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An Experimental Study on the Effect of Repeated Hyperthermia
on the Radiation Injury

Young Hi Choi, M.D., Charn Il Park, M.D., Man Chung Han, M.D.

Department of Radiology, College of Medicine, Seoul National University

To evaluate the influence of prior heat treatment on the thermal enhancement of irra-

diation effect after hyperthermia, an experimental study was carried out using a total of

80 mice.

Hyperthermia was carried out at 43°C for 40 minutes and was repeated with various

intervals. A single dose of 3,000 rad was delivered on skin of mouse tail immediately after

the second hyperthermia.

The skin changes of the irradiated mouse tail were observed from 7th to 35th post-

irradiation days, and the skin scores were analyzed.

The results are as follows;

1. The radiation damage on mouse skin increased significantly when radiation was combined

with hyperthermia.

2. The radiation damage after repeated hyperthermia is significantly less than that after

single hyperthermia, when the interval is 1 to 6 days.

3. As a result, thermal tolerance persists from 1 through 6 days after the initial hype-

rthermia.
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Table 1, Design of Experiment: Observation for Skin Changes

Group No. of Mice Design of Experiment

Control
Ci1 10 Irradiation only
c2 10 Hyperthermia+Irradiation

Experimental
1D 10 Hyperthermia (IMD Hyperthermia + Irradiation

. int 1 . .
2D 10 Hyperthermia QM ) Hyperthermia +Irradiation
3D 10 Hyperthermia (3MD Hyperthermia + Irradiation
4D 10 Hyperthermia (4Ml) Hyperthermia + Irradiation
int 1

6D 10 Hyperthermia “Pie_w_f ) Hyperthermia +Irradiation
8D 10 Hyperthermia (8MD Hyperthermia+ Irradiation

Hyperthermia: 43°C, 40min. in water bath
D: day
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Table 2, Skin Reaction of Mouse Tail

Score Reaction Appearing Reaction Disappearing

0.5 Possibly different from normal Healed

0.75 Slight color change:some epidermal thickening Thin epidermis in part: slight reddening

1.0 Thickened epidermis Reddening in healed epidermis

1.25 Thickened epidermis with slight desquamation Final stages of scab sloughing: some reddening:

slight dry desquamation

1.50 Moist or dry desquamation Small scab persisting: some dry desquamation
over small irradiated region

1.75 Desquamation over 1/2 irradiated area Smaller scab persistent

2.0 Total moist desquamation Scab sloughing: still moist in part

2.25 Scab forming, moist in part Scab’over part of irradiated area

2.50 Hard scab over 1/2 irradiated Hard scab persistent

2.75 Firm scab: slight bleeding Scab persistent: slight edema

3.0 Evidence of bleeding: distal tail edema Distal tail edema: nearly severed

From J.H. Hendry(1980)'*

Fig. 1. Avérage
C1: Irradiaton only

Scores of Skln Changes of Eéch Groups during Observation Period
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C2: Irradiation immediately after hyperthermia
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Table 3-a. The Distribution of Skin Scores during
Observation Period in Cl Group: Irra-

Table 3-b, The Distribution of Skin Scores during
Observation Period in C 2 Group: Hype-

diation Only rthermia+ Irradation

Days Skin Scores No. Days Skin Scores No.

Post- - of Post- of
irradiation 0~0.75 1.0~1.75 2.0~3.0 mice irradiation 0~0.75 1.0~1.75 2.0~3.0 mice

7 10 0 0 10 7 9 1 0 10

9 10 0 0 10 9 8 2 0 10

11 10 0 0 10 11 8. 2 0 10

13 10 0 0 10 13 6 4 0 10

15 9 1 0 10 15 3 7 0 10

17 8 2 0 10 17 2 6 2 10

19 8 2 0 10 19 0 4 6 10

21 7 3 0 10 21 0 2 7 9

23 7 3 0 10 23 0 2 7 9

25 6 4 0 10 25 0 2 7 g9

27 5 5 0 10 97 0 9 7 9

29 5 5 0 10 29 0 3 6 9

31 6 4 0 10 31 0 3 6 9

33 6 4 0 10 33 0 3 6 9

35 6 4 0 10 25 0 3 6 9
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Table g-¢, The Distribution of Skin Scores during
Observation Period in 1D Group: Repea-
ted Hyperthermia with 1day Interval

Days Skin Scores No.

. Post- of
irradiation 0~0.75 1.0~1.75 2.0~3.0 mice

10 0 0 10

10 0 0 10

11 10 0 0 10

13 10 0 0 10

15 9 1 0 10

17 6 4 0 10

19 6 4 0 10

21 5 5 0 10

23 3 7 0 10

25 1 9 0 10

27 1 9 0 10

29 2 7 0 9

31 2 7 0 9

33 3 6 0 9

35 3 6 0 9




Table §-d. The Distribution of Skin Scores during
Observation Period in 2D Group: Repea-
ted Hyperthermia with 2day Interval

Days Skin Scores No.
Post- of
irradiation 0~0.75 1.0~1.75 2.0~3.0 mice
7 10 0 0 10
9 10 0 0 10
11 10 0 0 10
13 10 0 0 10
15 7 3 0 10
17 5 5 0 10
19 4 6 0 10
21 4 6 0 10
23 3 7 0 10
25 3 7 0 10
27 2 8 0 10
29 2 8 0 10
31 2 7 0 9
33 2 7 0 9
35 2 7 0 9

Table 3-e, The Distribution of Skin Scores during
Observation Period in 3D Group: Repe-
ated Hyperthermia with 3 day Interval

e mmsem

irradiation 0~0.75 1.0~1.75 2.0~3.0 mice
7 10 0 0 10
9 10 0 0 10
11 9 1 0 10
13 9 1 0 10
15 6 4 0 10
17 4 6 0 10
19 4 6 0 10
21 4 6 0 10
23 3 7 0 10
25 2 8 0 10
27 2 8 0 10
29 2 7 0 9
31 2 7 0 9
33 2 7 0 9
35 2 7 0 9

Table 8-f. The Distribution of Skin Scores during
Observation Period in 4D Group: Repea-
ted Hyperthermia with 4 day Interval

Days Skin Scores No.

Post- of
irradiation 0~0.75 1..0~1.75 2.0~3.0 mice

7 9 0 0 9

9 9 0 ¢ 9

11 9 0 0 9

13 9 0 0 9

15 6 3 0 9

17 5 4 0 9

19 3 5 0 8

21 2 6 0 8

23 2 6 0 8

25 1 7 0 8

27 1 7 0 8

29 2 6 0 8

31 3 5 0 8

33 3 5 0 8

35 3 4 0 7
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Table 3-g. The Distribution of Skin Scores during
Observation Period in 6D Group: Repea
ted Hyperthermia with 6 day Interval

Days Skin Scores No.

Post- of
irradiation 0~0.75 1..0~1.75 2.0~3.0 mice

7 10 0 0 10

9 9 1 0 10

11 9 1 0 10

13 8 2 0 10

15 4 6 0 10

17 3 7 0 10

19 2 8 0 10

21 0 10 0 10

23 0 10 0 10

25 0 10 0 10

27 0 10 0 10

29 0 10 0 10

31 1 9 0 10

33 1 9 0 10

35 1 9 0. 10
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Table W -h. The Distribution of Skin Scores during
Observation Period in 8 D Group: Re-
peated Hyperthermia with 8§ day Inte-

rval

Days Skin Scores No.

Post- of
irradiation 0~0.75 1.0~1.75 2.0~3.0 mice

10 0 0 10

9 10 0 0 10

11 9 1 0 10

13 8 2 0 10

15 5 5 0 10

17 0 10 0 10

19 0 6 4 10

21 0 3 7 10

23 0 3 7 10

25 0 3 7 10

27 0 3 7 10

29 0 3 7 10

31 0 3 6 9

33 0 4 5 9

35 0 6 3 9
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Fig. 2. Photographic Pictures of Skin Changes in the Tails of Mice after Irradiation

with Corresponding Skin Scores.
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