Changes in the fish liver during hypoxia and reoxygenation
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Abstract

Increase cell death of less vital organs or tissues which have high regeneration power may be a strategy that occurs in fish during hypoxia. Liver is known to be an organ with high regeneration power in mammals. It is likely that fish liver also has this capacity. Energy can be re-localized to other vital organs to maintain survival. Levels of cell death and cell proliferation were measured by TUNEL (Tdt-mediated dUTP nick-end labeling, a method detecting DNA-nick ends) and PCNA (proliferating cell nuclear antigen, a marker for proliferating cell) during hypoxia and re-oxygenation. This study showed molecular responses were oxygen level dependent and, although there were DNA nick ends, there was no increase in apoptosis during hypoxia.

Introduction

The role of apoptosis (programmed cell death) in response to hypoxia has been studied in vitro (Carmeliet et al., 1998 and Sowter et al., 2001) but in vivo studies are limited. An in vivo study (Sollid et al., 2003) limited to fish gills showed an increased area of the gill lamellae of crucian carp (Carassius carassius) resulting from increased apoptosis and decreased cell proliferation during hypoxia. Apoptosis occurs when old cells or damaged cells need to be recycled. Turnover rate of an organ is regulated by the balance between cell division and cell death. The normal turn over rate of liver cells is low, as long as 150 days in humans. However, the liver has a high capacity for regeneration, which can occur within few days. Not much is known in fish but it is possible that their turnover rate is low too. Increased cell death of less vital organs or tissues, with high regeneration power, may be one of the strategies that occur in fish exposed to hypoxia. As a result, energy can be re-located to more vital organs such as the heart and brain.

The objective of this study was to determine whether there were changes in carp liver during hypoxia with respect to cell death and proliferation and their recovery during reoxygenation. In other words, the aim of this study is to evaluate the effect of hypoxia on cell and organ turnover.
Materials and Methods

Common carp (Cyprinus carpio L.) were exposed to hypoxia (0.5mgO2/L) for 4 days and the liver sampled. Levels of cell death were measured by TUNEL (Tdt-mediated dUTP nick-end labeling, a method detecting DNA nick ends; ROCHE, in situ cell death kit) and caspase (cystein aspartate proteases) 3 activity (molecular probes, caspase 3 activity assay kit). Cell proliferation rate was determined by the levels of PCNA (proliferating cell nuclear antigen; Dako).

Results and Discussion

Increase of the TUNEL signal was observed in hypoxic but not normoxic livers while there was no significant difference in caspase 3 activities between 4 day-hypoxic and normoxic livers. The level of cell death shown by TUNEL may not be apoptosis but only DNA nick ends or the TUNEL labeled cells underwent apoptosis via a caspase 3 independent pathway. Cell number, size and proliferation rate of the normoxic and hypoxic livers showed no significant difference. Thus it appears that hypoxia does not affect liver turnover rate.

Future Plans

TEM (transmission electron microscopy) will be used to confirm whether apoptosis occurred during hypoxia. DNA nick ends in hypoxic liver cells may be caused by Reactive Oxygen Species (ROS) and then restored by DNA repair systems. Increased ROS has been shown to occur during hypoxia and re-oxygenation in other systems. Hydrogen peroxide (H2O2) is one form of ROS and its production rate will be measured by Amplex Red Hydrogen Peroxide Assay Kit. Patterns of H2O2 production and appearance DNA nick ends will be compared to evaluate their relationship. 

In order to check the rate of recovery of the liver after hypoxic exposure, fish in hypoxic water for 4 days will be aerated again and levels of cell death measured and the recovery rate determined.  

Conclusion

Increased DNA nick ends in liver during hypoxia were observed but the overall cell turnover rate was unchanged. DNA nick ends may not be an indication of apoptosis as the changes observed in the hypoxic liver were caspase 3 independent and there were no changes in cell numbers in the liver. 
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