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Introduction

Literature has documented the difficulty of predicting a toxicological hazard for the aquatic community of a given area using only data on water and sediment chemistry. Several studies have shown that investigating biomarkers in benthic fish of a given area can provide evidence of contaminant exposure, toxicant bioavailability and toxicological effects (Viganò et al., 2001). In the present work a battery of potential biomarkers has been evaluated in a native fish species collected along an urban stream which receives contaminants from different sources.

Material and Methods

Fishes were collected along Cambé stream, which is 27km long and crosses the city of Londrina (PR, Brazil), where mixed effluents are discharged into it at several points. Five sampling sites along Cambé stream were chosen: site A, which is located near its headwaters and receives agricultural waste; site B, which receives effluent from a soluble-coffee factory; site C, which receives waste discharged from an agroindustrial cooperative; sites D and E, where two lakes are formed and receive domestic and industrial effluents. For this study a medium-sized detritivorous benthic fish Hypostomus ancistroides (Siluriformes; Loricariidae) was collected, this species is indigenous to Paraná state (southern Brazil). Immediately after being caught fish were sampled. Blood was taken from the caudal vein into a heparinized syringe. Subsequently gills, liver and kidney were taken from each fish for histological and biochemical analysis. An amount of blood was used for hemoglobin determination by the cyanomethemoglobin method, comet assay (single-cell gel electrophoresis) as described by Singh et al. (1988) and for micronucleus test (MN), by the method recommended by Hooftman & De Raat (1982). 

For each fish, images of 100 randomly-selected nuclei were assigned visually to comet classes 0, 1, 2 and 3, according to the length of the stained tail and each animal received a score of DNA damage calculated by multiplying the number of cells in each class by the class index. Hence, the damage index for the group of 100 cells ranged from 0 (all undamaged) to 300 (all with maximum damage). For the presence of micronucleus, 3000 erythrocytes per animal were analyzed. After blood centrifugation, plasma sodium concentration was measured by flame photometry, plasma chloride, glucose and total lipids concentrations were determined by spectrophotometric enzymatic method using commercial Kit. Protein content in blood plasma and liver were estimated by the method of Lowry et al. (1951). Fish livers were homogenized and centrifuged (14,000g for 20 min at 4oC) and supernatants were used for glutathione S-transferase (GST) measurement at 340 nm using 1-chloro-2,4-dinitrobenzene as substrate. Gills, kidney and liver samples were fixed in Bouin’s, dehydrated in ethanol and embedded in paraplast. 

Tissue was sectioned (5 (m) and stained with hematoxylin-eosin. Histopathological alterations were classified according to two criteria: 1) semi quantitatively by ranking the severity of tissue lesions (Schwaiger et al., 1997). On the basis of these data mean assessment value (MAV) of lesions was calculated for gills, kidney and liver for each caging site; 2) based on the scope for repair of the lesions (Poleksć & Mitović-Tutundžić, 1994). With this method it was possible to compare the degree of tissue change (DTC) in fishes from different sites. For each parameter differences between sites were tested using a one-way ANOVA (when assumptions of data normality and equal variance were confirmed) or a Kruskal-Wallis test (nonparametric one-way ANOVA). Student-Newman-Keuls (parametric) or Dunn’s (non parametric) multiple range test were used if the ANOVA test was significant (P < 0.05). 

Results and Discussion

The most meaningful results found with H. ancistroides collected at different sites of an urban stream are shown in Fig. 1 and Fig. 2.

Plasma glucose concentrations were higher in fish from sites C and D (Fig.1); such hyperglycemia may be attributed to an increased energy demand associated with chemical induced stress. This result is in agreement with the increased lipids level in fish from site C. Thus, metabolic parameters indicate a higher contaminant load in sites C and D.  The average scores in the comet assay for fish from all sites were high, suggesting that H. ancistroides were under environmental stress and suffering damage in their genetic material. Thus, all sites appeared to be suffering the genotoxic effects of pollutants. However, there was a rise in the severity of damage to genetic material as the distance of the sites from the headwater of the stream increased.

Among the studied sites, no site was found at which histopathological alterations were completely absent (Fig.2). This might be regarded as evidence of environmental stressors along Cambé stream, since its headwaters, which can alter gill, liver and kidney structural integrity. The results of the degree of tissue change (DTC) indicated that kidney is the most affected organ, presenting more severe changes, which probably affect tissue function.
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Fig.1. Results found with Hypostomus ancistroides collected at five sampling sites of Cambé stream. Graphs show the mean ( SE. * indicates difference from site indicated by the letter (P < 0.05). 
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Fig.2. Mean Assessment Value (MAV) and Degree of Tissue Change (DTC) calculated for gill, liver and kidney of Hypostomus ancistroides collected at five sampling sites of Cambé stream. Graphs show the mean ( SE. * indicates difference from site indicated by the letter (P < 0.05). 

Conclusions

The results, based on several biomarkers, strongly suggested that the health of the H. ancistroides collected along the stream is impaired probably due to chronic exposure to pollutants.
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