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THE INFLUENCE OF HYPOTHERMIC CONDITIONS
ON THE RADIOSENSITIVITY OF YOSHIDA
ASCITES SARCOMA CELLS IN VITRO

‘Tadashi Nakamura*, Takeo Okuyama*, Kiyohiko Sakamoto't,
Masatoshi Sakka* and Tadashi Adachit,

Department of Radiology, School of Dentistry+ and School of
Medicine#, Tokyo Medical and Dental University.
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The dependence of radiosensitivity of mammalian cells on oxygen tension at the
time of irradiation were reported by many investigators (Gray, 1953; Conger, 1956 ;
Adachi, 1961). Their experiments have shown that radiosensitivity of cells paralleled
‘with oxygen tension of cellular environment. For preparations of various conditions of
‘oxygen tension at the time of irradiation, the partial pressure of oxygen in breathing
gas of animals or the composition of gas which was used in a form of jet were changed.
Recently, irradiation of cells of animals under hypoxic conditions became possible by
«<cooling animals. Weiss (1960) has shown the protective effect of hypothermia for the
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radiation damage of irradiated rat tissues when animals were kept at low temperature
(1° £1°C) throughout irradiation.

Gafford (1958) reported the lower radiosensitivity to gamma radiation under ly-
ophilized condition coraparing with the effect for the same dose in the aerated aqueous.
suspension. We present here a report of an effect of hypothermia on radiosensitivity
of Yoshida sarcoma cells in ascites form.

MATERIAL AND METHOD

Male adult rats of Saitama colony approximately 150g in body weight were used.
throughout the experiments. ' All animals were fed on Oriental solid diet and water ad
libitum and were housed two per cage. One thousand to one hundred thousand sarcoma
cells in ascites fluid were inoculated in their peritoneal cavities on every sixth day by
means of a glass capillary pipette. Irradiation of X-rays was made in vitro on the fifth
day after inoculation.

Conditions of irradiation were as follows; 200 kVp, HVL 1.0 mm Cu. Distance bet-
ween focus and glass tube in which sarcoma cells were suspended was 30 cm and dose
rate at the centre of the tube was 250r per minute. Dosimetry was carried out by
Victoreen 250 r condenser chamber (model 570) at the position of glass tube embeded in
a rice phahtom. Sarcoma cells were irradiated with a dose of 1500 r by single exposure.
Irradiation of sarcoma cells were made under three different environmental tempera-
tures. The first was at room temperature (18°C), the second was at O°C and the last
was at -10°C. The second condition was prepared by ice and water and the last one
was by ice and sodium chloride. Glass tube containing sarcoma cells was immersed in
cooling medium for about five minutes before irradiation and then irradiated under the
same condition for six minutes. For the first two groups, air was insufilate into the
ascites fluid by a small air pump but the procedure was not adapted for irradiation at
—10°C, because the suspending medium became frozen. Controls were treated in the
same way except for irradiation.

Table 1 Number of rats for each type of treatment.

Group ‘ Types of treatment Number of animals

1 Control I (only trans- 42
plantation)

1 1500 r (under room 18
temperature)

I 1500 r (under 0°C) 15

v Control II (—10°C, no 13
irradiation)

Vv 1500 r (under —10°C) 14

About ten thousand of treated cells were transplanted immediately after exposure
into the peritoneal cavities of new healthy rats. Number of rats for each group and
types of treatment were listed in Table 1. Number of survivors were recorded every
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day and a series of survival curves was drawn, Median survival time for each group
was estimated graphically from the curves.

RESULTS

No difference was observed between median survival times for two control groups
‘which were treated under conditions of hypothermia (-10°C) and roome temperature.
‘The tumorcidal effect of irradiation was evidenced by the longer survival time of ani-
mals which were transplanted with sarcoma cells received 1500 r of radiation than those
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inoculated with non-treated sarcoma cells.

Rediosensitivity of sarcoma cells was remar-

Table 2. 11 3 1 1 1
- 12 4 0 0 5
Days after Number- of animals deceased 13 3 7 3
inoculation Group 14 1 2 0
Je ool I [ v 15 1 0 il
0 16 1 0 0
1 17 1 0 1
2 18 0 2 0
3 19 1 1 1
4 1 20 S 2
5 1 1 HDHED |3y
6 11 0 Number of
animals tr-| 42 18 15 13 14
7 7 5 eated
8 5 0 Median sur-
9 5 4 vival time 162 190G 5UQ Y T A5 KD ST
(days) |
10 5 2 2 e
(* No. of animals survived)
Fig. 1
ay o (1) Contrel I (group IV)
100 X/0 N 0 :
2 g0l / (2) Control I (group I)
S gok - (3) —10°C, 1500 r (group V)
_E 70k _/(4) (4) 0°C, 1500 r (group IID)
2 60F ; A ) 5) 18°C, 1500 r (group II)
G401 } ),D/ﬁ
2 Fay
S a0k //
il / 4/
FG_ ] Q I 1 1 L 1 erey 1 1 I | ! ! 1 L L
3 5 10 I5 20

days after inoculation

kably influenced by low temperature of environment of sarcoma cells at the time of
irradiation. Number of dead animals were recorded every day after inocultation and
were listed in Table 2. Median survival times of animals were shown at the bottom of
the table and the relation between accumulated death rate and the day after inoculation
‘were given in Figure 1.
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DISCUSSION AND CONCLUSION

In vitro radiosensitivity of Yoshida sarcoma cells was influenced remarkably by the
environmental temperature at the time of irradiation. It is suggested that the oxygen
concentration in tumour cells may be affected by thermal conditions during irradiation
and biochemical reactions which induce radiation damage of sarcoma cells may be de-
pressed by low temperature.

Under the condition, in which ascites fluid was frozen (-10°C), further decrease in
radiosensitivity of sarcoma cell was observed. It will be assumed from these results that
this decrease in radiosensitivity was not only caused by the lower temperature than O°C
but by the depression of the indirect action of iomizing radiation as reported by Gafford

(1958).
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