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Introduction

Hypoxic and anoxic conditions were prevalent in the aquatic environment during the Cambrian period, due to the low atmospheric oxygen levels at that time. At current times, the poorly oxygenated waters of the Amazon basin result from different phenomena. Several groups of fish developed air-breathing to avoid depletion in oxygen contents; nearly 50% of Amazon loricarioids are facultative air-breathers. The armoured catfishes, Liposarcus pardalis (Loricariidae) and Hoplosternum littorale (Callichthydae), described as hypoxia tolerant species, live in lakes and “igarapés” of the Amazonian basin, areas frequently characterized by low dissolved oxygen levels. L pardalis (facultative air-breather) live near the bottom of lakes and streams and eat algae, detritus and small live animals; on the other hand, H. littorale is a pelagic and active fish, with an omnivorous diet. The main goal of this work is to compare these species’ metabolic responses after the exposure to graded hypoxia.

Material and methods

Fishes were exposed to graded hypoxia (N2 boubling) for each of the two species, in experimental polyethylene indoors aquaria (56L) at room temperature (27.0 ( 2.0ºC), during 8 hours or until the animal loses equilibrium. The control groups were exposed to normoxia (6,0mg O2) during the same amount of time. Oxygen contents were monitored during the whole experiment (every 2 hours) using an YSI Oxymeter, model 85. During the experimental period, we estimated VO2, and opercular movements were measured for 30s every 2 hours per observed fish (n=10 for species). Immediately after finishing the experimental period, fishes were removed and blood was collected from the caudal vein into heparinized syringes. The blood was immediately transferred to Eppendorf tubes and centrifuged at 3.000rpm for 10min. Plasma was used to estimate lactate levels, using the Sigma Chemical Co. kit 260-110, and glucose levels were estimated using Doles S.A Kit Glucox 500. Also, immediately after blood collection, the animals were weighed and killed following the recommendations of the Animal Care Association. Tissues (white muscle, heart, liver and brain) were then excised and promptly frozen in liquid nitrogen. Enzyme activities (PK, LDH, CS, MDH and HOAD) were determined at 25ºC using a Genesis UV-Vis spectrophotometer. Enzyme assays were performed following those described in Driedzic and Almeida-Val (1996). The results are expressed as means ( SEM. Statistical differences between groups were tested with ANOVA and a posterior application of Dunnet´s test was necessary. A significant difference was accepted when P(0.05.

Results and Discussion

Responses to hypoxia are highly species-specific and range from an increase in the rate of ventilation to molecular adjustments, including metabolic depletion and, for some species, evolution have even resulted in morphological adaptations.

L. pardalis exhibits a decrease in oxygen consumption rates, when oxygen reaches 1.5mgO2/L and 0.7mgO2/L, losing equilibrium at the latter concentration within the first 7 hours of exposure. When submitted to severe hypoxia (1.5mgO2/L), these fishes lie at the bottom of the aquaria remaining quiet, increasing opercular movement, and presenting suppression of oxygen consumption, consequently resulting in a general decrease of the energy metabolism in all analyzed tissues (white muscle, heart, liver and brain) Table 1. In such case, this species exhibits a metabolic compensation for low oxygen concentrations, supporting only vital functions at basal levels.

Hoplosternum littorale lost equilibrium at 1.8 mgO2/L. At tensions of 2.6 and 2.2mgO2/L, we could observe a decrease in the anaerobic glycolitic metabolism in white muscle (decreases in LDH levels), while liver and heart presented a decrease in oxidative metabolism (Table 2). In general, metabolic suppression for energy saving was verified, as already described for Cichlids (Chippari-Gomes, 2002). Similar results were found in the present work for L. pardalis. Nevertheless, the species L. pardalis presented higher tolerance to hypoxia than H. littorale, exhibiting differential adjustments to the same experimental conditions.

When exposed to their respective oxygen thresholds, both species showed an increase in their levels of plasma glucose and lactate, suggesting activation of anaerobic glycolysis. However, we could not observe an increase in enzyme levels, such as occurs in situations of functional hypoxia (exercise). Considering these results, we can suggest that these responses are the result of a reduction in overall metabolism, after a short initial increase in glucose anaerobic metabolism in some tissues. Many fishes exposed to severe hypoxia increase their rates of anaerobic metabolism, compensating for the reduction in energy production via aerobic metabolism (Van den Thillart and Waarde, 1985). Combined responses, i.e., anaerobic glysolysis activation followed by suppression of overall metabolism have been described in good anaerobes such as the aquatic turtle and some species of fishes (Hochachka and Guppy, 1987).

Although the species H. littorale is considered to be more hypoxia tolerant than L. pardalis, presenting a higher dependency on air-breathing than L. pardalis, the exposure to hypoxic conditions without access to the surface resulted in a reduction of 30% of its arterial oxygen, while L. Pardalis showed a decrease of 70%, suggesting that, for the last one, air-breathing is more effective (Val, 1995). Aerial respiration and high anaerobic potential are not mutually exclusive; there are occasions when air-breathing is inappropriate and the solution may be anaerobic energy production. Furthermore, the combination of anaerobic power and metabolic suppression, as already mentioned for other good anaerobes, can also be found in Amazonian fishes. In general, Amazon fishes show down-regulation of enzymes and up-regulation of glycolytic capacity, which may be observed in both anaerobic and aerobic tissues (Almeida-Val and Hochachka, 1995). The species studied in the present work respond differently. The differences may be accounted for by their air-breathing habits and differential metabolic rates.
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Table 1. Enzyme levels ((moles substrate.min-1.gram wet tissue-1) in Liposarcus pardalis at normoxia (first row) and at graded hypoxia (bottom).* represent significative differences in relation to mormoxia (P<0.05). WM (white muscle), H (heart), L (liver) and B (brain).

MgO2/L
MDH
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HOAD
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L
LDH

L
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H
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H
HOAD

B


PK

B


LDH

B

6.0


35.06

(3.16)
0.49

(0.01)
13.616

(0.65)
40.35 
(1.60)
452.03

(13.7)
17.87

(0.38)
7.06

(0.27)
171.33

(5.42)
65.66 
(2.76)

3.0


25.0*

(1.69)
0.37*
(0.04)
8.52*
(0.22)
33.43* 
(1.17)
548.2*
(44.3)
14.99

(0.92)
2.89*
(0.26)
109.9*
(2.05)
54.58* 

(1.54)

2.2


27.57

(1.61)
0.37*

(0.03)
9.13*
(0.36)
33.51* 
(1.58)
544.1*
(21.2)
14.88

(0.93)
4.04*
(0.21)
107.3*
(4.48)
77.95* 

(2.46)

1.5


28.56

(2.52)
0.29*
(0.02)
9.12*
(0.66)
23.7* 
(1.87)
565.0*
(12.3)
11.90*
(1.70)
3.39*
(0.22)
119.3*
(5.30)
55.88 

(3.00)

0.7
38.69

(3.08)
0.22*
(0.03)
8.17*
(0.47)
20.5* 
(1.38)
415.59

(16.2)
9.72 *
(1.05)
3.77*
(0.27)
129.8*
(6.75)
60.90

(3.08)

Table 2. Enzyme levels ((moles substrate.min-1.gram wet tissue-1) in Hoplosternum littorale at normoxia (first row) and at graded hypoxia (bottom).* represent significative differences in relation to mormoxia (P<0.05). WM (white muscle), H (heart), L (liver) and B (brain).
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H
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H
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H
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6.0


1.38

(0.09)
18.63

(1.291)
3,34

(0.31)
1081.24

(16.37)
39.99

(3.24)
7.16

(0.62)
109,76

(12.13)
366.14

(11.47)

3.0


0,95*
(0.09)
12.54*
(1.305)
2.77

(0.08)
1027.01

(17.72)
29.95*
(2.73)
5.28*
(0,19)
123.80

(3.44)
429.54*
(12.75)

2.6


0.98*
(0.08)
14,34*
(0.30)
2.41*
(0.16)
936.5*
(36.06)
35.13

(2.25)
5.86

(0.37)
84.02*
(4.98)
396.12

(13.03)

2.2


0.59*
(0.03)
12,35*
(0.68)
1.81*
(0.2)
974.18*
(26.54)
35.65

(2.34)
6.47

(0.30)
79.69*
(4.18)
415.73*
(9.52)

1.8
0.81*
(0.04)
13.35*
(1.07)
2.38*
(0.26)
1034.14

(29.94)
21.28*
(1.94)
4.92

(0.27)
87.56

(4.07)
407.45*
(9.03)
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