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Abstract

The purpose of this study was to find a sensitive biomarker to evaluate the stress and response of fish before deleterious effects and mortality occur. Red tilapia hybrid (total length 20.85 ± 1.21 cm, body weight 157.37 ± 31.86 g) preadapted at 24 ± 1℃ had a erythrocyte count of 1.64 ± 0.31 ~1.74 ± 0.02 ×106 cell/mm3 , a leukocyte count of 5.47 ± 0.61 ~ 6.69 ± 0.32 ×104 cell/mm3, a hematocrit of 24.63 ± 3.40 % and plasma glucose of 40 ± 3 ~ 46 ± 13 mg /dl. Tilapia exposed to 3.0 mg/L ammonium chloride for over 24 h, erythrocyte count decreased from 1.80 ± 0.45 ×106 /mm3 to 1.68 ± 0.44 ×106 /mm3 and individual erythrocyte decreased in size (p<0.05). Leukocyte count increased from 17.57± 1.52 ×104 cell/mm3 to 23.26 ± 3.22 ×104 cell/mm3, LOX activity of platelet-rich plasma increased to 3.56 folds. Plasma glucose and hematocrit showed no significant differences from the control (p>0.05). Tilapia exposed to 1.5 mg/L of ammonium chloride for 72 h, the erythrocyte count was not significantly different from the control (p>0.05), leukocyte count increased with prolonged exposure time, plasma glucose increased to 1.70 times, while LOX activity increased to 2.68 times of the control. For tilapia, blood LOX activity and the ratio of unsaturated fatty acids to saturated acids in erythrocyte membrane were more sensitive to the chemical environmental stresses than the classical hematological indicators.
Introduction

Environmental condition has been increasingly degenerated due to industrial development and other human activities. Although guidelines for water quality criteria have been established regarding to the highest concentrations of specific chemical toxicants, fish will rarely be faced by a single stressor in isolation. Each toxicant may be present in a mixture individually compiling to the tolerance levels. The interactions together with or the additive effects of the chemical substance in the mixture, or physical stressors may produce ditrimental effects resulting in mortality. Biomarkers may be considered realistic alternatives for monitoring aquatic environments. Classical plasma indicators of stress include cortisol, glycemia, hemoglobin and hematocrit (Hatting, 1976; Pickering, 1981; Kumschnabel and Lackner, 1993; Iwama et al., 1997).

Lipoxygenases (LOX, EC 1.13.11.12) have been found in fish sanguineous tissues. More extensive studies have been done on mammalian LOX in platelet, reticulocyte, and leucocyte (Kuhn et al., 2002) having capability of modifying biomembranes and lipoproteins. They also play important roles in inflammation and erythropoiesis regulating the proliferation of Friend erythroleukemia cells. It seems that blood LOX activity may serve as a biomarker in addition to the classical hematological parameters to evaluate responses of fish to stress.

Our preliminary studies showed that LOX activities increased in tilapia and mullet when water was polluted with cadmium. In addition, LOX activities in clam increased almost linearly with concentration of NH4Cl in water. The purpose of this study was to obtain reference values of LOX activities in tilapia blood in comparison to those of hematological parameters commonly used in measuring stress with the expectancy to identify a sensitive biomarker, which may be used in monitoring ecotoxicology.

Materials and Methods

Tilapia

Male red tilapia hybrid (Oreochromis aureus × O. niloticus) average weight 95.53 ± 30.33 g, total length 17.54 ± 1.86 cm were preadapted at 24(C ± 1(C for 2 weeks before trials. Control group and two test groups were done in duplicates. Eight fish were cultured in a glass tank (65 cm ×45 cm × 50 cm). Ammonium chloride was added in the water of test groups at 1.5 mg/L and 3.0 mg/L. 
Collection of Fish Blood Samples

Live fish was put on a bed of crushed ice under dimmed light. A damp cloth was used to cover the fish head. A sample of 1 mL whole blood was drawn from the caudal vein into 0.1 mL of buffered saline (Schon Pharmaceutical Pte Ltd., Juas, Singapore) containing 387.5 USP sodium heparin (Sigma), and mixed with 5 volumes of 0.05 M KH2PO4, pH 7.0 to separation of RBC and plasma.

Preparation of Lipoxygenase (LOX) Crude Extract

Platelets-rich plasma was dissolved in 0.05M Tris buffer, pH 7.4, as the crude LOX extract. The extract was immersed in liquid nitrogen to freeze and was stored at -80°C until used.

Preparation of LOX Chemiluminometric Assay
Hydroperoxide produced by lipoxygenase catalysis was detected using a chemiluminescence method (Kondo et al., 1994). The assay mixture contained 0.78 mL of 0.1 M Na-borate buffer (pH 10.5) consisting 0.04% Tween-20, 200 μM arachidonic acid in 10 μL ethanol as substrate, 0.1 mL LOX extract (protein content 1 mg/ mL), and 0.1 ml luminol (dissolved as 1 mM solution in 0.1 M Na-borate buffer , pH 10.5) in 3.5 mL disposable measuring cuvettes. The reaction temperature was 25°C. The reaction rate of light emission was determined using a luminometer (model 1251, Bio-Orbit Oy, Turku, Finland).

Fatty acids Analysis of Erythrocyte Membrane 

Erythrocytes collected were lysed with hypotonic solution pH7.4 and confirmed the lysis of cells by microscopic examination. The membrane debris was precipitated after centrifugation at 200 xg for 5 min. The supernatant was centrifuged again at 5000 xg for 10 min. The total debris was extracted for lipid using hexane/isopropanol (3:2, v/v) according to the method of Akahori et al (1999). The oil of fish blood 1.5 ml, was saponified and esterified with methanol/acetyl chloride (20:1, v/v) 1 ml and hexane 0.5 ml and analyzed by gas chromatography (Shimadzu GC-14A, Kyoto, Japan) with a RTX-2330 (Benner, Bellefonte, PA) packed 10% phenylcyanopropyl polysiloxane glass column (30 m × 0.25mm ID). The temperatures of injector and FID detector were set at 250°C. The oven temperature was programmed from 130 to 230°C at a rate of 4°C/min then held for 10 min. The carrier gas was nitrogen at a flow rate of 3.3 mL/min. The fatty acids were identified by comparing their retention times with those of the standard fatty acids (GLC-461, Nu-Chek, Elysian, MI, USA), and quantified using C13:0 as an internal standard.
Statistical Treatment

Data were expressed in mean ± standard deviation of the replicated measurements. Students’s t-test was used to analyze the difference between two groups for significance analysis at 95% level. Statistical Analysis System Program (SAS) was used for statistical analysis of data.

Results 

1. Glycemia 

Tilapia exposed to 1.5 mg/L of NH4Cl at 25°C for 72 h showed that the plasma glucose did not increase significantly with time during the first 24 h, but became significantly proportional to prolonged exposure time (Fig. 1).

Plasma glucose was 53 ± 6 mg/dl and increased significantly to 91 ± 8 mg/dl (p<0.05) after 72 h at 1.5 mg/L of NH4Cl. Tilapia showed hyperglycaemia as a physiological response to the chemical stressor. However, exposure to a concentration of NH4Cl up to 3 mg/L for 24 h did not cause the plasma glucose to elevate (Fig. 2).
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2.Lipoxygenase

The platelet-rich plasma of tilapia showed an increase in LOX activity with the NH4Cl concentration (p < 0.05) exposed by the fish for 24 h (Fig. 3). At 3.0 mg/L of NH4Cl for 24 h, the LOX activity was 2.68 fold of the control. 

At 1.5 mg/L of NH4Cl, LOX activity increased within the first 12 h of exposure, reduced between 12 to 24 h, but was still higher than the control (p<0.05). LOX activity increased afterwards (Fig. 4). After 72 h of exposure, LOX activity was 2.86 folds of the control. 






3. Unsaturation of Erythrocyte Fatty Acids

Degree of fatty acid unsaturation was changed in erythrocyte membrane caused by NH4Cl stress (Table 1). The ratio of total unsaturated fatty acids (UFA in mg/g oil), including monoenoic (MUFA) and polyenoic acids (PUFA), to total saturated fatty acids (in mg/g oil) decreased with increased degree of stress. The control at 25°C had an UFA/SFA of 1.72, decreased to 0.42 after exposure to 1.5 mg/L NH4Cl at 25°C for 24 h, further decreased to 0.22 when the NH4Cl increased to 3 mg/L. When the water temperature increased to 35°C, the corresponding UFA/SFA ratios dropped to ≤ 0.15.

Table. 1. Degree of fatty acid unsaturation in erythrocyte membrane of tilapia related to NH4Cl stress

	Fatty acid*
	
	25℃, Control
	
	25℃, NH4Cl (ppm)
	35℃, NH4Cl (ppm)

	
	
	
	
	1.5
	3.0
	1.5
	3.0

	SFA
	
	30.78
	
	40.54
	43.37
	46.83
	49.04

	MUFA
	
	34.36
	
	28.97
	29.59
	28.00
	29.78

	PUFA
	
	18.65
	
	17.69
	12.98
	9.11
	5.80

	UFA / SFA
	
	1.72
	
	0.42
	0.22
	0.15
	0.12


*SFA: saturated fatty acid, MUFA: monounsaturated fatty acid, PUFA: polyunsatured fatty acid, UFA=MUFA + PUFA.

Discussion
Plasma glucose has been considered a classical stress indicator in fish (Roche and Boge, 1996). However tilapia did not respond with a glycemia to NH4Cl at up to 3 mg/L within 24 h. Plasma glucose could only serve as a biomarker when this chemical stressor has been continuing for 48 h or longer.

Lipoxygenase in the platelet-rich plasma of tilapia is very sensitive to the concentration of NH4Cl in the ambient water. LOX activity is significantly elevated within 24 h of exposure to 1.5 mg/L of NH4Cl. The activity increases with exposure time and NH4Cl concentration. Therefore, LOX activity in fish blood may trigger a defense mechanism to a chemical stressor. On the other hand, LOX activity in the platelet-rich plasma may also catalyze the peroxidation of erythrocyte membrane to cause a reduction in unsaturation index (UFA/SFA ratio). Otherwise, the fish erythrocyte has very negligible LOX activity (Pan et al., 1999).

Conclusion

Blood LOX activity and the degree of unsaturation in erythrocyte membrane are more sensitive biomarkers than plasma glucose level as fish respond to stress. The 2 parameters change before mucous secretion and mortality occur in stressed fish.
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Figure. 1. Changes in plasma glucose concentration of tilapia exposed to 1.5 mg/L ammonium chloride.


a, b, c Values with different superscripts are significantly different (p<0.05).
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Fig. 2. Glucose concentration of tilapia exposed to ammonium chloride for 24 hours. 


a Values with same superscripts are not significantly different (p>0.05).
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Fig. 3. Changes in lipoxygenase activity in platelet-rich plasma of tilapia exposed to 


ammonium chloride for 24 h.


a, b, c Values with different superscripts are significantly different (p<0.05).
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Fig. 4. Changes in lipoxygenase activity of platelet-rich plasma of tilapia exposed to 1.5 mg/L ammonium chloride. a, b, c Values with different superscripts are significantly different (p<0.05).
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