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Introduction
Currently, leakage of oil transport pipelines and storage tanks are contributors to hydrocarbon pollution in Iguaçú and Tibagi Basin, both located in Paraná State (southern Brazil). Recently (march 2002) a small stream in Tibagi Basin received 80 thousand litters of Diesel Oil as a result of leakage from storage tanks. However, little research has been done on the impact of petroleum hydrocarbons on freshwater tropical ecosystems and aquatic biota. Besides, not many neotropical fish species have been employed in toxicity tests. Prochilodus lineatus is native to south/southeast Brazil and is found in Tibagi Basin. This species has been used previously in laboratory studies and has been shown to be a suitable organism for monitoring the effects of xenobiotics (Mazon & Fernandes, 1999; Mazon et al., 2001; Martinez & Souza, 2001; Martinez et al, in press). 
In this study, a suite of biological parameters was used to evaluate acute and chronic induced effects/responses in P. lineatus exposed to diesel water soluble fraction (DWSF). The following parameters were examined: biotransformation enzyme (liver GST), antioxidant enzyme (liver catalase), hematological parameter (Hb content), metabolic parameters (blood glucose and proteins), ionic parameters (blood Na+, Cl- and osmolality) and histological parameter (liver histopathology). These assays were designed to detect sublethal biochemical, physiological, and morphological changes in freshwater fish exposed to DWSF. The utility of these methods lies in their ability to provide an early warning of diesel effects before community and ecosystem responses can be detected. 

Material and Methods

Static toxicity tests were carried out to evaluate DWSF effects to juveniles of P. lineatus (9.14±1.32 g, mean ± SD, n=48). To obtain the DWSF one part diesel oil was added to 4 parts water in a glass container. The mixture was then exposed to sunlight for four days, simulating a diesel spill in tropical conditions. After that the upper insoluble phase was discarded and the remaining water phase was collected to prepare the adequate experimental concentration, i.e., 10%. Fish were divided in eight groups (6 fish each), four groups were exposed to DWSF while other four groups were exposed only to clean water, without diesel (control group). Experiments were performed in an 100L glass aquarium with continuously aerated well water. Water temperature, dissolved oxygen, pH and conductivity were continuously monitored. One experimental group plus one control group were terminally sampled at one of the following intervals: 24, 48, 96 h (acute exposure) and 15 days (chronic exposure). Blood samples were taken from the caudal vein by means of heparinezed plastic syringes and subsequently fish were killed by cervical section and liver were immediately removed. Liver was stored frozen at – 80oC. 

A small amount of blood was used for hemoglobin determination by the cyanmethemoglobin method. Blood samples were then centrifuged (5 min, 12,000 g) and plasma samples were stored frozen (-20(C) until the moment for chemical analyses. Plasma sodium concentration was measured by flame photometry. Plasma osmolality was measured by freezing point depression. Plasma chloride and glucose concentrations in blood plasma were determined by spectrophotometric enzymatic method using commercial Kit. Total proteins in blood plasma and liver supernatant were measured according to Lowry et al. (1951). 

Fish livers were homogenized and centrifuged (14,000 g for 20 min at 4oC). Supernatants were used for glutathione S-transferase (GST) and catalase measurements according to the following spectrophotometric procedures: GST was measured at 340 nm using 1-chloro-2,4-dinitrobenzene as substrate; catalase at 240 nm by the decay of hydrogen peroxide levels. Liver samples were fixed in Bouin’s, dehydrated in ethanol and embedded in paraplast. Tissue was sectioned (5 (m) and stained with hematoxylin-eosin. Slides were examined under light microscope.

For each parameter analysed differences between control group and DWSF group, for each exposure period, were tested for significance by Student-t test. Means were considered significantly different where P < 0.05.

Results and Discussion

All fish exposed to DWSF survived the 15 days exposure and showed some functional changes (Table 1). Glucose concentrations for fish acutely exposed to DWSF were significant higher than those measured for control fish, indicating a stress-induced mobilization of energy reserves. An elevation of blood glucose is generally described as part of the fish stress response, in terms of carbohydrate metabolism. The impaired ability to keep increased blood glucose after 15 days of exposure to DWSF may reflect the depletion of glycogen reserves or a reduced capacity to respond to stress after a longer exposure to DWSF.

P. lineatus exposed to DWSF maintained good osmotic balance throughout the 96h study period once plasma osmolality, sodium and chloride concentrations were stable. However, after 15 days of exposure, plasma osmolality was increased significantly. Clearly more work is required to understand the significance of this rise in view of stable monovalent ions.
Liver GST activity was significantly increased only after 15 days exposure to DWSF. This result indicates that GST is induced by compounds present in DWSF. This induction reflects a response to the chemical, resulting in a conjugation process, where diesel compounds or its metabolites are combined with endogenous molecules to form conjugates that could be easier excreted. 

Table 1. Catalase and glutathione S-transferase (GST) liver activity, plasma glucose and total proteins, plasma ions (Na+ and Cl-) and osmolality and  blood hemoglobin (Hb) of Prochilodus lineatus exposed to DWSF and clean water (control) for different time periods.

	Parameter
	Group
	Experimental Periods

	
	
	24h
	48h
	96h
	15 days

	Catalase

U
	Control
	38.4(2.8
	38.3 ( 3.2
	54.1 ( 6.2
	46.8 ( 4.1

	
	DWSF
	40.6(3.9
	33.6 ( 2.5
	42.4 ( 2.9
	54.7 ( 8.1

	GST

mU
	Control
	86.3(14.1
	151.4(28.9
	111.8( 9.8
	123.7( 7.8

	
	DWSF
	80.0(10.2
	85.1(14.7
	137.9(16.6
	200.6(14.5*

	Glucose

Mg.dL-1
	Control
	34.9(5.8
	49.2(5.6
	17.8 ( 2.3
	12.8 ( 1.7

	
	DWSF
	55.6(6.7*
	65.8(4.1*
	29.9(3.4*
	14.1( 3.3

	Proteins

Mg.mL-1
	Control
	32.9(7.1
	27.5(5.3
	27.8(3.6
	29,8(4.6

	
	DWSF
	29.9(5.1
	21.9(6.9
	23.9(2.7
	28.5(3.6

	Na+

mM
	Control
	159.6( 5.9
	141.7( 6.4
	144.7( 4.3
	154.2( 8.3

	
	DWSF
	156.8( 13.7
	137.8( 7.5
	144.2( 5.4
	160.3( 5.2

	Cl-

mM
	Control
	108.2(5.4
	125.8(4.2
	115.0( 3.1
	104.3( 20.8

	
	DWSF
	102.2( 6.1
	115.9(1.7
	115.0( 5.1
	104.3( 2.7

	Osmol

MOsm.L-1
	Control
	284(7.3
	288(5.9
	276(5.1
	269(6.7

	
	DWSF
	262( 8.1
	292(5.2
	276(5.1
	292(5.2*

	Hb

g.dL-1
	Control
	5.7(0.2
	7.7(0.6
	5.6(0.3
	5.5(0.3

	
	DWSF
	4.9(0.3
	6.5(0.5
	5.3(0.4
	5.1(0.2


All data are expressed as mean ( SD. *different from control in the same period (P<0.05).

No significant differences were observed between control and DWSF exposed fish among the suite of remaining assays: catalase liver activity, blood proteins and hemoglobin content (Table 1). 

DWSF exposure did not greatly affect liver histology and no specific lesion was observed. However, it was noted a nuclear enlargement in hepatocytes of fish exposed to diesel. This alteration in the volume of the nucleus can be regarded as a sign of increased metabolic activity, as documented here by the increased GST activity.

Conclusions
Acute exposure of P. lineatus to DWSF caused significant physiological stress, resulting in elevated blood glucose levels. In the longer term (15 days) DWSF induced GST liver activity. Additional investigations are under way in our laboratory to better define DWSF effects to Prochilodus lineatus and their suitability as biomarkers in ecotoxicological studies.

References

Lowry O.H., Rosenbrough N.J., Farr A.L., Randal R.J., 1951. Protein measurements with the Folin phenol reagent. J. Biol. Chem. 193, 265-275.

Martinez, C.B.R. and M.M. Souza. 2001 Acute effects of nitrite on ion regulation in two neotropical fish species. Comp. Biochem. Phisiol. 133: 151-160

Martinez, C.B.R., M.Y. Nagae, C.T.B. Zaia and D.A.M. Zaia. Morphological and physiological acute effects of lead in the neotropical fish Prochilodus lineatus. Braz. J. Biol, 65(1): in press.

Mazon, A.F. and M.N. Fernandes. 1999 Toxicity and differential tissue accumulation of copper in the tropical freshwater fish, Prochilodus scrofa. Bull. Environ. Contam. Toxicol., 63: 797-804.

Mazon, A.F., E.A.S. Monteiro, G.H.D. Pinheiro and M.N. Fernandes. 2001 Hematological and physiological changes induced by short-term exposure to copper in the freshwater fish, Prochilodus scrofa. Braz. J. Biol., 62(4A): 621-631. 

Acknowledgements

This work was supported by Conselho Nacional de Desenvolvimento Científico e Tecnológico/Brasil – CNPq.

















































PAGE  
46

