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Abstract
The long-term exercise and fish performance correlation is still controversial and the responses are different for each species. No data are disposable among the Neotropical fishes concerning this subject. We have studied the metabolic profile of matrinxa submitted to continuous exercise for 37 and 72 days, swimming at 42cm.s-1. The growth of fish exercised for 72 days was 38% greater than the other exercised group, and the catabolism of protein and sugars decreased in the white muscle. Body mass increased and was followed by lipid catabolism. We concluded that exercised fishes at moderate speed growth faster than that living in lentic environments. No large influence in their metabolic responses was observed. 

Introduction

Water flux is a natural component of the environments of reofilic fish, like matrinxa. These species are forced swimming against the water current for long periods. However, exercise at moderate speeds has been reported to provide several advantages for fish farming and growth enhancement is related with it (Azuma et al, 2002; Davison, 1997; Jobling, 1993; Young and Cech Jr, 1994, Jobling, 1994).

The severity of the exercise regimen is extremely important, and even low speeds of swimming may produce greater growth rates and better-feed conversion efficiency (Davison, 1997; Totland et al, 1987; Jobling, 1994) what including fish that are less active for swimming, since the speed be adequate for its species (Ogata and Oku, 2000). The ideal swimming rates for rainbow trout and salmon are well defined in literature, altering between 9,68 cms-1 and 35,5 cms-1 (Ristori and Laurent, 1985; Butler et al, 1986; Weber, 1991; Azuma et al, 2002). However, the knowledge about the swimming capacity of Neotropical fish remains few explored. 

Fish organism is almost 60% muscle (Jürs and Bastrop, 1995; Jobling, 1994) and it represents the major fraction of energy consume. Usually, during prolonged exercise proteins and lipids are the main fuel, and carbohydrate oxidation is considered minimal, but recent studies have shown an increasing role of sugars for swimming at 55-85% Ucrit (Weber and Haman, 1996; Van den Thillart and Van Raaji, 1995; Jobling, 1994; Shangavi and Weber, 1999). 

Muscle glycogen stores are not the primary fuel for steady state or moderate exercises, but they are very useful supporting burst and sustained maximal exercises (Moyes and West, 1995; Weber and Haman, 1996), however, salmon exercised for eight month increases their glycogen stores (Totland et al, 1987). In the same way, sustained swimming does not stimulate hepatic glucose release from liver, and in rainbow trout glucose exhibits decrease (Shangavi and Weber, 1999). During aerobic swimming, if lactate was generated, production and oxidation keep their balance inasmuch as it is not important as a fuel for energy supply in low and moderate exercises (Jobling, 1994; Moyes and West, 1995, Weber and Haman, 1996, Richards et al (2002).

Lipid oxidation is an important energy fuel for fish, meanly during prolonged exercise, and some species can mobilize its more than others (Van den Thillart and Kesbeke, 1978; Ogata and Oku, 2000; Forster and Ogata, 1996; Van den Thillart and Van Raaji, 1995; Weber and Haman, 1996). Free fatty acid is important oxidative fuel during endurance swimming (Moyes and West, 1995), and lipid is stored in well-perfused tissues, which contains high density of mitochondria, being used for metabolism especially during low speed sustained swimming. However, the studies about exercise and lipid mobilization are very conflictive, because BERNARD et al (1999) showed that triacylglycerol hydrolysis and fatty acid release are not affected by endurance for prolonged exercise beyond the control values, and RICAHRDS et al (2002) demonstrated that rainbow trout swimming at 30 and 60% Ucrit oxidize more lipids than controls.

Protein was estimated to provide 80% of total substrates utilized by the fish during the rest and until 90% during sustained swimming (Jürs and Bastrop, 1995), and ammonia excretion reflects amino acid trans-deamination, which can increase during activity (Moyes and West, 1995).

There are some biochemical indices, which are used for both, indicating the metabolic state of fish and estimating their growth rates. In accordance with some authors, glycolytic enzymes, as lactate dehydrogenase (LDH) and piruvate kinase (PK), have strong positive correlation between their activities and growth, which could be correlated with swimming capacity improvement (Pelletier et al, 1995; Burness et al, 1999). The liver-somatic index (LSI), indirect measurement of growth rate, is used to correlate the nutritional status of fish and the growth rate (Busacker et al, 1990). The ratio RNA:protein is an index of ribosomal capacity for protein synthesis and links directly RNA concentrations and protein syntheses. Following the growth, is expected RNA content allows major protein syntheses, since food keep on being available (Burness et al, 1999; Pierce et al, 1999; Busacker et al, 1990; Houlihan et al, 1993). 

Because the lack of evidences about Neotropical fish in concern with exercise and growth it is necessary more checking about their biochemical responses and growth rates when they are exercised at different spans and speeds. Matrinxas are fish largely used in aquaculture, explored by their fast growth potential and easy commercial ration adaptation. Brycon genus is spread for the main Brazilian hydrographic basins, and they have high capacity of swimming against current during migration (Margarido and Galetti, 2001; Mendonça, 1996; Castagnolli, 1992). Because of these evidences they have become ideal subjects for exercise and growth studies. 

The purpose of this work was to analyze the metabolic responses of white muscle of matrinxa submitted to long-term sustained swimming for 37 and 72 days at 42 cm.s-1, and the difference in growth rates between all groups, non-exercised and exercised fish.

Materials and methods 

Matrinxas (Brycon cephalus) were obtained by a commercial fish farm in Mococa, SP, Brazil, and was maintained in 5000L aquarium for a month. Eighty fish were previously anesthetized (Inoue, 2003), weighed and measured, and the averages were 45,5 ( 17,1g and 14,2 (1,7cm. They were randomly shared in four groups and transferred for exercising tanks, which had the following characteristics: four 250L fiber aquaria were interconnected to a biofilter, constituting a water recirculation closed system. 

Two of this tanks had a submerse pump, responsible for producing current with angular speed of 42 cms-1, which was weakly monitored, as well as the physical and chemical water parameters. The average of this values were: pH 7,4, temperature 24ºC and pO2 5,7mg/L. Fish were fed twice a day with a commercial ration in a rate of 2% of the biomass for non-exercised fish and 3% to exercised one.

Two of these groups, referred as controls, C30 and C70, were kept in tanks with lentic water for 37 and 72 days, respectively, with any type of exercise and their values were used to be compared with exercised groups. The other two groups were classified as exercised, E30 and E70 and remained in exercising tanks for 37 and 72 days, respectively; swimming against the current with no interruptions, except for cleaning tanks and changing water. At the end of the first part of the protocol, C30 and E30 groups were anesthetized with eugenol, followed by weigh and measure of the fish. Afterwards, the animals were killed, the liver was excised and weighed, and a sample of white muscle and the liver were immediately frozen in liquid nitrogen for further analysis. After 72 days, other two groups were equally sampled. 

Frozen muscle was weighed and used for the following determinations: ammonia (Gentzkow and Masen, 1942), glucose (Duboie, 1956), lactate (Harrower and Brown, 1972), protein (Lowry et al, 1951), glycogen (Bidinoto et al, 1997), free amino acids (Copley, 1941), total lipids (Folch et al, 1957), LDH and GDH (HOCHACHKA, 1978), PK (Staal et al, 1975) and the ratio RNA:protein  (Pierce et al, 1999).

Results

Growth parameters: Weight values increased in all groups, non-exercised and exercised: C30 grew 15% and E30 20,4%. C70 grew 21,6%, while the growth of the E70 was 37,9% (fig.1). Length differences and liver somatic index (LSI) were not significant for any group (tab.1.) Rate RNA:protein decreased in E30 and feed conversion rate (FCR) enhanced in exercised fishes.

White muscle: Glucose, protein and ammonia remained with no differences when exercised groups were compared with their respective controls (tab.2.). However, lactate levels decreased significantly in E70 not only in comparison with its control but in relation with E30 too (tab.2). Glycogen was not different, but the relation glycogen/total weight decreased in E70 (tab.2.) There were decrease in PK and GDH activities in E70 and an increase in PK in E30. LDH remained with no different values. Total lipids content decreased more than 40% in E70, what could not be observed in E30 (fig.2). 

Discussion

Growth parameters: Exercised matrinxas grew more than controls, being the E70 values higher than 37%, while C70 was only 21,6%, the same value reached by E30 in just a month (tab.1). Final length, in spite of significantly different in comparison with initial values, did not reached the same difference between treatments (tab.1). AZUMA et al (2002) related that salmon were positively affected by exercise enhancing their growth. 

The liver-somatic index was not different among the treatments, what could indicate that there was no accumulate energy in the liver in glycogen form (tab.1).

It is known that matrinxa is aggressive and maintains dominance hierarchies, however, this fish, when exercised, changed their behaviour, including a reduction in the frequency of aggressions. This information indicates that domination is less strong in exercised fish than in non-exercised one. This has been mentioned for others species (Jobling, 1994; Davison, 1997). Those authors propose that the lesser the aggression the better use of food energy, what is corroborated by the better-feed conversion rate in exercised fish (tab.1.). This index is an indicative of weight gain per unit of food consumed, and fish forced to swim at moderate speeds, for prolonged periods, presents greater conversion than non-exercised fish (Jobling, 1993; Jobling, 1994).

Table. 1. Growth performance of matrinxãs non-exercised and exercised for 37 days and 72 days (mean value ( sd). Different letters mean statistical differences.

	
	TREATMENTS

	
	C 30
	E 30
	C 70
	E 70

	Body weight (g)
	
	
	
	

	      Initial          41,5 ( 14,51a      
	45,7 ( 12,81a
	44,7 ( 171a
	50,9 ( 18,31a

	       Final          48,8 ( 16,41b

Body length (cm)
	57,4 ( 10,31c
	57,1 ( 17,21c
	82,1 ( 24,71d

	       Initial         13,7 ( 1,52a
	14,3 ( 1,92a
	14,1 ( 1,62a
	14,7 ( 1,92a

	       Final          15,3 (  1,72b
	16,4 ( 1,92b
	18,8 ( 9,52b
	18,4 (1,82b

	LSI                   0,01 ( 0,003
	0,011 ( 0,002
	0,013 ( 0,004
	0,013 ( 0,004

	FCR (g)                  7,1
	     4,84
	     4,28
	1,94

	RNA: protein  32,25 ( 4,493a

((g/g protein)
	24,06 ( 3,523b
	18,59 ( 3,733c
	22,73 ( 6,213c


LDH and PK activities (fig.1), when correlated with growth rates, did not exhibited the same responses reported (Pelletier et al, 1995; Burness et al, 1999). It should be expected an increase of their activities when body mass enlarge. LDH was not affected by exercise, while PK was less in E70. This fact may be, in part, because theses exercised fish did not triggered the glycolytic path to produce more ATP. 

The rate RNA:protein did no show any evidence of positive relationship between growth and exercise. Actually, its value was less in E30, but this is not an indicative of growth decrease because body size was higher. Jobling (1994) reported the same, indicating a somatic growth with diminished growth rate, pointing some evidences on the correlation of protein synthesis and oxygen consume. This may be altered by the size. Some authors, however, were able to show positive correlation (Mathers, 1999; Pierce, 1999), making believe that each species have different ribosomal capacity for protein synthesis. (Jobling, 1994). 

White muscle: Glycogen levels were not altered by exercise (tab.2), what indicates that it is not a preferential energetic fuel for sustained swimming. This agrees with others authors (Moyes and West, 1995; Weber and Haman, 1996) The relationship between glycogen and final weight (tab.2) displayed slight decrease in E30 but larger in E70, probably indicating  that carbohydrate still remains used for the whole organism. This  fact was previously mentioned by Richards et al (2002). Glucose was not mobilized from white muscle, and lactate values are diminished in E70, which indicates that oxidized  glucose was used by aerobic metabolism because it was not converted into lactate (tab.2.).

Protein value did not show differences for any group, however, the amino acids retention in E70 was very high indicating that protein oxidation in exercised fish was minimal (tab.2.). Similar results were found for rainbow trout that swam at 55-85% Ucrit, where lipid oxidation was the prime energy fuel followed by carbohydrates and proteins (Richards et al, 2002). Ammonia values were the same, meaning exercise did not promote amino acid trans-deamination for using them as fuel (tab.2.), effect related by others (Van Den Thillart and Kesbeke, 1978; Moyes and West, 1995).  These are the facts that contribute for major growth of fish exercised, since muscular protein deposition is higher in fish under constant movement.

Table 2. Metabolic responses of white muscle in non-exercised and exercised matrinxas (mean ( sd). Letters mean statistical differences.

	TREATMENTS

	
	C 30
	E 30
	C 70
	E 70

	Glycogen ((mol glycosilg-1)
	21,18 ( 4,78 
	21,4 ( 3,63
	44,43 ( 6,82
	42,5 ( 4,77

	Glycogen (g)/ weight (g)
	0,49  ( 0,211a
	0,39 ( 0,111a
	0,88 ( 0,381b
	0,58 ( 0,231c

	Glucose ((molg-1)
	49,9 ( 9,74
	52,92 ( 12,64
	34,58 ( 4,44
	30,11 ( 5,7

	Lactate ((molg-1)
	63,7 ( 15,62a
	68,5 ( 12,92a
	57,3 ( 5,42a
	45,8 ( 102b

	Protein ((molg-1)
	283,1 ( 26,1
	244,7 ( 41
	201,5 ( 53,1
	201,3 ( 24,1

	Free amino acids ((molg-1)
	36,47 ( 11,23a
	38,4 ( 9,683a
	42,6 ( 11,363a
	51 ( 6,953b

	Ammonia ((molg-1)
	29,3 ( 1,82
	31,6 ( 2,6
	30,13 ( 2,66
	32,72 ( 3,7
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Fig. 2. Total lipid content in white muscle 

of non-exercised and exercised fish.

 

It is evident that lipid was use as a fuel for E70 group (fig.2), which exhibited 43,4% of decrease in total lipid content. This demonstrates that matrinxas exercised for 72 days are more able to oxidize lipids than fish maintained in lentic environments. Previous studies of Forster and Ogata (1996); Ogata and Oku (2000) showed content lipid decrease during migration and exercise, however, Bernard et al (1999) and Young and Cech Jr (1994) did not observed the same results. According with Van den Thillart and Van Raaji (1995), high plasma FFA and lipid oxidation plus no alterations in white muscle glucose and lactate are indirect measures for indication of moderate speed. Glycolytic and amino acids catabolic enzymes can give information about fish energetic metabolism (graf.1). LDH did not show difference for any exercised groups, but lactate was very low, facts that demonstrate the less importance of this path for generating energy. 

Activity PK decreased in E70, which shows the fish less dependence of glycolytic path for generating energy in preference to lipid fonts. Acetil-CoA and chain long fatty acids inhibit activity PK, diminishing more carbohydrates as energy fuel (Lehninger, 1995). Its activity was high in E30, indicating that for 37 days of exercise the glycolytic metabolism still remains important to supply energy (Richards et al, 2002).   
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Fig.1. PK, LDH and GDH activities in white muscle

 of non-exercised and exercised fish.
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GDH activity was more reduced in E70, at the same time that amino acids were elevated. If GDH is responsible for amino acid trans-deamination and ammonia is the end answer of amino acids catabolism, we can deduce that fish exercised for 72 days decreased their use of protein and amino acids for energy supply, favoring their use to biosynthesis and consequently growth.

We have concluded that exercised fish did not suffer great metabolic differences in comparison with non-exercised fish, what improve their growth; exercised fish grow faster than non-exercised fish; E70 group showed best results in relation to lipid oxidation and greater amino acid retention than E30, followed by lactate, GDH and PK decrease; final weight were higher in exercised fish mainly in exercised for 72 days; LDH and PK did not show growth improvement, and rate RNA:protein was diminished in E30. However, fish grew as shown by the final weight differences; feed conversion rate was strongly decreased what could have favored fish growth, inducing thinking less food is necessary to enhance growth when fish are exercised at moderate speeds for long periods.
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