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The Radiosensitizing Effects of Misonidazole and/or 5FU on
C3H Mouse Mammary Carcinoma

Ryu Hasegawa
Department of Radiology, Osaka, J.N.R. Hospital
Department of Radiology, Kyoto Prefectural University of Medicine
(Director: Prof. Koichi Murakami)

Research Code No. : 400
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effect

The radiosensitizing effects of misonidazole (0.3 mg/g.b.w.) and/or 5FU (0.0625 mg/g.h.w.) on C3H
mouse mammary carcinoma were evaluated using a tumor growth delay time assay.

The combination of radiation, misonidazole and 5FU was more effective in the low radiation dose
levels than two other treatments (radiation + misonidazole and radiation + 5FU), but became similar to
radiosensitizing effects by radiation + misonidazole at higher dose levels above 1500 rads.

Enhancement ratios calculated from the radiation doses to produce TRT50 values 7 days were 1.22
for radiation + 5FU, 1.69 for radiation + misonidazole and 1.90 for radiation + misonidazole + 5FU.

The effectiveness of the combined radiation + misonidazole + 5FU at low dose range is also ex-
pressed in the terms of enhancement ratio. These results suggest that the combination of radiation,

misonidazole and 5FU may be useful in tumor therapy.
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B9 hypoxic cell D ERES LY ED B &L T
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t0THH, Uracil &L [ CEE CF-deoxyUMP
CHEH X 35 7o deoxyUMP & #58 L, thymidi-
late synthetase #[H¥E T 5Hic L b, DNA 04
BREIHL, WEHGRELRETLZLEbAT
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AR & 5FU ot BEhRicowvTid, LRI
b, BABRIRTEY, TOFHELBDLH
T3 24)-29}.

Bolf, § V=&Y —Aicidigigegciel,
HEH L0t 5 &, FORE ¥ ED 5 chemosen-
sitization DAY H 5 & DHENL S H h1-20
5FU L 0Bt ABRCE LTI HEIhTLW5Y
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fih, v =FY-rifoBTFRMEERSE
MRBREFI L, BB o®, Bk, BBEK
HERLTinbhTwWBA, ThECcof, BKE
BEMERCTTFEIhCBEOHRIERIAT
Wil ,21)221'

ZZTHEHRIC S v = £V = AR Thl, B
BRIRGHETAE, IV =Y —ABE L
[EHE P aerobic cell DG/l 2 HUREA A BE5E 3
D EDBMFERR EHhRIV=FY-1D
chemosensitization I 57, X hk
IMEBFANE L B TREELD 5.

OB PUREA & LC5FU 2 A\, s,
3V =4y, 5FU O=Z0fHEBHRIC &K
HltdboThs,

II. EB&FH &

1) EB#YE & VESR

EREBYIMBES L VEAL, YEEOER
BMETHE L8 AED ICR/JCL =9 Ak X
0%, C3H/He = v A QHEREY Fiv 7o, IEH#EMC
T HHROBEFNEICR = v 2 %, REFEM
WA TABBEOBFIECIH = v A% HEH L.

EERBAMRIF D < v AfKE 1325 BT, KBE®R
Bt S3AT 4 02—, HEO=w
ZAHEFGER RS X OCKEXKEBHCE 2T L
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&% C3H R~v A BARBEI O FE =M
RV, Tiebb, GRERE L IE—HAEE
vV AETETRBHELBEL- 0%, HH
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ML, E—EEMARTEEREERL, Zho
9.7TX10°E% ~v AGEKBETIBELL, 2
RS, FHEEEI8mm (263mm?) 1T L 1ok
RCERICH L,

EER, FAXFHL & —CRZIC A
Lic, BEAHGEE 2 EAEEEEL T n/ 6 X
MEXBEX®\ I TRDI,

B, WThOERTH = v AELEFE TR -
TERBR /A -7 5ETe, 174—-76~11
o= A& EHE Lk,

2) fBE%

X SRR STHEEE 1 2B KX C- 182 GRiR 1 AR ik fif
Thh,

vy ALK BHOEE OB &4 IXI80K VD,
25mA, fiinz 4+ A2 —0.3mmCu-+0.5mmAl, H.
V.L. 0.TmmCu, E&Ehb=7 AR CORERE
55cm TS L7z, BERIX7rad/45Th - 7o,

BH ORI 120 @EEN BRI AL 7 5 2
T4y 2By —-2A%R, =9 ARREETIC L
EFOEZBICGR, Z0OF—2%E4515~200EE
IR BBE LI,

855 o BB & 045 O R 5 4 1X180KVp, 25
mA, 7 4 A% —-2mmAl, H.V.L. SmmAl,
BAEEREEEI9em TR L. RERIZT44
rad/sCh -7z,

OB, EBRERSUEKBERO AR BHT S
®, RBETDAHI2mm il TERLL, v b S
¥ £ —0.06mg/gram body weight (LLF g.b.
w.) BIFEARH L X 5 RBE T RS L e,

7ok, $2EI5E 1 Victoreen Codensor R-meter
Probe No. 621% H\ e,

3) EREHA

EEFEMEEEHRIE LTy =4V -1 (BXK
ryva) %, PUEAIE LTSFU (M%) %
Fuiz,

$V =AY AEBAEKCERL10mg/
ml DI E1ERL LIz, SFU b B AR K IC IR AF
L, 6.25mg/ml DB E LIz, 3 v=Fy—1k
X USFU R hEh, BE0SINC~ v 2 EEA
~fE L,
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O xBH, @5FU 0.125mg/gb.wir 58, @
5FU 0.125mg/gbw.+ 3 v = £V —-1mg/g.b.
w58, @5FU 0.25mg/g.bw 580 4 BT,
RHBE5HD = v 2EEDI L x T~ e,

5FU 0.25mg/g.b.w i 58 TIXEERA D

bhsn,
EDERFE

EHloFs Xhicfho 2 BEciisBEe
Bdbhith i (Fig. 1),

i) X #+FEH O EREMTT LR
O XHRBHEMPFE, QXEI5FURH OX
BASFU+ s v =&Yy —A B0 3BETLD 50/6

fEZ& ¥R Lz,

w,

HH| o5 E8135FU 0.25mg/g.b.
IV=£Y—-n1mg/gbhwTh5s,

FRATRE W X ARBATBHBE, 1,390, 1,240,
1,000, 750rads, X # +5FU &, 1,350, 1,090,
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g. 1 The effects of 5-FU with or without
misonidazole on the body weight change of ICR
mouse.

O control group, A5FU 0.125mg/gbw treatment
group, [I5FU 0.125mg/gbw +misonidazole 1.0
mg/gbw group, X5FU 0.25mg/gbw group.
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BIEE T o HstsR, Misonidazole, 5-Fluorouracil o ff Fl %58

Table 1 LD 50 values of radiation combined with
5-FU and/or misonidazole on ICR/JCL mouse
Treatment Dose (rad) LAl L Dseye (rad)
Itday) | 2 3 4« | s 6
1390 | 0/7|0/7|[0/7]|1/7]|5/7|677
Radiation 1240 [P VRN FARE FARN YA RVAI —
alone 1000 p/T oS0/ o/ fosT]asT
150 | 0/7 |07 |0/T|0/T|0/7|0/T
1350 | 077 |0/1|0/7|0/7|0/7|577
Radiation 1090 (PR FERE RN FAREFEAREVA
+5FU T A O A T A A
650 o/1 o/ fosv o |osT s
1300 | 0/7|0/7 077|077 177|677
e (LN ICYAN [V YA VAR VAN EYAR RO
+hisonidazoly 850 |o/7 o/t |0/t o/t |1/7 |4l
550 0/6 |0/8|0/6|0/6[0/6]0/6

900, 650rads, X #+5FU+ 3 v =4 v — LB,
1,300, 1,050, 850, 550rads ® 4 B¥HS<2 %,

A 6 BRI AERREN BEH L LD50/ 6
B X SRS B B¥1, 244+ 133rads, X #+5FU
#965+186rads, X #+5FU+ 3 v =&Y — Bt
881+209rads TH b, X $2+5FU B & 3 &6t H
FORMICIAEEDZE L Ich -7 (Table 1).

Teds, L= v AOETHIOEER T TFH
LEEFLTHD, REORRIBEETHS &
Eibhs,

LIEX D, Eﬁﬁﬁkﬁ?bmﬁﬁawvmﬁ
AR < AT =N R B L ILE
s J}‘Lﬁﬁ by s ?t‘:.

2) BiEEECHT 5 HE

i) EHHREOEEHEE T 55R
5F /-M
4t A cont.

M+F

E

M : Misonidazole 0.3mg/gbve
F 1 5FU 0.0625ma/gbw
Cont. : Control

3t " 4
v

Relative tumor volume

T T

6 8 10

days after treatment

S
o

Fig. 2 The growth curves for C3H/He mouse
mammary tumors treated with 5FU (0.0625mg/
g.b.w.) and/or misonidazole (0.3mg/g.b.w.).

O control group, A5FU 0.0625mg/gbw group, X
misonidazole 0.3mg/gbw group, @ misonidazole
0.3mg/gbw+5FU (.0625mg/gbw group.

HAERSIE 545%E H9H



=& & 1273
° x X1 Xeray
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g A y / -
a : e
2 1 . i ?/ /
F y" 01 2 Y/ A4
& days after treatment e / / /

0.1 g / / /

M : Misonidazole 0.5mg/gbw /’ﬁ /
F:5FU 0.125me/gbw XN+ i
Cont.: Control ° X+F/
XM X
Fig. 3 The growth curves for C3H/He mouse 0 . " i 2 = BT
riad

mammary tumors treated with 5FU (0.125mg/g.
b.w.) and/or misonidazole (0.5mg/g.b.w.).

Ox} R, @5FU BMHER, @z v =5V —
NEMEER, @SFU+ 3 v =8V — A D
4 HTEARSFROEBEROE LK L,

EH o5 &II5FU 0.0625mg/gbw., IV =
&Y —10.3mg/gh.w.3 X USFU 0.125mg/g.b.
w., IV=%£Y-—n10.5mg/ghw.Th5,

5FU 0.0625mg/g.b.w., 3 ¥ =% v —10.3mg/
gbw. a5 L6 o BFE il R % Fig. 2ic7R
. 5FU%# 5 L iz 2 B2 b 3" 5 growth
delay BB BN B L5 THBEM, MDTHEL,
SFU BB LS5FUt s v =4 V-1t LD
EICILZNRD Hhinle,

5FU 0.125mg/gb.w, 3 ¥ = & —0.5mg/g.
bwitb Licha ol % Fig. 3iwm¥, 5
FU % #& L7z 2 328 & b v growth delay 43
@b bh, SFU+I v = V-1 BHEO
growth delay 235 b K&\,

Z® 280 TRT 50fE1X5FU B hir 556.7+
0.5H,5FU+ 3 v = &YV — A0t H#9.51+0.6B T

Hb, $v=xY-A1ZX b chemosensitization
DRBEMEY 5 5,
i) X#, 3 v=gv—n, 5FUDHHALE

ERFEOXN B, QX REBHEMYE OX
BASFUR, QXK+ v =471 OX
B+ v =8/ —-L+5FUBOSHETH 5,

EHBEE T v = F YV —1130.3mg/gb.
w., 5FU X0.0625mg/g.b.w.TH 5,

HBFI604E 9 A25H

(83)

¥eray dose

Fig. 4 Relations between radiation dose and TRT
50 values for C3H/He mouse mammary tumors,

MWL AR ~4 71 —7 G, %
hZEh, 750~3,000rads DE 0L ED X
BBEZ 1TV, TRT 50fH% Rz,

X MRt 8B TRTS50{EX2,000rads 4.2
H, 2,500rads ©10.5H, 3,000rads T19.6H T
5 N o

X #+5FU # o TRT5H0{& 1,500rads 3.3
H, 2,000rad -¢10.6H, 2,500rad T16.48 TH -
7.

X+ v=&v—-1Fo TRT50{E 1,000
rads C2.1H, 1,250rad <5.3H, 1,500rads C
12.0H, 2,000rads T31.8HT#H 7.

X+ 3 v =8y —n+5FU o TRTHOEIL
750rads -G, 3.2H, 1,000rads 5.8H, 1,500rads
©10.9H, 2,000rads C28.98 TH - i,

e BAEE, M@y TRTSEE LTI h
b4 FEOREWRMBRERT (Fig. .

X GBHEmBcI L, X BEAHARE TRV
FThitEGERRD L, XB+Iv =4
V-ABEXBtI v =8V - +5FUBERIL
BT 5 &, 1,500rads LA T o#R4 Tk 3 &G HE
DA BB R DA X vpil, 500rads LL ko4
TRMHBCER R, 5T,

Fig. 40 7 F 7 Ric#i 2R % 5 [ ER—o0
TRTS0ER & 7= T FHOBHREI KD LR
5,
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X+M+F RlE RS ray
F: 5FU
M : Misonidazole
2 o \\\\
X+M—

2

B

g | x+Fee

I .

5

5 10 5 30 (dave)

TRTso values

Fig. 5 Relations between TRT 50 values and
enhancement ratio (ER) for radiation, radiation
with 5-FU or misonidazole, radiation with 5-FU
and misonidazole groups. The line (-+-) shows the
values (A) obtained with the equation; A=
BxC, where B=E.R, (X+F) and C=ER. (X+M)

TRT50{EA 7 B £75%, HEHOBEL L hkdD
T X BEHEEEEY 1 & L4 © enhance-
ment ratio (LLF ER) 1%, X $2+5FU #1.22,
X+ v=8v—nLP1.69 XEB+:v =4
V' = +5FU #1.90T &» -7z, Fig. 51 TRT50
fE & &80 ER.L OBRERT. HmEED A%
ELTXB+3v =8y —nBEL X#H+5FU B
D EROBEERD, ARTHELE.

X s BB x4 5 ER.IL X #2+5FU #
131.18~1.28, X+ 3 v = & v -1 B 1L
1.66~1.71: BIE—FTH -7, i, 3EGHH
o ERAIX TRTS0EH 200 04, 1.63TH -
fehs, 158, 1.72, 10HT1.82, 7 HT1.92,
5 HT2.09, 4 HT2.11& TRTH0MEMFEL in b
VAR LS L, TRTS0{EA 4 H, 5 BDH
FRIHEMBRD v dlhz ke,

IV, # %

IV =&V = NREE A © hypoxic cell iz
APIERALT, BSHROMRZED HEETH
DT, ZOWMEIIERORLSHEFISFU %
2B E0 3EMNRYGRENEDL S5 b DTHS
PEMBZLRFERODHZLETHA, Ll
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Misonidazole, 5-Fluorouracil o {}f Fi )2

Db, BEFOMBNEY, EREBWESE T D3
HHF AR EBE Lo dic e,

SGENLChICBIEL, BB+ V=8V -0,
BE#+5FU, T LTCSFU+ s v =8V —nft
AR OWT LB L,

1) B+ V4 —LoftRMER

SEBEORBTIX I V¥ = £V —10.3mg/g.b.w.
BE#305 1 B, X BB 2T X SR80
L, 1.690 ER. (TRT50/7CLHED %787,

Sheldon LB ERBE E B4 DERE
WBTOBSHR1IBIRBHHIC: v =8V — L% L
TBAEDERZETEDTVAEN, V=Y —n
0.3mg/gbw it % # A LB X ERZXLT
~1.9EBETHD, S£ED ER. 1.6, 13, =
DI E—HT 5,

BAHBEL IV =8V - L OMEGREOBEI
DLTRERERTRSESEERCKLL, BRGFE
PMEW & T BHEGEHE 999,

Brown”i3. EMT6 Tumor % in vivo TS} L,
in vitro ¢ cell survival ### L, 1,000rads L F
OMEBTIL I V =8V — ORGSR ITHRD T
INEWERRTN B,

Sheldon 5% anaplastic MT Tumor % >,
[EE o growth delay X b 48 & R0 Hk©E.
RA&ARDTVB2, 1,000~2,500rads o =3 E,
R.LEE—E TL.5TdH - 7 #32,500rads Lh k¢
BKEL LY, 3,000rads T1.8k s - 7o L &
LTw5,

Denekamp 5% % carcinoma NT &2\, [l
OJET EREZRD TV A A, 800rads ¢l ER.
R1.4TH - e, BEREIG LS L ER. LI
ML, 2,000rads Ti2.1TH o1 ¢BEL, =
FRGER R TIXE L LT, aerobic cell 23
TL, BHEERTR LD T, £ & LT hypoxic cell
CRCHRLAAHTHE EHPLTU3B,

& Bl D KB TIX1,000rads LLF o T -
Ty, 1,150~1,750rads @ <k X &+
1V = #7210 ERILTHET, BE—ET
&J bl ?‘c.

—75, Fig. A0BRBEBHRBRcH T X B+ 3
V=& - AR X B R L, SRE

AFEREE H45E F£95
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RO E BRI - T b, Suit B3IIEEE
RABET A7), 0.6mm*C3H = v AFJES
BEBRE T TR LB oRESDRibFEOE X
X air £ T TR LEDL VKL, 8Tho
PeEWMELTEY, SEOKREHRIBHFOMEE D
BAbix: v =&V —-LofERAD, BELEUORK
E{Y 7 hypoxic cell DERETH B & L HRBEL
T\ 5,

2) HstiR & 5FU nBiR%SE

SFUIREE LT SHioMasEEL, TOEH
I time dependent TH % 7z, in vivo DEERT
130.01~0.05mg/g b.wBE X # B b - HE#H
HE4T5 2 R GERTH D, W

SENIHEHR, V=48V -1 rottRMEREY
BETAZENTHBRTH B, 5FUIRI v
=gy - A LA 1ERSLL, BERGEE
X b Ree400.0625mg/gbw. & Lz,

iR & 5FU o ff A% R >\ Tidin vitro
TIHEHEHERCTE Y, Bagshaw?H 5 1%
Berry?® & 13 Hela # /i o 4 42 SRl 7 D {# & 235
FUDREW LD, BLTAHHF LY, MEIHEED
WIERLTVWAS EREL T2, ML,
Lawry®, R&)I1?5EHEOERCHENK TS
BUTEEMED E V& LT\ 5,

SEOEBRTIRFig 4TRT L5, XB+5
FUBoBEDFEHI X BREHMF L EFETTH
b, ER.(TRT50/7CLH#D i, 1.22T, 1,500~
2,500rads O CIHIRIE—ETH o1,

ZDRERDARTSFU O X FicX+ 5 1ERA 2@
Tz gL D, < &Y, 5FU SR
1z hypoxic cell % % \~ % aerobic cell \IZfFH L T
WHRRHIEWEZ X bR,

3) IV=HYV—IE5FU OPFRHE

3V =Y - AREERAOERE#D S, Vb
@ % chemosensitization 12 B L T i3 4« 0 HL iR
FicBT 2 8MENH 51020

Lo Lighib, HmfofEcty, X, #H
LicEBREEIZ X b, % sensitization DFEDH
HZVIIEREREILELTHD, BEhE, ToOF
fliixz—E T\,

Tannock!i%16Cmammary carcinoma ¥ X O

FEF604F 9 A25H
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KHT fibrosarcoma @ —f&T5FU 0.1lmg/g.b.w.
E3v=4Yy—nlmg/gbw i BtH L, growth
delay ##H4 5% L b, IV =XV —viciE
FE o sensitization DIEARH - 7o LT3,

%, Stephens 53 Lewis lung carcinoma %
F\ 7z survival curve TSFU OfEEZ, 3 v =4
Y =Mz X b enhance Ehiz EMEL T 5,

&, 5FU 0.125mg/gbw.ic i ¥ =&/ —n
0.5mg/gbw. kT 2%k b, TRTS0EH
6.7+0.5H » B9.5+0.6HICEEE L 7z, 5
FU0.0625mg/gbw.& § ¥ = & ' —a0.3mg/sz.
bw. oA TILHRAGRERD bhltho i,

Twentyman'®i¥ cyclophosphamide & @ i
T 1V =& Y —Ad chemosensitization L 3 ¥
=gV —roEETEEL, 0.33mg/gbw.kl
T ¢ i3 sensitization 1L{E 413 L fo\ o ASIEE I
3B LTk Y, 4MH, 5FU 0.0625mg/g.b.
w.& IV = & V-n0.3mg/gb.w. T sensitiza-
tion BB R oDl I V=8V — 1D
& EBERTAMS Litinw,

= @ chemosensitization @ ¥ f 12 B8 L T
Law'®5 %\ i& Martin'® S &4 gEHF NIz X b ik
52 bhic PLD 0% : v = &V — 531
FTHO TR LR, iz, Smith B2k 3
Y=Yk sfilRR O EERESH E0
WA & chemosensitization & o BI&# % 7R L T
W5,

®, Tannock'®. cyclophsphamide Ok H 5
WIESRR I V=AYV ALV ERBEEY
h, BAOEEKA ST 2EHEBDOE L
chemosensitization DBIRZMEL LT\5, L
LIt b, WTRBEERNR b O, B,
o, FHMITRHATH B,

4) X#, 3V =4V —N,5FU D=FnHA%
e

Fig. 4R T X5 X+ s v =&V -1 +5
FU #1=1x1,500rads LA F 0 &1k Tid X 845
FU®, X+ v=sfVy—-rBPHLhKRk&i
growth delay 3@ btz Lo Lighib, 1,500
rads L EOBREB CHR=FEML XK+ vV

=XV — AL OBICITENTED btk - T,
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ORAIL - & b Liswdd, Bif &S ogrowth
delay 1% 3 ¥ = & ¥ — A @ hypoxic cell iz 3t
THBOBRORMOFHFCAE N EEZ RS
7eDSFU DR BEE T L E o - TTHEMER B
h, MITEREBRO growth delay icix 3 v = &
¥ — @ hypoxic cell iIo33 % HIELHF 0 Kk
PN I B D5FU OFERBE LI - 1
DT EEL S,

fi5, ER.»BH R 5 &, Fig. Sicmd L 5 ie=%
HABDOEREXBHSFURR L X+ 3
Y= E =0 EROW EIZIEFSED, KL,
IV =Y - ESFURThERBI LT X #
ZERL, Z0BRIHEMYTHB L E2 RS,

LixLighb, SEOHBFITEROAB X 51T
BEEBIZL->TIE: ¥ =&Y —Ai35FU o
[EE R % BT 5 39 5 chemosensitiza-
tion DIERMFIET H RN D D, TEDIER
I EWET AHEIRTE o,

X, Fig. St bh sk 350 ABD ERA
EREHRTIRMCAE S -Txh, ©EHW, &
RMECBRHLTOBRERCOLANIE I L
5, ERloREE, BE5E BRESLL2ED
T, SHOBRINELE S bhb,

V. #% 8B

C3H HAREAE LA\, g, 1v=%
V=, 5FU OfRRIZ>EHA L, KOER
E.

L B E 3 v =8V —10.3mg/gbw. 2
RA¥azdicih, 1.690 ER(TRTS0/ 7 Tk
BaEL. LITRR %18E,

2. BUH#R £5FU 0.0625mg/gbw. % 65 5%
Eizkbh, 1.220 ER. %757z,

3. AR E 3 v =4V —10.3mg/gbw. 5
FU 0.0625mg/gbw.0=E % H3 5 = 2 it k
h1.900 ER. %157,

4, =B ABED growth delay (L + 3
V=&Y — AR L, 1,500rads LT o
TIXAKE <, 1,500mads L\ FofREE ¢, 3
FETH -7z,

5. 5FU 0.125mg/gbw.iz 3 v =&/ — 0.5
mg/g.b.w.k §ff Lic#, growth delay DiER
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