Neff, 2002,
Reboucas et al., 2005).

Besides the accumulated metal, it is feasible to assess
different biomarkers as specific reflections of its presence, under
chronic or sublethal exposure conditions. Biomarkers are identi-
fiable signs that provide early damage warnings (Koeman, 1991),
and generate quantifiable responses. For instance, the metallo-
thionein synthesis associated with the essential metals require-
ments (Simkiss et al., 1982; Klaasen & Eaton, 1991). In C. virginica
play animportant role in the regulation of Zn, a metal which enters
in large amounts and is promptly cleared out from the organism,

which is related with the Ca fixation in valves and, therefore,
with their resistance and, consequently, with the organism deve-
lopment, moreover, metallothionein regulate Cu levels (Sawva,
1999). In presence of excessive Zn amounts, or other essential or
non-essential metals, such as a Cd, the metallothionein synthesis
increase (Roesijadi, 1996). Due to its regulatory activity with
essential-metals, its production has also been correlated with
detoxifying mechanisms linked with toxic metals, principally non-
essential ones, in several species, including C. virginica (Kéhler &
Riisgard 1982; Stegeman et al., 1992; Roesijadi et al., 1996).

Another important biomarker is the oxidative stress damage,
a common phenomenon under physiological stress conditions.
The production of unbound radicals manifests, amongst other
effects, increase in the membrane lipids oxidation, event also
known as lipid peroxidation. The peroxidative damage can also
result from the action of electrophilic intermediaries which inte-
ract with nucleophilic sites in the cell, including glutathione and
the thiol-group proteins, producing oxidative stress in the entire
cell. Moreover, due to the presence of nucleophilic sites in the
nucleic acids, the production of unbound radicals is associated
with mutagenesis and carcinogenesis (Goyer, 1991). The effect
of Cd has been demonstrated in lipid peroxidation, however, the
mechanisms are not entirely acknowledged (Souza et al., 1996),
on the other hand, albeit scant information about chromium exists,
it is necessary to consider that Cré* is an oxidant and corrosive
agent therefore, it can be associated with oxidative stress.

The purpose of this work was to determine the effects over
metallothionein and lipid peroxidation in Crassostrea virginica
native from a mexican coastal tropical lagoon under sublethal Cr
and Cd exposure.

MATERIALS AND METHODS

Adult commercial-size oysters (longer than 5 cm), extracted from
Mandinga lagoon, located in Veracruz state, Mexico (19° 03' N
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and 96° 05" W) were selected. Measures in situ of: dissolved oxy-
gen (+ 0.005 mg/L), temperature (+ 0.05 °C), pH (+ 0.005), salinity
(£ 0.05%0) and turbidity (0.5 UT), were taken with a Horiba U-10
multianalyzer. Simultaneously, three water samples were taken
for further Cd and Cr concentration analysis in the laboratory.
These samples were placed in one-litter plastic containers and
titrated to pH < 2 with nitric acid 0.5 mL as indicates the American
Public Health Association (APHA, 1995), placed in ice chests for
transportation and frozen at - 20 °C, until metal-content analysis
performance.

The oysters were transported at 4°C temperature in plastic
bags to the laboratory. After arrival, the organisms were washed
according to the APHA method (1995) using plastic brushes, with
abundant water, eliminating epibionts and mud that could inter-
fere with results. Oysters were washed with alcohol 70% and
ten minutes later with water again. Homogenous organisms (69
+ 8 mm length, mean standard deviation) were selected. Twelve
specimens were used for metals determination.

A total of 144 oysters were introduced in a 600 L capacity
maintenance system with closed water circulation, continuous
air flow (> 5 mg/L of dissolved oxygen), a carbon and anthracite
particle filter and a wet/dry trickle biological filter. The salinity
was similar to that registered in the field and it was adjusted by
0.5%0 per day, up to the bioassays selected value (22%). Artificial
salted water Instant Ocean (Shumway & Kéehn, 1982), prepared
and filtered a month earlier, was used. The temperature was
maintained at 25 °C and the air flow was continuous (> 5 mg/L of
dissolved oxygen). During the 23 days the organisms remained in
the system, they were fed with Tetraselmis suecica Kylin (15 to
20 X 10° cells per organism per day, according to Castrejon et al,,
1994) and fasted 24 h prior the experimental phase.

Semi-static bioassays, 96 h long, were carried out in these
filtering organisms to provide an adequate water renewal in
a relatively little space as recommends Buikema et al. (1982).
System fixed conditions were 22% salinity and 25 °C temperature.
The physicochemical parameters were monitored daily and 25%
of the water volume was replaced, with reposition of metal in
each concentration.

The metal concentrations chosen for the bioassays were
lower than the LC, obtained for C. virginica of the Mandinga
Lagoon (Barrera, 2006), lower than the Mexican legislation
accepted limits for residual water (DOF, 1997), similar to those
concentrations used in other investigations in sublethal bioas-
says with this species (Conners & Ringwood, 1997) but higher
than those detected in the lagoon. Five conditions were selected:
control (without metals), 88 pgCr/L, 144 ugCr/L, 110 pgCd/L and 210
ugCd/L. A total of 140 specimens were used (120 for the selected
biomarkers and 20 for metal accumulated), 28 per concentration,
placed in 40 L glass water-tanks, at the rate of 8 oysters per tank.
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After 6, 48 and 96 h of exposure, 8 organisms were extracted
from each concentration, including controls. The remaining four
animals were used to determine metals concentrations in gill,
abductor muscle and digestive gland.

Metallothionein production (ug/g of tissue) was determined
by the silver saturation method as described by Scheuhammer
& Cherian (1991) in gill, abductor muscle and digestive gland.
Oyster tissue samples were homogenized individually (360 sam-
ples) with four 0.25 M sucrose volumes and froze to - 85 °C for
further processing. Metallothionein coupled to metal was repla-
ced by silver in glycine buffer; a blood haemolyzed of lamb was
used in order to drag unbound metal. Subsequently, unwanted
molecules were cleared out through water bath (2 min) and 4,000
rpm centrifugation, recovering the over floating remanent, which
was centrifuged at 13,000 rpm for 5 min. The metallothionein
concentration (ug/g of wet tissue) was determined through the
remnant silver concentration.

Lipid peroxidation mediated damage was analysed only in
the digestive gland (120 samples). This procedure was carried
out straight after extracting the organisms from the water tanks.
The thiobarbituric acid reactive components were expressed
as malondialdehyde concentration equivalents (MDA nmol/mg
protein), which represent more than 80% of the components
associated to lipid peroxidation (Bucio et al, 1995). A part of
the sample was separated for protein determination. Tissue
was immediately frozen at - 20 °C, in order to perform further
analysis through the Lowry's technique (Cooper, 1997), based on
colorimetric readings, indicated by the Folin’s reactive, and on a
bovine-albumin curve-pattern.

Metal levels were analysed in water and the organisms
arriving at the end of the bioassay. The dissected tissues were
dehydrated and subsequently grinded. Metals concentrations in
the water were also determined at the beginning, the middle and
the end of the assay. Tissue and water samples were titrated to
pH < 2 with nitric acid for further analysis. Samples digestion was
carried out in a CEM-MDS-81D microwave oven for 10 minutes
at 80% oven’s power. The method proposed by Huan (1994) was
used for tissue processing, using 0.25 g of dry weight (DW).
Metals were determined with an atomic absorption spectropho-
tometer Varian AA20, equipped with acetylene-air flame (three
readings per sample). Reference samples from the Metrology
National Centre (Centro Nacional de Metrologia) were used,
with 4.0 £ 0.12 mgCr/L (where our reading was 4.02 mgCr/L) and
with 1.45 mgCd/L + 0.059 (where our reeding was 1.40 mgCd/L).
The bioconcentration factor (BCF) of the analysed samples was
determined (Buikema et al., 1982).

For statistical analysis, the software used was; Windows
environment Excel 95 and XP2000 version and Statistica soft-
ware by Statsoft Ser. (1997). The Kruskal-Wallis test and the
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Spearman’s rank correlation coefficient (Marques de Cantd,
1991) were applied. The tests significance was p < 0.05.

RESULTS

Metallothionein. Metallothionein levels were higher in digestive
gland, than gill and abductor muscle. Significant statistical diffe-
rences were confirmed, after 6 h the test began (Fig. 1), in the
control oysters digestive gland (33.0 + 37.2 ug/g, mean = standard
deviation) compared to Cr exposed animals (211.5 £ 132.8 pg/g).
Similarly, the control oysters abductor muscle (34.5 £ 21.3 pg/g)
had lower values than the exposed animals (137.3 + 73.1 pg/g).
The gill did not show differences among control and organisms
under both metals exposure. Metallothionein levels demonstra-

Gill

£
§ 25
£
o
= 20
T
=
o 15
=
-
LT
= 10
m
E
2 s+

12 Oé6h Abductor muscle

10

@4gh T
8 W96h

Normalized fold metallothionein
(=]

ﬁaﬂa ﬁélﬁéi

Digestive gland

12 T
10

g .

6

4

2 -

88 144

Normalized fold metallohtionein

Control

110 210 (ne/L)
Cadmium

Chr

Figura 1. Metallothionein (1g/g of wet tissue) in three Cr and Cd
exposure time periods (mean + standard deviation). *Significative
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Figura 2. Lipid peroxidation (MDA nmol/mg of protein) in the
digestive gland of oysters exposed to Cr and Cd (mean + standard
deviation).

ted variations amongst the analysed days in Cd exposed oysters,
with high values after 48 h, nevertheless, no differences between
groups were found.

Lipid peroxidation. During the assay, the mean value in the
digestive gland of control organisms was 155.8 + 42.2 MDA nmol/
mg of protein. The oysters under 88 pgCr/L exposure reached
significantly higher concentrations after 48 h (271.7 + 98.3 MDA
nmol/mg of protein). In 144 pgCr/L exposure, values lower than
controls were observed after 96 h (97.0 + 14.5 MDA nmol/mg of
protein). In Cd exposure oysters presented higher values than
controls after 6 h exposure, 213.0 + 111.6 and 262.6 + 109.1 MDA
nmol/mg of protein (Fig. 2).

Metal content. Oysters from Mandinga lagoon presented
1.20 + 0.63 pgCr/g DW and 2.33 + 1.11 pgCd/g DW. In the water the
concentrations were 80 + 44 pgCr/L and 77 + 8 pgCd/L. During the
bioassay control oysters showed similar concentrations in the
analysed tissues, with mean values of 6.3 + 4.92 pgCr/g DW and
1.7 £ 2.36 ugCd/g DW (Fig. 3). These basal values implied high Cr
BCF in control oysters.

In Cr exposed animals, the abductor muscle had similar Cr
concentration to control specimens (10.76 = 3.42 ugCr/g DW). The
rest of the tissues reported higher values: in gills of organisms expo-
sed to 88 pgCr/L and 144 ugCr/L the values were 27.47 + 18.65 ugCr/g
DW and 19.41 + 2.87 pgCr/g DW, respectively. The levels reached
in the digestive gland in oysters exposed to 144 pgCr/L were 28.19
+12.85 pgCr/g DW. These values 2-folded the accumulation value
under exposure to 88 pgCr/L of 13.89 + 5.69 pgCr/g DW.

The gill and the digestive gland hoarded Cd in similar pro-
portions. The registered values in gill were 34.54 + 10.42 pgCd/g
DW and 47.51 + 52.11 ugCd/g DW, and the digestive gland were
39.84 + 5.66 yugCd/g DW and 48.69 + 49.38 pgCd/g DW. These
concentrations contrasted with the ones registered in muscle
(10.80 + 2.93 pgCd/g DW), once more, the lowest concentrations
amongst the studied tissues.
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Figura 3. Cr and Cd concentrations in the oysters tissues at the end of the assay (mean + standard deviation).

The Cr BCFin gill and abductor muscle was higher under 88
ugCr/L than in 144 pg/L exposure. The Cd BCF was higher than Cr
BCF and it was associated to the 110 pgCd/L concentration. In the
abductor muscle it implied lower accumulation compared to the
rest of the tissues (Fig. 4).

Biomarkers behaviour regarding the accumulated metal.
Significantly negative correlations between Cr water concen-
trations and BCF in the three tissues were found (table 1). In
gill and digestive gland, the metallothionein production was
directly correlated with the Cr concentration in water and in
oysters. In contrast, the correlation turned out to be negative
to the BCF in digestive gland and muscle. In other words, there
was a higher metallothionein concentration in organisms with
lower BCF. High levels of lipid peroxidation revealed a negative
correlation (r = - 0.75) with the oysters Cr concentration. This
implies larger peroxidative damage in oysters with lower metal
concentration.
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Metallothionein production in organisms exposed to Cd
showed positive metal content correlations between water and
oysters, however, in contrast with Cr exposure, the BCF showed
also a positive metallothionein production correlation in the
digestive gland and in the gill. There were no relevant correlatio-
ns observed in the abductor muscle. There was a positive corre-
lation between the lipid peroxidation and the Cd concentration
in water (r = 0.99), that is, there was larger peroxidative damage
associated with the Cd exposure concentration.

DISCUSSION

A larger induction of metallothionein in the digestive gland,
compared to other tissues, has been demonstrated in Mytilus
edulis Linnaeus, 1758, M. galloprovincialis Lamark, 1819, C. gigas
Thunberg, 1793 and other molluscs (Geret et al, 1997; Geret &
Cosson, 2000; Mourgaud et al., 2002). Our results were consistent
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Figura 4. Bioconcentration factor associated to the metals concentration registered in water (ug/L).
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Table 1. Significative correlations among metallothionein and lipid peroxidation, and the metals in water and tissues.

Water Cr  Tissue Cr  CrBCF ~ Water Cd  Tissue Cd  Cd BCF
Gill Metallothionein 0.71 0.99 0.48 0.77 0.99
Metal in water 0.64 -0.92 0.93 0.51
Metal in tissue 0.80
Abductor muscle  Metallothionein 0.84 -0.99
Metal in water 0.72 -0.89 0.99 0.96
Metal in tissue 0.95
Digestive gland Metallothionein 0.94 0.73 -0.98 0.99 0.94 0.60
Metal in water 0.92 -0.85 0.88 0.47
Metal in tissue -0.58 0.83
Lipid peroxidation 0.99

BCF = Bioconcentration factor.

with those reported by Kohler & Riisgard (1982), where higher
concentrations in the digestive gland, then in the gill and finally in
the abductor muscle of Mytilus edulis exposed to Cd, were found.
The hoarding in digestive gland, as consequence of Cd exposure,
has been attributed to the fact that metal-bound proteins are not
functional and, consequently, they are stored in the tissue. The
cells involved in metals transportation, such as digestive, hepatic
and renal cells, are more affected (Goyer, 1991), therefore, dete-
rioration in these tissues is expected. A relationship has been
found between high levels of body Cd and atrophy of digestive
gland in C. virginica (Gold-Bouchot et al., 1995).

Metallothionein induction in digestive gland and abductor
muscle, as consequence of Cr exposure, was confirmed after 6
h with values 7.4- and 5.4-fold higher than controls, respectively.
Cd exposure showed a different behavior, even though high con-
centrations were observed in Cd exposed specimens (810.1 ug/g,
in the digestive gland) after 48 h, the difference against the con-
trols was not confirmed. Data dispersion was important and time
variation was present in Cd exposed oysters. Apparently, in natu-
ral environments, and even in the contaminated ones, previous
exposure to low cadmium concentrations are the underlying
basis of raise in metallothionein, more than induction itself, due to
Cd stabilization and accretion, while basal levels are synthesized
(Roesijadi, 1999). The increase in metallothionein concentrations
during the bioassay can be interpreted as a consequence of
the presence of metals in the exposed organisms. Experiments
with Crassostrea gigas have shown increases in the expression
of metallothioneins mRNA in time, up eleven days (Choi et al,
2008). But increase in control organisms can only be associated
to a stress related to laboratory conditions. The metallothionein
expression is regulated by a complex behaviour associated to
essential metals, as Zn and Ca. Since the organisms were not
fed during the experiment, it is possible that lack of food could
have generated a metabolic unbalance (Roesijadi, 1999). This

behaviour could be expected in all the organisms and prevents
the possibility of demonstrating differences among controls and
experimental animals after 48 and 96 h.

There are several works reporting metallothionein induc-
tion for Cd exposure in molluscs; as described in the Asiatic
clamp Corbicula fluminea, (0. F. Muller, 1774), were concentra-
tions 2.5 times higher than in controls were found (Baudrimont
et al,1997). Langston & Zhou (1987), reported in Macoma baltica
(Lannaeus, 1758) the increase from 35 pg/g in controls, to 450 pg/g
in organisms under 100 pgCd/L exposure. Viarengo et al. (1997),
and Mourgaud et al. (2002) determined increase of metallothio-
neins associated to metals exposure including Cd in Mytilus
galloprovincialis. In Mytilus edulis, exposed to levels from 200
ugCd/L to 500 pgCd/L the metallothioneins increased approxima-
tely up to 500 pg/g (Bebiano & Langston, 1991; Kdhler & Riisgard,
1982). Moreover, an increase has heen observed in C.gigas
larvae exposed to 200 pgCd/L, approximately 2.5 times higher
than in controls (Gautier et al., 2006). Other studies have reported
increases in metallothioneins in gill, mantle and abductor muscle
of C. virginica after Cd exposure (Carpene, 1993; Roesijadi, 1994,
1996; Roesijadi & Klerks, 1989; Roesijadi et al., 1996). Although in
these studies the metallothionein raise derived from Cd exposure
is similar to the obtained values, the data can only be compared,
strictly speaking, when it has been obtained through the same
technique (Amiard et al., 2006).

Metallothionein induction in Cr (an essential metal) expo-
sed specimens was observed after 6 h. However, the values
were low in further time periods. This finding might be the result
of a toxic effect previous to a detoxifying process, as stated by
Amiard et al. (2006).

Several results presented high data dispersion, heteroce-
dasticity and the presence of extreme cases. The absence of
normality and homocedasticity can influence the interpretation
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with parametrical techniques, therefore Kruskal-Wallis test, a
robust technique, was used (Tukey, 1977). The analysis must
consider the biological specific features of this specie too, for
instance, the valves closure, in C. virginica can last for up to 7 h
under normal conditions (Shumway, 1982), and the valves closure
duration proportionally increases according to the environment
toxics concentration. This closure might produce the responses
delay and, therefore, the broad dispersion of data. Furthermore,
if closure is proportional to the toxic concentration, it is possible
that the greater effect observed occasionally in lower concentra-
tions in metallothionein, as well as in lipid peroxidation, could be
related to this behavior. A narcotic effect has also been attributed
to metals (Smith, 1985; Lin et al, 1992), which might affect the
organism activity, the slow valves closure could be an effect of
metals exposure.

The dispersion of data could be a consequence of the origin
of organisms too. The oysters came from the Mandinga lagoon,
they were selected with commercial size and morphologically
homogenous, but there is natural variability in organisms from
native populations. The variability in results of bioassays using
organisms from natural environments could be expected, but the
evaluation of their responses is desirable because they can be
related to a real situation. On the other hand, the oyster culture in
Mexico does not handle the entire life cycle and it is not possible
to obtain organisms from controlled laboratories or cultures.

Besides, the previous exposure must to be considered
because, in natural environments as Mandinga, several pollu-
tants could be present. It has been demonstrated that Perna
viridis (Linnaeus 1758), is more sensitive and reacts faster to Cd,
after it has been previously exposed to this metal. These findings
are relevant due to the high levels detected in the Mandinga
lagoon (77 pgCd/L), which are far beyond those established by
the Mexican regulations intended for the environment protection
(0.2 ugCd/L) as indicates Comision Nacional del Agua (2003).

Due to the essential metals regulation activity in bivalve
organisms, the metallothionein has been associated with cellular
detoxification and protection mechanisms; furthermore, in some
studies it is considered to play the same roles in presence of
metals without known biological function, such as Cd (Khler
& Riisgard, 1982; Stegeman et al, 1992; Roesijadi et al, 1996;
Viarengo et al,, 1997, Romeo et al.,, 1997). However, other studies
specify that metallothionein-Cd complexes are metabolized slo-
wer than complexes with essential metals (Simkiss & Masson,
1983). Other protective roles of these proteins have been descri-
bed, such as general antioxidative defence; e.g. it is considered
that previously exposed organisms to Cd, might resist more
effectively the oxidative stress catching the hydroxyl and supe-
roxide radicals (Amiard et al,, 2006). However, metallothioneins
are not able to intercept all of the molecules, therefore, ionic-
form metals are also able to bind to other sensitive cellular sites,
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namely enzymes and membranes, stimulating the production of
free radicals, resulting in membrane destabilization (Roesijadi,
1996). Consequently, the protective role of these proteins seems
to be limited.

Metallothionein induction, as result of Cr exposure in C.
virginica, is a narrowly explored area. This metal is associated
to a greater extent with oxidative stress, since it is involved in
several enzymatic activations, for it bounds to the enzymes
active sites in redox reactions with Fe and Cu; Cr®* promotes
insulin action and is an essential nutrient for the metabolism
of sugars and lipids, performing several functions in vital
processes. The organisms exposed to Cré* must transform it
into Cré* within the cell. Cr%* entry occurs through the sulphate
transport system, and once inside, it is transformed through
two routes: an enzymatic route, involving the cytochrome P450
and glutathione reductase, where Cr¥* is the final product;
and another non-enzymatic route, which transforms Cr8* in
Cr®* and Cr* by means of the ascorbic acid. These Cr-forms
produce reactive-oxygen species (Moreno, 2003). The diffe-
rent Cr transformation routes could explain the reason why
it accumulates less than Cd, and why the lipid peroxidation is
larger with lower BCF values.

Nevertheless, the increase in lipid peroxidation could also
be expected under Cd exposure, since this metal promotes
equally the reactive-oxygen species production. Other studies
state that Cd exposure induces metallothionein production and
peroxidative damage in the freshwater Asiatic clam Corbicula
fluminea (Legeay et al., 2005). Considering the time of expression
of the cellular-protection processes in response to exposure and
the role played by lysosomes in metals detoxification (Amiard et
al., 2006), it is expected that metallothionein induction occurs first
and the lipid peroxidation takes place later. The results obtained
in C. virginica specimens exposed to Cr, sustain this theory, since
the lipid peroxidation in the digestive gland occurred after 48 h
exposure and the metallothionein induction ensued after 6 h. In
contrast, the lipid peroxidation became evident after 6 h to Cd
exposure; however, there was no evident association with the
metallothionein increase. In other studies, significative correla-
tions between Cd and Cu sedimentary levels and metallothionein,
in juvenile C. virginica specimens, were found (Ringwood et al,
1999); however, there was no correlation between these meals
levels and peroxidative damage. The difficulty to incorporate the
Cd into different metabolic routes could explain why the larger
the lipid peroxidation is, the higher the Cd BCF becomes.

The metallothionein, as metals exposure biomarker, is con-
sidered highly useful for environmental protection (Goyer, 1991;
Viarengo et al,, 1999); nonetheless, in order to corroborate if lipid
peroxidation is associated to metallothionein induction, as result
of Cd exposure, it would be suitable to consider the possible
influence of previous exposure.
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Water is the main route of exposure (Neff, 2002; Rebougas
et al, 2005), but not only water content is important, levels
in sediment must be considered, due the possibility of metal
transference to the water column under different environmental
conditions associated to changes in pH, temperature and salinity.
Mandinga sediment concentrations determined by Botello (1994)
indicated values of 45.74 pugCr/sDW and 1.22 ugCd/gDW. Those
values represent an increase to previous analysis (Rosas, et al,
1983) and represent a risk to native organisms.

In that manner, the selected trial concentrations, slightly
higher than those detected in water of the Mandinga lagoon,
where the organisms were obtained, revealed answers in the
analysed biomarkers. There was induction of metallothionein
due to Cr exposure after 6 h in the digestive gland (where
the highest concentrations were found) and in the abductor
muscle, and lipid peroxidation in the digestive gland after 48
h exposure. The negative correlation amongst the metallothio-
nein levels and the digestive gland BCF, suggests a metabolic
effort to control the internal Cr concentration, however, higher
peroxidation in oysters which accumulated less, suggests
deterioration.

The higher Cd toxicity, a non essential metal, became evi-
dent due to lipid peroxidation after 6 h of exposure. The direct
correlation amongst metallothioneins and the Cd BCF in the three
analysed tissues, points out the organisms incapability to control
the stored levels, therefore, the protective role of these proteins
from this metal is very limited, which can be supported by the
lipid peroxidation, which was proportional to the metal water
concentration.

Mandinga native oysters had Cd pre-exposure, this fact
could involve a lower resistance to the posterior Cd exposure,
and could explain the limited protective role of metallothioneins
in oyster from Mandinga Lagoon.
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