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Abstract

The hematological response of freshwater fish Colossoma macropomum exposed to subletal copper concentration was evaluated during 7 and 15 days. After exposition, the fish were depurated during 21 days. Hemoglobin (Hb), hematocrit (Ht), reed blood cells (RBC), Mean Corpuscular Hemoglobin (MCH), Mean Corpuscular Volumen (MCV), and Mean Corpuscular Hemoglobin Concentration (MCHC) were determined. A significative decrease was observed in the Hb, Ht, MCV and MHC without changes on the  MCHC; the RBC showed significant increase. After copper depuration, Hb, Ht, RBC, MCH and MCV increase in depurated fish, to reach a range similar to control organisms. The copper induced microcytic anemia in C. macropomum, although the effect is not permanent.
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Introduction

Copper exposure causes a series of cellular and physiological changes in fish, such as reduction of lymphocytes circulating and  B-cell depressed, elevation of neutrophils,  monocytes and thrombocytes  (Dick and Dixon, 2000),  acute oedema and epithelial lifting in the gill, cell proliferation and necrotic and apoptotic chloride cell ( Dang et al., 2000), inhibition of the branchial Na+ K+ ATPasa (Li et al., 1998), proliferation of mithocondria in enterocytes (Kamunde et al., 2001).

Hematological studies in fishes have assumed greater significance because this parameters were to be used as an effective and sensitive index to monitor physiological and pathological changes induced by natural or antropometric factors, for example, bacterial or fungi infections or pollution of water resources.  There are numerous reports on the short-term effects of Cu exposure on fish hematology ( Dick and Dixon, 2000; Mazon, 2002;) but there are only a few papers that explore chronic copper effects and physiology mechanisms of fish depuration using hematological parameters as sensitive index to monitor the depuration capacity. 

The freshwater fish Colossoma macropomum Cuvier 1818 (Osteischthyes: Characidae) is a living in Amazonan rivers. In Venezuela it is found in Orinoco and Apure rivers;   actually, C. macropomum is been employing in pisciculture because its great potential  as monoculture adaptable species. 

In the work, we were studied  the hematological changes induce to copper in  the blood of C. macropomum after exposure to subletal copper concentration in water and again, we evaluate hematological changes after copper depuration fish; in order to know about  possible adaptative to environmental copper and homeostatic status of the fish.

Material and Methods

Animals

Juvenile C. macropomum, weighing between 31.43 ± 48.41g and size between 12.47 ± 14.31 cm were obtained from Instituto Nacional de Investigaciones Agrícolas (INIA), Delta Amacuro state, Venezuela. Following their transfer to Ecophysiology Laboratory, IOV, Universidad de Oriente, Cumaná, Venezuela. The fish were maintanined at 28 +2 ºC in tanks (1000L) with continuously aerated and flowing dechlorinated tap water at least 15 days prior to the experiments. Fish were fed ad libitum with balanced fish food for this species provided by INIA.

Experiment protocol

Previously, we calculate LC50 of copper for this species, (LC50 96 hours: 8 mg Cu L-1,). Groups of 12 fish were exposed for 7 and 15 days to sublethal doses of 0.2 mg Cu L-1, using a static test system. Each aquarium was continuously aerated and the same physical and chemical characteristics of the water as those in laboratory acclimation were maintained. The copper agent was CuCl2.2H2O and the concentration in the water was mesaured using an atomic absorption spectophotometer. Control fish were maintained under the same conditions in water devoid of copper detectable. All days during the assay, the fish were fed ab libitum previous  change of metal and water. The food rest were cleaning before to add the metal. After 15 day copper exposition, the hematological parameters were determined in the fish and then,  theirs were depuration for its colocation in aquarius with copper free water during 21 days. After this time, the blood samples were, again, analyzed.

Blood analysis

The blood was obtained from the caudal vein into heparinized plastic tubes.  Analyses of hematological parameters were conducted immediately.  Ht was determined by spinning the blood sample contained in heparinized capillay tubes in a microhematocrit centrifuge. The RBC count was carried out in a modified Neubahuer chamber and the Hb was determined by the cyanomethahemoglobin method. The blood indexes, mean corpuscular volumen (MCV), mean corpuscular hemoglobin (MCH) and mean corpuscular hemoglobin concentration (MCHC) were then calculated using the blood measurements above. 

Statistical analysis

The analysis of variance (ANOVA) was used to determined the significance of the date and the SNK test with 95% confidence limited was applied to compared the means whenever the date were significant. 

Results

The freshwater fish C. macropomum exposed to 0.2 mg L-1 Cu showed a  significant decreased in Hb,  Ht and indexes: MCV, MHC  without changes in the HMCH (ANOVA: 13.07 p<0.001; 10,76 p>0.001: 3.08 p<0.05; 4,05 p<0.01, respectively; Figure 1).

The erythrocyte counts (RBC) showed a significant increased (ANOVA: 4.77 p< 0.01) in exposed to copper fish. The depuration for 21 days allowed a recovery of parameters Hb, Ht, VCM and HCM (Figure 2A, B, C and D). A significant decrease in the RBC was observed in copper depurated organism (ANOVA: 16.06 p< 0.001; Figure 2E).

Discussion

Chronic sublethal effects of copper tend to result in physiological changes an altered function in a range of body systems in fish (Handy, 2003).  The sublethal copper exposure during 15 days and at 2 ppm Cu concentration of C. macropomum induce anemia for decrease of Hb, Hct and MCV and MHC. A microcytic-hypocromic anemia is observed nby copper in C. macropomum suggesting that the metal affect the haematopoyetic system and biochemical pathway of hem formation. This response has been showed in other fish exposed to short term or long time to copper (Mazon, 2002). 

During copper exposure, the RBC in C. macropomum showed a tendence to increase.  This response was maintained after copper depuration fish, indicating that the copper depuration triggered   proliferation of RBC; also, these results suggest that C. macropomum have a good depuration capacity. The RBC increased indicates a compensatory response of this species to increase the oxygen demand induced by anemia (Handy et al 1999).
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Figure 1. Hematological parameters in the freshwater fish C. macropomum exposed to copper. A. Hemoglobin (Hb), B.  Corpuscular Mean Hemoglobin (CMH), C. Hematocrit (Ht), D. Mean Corpuscular Volumen (MCV), E. Red blood cells (RBC).  Horizontal line, vertical rectangle and vertical line denote mean, standard deviation and range respectively. Sample size given number above range. 0: before Cu exposed, 7a: Cu-exposed 7 days , 15a: Cu-exposed 15 days, 7 control: control 7 days, 15 control: control 15 days. * 0.01<p<0.05; **p<0.01; ***p<0.001.
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Figure 2. Hematological parameters in the freshwater fish C. macropomum exposed to copper. A. Hemoglobin (Hb), B.  Corpuscular Mean Hemoglobin (CMH), C. Hematocrit (Ht), D. Mean Corpuscular Volume (MCV), E. Red blood cells (RBC).  Horizontal line, vertical rectangle and vertical line denote mean, standard deviation and range respectively. Sample size given number above range. E: Cu-exposed 15 days (0,2 ppm) and D: Depured during 21 days. * 0.01<p<0.05; **p<0.01; ***p<0.001.

We observed change in the behavior of the fish during the copper exposure, such as, slow swimming  speed and slow apetive;  may be, this behaviour are produced  because the fish  want to preserve metabolic scope for aerobic metabolism. When fish were copper depuration, their recovery the rapid swimming response and appetite confirmed the observation made above. 

 The change produce for copper exposition were a physiological and metabolic adjustment the fish during metal exposure and, maybe the copper  effect on this parameters are reversible if the organisms are depurated above  21 days.

Conclusion

The copper induces hypochromic microcytic anemia in C. macropomum. The   Copper effect on the hematological parameters of C. macropomum evaluated and during the period used in this study is reversible. 
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