Osaka University Knowledg

Amifostine, Misonidazolef}ffEIC & % EERIIMETIRE

Title =
Author(s) |22, &
Citation |HAEZEMEHEZESMEE. 1983, 43(4), p. 613-621

Version Type

VoR

URL

https://hdl. handle.net/11094/18630

rights

Note

Osaka University Knowledge Archive : OUKA

https://ir. library. osaka-u. ac. jp/

Osaka University




IRF584: 4 A25H 613—(85)

Amifostine, Misonidazole §f 1= X % £ RIAHE

S8 A 4 v & ~FRBEHAHR A TR
F L B

(BEFNS74 5 B13HFAD)
(RRFNST4E 7 A 16 B A EAMZ M)

Combined use of Amifostine and Misonidazole in experimental radiotherapy

Iwao Tsukiyama.
National Cancer Center Hospital Dept. of Radiation Therapy

Research Code No.: 408

Key words :  Radioprotector, Radiosensilizer, Misonidazole,
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Combined effects of radioprotective (Amifostine) and radiosensitizing (Misonidazole) agents on
normal and malignant tissues were studied. Two assays were used : ED50, the dose nessesary to induce
complete epilation in half the irradiated mice: and TRT50, the time required for half the irradiated
tumors to decrease to half th irradiated volume.

Irradiation was performed under air-breathing conditions or tourniquet-induced local hypoxia.

Four methods of treatment were used, the first group of mice received no drug prior to exposure ; the
second received 200mg Misonidazole per Kg body weight intraperitoneally 30 minutes before exposure :
the third received 200mg Amifostine per body weight intraperitoneally 30 minutes before exposure ; and
the forth received both of these drugs as described above.

Under air-breathing conditions, a greater radioprotective effect was observed in the mice treated with
Amifostine alone.

An unexpectedly great radiosensitizing effect for normal tissues was observed in the mice treated
with Misonidazole alone.

In the mice treated with both drugs, the sensitizing effect of Misonidazole against normal tissue was
not evident. Only the protective effect was observed.

Under hypoxic conditions there was no effect on normal tissue protection when the mice were treated
with Amifostine alone and higher radiosensitizing effect on normal tissue was observed than under air-
breathing conditions when the mice were treated with Misonidazole alone. No radioprotective effect
were observed with transplantable mouse tumors when the mice were treated with Amifostine alone.

A greater radiosensitizing effect was observed with fractionated (400rad x5) irradiation than with
single doses (2000rad x 1) when the mice were treated with Misonidazole alone.

Highly radiosensitizing effects were noted under hypoxic conditins than air-breathing conditions.

Similar results were obtained in animals treated with both drugs.

These results indicate that Amifostine does not interfere with the ability of Misondiazole to sensitize
tumors in vivo, and Misonidazole does not interfere with the ability of Amifostine to protect the mouse
skin.

Both radioprotective and radiosensitizing drugs may be used in clinical radiotherapy.
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HO2BCHEL o0, MR RS 2
DRIL D REFEZBC TR, BHEHETWEE
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3) EREH
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4, S$-2-(3-amino-propylamino) ethyl phosphor-
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kg RAEINCIEERN S Lk,

4) RERAEFR DREAT
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BREDBEIN, BEZBCLONELTHD
FBT 502l T 70D, BHEEE~Y 20H,
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Epilation dose) T 7 H50%D#HBEH = v 212
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4—2) TRT50

TRT50 (50% Tumor Regression Time) B,
BIBAHES D LB DR D K & SO 5Ty
THORMDBILAROBEBIRDOT EL, =V A
DEKREET B S W - EEMR A EE L, i
12mm E£E (900mm?) DOIEE & is - f R fBE %
A L7, BHBEHEREC 3 TROERL /¥
A TH LBEHER L kD, BELEMAGL
LT, z/6XaXbXcimtRdiz, 22 TDa,b,
CRE{EERTHD, ZOEEFAEYBHEDBH
LA 75 7 Fic7 ey F L, BHEOHE
BoXFefd T sEcoBYy 757 L bk
Dic, REREOEEO Y5 MEd LI EE O R
BORY, BAROBHBK L LTk, ol
X b logit Z#rEEIc T TRTS0% R, 1B
=9 A0 TRTH0D GHIc10ED =7 A% HFH L
7z,

II1, RERER

FBHE R o BT 1T Amifostine 123 L T,
Dose Modification Factor(DMF), Misonidazole
2%} LTk Enhancement Ratio (ER) & i
FxOtA LB e EE Al LTx DMF, &
BB LT ER 2 AW TR % 1T - 7e.

1) EEHEgTT29R

EEEAB T 5 %R o#ish: ED5S0% v
Tieote, EBRFEZ, 1) WIEH, 2) Amifostine
BhE¥, 3) Misonidazole %, 4) Amifostine,
Misonidazole Bt D 4 FEZ 2\ TITiRw, £
& % 12\~ air fBS, hypoxia BEH & 1T/t - 7z,

a) Amifostine B 55 (Table 1)

air B4t o ED50I 3 B8, 2699rad, Amifos-
tine, 200mg/kg $¥5-#f, 4464rad, DMF, 1.65T
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Table 1 Effects of Amifostine (200mg/Kg) on
radiation-induced epilation of mouse skin

X-ray condition i it Hypoxia
Control 2699 (2127—3322)* 5797 ( 732—4347)
Amifostine 4464 (3494—6002) 4710 (3924—5646)
DMF 1.65 0.81

* 95% C.L.

ED50 means the radiation dose which yields complete
epilation in half the irradiated mice.

Table 2 Effects Misonidazole (200 mg/Kg) on radia-
tion-induced epilation of mouse skin

X-ray condition - EDal -
Air Hypoxia
Control 2699 (2127—3322)* 5797 ( 732—4347)
Misonidazole 1732 ( 826—2661) 2489 (1778—3226)
ER 1.56 2.33

*. 95% C.L.
ED50 means the radiation dose which yields complete
epilation in half the irradiated mice.

B,

hypoxia B8 & € 13 % f& ¥ 0 ED50135,797rad,
Amifostine, 200mg/kg # 58, 4,710rad, DMF,
0.81CH b, Amifostine O IE M3+ 5 %R
% air B4t CRAEREYOFESORERTH -
T Hi a3 Fe Bl EE HVE & to, —JF hypoxia RS T
4 BFEE BRI R b Tn o T,

b) Misonidazole B 55 (Table 2)

air f& & ¢ 1% Misonidazole 200mg/kg # 5 B
@ ED50, 1,732rad ¢ ER, 1.56, —77 hypoxia &
4 -C 1% Misonidazole, 200mg/kg ¥ 5% o ER50
132,489rad T ER, 2.33Th -7, Z DR,
Misonidazole X [E¥55 %2 i % B 5 BEM o Bt e
LCHREIERI 2R L, £ D%RE hypoxia f4T
IO KThote,

¢) Amifostine, Misonidazole §it /i # 5 B¢
(Table 3)

air JB 8¢ T 1 W E #|, 200mg/kg # 5 B o
ED50, 3,576rad  DMF 1.32, hypoxia &8
FEF, 200mg/kg ¥ 5 B o ED50, 4 ,243rad
T DRF 0.73T¢H - 7=,
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Table 3 Combined effects of Amifostine
(200mg/Kg) and Misonidazole (200mg/Kg) on
radiation-induced epilation of mouse skin

X-ray condition i ED50 Ty
Control 2609 (2127—3322)* 5797 ( 732—4347)
a’]';gz‘;;nge 3576 (2463—5075) 4243 (3194—7977)
DMF 1.32 0.73

* 95%C.L.

ED50 means the radiation dose which yields complete
epilation in half the irradiated mice.

COFER, air BHTCRAEHANOHHICL - T
Misonidazole @ I % # #1256 3 % BRAE B 1.4
s, Amifostine BB X b b PEHRIET
LTWwaA, ToIEFERBT 50D RIz%
thiTias,

—7J7 hypoxia f& 4 T Misonidazole B iz X
LRGSR L D ETTH8MEOHRICL T
b i IE AT 5 R R AR S R,

2) BiEE T 2R

ED50& iR DABED RBRBE X F\ THRR % 1T
iz o, REHRER2,000rad 1 ERS, 400rad, 24

BAEFHAHFRMIE 438 H48

R IR 5 B SRS TiT L, FOL& 4
.2\ T air B4, hypoxia B %1770\ 5168
OWTREZ T,

a) Amifostine #Eihl 55 (Table 4)

i) air @4t

@ 2,000rad 1 [ER 4 : 5§ BEE D TRT50i
8.11H, Amifostine, 200mg/kg # & B © 1
TRT50129.04H T % D #& & DMF 3X1.11& 72 »
ool

@ 400rad, 5ESEIRBE ; FBRED TRT501%
7.44H, Amifostine 200mg/kg #5-#, 9.07H T
T DOiER DMF 1,22C&4 - 7.

ii) hypoxia f&5t

@ 2,000rad 1 [@ 85t 3% & © TRTH0i
8.77H, Amifostine, 200mg/kg L&D TRT50
13.8.99H T OFER DMF 131.03TH - 7=,

® 400rad, 5 EI4-E MR ; Xt BEED TRTS50
(38.71H, Amifostine, 200mg/kg#% & ¥ o
TRTS501X9.06HTH b DMF 1.04TH o7,

Z DOfER, Amifostine BIhiy 513, air B,
hypoxia 436 1 EIfBS, SEIBEHO WA
v b BIERER R U CBIER @ g\ EEA
mEhic,

Table 4 Effects of Amifostine (200 mg/Kg) on single or fractionated irradiation of mouse mammary tumor

TRTS50
X-ray condition Air Hypozxia
2000radX1 400radX5 2000radX1 400radX5
Control 811 7.44 B8.77 | 8.71
Amifostine 9.04 9.07 8.99 9.06
DMF 1.11 1.22 1.03 1.04

TRTS50 means time required for half the irradiated tumors to regress the initial

volume.

Table 5 Effects of Misonidazole (200 mg/Kg) on single or fractionated irradiation of mouse mammary tumor

TRT50
X-ray condition Air Hypoxia
2000radX1 400radX5 2000radX1 400 radX5
Control 8.11 744 8.77 8.71
Misonidazole 6.71 3.92 7.10 3.73
ER 1.21 1.90 1.24 2.34

TRTS50 means time required for half the irradiated tumor to regress the initial

volume.
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Table 6 Combined effects of Amifostine (200 mg/Kg) and Misonidazole (200 mg/kg) on single or frac-

tionated irradiation of mouse mammary tumor

TRT50
X-ray condition Air Hypoxia
2000radX1 400radX5 2000radX1 400radX5
Control 8.11 7.44 8.77 8.71
Amifostine+ 5 :
Misonidazsle 6.90 4.55 6.55 5.53
ER 1.18 1.64 1.34 1.58

TRTS50 means time required for half the irradiated tumors to regress the initial

volume.

b) Misonidazole B3# 58 (Table 5)

i) air JR5

@ 2,000rad 1 @RS ; Misonidazole, 200
mg/kg ¥ 5 o TRT501%6.71H, ER31.21T
ZJ > ﬁ:,

© 400rad 5 [E%-€IFE%t ; Misonidazole, 200
mg/kg # 5 # © TRT50133.92H < ER1.90T
Hoiz,

ii) hypoxia fB&t

® 2,000rad 1[EIf&& ; Misonidazole, 200
mg/kg #5-F o TRT50137.10H, ER31.24C
B,

@ 400rad 5 @45 EIfBS ; Misonidazole, 200
mg/kg # £ # o TRT501%3,73H TER, 2.34T
&%, Misonidazole By 5 Ci% 1 BIfEBS X b 4
BB & T X air BET X b hypoxia B & ¢ B %)
RORBLABDLRT W3,

c) Amifostine, Misonidazole fif Fi # 5 B
(Table 6)

i) air B4t

@ 2,000rad 1 I8 & ; 4L B © TRT501%
6.90HTER 1X1.18TH - 7-.

@ 400rad 5 E15EIRS ; MEFEDO TRT506
4.55HTER, 1.64TH - 7=,

ii) hypoxia fB5¢

@ 2,000rad 1 [E1FB &t ; 4L {8 B » TRT50i
6.55H, ER (X1.34 % 757,

@ 400rad 5 E5EIM@S ; AEFED TRT50i
5.53H, ER, 1.58TH -7z,

COFER, 1EIBE X H HEIBE TR

# V24X Misonidazolo BB SR L RiETH
D, Z®ER EPRETFLTW5BM i+ inhs
BEREIBBHRTW 5B,

Iv. & %

i B £ Amifostine © & & h 5 DMF B O
Misonidazole TE5Hh 5 ER 22 & 41.2TH % &
R3E T % &, B E1.22=1.440 therapeutic
gain /LN B FTH 5,

Bl 2.136,000rads 6 BEIDIGIEA 7 & = — 1%
P & i, 6,000rads+1.44=4,166rads CHEE;
HMucR LTS E b, ERESRL T,
6,000rads X 1.44=8 640rad DB Iz 2 5 3 &
WHEIT S,

WFEHIGF F 0 213 5T D therapeutic gain %
BERICBWTELZ L id b, SEOERERY
Amifostine, Misonidazole & « 8 il J% OV & %
DRR L2 b D B35 IMayE R4 B U 2 THE
LT&iz\e,

1) Amifostine ME5HELHR

— R B AER D ESIRIG R L 5 2 & A
S IEE MM LT FO/EH 288 < EI5H
LT FDHREREBIER VD B i
HoTHRERBBALI BboThRIThE LB
U,

19694 Yuhas %% Amifostine @ Ff # %) 8 1%
= ADIEEBABCH LT, BHIFELHEL L
T, DMF 2.7, [E#HEM1z%f L T ix%trans-
plantability Z {582 & L T DMF »31.15 & 845 L
TLIK, w35 differential protection % 773
PraiR & LCTHER ShBEE oBER LI T



618—(90)

)b 10)~17)

2 13119784E 1 Amifostine DB ELY R IO\
THELLY, roERTIT400mg/kg DFET
ED50(3 air FB4 i3 DMF #32.09TH - fz, A&HE
BT\ Ti200mg/kg & REIOSo i v
723, DMF (11.65 & 123 S h BB B2
R E Rz, fili5 hypoxia fEE T Table 1 i
VIR T e (& N Al

EEASS L Th 1 EfRS, SEIRs3HE
IR BRI D ik Table 4 iRz TH
5,

2) Misonidazole ®¥RKIHRE

196342, Adarns b %% hypoxic cell @ i B f8 &%
ZHIHEAOETFRAMELBARLTVWEZ LR
WL TLL3E, &« D electrom affinic com-
pounds DHERAEH M & h, T3 Misonid-
azole 2285 RN EE CEEIIRL ©
OHEBFEA LI\ &2 BER ThT v 5 HEH
ThH5.

a) EEHEMTT 555

Denekamp (X WHt/Ht i = v 2 » HF fh i
1MeV @ & F ## (1,500rad/sec) % & & L,
Misonidazole @ #5817 S im B T EM D
EEOREY FEMilas v — v OLFERVIFEL
LTHRELTWA, Thickhid, EFEF AR
T CHEA.25mg/g DH 5T ER 132.22 &L HR%
BERBHT 35,

M Brown b ¥*'C3H = v A I Misonidazole
% lmg/kg #55, HBEICTE« DB OFREY R
B, B ORIGOBREY 2 2 712X - THEL,
TR % RA 30 AT 53 5 L RS RHRD b
h, ZThIBRERCTHEETHS LHREL TV 5,

SBIOEBFEETD air BH T TER, 1.56,
hypoxia B T T ER, 2.33: #EHER A bR
T\ 5,

Stone, Withers 52X DD50, (50%® = v A1
moist desquamation 2 Z THEE) XI&FL, X
MREE, 4,780rad i L ALE R, 3,980rad T ER,
LAELBREYDBRZFEDILHEEL T 5,
Misonidazole D #HEH RN EEHBCTLED L
haZ i, EFEMAGhcbERBRILFETS

HARF IO RESMEE 8438 B4 5

TERTRTHbDEELZLNS,

£ DO T air BBET ER, 1.56, hypoxia
BAFTER,2.33:L B IERGRIE Hhi, -
RLZOBEHRIERE > ZH O D O TESE
DEENT X » THRAER P STy 5 ATHEME
BHB,

b) EEEES T 553

Adams B220% V79-379A #l }g % ImM s X O
10mM @ Misonidazole THE L, EE» % 95%,
IREE T A5% DIEIRTR T B 0225+ T250KV o X
FRIRSH & 1T Ve - 7o Re D IR 0 AR BR iR A SR DK
B3R TOXRARE L HBEGROBMRETRL, EX
PR T TSR EBD bhic\ s, EEBET
CTEBREBHRELRTEHEL TS,

X, Sheldon &2 WHT/Ht = 7 2D {lIFH
Iz MT tumor % BHE 1.80 B #I1Z250KV @ X ## %
FAWCES > EBE L, TCD50, Bl % 8 e 5t EE o
50% A Ml S & 5 DICHE R E CTHRSR LR
HLTW5, TofR, WE#o TCD50, 7,900
rad, Misonidazole, 1,000mg/kg # & ¢ ik
TCD50, 3,800rad = ER 32.08&3EL T 5,

EEZOEBIEFIT 1 BIFRS T air B o ER,
1.21, hypoxia BE G, 1.24 & hypoxia FBHT
P 7 ER OIS 5T,

SEIEE X BRI 2\ T, Denekamp
B2 CaNT ML 7o = ¥ 2120.67mg/kg
Misonidazole % 1 [E], 2 HfJic 2 B, 9 HREIC 5
Eo 3FCTEL, RELEAT 2 TR LIES
DEHEO B L BREOBIRELBF LR
b, AULBHRELED B, FEEED L EL
D KRELBDETH S LTV 5,

Fowler 5201 C3H ~ v R FJEi1c 1 BB H I
O 4 HREW 3EIE5E, 9HARKsSEO R &
< a — b C Misonidazole %#0.67mg/kg # & L
0B X SR RS & 1T i\ B D e M RTREME %
fEEE L LT 0% RE LB L T\543, 1 RS
D% b BRI RO LR RE G EHREL TV 5,

Sheldon 529 % - El[@ £ 8807 i ER &
TT 5 LT3,

CRREE RS S hicBk D RS ¥ Toic
reoxygenation 2N Z 54, o T 1B D BEER
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EXRPRRThEBHBRCL-THEHEEL I T3
hypoxic cell D H i e H B EHMBP ST
D,

fib 7 D REFE R T, hypoxia RS THIR
BRPECDIEGERDOME &£ —HT 54, air @
&4, hypoxia RS I 5 EIfR S CHEIRRZHEL 1 B
BHI VB HOERTHS, ShIKERICH
7o lE% » reoxygenation 23 Wi = s #'H
DHDTH o Tokh, BILBEERE & EHRRS
i (5 ESEBE L 1 BRSO 5 f% 0 3HI»E
Lxhs) OBBRTER BREIhBEIE L
R LRI S, ¥, hypoxia it X 5 ER oK
boERH TR IR L EBRL T Y BEETH
5,

3) BhdHl, BRAGFANIR

Hall 5%t V79 Chinese hamster cell % f\»
T hypoxia 4= F ¢5mM ® Misonidazcle F ©F
5mM Misonidazole & Cysteine THMEL, “°Cor
RS L ofifan e mRigs b, BET
(% Misonidazole D& R i Kichbh b &5
BREBNTS,

—77 Yuhas %1% CHO-K, Chinese hamster
ovary cell % B\~ T, Misonidazole & Cysteine
OHtHOBHREBE LT\ B, air £ T TR
FHOGRAI X - Th, Cysteine B & i2iFE L
EERMEBENES R, hypoxiae tk T T 1
Cysteine (LB #%h R i3k e b B ZD B HUR X
hic iR Tw3,

X Yuhas 5**i% Line 1 carcinoma #&4E L 7=
BALB/c = v AlcfE« DR O XL BE L, B
E28 mm 2 H12mm KT 5 HE R e L
LT, Misonidazole & Amifostine §fH %R
DLTHRF L TWwhb, W3 o ffH Tk Misonid-
azole Bl X 4 D XA B W7, Amifostine Bfh
VX PRRE & AR O M & s LEIBEE -3 5 Bl
EHRIBLALE N ERRTB,

EHEBTHL TR, =Y A TROBELGE
& L 7284, Misonidazole B i © DMF, 1.0,
Amifostine B¢ DMF, 1.66, WEZoOftH T
DMF, 1.63& Misonidazole (Bt U T B4R
BRERS I EBRT B,

619-—-(91)

Sodicoff H X395 » + © M B G T X I B
Amifostine @ Bf 3 %) & 13 Misonidazole ® £ Fg
CloThbkithbhitwEHEL T3,

W Grigsby b4 R# i Balb/c = v Ao n
e 3E 1= % 4 5 Amifostine & Misonidazole @ fif
Rz T LTy % A, Misonidazole i
Amifostine D B5#ZY R A BHE L 7z\ Lk~ T
5,

IEFEBC T 2 mER ORI T35 4
@ o> SEEARE R 1k, Misonidazole B RIC air B
5, hypoxia BRIt ic & i bt B INRE RN B X air
B cizdkhbh, BREBFEHENTRI i,
hypoxia JBH TR BIEFARIHBRI D &\
HRERTH -,

—75, EEMScH LT, air BS, hypoxia
gt 1 EERSH & b SEIBS THE GCERES RS
RENTWSD,

IhBOERERNSLBE Y, Misonidazole
¥ Amifostine @ F-oIEH ko513 5 BF i sh 5
EERT, (air B4, Amifostine i3 Misonid-
azole DEMEER T 2 HEIEA 2 HE L v
LEZDIS, - THEFOHRZERINIL
AETH 5,

REEFOCBEERC A bh TV B 5B
IhbbinETOFERRELLRS,

e LB RO R, £BIES & m3ER OB S
FHELCOWTLSHE BIBRHOSLERD A 5,

& BITHGE, Misonidazole X b b BPEAME < 3
BEBEOE W EWwbh B, SR-25082%), (CB-
195497 & DFi b LU HEHIS S S h, £ 0%
BB I h TV, ZhbORERE L By
BREGRE L R L ERD BB L Bbh b,

V.#% &

1) EgHE# T 28R

a) Amifostine 8 i CI1X C3H/He = v A ®
ED>0% 58 & L 7= B i 4h 5L i air JB 5 © DMF
1.65, hypoxia B4t¢ DMF 0.81 ¢4 b, hypoxia
RS TBERRIRD Hhisye,

b) Misonidazole B3, air BTk 5
ED50 ER %1.56, hypoxia &4 TER, 2.33T
F I R R A FRD b, % hid hypoxia BH T
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IVHEETHS,

c) MEHOGH T, air BEHZk13 % ED50
@ DMF (%1.32 & Mistoidazole B ¥ 5B o TF
WA T B BRME RIS & LBy g R
REN,

2) BHEES T 58

a) Amifostine B &5 ¢ air JR&, hypoxia
Batd, 1EIREH, SEIES O mENz b b
TRHEEDRITTRD by,
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