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Summary

To clarify the mechanism of cell survival at super-low temperatures some experiments
were made with a combination of prefreezing and rapid cooling and rewarming, using the
cortical cells from the winter twigs of a mulberry tree.

Tissue sections mounted between cover glasses with water were previously dehydrated
at different degress by extracellular freezing. Almost all of the sufficiently prefrozen cells
at temperatures below —20°C could survive immersion in liquid nitrogen, irrespective of
the rewarming rates. However, in the partially dehydrated cells at temperatures above
—15°C, the rewarming rate seriously influenced the survival. These facts suggest that in
the partially dehydrated cells, freezable water still remains to some extent in the cells
after prefreezing, and the intracellular crystallization nuclei formed in the course of rapid
cooling in liquid nitrogen probably grow and cause damage during subsequent slow re-
warming in air, while, in rapid rewarming, there might be no time for the crystallization
nuclei to grow to a damaging size.

The tissue sections immersed in liquid nitrogen after partial prefreezing were rapidly
transferred to isopentane baths at temperatures ranging from —5 to —100°C and kept
there for 20 minutes before rapid rewarming. In the partially prefrozen cells, no damage
was observed for 20 minutes at temperatures below --60°C, while, above —60°C, especially
above —45°C, all cells were completely destroyed. It was also confirmed that when tissue
sections could rapidly pass through a temperature range between the freezing point of
the tissue and about —60°C, these cells suffered no damage.

The effect of cooling rate upon the survival of the cells was investigated, and the
results indicated that a continued drop in survival was observed as the cooling rate rose ;
at higher cooling rates and with rapid rewarming, the effect was reversed and survival

rose again with the increasing cooling rate.
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