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Introduction

Amazonian fishes have developed many specializations to survive under hypoxia conditions. The cichlids have been described as a plastic group regarding hypoxia and anoxia tolerance. This ability is claimed to reflect their ecological preferences. These animals also use other responses at different metabolic levels as a way of adjusting to environmental hypoxia. Two strategies to survive hypoxia are identified in fishes in general: (i) the activation of the anaerobic metabolism and (ii) the suppression of energy turnover. These strategies are associated with adjustments in the activity of essential enzymes (Almeida-Val and Hochachka, 1995). Several Amazon cichlids have shown physiological and metabolic adjustments under hypoxia. Thus, to check the role of evolution of such adjustments, we have compared the metabolic profile of nine cichlid species collected in nature.

Material and Methods

Animals

The nine cihlid species studied in the present work are: Satanoperca aff. jurupari (n=7, 110.5 ± 70.1g), Heros apendiculatus (n=7, 88.2 ± 25.6g), Chaetobrancopsis orbicularis (n=10, 99.7 ± 26.5g), Geophagus aff. altifrons (n=10, 109.3 ± 21.7g), Astronotus crassipinis (n=10, 230.0 ± 71.0g), Symphysodon discus (n=5, 52.3 ± 33.8g), Cichla monoculus (n=8, 277.3 ± 130.9g), Pterophyllum scalare (n=8, 30.3 ± 7.0g), and Acaronia nassa (n=10, 114.15 ± 25.12). The animals were collected during October and November, 2000, in the surroundings of Lake Catalão (59o54'29"N, 3o9'47"S), in front of the confluence of Rio Negro with Rio Solimões, at 15 km from Manaus. During this period mean oxygen content and temperature were, respectively, 4.74mgO2/L and 30,83±1,4oC in October and 4.97mgO2/L and 31,63±0,83 oC in November.

Tissue preparation

Immediately after the capture of the fish, animals were killed with a sharp blow to their head, followed by severing the spinal cord, as recommended by  the animal care association. Tissues (white muscle, heart, brain and liver) were then excised and promptly frozen in liquid nitrogen. Samples were transferred to the laboratory and stored at a -73oC before analysis. Tissues were homogenized by means of an automatic grinder (Tissue Tearor mod. 985370) in melting ice in 4 vol. (white muscle) or 9 vol. (heart) of medium containing 150mM Imidazole, 1mM EDTA, 5mM DTT, and 1% of Triton X-100, at pH 7.6. The homogenates were centrifuged at 13,000 g during 15 minutes at 4oC in a Sorvall RC5B centrifuge. Supernatants (tissue extracts) were used for estimating enzyme activity. All assays were performed directly on total extracts or dilutions of total extracts.

Enzymes activities

Assay conditions were based on well-established protocols for fish tissues (Sidel et al. 1987). All enzyme assays had a final cuvette volume of 1mL, and were measured at 340nm. The enzymes studied were: Pyruvate kinase (PK; EC 2.7.1.40); Lactate dehydrogenase (LDH; EC 1.1.1.27); Malate dehydrogenase (MDH; EC 1.1.1137); and 3-Hydroxyacyl CoA dehydrogenase (HOAD; EC 1.1.1.35). The results are expressed as means ( SEM.

Results and Discussion

Enzyme levels of PK, LDH, MDH and HOAD in muscle and heart of the studied species are presented in tables 1 and 2. Cichlid species differ among themselves in relation to LDH activity levels. Although they present the commonly findings where white muscle presents a higher activity compared to heart muscle, these species present lower maximum activity levels for LDH compared to other species of Amazonian fishes (Hochachka & Hulbert, 1978; Driedzic & Almeida-Val, 1996), what suggests an overall supression in their metabolism, a strategy of the so-called good anaerobes. These animals’ life styles are mostly territorial and moderate, allowing a low metabolic profile. Other enzyme properties, as LDH pyruvate inhibition, suggest, except for S. aff. jurupari, H. apendiculatus. C. orbicularis and G. aff. altifrons, a strong dependence on the carbohydrate metabolism (glycolysis) with further anaerobic activation when needed. PK/LDH rates also show high glycolytic capacity in the heart of the majority of the species. Those results may be related to their resistance to low oxygen levels in their habitats. 

MDH acts both at oxidative metabolism and glyconeogenesis, and has presented high activity levels in heart muscle and low levels in white muscle, with the exception of the S. aff. jurupari and H. apendiculatus. The MDH/LDH rate also indicates that white muscle is an anaerobic tissue in these animals; since the MDH/LDH rate is always lower than 1, that may suggest burst swimming capacity. Their territorial and aggressive parental care behaviors justify the constant use of burst swimming and anaerobic glycolysis in white muscle.

The high values of HOAD in their hearts suggest that the energy source of this tissue is based on the fatty acid metabolism. However, these values are also lower than those found in north-temperate teleosts. According to Driedzic & Almeida-Val (1996) and West et al. (1999), this difference may be due to the fact that Amazonian species present lower dependence on the fatty acid-based aerobic metabolism, and a relatively higher dependence on  the glycolytic metabolism in their hearts. Those authors suggested that such metabolic organization may be related to adaptations to the commonly hypoxic waters of the Amazon.

Table 1. Levels of activity of enzymes studied in white muscles of the nine species of cichlids captured in the surroundings of Lake Catalão.

	
	
	
	Enzyme activities
	
	
	
	
	

	
	PK
	LDH 

1mM
	LDH

10mM
	MDH
	HOAD
	LDH

 (1/10mM)
	PK/LDH
	MDH/LDH

	S. af. jurupari
	116.1±9.5
	196.4 ± 5.0
	93.0±8.7 
	41.8±2.8
	0.20±0.008
	2.11
	0.59
	0.21

	H. apendiculatus 
	131.5±22.1
	415.8±51.5
	348.4±38.0
	42.8±2.6
	0.20±0.03
	1.19
	0.32
	0.10

	C. orbicularis
	94.8±6.6
	131.4±8.3
	48.2±2.8
	7.4±0.2
	0.71±0.04
	2.73
	0.72
	0.06

	G. aff. altifrons
	116.0±8.8
	138.3±10.7
	124.1±8.6
	5.0±0.2
	0.15±0.03
	1.11
	0.84
	0.04

	A. crassipinnis
	54.8±8.1
	212.6±15.2
	198.8±17.1
	6.3±0.3
	0.36±0.01
	1.07
	0.26
	0.03

	S. discus
	90.1±27.2
	181.8±18.5
	158.8±18.9
	7.6±0.5
	0.17±0.02
	1.15
	0.50
	0.04

	C. monoculus
	22.0±3.0
	389.5±52.1
	352.5±38.9
	9.5±0.9
	0.13±0.01
	1.10
	0.06
	0.02

	P. scalare
	162.2±17.8
	185.9±7.7
	181.9±9.1
	8.7±1.0
	0.27±0.02
	1.02
	0.87
	0.05

	A. nassa
	100.9±14.5
	122.1±13.8
	98.0±12.1
	8.7±1.0
	0.74±0.13
	1.25
	0.83
	0.07


Note: The results were expressed as means ( SEM. ((mol.min-1.g-1).

Table 2. Levels of activity of enzymes studied in cardiac muscles of the nine species of cichlids captured in the surroundings of Lake Catalão.

	
	
	
	Enzyme activities
	
	
	
	
	

	
	PK
	LDH

1mM
	LDH

10mM
	MDH
	HOAD
	LDH (1/10mM)
	PK/LDH
	MDH/LDH

	S. aff. jurupari
	96.6±5.3
	52.3±6.6
	16.8±2.0
	120.9±13.8
	-
	3.11
	1.85
	2.31

	H. apendiculatus
	60.9±4.0
	26.9±3.4
	15.9±1.6
	249.4±15.1
	-
	1.69
	2.26
	9.27

	C. orbicularis
	84.2±8.1
	48.1±6.0
	20.1±2.3
	143.8±14.0
	-
	2.39
	1.75
	3.00

	G. aff. altifrons
	113.5±5.9
	89.2±13.9
	27.5±4.8
	167.0±5.2
	7.6±0.5
	3.24
	1.27
	1.87

	A. crassipinnis
	87.5±3.9
	19.6±1.9
	15.7±1.4
	141.4±3.9
	3.5±1.2
	1.25
	4.46
	7.21

	S. discus
	3.8±0.7
	7.0±0.6
	5.3±0.9
	164.8±9.3
	3.1±0.3
	1.32
	0.54
	23.54

	C. monoculus
	12.1±1.4
	12.8±1.1
	10.6±1.1
	158.3±10.4
	1.6±0.1
	1.21
	0.94
	12.37

	P. scalare
	56.3±2.7
	20.9±2.2
	17.1±2.3
	152.9±12.8
	4.2±0.9
	1.22
	2.69
	7.32

	A. nassa
	55.3±1.9
	5.4±0.9
	3.5±0.6
	148.0±3.7
	2.5±0.3
	1.54
	10.24
	27.41


Note: The results were expressed as means ( SEM. ((mol.min-1.g-1).
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