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Introduction

Several biological studies associate cadmium and vanadium with the ability to produce reactive oxygen species (ROS), resulting in lipid peroxidation and antioxidant enzymes alterations, leading to oxidative stress. Further, these metals have been associated mainly with hepato and renal toxicity. Recent studies have focused on the involvement of toxic metals in cardiac oxidative damage and suggested that this organ shows a great vulnerability to metal intoxication (Aureliano et al., 2002; Borges et al., 2003). However, the comparative in vivo oxidative effects of these metals in the cardiac tissue are still unclear. Therefore, the present study aims to analyse and compare the oxidative stress responses induced by an acute exposure (1 and 7 days) to a sub-lethal concentration (5 mM) of a cadmium and two vanadium solutions containing different oligovanadates (metavanadate and decavanadate), on the cardiac muscle of the marine teleost Halobatrachus didactylus (Lusitanian toadfish).

Material and Methods

H. didactylus
 individuals (n=40; 358±127g) were collected in Ria Formosa lagoon (Portuguese south coast) and divided into four groups: Placebo, injected intravenously (i.v.) with 0.9% NaCl; Cd, injected i.v. with a 5 mM cadmium chloride solution; Meta, injected i.v. with a metavanadate solution containing 5 mM of total vanadium and Deca, injected i.v. with decavanadate containing 5 mM of total vanadium. Metal solutions were prepared in 0.9% NaCl. Metavanadate and decavanadate solutions were prepared from ammonium metavanadate, as described elsewhere (Aureliano and Madeira, 1994). All solutions were administrated in a dosage of 1mL/Kg of body mass. 

Subgroups of 5 individuals of each group were sacrificed 1 and 7 days after injection with anaesthetic overdosage of 2-phenoxiyethanol; blood was collected and the heart was immediately removed and homogenised in adequate buffers. Mitochondrial and cytosolic fractions of H. didactylus heart tissue were obtained as described by Aureliano et al. (2002). Oxidative stress was determined in cardiac subcellular fractions evaluating:
 1) antioxidant enzymes activities – catalase (CAT), superoxide dismutase (SOD), total glutathione peroxidase (GPxtotal) and selenium-dependent peroxidase (Se-GPx), estimated by UV/VIS spectroscopy; 2) lipid peroxidation, analysed by thiobarbituric acid test and by cis-parinaric acid assay (fluorimetry) and 3) metal subcellular distribution, on heart tissue and blood (plasma and red blood cells), measured by atomic absorption spectroscopy. Additionally, ROS production (DCF assay) was estimated in vitro by titration with different concentrations of meta and decavanadate, in cardiac mitochondrial fraction obtained from non treated individuals.

The 
Mann-Whitney test was applied to test differences between placebo and contaminated groups, for all the analysed parameters. The significant level used was p <0.05.

Results and Discussion

The results obtained in this study showed that, although both metals significantly affected antioxidant enzymes activities and reactive oxygen species production, they have different targets in the cells and affect differently the enzymes studied.

Antioxidant enzymes activities and lipid peroxidation

In the mitochondrial fraction, only the decavanadate induced significant variations (p <0.05) of the antioxidant enzymes activities: both CAT and SOD increased immediately 24h after injections (+100% and +119%, respectively), although CAT showed a more pronounced effect after 7 days (+147%) (Fig. 1). Further, in the cytosolic fraction, only SOD was affected by vanadium. Metavanadate induced a significantly decrease (p <0.05) of SOD activity upon 1 day of exposure, while 7 days after exposure, both vanadate solutions decreased SOD activity (-52%). On the other hand, cadmium was the only metal with significant effects (p <0.05) on both GPxtotal and Se-GPx activities and also induced increases on cytosolic CAT activity (Fig. 1).
 Lipid peroxidation levels in heart tissue remained unchanged upon cadmium or vanadate exposure (data not shown). 

The described results are somewhat different from those obtained for the same species but injected intraperitoneally, with the same vanadium solutions (Aureliano et al., 2002). According to that report, both vanadate solutions induced a decreased in both subcellular fractions of all antioxidant enzymes activities – CAT (except mitochondrial CAT activity), SOD and GPx. Additionally,  a significant increase of lipid peroxidation products (+82%) in H. didactylus heart, was observed upon intraperitoneal decavanadate intoxication. These differences indicate that the metal administration protocol is determinant for the results obtained and it should be taking into account when interpreting and comparing results from in vivo metal exposure.
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Figure 1. Antioxidant enzymes activity of Halobatrachus didactylus heart: A)  mitochondrial catalase (CAT); B) cytosolic CAT; C) mitochondrial superoxide dismutase (SOD); D) cytosolic SOD; E) total glutathione peroxidase and F) selenium dependent glutathione peroxidase Reported values are means(S.D. (N=5). *significantly different from control (p <0.05).
Metal subcellular distribution

Cadmium and vanadium were primarily accumulated in the blood (preferentially in plasma), where vanadium accumulation (5.1±2.0 and 6.6±2.8 µg V/g dry tissue for Meta and Deca groups, respectively) was 6-fold higher than cadmium (1.8±5.7 µg V/g dry tissue). In the heart, vanadium accumulated 2-fold more than cadmium; decavanadate, was mainly accumulated in cardiac mitochondria (79±23 and 57±2 ng V/g dry tissue after 1 and 7 days exposure, respectively). This result is in agreement with the increase of antioxidant enzymatic activities observed in mitochondrial CAT and SOD activities.

Reactive Oxygen Species (ROS) production 

In vitro ROS production in cardiac mitochondria was increased by both vanadate solutions, although metavanadate showed a stronger effect (Fig. 2). 
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	Figure 2. In vitro metavanadate (●) and decavanadate (○) effects on reactive oxygen species (ROS) production in Halobatrachus didactylus cardiac mitochondrial fraction. 



Conclusions
Cadmium and vanadium seem to have different toxicological patterns in the heart of the toadfish since the different metal solutions injected affected differently the antioxidant enzymes studied and metal accumulation. This study point out that vanadate oligomers induce in vivo and in vitro prooxidant effects in the toadfish heart.
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