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Abstract

Protein is a basic nutrient for the most organismal function and fish are a greedy protein consumer. The surplus of protein works as amino acid provider to supply energetic demand. The suitable dietary protein/ carbohydrate ratio may prevent the waste of amino acids as caloric substance. Juveniles’ jundiás (Rhamdia quelen) were fed isocaloric diets with four protein levels (20, 27,34 and 41%) over 30 and 60 days. After 30 days of the feeding regimen a batch of fish was sampled and lactate, pyruvate glucose, glycogen, free amino acids, free fatty acids and urea were quantified in the blood, liver and white muscle. The hepatic arginase and glutamate dehydrogenase were assayed. The feeding of the remaining fish continued for 30 days and the biometry was done. Increase of dietary protein enhanced amino acid catabolism, the plasma urea concentration, and the specific activities of hepatic arginase and glutamate dehydrogenase. Gluconeogenesis from amino acids was observed and these metabolites were wasted as energetic compounds for higher levels of protein in the diets. Even the highest level of protein did not prevent the break down of lipids. Carbohydrates must be associated to protein in proper ratios to spare protein for major function in the feeding of jundiá.

Introduction
Among the macronutrients, proteins play a pivotal role for the many organismal functions they are involved. Fish, in particular, present meaningful requirements of dietary protein. This fact calls special attention to the diet formulation in intensive fish rearing systems. Nutritional needs must be looked upon many aspects as the fish species, the metabolical demands, the growth phase and the potential to adapt to external circumstance. In essence, adaptation to external changes is related to two factors, the gene assembly and the array of enzymes, and both are straightly related to metabolism. This ensemble of complex chemical reactions supports the whole of the physiological functions. Hitherto, a few numbers of studies on metabolism of fish related to nutrition status are available.

Among carnivorous animals, the fish also require high levels of dietary protein, ordering amino acids toward proteins synthesis and glucose formation for energetic requirements (Sánches-Muros et al., 1998). Increases of plasma amino acids after high protein feeding or aestivation make up the large source of energy for carnivorous fish. Studies on regulatory aspects of gluconeogenesis in Salmo gairdneri fed high protein levels report the rise of plasma amino acids (Cowey et al., 1997). The teleost Sparus aurata tolerates partial replacement of protein by carbohydrates Enzymes of glycolysis, gluconeogenesis, shunt of pentoses and amino acid metabolism of that species, fed different carbohydrate composition, present high adaptive degree to the feeding (Metón et al., 1999). Muscle lipid and protein of Rhamdia hilari, adapted to high contents of carbohydrates in diet, are the main source of energy during starvation (Machado et al., 1988). Lipid and protein synthesis in muscle and liver are remarkable after re-feeding or insulin administration. Colossoma macropomum fed different levels of metabolized energy equally increases the carcass protein (Camargo et al., 1998). This is consequence of carbohydrate use for energetic processes sparing amino acids to muscle protein synthesis. The possibility of feeding fish with different content of carbohydrates improving the use of nutrients is promising particularly in omnivorous species.

Rhamdia quelen (jundiá) is an omnivorous Neotropical catfish and its feeding habit is not restricted to the benthos behaving as generalist (Ihering, 1938; Meurer and Zaniboni Filho, 1997). It is widely distributed from Mexico to the South Argentina and belongs to the Order Siluriform, Genus Pimelodidae. At the present time, the interest on jundiá is crescent because the easy adaptability of the species to several distinct environmental conditions and the good performance in fish farming. However, studies concerning physiology and biochemistry of jundiá are still incipient and the rearing feasibility of the species depends on the nutrient optimization. Moreover, we have proposed the changes of metabolic profile as a tool to assess the fish performance to cope with different circumstances (Bidinotto and Moraes, 2000; Moraes and Bidinotto, 2004). In the present work we report the metabolic adjustments in jundiá fed distinct contents of protein. The changes of the metabolic profile were used in attempt to match the levels of dietary protein with the best growth performance.

Material and Methods

Juvenile jundiás with initial average weight 44.98 ( 13.32 g and 16.92 ( 1.44 cm length were held in four 2.000L tanks. The water was re-circulated, mechanically filtered through bio-beds, and aerated. The water quality was monitored and preserved in the course of the experiments (temperature 25(1o C, pH 7.2, [O2] 5.4mg/L, alkalinity 42 mg/L, ammonia 0.12 mg/L). Individual variability was minimized using fish from the same spring through artificial reproduction. Forty fish per tank were fed isocaloric diets (3.500 Kcal/Kg of ration) with 20, 27, 34 and 41% of crude protein. The fish were fed twice a day to satiation and the first sampling (twenty fish) was done after 30 days to biochemical assays. After 60 days, the second sampling was done to biometry. 

Sampling

Fish for biochemical analysis were sampled, biometry was done, blood was drawn from the caudal vein and the animals were killed by cervical pinch. Samples of white muscle, kidney and liver were excised, frozen in liquid nitrogen and kept at –20o C for posterior analysis.

Tissue extracts

Liver, kidney and white muscle sub-samples were mechanically homogenized at the rate 1:10 in 20% trichloroacetic acid (TCA) in ice-bath. The homogenates were centrifuged at 5,000 x g for 5min and the supernatants were used as free protein extracts. Free protein plasma extracts were done in the same way at the ratio 1:10 plasma-TCA. Neutral extracts were done homogenizing tissue (or plasma) into water at the ratio 1:10. The homogenates were deproteinized (v/v) with the neutral solution 5% ZnSO4 : 0,3 Ba(OH)2, and centrifuged at 2,000 x g for 5min.
Glycogen determination

After complete alkaline digestion of 100-200mg of tissue per ml of 6N KOH in a boiling water-bath for 3 min, 100µl of extract was transferred to 3.0ml of 95% ethanol and 250µl of saturated K2SO4 was added. The cloudy white precipitate was centrifuged at 3.000x g for 3 minutes at room temperature. The supernatant was discarded and the pellet re-suspended in distilled water. The carbohydrate content was determined in suitable aliquots (Dubois, 1956) and glycogen was expressed as (mol of glycosil-glucose.
Enzyme homogenates

Samples of liver were mechanically homogenized into 10-mM phosphate/20-mM Tris buffer pH 7.0 dissolved into v/v of glycerol, with a motor driven Teflon pestle using 3 strokes per 30 seconds in an ice-bath. The homogenates were centrifuged at 21,000 x g for 3 minutes and the supernatants (crude extract) were used as enzyme source.

Enzyme assays

Arginase (ARG) was assayed incubating 50(l of enzyme homogenate for 30 min at 25o C in a final volume of 1.2ml reaction mixture containing: 250mM arginine, 50mM Tris buffer pH 8.0 and 1mM MnCl2 (Archibald, 1946). The enzyme reaction was stopped by addition of 0.1ml of 70% PCA and centrifuged at 12.000 x g for 3 min. Urea was colorimetricaly determined in the supernatant at 440nm (Rahmatullah and Boyde, 1980). 

Glutamate dehydrogenase (GDH) was estimated through NADH extinction at 340nm in 2 min of reaction course (Hochachka et al. 1978). Assay was done at 25o C into a reaction mixture containing: 0.05M imidazol buffer (pH 7.0), 0.1mM NADH, 1.0mM ADP, 5mM 2-ketoglutarate, 250mM ammonium acetate and 0.1ml of enzyme homogenate previously adjusted to the proper protein concentration. Enzyme activity is expressed as mU/mg protein ((mol /min /mg protein). 

Chemicals 

The chemicals used as standards were analytical grade, purchased from Sigma Chemical Co. St. Louis, Mo or Merck. All the other reagents were of analytical grade.
Statistics

The experimental design was established as incomplete blocks formed by four treatments and ten repetitions per treatment. For analysis of metabolites and enzymes data were submitted to analysis of variance (test f) and the means were compared by the test of Tukey. The rate growth and fish performance analysis descriptive statistics was used for p<0.05. The softer ORIGIN 5.0 was used for data analysis.

Results
Many aspects of metabolism were responsive to such changes of feeding, although almost all responses were observed from 27% of protein in diets (Table 1). Free amino acid concentration in plasma, liver and kidney increased as well as plasma and liver glucose but tissues protein was constant. Liver glycogen followed the same pattern of liver glucose. Glycogen and glucose from kidney and white muscle were unchanged in the course of the feeding. Lactate concentration was constant in all the tissues being reduced only in the plasma. No changes were observed in the pyruvate concentrations. Plasma free fatty acids rose with short decrease in the liver. Conversely, plasma and white muscle triglycerides decreased. Plasma urea concentration, liver arginase activity and liver GDH  increased, following the protein contents in the diets (Figure 1).

Discussion
The content of protein in diet, instead being used as energy source, must attend the requirements for growth, reproduction, and tissue replacements (Lovel, 1980). However, a continual protein turnover results in amino acids replacement at a minimal rate. That replacement seems to be different among the fish. For instance, the dietary protein levels for the best growth rate of the channel catfish Ictalurus punctatus fluctuate between 22 and 40%, and this wide range is attributed to the farming management and diet composition (Garling and Wilson, 1976). Impairments on providing of protein must be immediately reflected in the intermediary metabolism involving a number of metabolites. The weight increase of jundiá was straightly related to dietary protein. Moreover, many metabolical pertinent responses were observed.

The raise of plasma free amino acids in fish fed high protein diets is reported in Salmo gairdineri (Lone et al., 1982). The enhancement of plasma, liver and kidney amino acids, and constant levels of liver and kidney protein, suggests that the amino acid excess was used to supply the energetic demands in jundiá. Allied to the amino acid increase the enhancement of GDH activity was observed. The oxidative way of removing amino nitrogen trough GDH associated to aminotrasnferases can be indicative of amino acid abundance and waste as energy source in fish (Alexis and Paparaskeva-Papatsoglo, 1986; Moyano et al., 1991). Liver activities of alanine amino transferase and GDH of Oncorhyncus mykiss fed high levels of protein, or aestivating, were highly increased (Sánchez-Muros, 1998).  This is associated to the rise of gluconeogenesis. Similar results were reported in Anguilla anguilla fed different ratios protein/ lipid/ carbohydrate (Suárez et al., 1995).

Increase of protein catabolism yields increase of plasma ammonia (Van Waarde, 1983). Normally, the excess of ammonia from protein catabolism is promptly excreted by the gills. However, some fish, under environmental situations unsuitable to excrete ammonia, are apt to synthesize urea through urea cycle (UC) enzymes (Wood et al., 1995; Saha and Ratha, 1998; Polez at al., 2002; Moraes et al., 2003). Therefore, increase of UC enzymes should be expected, particularly arginase. The increase of arginase plus the rise of plasma urea observed in jundiá are presumably related to the over-ingestion of protein and catabolism. 

The raise of liver and plasma glucose plus the liver glycogen bulk is suggestive of gluconeogenesis from 27% of dietary protein. The slight plasma glucose increase is likely consequence of gluconeogenesis from catabolism of the protein surplus. Decrease of glycolytic activity and increase of gluconeogenesis has been observed in Salmo gairdneri fed high levels of protein (Fideu et al., 1983). Further, activity reduction of pyruvate kinase and hexokinase were reported. Enhance of aminotranferase is also observed in Sparus aurata fed on increasing dietary protein (Metón et al., 1999). Conversely, an opposite response is observed for increasing diet carbohydrate. In such case, the levels of the glycolytic enzymes as phosphofruto kinase, pyruvate kinase, glucose 6-phosphate dehydrogenase and gluconate 6-phosphate dehydrogenase is observed. These data are suggestive that amino acid catabolism is favored as dietary protein content is enhanced likely to keep the glycemic levels through gluconeogenic reactions. Since amino acids are not required for protein biosynthesis the surplus can be converted and stored as carbohydrates and fat in fish (Driedzic and Hochachka, 1978).

Diminution of lactemia associated to increase of kidney lactate level is suggestive of renal lactate uptake and likely glucose synthesis. The role for such gluconeogenesis seems to be blood glucose furniture since glycogen levels remained constant and the kidney glucose trended to be reduced. Kidney fermentative metabolism is dubious in such situations since the free fatty acids concentration decreased. Metabolic profile of kidney in juveniles Brycon cephalus fed increasing contents of protein resembled jundiá. That species is reported synthesizing glucose from pyruvate and amino acids (Vieira et al., 2002). The kidney and liver of Pseudoplatystoma coruscans fed the same regimen presented the same metabolic behavior (Lundstedt et al., 2001).

Excess of dietary protein and consequent carbohydrate reduction farther leading to protein breakdown to energetic demands resulted in lipid mobilization. Reduction of white muscle and plasma triglycerides followed by increase of plasma free fatty acids concentration is suggestive of lipolysis. This fact is suggestive that the carbon backbones of amino acids were not sufficient to provide the energetic demands. This is a solid indicative that carbohydrate must be added to the ration of jundiá in suitable amounts. In conclusion, the metabolic responses of jundiá fed increasing contents of protein rise the nitrogen excretion from 27% of crude protein. Moreover, increased gluconeogenesis from amino acids was observed in the way to provide glucose. However, even the protein surplus is not enough to supply the energetic and growth need being necessary the triglyceride mobilization. The present data encourage measurements and adjustments of the ratio protein/ carbohydrate to reach the best yield in the course of the growth phase.
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Table 1. Metabolites of juvenile jundiá fed different contents of protein.

	Tissue 
	Experimental diets

	Metabolite
	20
	27
	34
	41

	Plasma 
	
	
	
	

	Lactate 
	7.72a
	4.38b
	4.15b
	2.71b

	Pyruvate 
	2.26b
	3.10a
	3.70a
	3.66a

	Glucose 
	9.76c
	12.02ab
	15.41a
	13.11ab

	Free amino acids 
	25.40b
	48.70a
	52.19a
	57.24a

	Free fatty acids 
	0.97b
	1.28 b
	2.39a
	2.82a

	Triglycerides 
	176.51a
	150.27a
	110.14b
	68.20c

	Liver

	Lactate 
	5.26a
	5.42a
	5.26a 
	4.33a

	Pyruvate 
	0.173a
	0.182a
	0.183a
	0.174a

	Glucose 
	35.63b
	56.02a
	60.53a
	60.47a

	Glycogen 
	37.42b
	58.99a
	63.15a
	70.35a

	Free amino acids 
	1.41b
	1.96b
	2.52a
	2.60a

	Protein 
	44.56a
	42.12a
	45.88a
	57.24a

	Free fatty acids 
	12.30a
	8.66ab
	8.31ab
	7.70b

	White muscle
	
	
	
	

	Lactate 
	8.24a
	8.57a
	9.51a
	10.25a

	Pyruvate 
	0.779a
	0.610a
	0.617a
	0.722a

	Glucose 
	11.86a
	12.15a
	10.80a
	10.04a

	Glycogen 
	13.93b
	17.41ab
	18.84ab
	19.67a

	Free amino acids 
	1.32a
	1.58a
	1.63a
	1.75a

	Protein 
	208.81a
	202.00a
	171.98a
	168.31a

	Free fatty acids 
	2.25a
	2.30a
	1.96a
	2.88a

	Triglycerides 
	108.24a
	13.99b
	4.39b
	9.25b

	Kidney
	
	
	
	

	Lactate 
	0.076b
	0.070b
	0.125a
	0.122a

	Pyruvate 
	0.513a
	0.480a
	0.531a
	0.533a

	Glucose 
	21.43a
	18.32a
	16.07a
	15.53a

	Glycogen 
	25.06a
	26.19a
	27.99a
	25.46a

	Free amino acids 
	0.96a
	1.44b
	1.28b
	1.39b

	Protein 
	6.52a
	8.51a
	7.87a
	8.93a

	Free fatty acids 
	46.83ab
	63.11a
	53.62ab
	40.51b


Distinct letters means significant difference (P < 0,05). Metabolites are expressed in (mol/ml, triglycerides in mg/g tissue or mg/dl plasma, and glycogen in (mol of glycosil-glucose /g of wet tissue.

[image: image1.wmf]0,9

1,0

1,1

1,2

1,3

1,4

1,5

1,6

41



34



27



20



b

b

a

a

GDH

Protein  (%)


Figure 1. Plasma urea concentration, hepatic arginase and glutamate dehydrogenase activities in juvenile jundiá fed different protein contents in diet. Urea concentration is expressed in nmol/ml and both enzymes in nmol of product/ min/ mg of protein.
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