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Introduction

The currently low concentrations of metals in natural aquatic ecosystems tend to increase as a result of increased urbanization, expansion of industrial activity and exploration of natural resources. Copper and lead are potentially dangerous metals and have their background concentrations increased over the recent years. They have been incorporated and accumulated in the biota.

Copper is needed in organic processes while lead doesn’t have a known biological function. High concentrations of these metals cause severe physiological and biochemical disturbances in fish and other animals. The aim of this study was to analyze the effect of copper and lead on Colossoma macropomum.

Material and methods

Juveniles of C. macropomum were obtained from commercial fish supplier and held in the Laboratory of Ecophysiology and Molecular Evolution (LEEM - INPA) for at least two weeks prior to experimentation. 

Experimental protocol

Cu2+ and Pb2+ toxicities were analyzed in groups of ten individuals (44.58(0.96g), in triplicates, transferred to 60L tanks and exposed to four experimental conditions for 96 hours: a) control; b) 0.368mg.L-1 of Cu+2 c) 14.25mg.L-1 of Pb+2; and d) 0.184mg.L-1 of Cu+2 + 7.17mg.L-1 of Pb+2. These concentrations represent 50% of LC50 (b and c) and 25% of LC50 of both metals (d). In another set of experiments, bioconcentration was analyzed in specimens (6.19(0.39g) exposed individually in experimental units of 1L to 50% of LC50 of Cu+2 or 50% of LC50 of Pb+2 for 96 h. Control animals were maintained over the same period of time in well water. All experiments were carried out in semi-static systems with 10% renovation of test-solution every 24h. The copper was tested as CuSO4.5H2O and lead as Pb(NO3)2. 

Blood sample
Blood samples were collected from the caudal vein. Hematocrit (Hct), hemoglobin concentration ([Hb]), red blood cell counts (RBC), corpuscular constants (MCV, MCH and MCHC) and methemoglobin were estimated by classic methods as described elsewhere (see Benesch et al., 1973; Brow, 1976).

Plasma analyzes

Sodium (Na+) and potassium (K+) levels were measured by atomic absorption spectroscopy (AANALYST 800-PerkinElmer). Chloride levels (Cl-) were measured according to the thiocyanate method. The alanin aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase (PA) and cholinesterase (Che) activities were measured according to the manufacturer’s recommendations for each set of assays (Doles Inc).

Metal accumulation in the tissues 

Kidney, liver, skeletal muscle and gill tissues were washed, weighted and digested in nitric acid 10% for 24h in 80oC. Metal concentration was measured by a graphite furnace atomic absorption spectroscopy. 

Data analysis 

Data are presented as mean(SEM. Differences among mean values were determined using one-way ANOVA.

Results and discussion

The effects of sublethal exposure to Cu and Pb on the respiratory capacity, ion regulation and health of C. macropomum are shown in table 1. Basic blood index are affected by Pb+2 and by the mixture of Cu+2 and Pb+2, suggesting that lead potentially causes anemia in tambaqui. According to Hernberg (1976) this metal causes anemia by the inhibition of the hemoglobin synthesis, but this seems unlikely in the present experiment as the animals were exposed to these metals for only 96 hours.

The alterations of ion concentrations in the plasma suggest that exposure to Cu and Pb cause serious damage to ion regulation. In the case of Cu+2, the depletion of Na+ and K+ may have resulted from Na+ influx inhibition, increased in the permeability of the apical membrane and Na+-K+-ATPase enzyme inhibition, as depicted by Laurén and McDonald (1984) studying rainbow trout. The individuals exposed to Pb+2 displayed an increase in the Na+ and Cl-, probably due to Na+-K+-ATPase enzyme inhibition. 

Exposure to Cu2+ and Pb2+ resulted in liver disturbance, with increased plasma levels of ALT, AST e PA, what suggests that the accumulation of these metals causes liver damage driving the release of those enzymes into the blood circulation. Similar situation has been described for other fish species (Karan et al., 1998).

Cholinesterases are serine hydrolases with two isozymes: cholinesterase, secreted by the liver cells into the plasma, and acetylcholinesterase, the true cholinesterase, found in the nervous tissues, red cells, and muscle. While the former is inhibited in fish exposed to metals, the later is increased, at least in fish exposed to cadmium. In the present experiment, plasma pseudo-cholinesterase was measured and increased levels were found in animals exposed to Pb2+, suggesting there should be an interaction of lead and hydrolysis of acetylcholine that requires increased levels of the enzyme. 

Tissues levels of Cu and Pb are presented in table 2. There was an increase in the Cu2+ in the gills and liver, in decreasing order, gills>liver. Lead appeared only in the gills of tambaqui, remaining below the detecting limits in all other analyzed tissues. 

Table1. Hematological indexes, ion and enzyme activities of C. macropomum exposed to sublethal concentrations of copper and lead for 96h. (*) represents significant difference compared to control (P<0.05).

	
	Control
	50% LC50 of Cu+2
	50% LC50 of Pb+2
	25% LC50 of Cu+2 + Pb+2

	Hct (%)
	25.8(0.67
	25.15(0.68
	19.83(0.47 *
	22.03(0.70 *

	[Hb] (g.dL-1)
	5.60(0.26
	5.85(0.19
	5.11(0.18
	4.80(0.18 *

	RBC (106.mm-3)
	1.38(0.06
	1.19(0.04
	1.03(0.05 *
	1.06(0.06 *

	MCV ((m3)
	195.27(9.27
	216.04(6.64
	202.91(7.89
	225.45(12.46

	MCH (pg.cell-1)
	42.15(2.46
	50.01(1.48
	52.07(2.36 *
	48.12(2.29

	MCHC (%)
	21.58(0.78
	23.34(0.53
	25.76(0.70 *
	22.28(1.01

	Meta-Hb (%)
	17.78(1.23
	13.98(1.30
	10.57(1.59 *
	13.51(2.23

	[Na+] (mEq.L-1)
	143.04(1.64
	130.87(1.82 *
	164.56(3.71 *
	144.97(2.57

	[K+] (mEq.L-1)
	7.51(0.16
	4.32(0.31 *
	7.89(0.37
	10.83(0.46 *

	[Cl-] (mEq.L-1)
	95.14(2.23
	100.66(3.07
	108.97(2.48 *
	116.47(2.59 *

	ALT (FR.mL-1)
	25.14(2.86
	71.80(11.63 *
	93.71(4.50 *
	53.92(6.42 *

	AST (FR.mL-1)
	75.76(5.16
	97.40(7.33
	94.86(13.07
	157.13(5.54 *

	PA (BL.mL-1)
	2.56(0.23
	5.14(0.86
	11.21(1.78 *
	14,09(1,73 *

	Che (U.L-1)
	0.09(0.02
	0.07(0.02
	0.43(0.04 *
	0.65(0.07 *


Table 2. Bioconcentration of copper and lead in kidney, liver, muscle and gills of C. macropomum exposed to sublethal concentrations for 96h. The bioconcentration is expressed as mg.g-1 wet weight. (*) represents significant difference compared to control (P<0.05).

	
	
	Control 
	50% LC50

	Cu+2
	Kidney
	7.50±1,02
	10.76±1.29

	
	Liver
	25.22±2.13
	38.25±3.41 *

	
	Muscle
	0.15±0,05
	0.25±0,05

	
	Gills
	0.08±0.04
	3.41±0,36 *

	
	
	
	

	Pb+2
	Kidney
	<0.01
	<0.01

	
	Liver
	<0.01
	<0.01

	
	Muscle
	<0.01
	<0.01

	
	Gills
	<0.01
	3.10±0,18 *


Concluding, C. macropomum exposed to Cu2+ and Pb2+ experiences severe physiological and biochemical disturbances. Except by ALT, all other analyzed enzymes are increased in animals exposed to Pb2+.
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