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Summary

To clarify the mechanism of survival at super-low temperatures with rapid cooling
and rewarming, especially the relation between the existence of intracellular ice crystals
and survival, some experiments were made with cortical cells in the twig bark of
mulberry tree in winter.

Cortical cells were cooled rapidly by direct immersion into liquid nitrogen and
isopentane baths cooled at various temperatures. After immersion, they were {reeze-
substituted with absolute ethanol at —78°C. These were then embedded, sectioned and
examined under the electron microscope for the presence and distribution of cavities
left after ice removal. These cortical cells were then compared with nonfrozen controls.

It was confirmed that cells remain alive and contain no ice cavities when immersed
rapidly into isopentane baths kept below —60°C or into liquid nitrogen. Whereas, when
immersed into isopentane baths kept at intermediate temperatures from —20 to —45°C,
almost all of the cells were destroyed. It was also confirmed that many ice cavities
were contained in these cells immersed rapidly into isopentane baths at —30°C. These
facts seem to indicate that the water in the cortical cells was successfully prevented
from freezing when cooled rapidly by direct immersion into isopentane baths below
—60°C or into liquid nitrogen.

The tissue sections immersed in liquid nitrogen were rapidly transferred to isopentane
baths at temperatures ranging from —70° to —10°C before rapid rewarming. Little
damage was sustained when samples were held at temperatures below —50°C for 10
minutes or below —60°C for 16 hours. No cavities were found in these cells. Above
—45°C, and especially above —30°C, however, all cells were completely destroyed even

when exposed only for 1 minute. Many ice cavities were also observed throughout
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these cells. The results obtained may be explained in terms of the growth rate of

intracellular ice crystals.
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