CARDIORESPIRATORY AND TISSUE ADENOSINE RESPONSES TO HYPOXIA AND REOXYGENATION IN THE SHORTHORN SCULPIN, MYOXOCEPHALUS SCORPIOUS
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Adenosine is a product of ATP breakdown that exerts protective effects on tissues during hypoxia.  Accumulation of adenosine under hypoxia is well documented in mammals but cardiac adenosine content has not been measured in fish, despite the importance attributed to its actions (Nilsson and Holmgren, 1992).  Exogenous adenosine is widely used in investigations of cardiovascular physiology in fish but its effects are variable and concentration-dependent. For these reasons, it is important to characterize adenosine levels in fish.

The purpose of this study was to characterize adenosine levels in a teleost fish under hypoxia and reoxygenation. Investigations were carried out on the shorthorn sculpin, Myoxocephalus scorpious, a North-temperate species that exhibits considerable hypoxia resistance. Adenosine content was measured by HPLC in heart and brain tissue from animals exposed to acute hypoxia and to graded hypoxia and reoxygenation at 8ºC. Plasma lactate and ions were measured to gain insight into the relationship between known hypoxia-inducible parameters and tissue adenosine levels. Cardiorespiratory parameters were also recorded under graded hypoxia and reoxygenation using a ventral aortic flow probe and impedance electrodes.   

Cardiorespiratory response to hypoxia / reoxygenation

Cardiorespiratory data for sculpin exposed to hypoxia and reoxygenation are presented in Figure 1. Ventilation rate (fV) increased slightly at 5.6 mg·l-1 dissolved oxygen (DO2) saturation but subsequently declined and remained significantly lower than normoxic levels throughout hypoxia and reoxygenation. Hypoxia resulted in a significant decrease in heart rate (fH), by more than 60% after 6 h at 2.0 mg·l-1 DO2. Bradycardia was accompanied by a 65% decline in cardiac output (Q), to a minimum of 8.8 ml·min-1 following 5 h at 2.0 mg·l-1 DO2. Stroke volume (SV) was high and was maintained under hypoxia, indicating that no attempt was made to defend blood flow. Both fH and Q recovered to initial normoxic levels following reoxygenation. 

Metabolic response to hypoxia / reoxygenation

Tissue adenosine levels and plasma parameters are presented in Figure 2. Acute hypoxia elevated plasma Ca2+ and K+ but had no effect on lactate. During graded hypoxia, plasma lactate and Ca2+ were elevated over initial normoxic concentrations after 4 h at 2.0 mg·l-1 DO2, while K+ levels were unaffected. Cardiac adenosine content was similar to values for mammalian heart and brain levels were comparable to those in shark. Adenosine content was unaffected by acute hypoxia. Adenosine was maintained in heart under graded hypoxia and showed no clear trend of accumulation. Brain adenosine fluctuated throughout hypoxia and was significantly higher after 4 h of exposure to 2.0 mg·l-1 DO2 than after either 2 or 6 h of exposure, but was not different from initial normoxic levels.

Following 6 h at 2.0 mg·l-1 DO2 some animals were subjected to reoxygenation. Reoxygenation for 0.5 h resulted in a significant decrease in cardiac adenosine content compared to levels observed at 6 h at 2.0 mg·l-1 DO2 that was no longer evident after 1 h reoxygenation. Brain adenosine content was unaffected. Plasma K+ increased at reoxygenation and lactate remained elevated. 
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Figure 1. Cardiorespiratory parameters for M. scorpious subjected to hypoxia and reoxygenation. * indicates significant difference from initial normoxicvalues (P < 0.05). 

Discussion

This study provides the first information regarding cardiac adenosine levels in fish. Sculpin maintained cardiac adenosine during extended hypoxia. In contrast, adenosine can increase up to 55-fold during ischemia in mammalian heart (Mullane and Bullough, 1995). Elevated lactate concentrations indicate that hypoxia was sufficient to impair aerobic metabolism, suggesting that the lack of adenosine accumulation cannot be ascribed to adequate oxygen supply. The lack of cardiac adenosine accumulation is probably due to the observed depression of cardiac activity. A drop in cardiac activity should reduce tissue oxygen requirements and defend high-energy phosphate levels. Given that plasma lactate levels were elevated throughout hypoxia it seems reasonable that anaerobic metabolism was robust enough to defend ATP levels.

Brain adenosine levels did increase significantly after 4 h at 20% DO2 and were higher than cardiac levels as a whole, reflecting an inability of the brain to maintain ATP levels. In the freshwater turtle, Trachemys scripta, extracellular adenosine levels fluctuate by several fold during long term anoxia (Lutz and Kabler, 1997). It is possible that sculpin exhibit similar fluctuations but that the sampling methods employed here do not provide the resolution to elucidate this phenomenon.
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Figure 2. Tissue adenosine and plasma lactate, K+, and Ca2+ levels in M. scorpious subjected to acute hypoxia and to graded hypoxia and reoxygenation (N=8 for all treatments). a indicates significant difference from measured value immediately previous (P < 0.05). * indicates significant difference from values measured under initial normoxia (P < 0.05).

