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Abstract

Early juveniles of Arapaima gigas were bred in net cages for two months, where they were fed with diets supplemented with vitamin C (800 mg) and vitamins C+E (800 mg + 800 mg). Weight gain and mortality were affected by dietary vitamin type; being the fish that were fed on vitamin C+E the ones showing the best final result. Hematological parameters (Ht, [Hb], RBC, hematrimetric indexes and leukocytes) presented significant increases on the red blood cell and total leukocyte counts of pirarucu fed on vitamin C+E relative to the pirarucus from the control and those fed only on vitamin C. Differential leukocyte counts were similar between fish fed on vitamins C and C+E. Thus, these results, suggest that the vitamin C+E complex can induce a more efficient immune response than isolated vitamin C alone, in A. gigas.

Introduction

Pirarucu (Arapaima gigas) is undoubtedly one of the most important species of the Amazonian ichthyofauna. Results from recent investigations have arisen a great interest not just on fish farmers but also on the current Amazonian state government that proposes the Amazonian aquaculture sustainable development as one of its major priorities. Despite all the advances achieved so far, the lack of dominance on reproduction, minnow production, management in captivity, culture techniques and general health conditions, still hampers the culture of pirarucu and needs to be overcome (GUIMARÃES & GRAEF, 2001).

Recent studies about the feeding aspects of this species show the need for better prepared diets that will be able to meet the feeding demands of this species and consequently lessen the captivity stressing conditions (CRESCÊNCIO, 2001, GANDRA, 2002, ITUASSÚ, 2002). 

Vitamins C and E are among the most important nutrients influencing the immune system of the organism and the supply of both vitamins can reduce mortality and improve fish performance (WAHLI et al., 1998; SHIAU & HSU, 2002). Aiming to provide a basis for the large scale culture of this species the purpose of the present study is to assess the efficiency of the supplementation of vitamin C and vitamin C+E in the feed of pirarucu, Arapaima gigas in cage culture through the physiological parameters of the fish.

The use of cages for the culture of pirarucu in the Amazonas state has been a great challenge for the researchers who develop projects with this species. According to CAVERO (2002) the growth performance of pirarucu juveniles, among different stocking densities was not altered. The use of cages on the culture has shown good results relative to traditional systems (earth ponds and dams) of fish production in an economical, technical, ecological, and social outlook (ONO & KUBITZA, 2003). 

Material and Methods

Pirarucu juveniles (1.5 ( 0.5 g) were acquired from a rural producer in the municipality of Coari, AM. Fish were kept in the Aquaculture Department at INPA for a month in order to carry out the feeding training which was first started with zooplankton and gradually replaced by commercial feed with 45 % of crude protein (CP). After the initial biometry the fish (18 ( 7 g) were stocked for about 8 weeks within cages inside 120 m2 ponds at a ratio of 13 fish/m3 so as to conduct the three treatments (TR1- control - commercial diet with 45% CP; TR2 – commercial diet with 45% CP + 700 mg of vitamin C and TR3 – commercial diet with 45% CP + 700 mg of vitamin C + 650 mg of vitamin E). The experiments were made with three replicates for each treatment and the fish were fed four times a day. 

Biometry and blood samples on eight fish from each treatment replicate were taken from the caudal vein though heparinized syringes. Blood smears were made for identifying and quantifying leucocytes segundo Tavares-Dias et al. (2002); hematocrit (Ht) was determined by microhematocrit centrifugation technique. The red blood cell (RBC) and total leukocyte counts (LEU) were determined optically with a Neubauer chamber using a Natt Herrick solution. The hemoglobin concentration ([Hb]) was determined with Drabkin’s reagent as absorbency at 540 nm. Mean cell volume (MCV), cell hemoglobin (MCH) and cell hemoglobin concentration (MCHC) were computed from the Ht, [Hb] and RBC. 
The water quality was monitored weekly throughout the experimental process.  Dissolved oxygen and temperature were determined by means of an YSI-55 model 55/12 digital oxygenometer; pH measured with a WTW model D-812 digital pH-meter and electrical conductivity by using a WTW model LF-92 digital apparatus. Water samples were collected for the analysis of total ammonia ( NH3 + NH4+) and nitrite ( NO2-) concentrations, determined by the calorimetric method according to BOYD & TUCKER, 1992.

All data are presented as mean ± standard deviation (SD). The mean values of the different treatments were compared amongst each other and with the control by using the ANOVA variance analysis. The differences were considered to be significant in P<0.05 using the KW test.

Results and Discussion

The findings regarding the physical and chemical parameters of the water in the net cages for the two months of sampling are shown in Table 1. None of the analyzed water quality parameters (O2, temperature, conductivity, pH, ammonia and nitrite) showed any statistical difference throughout the rearing period. These values are within the limits considered to be suitable for the good production performance and health maintenance of tropical fish kept in net cages (ONO & KUBITZA, 2003). 

After two months the pirarucu specimens showed a differentiated growth according to the diet they were submitted to. Figure 1 shows the mean values of the initial weight and of the 1st and 2nd month of sampling of the pirarucus kept in net cages. The statistical analysis showed that the TR3 animals presented significantly higher weight values (P<0.005) in the 1st  and 2nd  month of culture relative to control (TR1) and only in the  1st month relative to TR2, which values were higher than those of TR1 and TR3 on the2th month of the experiment. In spite of the individuals fed with diet supplemented with vitamin C (TR2) having presented greater growth, this was the treatment with the highest mortality rate (( 50%) relative to control and vitamin C+E (( 30%). 

Table 1. Dissolved oxygen concentration (O2), temperature, pH, electric conductivity, ammonia, and nitrite of the pond with pirarucu undergoing different treatments in the cages. Mean ( SD. 

	Parameters
	Months 

               1o                         2o

	O2 (mg/L)
	8.6(2.0
	8.7(1.3

	Temperature (oC)
	29.91.4
	28.5(0.9

	pH
	6.9(1.3
	7.7(1.2

	Electric conductivity (µS/cm)
	37.2(4.5
	34.7(6.7

	NH3+NH4 (mg/L)
	0.00003(0.001
	0.001(0.001

	NO2- (mg/L)
	non-detectable
	non-detectable


The culture of fish in net cages is a system with high level of stress brought about by the confinement. The response to stress is characterized by hormone changes (catecholamine e corticosteroid) that induce alterations on the total proteins, hematological parameters, glucose, plasma ions and so on (DUGAN & MOON, 1998; RUANE et al., 1999). 

In the present study the hematological parameters were evaluated as stress indicators (Table 1). Hematocrit values for the fish in the different treatments showed no significant differences, however, the comparison between the values obtained in the 1st and e 2nd month showed a significant decrease (P<0.05) in the last month of sampling in all three treatments. A significant increase (P<0,05) was found on values of erythrocytes and hemoglobin concentration for the TR3 fish relative to control and TR2 in the 1st month of the experiment; in the 2nd month an increase on the values of these parameters was observed in TR2 TR3 relative to control. MCV values were significantly low (P<0.05) in TR3 relative to TR1 and TR2 in the no 1st month, but a significant difference was observed for all treatments in the 2nd month compared with the 1st month of sampling. This may be a consequence of the low Ht values occurring in the 2nd month for the three treatments. For MCH and MCHC values the observed alterations stayed practically the same in the different treatments, however, the decrease of [Hb] and MCH in the fish in the 2nd month of the experiment is a clue of the decrease of hemoglobin in the erythrocytes of pirarucu. Although all hematological parameters – red series, have presented a similar profile for both treatments during the two sampling months, the significant decrease of Ht and MCV in the no 2nd month may indicate a physiological response caused by some factor not determined the present study (e.g.. parasites, bacteria, toxic products, and so on) There are three possible causes for the decrease of the Ht during the stress: increase on the volume of the plasma, loss of water in the erythrocytes, and/or hemolysis of the erythrocytes in the blood stream (WITTERS et al., 1990; PEARSON & STEVENS, 1991). In the present study the most likely alternative may be related to the water loss in the erythrocytes, since its values are high in the 2nd month of the experiment. (P<0.05).

Comparing the hematological parameter values (red series) obtained for pirarucu in the present study with those obtained for different teleost fish species in several studies (SALVO-SOUZA, 1990), pirarucu is amongst the species that present the highest values of those parameters. That occurred probably on account of pirarucu aerial respiratory type of respiration. In that case the oxygenated blood mixes with the venous blood of the heart, decreasing, therefore, the carrying capacity of the oxygen to the tissues, which may be compensated by the increase of those parameters.
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Figure 1. Body weight (g) of Arapaima gigas at the beginning of the experiments and after going through two months of different treatments: TR1 = Control; TR2 = Vit. C e TR3 = Vit. C+E. Mean ( SD, n=8. Different letters indicate significant difference in the treatments (P<0.05). 

In addition to erythrocytes, leukocytes are also good indicators of physiological stress in fishes (TILLMANN & BIRON, 2000; SVOBODOVÁ et al., 2001). The result of the total leukocyte counts in pirarucu shows a significant increase (P<0.05) in the TR3 of the do 2nd month of the experiment relative to TR1 and TR2 (Figure 2). Differential leukocyte counts showed significant differences (P<0.05) between control, and TR2 and TR3 in the two samplings (Table 3). Lymphocytes were the most abundant leukocytes for pirarucu and high percentages of metamielocytes (precursors of the granulocytes), neutrophils and monocytes were detected TR2 and TR3. Eosinophils and basophils were not detected in this species. Decrease on the frequency of lymphocytes and the concomitant increase on monocytes, neutrophils and metamielocytes is a clue on the effect of supplementing vitamin in the feed of fishes, which induces the stimulation of the immune system. Such stimulation can induce the protection against diseases, enhancing defense mechanisms facing stress situations. Supplementing vitamin C and/or E to the diet of fishes has shown its higher efficiency on the production of antibodies in the phagocyte activity, lysozime levels to fight bacteria, in addition to the positive role it plays on the stress reduction (MONTERO et al., 2001; ORTUNO et al., 2003). 

In the present study, the findings suggest that: (1) the diet with vitamin C+E can induce in A. gigas a more efficient immune response than isolated vitamin C and; (2) leukocytes are good indicators of the efficiency of vitamins as a defense mechanism of the organism..

Table 2. Hematocrit (Ht), hemoglobin concentration ([Hb]), red blood cell count (RBC), mean cell volume (MCV), cell hemoglobin (MCH), and cell hemoglobin concentration (MCHC) of Arapaiga gigas in the different treatments in the 1st and 2nd month of sampling. TR1 = control; TR2 = vitamin C and TR3 = Vitamin C+E. Different letters indicate significant difference (P<0.05). Mean ( SD; n=24. 

	Treatments
	Ht

(%)
	[Hb] (g/dL)
	RBC (x106)
	MCV

(µm3)
	MCH

(pg)
	MCHC (%)

	1º

Control
	32.9±3.5
	11.0±1.1 a
	2.1±0.3 a
	164.0±27.5 a
	51±3.7 a
	34.7±5.9

	Vit. C
	32.7±2.7
	12.2±2.0 a
	2.0±0.4 a
	161.7±25.2 a
	53±7.1 b
	37.2±6.3

	Vit. C+E
	31.5±2.5
	14.4±2.2 b
	2.4±0.3 b
	130.1±14.0 b
	58±7.4 b
	35.4±7.2

	2º 

Control
	29.5±3.6
	10.4±1.1 a
	2.2±0.1 a
	116.5±8.9 a
	48±5.4 a
	39.4±2.7

	Vit. C
	32.7±3.7
	11.0±1.1 b
	2.3±0.2 b
	105.5±9.7 b
	48±4.3 a
	40.4±4.5

	Vit. C+E
	28.4±3.4
	11.4±1.2 b
	2.4±0.1 b
	105.2±6.9 b
	45±5.2 b
	42.0±5.4
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Figure 2. Total leukocyte counts of Arapaima gigas kept in net cages under different treatments for 2 months. TR1 = control; TR2 = vitamin C and TR3 = Vitamin C+E. Different letters indicate significant difference between treatments (P<0.05). Mean ( SD; n=24. 

Table 3. Differential leukocyte counts of Arapaima gigas in net cages in the 1st and 2nd month of sampling under different treatments. TR1 = control; TR2 = vitamin C and TR3 = Vitamin C+E. Different letters indicate significant difference (P<0.05). Mean ( SD; n=24. 

	Treatments
	Linphocytes


	Monocytes


	Neutrophils


	Metamyelocytes



	1o
TR1
	83.9±8.3a
	4.9±3.7 a
	9.2±4.0 a
	1.9±2.6 a

	TR2
	52.5±5.8 b
	11.6±2.1 b
	18.9±2.1 b
	17.0±4.2 b

	TR3
	53.4±11.4 b
	9.1±3.2 b
	21.0±3.5 b
	16.5±4.5 b

	2o
TR1
	88.2±2.7 a
	4.1±1.6 a
	6.8±1.7 a
	0.9±0.8 a

	TR2
	55.6±5.8 b
	11.2±2.2 b
	16.9±5.7 b
	16.3±2.4 b

	TR3
	49.7±4.5 b
	13.6±2.8 b
	21.1±3.0 b
	15.6±4.2 b
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