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The Influence of X-ray Irradiation on the Living Tissues.
Experiments on the Bound Water

By

Kazuo Okamoto
Department of Radiology, School of Medicine, Tokushima University.
(Director: Prof. Dr. Fumio Kawamura)

The effects of X-ray irradiation on bound water in living tissue were studied by

vapour pressure method.
The results obtained are follows.

1. The amount of bound water in various living tissues, such as rat muscle
tissue, rat liver tissue, MTK-sarcoma III rat ascites tumor and rat red cell, after X-ray
500-4000 r irradiation, increased clearly compared with that of before irradiation.

2. The experimental data were analysed by means of the theory of BET multilayer

adsorption.

The increase of the bound water of various living tissues by X-ray

_irradiation might be related to the increase of free polar radicals capable of hydrogen

bond bilding.
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Fig. 1. Apparatus for the estimation method of bound water by vapour pressure method
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Fig. 2. Photograph of the measurement apparatus
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Fig. 3. The sensitive curve of spring
balance (1-10mg)
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Fig. 5. The amendment curve of relation

between satisfied vapour pressure and
temperature
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Fig. 6. Isothermic vapour pressure curve for

rat muscle tissue (25C%)

F: Non-irradiated muscle tissue
R: After 4x10°r irradiation on muscle tissue
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Fig. 7.

F: Non-irradiated muscle tissue

R: After 4x1(°r irradiation on muscle tissue
P: 24 hours after 4xX10°r irradiation on muscle

tissue
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Fig. 8.

F: Non-irradiated muscle tissue

R: After 4x10% irradiation on muscle tissue

P: 24 hours after 4x10°r irradiation on muscle
tissue

4
2.2

R
2.0¢ \ //
1.8}
1.6 \--—--’/

14t

1.2
1.0F

0.8f
06+ \“"--——-"/
S

0.4f |

/F
/.
S

0.2

01702 0304 0506 67 0.8 09
Activity (a)

Z OB O TR BIGEME 0.9 TE,
AR 1 7 T 2R A Ak O B 1.6
g, TEHEEE 0.8\2 T 1 &, FEEEED 0.712C
120.558 C, SHARVEMEE 0. THIE ¥ CLxEats
RTKRDT7 5 2BOWADNRES L, JELEE 0.6
CHWTE, BMEEEEE 1 7 7 2o iiee Bk
DFE0.408, JEMEEE 0.412C0.24 8, IEYEEE
0.212T0.16 € T, JEMEE 0.7~ 0. 288D
BT, bihoakiogsitizse L, Eik

S .



1184

PR L QWD T B 4RI 2 AR T 5.

Z DEFAGERLE BRI OV T, A 2 B
KEFEX, Fidl B.E.T. D5JE WEai % 56m L
T L 29, —2OARKE (P) wbi 3
W17 52T 2REASE (£) BRAT
Ezbhs.

P PR S B
g (Po—P) ~ VmC VmC Py i ;
P[P, xiEHER (3) Thamnbl)R LD
a 1 C—1
By, ymC, T vmes s

ZOIT Po (X2 DIREEV B VT BAORIFIKEE
KET, PiallEmE Pt 28FIKBKRE T
3. Vi BESTEE L TOREREES, (C)
BF—2DEHTH B, (DRX DEEHhE 5L,
fEE a/g1-a FEY, BCEME(a)RL
NSRRI ESEIRARIL T 333 ¢d 5. Ho
ZDHEARVHERE D BHE Y 1/ Ve 48, LK
BOMEN S c—1/VmedBon B, 2 b Vi
ECEBRERMkDONS. Vi 38D TR
WEKREELTOIDEEILN TS, EEK(C)
oW TR DBIRR H 5.

; (E\-E,)/QT
Gi~—e

LN0EZSHT B WRGRESTRECE Y K0
AP, Eo Wk YEORIBICE VT 2RDFERHT
BB, & YRPEERFCHRT 2HBOT
FNFE—TRd HENERS.

JERRSE DTFEC B T, 57RO {EHEE
0.1X 90.65 @ HIFHIZ B\~ THE b 1 W ESREI RN

HAREFBHRFA SR B2le §g12s

BALL, Zh X ved 1Rl —@oikakE 2
FTEEBABNS Vi 381 12581 <0.198
Th B, —BOHERDIBEHT XX — (F1—Ep)
13 1.4kcal/mol :EHEX N, KERES DT XL
¥ —DHEFET & 293940,

N g/a, BEEMIIEMEE (a) ZEOLE, 4
TEURAE R AR & V55 8 KA & it ¢ 48 2515
Hisk, €DRAD gla & ZTEEEL D @
TG L T BfGEAKE (Vme) %Ft4H 51
D, Vmdd 7 ¥ FHRERIC B T, &
M1 gITHL0.278 THB.

Pragddfrka & LT, AN 3 0-i3(bZEm
W2, BHBWIE, MERRNCMON L Eo e
FOZ e, WEHERE 0.7 FOofRAKEZD
THTRBREFREL & & T B59%),

JEFRST S v HPSREERC BV Ti30.55 € D EE
LT3,

—f@OFEEKE (Ven) & EF TOREKE

(Vme) £ PH (Vme/Vm) OfEix, 1.4TDN
PN i e T 5 F VIR LADEZ R
LT3,

XAf 4 X 10%r [REIHEIC B 1 2 5 IRAEESUE dhAs
(25°C) IO RN Ry TH 5. FEM:EE 0.8
R TR EEMATRAR 1 212RE & Bk 0 B
1.70¢, VEYEEE 0.6 Tiddy 1.08, FEMEEE 0.4
W T1X0.63 8 C, FEHEEE 0.21C TiX0.427C, #&&
& ZK#E OB L INTEHEGET L, JERNE
WHELWThOBEEEICBWTY, Mfe3K0

Table 1. Irradiation effects on the bound water for rat muscle tissue
Amount o f water in gram |
bound per gram dried sample ! (E,-E,)
Total bound wa-| ' ™a/V™: | (Kcalmol)
(Vm,) (Vma) oo “at 2 £0.7

Non-irradiated 0.19 0527 0. 55 1.4 | 1.4

after 4X10° r 0.41 0.78 1.30 1:97 et i

24 h, After 4}[103_1' 0.12 0.22 0. 40 1.8 55

Vm, showing the amount of bound water at the first layer, Vi, below the second
layer, (E,-E,) the binding energy of first layer for bound water.
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Fig. 9. Isothemic vapour pressure curve
for rat liver tissue (25°C)

I7: Non-irradiated liver tissue
R: After 2x10°r irradiation on liver tissue
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Table 2. Irradiation effects on the bound water for rat liver tissue

Amount of water in gram bound
per gram dried sample o (E,-E,)
Vm,/Vm L
Total bound wat- § i Kcal/mol
(Vm,) (Vm,) rata £ 0.7 ¢ e
Non-irradiated 0.11 0.23 0.35 Pl 2.0
After 2X10° r 0.22 0.41 0.61 2.0 2.0
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Fig. 10. Isothermic vapour pressure curve
for tumor cell (25°C)
F: Non-irradiated tumor cell
R: After 2 x10°r irradiation on tumor cell in
vivo
R': After 2 x10% irradiation on tumor cell in

vitro
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Table 3. rradiation effects on the bound water for tumor cell (MTK III)

Amount of water in gram bound |
per gram dried sample . I (B
Total bound wa| * V™ | (Kcaljmol)
(Vm,) (Vm,) terata £ 0.7
Non-irradiated 0. 22 0.35 [ 1. 02 1.6 1.6
After 2X10° r in
i 3 0. 24 0.48 0. 62 2.0 1.4
After 2X10° r in
S 0.78 0. 89 1. 96 1.2 il

S
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Fig. 11. Isothermic vapour pressure curve
for rat red cell (25°C)
F: Non-irradiated red cell
Ras: After 0.5x10% irradiation of red cell in
vitro
R,: After 1x10°r irradiation on red cell in vitro
R,: After 2x10° irradiation on red cell in vitro
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R L EREAE BKO & 12 0.678, ik
0.4 Tix 0.58¢, JEMEE 0.2C120.51€ ¢, T
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SRBEERI & BT, K4FOMI
TR —8 OREAAIE (V) 120.258, =
B3 CORBKE (Vms) 120.458TH B, X

Table 4. Irradiation effects on the bound water for rat red cell

Amount of water in gram bo-
und per gram dried sample VsV ; Iéqu}Eo)l')
(Vm,) (Vm,) B
Non-irradiated 0.25 0.45 1.8 3.0
After 0.5X10° r 0.31 0. 53 T2 2.9
After 1X10° r 0.34 0. 60 148 2.8
After 2X10° r 0.38 0. 67 1.8 2.8
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Table 5.
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Fig. 12. Isothermic vapour pressure curve
for fresh tissues (25°C)
1: Rat muscle tissue
2: Rat liver tissue
3: Tumor cell (MTK III)
4: Rat red cell
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FRIMERDO0. 25 1 IFA R BE 2 F T 5 RHBEN5),
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7elE kR L, SRAKERZEE TOREKET
HAEVHRT, N3AHRMmBREDRBRMEC X
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X I & b SipeiEae, FRissEss, EARiE

Irradiation effects on the bound water for various living tissues, protein

(Salmin, Colagen, Serum albumin.) and DNA

Amount ofl v_v;iter mn lgram bound i
T gram drl sarmple ( i,
Cffe mj (Vm,) p;I‘e:ta] bound wa- Vi, [V, (K;iaixfﬂln'-;'l)
ata £ 0.7
Muscle tissue 0.19 0. 27 0.55 1.4 1.4
Liver tissue 0.11 0. 23 0.35 2.0 2.0
Tumor cell 0.22 0.35 1.02 1.6 1.6
Red cell fR0: 2D | 0.45 0. 45 1.8 3.0
Salmin 0.11 5i
Colagen 01052
Serum albumin 0:107 &2
DNA 05120532
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Table 6,

Amount of water in mcle bound per
10°g dried sample

Rat_rnuscle tissue (As
a mass of Actomyosin) | mass of Haemoglobin)

Rat red cell (As a

When all of polar radical in

(=CO,=NH) and side chain
of amino acid are bound with (
water

the composed amino acid is 3200 2900
bound with water
When both peptid main chain 2100

2400
after 4 x10° r )
2300

after 1 x10°r1900

(after 0.5x 101700
after 2 x10°r2100,

When peptid main chain
closed and side chain bound
with water :

00
(on-irradiated 1050)

1300
(Non-irradiated1400)
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