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EXTENDED ABSTRACT ONLY – DO NOT CITE

Copper is an essential element for all the organisms. However, copper can be extremely toxic, depending on its concentration in water. The toxicity of copper depends on a variety of factors including the chemical and physical characteristics of the water and the biology of the species (Fernandes and Mazon, 2003). The assimilation of toxic compounds by the aquatic organism is through the water or food intake. The assimilation of these compounds from water by freshwater fish occur mainly through the surface of the gills, the primary target organ of all pollutants, due to their great surface area, reduced diffusion distance between the water and the blood and large water volume flowing over the gills during the respiratory cycle. 

Extended biochemical and physiological alterations induced by copper on the gill cells cause morphological changes in the gill structure (Cerqueira and Fernandes, 2002) and, consequently, gas transfer, ion and acid-base disturbances. Such disturbances are usually characterized by an initial “shock” phase in which the disturbance develops quickly and a long-term recovery phase where the disturbance gradually diminish. Recovery implies in a partial restoration of the gill transport function, establishing a new physiological steady state, as a result of specific biochemical, physiological and/or morphological adaptations of the organ. 

Morphological changes of gills have been intensively studied after exposure to pollutants however, no studies have applied the stereological principles in the gills to evaluate the changes caused by copper exposure in these organs. The stereological methods avoid the bias of data and make possible that all parts of organ can be sampled. The aim of this study was to evaluate the changes in the gills the freshwater fish, the curimbatá Prochilodus scrofa, exposed to copper (96h) and during subsequent recovery in water free of copper, applying stereological methods. 

Juveniles Prochilodus scrofa supplied by the Hydrobiology and Aquaculture Station, Furnas Power Plant, Furnas, MG, Brazil were kept in tanks with a continuous flow of aerated (100% O2 saturation) water (water constitution: pH 7.3 ± 0.2; alkalinity 23.7 ± 1.9 mg.L-1 as CaCO3, conductivity 8.3 ± 0.3 (S and hardness 24.5 ± 0.2 mg.L-1 as CaCO3) at 25oC for 30 days prior to the experiments.  

After acclimation to laboratory conditions, the fish were randomly divided in controls groups, kept in water free of copper, and exposed to copper (29 (gCuL-1, CL50-96h, pH 7.0). After copper exposure fish from both groups were randomly sampled. The gills were fixed in 2.5% glutaraldehyde buffered with 0.1M phosphate buffer pH 7.4. The remaining fish were transferred to tanks with water without copper, continuous aerated water flow for recovery. Fish (n=5) were sampled at 1, 2, 7, 15 and 30 days after transference and the gills were removed and fixed as above.  

The changes in the gill tissue were done applying the stereological methods (Howard and Reed, 1998). Sampling and the embedding procedures of gills were designed in order to combine the Cavalieri principle for determining the reference volume with the vertical sectioning method for measuring surface area and the gill area and pathologies were analyzed using an Olympus BX light microscope with video camera coupled to a computer possessing a specialized image analyzer for stereology C.A.S.T. - Grid System (Olympus Danmark A/S). ANOVA was used to determine the significance of the data and the Tuckey test with 95% confidence limit was applied to compare the means whenever the data were significant. 

The histopathology found in the gills are shown in Table 1 and, in general, they occupied up to 25% of gill of surviving fish. On the 30th day of recovery in water free of copper they were not significant different from the controls although the histopathology still slightly higher. The water-blood barrier distance was significant differences (p> 0,05) between control and 96h of exposure to copper. The results showed that the gills of the surviving fish from acute copper exposure are functional making possible fish recovery.

Table 1. Histopatology of the gills of P. scrofa  after 96h copper exposure e during the recovery period.

	Histopathology

	Hipertrophy and hyperplasia of mucous cells

	Hipertrophy and hyperplasia of chloride cells

	Hipertrophy and hyperplasia of lamellar epithelium

	Hipertrophy and hyperplasia of filament epithelium

	Incomplete fusion of several lamellae

	Cell degeneration
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