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LEERMBCHT IREFAONBOEESRA -, tOAE» & EENIZHRit %
Tl U7 NFoNLAI—BELET) - XAF /=T EBVEERT,
IRD4AD G, BHEHINBIFHHICRESRESI L F AT P HRBEDERTERIS
WMEHRERLE(10Gy BB P<I.05). LALBHEHL TERERLEEDELBED L
Mot FEEMEBIEOVLTERISGY BHBTEERELRED L, 2125 (p=0.67), 10
Gy BHBTHEZLEMHAE (p<0.05). XL, ERERE (BF) RBELLOTHY),
HBRTEELEETH . A VFAZPEBIEERCSVTHREER: LTHEREAT
BY, MeERERE L THHBEECHAaNE AN RB R,

(PRL 949 A 5 HZH)

A Fundamental Study of Radiosensitizers for Application in Clinical
Radiotherapy

Hirofumi TAMURA

Basic studies regarding four drugs . acyclovir, indomethacin, allopurinol and
riboflavin, for which the radiosensitivity effects are reported, were carried out from
the aspects of (1) the radiosensitivity effect on experimental tumors and (2) any or
no increase in damage to normal tissues, particularly bone marrow damage and skin
reaction. In an experiment with a Greene’s melanoma transplanted into Syrian
golden hamsters, of the four above-mentioned drugs, indomethacin showed a signifi-
cant sensitivity effect (10Gy irradiated group p < 0.05) in comparison with a
controlled case. For the Greene’s melanoma, administration of indomethacin about
30 minutes before irradiation increased the radiation effect. For normal tissues (hone
marrow), no significant difference in the sensitivity effect could be observed. For
normal tissues in terms of skin reaction, no significant difference was seen in a 15
Gy irradiated group (p=0.67), but a significant difference was observed in a 10Gy
irradiated group (p<0.05). However, the skin reaction (reddening) was slight.
Indomethacin is already being used as an anti-inflammatory drug in clinical practice.

JBERIAY: WEHEESESE  Department of Radiation Oncology, Kawasaki Medical School :
T701-01 BEHRESTT 577 Matsushima, Kurashiki, Okayama, 701-01 Japan
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Its radiosensitivity potential on tumors is believed to take effect when combined with
radiotherapy. (Accepted on September 5, 1997) Kawasaki Igakkaishi 23(2) : 99—112, 1997
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TREHRIE IR LT B P RERE R S R RE 72 R FTHR
HEE L TEEERERICTON TV A, B
B EOTEAESC EEEB A~ OEEERZ E»
5EDEENBIEBERED L. 25 LR
2T 2 -0 2 2 CHEERGHRSERA O
WEBEINTELY. L LEBSRSLERD
TEECEVER CEE DD, R 2@
it 2, REDFAINTIEROHME T\,

4o, ki rELcHAIhTY
ZEH OHH S, BEHROYUEER L BT
ZATHEME D B 2 EEK 2 E Y, AIREEE ST
ZBNR & B R E R E OIEFE BT
ZEEOEEMEIC O SR LER D 2 RS
Boni-0T, ETOXBMAEZEMIME T
5,

RBRM¥E C HiE

1. RS LUES

AV 7-SEBRENIZ 5 ~ S HR OV 7 >
T—NTNAAY— (HERSLC) T, EEaEF
DOEEIZ100~160g Th-o7>.

BAHIEE 3 Greene I L D REENINLRS
—OEMBEME ) —> X AT —~ (Greene’
s Melanoma) TH 2. ZOEEZE FOEMNE
BfE & PRI L REBEEMICLEMLTED,
HENERGREREOERE L L TN T
%%, EERABEEMIL, MABEE LAY —
PSR EERE 2~ 3 mm A0
%, FRNHENLAS —OEWETICBAEL THE
fal, BEEN1 cm ko ETHUTOEE

@ Skin

(3 Bone marrow

ERICHEL 72,

T8, FEBEHEOSFITHEINCAZEYE
BRERBSOEE*ZIEARINLLOTHL (R
#E S H5—-066, 95—110, 95—137, 96—
097, 96—1255).

2.% A

MRME LR L 2EAE, 7y r7oEn
(Acyclovir, Sigma), 4 > F A% ¥ > (In-
domethacin, FIEME), 7o 7Y 2 —n (Al
lopurinol, + 4% Z4), ViR 7 F > (Ribo-
flavin, +474) O4HFTH5.

EROFERUTORECH 7. 27 Acy-
clovir, Allopurinol ZZERKICTEDRD, &
B b+ P 7 ARBICERL, 2 NIEEETpH %
Bzl LAY R A > b REEAEF b
Vo A TEMORE, 2 NERETpH 25%L
7z. Riboflavin [ZZXHKIZEE - FIRL 12,

4EIEHREHERIERELL{ TS0, 5
mg/ml, 10mg/ml OEECHRL, FhThiE
5850mg/kg, 100mg/kg DIEFERN#S TEE
BT o0z,

3. HaHERES

Y02 HES, BE~ORITES TR
b=FH W Linack*EFHL, 25EH T 4
MV—X & (SSD=100cm, # & £100cGy/
min) T, BHERATRE i3 6 MeVE T &
(SSD=110cm, FEF400cGy/min) TFhFh
oz,

MEREREAT 4 v 7HERAMTEC
10003 252 H v, X§#EiH0.6cc JARPH
Fu—7T, BFRIESHALLOW BlF = >0%
—THlEL 7.

4. EEGEE X U RM GO

EENIEEEI 1 cm OB A TG L, £
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HERYT 2 A AR I SEBRIE A & EBRHE30H £ TO
REICEHAIL 7-.

g REahiR 3, EERATOEE AR HuE
L CRERF R R 2 IR G U C /R L, =t

Table 1. Skin reaction score

WH L L TR EHOMRERTT2 Z
ETHBEIROER R L.
B RIG i HR st eI H i EBS R B D IE & K2 1S
THEZ L, Table 1(z7RL 7> Skin Reaction
Score (BLF SRS) TE&HL
e
5 . #EETRVERAR

reaction

£ 3 OB 3

0.0 No apparent difference from normal

0.5 Slight reddening

Severe reddening or dry desquamation (+)
Dry desquamation (+)

Moist desquamation of one small area
Moist desquamation of large area

b
.0 Moist desquamation of most of skin of irradiated area

EEEHEEOEEORE T
B, NARY —DEFHEY
Kaplan-Meier ¥ T# 5 L,
KB E N EFOEEERTE
% log-rank test TfT - 7-.
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% 7o B 5 OB T 5 B EA OMREGHEER
ZhBR OB T, B #(ANOVA | analysis
of variance) THATL p<0.05% b ->THEEL
HELz. &6 ICEE 6 OAMEE RO
TIERRER, FRSHMOEEERE R
Mann-Whitney @ U &% (Wilcoxon rank-
sum test) TfT-o 7z,

BERBREER

EB 1 . ERMPREDRE

e AR S OB BBEFFR 570,
M8 EEHlE AT AL %4 3 ##| (Indomethacin,
Allopurinol, Riboflavin) iz D % B 72 1
WmEOHBE PRI Lz, $hbbaig 3 F D100
mg/kg & FNFNEBEARSGHET —7 VIRAFK
BT 5 ~104 347 TSR 21T, FEEL
7o I#% 2 ml i 2w high performance liquid
chromatography 12 & D SEFoMmbEE %
HEL 7z

R % Figure 1A (Indomethacin), B(Al-
lopurinol), C (Riboflavin) R U7z, 3 EE
&y EEARSEROMPRE D ¥ — 7 i315~30
SED sz, ZheOFER»SERKS &
S OR300 B2 - b, UTFo

(B23& Fzw 1997

EERTHAZ L1307 elapsed time #53%
i ehi.
EE2, PYFLrOd-NFrnNLAF—O10H
EHHIERE (LD50./10) st

SBEE DM V7T T =T VN ARY —
1HE4mD IFEHL, 4 MV=XWIZTS
Gy, 10Gy, 15Gy 0eBBHE 21T/, ZOk
SR LD50,7102510Gy Rz 2 Z & 23HEAL /-
DT, E5129.5Gy, 10.5Gy DB B ®&18
PCickEfT L, LD50,710% L T10.5Gy 157>,
REZ3 . BEMRCHT IESERMAOEE
D¥E

Baat 4 A (—#HlicD 515~180L) % HEES30
SR NEN100me kg DR SETHEENR
5L, LD50,710/HY D10.5Gy # & F B & D
#®, T TORHRFEERSRL .

##R % Kaplan-Meier #: CEFESRfRICEL
Figure 2 ic7R L 2.

HERIRS +10.5Gy BEEEL10.5Gy EET 5
MR L O log-rank test i L 2 EEBREOE
&8, Acyclovir 13 p=0.283, Indomethacin i
p=0.41, Allopurinol i P =0.0002, Ribo-
flavin | p=0.0089&7% Y, Allopurinol, Ribo-
flavin THEBELXEFHEBOEESE S hicss,
Acyclovir, Indomethacin TIiZxHEREE L O

10.5Gy only (control)

100~ - 10.5Gy + Acyclovir gi?
———— 10.5Gy + Indomethacin P=0-0002
e 1 =L e 10.5Gy + Allopurinol :
% 80- 10.5Gy + Riboflavin el
)
pe
[ 60 i
—
o]
2 401
1
—————————————————— +
=
w20+
0 T T T
0 30 40 50

Fig. 2. Survival curve
of 10.5Gy.

(days)

The groups consisted of the 18 hamsters each. A dose of external beam irradiation
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EREENFEDOONE -,
KR4 SEFORESHROFEORE

EER TCBELIERENE 1 cm ko8
RTEEHDOmg/ kg ZHEENSRS. 20%E
BHEEZ200 (BEOHEA - BIED 7 H20H L
BOFHITE) FTRAKHIEL, 2> bo—
v (EEFIFER L) Bt OB L b KK
DEFHEEMHZIROEEERT L 7.

#t & it Figure 3 A (Acyclovir), B (In-
domethacin) , C (Allopurinol), D (Ribo-
flavin) iR L7z, 4Flebar bo—ABELD
g cEEMENEE I EEEN T {, A
HMTONBEESNRITED AL T,
KBRS . EECHT 3 EEFORHRHBHE
D&Et

BEFID50mg, kg #IEHEABS L 7-3051%
(20.1~0.2ml DA > 7 F —VEREEZITV, /A
AZ—RRBMITT 7V VEREEL, BER
TR F O$AHR CHAR O Mo E557 %8R L 721210
Gy, 15Gy DEFHREFBE 21T 7. Ll
b B ICEB A2 L T ESERESRCRL,
WRERTELAREE & D ol T HE B RN Rh & %t 5
Lfa,

Figure 4A 215Gy B 1 8 L 15Gy+ Acy-
clovir &= 58O %, Figure 5A 210Gy ¥
JFEE L10Gy+Acyclovir B 5 E DB 2R L
7z. % 7:F#kiZ Figure 4B, Figure 5B it
Indomethacin, Figure 4C, Figure 5C i3
Allopurinol, Figure 4D, Figure 5D iz {2
Riboflavin @ % 11 115Gy, 10Gy BEE: T 1
17 % HEST ST & MR AR SR OB TR L
7.

SO L 2 EREREOERE XM b v
IWRLTz. 29 Acyclovir T, 15Gy S
p=0.83, 100Gy #HH p=0.24d WTFNLFETE
ZF® e ofz. Indomethacin Tix, 15Gy B
#p=0.17, 10Gy F##5p<0.05-%h, HBET
BEEZFEHenTz. %7- Allopurinol Tik, [
RREUR b b BT E MR L BRI SR ARE
Btz (p=0.23, p=0.43). [FEEiZ Ribo-
flavin T &, 15Gy 8 23 p=0.17, 10Gy E 58

p=0.18: RN FEZRT/Dohidho 7.
%82 6 . SPEFE R BT O STl

SKEBR 5 12 FAT L TS BN O ER B K
EORERIGOERERTT>7:. —F 8 ~10ED
NAAZ—1Z10Gy, 15Gy OESZTv, LIER
Hic RERGEEBE L, SRS (Table 1) T
L#ER% Figures 6, TIZR L7,

Acyclovir (Figs. 6A, TA) TIZ15Gy Bt
FEIC B 2 HRST B, L A S EER O SRS ©
HBICEEZ I o7 (p=0.88)2%, 10Gy B
BB 2 WERIIC 2 p<0.001 TEEEHT
¥ 5Nz, Indomethacin (Figs. 6B, 7B) T
Z15Gy B (p=0.67) TRAEBE=2T T, 10
Gy B (p=0.019) Ci¥EEZ %2 7z. Allopur-
inol (Figs. 6C, 7C ) TRAH SR TEAL 5
CHFEAREHMCEREESRon o0
(p=0.08, p=0.42). L#L Riboflavin (Figs.
6D, 7D ) 22T Acyclovir A8 p=0.39,
p<0.001 &% 910Gy B TEREREERIGD
BELSED SN,

% £

N THESTRIBS LR 5 2 L TR
RETRTERRBESCBESNTELY, Th
S5OEEAEERN B sBETE 28
RBAL BPRZWEDOTHo . 20EHITZ
o OEFMBIEE & EFHAR Y FRE IR
TL %\, Therapeutic Gain(LLF TG & 4Hg)
BELNEVELSI ZLEHD. BTG &5
FTEHELTRBED L 2 % Halogenated
Pyrimidine & Hypoxic Cell Sensitizer 235 D |
I BEEME oM AR EEEREL vEL,
BRI £ D% OFEFRBID AT h 25
R, EFEFEBHREESE NS & ORI
iIh, B EEHE OB M IE AL
2 EE IR % v 7z D 3R R Y 1 FE I A IR 5
L EDHHREIL STV 5Y, FiEEET 25
bromodeoxyuridine % ¥ iZ Thymidine O {4
DIz DNA iCHRD A Eh, DNA OBREREED
BARIIN T AR EEY, BRELTES
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Acyclovir Allopurinol
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5 (p=0.35) I g (p=0.87) ]
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a [=]
> 2 20 /I
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£ E
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Days
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Indomethacin Riboflavin
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@ (p=0.43) 1 2 (p=0.63) I
© &
£ g
z 3
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= =t

—o— Control group(n=5)

"""" *-= Drug group(n=4)

ir. 3. Effect of drugs only. Acyclovir, Indomethacin, Allopurinol, Riboflavin were used on a Greene's
melanoma transplanted into Syrian golden hamsters. A: ( (O ) Control ; No treatment. ( @ )
Acyclovir only. B: ( O ) Control: No treatment. ( @ ) Indomethacin only. C: (O )
Control ; No treatment. ( @ ) Allopurinolonly. D: ( O )} Control ; No treatment. ( @ )

Riboflavin only. Vertical Bar, SE of the mean. The groups consisted of five hamsters in the control and
four hamsters with the drug only.



Tumor volume rate

Tumor volume rate

Fig. 4. Effect of drugs on Greene's melanoma transplanted into Syrian golden hamsters. A: ( O ) 15
Acyclovir plus 15Gy irradiation. B
® ) Indomethacin plus 15Gy irradiation. C: ( O

Gy irradiation only.
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plus 15Gy irradiation. D: ( O )} 15Gy irradiation only.

The groups consisted of & hamsters each.
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(p=0.17)

15Gy control group(n=8)
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) 15Gy irradiation only.

Days after irradiation
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) 15Gy irradiation only.
( @ ) Allopurinol

{ ® ) Riboflavin plus 15Gy irradiation.

Vertical Bar ; SE of the mean.
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Fig. 5. Effect of drugs on Greene’s melanoma transplanted into Syrian golden hamsters. A :

Days after irradiation

Days after irradiation

—°— 100Gy control group{(n=10)

........ rieesis

10Gy-+drug group{n=8)

(O ) 10
Gy irradiationonly. ( @ ) Acyclovir plus 10Gy irradiation. B: ( O ) 10Gy irradiation only.
( @ ) Indomethacin plus 10Gy irradiation. C: ( O ) 10Gy irradiationonly. ( @ ) Allopurinol
plus 10Gy irradiation. D: ( O ) 10Gyirradiationonly. { @ ) Riboflavin plus 10Gy irradiation.
The groups consisted of 10 hamsters in the 10Gy irradiation only group and 8 hamsters in the drug plus
10Gy irradiation group. Vertical Bar ; SE of the mean.
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A C
Acyclovir Allopurinol

1
o o
B g
5 8
'S -
= £
B 7

Days after irrdiation Days after irradiation
B D
Indomethacin Riboflavin
1 1
(p=0.67)
@ _
: 1111 :
5 A =
2 0.5- -4 p—o ‘I 8
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o § J T o
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.r';‘ l '[\.‘2&
0 T T >
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Days after irradiation Days after irradiation

—°— 15Gy control group(n=8)

,,,,,,, - Drug+15Gy group(n=8)

Fig. 6. Acute skin reaction results after drug administration and irradiation. A: ( O ) 15Gy irradiation
only. ( @ ) Acyclovir plus 15Gy irradiation. B: ( O ) 15Gy irradiaion only. ( @ )
Indomethacin plus 15Gy irradiation. C: ( O ) 15Gy irradiation only. ( @ )} Allopurinol plus
15Gy irradiation. D: ( O } 15Gy irradiation only. ( @ ) Riboflavin plus 15Gy irradiation.
The groups consisted of 8 hamsters each. Vertical Bar | SE of the mean.
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e & # = 5% (823 2% 1997)
A C
Acyclovir Allopurinol
1
(p<0.001) 19
M L =
E E (p=0.42)
wn w
= =1
2 0.57 TF 2
[ =]
I £ 05
£ £
& » } T
0o T T
0 10 20 30
Days after irradiation Days after irradiation
B D
Indomethacin Riboflavin
1 1
( p<0.001)
o (p=0.019) o I
o
§ 0s5- gos{ 1_J[4 I
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g e & | .
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o @ T 1% 13
00— T
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Days after irradiation Days after irradiation

—>— 110Gy control group(n=10)

——*== Drug+10Gy group{n=8)

Fig. 7. Acute skin reaction results after drug administration and irradiation. A: ( O )} 10Gy irradiation

only. ( @ ) Acyclovir plus 10Gy irradiation. B: ( O )} 10Gy irradiation only. ( @ )
Indomethacin plus 10Gy irradiation. C: ( O ) 10Gy irradiation only. ( @ ) Allopurinol plus
10Gy irradiation. D: ( O ) 10Gy irradiation only. ( @ )} Riboflavin plus 10Gy irradiation.
The groups consisted of 10 hamsters in the irradiation only group and 8 hamasters in the drug plus 10Gy
irradiation group. Vertical Bar ! SE of the mean.
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AP 2SN R AR L=, SLREES,
WBIF s 0y AbE < IO XK S
DO¥EHNLEAR T L, & 5 RO EYHE
WP EERERL T LU E 5 & ¥ ORE
HEL, HETRAHESATHRLDY, iz,
BEEREEFEHAOGEERLD D, FiC
Misonidazole #8 % I 5 1 % 4%, Randomized
study CHEHEMESICE ) 2830 EIEE N
YOO, RFEHHRE~PHEEEE I R SRR
BEEERFHECERES L, HRMESHFTE
558 % T Dose Escalation T &2 WiGE
LR VERTIEAAIR TwZ WY,

Z5 LR, S, EHRT TICEHKETER
ENTBY, BESIE L, RESREIROME
PEIRFT & 2 BHEEY, EIRNZERERO
AIREME 2T L7z, MR L FER IR0 L
¢ Acyclovir, Indomethacin, Allopurinol,
Riboflavin D 4 HITH 5 .

Purine Analog @ Acyclovir (9-2-hydroxy-
1- [hydroxy methyl] ethyl methyl guanine)
BFANVRAF L LTRKTEA SN TED ,
A CREg b3 acycloGTP &40, 740
A @ DNA polymelase i {EF L THEM L[HE
L, ZIREFHBETILLEN TS, FEOBE
IR D A H =X L3 BREEOBRICH L8,
eEs{b 2 iz Acyclovir 28 DNA IKEUD A H,
HiE XD DNA %18 D gi#ic X 5 Strand
Breakage #%17%3 { 752:8f %, Potentially
lethal damage (PLD) @ [EI{E %3 5 DNA
polymerase f OYERAFAET % 2 DOEEHEE
ES N3, Sougawa & [ZA K% s, Sar-
comal80(S-180), BLXU'FM 3 AEEIZX3
<7 A in vivo DEEETENFIICHEEEhRHER
oI EEREL TS, &< I S-180D
Growth delay assay IZ & 281 CIE, BREUIE
B304 40 & 6053 ORI ER 2 5. L 72
BEBONTE D ZDBOERBEIL2.0TH-
20, BEEFERREOSA 2P oATHE
Kia%HE 35 DNA OS5 L PLD E{EDHED
WA OBEESE D pPBbhBFEREB TS,

Acyclovir koW TOEERFERTIE, BN

LT3Rz T, BRCEL TL5EHA
LB ESLEAREETRERERBERSRE 2
gtz L LFEERIGCEL TGy B
S THERE (p<0.001) PBEIhIHEREL X
o i

ERPEHE SR TIIAEE & Sougawa 5
DEREREICKZER {, HRE LLEBFOERD
BOBHROEZL LTHEA - DEEDbRS. L
L4 OB TH10Gy+50mg kg BETlXE
BE 2w O0EBEEEEOMHEHER X
S THY, AFOHEBERSIREBTET S
bO Tk,

Indomethacin i 7 7 % F > B » &
PGH2 (prostaglandin endoperoxide) ~®FEk
TYEAE T % Cyclooxygenase i ¥ # FHE L,
Prostaglandin, Prostacyclin, Thromboxane
R RIS 5 . ff o THAA RBEHRREHNEBRO
HHk i R eoh s KERICOFEME, mMEHE, m
EE, MEESEEOTLE, M, BhEke
22 EFEZ N5, D, HEHRIEE
T Z S EEEIH O LR REREL O T
BMERTOFASHE SN T & 7. Pospisil
%1% Kozubik 5%, Nishiguchi &% 3 HEEE
o BERRR OURRIRH 20788 T, In-
domethacin 2VFHERFERCE#IC 2 L 2R L
#3, 2 Floersheim & {285} & Indomethacin
DIz & 5= 7 ADFMOEMEREL T
%'® % 7z, Northway '7, Nicolopoalos
&'t Indomethacin 26T 22 & T, HEHR
MEELErERTELERELTEY, BES
{EHT 2 O fH1ET 2 O»FHEH EE L VREE
H5. ZOECBET 5L OFREITHE, 10.5Gy
£ B WBE+100mg, kg OF&ET Tl ERBO
HRIIFED T, EEREISK DWW TIE10Gy+50
mg/ kg ODFBET TR LARICPEEE (p=
0.01NCWEENIER oo /-, Bl OFEHR
FWCINZ TARER LB 2 IEFEHEB OB
DT OHEEWEH T S L, Hair Follicle %
Leg Contracture l2 2 W BERETE T, Je
junum Crypt Cell 2 2 icBERE L, SRS
IO HET AT LR EhTWAY, 725
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L7z BRI ORIGEDE W6 BT, KEEICE
LTidbdriBEREndbOLEbLS.

STEHRABEBOFNEBEMRCE LTI,
Lynch!'?’, Panje?®, Travisani 2V In-
domethacin B3 O EEFEIEIHI(EMH 2 #& L
Tw3. iz OEETIE, 50mg, kg ODXEFO
RENEFEEICINEF @< L OBRIEZES
Nz, ZOEE 2w T Furuta 6 13,
Prostaglandin ® Thromboxane 7 ¥,
Cyclooxygenase Sl T OE R 2 BEHS ¥ D
BEART ORI, »> T2 LHHAL
Twd?, ChhroffEdT s R OFEHRL
Greene's melanoma i3_EE04RPIDE R EEHE
PpofebDEBbh3h, ZhizowTOHM
BEBOBREHcE L RER S .,

1A FH OSSR ER IC BT 2 S RIDE
B i3, #— Indomethacin ® & BB (p<
0.05) 2 EBEBROBEE 210Gy OBE & Ot
Tl ZODAH =KL 2OwT Furuta 513
(1) Tumor Assosiated Macrophage @ In-
domethacin Iz X 2@ %R, (2) EE#EO
G 2 +M phase ~DEHE, (3) BEEMmFEOH
BERERT2EAVDEOWEL 2B T T
5% SEOERH I HEHTH o ths
(2) 3RS 2h230T, BRELEROEHE L
T(1), (3) kroMEBNEzI NG, KE
B ROMOmEr S BN LT, BY
ERAI R EB OIEE I8\ Indomethacin
g LRI I TG 2B 2 AREEEZHT 5
LEbhs.

Purine Compound T# % Allopurinol i3& %
YFrFF S —-EEREELURBERERD
¥R L DERAOERRICAW b NAEAT
%% . &K#HI: Nucleoside Analog THD, ZO
iz Acyclovir % Azidothymidine (AZT) % &
E FEFRETRIERRI O R 25 T 228, R
iz Free Radical Scavenger OB /L TH
D, BOEEVER L e 2R b EETER .
S EIORET TIEARADI15Gy +50mg, kg D&
TTEERUERBRIGCOMEES - LTERT 3
fEAA R ohi-a3(p=0.23, p=0.08), 10.5Gy

(B23k H2s 1997)

2HBHIC L 3EFEROBRT TR LAERE
BRI {8 R BB o7z, Floersheim & i3
R EIFZFCEHF T (10.5Gy+100mg, kg) T
C3H~xvARHAWwlk2EBBEERZTL,
Median Survival Time #3 Control #®13H 5>
& EH U BB D3.0~4.58 (p=0.0001~p<
0.0001) iz L7- LR LY. ZOERER
HEOERDERIC D W OIBE A TR
EFMZ2ZLB3TERL0D, iz GAUEHE
TTEHYODANTTAENARY —TREST
Wi, XM L3 LB OBHELSE
(LD50,30) iZ¥ 7 A TI35.2~6.4Gy (X #5250
kVp), " A A ¥ — i 7T~8Gy L E (X&
200~2000kVp) E AR F —DFHFNEEHIEE
E L, BRI X 3B ORZEOENE
RICBENTTRELTETE R .

& THE 4 OFEHE| Riboflavin X Vitamin B2 &
LTERShTWw 28, BEHEEA L LTV
K—ba8hZtixhy, LHLEOHTFED
L Rt % Photoinduced % EE 2 iEH 2 1E
HEETLIEBH6N TS Z OERIK
I3TEEREE S, Hydroxy Radical % Hydrogen
Peroxide Z E 5T 2 EZ2 6N TED,
Riboflavin L BROMAEERIC L 27V -4
WVEBGBIEOEHi PR S LT 319,

SEIDFERTIX, 10.5Gy £ F BT L 31\ A
R ¥ —DEFHBSEAID100mg, kg OS5 T
BRCERT 2 LRahiz. ZhbEiRD
Allopurinel & [Al#k Floersheim D#R4 & Rxtd
BwREE-7. Ly, BERS UV CEERIG
DRI DWW TIR15Gy BE T p=0.17, p=
0.39, 10Gy BETixp=0.19, p<0.001:7>
7 P S i BRI RSN TEB Y, BhT
bEERBEOWTREEENEDONLEE
RS h, FEIOKEHFUERHF L L T ORTREM:
BRI

Bk, BRI ATR RN R O O AT REME A8
WEINTWBARIZOWT, BEEDO(1)F
BEMSRE R B Y Lc&kEER, (2) F/U—vX
A7 /7 —<xBoiEEME, (3) EERHA
OFBRIBICDENLARY —THH LY. 20



N - EERIGH £ BR & U Biis B AR o mRs 111

HE, BEREEOHMREE, 50mg kg @ In-

domethacin 210Gy OB E2HE LI L 2D A
WEHEashY, EEEZZ4WwH OO0 Ribo-
flavin I DWW T LIERH & L TORTEEI R SR
7,

EEHB~OFEL LT, 7 (1) OB
KEHEICBE L T it Acyclovir & Indomethacin i3
I ha—EENEL (BRLEFED L),
Allopurinol & Riboflavin i3 & FHEOEE &
ERE2b7:-o67 (HEHAEERIELTEL)
LR ENT. 1 (3) OEBRIGIELT
%, 156Gy LiBEME T Lo bo— EHEFR
M DENABEBRIC - 748, 10Gy DBEICiE
Acyclovir, Indomethacin, Riboflavin @ 3 &l
TEERHRIEHES L.

EBCHER L 7:10Gy, 15Gy 0=BEO{EE
DH B, EEWCHT 5 Indomethacin OIERIE
410Gy B TcoABEINTED, —RE
SO T TREENST &5 L BRI OBERE
RAOREBREHOBORBCTAZERTLE

X

SA[REMSE L NS,

SHOBHHRE LT, BEoEEAsE 2 -

EORBOREY, SEHEBH BT 3 In-
domethacin ® Riboflavin 8E/EEOHE, B
X UTEF 2 HHRES LB EORELR EizD
WTHEETL, TG OFEXBER LB, g
ZEERIGANOMREE AR L 12w EF 2 T
.

2| 22

FERADICLD, FIEBYL JIRE2B - 1)
ERAXFHFABRERERESHEREEE, FEN—F
M BRI L £ 7.

L BAFE AL REMANI N ESER EE M
# (BEHEENIIRE) AERESBRNRE (455,
19954E) B X UPR 7 EEIBERKE 0= 7 |
WEE (7 -712) OEBITITbRI:.
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