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Résumé

Various organisms can be cooled in very cold liquid gases without any injury, pro-
vided that they have previously been desiccated to some extent. Since the extracellular
freezing is considered to be a mode of dehydration from living cells, some organisms,
at. least frost-resistant ones, may withstand body freezing of this type even at an ex-
tremely low temperature.

A “slug caterpillar”, Cuidocampa flavesczns (Walk.) in overwintering prepupal stage
was employed as material. In this stage the prepupal larva is very resistant against
body freezing at a temperature as low as —40°C. Of the two groups of larvae prelimi-
narily used, one was composed of insects which had previously been subjected to
freezing at —20°C and the other was only held at 0°C. They were cooled in a special
refrigerator, in which the air temperature was lowered to —90°C within 15 hours.
These insects thus cooled were then rewarmed in the air at room temperature. After
thawing, all of the insects previously frozen and then cooled were found to be killed,
while in the other group about one-third of the insects revived. In the latter case the
larvae were cooled in the air with their intact cocoons. It seems, therefore, very pro-
bable that in the early process of the cooling the freezing of a large amount of blood
which filled the body cavity may lessen the cooling rate of the larva by the latent heat
of fusion of ice, so that its tissue cells may scarcely freeze intracellularly. The larvae
must have been resisting the severe extracellular freezing in their body.

From the results mentioned above, it was expected that, after some degree of de-
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hydration by the extracellular freezing, the insect will survive freezing even if it is cooled
rapidly to a super-low temperature. One hundred insects were divided into five groups,
each of which was composed of ten larvae in the intact cocoon and the same number
of naked ones. Previous to the rapid cooling in liquid gas, they were treated as follows:
The first was stored at 0°C. The second was held for one day at —10°C, the temperature
at which the insect never freezes spontaneously over a long period of time. The third
was also held at —10°C for one day after the larvae had been subjected to freezing at
—20°C. 'The fourth and the fifth were held for cne day at —20°C and —30°C respectively,
under which temperatures the larva usually freezes within two-thirds of an hour. All
of these five groups of insects were then immersed giirectly in liquid oxygen. After being
maintained there for a full day, they were held in the air at- —30°C for two hours and
were then transferred into the ordinary room air. Among five groups, the last was the
only one successful case for the revival of the insect after thawing. Of ten naked
larvae nine recovered the active movement of their hearts which was easily visible
through the dorsum. None of them, however, appeared on the wing even after having
been incubated at 20°C for more than three months. Some of them were able to continue
their development even up to the formation of the imago, but could not cast away their
pupal skins. This was also the case of the larvae in intact cocoons, at least within three
months of incubation. The control insects which were stored at 0°C and then incubated
at 20°C, usually emerged within about fifty days.

A preliminary experiment has shown that the tissue cells of this larva have never
been affected by freezing at about —40°C, at least for several days, provided that it is
extracellular. In the larvae of the fifth group in the present experiment, most of the
tissue cells appeared to be quite normal just after thawing except for the fat cells in
which small fat granules of uniform size sometimes fused into larger homogeneous
masses. In the larvae of all the other groups, as a rule, a remarkable destruction of the
fat body took place, and when the insect body was dissected numerous small oil droplets
which had flowed out from the fat cells were observed on the surface of the blood
without exception. In this latter case, the tissue cells, at least most of them, probably
froze intracellularly, whilst in the former case, on the other hand, most of the cells
must certainly have frozen extracellularly. It is therefore reasonable to suppose that in
the cells of these insects, if they were previously frozen extracellularly at —30°C, any
water hardly crystallizes‘ in the tissue cell even at an extremely low temperature.

Similar results were also obtained from experiment on the overwintering larva of a
butterfly, Aporia crataegi adherbal Fruhstorfer.



