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Abstract: Larval stages of bivalve molluscs are highly sensitive to pollutants. Oysters from a hatchery 
from Normandy (English Channel) were induced to spawn, and fertilized eggs were exposed to copper 
or cadmium for 24 h. Metal accumulation (from 0.125 to 5 μg Cu L−1 and from 25 to 200 μg Cd L−1) 
and MT concentrations were measured in larvae. Compared to controls, larvae accumulated copper 
and cadmium with an increase in MT concentrations particularly with cadmium (i.e. 130.96 ng Cu (mg 
protein)−1 and 12.69 μg MT (mg protein)−1 at 1 μg Cu L−1 versus 23.19 ng Cu (mg protein)−1 and 
8.92 μg MT (mg protein)−1 in control larvae; 334.3 ng Cd (mg protein)−1 and 11.70 μg MT (mg 
protein)−1 at 200 μg Cd L−1 versus 0.87 ng Cd (mg protein)−1 and 4.60 μg MT (mg protein)−1 in 
control larvae). Larvae were also obtained from oysters of a clean area (Arcachon Bay) and a polluted 
zone (Bidassoa estuary) and exposed to copper in the laboratory, their MT concentration was 
measured as well as biomarkers of oxidative stress. Biomarker responses and sensitivity to copper for 
the larvae from Arcachon oysters were higher than for those from Bidassoa. 
 
Keywords: Crassostrea gigas larvae; Cadmium; Copper; Metallothionein; Arcachon Bay; Bidassoa 
estuary 



 
1 – Introduction 
 

Early embryo-larval stages of bivalve molluscs have been shown to be highly sensitive to 
micropollutants. particularly to metals (Calabrese et al., 1977; Martin et al., 1981; Pavičić, 
1981; Beiras and His, 1995). One of the best methods for assessing the bioavailability of 
contaminants is to observe their accumulation in organisms. Recent studies demonstrated the 
ability of bivalve larvae to bioaccumulate metals (Geffard et al., 2002; Geffard et al., 2003). 
Metallothionein has been shown to be a potential biomarker for metal contamination in 
aquatic environment. The use of bivalve metallothionein has been reviewed (Langston et al., 
1998; Cosson, 2000). MTs are low-molecular weight, cysteine rich, inducible proteins that 
function in metal homeostasis and detoxification (Hamer, 1986; Engel and Brouwer, 1989). 
MTs are cytosolic proteins. The presence of cysteine in MTs confers substantial metal binding 
capabilities. The importance of MTs in ameliorating metal toxicity in bivalves has been 
demonstrated (Viarengo et al., 1987; Roesijadi, 1992). Some studies have dealt with 
metallothionein induction in embryo-larval stages of molluscs (Pavičić et al., 1985; Pavičić et 
al., 1994; Roesijadi et al., 1995, Geffard, 2001).  

In the present study, fertilized Crassostrea gigas eggs were exposed to copper or cadmium 
for 24 h, period required to complete embryogenesis (obtention of D-shaped larvae). The 
bioaccumulation of metals and MT concentrations were measured in each experimental series 
at the end of each exposure period. As abiotic factors are likely to interfere with MT synthesis 
in aquatic animals (Cosson, 2000), the effect of temperature and salinity were studied in 
control larvae before beginning the metal exposure experiments.  

Besides, since organisms from polluted areas, especially metal-rich estuaries (i.e. 
Restronguet Creek in England, Gironde estuary in France) can react to metal exposure 
differently from animals leaving in pristine areas, the origin of larvae was taken into 
consideration. This origin considered as “environmental history” by De Kock and Kramer 
(1994) may be a cause of variation in MT induction. The state of adaptation (studied as MT 
concentrations) of local populations to copper concentrations was tested on larvae from 
oysters living in a clean area (Arcachon, SW of France, Atlantic Ocean) and from a heavy 
copper-polluted area (Bidassoa estuary, boarder between France and Spain, Atlantic Ocean). 
The hypothesis was that fertilized eggs from adult oysters from Bidassoa, which have been 
living all their life in a contaminated estuary, were more able to stand the toxic effects of 
copper than those from the Arcachon Basin. 
 
 
2. Materials and Methods 
 
2.1. Obtaining larvae 
 

Mature oysters (Crassostrea gigas) were conditoned in a hatchery or collected during the 
natural reproduction period (this last experiment described in section 2.6.). Oysters from 
hatcheries are considered as “clean” since they are consumed, the safety of food to the 
consumer being a major concern of oyster producers (Bragigand et al., 2004). In the 
laboratory, oysters were then induced to spawn by thermal stimulation (His et al. 1997, 1999, 
Quiniou et al., 2005). Females in the laying process were isolated in 1 l of filtered (0.22 µm) 
reference sea water (Quiniou et al., 2005) while spawning males were put in 500 ml of filtered 
reference sea water, to obtain a sperm-dense suspension. The oocytes and sperm of different 
oysters were observed after sieving through 100 µm for oocytes and 32 µm for spermatozoa 
under an inverted microscope, and the most reproductive pair (regular oocytes and very 
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mobile spermatozoa) was selected for the experiment. The oocytes were fertilized by the 
sperm-dense suspension (until 10 spermatozoa for 1 oocyte). Fifteen minutes after 
fertilization, embryos were counted and placed into 2 l beakers (60,000 fertilized eggs per 
liter) filled with 0.2 µm reference filtered sea water (two replicates per condition and 6 
beakers per replicate, one replicate therefore constitutes one pool of ca 720,000 larvae). After 
incubation, the larvae were recovered through a sieve (32 µm), freeze-dried and stored for 
analysis. 

Fertilized eggs from one female and one male were used to minimize genetic variability as 
recommended by Stebbing et al. (1980). In some cases (effect of temperature and salinity and 
first experiment with larvae from Arcachon and Bidassoa), two couples were used to produce 
larvae. 
 
2.2. Effect of temperature and salinity 

 
Two temperatures (20 °C and 25 °C) and three salinities (25, 30 and 35) for each 

temperature were used. In the field, the natural spawning occurs from 19 °C and the optimal 
D-larvae development in the laboratory is reached at 25 °C. The chosen salinities were those 
found along the French Atlantic coast where oysters are cultivated. Embryos were incubated 
at the chosen temperature and salinity for 24 h in the dark until D-larvae were obtained (His et 
al., 1997). After incubation larvae were recovered through a sieve (32 µm) and treated as 
described in section 2.4. After salinity and temperature experiment, an average salinity (30.0 
+ 0.5) and an average temperature (23 + 1 °C) were chosen for the subsequent experiments. 

 
 

2.3. Effect of metals 
 
Three experiments were conducted to study the effect of each metal (copper or cadmium 

introduced into the medium as chloride salts) on the metal uptake and the concentration of 
MTs. The experiments (experiments I, II and III for each metal) were classed according to the 
date of the obtention of larvae. The contamination concentrations were below the toxicity 
thresholds (Robert and His, 1985; Damiens et al., 2004; Quiniou et al., 2005). The chosen 
concentrations were low for copper which was introduced into the experimental medium at 
concentrations ranging from 0.25 to 5 µg Cu l-1 since Damiens et al. (2004) estimated the 
physiological status of the larvae by evaluating CuSO4 concentration producing 50% of 
abnormal larvae ; the toxic concentration (EC50) ranged between 24 and 47.8 µg CuSO4 l-1  
i.e. ca 5.8 to 12 µg Cu l-1, in natural seawater. Robert and His (1985) reported EC50 values 
higher than 50 µg cadmium l-1 for C. gigas larvae, i.e. cadmium toxicity to bivalve larvae was 
much lower than that of copper. It is why cadmium was used, in this study, at high 
concentrations (50, 100 and 200 µg l-1) to find a significant uptake and higher MT 
concentrations in exposed larvae compared to the controls. 

 
2.4. MT analysis 

 
The determination of MT concentrations in larvae required partial purification which was 

performed according to the method of Thompson and Cosson (1984) that was modified. Each 
replicate of larvae was homogenized using a Potter-Kontes glass homogenizer fitted with a 
teflon pestle in a Tris-NaCl buffer solution (0.02 M, pH 8.6), with a ratio of 5 ml buffer per g 
of larvae (wet weight). Oxidation of MT molecules was avoided by working at 4 °C with β-
mercaptoethanol solution (10 mM) added to the TRIS buffer. The homogenate was then 
centrifuged at 9,000 g (4 °C) to obtain the post-mitochondrial fraction (S9) where metal 
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concentration was measured. S9 was centrifuged (25,000 g, 55 min at 4 °C). MT was isolated 
from an aliquot of the supernatant, by a second centrifugation (15000 g, 10 min at 4 °C) after 
heating for 15 min at 75 °C. This supernatant, containing the MT, was frozen at –80 °C until 
analysis. The MT assay was performed by differential pulse polarography. A PAR Model 174 
analyser, PAR/EG & G Model 303 static mercury drop electrode (SMDE) and an X-Y 
recorder (RE 0089) were used. The concentration of thiol groups (SH) was determined using 
Brdickà reagent (Brdickà, 1933) according to the method described by Thompson and Cosson 
(1984). Three measurements were performed in each sample. The concentrations of MTs are 
expressed as µg MT mg protein-1 and as µg MT g-1 wet weight. Total proteins were 
determined according to Bradford (1976). This last determination is considered as more 
precise than the wet weight of larvae due to difficulties in removing sea water from the sieve 
during collection. Moreover, when considering biomarker measurements (see section 2.6), 
results are commonly presented as a function of protein concentration. When possible, both 
kinds of results were given. 

 
2.5. Metal analysis 

 
Copper and cadmium were determined in S9 fractions of larvae. These fractions were 

digested with nitric acid (65%, Merck Suprapur) in a microwave oven (CEM MDS 81 D). 
Analyses were carried out on the resulting solutions by flameless atomic absorption 
spectrophotometry (GBC 904 AA). Deuterium background correction was used. The 
analytical procedure was calibrated against a standard reference material, namely lobster 
hepato-pancreas (TORT-2 provided by the National Research Council of Canada). Results of 
these analyses are given in Table 1. The results are in agreement with the certified values. 
Metal determinations in the medium were carried out by anodic stripping voltametry. 
 
 
Table 1. Analysis of the reference material Lobster Hepatopancreas TORT-2. (National Research Council 
Canada). Mean values + 1 standard deviation. 
 

Metal Certified values (µg g-1dry wt) 
Mean ± 1 S.D. 

n Recorded values 

Cd 26.7 + 0.6 5 27.0 + 0.7 
Cu 106 + 10 5 101 + 1 

 
 
2.6. Effect of the origin of larvae on MT concentrations 

 
Pacific oysters were collected during the natural spawning from two different locations : 

the Arcachon Basin and the Bidassoa estuary. The tolerance of larvae to copper was compared 
according to their origin. As mentioned above, larvae were incubated in increasing 
concentrations of CuSO4 (0, 20, 40, 60, 80 µg CuSO4 l-1) to determine the percentage of 
abnormal larvae at each concentration (3 replicates per concentration).  

Larvae (produced by two couples of parents) from both origins and the contaminant 
(CuCl2) were put in contact during 24 h. The salinity was kept at 30.0 + 0.5 and the 
temperature at 23 ± 1 °C. The first experiment occurred in July 2003 with concentrations of 
0.125, 0.5, 1.25 and 5 µg Cu l-1 and the second in July 2004, the copper concentrations for the 
second experiment (0.25, 0.5 and 1 µg Cu l-1) were chosen according to the results of the first 
experiment. MT concentrations were determined as above-mentioned. 

In July 2004, the experiment was carried out with larvae from one couple of parents, the 
larvae were very abundant : six 2-l incubation beakers (one pool) were used for MT 
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determinations and six 2-l incubation beakers (three pools) could be dedicated to biomarker 
determination. Copper concentrations was measured in S9 fractions from the larvae and two 
biomarkers of oxidative stress (Cossu et al., 1997) : the catalase activity and the concentration 
of TBARS (Thio-Barbituric Acid Reactive Substances) were also measured according to the 
methods described in Damiens et al. (2004).  

 
 

2.7. Statistics 
 
All chemical and biochemical determinations were performed in two replicates (one pool 

of larvae) by condition and no statistics could be performed. When two couples of adult 
larvae were used, more determinations were carried out on two or more pools, data were then 
tested for homogeneity of variance and for normal distribution and ANOVA was calculated, 
post-hoc comparison was done using Tukey’s tests (JPM IN 5.1 software). 

 
 
3. Results 
 
Effect of temperature and salinity on MT concentrations in control C. gigas larvae 

 
The results are expressed as µg MT per g of weight wet (protein concentrations could not 

be determined). Salinity has no influence on MT concentrations measured in the larvae 
whereas temperature significantly increases the concentrations of MTs (Fig. 1, larvae from 
october 2003). At all salinities, MT concentrations are higher with a mean value of 252.5 ± 
20.7 µg MT g-1 at 25°C compared to 178.7 ± 18.9 µg MT g-1 at 20°C (Tukey’s test significant 
at p < 0.05).  

 
 
Fig. 1. Variation of MT concentrations in control larvae (expressed as µg MT g-1 wet weight) as function of 
temperature (20    and 25 °C  ) and salinity (indicated on X axis : 25, 30 and 35) 
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Effect of copper exposure on C. gigas larvae 
 
The results are shown in Table 2. There are few differences between nominal and 

measured concentrations of dissolved metal. The concentration of dissolved copper in the 
medium after 24 h exposure demonstrates that copper was not lost by adsorption on the vessel 
during the experiment. Protein concentrations in larvae increase as a function of season (with 
the spawning period of adult oyster which starts in May) from 4.17 to 9.04 mg ml-1. 
Compared to the controls, copper is not accumulated in experiment I (mid-February), MT 
concentration did not change in exposed larvae. At 1 µg Cu l-1 (experiment II, beginning of 
May) an increase in copper uptake is found which does not correspond to an increase in MT 
concentration. Exposed larvae present high copper content and MT concentrations in 
experiment III (end of May) compared to the controls. Copper exposure provokes low MT 
induction (as discussed below). 
 
Effect of cadmium exposure  in C. gigas larvae 

 
Results are shown in Table 3. Here again, there are few differences between nominal and 

measured concentrations of dissolved metal. As for copper, protein concentrations in larvae 
increase as a function of season, a high concentration of proteins is found end of March. In 
experiment I (beginning of March), there was a problem with the incubator temperature which 
failed from 23° C to 16° C and a dramatic decrease of MT concentration in cadmium-exposed 
larvae compared to the controls was observed. For experiments II (end of March) and III (end 
of April), a strong cadmium uptake was noted in exposed larvae compared to the controls. 
There was an increase (ca two-fold) in MT concentrations of larvae exposed at 200 µg Cd l-1 

compared to the controls.  
 
Table 2 : Copper (ng Cu mg protein-1) and metallothionein (µg MT mg protein-1) concentrations in Crassostrea 
gigas larvae (<LD : detection limit 0.25 µg Cu l-1 ; ND : not determined). The nominal exposure Cu 
concentration and the measured Cu concentration in the incubation medium are also given. 
 
 

Experiment 
 

Exposure 
 

Cu 
µg l-1  

Proteins 
mg ml-1

ng Cu  
mg prot.-1

µg MT 
mg prot.-1

Control ND 4.17 20.08 11.75 

0.25 ND 4.34 23.24 8.29 

Exp. I 
February 

0.50  ND 3.62 20.54 13.20 

Control < L.D. 8.42 26.43 9.83 

0.50  0.48  6.49 29.59 10.35 

Exp.II 
Beginning of 

May 

1.00  0.98  7.08 39.13 10.23 

Control ND 9.04 23.19 8.92 

0.50  ND 7.85 55.41 14.62 

Exp. III 
End of May 

1.00  ND 5.18 130.96 12.69 
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Effect of the origin of larvae on MT concentrations 
 
The tolerance of larvae from Arcachon and Bidassoa is given in Fig. 2 a (Arcachon) and 

Fig. 2 b (Bidassoa). Larvae from Arcachon present an EC50 of 41.4 µg CuSO4 l-1 (i.e. 10.4 µg 
Cu l-1) whereas EC50 reaches 71.7 µg CuSO4 l-1 (i.e. ca 18 µg Cu l-1) in samples originating 
from Bidassoa ; EC50 was calculated using EPA Probit analysis program (version 1.5) or 
graphically. This demonstrates the greatest tolerance of Bidassoa larvae compared to those of 
Arcachon.  

The results (in duplicate) of the first experiment, carried out in July 2003, are shown in Fig 
3. A two-way ANOVA (origin and effect of contamination) performed on protein 
concentrations is significant (p < 0.0001), the protein concentrations are higher in the larvae 
from Bidassoa (2.92 ± 0.37 mg ml-1) than in those from Arcachon (1.77 ± 0.43 mg ml-1). No 
effect of copper on protein concentrations is noted. Another two-way ANOVA performed on 
MT concentrations is significant (p < 0.0001). There is an effect of the origin of larvae (p = 
0.001) and an effect of copper (p < 0.005). The interaction origin x contamination is 
significant (p < 0.005). When considering larvae from Arcachon oysters, the effect of copper 
significantly decreases MT concentrations (ANOVA significant at p < 0.0005, the levels of 
significance between control and exposed larvae are shown in Fig. 3) from 0.5 µg Cu l-1 
(87.59 ± 13.4 µg MT g-1 and 9.65 ± 1.44 µg MT mg protein-1) to 5 µg Cu l-1 (65.90 ± 13.51 
µg MT g-1 and 6.37 ± 1.07 µg MT mg protein-1) compared to the controls (124.38 ± 22.65 µg 
MT g-1 and 12.75 ± 2.37 µg MT mg protein-1). In larvae from Bidassoa oysters, the decrease 
of MT concentrations as a function of copper added to the medium is not found (ANOVA non 
significant p = 0.749 ; 68.7 ± 13.0 µg MT g-1 and 7.19 ± 0.84 µg MT mg protein-1 in larvae 
exposed to 5 µg Cu l-1 versus 101.4 ± 19.1 µg MT g-1 and 7.74 ± 1.56 µg MT mg protein-1 in 
controls).  

The results of the second experiment (July 2004) are presented in Table 4. A two-way 
ANOVA (origin and effect of contamination) performed on protein concentrations is 
significant (p < 0.0001). There is an effect of the origin of larvae (p<0.0001) and no effect of 
copper on protein concentrations (p = 0.240). Copper accumulation could be measured in this 
experiment and results are expressed in ng Cu per mg of proteins or in ng Cu per g of wet 
weight. Compared to the controls, copper concentrations in larvae from Arcachon oysters tend 
to increase between 0.25 and 0.5 µg Cu l-1 and sharply decrease at 1 µg Cu l-1. The same 
diminution is observed at 1 µg Cu l-1 in larvae from Bidassoa oysters. Copper induces higher 
MT concentrations in exposed larvae from each series (Arcachon or Bidassoa, Table 4) than 
in the controls. Biomarkers of oxidative stress : TBARS concentrations and catalase activity 
are also shown in Table 4. ANOVA performed for TBARS concentrations showed no 
significant differences in both series. Catalase activity is decreased from 0.25 µg Cu l-1 in 
Arcachon samples (ANOVA significant at p < 0.0005) and at 1 µg Cu l-1 in Bidassoa samples 
(ANOVA significant at p < 0.05). 
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Fig. 2. Percentage of abnormal larvae (Y axis) as a function of increasing concentrations of CuSO4 (0 to 80 µg l-

1) in the incubation medium of larvae : a) from Arcachon; b) from Bidassoa. The EC50 was determined by probit 
calculation given in the text and graphically. 
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Fig. 3. MT concentrations (µg MT mg protein-1 ± 1 standard deviation) in larvae from parents from Arcachon (    
) or Bidassoa ( ) exposed to increasing copper concentrations  in the experiment of July 2003. ANOVA 

significant, Tuckey’s test post-hoc comparison with the controls significant at * p < 0.05, ** p < 0.01. 
 

 
 
 
 
 
4. Discussion 
 

The choice of oyster larvae was not done at random since the most reproductive pairs were 
selected in order to obtain the fittest individuals to perform our experiments. Nevertheless, 
larvae show different responses to abiotic parameters and pollutant exposure. The 
concentrations of metal exposure were explained in section 2.3. 
 
Effect of temperature and salinity 
 

The low effect of salinity on MT concentrations in oyster larvae (Fig. 1) was already noted 
in adult bivalves by Amiard-Triquet et al. (1998) in Arctic populations of Macoma balthica 
and Mytilus edulis whereas the influence of sexual status was significant. Moreover, 
Mouneyrac et al. (1998) did not put into evidence MT concentration variations in the oyster 
Crassostrea gigas along a salinity gradient in the Gironde estuary.  

The effect of temperature found here (higher MT concentrations at higher temperature, Fig. 
1) is also observed in bivalves by different authors. Season seems to influence greatly the 
synthesis of MTs in specific organs of adult bivalves (Cosson, 2000). Viarengo et al. (1997) 
showed a seasonal increase of metallothionein content in the digestive gland of wild adult 
mussels (Mytilus galloprovincialis) in relation with a higher metabolic activity during late 
spring and summer. This phenomenon may be compared with our findings although the 
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fertilized eggs were obtained with oysters, collected at the end of summer when temperature 
reached 25 °C, these eggs were placed at 20 and 25 °C until D-stage. 
 
Effect of metals on metal uptake and MT concentrations in C. gigas larvae 
 

The chosen copper concentrations are environmentally realistic since dissolved copper 
concentrations has been reaching ca 10 µg Cu l-1 in French harbours since the banning of 
TBT. Generally, Schiff et al. (2004) established a mean dissolved copper emission of 20.5 to 
33.6 g per month into pleasure boat harbours. Geffard (2001) estimated that the dissolved 
copper concentration in the Gironde estuary range from 5.2 to 21.3 µg Cu l-1. Cadmium may 
be present at high concentrations in some hot spots such as the Gironde estuary, where 
concentrations range between 0.4 and 0.8 µg Cd l-1 (Geffard, 2001) compared to Atlantic 
waters which show concentrations ranging from 0.2 to 12 ng Cd l-1 (Cossa and Lassus, 1989). 
Table 2 demonstrates a strong seasonal effect : the copper uptake by larvae begins in May 
(experiment II) without increase in MT concentrations, then, at the end of May (experiment 
III) larvae significantly accumulate copper and subsequently provoke a relatively low MT 
induction from 0.5 µg Cu l-1 (ca 1.6 fold by comparison with the controls).  

The same seasonal effect is observed in the experiments conducted with cadmium (Table 
3). In the beginning of March, the decrease of the incubator temperature provoked a low 
growth rate of larvae and low concentration of protein was found in both control and exposed 
larvae, a slight uptake of cadmium was observed associated with a low MT concentration in 
exposed larvae. At 100 µg Cd l-1, cadmium appears to prevent both protein and MT induction. 
In the two subsequent experiments (experiments II and III), both cadmium uptake and 
increase of MT concentrations were observed suggesting the importance of this protein in the 
detoxification process. 

Copper and cadmium are accumulated by larvae and provoked an increase in MT 
concentrations when the period of spawning of oysters in the laboratory is close to the 
“natural” spawning which starts in May. The protein concentration in larvae developing in the 
laboratory follows the sexual maturity of parents. Using the methods described in Boutet et al. 
(2002, 2003), Quiniou et al. (2004) observed a strong and significant induction in MT and 
HSP 70 in oyster larvae exposed to cadmium when the sexual maturity of parents was 
maximal whereas the induction was not significant when the maximal sexual maturity was not 
reached. This in agreement with our findings. 

Pavičić et al. (1985) found an induction of protein of low-molecular weight similar to the 
mamalian MT in unfertilized eggs and D-stage larvae of the mussel Mytilus galloprovincialis 
after exposure to high unrealistic cadmium concentrations (2.75 mg Cd l-1) in seawater 
compared to environmental concentrations even in metal-rich areas. The relationships 
between metal bioaccumulation and metallothionein concentrations were studied in larvae of 
Mytilus galloprovincialis (Geffard et al., 2002) and of Crassostrea gigas (Geffard et al., 2003) 
exposed to contaminated estuarine sediment elutriates. Metallothionein induction in larvae 
was always strongly correlated with increasing metal contents (Cd, Cu and Zn) in the 
cytosolic fraction of samples. This is in agreement with our findings for cadmium 
(experiments II and III, Table 3) and, to a less extent, for copper (experiment III, Table 2). 

The induction of MT in veliger larvae has also been studied in Crassostrea virginica by 
Ringwood and Brouwer (1995) who observed four constitutive MTs (Zn or ZnCu isoforms) in 
control embryos and during exposure to Cd, two additional isoforms were produced. MT-
bound Cd increased in exposed embryos and early larval stages prior to MT induction which 
may be explained in part as Cd binding to constitutive MTs (Roesijadi et al., 1996, 1997). In 
experiment II and III (Table 3), MT induction took place after a strong cadmium uptake 
associated with a high Cd dose (200 µg Cd l-1) i.e. MT concentrations keep increasing with 
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incorporated cadmium whereas for copper a slight increase in MT concentrations that levels 
off at the highest Cu concentration (increase and plateau, experiment III) is observed (Table 
2). The two metals behave differently, copper stimulates the formation of oxygen radicals and 
has an oxidative effect whereas cadmium does not undergo redox cycling. The induction of 
MT is not as good with copper as with cadmium and the Cd-dependent resistance to oxidative 
stress in mussels was ascribed to MT induction by Viarengo et al. (2000), MT induction 
playing a rôle against oxidative stress. 
 
Table 3 : Cadmium (ng Cd mg protein-1) and metallothionein (µg MT mg protein-1) concentrations in 
Crassostrea gigas larvae. The nominal exposure Cd concentration and the measured Cd concentration in the 
incubation medium are also given. 
 
 

Experiment 
 

Exposure 
 

Cd 
µg l-1

Proteins 
mg ml-1

ng Cd  
mg prot.-1

µg MT 
mg prot.-1

Control <1  3.80 1.34 6.12 

25 20 3.82 13.27 2.72 
Exp. I 

Beginning of 
March 

100  84.6 2.63 27.83 0.82 

Control <1  14.37 0.10 4.75 

50  43.3  13.15 107.90 5.71 

Exp. II  
End of 
March 

 200  193  9.73 176.53 10.46 

Control <1  8.58 0.87 4.60 

100  92.4   7.075 251.65 5.30 

Exp. III 
End of April 

200  194.4 5.23 334.32 11.70 

 
 
 
Effect of the origin of larvae 

 
Hahn (1998) defined the adaptation process as a series of modifications enhancing the 

ability of an organism to survive and reproduce in a particular environment. Several 
mechanisms including biochemical, physiological and behavioural are involved in this 
process. Millward and Grant (2000) even proposed the pollution-induced community 
tolerance (PICT) index as indicator of the deleterious effects caused by pollutants on natural 
communities. The hypothesis, suggested in this paper regarding the origin of larvae, was that 
adult oysters from Bidassoa have been living all their life in a contaminated estuary and that 
their offspring was therefore able to stand the toxic effects of copper. Sediments of Bidassoa 
present a very high metal content (1 µg Cd g-1, 77 µg Cu g-1 and 307 µg Zn g-1, Geffard, 
2001), the copper content exceeds the first French level (Cd : 1.2 ; Cu : 45 ; Zn : 276 µg g-1) 
for dumping dredged harbour sediments (Alzieu and Quiniou, 2001). On the contrary, the 
Arcachon Basin is devoted to oyster farming based on Japanese oysters Crassostrea gigas and 
is thus assumed to have a good environmental quality (His et al., 1999). Sediments from the 
Bay of Arcachon present low metal concentrations (0.2 µg Cd g-1, 33 µg Cu g-1 and 180 µg 
Zn g-1, unpublished data), The results of the first experiment show a toxic effect of copper 
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which decreases the MT concentration in larvae from Arcachon oysters. Copper may interfere 
with MT synthesis (George and Olsson, 1994, Roméo et al., 1997) or Cu bound to MT can 
form an insoluble Cu-MT complex that would precipitate into lysosomes and aid to Cu 
elimination under this form (Viarengo et al., 1988).  

Another hypothesis could be suggested in relation with the general stress induced by the 
exceptionnally high temperature experienced during summer 2003. The residence time of 
water masses in the Arcachon Basin is relatively high and waters could have maintained their 
temperature constant whereas the estuarine waters of the Bidassoa river receives colder fresh 
waters from the Pyrenees. This could explain that larvae from Bidassoa oysters do not seem to 
be affected by copper toxicity in addition to the copper tolerance demonstrated by the toxicity 
tests (Fig. 2 a and b).  

In the second experiment, differences between the origin of larvae are less significant. The 
increase of MT, observed at 0.25 µg Cu l-1 in larvae from Arcachon oysters occurs at 0.5 µg 
Cu l-1 in those from Bidassoa, is followed by a decrease. The accumulation of copper by the 
larvae as a function of copper concentration in the medium tends to be similar to that of MTs 
concentrations. The results (Cu accumulation and MT concentrations) reported in Table 4 
may be compared with Experiments I and II displayed in Table 2. There is generally low 
copper uptake and low MT induction in the larvae. The decrease of copper uptake at 1 µg Cu 
l-1 in both larvae (Table 4) shows an elimination of the metal which may be due to the 
formation of Cu-MT insoluble complex  described by Viarengo et al. (1988)  Larvae from 
wild oysters. 

 
 
Table 4. Experiment of July 2004 : Protein, TBARS, Cu and MT concentrations and catalase activity in larvae 
from different origin Arcachon (ARC) and Bidassoa (BID) and treated with increasing Cu concentrations 
(expressed as µg l-1). Standard deviations are shown in parenthesis. 
 
 

 Proteins  
mg ml-1

TBARS 
nmol 

mg prot.-1

CAT 
µmol min-1

mg prot.-1

Cu 
ng  

mg prot.1

Cu 
ng g-1

MT 
µg  

mg prot.-1

MT 
µg g-1

ARC 0 
 

8.57  
(0.36) 

0.54  
(0.05) 

6.66  
(0.74) 

21.93 
(3.35) 

568 
(41) 

3.86 104.3 

ARC + 0.25 
 

9.50  
(0.67) 

0.48  
(0.06) 

3.82* 
(0.76) 

22.49  
(9.08) 

613 
(148) 

5.72 171.6 

ARC + 0.5 
 

8.84  
(0.51) 

0.53  
(0.04) 

4.78* 
(0.74) 

24.23 
(5.53) 

629 
(118) 

5.101 138.4 

ARC + 1 
 

9.37 
(0.58) 

0.50 
(0.02) 

4.41* 
(0.60) 

16.47 437 4.878 141.0 

BID 0 
 

6.60  
(0.60) 

0.46 
(0.06) 

9.41  
(1.07) 

25.73  
(1.07) 

506 
(31) 

5.425 113.4 

BID + 0.25 
 

6.74  
(0.81) 

0.40  
(0.04) 

9.59  
(0.60) 

22.71  
(1.42) 

459 
(41) 

6.464 136.3 

BID + 0.5 
 

7.48  
(0.50) 

0.41  
(0.03) 

8.33  
(1.33) 

26.22  
(8.58) 

587 
(116) 

5.383 180.1 

BID + 1 
 

6.45 
(1.81) 

0.49  
(0.10) 

7.41* 
(1.69) 

18.1 384 5.880 129.3 

 
*Tuckey’s test of comparison with the corresponding controls significant at p < 0.05 
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Data from Table 4 also show that, in the larvae from Arcachon, catalase activity is 

inhibited in copper-treated samples from 0.25 g Cu l-1 which demonstrates the toxic effect of 
the metal on the enzyme itself. In the same samples, MT concentration is increased and allows 
the protection against lipid peroxidation since TBARS concentrations do not change in 
exposed larvae compared to controls. In the case of larvae from Bidassoa oysters (Table 4), 
catalase is decreased at the highest copper exposure. Larvae from Bidassoa seem to have an 
“environmental history” which allows some protection against copper toxicity.  

Geffard et al. (2003) hypothesized that MT induction in oyster larvae provided an 
enhanced early-warning tool for evaluating environmental contamination by metals. The 
measurement of other biomarkers associated with MT determinations may allow an improved 
approach of contamination. Lagadic et al. (1997) underlined the interest in measuring several 
biomarkers at the same time in the same animals, which allows a relevant approach to 
evaluate the effects of pollutants on individuals. 

As conclusion, this work demonstrates that oyster larvae may be used to evaluate MTs as 
biomarkers of metal exposure, since in many cases, metal content and MT concentrations are 
associated. The advantage in using oyster larvae is the rapid response within 24 h. 
Nevertheless, the physiological status of parents giving rise to larvae is important. MT 
induction occurs when the sexual maturity of parents is maximal whereas the induction is not 
significant when the sexual maturity period is not reached. Moreover, when adults have lived 
in a polluted area, their larvae may be less sensitive to pollution. 
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