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Summary

The possibility of innocuous intracellular ice formation in living cells by very rapid
cooling was tested by the use of the tumor cells of MTK sarcoma III.

About 0.002 m] of the ascites containing tumor cells were dropped and smeared on
a coverslip to form a monolayer of tumor cells. The freezing process of the ascites-drop
prepared in this way was repeatedly observed on the stage of a special refrigerated
microscope. In order to obtain the high rate of cooling, the coverslip with an ascites-
drop was held with a forceps and immersed directly into liquid nitrogen. The ascites
drop thus frozen was then transferred rapidly to the stage of the microscope at —30°C
to observe the frozen cells.

Immediately after transference, all the tumor cells in the ascites-drop appeared as
transparent as intact unfrozen cells in ordinary transmitted light, except for a few cells
in which flashing or black-out had taken place (PL. II). When they were gradually
rewarmed, many tumor cells increasingly blacked out due to the intracellular formation
of small ice crystals. In the central part of the frozen ascites drop the black-out in trans-
parently frozen tumor cells invariably took place far earlier than at the edges.

When they were directly transferred from room temperature to the stage of the
microscope at temperatures around —30°C, the tumor cells also froze transparently (Pl I).
Upon rewarming, the process of black-out, i.e., intracellular recrystallization in these cells,
appeared nearly the same as in cells rewarmed from the liquid nitrogen temperature.

Frozen ascites-drops containing tumor cells were thawed rapidly in physiological saline
at about 38°C, and the functional survival of the frozen-thawed tumor cells was prelimi-
narily determined by the same method as that described in our previous paper¥. Of
three rats receiving the injection of tumor cells frozen in liquid nitrogen and then thawed,
one produced abundant newly-grown tumor cells in the ascites and died on the 19th day
after the injection. In the other two rats a few tumor cells were found in the ascites
on the 10th day, but thereafter the rats became healthy. This was also the case of rats
injected with tumor cells frozen in liquid nitrogen or at —30°C and rewarmed to about
—28°C and then thawed. No tumor cells were observed in the ascites of the rats injected
with frozen-thawed tumor cells between —20 and —25°C.

In the next experiments a series of examination was made: (1). Tumor cells in
ascites were rapidly frozen in liquid nitrogen and then rapidly thawed after 1 minute.
The thawed tumor cells in saline were inoculated into 5 rats. (2). After the same freez-
ing procedure as in experiment (1), tumor cells were transferred to the stage of the re-
frigerated microscope at —30°C. Almost all of them were observed to be transparent.
After 2 minutes, they were rapidly thawed. The final measurable freezing temper-
ature of the ascites-drops was less than —28°C. The thawed cells were inoculated into
5 rats. (3). Tumor cells in ascites were directly transferred from room temperature onto
the stage of the microscope at —30°C. The super-cooling of the ascites-drop was broken
usually within more than ten seconds on the stage and instantaneous freezing of
ascites was clearly observed under the microscope. Nearly all the tumor cells in the
ascites-drop froze transparently. After 2 minutes, they were rapidly thawed. The final
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measurable freezing temperature of the ascites-drops was about —29°C. The thawed cells
were inoculated into 4 rats. (4). After the same freezing procedure as described in experi-
ment (3), the frozen ascites-drops were gradually rewarmed until intracellular recrystalliza-
tion of ice was clearly observed in the frozen tumor cells. These cells were rapidly
thawed and then were inoculated into two rats.

An abundant growth of tumor cells was observed in the ascites from all the rats in
experiments (1) and (3) within about 10 days after inoculation, while in the ascites from
the rats in experiment (4) no tumor cells were found. In the case of experiment (2), a
few tumor cells were usually observed in the ascites from 4 of the 5 rats inoculated,
during the first week after inoculation, but these tumor cells disappeared thereafter. The
rats used in experiments (1) and (3) died 16 to 23 day after inoculation, while in experi-
ments (2) and (4) no rats were killed by tumor growth.

These results suggest that some of the transparently frozen tumor cells are alive at
temperatures below —29°C at least for a few minutes. This type of cell freezing may
be ragarded as an intracellular freezing, since recrystallization of ice was invariably ob-

served within the tumor cells during gradual rewarming.
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