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Summary

We previously reported that ascites tumor cells rapidly frozen at —30°C survived
intracellular freezing even for 10 hours. We showed that when thawed very rapidly
these cells could resume reproduction in the pertioneal cavity of rats. In the present
paper, we investigated the behavior of glycerolated tumor cells during rapid freezing and
thawing using MTK-sarcoma III. Glycerol was added to the ascites containing the
tumor cells to make a 5% solution. A small volume (about 0.002 ml) of the glycerolated
ascites was placed on a coverglass and smeared to form a monolayer of tumor cells.

The specimens were rapidly frozen at various temperatures between —25°C and
—40°C and held at these temperatures for 1 minute or 10 minutes. These were thawed
rapidly by immersing in a culture medium (TC-199) at 38°C, and the cells were trans-
planted into the peritoneal cavity of rats to determine whether the cells survived or not.

The tumor cells frozen and thawed in this manner could survive freezing at —25°C
for 1 minute and at —30°C for 10 minutes. They could also survive freezing at —40°C
for 1 minute, but not for 10 minutes.

These rapidly frozen tumor cells were observed during the course of the slow
rewarming under a microscope. Some of the glycerolated tumor cells blacked out
immediately after the freezing. The other cells were frozen translucently and appeared
intact as in the case of unfrozen ones. They also became dark within 3 minutes from
the initiation of freezing.

The growth of the intracellular fine ice crystals seems to be accelerated by the
addition of glycerol. At freezing temperatures above —30°C, most of the glycerolated
tumor cells became dark within 3 minutes, possibly as a result of the intracellular
growth of fine ice crystals which approached 0.5 ¢ or over in grain size. Such darkening
kills the cells because the frozen cells are assumed to be destroyed by the mechanical
injury resulting from the ice crystal growth within the cytoplasm.

The specimens were frozen rapidly in cooled silicone oil at —30°C and transferred to
air to rewarm slowly at room temperature. After thawing some of the cells seemed to
be intact under a phase contrast microscope showing its normal spherical shape. This
indicates that some of the glycerolated tumor cells freeze extracellularly even at —30°C.

It was shown that intracellular freezing in glycerolated tumor cells became fatal
within 3 minutes at about —30°C because of the rapid growth of the intracellular ice
crystals. When the cells were frozen at —25°C for 1 minute they could survive extra-
cellular freezing but not intracellular freezing. They could survive both extracellular
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and intracellular freezing at —30°C for 1 minute, but they could only survive extracellular
freezing for 10 minutes. In contrast, at —40°C the glycerolated frozen tumor cells
could survive intracellular freezing for only 1 minute.

These results suggest that glycerolation is not effective in the preservation of rapidly
frozen tumor cells if ice forms intracellularly.



