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Abstract

The exposition of fish to sublethal concentrations of cadmium can harm gas exchange between the external environment and tissues. In this study we analysed the effect of cadmium on oxygen affinity of the hemolysate of matrinchã (Brycon cephalus) at different pHs by tonometry, according Riggs & Wolbach (1956). The results suggest that Hb-O2 affinity do not differ at low cadmium concentrations in the Bis-Tris and Tris-HCl pH 7.0 buffer. However, it is possible that cadmium can indirectly modify the Hb-O2 affinity by complexing with ATP, making this phosphate unavailable to bind to hemoglobin.

Introduction

The hemoglobin structure is designed to transport oxygen from the environment to tissues. Hb-O2 affinity can be modulated by protons, temperature, chloride and organic phosphates like ATP, although there are hemoglobins insensitive to these parameters. Phosphates and chloride, for example, bind to specific sites of the Hb molecule and can stabilize its desoxi structure, decreasing the Hb-O2 affinity. Cadmium is a transition metal that causes great damages to the ictiofauna. In fish specifically, cadmium enters the branchial chloride cells via apical Ca2+ channels. Once in the blood, cadmium induces hematological changes, namely changes of antioxidant enzymes activities, levels of lipid peroxidation, blood cell numbers, hematocrit and hemoglobin levels. In vitro studies show that cadmium affects methemoglobin reductase activity. There are direct evidences that cadmium enters human red blood cells, binding intracellularly to hemoglobin (Rabenstein et al. 1983). The aim of the present paper is to analyze the effect of cadmium on the Hb-O2 affinity of matrinchã, supposing that cadmium also enters fish red blood cells of this fish species.

Material and Methods

Specimens of matrinchã (Brycon cephalus) were obtained from a fish farm near Manaus, Brazil. Blood was collected from the caudal blood vessels using heparinized syringe. The erythrocytes were washed three times by centrifugation against a large excess of saline buffer. Haemolysis was achieved by the addition of 50mM Tris-HCl buffer, pH 8.5, 1:1 volume. The haemolysate was centrifuged and the debris were removed. The stripped hemoglobin (Hbt stripped) was prepared by gel filtration in Sephacryl S-100 column (1.5x40cm) balanced with 50mM Tris-HCl buffer, pH 8.5. Hemoglobin (Hb) multiplicity was checked by non-denaturating PAGE 7%. Functional aspects were analysed by tonometry according Riggs & Wolbach (1956). Hbt in presence of 1mM of cadmium was analysed at pHs between 6.0 and 6.5 (50mM Bis-Tris buffer) and the effect of different cadmium levels was analysed at pH 7.0 (50mM Bis-Tris and 50mM Tris-HCl buffer). Detection of Cd2+ after tonometry was made by digestion of samples with HNO3 and metal concentration determined by furnace atomic absorption spectrophotometry.

Results and Discussion

Two Hb fractions, one more anodic Hb-II and one less anodic Hb-I, were detected on PAGE 7%. Hbt of matrinchã presented a Bohr index ((H+=(logp50/(pH) of –1.46 between pH 6 and pH 6.5. In the presence of cadmium, (H+ exhibits a value of –1.06 in the same pH range (Fig. 1). Above pH 6.3 a small decrease of Hb-O2 affinity was detected, which may result from the formation of insoluble Cd-buffer or Cd-Hb complexes, under this specific Cd2+concentration. Likewise, they probably occur in the presence of ATP and Cd2+ presence ((H+= 0,5) because of the ATP-Cd complex (Toledo-Maciel et al., 1998).
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Figure 1. Hb Bohr effect of Brycon cephalus in the presence of CdNO3 and between pH6.0 and 6.5, 50mM Bis-Tris buffer.

There are no major effects of different Cd2+ levels on Hb-O2 affinity checked at pH 7.0, prepared with Bis-Tris and Tris-HCl buffer; logp50 were, respectively, 0.48 (SD= 0.04 n=19) and 0.5 (SD=0.04 n=10) (Fig. 2). In relation to stripped Hb at pH 7.0 (logp50 = 0.42(0.04, n=4), those values are higher but the causal factor is unclear.
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Figure 2. Hb Bohr effect of Brycon cephalus in the presence of different Cd2+ levels at pH 7.0.

In the erytrocyte, Cd2+ can bind to other proteins (Garty et al., 1981), such as metallothionein (Tanaka et al. 1986), immobilizing it and thus substantially reducing its effect on ATP-Cd complex.

Conclusion

The results suggest that Hb-O2 affinity do not differ at low cadmium concentrations in the Bis-Tris and Tris-HCl pH 7.0 buffer. However, it is possible that cadmium can indirectly modify the Hb-O2 affinity by complexing with ATP, making this phosphate unavailable to bind to hemoglobin.
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