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Abstract

Nitrite is usually present in water bodies. It comes from nitrification processes. Environmental increase of nitrite injures several aquatic species, particularly fishes. Nitrite reacts with hemoglobin yielding the non-functional methemoglobin, and many physiological consequences can arise, among them functional anemia and functional hypoxia. Metabolic profile and oxidative enzymes of metabolism were studied in the freshwater teleosts Brycon cephalus (matrinxã) exposed to 0,6 mg/L N-NO2 of nitrite for 24 and 96 hours. The metabolic profile and oxidative enzymes suggest that aerobic metabolism prevails. The protein and amino acid catabolism is likely the cause of plasma ammonia increase. Brain and heart were not injured under nitrite exposure.

Introduction
Water pollution and industrial waste usually enhance the nitrite concentrations (Nikinmaa, 1992; Heckman et al., 1997). Many problems are raised due to nitrite concentration increase. It comes from ammonia oxidation and this nitrification process depends on the bacterial activity and oxygen level. High ammonia concentrations can be observed in aquaculture systems as consequence of high-density stocks (Hargreaves, 1998; Hagopian & Riley, 1998). Nitrite from such conditions brings many physiological to reared fish. 

Environmental nitrite cross the gill barrier through chloride cells (Gaino et al., 1984; Williams & Eddy, 1986), is accumulated in the plasma (Shechter, 1972; Bath & Eddy, 1980), and spreads through the tissues (Arillo et al., 1984). Plasma nitrite concentrations are usually higher than environmental ones (Williams & Eddy, 1986). Within the red blood cells it oxidizes the hemoglobin-Fe2+ to Fe3+ yielding methemoglobin, which is unable to transport oxygen and resulting in functional anemia (Scarano & Saroglia, 1984). This effect is supposed to lead to tissue hypoxia (Cameron, 1971; Bath & Eddy, 1980; Doblander & Lackner, 1996; Vedel et al., 1998) even in the presence of oxygen (functional hypoxia). Its content varies among fish and depends on few factors as the external nitrite concentration and the time of exposure. Nitrite cause other blood disturbs as decrease of hemoglobin, hematocrit and red cell counting. This phenomenon is consequence of hemolytic anemia (Scarano & Saroglia, 1984). Several osmoregulatory responses as hyponatremia, hypochloremia (Jensen et al., 1990), branchial chloride cells failure (Gaino et al., 1984) and inhibition of chloride uptake (Williams & Eddy, 1986), are observed in freshwater teleosts exposed to nitrite.

Nitrite can also accumulate in tissues as brain, liver and plasma (Margiocco et al., 1983). However, there are a small number of works that try explaining what happen with metabolism during the exposure to nitrite. Some authors imagine that they are similar to the responses to the environmental hypoxia, but few studies explore this assumption. These studies have shown glycogenolysis in liver during nitrite exposure in sea bass Lates calcarifer (Woo & Chiu, 1997) and traíra Hoplias malabaricus (Moraes et al., 1998), similarly to the environmental hypoxia in Hypostumus regani (Moraes et al., 1997). During environmental hypoxia, white muscle accumulates lactate and increases LDH activity, but the studies on nitrite exposure do not present such characteristic.

In the present study metabolic responses in the freshwater Neotropical teleost Brycon cephalus (Günther, 1869) (matrinxã) exposed to environmental nitrite were investigated. This Amazon species is widely reared in South America but is little resistant to environmental nitrite. 

Materials and Methods

Juveniles of B. cephalus ranging 90 ( 5 g (( S.D.) were obtained from the fish farm Águas Claras, Mocóca, SP, Brazil. The fish were brought to the lab aquaculture facilities, acclimated for 2 months fed on commercial food, natural photoperiod, controlled temperature (25 ( 1oC) and aerated water. The water quality parameters in the experiment were: pO2, 7.5 mg/L; pH, 6.8 ( 0.2; temperature, 24 ( 1oC; conductivity, 74.3 (S. cm-3; total alkalinity, 37 mg/L as CaCO3; hardness, 28 mg/L as CaCO3, ammonia concentration, 0.01mg/L; chloride concentration, 0.294 mg/L; and nitrite concentration, 0 mg/L.

Experimental design

Twenty-four fish, starved for one day, were equally divided into four dark tanks with 250L of nitrite-free water. The fish rested for 24 hours, and 0.6 mg/L of N-NO2 (sub-lethal concentrations) were added to each tank except to the control. The nitrite exposure remained for 24 hours. At the same time and conditions other group of tanks were set for 96 hours of exposure. Both experiments, 24 and 96 hours of exposure to nitrite, were maintained in semi-static system. After the exposure to nitrite, the fish were collected, anesthetized with MS 222 and a blood sample was drawn from the caudal vein with an heparinized syringe. Afterward, fish were killed by pinching of the spinal cord. 

Blood 

The blood samples were centrifuged at 12,000Xg for 3 minutes at room temperature and plasma (100 (l) was deproteinized by the addition of 20% trichloroacetic acid -TCA (900 (l). Protein-free plasma samples were centrifuged at 12,000Xg for 3 minutes at room temperature. The supernatants were used to determine glucose, pyruvate, lactate and ammonia. 

Biochemical analysis

After defrosted, the excised organs (100mg) were mechanically disrupted in a Potter Evelhjein homogenator with two 15-second strokes, using 20% TCA (900(l). The free protein extracts were centrifuged at 12,000 x G for three minutes at 5oC and the supernatants were used for biochemical analisys. The total sugars, assumed in this work as glucose, were determined after acid hydrolysis by sulphuric acid, (Dubois et al., 1956) in free protein extracts. The other metabolites were estimated by colorimetric methods; pyruvate by the 2,4-dinitrophenilhydrazine modified from Lu (1939) and lactate by p-phenylphenol (Harrower & Brown, 1972). Ammonia levels were determined by Nessler’s method adapted by Gentzkow (1942). The glycogen analysis was modified from Bidinotto and collaborators (1997), as follows. After alkaline digestion of 100-200mg of tissue per ml of 6N KOH in a boiling water bath, 100µl of extract were transferred to 3.0ml of ethanol and 250µl of saturated K2SO4 was added. The samples were centrifuged at 3000 x G for 3 minutes at room temperature. The supernatant was discarded and the pellet ressuspended in distilled water. The carbohydrate content was determined in suitable aliquots (Dubois 1956). 

Enzyme assay

Tissues for enzyme assays (100mg) were mechanically disrupted in a Potter Evelhjein homogenator with two 15-second strokes, using Glycerol-Phophate pH 7,0 (900(l). The extracts were centrifuged at 600 x G for three minutes at 0oC. The supernatants were centrifuged at 6000 x G for eight minutes at 0oC and supernatants were used as enzyme source. LDH, MDH and GDH were assayed (Hochachka et al, 1978), based in the NADH oxidation. The enzyme activity was expressed in units of enzyme per mg of protein. The total protein in supernatants was determined by UV-method. Enzyme activity was expressed in nmol of NADH/min/mg of the protein (mU/mg of the protein).

The chemicals standards were analytical grade, purchased from Sigma Chemical Co. St. Louis, Mo or Merck. MS222 was from Sandoz. All other reagents were of analytical grade. 

Tests for significance were applied using the program “Statistica 5.5”. The data were submitted to normality test SHAPIO-WILL, with 95% C.I, and after that was used parametric ANOVA test, with DUNCAN test for multiple comparison, with 95% C.I.

Results and Discussion 

During nitrite exposure occurred functional hypoxia and it was expected that responses were similar to environmental hypoxia. Others studies have shown that hematological responses are different to environmental hypoxia (Scarano & Saroglia, 1984). However, hematological parameter in matrinxa did not increase during nitrite exposure, Instead, it was observed decrease and consequent functional and hemolytic anaemia 

Metabolic profile of fish under environmental hypoxia is usually the increase of muscle lactate followed by occasional increase of LDH activity and neoglucogenesis in liver to support glucose to other tissues (Jorgensen & Mustafa, 1980; Hochachka & Somero, 1984; Yu & Woo, 1987; Woo & Chiu, 1997; Moraes et al., 1998; Hochachka & Somero, 2002; Moraes et al., 2002). In this work it was not observed these classics responses during nitrite exposure. In liver (TABLE 1) enzyme activities of the oxidative metabolism was kept constant during the trials. In 24 hours no changes of metabolism were observed and there was no decrease of lactate or LDH in 96 hours of exposure. Consume of glucose and glycogen was also observed. Our work showed the occurrence of oxidative metabolism in liver of matrinxã for nitrite exposure. Matrinxã exposed to nitrite, reaches high levels of methemoglobin, 79%, after 96 hours of nitrite exposure (Avilez, 2002). Our data showed that the oxidative metabolism was kept constant. In H. regani submitted to environmental hypoxia (Moraes et al., 1997), L. calcarifer exposed to nitrite ( Woo & Chiu, 1997), and H. malabaricus exposed to environmental hypoxia (Moraes et al., 1995; Moraes et al., 1996) or nitrite exposure (Moraes et al., 1998) it was reported hepatic glycogenolysis. Constant levels of lactate and LDH activity were observed in liver of L. calcarifer  (Woo & Chiu, 1997) as exposed to nitrite, but the same was not verified in trout (Arillo et al., 1984).

Increase GDH activity in liver of matrinxã plus ammonia increase in white muscle (TABLE 1) and plasma (TABLE 2) after 96 hour of nitrite exposure suggest protein mobilization. This should be used for amino acid production to energetic support of other tissues, for example brain.

Table 1. Metabolite concentration and enzyme activities in liver and white muscle of matrinxã exposed to nitrite for 24 and 96 hours. 
	time
	Metabolites and enzymes
	liver
	White muscle

	
	
	0 mg/L
	0,6 mg/L
	0 mg/L
	0,6 mg/L

	24 h
	Glucose
	713,02(32,90
	557,82(60,50
	24,24(1,04
	26,46(1,83

	
	Glycogen
	485,25(42,34
	330,60(55,47
	14,12(0,75
	15,66(0,56

	
	Pyruvate
	0,99(0,03
	1,04(0,02
	0,62(0,08
	0,52(0,039

	
	Lactate
	10,34(0,87
	7,2(0,36*
	42,21(2,66
	43,03(0,91

	
	Ammonia
	56,11(5,21
	70,13(8,77
	9,86(1,69
	8,47(0,66

	
	GDH
	911,11(45,94
	1042,21(87,11
	19,62(2,66
	22,98(3,83

	
	MDH
	18548,62(1048,08
	13860,86(687,08
	2092,48(341,72
	3417,76(181,13*

	
	LDH
	249,44(13,01
	217,35(12,15
	19,33(1,30
	20,55(1,68

	96h
	Glucose
	367,35(50,75
	100,04(25,79*
	15,58(0,47
	23,95(1,60*

	
	Glycogen
	242,65(26,41
	63,01(33,34*
	15,58(0,91
	14,43(0,57

	
	Pyruvate
	1,05(0,07
	0,76(0,13
	0,39(0,035
	0,30(0,03

	
	lactate
	6,23(0,79
	4,02(0,33
	42,36(7,55
	42,57(2,05

	
	ammonia
	62,81(3,39
	44,80(3,86
	17,67(0,30
	27,72(1,63*

	
	GDH
	649,82(18,28
	1058,31(23,47*
	23,31(1,91
	31,30(3,45

	
	MDH
	13736,55(746,36
	12813,93(726,70
	6167,81(375,14
	5826,15(285,23

	
	LDH
	308,02(66,73
	119,53(8,58*
	41,27(2,05
	42,53(2,26


In liver, metabolites are expressed in (mol/g of tissue and enzyme specific activity in mU/mg of protein. (*) means significant difference against the control for p <0,05. (
[image: image1.wmf]x

(SE)

In white muscle, metabolites are expressed in (mol/g of tissue, enzyme specific activity (GDH and MDH) in mU/mg of protein, and LDH are U/mg. (*) means significant difference against the control for p <0,05. (
[image: image2.wmf]x

(SE)

White muscle is the more responsive tissue to anaerobic metabolism under environmental hypoxia, however, this did not occur during functional hypoxia. Enzymatic activity did not change during the experiment. And also, lactate was kept constant, with increase of glycogen in 24 hours and glucose in 96 hours. This suggests that anaerobic metabolism did not occur. Lactate is constant in most tissues of L. calcarifer exposed to nitrite, and this response is different to environmental hypoxia (Woo and Chiu 1997). Kidney (TABLE 2) also showed this characteristic during the exposure of 24 hours, with increase of glucose, but in 96 hours this metabolic profile changed toward consume of the glucose, as suggests the increase of pyruvate. Compared to H. malabaricus under environmental hypoxia as neoglycogenesis was observed in the kidney (Moraes et al., 1995), this profile was different.

In plasma, constant values of lactate of lactate were observed. This fact is not typical of anaerobic metabolism. Constant glucose concentrations show that some tissue provide glucose to other tissue through plasma. C. carpio submitted to nitrite did not increase plasma lactate (Jensen, 1990). Cardiac and brain enzymes did not show any change during nitrite exposure. These data were expected because the immediate relevance of that tissue to the organism. Moreover, there are few protections against metabolism injury (Driedzic e Almeida-Val, 1996). Arillo and collaborators (1984) did not observe alterations in brain metabolism of trout during nitrite exposure in spite of nitrite accumulation in the brain. 

Table 2. Plasma and kidney metabolites of matrinxã exposed to nitrite for 24 and 96 hours.

	time
	Metabolites
	Plasma
	Kidney

	
	
	0 mg/L
	0,6 mg/L
	0 mg/L
	0,6 mg/L

	24 h
	Glucose
	10,31(1,33
	15,68(1,20
	33,50(1,61
	25,53(2,00*  

	
	Glycogen
	--
	--
	22,36(0,69
	23,79(1,19

	
	Pyruvate
	0,41(0,05
	0,91(0,20*
	2,05(0,09
	1,42(0,13*

	
	Lactate
	3,00(0,51
	4,15(1,23
	2,19(0,40
	3,07(0,53

	
	Ammonia
	10,36(0,52
	3,85(0,87*
	23,22(3,02
	19,33(1,76

	96h
	Glucose
	7,04(0,63
	8,49(0,60
	16,90(0,55
	15,93(0,82

	
	Glycogen
	--
	--
	21,69(1,24
	22,16(1,03

	
	Pyruvate
	0,28(0,007
	1,14(0,17*
	1,57(0,06
	1,24(0,08*

	
	Lactate
	1,29(0,15
	1,92(0,13
	3,47(0,21
	4,24(0,36

	
	Ammonia
	6,72(0,29
	12,25(1,20*
	36,24(1,33
	36,14(2,36


- Metabolites are expressed in (mol/g of tissue or ml of plasma. (*) means significantly different against the control for p <0,05. (
[image: image3.wmf]x

(SE).

Table 3. Enzyme activities in brain and heart of matrinxã exposed to nitrite for 24 and 96 hours.

	time
	Enzymes
	brain
	heart

	
	
	0 mg/L
	0,6 mg/L
	0 mg/L
	0,6 mg/L

	24 h
	GDH
	86,52(2,98
	71,68(3,09*
	30,24(16,88
	94,45(7,55

	
	LDH
	2455,09(100,19
	2213,60(50,77
	15,31(2,24
	17,16(1,14

	
	MDH
	10,35(0,55
	8,01(0,42
	1,16(2,13
	3,29(2,48

	96 h
	GDH
	47,27(6,05
	45,99(3,05
	174,09(7,92
	162,04(7,41

	
	LDH
	2728,38(216,62
	2278,78(154,50
	17,03(0,97
	16,25(0,64

	
	MDH
	5,34(0,27
	5,83(0,22
	33,28(2,04
	33,70(1,96


· In brain, GDH and LDH specific activities are expressed in mU/mg of protein, and MDH in U/mg of protein. (*) means significantly different against the control, p <0,05. (
[image: image4.wmf]x

(SE).
· In heart, MDH and LDH specific activities are expressed in mU/mg of protein and GDH in U/mg of protein. (*) means significantly different against the control, p <0,05. (
[image: image5.wmf]x

(SE).

Conclusion

This work showed an oxidative preference of metabolism of matrinxa and the use of protein metabolism to hold levels of tissular glucose. The action of nitrite on matrinxã also showed that toxicity of such anion manifest the first problems at hematological and osmoregulatory level. After that, metabolic alterations should occur in liver, but our methodology and / or time of exposure were not enough to worsen it in matrinxã.
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