RESPONSES TO HYPOXIA AND STARVATION IN FISH
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Carp are both hypoxia and starvation tolerant. Trout are not very hypoxia tolerant but can easily survive a week of starvation. Hypoxia is associated with a decrease in food intake, as well as an inhibition of reproduction (Wu et al., 2003). Metabolism is reduced during both hypoxia and starvation (Zhou et al., 2001) and reproduction is inhibited. It is possible that the patterns of gene expression in response to hypoxia and starvation are also similar. There was no significant difference in rainbow trout muscle phosphofructokinase (PFK-1) activity during the hypoxic exposure (7 days at 12C and 30% oxygen saturation) but muscle PFK-1 was significantly reduced following 7 days starvation (Table 1). A significant decrease in the muscle citrate synthase (CS) activity was measured only at 7 days hypoxic exposure but there was no change in CS activity during starvation. There was no significant difference between control and experimental groups (hypoxia or starvation) in muscle and liver glycogen content throughout the experimental period, except a significant decrease in the liver glycogen content was measured at 7 days hypoxia.


Indicators


Control

Starvation

PFK-1


61.16+7.28

41.95+4.54*

CS


5.12+0.61

4.77+0.29

Glycogen: liver

161.73+20.98

152.57+27.05

              muscle             
5.17+0.24
              6.43+0.91
Table 1. Effects of 7 days starvation on rainbow trout muscle phosphofructokinase (PFK-1) and citrate synthase (CS) activity and glycogen content of the muscle and liver. (Activity in (mol/min.g at 20(C, glycogen content as (mol glycosyl units/g. Mean+SE, n=6; *significant different from control, unpaired t-test, *P<0.05).

The changes in CS expression in the carp liver were similar to changes in CS enzyme activity in trout muscle during a week of either starvation or hypoxia. CS expression was reduced during hypoxia but there was no change during the first week of starvation. In the following five weeks of starvation, however, there was a marked increase in CS activity. Patterns of gene expression in carp subjected to either hypoxia or starvation are not similar. There is a reduction in the expression of genes associated with protein metabolism in both cases, but genes associated with anaerobic metabolism are up-regulated during hypoxia but down regulated during starvation. The target genes associated with hypoxia inducing factor 1 (HIF-1) showed some increase in activity, but this system appears to play only a minor role in the response to hypoxia. During starvation there was no indication of increased activity in HIF-1 target genes, if anything some of these genes were down regulated. Interestingly, hemoglobin genes were down regulated in both hypoxia and starvation. Uncoupling protein 2 & 3 genes showed increased activity during both hypoxia and starvation. The increase was more marked in carp exposed to hypoxia.

Although hypoxia and starvation are both associated with reductions in metabolism and inhibition of reproduction, the patterns of gene expression in response to these stresses are quite distinct.  
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