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Summary

The maintenance of viability of cortical cells in rapid cooling to and rewarming

from very low temperatures can be accomplished by a rapid passage through the

temperature zone of growth of intracellular fine crystals which are formed during rapid

cooling. Thus, innocuous intracellular freezing by rapid cooling can be induced more

readily by slowing down the growth rate of intracellular fine crystals before they attain

a dangerous size. The stability of the living state of rapidly cooled cells was found to

be influenced remarkably by both the suspending solutions and the degree of prefreezing.
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In the cells suspended in isotonic or slightly hypertonic glucose solution, innocuous
intracellular freezing occurs when cooled at a rate higher than 1.5°C per sec and the
living state of the rapidly frozen cells remained stable even at —30°C for 20 minutes,
while prefrozen cells at —10°C in water could survive freezing at —30°C only for
5 seconds at the most. And the prefrozen cells at —5°C in water or 0.5M glucose
solution remained alive for about 10 seconds or 10 minutes at —30°C after cooling and
rewarming to and from liquid nitrogen temperatures. These facts seem to suggest that
when rapidly cooled cells are surrounded with ice, there is a high instability in their
living state, while those surrounded with concentrated solutions of sugar remained far
stable. However, in the winter cortical cells suspended in hypertonic glucose solution
or water, all were killed during rapid cooling within about 0.7 sec immediately after
freezing of the suspending medium at temperatures ranging from —4° to —22°C.

These rapidly cooled cells might be killed as a result of prompt formation of large
ice grains throughout the cells. In less hardy cells which could survive freezing down
to only —10°C, innocuous intracellular freezing seldom occurs, even when cooled and
rewarmed ultra-rapidly as done in cortical tissues, since these less hardy cells are quite
apt to cause fatal intracellular freezing following the onset of freezing of the suspend-
ing medium. However, even less hardy cells were found to survive rapid cooling to
and rewarming from super-low temperatures, provided that they were prefrozen at
—5°C or suspended in isotonic or slightly hypertonic sugar solutions.



