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Fig, 1, The changes on *P-spectra of MM16
tumors after irradiation
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2R 7z (Fig.2).

BESTRE T ABETNTEEERER SR A
SODRBENRERD . BEFLIZEETIZA
Hr BERLE LIS, BE5 HEBERU10
H#12 ¢ PCr/Total, ATP/Total, PCr/Pi,
PDE/Pi, pH iZ A # 2 & {8, PME/Total,
Pi/Total, PDE/Total, PME/ATP,
PDE/ATP, Pi/ATP, Pi/ (PCr+ATP) X
AFCEME CHEMICHEREREN A o2

(P<0.01).

#10% 6 2 (1990)

AFED 1 BRDESITC X 2 IBERIR DR
FIRHE T, FEET 6 BFfE#k i PME/Total,
Pi/Total, PME/PDE, PME/ATP, Pi/
ATP, Pi/ (PCr+ATP) ®» F&H %5 PDE/
Total, PCr/Total, ATP/Total, PCr/Pi,
pH OIET 27, 24 BB OELTIX Pi/
Total, Pi/ATP, Pi/ (ATP+PCr) 34 L
PCr/Pi 3 BEEW LR L (3T P<0,01).
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Fig. 2. The changes of metabolite ratios, PME/Total (A), Pi/Total (B), PDE/Total (C),
PCr/Total (D), ATP/Total (E) of MM16 tumors transplantated C3H mice show means—+SD.
Open circles show irradiation group, and closed circles show control group.
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Table 1, The change of metabolite ratios on MM16 tumors after irradiation
A-lvs A2 %P<0.05 * % P<0.01
A1 R% PME/Total Pi/Total PDE/Total Per/Total ATP/Total PCI/Pi PME/PDE
Al 0.109 £0.037 [0.135 0,024 [0.131 £0.017 }0.227 £0.031 |0.093 £0.021 | 1.749 £0.465 [0.854 *0.318
ik 0.109 *0.019 [0.128 £0.043 ] 0.104 £0.035 10.232 £0.036 |0.114 £0.031 {2.076 +0.826 {1.154 *0.388
GB5M [ 0,151 0,033 [0.498 0. 1414 0.045 2002244 0.082 003854 0.040 *0.02843 0.191 *+0.099H] 3.092 £1.132%
18 0.094 *0.0158K 0,149 £0.038 [0.129 +0.015 {0.237 *0.0535{0.110 %0.033 |[1.799 %0.855 |0.735 Z0.103%K
38 0.102 £0.021%]0.156 £0.052 [0.124 £0.035 [0.239 =£0.044%H 0,092 *0.030 [ 1.848 £1.114 ]0.970 *0.611
58 0,078 *0.0324 0.099 %0.038% | 0. 114 £0.020% | 0.242 =0.070% [ 0.133 £0.034 |3.049 £1.790%[0.714 *0.35)
108 0.054 £0.0174H 0,069 £0.029% ] 0.080 £0.0294] 0.327 £0.07244 0.129 +0.030 [5.803 *3.124%)0.783 *0.327
A-2 3% | PME/Total Pi/Total POE/Total PCr/Total ATP/Total PCe/Pi PME/PDE
Bl 0.110 0,010 |0.134 £0.055 | 0.137 £0.031 {0,198 +0,042 [0.122 +0.041 | 1.684 *0.873 |0.832 *0.194
B | 0.104 20,005 | 0.042 £0.018 |0.132 £0.024 {0.195 =0.031 [0.114 £0.013 |1.407 £0.332 | 0.88] *0.143
6 BFAY | 0.137 £0.025 |0.223 £0.075 [0.095 £0.022 J0.179 %0.036 {0.095 +£0.020 {0.922 %0.379 | ).611 *0.788
18 0.140 £0.026 [0.165 £0.024 |[0.129 £0.025 (0.479 £0.004 [0.103 £0.010 | 1.114 *0.230 |1.103 =0.156
38 0.130 *0.016 |0.182 20,051 [0.135 0,027 [0.143 0,041 [0.110 *0.013 ]0.863 *0.452 |1.002 *0.258
58 0.131 £0.623 {0,147 £0.,020 | 0.150 £0.019 {0.158 0,029 [0.119 *0.018 }1.098 £0.260 | 0.877 *0.131
108 0.125 £0.004 | 0.138 £0.045 |0.140 0,020 {0.165 £0.027 [0.107 0.011 §1.400 +0.703 j0.916 *0.184
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Fig, 3, Frequency distributions of measured tumor pO, values before irradiation
(A), immediately after irradiation (B), 1 hour (C), 3hours (D), 6 hours(E), 1
day (F), 2 days (G), 3 days (H), 5 days (I), 10 days (J).
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Fig, 4., The changes of pO, values (median) and PCr/Pi ratio (means+SD)

in MM16 tumors after irradiation.
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Fig.5, Histological changes of MM16 tumors after irradiation. 6 hours after irradiation, there were no
histological changes and 1 day after irradiation, histological changes began to be recognized 5 days
after irradiation, these changes became more prominent.

a ; Pre-irradiation (origian! magnification 3.3X10)

b ; 6 hours after irradiation (original magnification 3.3 X10)

¢ ; 1day after irradiation (original magnification 3.3 X10) : Necrotic area of tumor was not increased,
but hydropic degeneration of nucleus and cytoplasm were recognized in many tumor cells. Small number
of multinucleated giant cells were observed.

d; 5days after irradiation (original magnification 3.3X10) : Necrosis was increased in central area of
the tumor. Tumor cells of peripheral parts showed effective response of irradiation. Most of tumor cells
became multinucleated giant cells and showed hydropic degeneration of cytoplasm.
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Z =

BEHRESE O 2 P-MRS OZ{LIZDWT 3L
OPOMFRHRED " o2, HIALF—) VBB
Rz DT Sijens 5Y? X murine mammary
carcinoma NU-82 2T 10Gy & 20 Gy %
AL 10 Gy OB TIX ATP/Pi 1% 8 BEfEifkiC
L&, 26 KR, ATRHEBRIETL 200Gy ©
HECIZ ATP/Pi 132 BT L, 47 RS
IXRAETO 5% ETRT LIz FHEL Tns, —
% Evanochko ® T,C,Ng, 5%~% | mam-
mary 16/C adenocarcinoma = 14 Gy OESf %
Tw, B LD PCr 0K, ZOBEERE/IN
2 PCr i3 EF U E#E L Tw5, Koutcher
59 X C 3 H fibrosarcoma % [EEAERE D 5 250
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70-100 Gy DA 2T WEH B 4B IC T
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nizeHmEL T3, EREEOREE, EEXR
BORH BN DY 1 >, BEGE, B
#% D *'P-MRS HIER % ERE RV H D,
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SRR EER DR £ & O TKRES, REHRRST
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BEE 2 M 0F bR R L T2, IRETER 3 KR
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Ll Pi 34 L PCr/Pi i3 LR U7, %708
AR R IR R — R & LIRS
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Z bz,

BAREE RO Y v IEER#HDETII,
PME, PDE QE—273HE—¥E LD R>T Wi
W HFHEIZEEL WS, BEEReREEY—2
&3 5—@M%D PME/PDE o F& (P<0,01)
A5 24 RPN RIEL DIEF L, &2
PME/Total, PDE/Total i 24 B[ LI D&
ETIRBHEETORMICEEZ 2RO 2 W HFERES



ARSI & B KBRS O *'P-MRS 0%t

HrHBLUTER NP (P<0.01). B
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$1IP.MRS Studies of the Changes in Tumor Phosphate Metabolism after Irradiation
—Compared with Tumor Tissue Oxygen Tension—

Fuminori GOHDA!, Hitoshi TAKASHIMA!,  Masatada TANABE?,
Satoshi TANAKA?

' Department of Radiology, 21st Department of Surgery, Kagawa Medical School
1750-1, Miki-cho, Kita-gum, Kagawa 761-07

31P.MRS were obtained from the MM16 tumor in C3H mice. After irradiation (40Gy), the
ratios of PME and Pi to total markedly increased and the ratios of PDE, PCr and ATP to total
decreased immediately. 24 hours later,the ratios of PME, Pi and PDE, to total increased, and the
ratios of PCr and ATP to total decreased.

In good response tumors to irradiation, 1) PCr/Pi ratio decreased, and PME/PDE ratio
incresaed on 6 hours after irradiation significantly (p<0.01).2) The ratios of Pi, PME and PDE
to total decreased, and the ratios of PCr and ATP to total increased 24 hours later after
irradiation significantly (p<0.01). These parameters’ changes were recognized before his-
tological changes. Hence, these parameters could be used as indicators for the tumor response
to radiotherapy in early time. The changes of O, tension seemed to be related to the changes of
PCr/Pi ratio. So, the PCr/Pi ratio could be used as an indicator for the time of re-oxygenation.
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