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Summary

Hemolysis and morphological changes in the rewarming process of rapidly frozen
cells were investigated by employing human erythrocytes as experimental materials and
a freeze-etching technique for electron microscopy. This study is a part of a long-range
program which has been carried out in our laboratory for many years to elucidate the
mechanism of freezing injury to cells.

Cells, suspended in physiological saline solution and frozen in liquid nitrogen, showed
two types of freezing patterns, ¢.e., extracellularly or intracellularly frozen cells, bringing
about a 70% hemolysis. When the cells thus frozen were rewarmed to various temper-
atures hetween —80°C and —30°C, hemolysis gradually increased, but no morphological
change was found. The metamorphosis of ice appeared only in the specimens consis-
ting of saline solution alone.

There was no ice formation inside or outside the cells, suspended in saline to
which 30% glycerol was added (v/v) and rapidly frozen in Freon 22 cooled with liquid
nitrogen down to —150°C; the hemolysis in this case was about 10%. Ice particles
. became visible surrounding the cells even in the specimens maintained at —80°C in the
rewarming process and grew larger with the temperature rise. Hemolysis increased
intensively at around —60°C and reached its maximum level at —50°C. Based on the
coincidence between- the number of cells having intracellular ice particles of 0.1 ¢ or
more and the percentage of hemolysis appearing in the specifnens maintained at —60°C
for 30 minutes or at —80°C for 2 weeks, it was assumed that the cause of hemolysis
during the rewarming process was the growth of intracellular ice particles to a certain
size.

Some problems on the probable alteration of freezing patterns in the preparations
made by cryotechniques for electron microscopy were also discussed from a morpholo-

gical point of view.



