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Effect of Ultrasound on lonizing Radiation Effects.
IV. Effect on Growth of Transplanted Tumors
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The combined effect of ultrasound (I MHz, 3 W/cm?) and X-rays on growth of Walker-256 sar-
coma was studied. The tumors were transplanted subcutaneously in the left flank of male Wistar rats
of 100—120 g body weight. At the time of the treatment, tumors had a volume of 500 to 750 mm?.
The tumors were treated at random with X-rays alone, with ultrasound alone, and with X-rays plus
ultrasound. The tumors were measured in the usual way after treatment and the growth curve was
drawn for each.

The growth curve of the tumors exposed to ultrasound for 10 or 30 min showed no significant in-
hibition compared with the control group, The growth inhibition of tumors irradiated with X-rays of
500 to 3000 R depended on the dose of X-rays. At a dose of 3000 R, 7 out of 8 tumors tlisa.ppeéred
within a month after treatment. In the experiments of simultaneous treatment with X-rays and ultra-
sound, the growth curve of tumors irradiated with 500 R and ultrasound for 10 min corresponded to those
of 1000 R alone. In the case of 1000 R irradiation and ultrasound for 10 min, 12 out of 16 tumors disap-
peared within a month after treatment and four tumors regrew corresponding to the growth curves of
2000 R alone. From these results, the ultrasonic radio-enhancement ratio was estimated to be about 2.

There was no difference in the growth curves of tumors between X-ray irradiation before ultrasound
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and vice versa.  The temperature of a tumor exposed to ultrasound for 10 min at 3 W/cm? was measured

immediately before and after the treatment by a thermistor. The rise in temperature measured was only

0.15°. Therefore the combined effect of ultrasound and X-rays seemed unlikely to be due to the rise

in temperature.
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Table 1. Treatment plan

Number
I T::zawtme-nt _ of rats |

Control | 18

Ultrasound : 10 min : 5

(3 W/em?) 30 min | 6

Ke-rays : 500 R [ 6

' 800 R | 8

1000 R 10

1500 R i

2000 R | 12

2500 R 5

3000 R 9

X-rays plus ultrasound 400 R 4

for 10 min 500 R |

800 R 6 |

1000 R 12

1500 R 4

X-rays 1000R after ultrasound 1() min 7

; X-rays 1000R before ultrasound 10 min 7

[ Total 134

X= rays
T J ' :[)iaphmgm
Rubber S

bog _T_

Degassed} 3cm

Qs .

&% / Ultrasound 2cm
=/ a4

::I\_

Transducer

Fig. 1 Irradiation system: Transverse section
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Growth curves of Walker-256 sarcoma exposed .to ultrasound for 10 min(A) or 30 min(B)
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Fig. 4 Growth curves of Walker-256 sarcoma irradiated with x-rays
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Fig. 5 Growth curves of Walker-256 sarcoma exposed to x-rays and ultrasound
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