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Introduction

Tambaqui is the most reared Amazon fish. It is usually reared in ponds (0.5 – 1.5m) using oligotrophic waters with high transparency (0.4 – 1.2m). Thus, ultraviolet radiation penetrates water causing many detrimental effects. The handling for transportation, for biometry and for partial fishing cause high swim exercise. This study analyses the effect of UVR (UVA+UVB) exposure and compare the effects of UVA, UVB and UVR on the Ucrit and hematological (haematocrit, RBC counts, corpuscular constants, haemoglobin, ENA, differential leukocytes counts) and biochemical parameters (glucose, protein, lactate, LDH activity) of tambaqui. 

Material and Methods

I) Fish and irradiation

Colossoma macropomum specimens were obtained from local aquaculture suppliers. The fish were kept in 500-l outdoor flow-through tanks and fed daily ad libitum with commercial extruded pellets. During the experiment the fish were kept on a 12:12h light/dark regime. The animals were exposed to UVA and UVB from above by Philips TL40W/05 and TL40W/12 lamps, respectively. 

Table 1. UV irradiation used on tambaqui

	Test 1: Tambaqui (weight 70.6±4.98) exposed to UVR (UVA+UVB)

	Treatments
	Irradiations days
	UVA (W/cm2.day)
	UVB (W/cm2.day)

	Control
	13
	0
	0

	2h/day
	13
	0.504
	1.08

	4h/day
	13
	1.008
	2.16

	8h/day
	6
	2.016
	4.32

	
	
	
	

	Test 2: Tambaqui (weight 45.6±8.29) exposed to UVA, UVB and UVR

	Control
	4
	0
	0

	UVA
	4
	1.08
	-

	UVB
	4
	-
	2.088

	UVR
	4
	0.504
	1.08


II) Hematological assays

Haematocrit, RBC, corpuscular constants, and haemoglobin levels were determined according to Houston (1990). Erythrocytic nuclear abnormalities (ENA) and leukocytes were determined after staining with Wrigt-Giemsa. A total of at least 400 leukocytes were used to estimate the relative proportion of neutrophils, basophils, eosinophils, lymphocytes and monocytes. At least 3,000 erythrocytes were evaluated for ENA. An optical microscope, 100x-magnification oil immersion objective, was used. The percentages of the various leukocyte types and ENA were calculated. 

III) Biochemical parameters

The glucose concentration was determined using the Glucox 500 kit (DOLES S.A), the protein concentration using the B36 kit (DOLES S.A.), the lactate concentration using the 826 UV kit (Sigma Chemical Co.) and the LDH activity was determined according to Driedzic and Almeida-Val (1996).

IV) Statistic

The statistical significance of the difference between data set was determined by one-way ANOVA with p ( 0.05, followed by a post hoc Tukey test. Data is reported as mean ( SEM.

Results and Discussion

Test 1

Exposure of tambaqui to UVR affected the hemoglobin, MEHC, lactate, protein, LDH activity, ENA (%) and the proportions of leukocytes (Table 1). 

Table 1. Haematological parameters of tambaqui exposed to UVR in different
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Different superscript letters indicate difference (p≤0.05) between treatments.

Tambaqui exposed for 2h/day during 13 days increased haemoglobin, MEHC, ENA (%), neutrophils and basophils, and decreased the proportion of lymphocytes by 40%. When exposed for 4h/day during 13 days, MEHC, LDH activity, ENA (%), neutrophils, basophils and monocytes increased, and lymphocytes decreased by 50%. Tambaqui exposed for 8h/day during 6 days increased lactate, protein, neutrophils and basophils (aprox. 440%), and lymphocytes decreased by 20%. 

The results indicate that UVR affects hematological and biochemical parameters of tambaqui. UVR exposure results in increased LDH activity and lactate, suggesting an increase of the anaerobic activity. UVR induced lymphocytopenia and granulocytosis. Lymphocytes are very sensitive to the damaging effects of UV radiation. Fish lymphocytes are functionally equivalent in many aspects to mammalian B and T cells (Salo et al., 2000). Leukocytes have close relationships with primary responses of the immune system. A direct relationship was found between the increase of UVR dose (h/day * number day) and alterations on the hematological and biochemical parameters. 

Test 2 

Table 2 summarizes post-exercise hematological and biochemical parameters of tambaqui exposed to UVA, UVB and UVR. 

Table 2. Ucrit and hametaological parameters post-exercise of tambaqui
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Different and superscript letters indicate difference (p≤0.05) between treatments.
Ucrit decreased six times for UVB exposed animals. Exposure of tambaqui to UVA increased post-exercise haematocrit and haemoglobin and decreased lactate. When exposed to UVR, tambaqui increased post-exercise RBC, MEV and MEH and decreased lactate. Tambaqui exposed to UVB radiation increased post-exercise haematocrit, haemoglobin and protein and decreased lactate.

Results clearly suggest that UVB strongly affect swimming performance of tambaqui. Winkler and Fidhiany (1996) found a decrease of the metabolic rate in Cichlasoma nigrofasciatum. In the present study we observed alterations in haematocrit, corpuscular constants and haemoglobin, an indication that blood gas transport capacity may be altered by UVA, UVR and UVB. Alterations of glucose, protein and lactate indicate that the aerobic activity was affected. This study found UVB as more dangerous compared to UVA and UVR. Similarly to Jokinen et al. (2000), these findings suggest that hematological and biochemical parameters are more affected by UVB, while UVA exposure had minor effects.

Under natural conditions fish may try to avoid exposure to solar radiation by escaping to deeper waters or to shade (behavioral adjustments). In clear and shallow waters and in fish farming, however, fish are subject to exposure to solar radiation forcing morphological and physiological adjustments. Ultraviolet radiation has strong effects on the hematological and biochemical parameters and on swimming performance of tambaqui. Reduction in immune functions can result in increased susceptibility to disease. These results indicate that ultraviolet radiation is a potential environmental stressor.
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