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Introduction
Organisms are exposed to many environmental factors. Among them there is pH, temperature, dissolved oxygen, ammonia and ions. The natural environment is very dynamic; however in many systems its parameters are almost constant or vary in a predictable way. That, over the process of evolution, has allowed animals to adapt to their habitats (Hochachka & Somero, 2002). However men’s interference in natural processes has modified the characteristics of several environments. One example of this is the sewage dumping in rivers and lakes. In artificial systems, such as fish farms, these parameters vary greatly, especially in high-density systems. One ion can be of major importance in both natural and artificial systems because of its toxicity. That ion is nitrite.  

Nitrite is an ion naturally found in the environment due to the process of nitrification. Although its concentrations are usually low (Eddy & Williams, 1987), several processes can interfere in the balance of the nitrogen cycle. Among these, pollution of aquatic environment is known to cause considerable increase in nitrite concentration (Nikinmaa, 1992). As a matter of fact high levels of nitrite are used as indicators of impacted areas. Nitrite toxicity to fish is due to several processes including the formation of methemoglobin, which is non-functional form hemoglobin, and the cytolysis of hepatocytes and gills’ chloride cells (Arillo et al., 1984). Fish can be especially sensitive to nitrite because it has the ability to compete with the uptake of chloride by the gills’ chloride cells (Bath &Eddy, 1980). Nitrite can actually be found in high concentrations in fish plasma. (Margiocco et al., 1983) 

Methemoglobin formation can induce cyanosis and a state similar to the one find in cases of environmental hypoxia (Smith & Russo, 1975). On he other hand the damage caused to gills and liver is altering two of the most important regulation organs in fish and can, therefore, cause serious problems in maintaining homeostasis. Moreover nitrite is known to induce hemolytic anemia (Scarano & Soroglia, 1984), which can aggravate the metabolic hypoxia stress. Pacu (Piaractus mesopotamicus) and its hybrid Tambacu (Piaractus mesopotamicus X Colossoma macropomum) were vastly reared in Brazil. The aim of this work was to evaluate the effects of environmental nitrite (20 ppm of NaNO2) on the hematology and intermediary metabolism of both fish over the period of 8 hours. 

Materials and Methods

The fish used for experimentation had a mean weight of 51,21 ± 16,50 g and were kept in natural photoperiod, constant supply of oxygen, termostatized and filtered water for aclimatation. They were then transferred to two 200 L tanks (N=6 for Tambacu and N=10 for P. mesopotamicus) where they stayed for five days. The conditions on these tanks were equal to those described above. Then 24 hours before the experiment the feeding was suspended. Finally we added NaNO2 to one of the tanks (the other was kept as negative control) until was reached the desired concentrations. After eight hours of exposition the fish were taken from the tanks and blood, white muscle and liver samples were collected, being the tissue samples frozen in liquid nitrogen for future analysis. 

Blood was used for hematocrit (Lima, 1969), hemoglobin (Drabkin, 1948) and methemoglobin (Benesch et al., 1973) determinations. The remaining blood was centrifuged to obtain plasma, in which were determined the contents of glucose (Dubois, 1956), lactate (Harrower & Brown, 1972) and pyruvate (Lu, 1939). In the sampled tissues the same parameters were analyzed in addition to the content of glycogen (Bidinotto et al., 1997). The data obtained were analyzed for normality using the KOLMOGOROV-SMIRNOV test and afterwards the means were compared using the parametric T-Student test. All tests were performed at 5% level of confidence utilizing GRAPHPAD PRISM( software. 

TABLE 1. Comparasion between the metabolic intermediates in the tissues of Tambacu and P. mesopotamicus exposed to 20 ppm of nitrite during 8 hours. All values ± S.E expressed in µmols/mg of wet tissue (except L/P Ratio). Significant differences indicated by * (when p=0,05) and ** (when p=0,01)

	Metabolic Intermediates in P. mesopotamicus

	Tissue
	Liver
	WM
	Plasma

	Group
	Control
	20 ppm
	Control
	20 ppm
	Control
	20 ppm

	Glucose
	647,0± 

49,67
	496,1± 13,26**
	26,93±

1,239
	23,84±

0,7254*
	6,078±

0,3030
	6,650±

0,2693

	Pyruvate
	1,357±

0,1002
	1,402± 0,09176
	0,4536±0,04490
	0,8640±

0,06826**
	1,020±

0,04769
	1,912±

0,1601**

	Lactate
	7,750± 

0,4949
	7,320± 0,2208
	43,02±1,856
	37,09±

1,127*
	2,406±

0,2766
	2,704±

0,1719

	Glycogen
	480,7± 

20,50
	544,8± 15,19*
	17,01±

0,4741
	14,49±

0,8184*
	-


	-

	L/P Ratio
	5,932± 

0,2955
	5,419± 0,3772
	112,6± 20,18
	46,27± 5,378**
	2,442±

0,2935
	1,404±

0,07543**

	Metabolic Intermediates in Tambacu

	Tissue
	Liver
	WM
	Plasma

	Group
	Control
	20 ppm
	Control
	20 ppm
	Control
	20 ppm

	Glucose
	396,7±

25,36
	484,4±

25,43*
	12,25± 0,9678
	11,75± 0,2531
	3,403±

0,4789
	5,091±

0,1672**

	Pyruvate
	1,555±

0,1133
	1,006±

0,05349**
	0,9171±

0,04548
	1,095±

0,1070
	0,7747±

0,02453
	1,188±

0,09459**

	Lactate
	9,960±

0,5624
	6,854±

0,3158**
	30,52±

2,024
	30,14±

1,862
	3,657±

0,1487
	4,710±

0,2652**

	Glycogen
	329,4±

28,04
	438,6±

34,19*
	6,606±

0,5343
	10,42±

0,6974**
	-
	-

	L/P Ratio
	6,337±

0,3169
	7,027±

0,2374
	29,42±

1,658
	27,73±

2,445
	4,056±

0,4286
	2,704±

0,3530*


TABLE 2. Comparasion between the hematological parameters of Tambacu and P. mesopotamicus exposed to 20 ppm of nitrite during 8 hours. Values ± S.E expressed for Hematocrit and Methemoglobin in %, for hemoglobin in g/dL and for RBC in millions of cells per mm3. Significant differences indicated by * (when p=0,05) and ** (when p=0,01)
	Hematological Parameters in P. mesopotamicus and Tambacu

	Fish
	P. mesopotamicus
	Tambacu

	Group
	Control
	20 ppm
	Control
	20 ppm

	Hematocrit
	29,25± 1,055
	36,70± 1,457**
	28,33± 0,9888
	23,42± 0,4902**

	Hemoglobin
	9,421± 0,1847
	8,688± 0,2063*
	12,03± 0,3883
	11,89± 0,3192

	Methemoglobin
	0,0
	8,845± 1,372
	2,710± 0,6636
	18,67±1,468

	RBC
	38,40±1,523
	29,52± 3,160*
	32,40± 3,546
	23,27± 1,572*


Results and Discussion

The stress imposed to the fish because of the formation of methemoglobin has a major difference when compared to environmental hypoxia. Functional hypoxia results not from lack of oxygen, but rather from the impossibility to carry the available oxygen due to a reduction in the concentrations of functional hemoglobin. The results of the contents of methemoglobin found are low (the highest was around 18%) when compared with the data presented in the literature (Souza et al., 1995; Bath & Eddy, 1980; Schoore et al, 1995; Tucker et al., 1989; Hilmy et al., 1987). On the other hand  the levels of methemoglobin in catfish take from 6 to 18 hours to reach its maximum concentrations (Huey et al., 1980). In fact Moraes and collaborators (1998) found similar methemoglobin concentrations in Hoplias malabaricus exposed to 30 ppm of environmental nitrite.

The hematological responses in Tambacu differ in one aspect to those found in cases of environmental hypoxia. Nitrite can cause hemolytic anemia (Scarano & Soroglia, 1984), to support this hypothesis we found hematocrit reduced after exposition to nitrite in Tambacu. P. mesopotamicus does not present a characteristic hematological response to nitrite intoxication and the levels of methemoglobin are somewhat lower than in tambacu (8%). We actually found an increase in hematocrit, which is a common response to environmental hypoxia. Hemoglobin concentration was significantly reduced but that might be a result of the initial process of elimination of red cells that have methemoglobin. This process cause the hemolytic anemia referred above.  On the other hand the number of red cells increased in both Tambacu and P. mesopotamicus. This is also a strategy that fish present when exposed to low dissolved oxygen concentrations (Fievet et al., 1987; Peterson et al., 1987; Moraes et al., 1995; 1996). These hematological responses suggest that at least to some extend these animals are exposed to a lack in oxygen supply. 

One of the major strategies to survive hypoxia is through the regulation of the glycolytic pathway (Hochachka & Somero, 2002). In both fish the liver showed a neoglucogenic metabolic pattern. The Tambacu’s liver appear to have a more intense neoglucogenic profile since in this tissue there is a significant reduction in lactate levels and a decrease in the L/P ratio along side a reduction of pyruvate. Also glycogen increased in content in both fish. In P. mesopotamicus glucose levels were reduced. This can be explained in two non-exclusive ways: glucose can be exported to other tissues; especially the brain or it can be converted in glycogen. In Tambacu the glucose levels increased and glycogen levels remained the same. The liver is very likely preparing itself to an attempt to sustain oxidative functionality under hypoxia. Two enzymes play a major role in this process, namely: Pyruvate Kinase (PK) and Glycogen Phosphorylase. Both enzymes are subject to allosteric regulation and under of the control of hormones such as catecholamines (Wright et al., 1989). Other enzyme to play a major role in neoglucogenesis is Lactate Dehydrogenase (LDH) (Hochachka & Somero, 2002). Although in this work there is no direct measure of the activity of this particular enzyme, it can account to the decrease in lactate contents because it is being turned in pyruvate. PK subsequently converts the lactate converted in piruvate to phosphoenolpyruvate, which is used in the neoglugenic pathway. An increase in Pk could account for the reduction of pyruvate in Tabacu’s liver.

The white muscle is adapted to sustain its activity through the anaerobic consumption of glucose (Hochachka & Somero, 2002). However the glucose levels were found stable in this tissue in Tambacu. The origin of this glucose can be the liver. This organ might be exporting an excess of glucose, produced in neoglucogenesis. To support this idea one can observe a significant increase in glucose in tambacu’s plasma. White muscle glycogen also increased. The glucose used for this has probably the same origin. On the other hand the tendency of increase of pyruvate contents and the tendency of lactate contents reductions might suggest that the Tambacu’s white muscle has a neoglucogenic profile too. These strategy aims to build up a reserve of metabolic fuel to sustain activity under low oxygen tensions. To achieve this, the white muscle must be able to increase also its glycolytic capacity. In order to accomplish its capacity several strategies are found in vertebrate muscle. Firstly, the amounts of enzyme such as PFK (phosphofructokinase) are higher. Secondly, the system is strongly poised for the glycolytic direction. And thirdly, it is tightly regulated (Hochachka, 1980). Moreover white muscle can sustain much higher levels of lactate then other tissues (Hochachka, 1980). The Tambacu’s muscle presented a strategy that is the same that the one observed by Souza and collaborators (1995) for C. macropomum when exposed to nitrite. The P. mesopotamicus’ white muscle presented a different pattern. The glycogen and glucose contents were smaller in the fish exposed to nitrite. The pyruvate levels were higher. Lactate contents were significantly reduced, which might suggest that white muscle is turning it to pyruvate, whose fate is oxidative metabolism. These results suggest that this tissue in hydrolyzing glycogen and using the resulting glucose in oxidative metabolism. Therefore these findings suggest that in the white muscle of both fish, oxidative metabolism prevails over fermentative metabolism.

The metabolic profile found in P. mesopotamicus’ liver and white muscle is very similar to the one presented when this fish is exposed to severe environmental hypoxia (Moraes et al., 1997a). This together with the hematological response indicates that even low levels of methemoglobin can trigger a metabolic response to a reduction in oxygen availability. Considering that, in general, the first strategy to hypoxia is related to regulation in transportation pigments affinity to O2 (Hochachka & Somero, 2002), the formation of methemoglobin may reduce the effectiveness of this particular response. Thus, the metabolic adjustments become necessary as a backup strategy. Figure 1 depicts the probable metabolic profile of both fish in response to nitrite exposure.
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Figure 1. Suggested metabolic profile of P. mesopotamicus (A) and Tambacu (B) exposed to environmental nitrite.
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