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An experimental study on the effect of ionizing radiation

on the water content of the brain

Toshihiko Suzuki
Department of Radiology, Iwate Medical University, School of Medicine, Morioka, Japan

(Director: Prof. Dr. Sannosuke Tarusawa)

Research Code No.: 489
Key Words: Bound water, Free water, Brain, Edema

The heads of mice (ddN strain) were irradiated with a single dose of X-ray in dosages of 1000R,
3000R and 5000R while protecting the rest of the bady with an adequate shield. Changes in the water
content of the brain tissues were examined by the cobaltus chloride method from 1/2 to 72 hours after
irradiation, and the histological changes were also examined microscopically.

Measurements of the bound water indicated an immediate decrease after irradiation in each group,
and no recovery was apparent during the initial 72 hours. Free water showed a temporary increase
24 hours after irradiation in the groups irradiated with 1000R and 3000R. But the group irradiated
with 5000R did not show this tendency. Changes observed in bound water represented a physicoch-
emical change due to the ionizing radiation and the free water was interpreted as being due to edema
caused by a biological reaction.

Microscopic studies on the histological changes revealed dilatation of the perivascular space and
vacuolar changes of the ground substance. The severity of these reactions were directly proportional
to the dosage given. Changes were very slight in the group irradiated with 1000R. Changes were
noted in. the other groups three hours after irradiation, while immediately after irradiation no apparent
changes were observed.

Decrease in bound water preceded the histological changes upon X-ray irradiation of the brain tissue.
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Table 1. Change in the water content of the brain after 1000R head X-ray irradiation.
(M. + S.E., *P<0.05, **P<{0.01)

il Time After
Water - Irradiation 0.5 hrs. 3 hrs. 24 hrs. 48 hrs. 72 hrs.
Content T —
Free Water (%) 68.3£0.42 68.7+0.32 70.91£0.58%% 68.240.28% | 63.7%£0.56
Bound Water (%) 7.2£0.40 7.2%0.42 7.1£0.46 7.540.22 6.310.30%¥
Total Water (%) 75.5£0.72% | 75.940.54 78.0£0.50*% 75.7£0.26%9 75.0£0.50%%
% i, TEIBICHE VT, 6.3£0.30% (P
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Fig. 1.Change in the water content of the brain
after 1000R head X-ray irradiation. d
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Table 2. Change in the water content of the brain after 3000R head X-ray irradiation.
(M. £ S.E., *P<(0.05, **P<0.01)

e Time After

Water Irradiation 0.5 hrs. 3 hrs. 24 hrs, 48 hrs. 72 hrs.
Content T |
Free Water (%) 69.1+0.56 | 69.0+0.62 | 71.0£0.90*¢ 68.640.62 | 68.920.84
Bound Water (%) 7.2740.56 7.240.70 7.0%0.50 7.4:£0.38 7.040.58
Total Water (%) 76.320.54 76.2£0.50 78.0£0.48% 76.0+0.36 75.92%0.80
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Table 3. Change in the water content of the brain after 5000R head X-ray irradiation.
(M. =& S.E., ¥P<0.05, **P<0.01)

-

S~ Time After

Water . __ Irradiation 0.5 hus. 3 hrs. 24 hrs. 48 hrs, 72 hrs.
Content §
Free Water (%) 69.240.76 68.9:£0.72 69.1:£0.32 68.9-£0.60 68.810.46
Bound Water (%) 6.810.34% 7.1:£0.20 6.5:£0.34%%  7.32£0.28 6.610.32%*%
Total Water (%) 76.0£0.58 76.0:£0.62 75.6:£0.34%4 76.24:0.62 75.440.52%¥




IBfnd74: 4 A 250

80

™ =7

79

Ty

Total Water

10
690 T-—ih [z 1 I
1 L 1 1T 1

Free Water

-
T

I
I~
Bound Water

5 1 L 1 L L
Control 0.5 3 24 48 12 s,
Time After Irradiation

Fig. 3. Change in the water content of the br-
ain after 5000R head X-ray irradiation.
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Table 4. Histologic findings (dilatation of the
perivascular space and vacuolar changes of the
ground substance) of the brain after head X-ray

irradiation.
B Radiation
~___
Time =~ Dose 1 4000R | 3000R | 5000R
Irradiation
0.5hrs, - — =
3 s, + + +
24 hrs, + + H
48 s, + + +
72 hrs. B +# -
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Tig kA EDbixic\ps, 3RERIE T, _EE0AT
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