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‘The hypoxic cell sensitizer Misonidazole (MIS) was considered to sensitize the hypoxic tumor cells selec-
tively. But some recent data suggests that MIS has a smaller sensitizing effect on normal tissue. In view of this,
the experimental studies were performed to investigate the effect of MIS on anti-tumor activity of immunized
rats that received total body irradiation (TBI).

Male Wistar strain rats that received subcutaneous transplantations of Yoshida sarcoma cells (Y.S.) were
cured at high rates with Tetramethylthiuram disulfide (TMTD), and at the same time, they acquired tran-
splantation immunity that resists completely retransplantation of 107 Y.S.. When these immunized rats
received TBI, they lost their anti-tumor activity and died of the tumor after intraperitoneal retransplantation
of 107 Y.S.. The mortality rates varied depending on the radiation doses of TBI. In immunized rats with TBI
alone, the mortality rates were 0% at 450 rad, 12% at 550 rad and 44 % at 650 rad. On the contrary, in im-
munized rats with MIS (0.5 g/kg i.p.) plus TBI, the mortality rates were 20% at 450 rad, 41% at 550 rad and
65% at 650 rad. The radiation dose for 50% abolishment of anti-tumor activity (50% death radiation dose)
was 690 rad in immunized rats that received TBI alone and 580 rad in immunized rats that received TBI with
MIS. These results suggest that MIS caused enhancement of radiation damage in anti-tumor activity of im-
munized rats. The enhancement ratio was 1.2.

Then the neutralization test was made to investigate the effect of MIS on the anti-tumor activity of
peritoncal exudate cells (PECs). Each PECs from immunized rats with 550 rad TBI alone and with MIS plus
TBI were added to Y.S. and incubated at 37°C for 30 minutes. The mixtures were injected intraperitoneally to
untreated normal rats respectively. The PECs from the immunized rats with MIS plus TBI did not inhibit the
proliferation of Y.S. sufficiently and the survival time of the untreated normal rats was shorter than those of
immunized rats with TBI alone, MIS was therefore thought to damage also the anti-tumor activity of PECs.
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MRS A FIR L BB SHE o BP0 09,
TREREE % v 7 BRED Y B S VILRA M ARAT
TORH”, MEFOBFE, FRAOVLEESES
¥l Zhicd, SHETO L AEEH
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Misonidazole 1%, TTFHFMERF & U<
MEGMRBMLLE LTV B Z En b, EFEFMN
WA E LTHEL - L bR STV 510,
ChETogd { 0L, BEEEMATS O mEoR
T I IR T o B SRR KA SRR 13 e 3
FELZIh 5l ®IiC L LT, Misonidazole | fy
s HRBEA I XD BT 5 05, I
PR A — B HL B {07 SR L A S
WABL ENTEHD U 58, HR
DREE LMFRESMET T 5 &, BEARICH -

AREFHRMMFELEMET 545 B12%

Tl o Misonidazole 4, #ifff Uiz & X - o
Ao E e s, PRtshs, Liat
- T, BEH—EREZEET 5 L, KEEER
BRI 0> 77 0% ML o> B 88 e SRS & 0 o YREE A < A
Lol feh 55, X5 Misonidazole
VLEIR R M D 4k BRI RS 2 1 E D b T

IR 2 o AR SR SR IE < Ml
Penidp B o EDEE S htc & L B0 prat
PIGHE Lo FRE RS H1 §E 5 2 LA RS h
;EJ 34]25).

—7Jf, Misonidazole (2% fiffaEM:»H 2200
&b, BRIEHCHI-T, ZoENELR
A& hite. Lo LRI BEEHS T HEB o
FERTrE, AR S 7 & 0N R R AR o
FEHE L EhE NG 2%, T.2% EEL, kL
BEBTH -1, FloHLBER, RBE, Rk
E & o PR R E LA O EIER L s o Fo =
D, FEIREE 1 HRAB TP Th 5.

& 25 TR RHAERC b 2 b b
BOAHRERE L & VR &\ o T RFTRIEC X -
TRRICHER LT\ 5, & i EMIE o aRhc
BEOMEIFEBECHEE LTS L RRgT S
LT, BHEEE ORI W RS 3 BIR
IET DTN Liaals T,
MR RC Misonidazole %35 = &1 Xk
D EPTHIEEEY O & HFRCL, BHEoLERIL
ok U BB Y Bug 3 ¢ LicichudiBiiR o )
Lk, 2 e, BELEO FISL B ok
Lo,

GlEEE G, HEOAFRIE &  CHES M
FiE4 Misonidazole @8> CHEH 2 H
BYC, P L CHUIE T A M A g
7y FERCTRBRIIE L B 2 i o o) TR
T

. HHEB&URE

RIET 5 b P RIET b OFFREE S 2T
CIRPE LA HERBE TR o e %%, i
o, hHEF120g o Wistar 7lfit: 5 » - 09
BT 10°8/0. Iml oFHAEME 2B L, [
IR 2B 7 B B ch s
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TMTD (Fig. 1) 15mg/0.3ml % & pHiciEA S
%o TEIRZEMEEEIEC Bl b B A TURE LY 2 R
THEERIT 5. Dl Eo#Ec X » CHHAEC
5 UCHES 2 Ee Ldle T » P RRIES »
bPELTHERICHE LA, Rk T, fiEs
v kA0 m] o HAREREE O YA
SERICHEMT S & &R IR Ui (Fig. 2).

Ce Hiz N2 Sa M.W. : 240.44
Ha C CHa
:>NCmS—5—CN<:
Ha C i i CHa
s S

Fig. 1 'TMTD (Tetramethylthiuram disulfide)

Male Wistar Rats

- Y.5. 10€/0.1 m2
Subcutaneous Transplantation

4 7 days later

, TMTD 15mg/0.3 m&
Injection into Tumor

‘ 14 days later

Ulceration and Cure
Y.S. 107
Challenge intraperitoneally

Rejection

Fig. 2 TImmunization of Rats

i HI AN ARG @ 1 2« RBFGERT & b b4 210y
B CHEAR L UTHERB R LT 2 A
7o JEREER S b B EEEAIAE, 5 o ke
W CHIBEFR BB 7 5 P K R b Y AR T
MEEB &L DB,

TS BB Ve & O BB 7k © 7 2 Y A BUTIag
HiEFR L, FOFPES ., b &5~ TR
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A, JEEREE T CRES Uiz, MEShEZE RCR-120
Cl Halz = < v FEEE T, B HERIEERESOcm
b5 1t o e O O

Misonidazole : A4: % frif /K ¢50mg/ml o &
B L7c b ok, IRSH 1 FEIRNC 5 » MR EY
h 0.5g/kg JERENEE G Lz,

Jiile s Rl D BRI < M BE s A o FeL
i b AEAYRIEKEY 20ml & JEREN @ EEA
L, W < BRA K O BER NS TRE| LT,
COEERIHI2ELDELTF IR X
T, Ty PYDH 2~3 %10 O JEsE R o
I TH - e

HEET 5 L DEHIEIC X BB OB 4%
Bt g5 o Mo ik e350rad Hs 5 650rad
¥ COMBLLH N L, BbPESEOE TS
H MM 5 HEC10™E/ml o> 5 BRI A JE e
WG Ui, otk 2 HIBERE CBEE 217 &
WEEAR A E LRI o fise iR 2 8% 2 &
LIS, JREHEE O IC X A HIES O R %R
DEx, BHRPRIET » + O JEEEER T HE L
o, EBIZoFREM,  IEc Misonidazole
AOFH L, Misonidazole oHplEEtkic K338
MWy Uiz (Fig. 3).

60Cop ¥ ray ¥.S5.
Total body 107i.p. Abdominocentesis
irradiation
’ i N | '
0 5 7 9 10 day

Misonidazole (—) I . ’ . . _—
Misonidazole (+) | &iven ip. 60 min. before irradiation

Fig. 3 Effect of total body irradiation on anti-
tumor activity

NS0 H A e oD BTN 6 v 5639 % Misonidazole
DB (FhF1F A 1) @ Misonidazole ey @54
IR B, R S T B B e
Bitila o bUEE gy 5.2 b Db, BB
Wik Misonidazole o> By #he X 5 iy
HIBHEDE T X5 b DTh B R RET 51
BHRIT A+ &IT otz 4% 550rad JREFE I IS
J 0" Misonidazole @ffI40iE 7 « I OJEkEE: A
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iz iagt 5 HE i ERI U H A EM & in vitro
TI0: 1R L0100 1 OEETRE LK, 37°C
307k Licos, IEFWELE T » b EENC
b EL, [EREEEIH LB 20, H5\ik
NS il S PE S 5 hs & % Lie (Fig. 4).
¥ e EBAIC OV, s E To HE el
B N o FUEE A Ok & & Holiz Uic.

— Neutralization test —

Misonidazole (=)
Misonidazele () : 0.5 g/kg i.p.
Total body irradiation (550 rad)

Immunized rat;

5 days later

- Yoshida
sarcoma cells

Peritoneal -—
exudate cells

37¢C 30min.
incubation

Challenge intraperitoneally to
untreated normal rats

I'ig. 4 Anti-tumor activity of peritoneal exudate
cells

. #% 8

1. SBEShc X 5 HUBm T o #4

(1) Hagh e

4 350rad D MBS CLIPINERS I gL 4 <
pasd BT, JEMHF v v o2 B, B
Mg Hd Uie (Fig. 5). 425 450rad
DO cE,  —iltk JEEAN © By A b h
57y FLERBBRH (Fig. 6), $HilEEM:4
WU MBI Lics » Midxiel, LfiEH Lic
(Table 1),

L L4ty Wi iode 550rad $s 1 0F 650rad &

AR A2 BB 125

Table 1 Mortality rates of immunized rats that
received total body irradiation after retransplan-
tation of tumor cells

—Radiation alone—

o o | R | Bt [PA
ETH BT B B
550 “17 2 NN _];__i

B GE;J__ 13 .___“.8 44 ‘

KNS5 & @RS 9 » FOHBLL, sEgE
FRENIZY (/17), 44% (8/18) TH iz, it
BIEEE T » Mok, WHAEMESy vy o4 H
X DR HIUL T, FECH O K CUriES
Hedas Wt % i3 & A KRR HAE LC
fo (Fig. 7). —J, F+ Vv {BI4HLIEDSE
iR bl .

(2) Misonidazole 0.5g/kg JEJPEP 82 4 0F HI AT
Misonidazole % 4Lyi@fhc g L5 » +C
vk, RSB C IR SR SR B du e v 450
rad C4 FUEEMICT LIECT 200500 B h
fo. BEA B L, BUEEMO BT,
550rad -¢41% (7/17), 650rad T65% C(11/17)
&, RSB LT s §En LA, U
Fo, 350rad o 4= BEsEE ODFH B CX BlEE
DS FIEER Hlgh - fe (Table 2),.

(3) Misonidazole @$pliih v X% PiliEsi:
DL

o By WS B A- 550rad L -4 L L, Misonida-

Table 2 Mortality rates of immunized rats
that received total body irradiation after
retransplantation of turmor cells
—Radiation combined with Misonidazole—

Dose (rad) | g2 | Dean | e
350 | 5 0 0o |
| 450 5 1 26___!
s | 17 7 a1
650 w7 | o | e
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Fig. 5 The findings in ascitic fluid of a rat with strong anti-tumor activity at 2 days after the tumor trans-
plantation There is a strong infiltration of reactive cells such as monocytes, granulocytes and lymphocytes,

but tumor cells are not present. (Giemsa's stain, %200 & >400)
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Fig. 6 The findings in ascitic fluid of a rat with slightly damaged anti-tumor activity at 2 days after the
tumor transplantation  Slight proliferation of tumor cells was observed. Some tumor cells were attacked

by reactive cells and underwent degeneration. (Giemsa’s stain, %200 & x400)

-:Q' j“;‘fﬂo“@o & ’n"'
S | ) e

. o® ﬁ#.
- %;:' iﬂy« oqw
@ 0 2o
o8 W
f\‘J g‘ %ea*«i‘a‘
& D ew"

N z‘ibn"! LS ‘ ° _pom> a &'

Fig. 7 The findings in ascitic fluid of a rat without anti-tumor activity at 4 days after the tumor trans-
plantation  The reactive cells almost disappeared and the tumor cells showed such proliferation as if in

a “pure culture’ state with bleeding. Many tumor cells showed mitotic figures.

(Giemsa’s stain, 200
& x400)
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zole OFF LA 0.5g/kg L 1.0g/kg 1%z TH
fiz L7-. Misonidazole 1.0g/kg ffMBECIL, &HH
P A % RN G B LA BT % 5 » b
720% (1/5) Ao bht. i J@HERF+ LY
CHAETH -T2 4TED T o FIZDOWVWTHRT S,

FESZE L7 2 Ihix 3 b 5 ALIP & R sET
L, ¥HilEEHEOEFAY Misonidazole 0.5g/kg fif
BRI LTHAE Th o7 (Fig. 8). e L
T Misonidazole 0.5g/kg HiJh#F T4 % &, 5JC
Pia TR LEUESE O TR bhvinh - 1.

%
100 -
\-\—\———\_ MIS* (0.5 g/kg) alone
....... - \ Radiatien alone
i o —
\
g s % Radiation with MIS™ (0.5 g/kg)
3 T —
H Radiation with MIS* (1,0 g/kg)
@
0 5 10 15

Days after retransplantation of Y.S.
* MIS : Misonidazole

Fig. 8 Survival cwve of immunized rats that re-
ceived total body irradiation (550rad)

(4) BT X 2 S0 2L
REBFRAShFE 2 Misonidazole 0.5g/kg PFHEED
BEZHRMMALH L Fig. 9 02 {eh, 50
% BB SR T il 5 &, SRR
690rad, Misonidazole ffFf#f580rad * 7z b Mis-
onidazole #fHIC X b 110rad FgEEAHA L1z, T
Jc4>% Enhancement Ratio (31.2T#H - 7.
2. MEREE Mo FIEETEC X+ % Misoni-
dazole mEH (hF1T A 1)
(1) JEiesHff  SFHAEME=10: 1o
Bt
MEALES, 454 550rad BEELIs & O Misonidazole
0.5g/kg BERIGEIES v b D% N F RS HH
o & HEpEM% 100 1 (10°= 1 10°=) TR
FEEL, EEELES » MiICF» VY LI
R BTy b2 EHE TS ETO BRI,
Fig. 10 &< eh B TOFHAR B LT
BRI T h2h, 11.2%1.17H, 11.6%1.35

HAREFHRMRESERE HdaE g2

%
100y

N
\ \Qadiation alone

Radiation \
with MIs* ‘

T B §"1¥
N\

Survival rate

0 -
300 400 500 600 700

Total bedy irradiation dose (rad)

# MIS : Misonidazole

Fig. 9 Dose-response curves for disappearance of
anti-tumor activity in immunized rats

— Peritoneal exudate cells : Yoshida sarcoma cells s=10:1 —-

Untreated Immunized Rat

ok | R —
Immunized Rat that received T.B.I. IL 11.6 = 1,35 day
(550 rad) without MIS* b
t*“—_
Immunized Rat that received T.B.l.

9.0 & 1.27 day
(550 rad) with MIS™ (0.5 g/kg)

0 5 10 15

Days after transplantation to death

*MI|5 : Misonidazole
we T.EB. ¢ Total body irradiation

Fig. 10 Anti-tumor activity of peritoneal exudate
cells

H, 9.0t1.27THTH 7. ZOKROVWTH
Bo#kdT s &, p<0.05 THEOENRDH LI
7= (Table 3). F7cit, Misonidazole B
7 5 b OSSR BT AL R 5
5y bR LU HEIEET » b OIS

Table 3 Analysis of variance on anti-tumor
activity of peritoneal exudate cells

Variation factor df. | 8.8 M.5. |

: between the groups | 2 19.6 9.8 ‘
|S— A : . I
within the groups 12 | 24.0 | 2 |
= B NP, HS B U
Total 14 l 43.6 ‘

F,.,=4.96 p<0.05
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Bk LT, BHBICET Lic.

(2) MEiez R 35 Py g =100 : 1
DY

e i & o P iR O Bl G310 0 1T
BB LEF 55 M EDB R oot
¥, WHEO EEA100: 1 (10°= :10'=2) L
Tl D ERR 2 it 2.

BhEt20H B £ Co Bi% T4 5 L, WULER
#J o b o BN 2 80% (45) ©F vk
iR Lavfe., L L BEEMS » bk Lo
Misonidazole ffH 5 o o JJ§EEH#E <L,
EhER20% (1/5), 17% (1/6) &5 » DR
FLET Lic (Fig. 11, Lo LilifE7 » +
HFHEA i+ 5 L, Misonidazole ffH 5 o I
oD JIE s HE B o0 O 0% i 4 A o0 SR 1400
BAZ L A @ BT o RS o T,
BHHEISH B R Wi Lic ko b
(Table 4), MRGHHIRT » F OIS AR b

—Peritoneal cxudate cells: Yoshida sarcoma cells =100:1 —

=
Untreated Immunized Rat

immunized Rat that received T.B.1.*% 1

(550 rad) withcut MIS* 8

ized Rat that received T.B..**
(550 rad) with MIS¥ (0.5 g/kg)

0 5 10 15 20
Days after transplantation to death

* MIS: Misonidazole
#k T.B.1. : Total bedy irradiation
Fig. 11 Anti-tumor activity ol peritoneal exudate
cells

Table 4 Deaths at the 15th day after transplan-
tation of peritoneal exudate cells and Yoshida
sarcoma. cells (100 : 1)

|~ [ No.of
_| Death

I 4
(.€2.3) 1 (2.7)
4 2 :
(21 (33)| 7

Total 5 6 11

o

TNo. of
Survival

Radiation alone

" Combined with
misonidazole

1¥=2.499 d.I.=1ns ( ):expected value
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TlEFESY% (4/5) TH - t-hs, Misonidazole
R 7 » o JERE Hias 5 1333% (2/6) &
LFEROET2ZED B

V. # %

SlolER Bvie fE g o M, Miles Th
% TMTD QLB X b BT 8hi ol AN & e &
+, SRR MR S b ThY, C
5 LTS Uk BUBEBE o 3 H A fEMIE 10" @ o
WA ERENC 2T L S B R L 5 Bl &
BN bDTH B, T TIHHE»D VR L
Lo, BTy P Shi B
DiEE A — B S ik T 5 L oTh by,
b LT i g S ho b ie b, bilE
HERRESE S hiow. L8R X2 SN o &
TS HHX D IHBL, 7 BT %
7, JeEHE 9 HRRRT % LEEsRweLhE. &
5 LicBiiAy L L ER YA ERL, 4%
TSR O E I X D PUEEE OB R o 24 1
BEAZ o TR, ThERAEE LT Misoni-
dazole DIEf#AEE < Bl w258
wERELL X5 LRI,

%,EU’ g ¢ o %1};19330125;@ 5 L5, Miso-
nidazole {311 W MARIC 9 5 BHEMEHIE 7 <,
Lichio THRDOC Eiehih, M LT
L Mk S xlowThshH o L ELT KRy
Pk Lies, FAC LT SR e
Misonidazole 73 IEF#LAK e £ O Suiss LRSI 6
LR R L b h 2 E &4 T 5 2 & hmgd
5D TH -7z, Misonidazole % 45 1o 5Hc B
4 % &, Misonidazole Bijilids 2\ 2 BB S BASh ¢
pd bRl o ol 7 o P OPIEEIEOETF A
nedd Hivic. SBT3 % i h S h i
BAERL L, 50% Pl i sl i T Misonidazole
i &% B 2 B 35 L, Zoffis 1.2

(690rad/580rad) ¢4 - fo.

1EH k9% Misonidazole o B4R o
WL UTu, BW®m, S35, kg™, B
DB fe Lic kT AL on g, Enhancement
Ratio {X1.1~~1.5& &R T\% (Table 5), Var-
ghese'™ 513 (EIEH A O Z (@A H T %
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Table 5 Enhancement of normal tissue
with Misonidazole

System ll%glt]iaoncement Reflarén;é
Legskin | 1.0~ 1.3 | Brown (1974)
T VIR
— 1?__ Sﬁzuk:ezlagl;?)
it g | 15| S
_;a;wnecmsxs" I -1.5 -“I‘-i:endl"‘p' (1978)
Leg skin T 1~ 1.2 | Stewart (1980)
GnE s 1.2 | Author (1981)

L xR C\Fz Misonidazole o> {a eI LA H4>
FEo-Horts il LT L Mo lEleH+25 &
WMELTWA, 25 Lic IFRHEMC 2 HE
WEM R DA TR BRI b Bobhick
Arcangeli B3 LT 5, S HFEE
P21 %4 % Misonidazole O{fi FfFEERD B,
SHERFICH UC,  JRIVIIRRRE S % i oo Rl g 25
el LA & HBL L, 2,500rad~3,000rad ¢E
B e &5 % 2 i \WEERI b R b & iy
LCWw5.

Misonidazole @ FE AR 4% HEOM
ELTiE, @ (EERAMTAD A Tle { BRI HED
+or i b BEEER 265, @ {EREFEAM
B EFABNC S FEET D, @ BHEH Lol
TEMHT %, REOTEEIEL LR, #iE
DO, IEFEHEEPICERSEMIES A E T
5 E WS BT EHEBC k-T2 Misonidazole
DIGHE & B LT % 0t 4 30104,
HHOERFR T, Misonidazole offfrep L
DR X b, JEREHNCE IR R S ERESEIR
FBICBa\ - % W REME 2 2 { BWIET S b i s
V. L LA Yookt orE, T
N COIEFHAME SR Z &1 L i F 2l
<, IEFHMICH T 2 B8R Z OB O 2 TR
T HICILERD B S, Lichis THESED 4
Te Al UT & B e iR TR N~ L 2
LB EG o 10,

HARES N RS S 405 $125

YA PSS 0 (7 A3 SR ML 63 2 ;340G
KlEETH D Dh, £HCHT DB %
—AIETH D OEEIT BHIcwic, o5
7 v FORT, b\ HUEE Y E TS e
L < B B Mk kA RS A bk
fiote. 1D T » FBERIL 5 % M
WO BRIE D B Db F v VYO TH Ty + DL
WhHIRZ S D, JERGEMMI 3 H R =
100 : 1 &1y, Misonidazole S5 o o
NE e A D R 2 G b e s & b S IR & oo ]
WHBEE Nieh ot L L EHEL210: 1t
% & Misonidazole ffH] 7 » + o JFIHEE H
FEOEY L - T BE Xhiz, K220 Mg
Misonidazole @ B4z 5 B B o 20 1 5
EVIMRE Lbste e, Tl S EREE H A 18
HEHRCEIR Licb 0T, B85 HEEOME
ThBHice Misonidazole o T 0 BT HEM: %
w7

Clare 5?3 Misonidazole 12 1 b PHA il
T % Y v EROYF LRI FRECET L &
G LCwvwb. i Lindmo B XEASETF CHI
Ha @i o HIER 2 Misonidazole 1= % & &%
WG LTWB, 25 Licidir S mEM VR T
TR e 2 e B oD S 24 00 i o> B R S Ve
B BMEioRL TR T s holELLR
. FIPEROWE DL  DIBEEEN I Lk 1
BEDROIBEEE LCWicoic L, HiFREE V-
re Al O Bl RE R IR L L2 & T, b
/¢ Misonidazole @itk M X hCcHB sl
Eh#EZLS 5.

X LA 6T 4 Misonidazole oo A2
im T B, Misonidazole X [&] U nitroimidazole
Fo{baTH D Metronidazole ¥ & e Miso-
nidazole \CFEFEME & LTOIEHN B B0 L
LTl il bigy . Rostom®™ i3
B 5} % Metronidazole o fFH 35 &, IBEEFic—
BOL TR T2 & &= v AR
TEIELCv5b, 2D X 5ig, in vitro THJEYE
RTINS T L, in vivo TIREREEROHINE FE
BHT LWL, OO BICREWE &
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LTI 2 DR Tl <, 1EEDAE A
WL, WEFERLESHERLS 5.

BEoZ&EL, @ IEWHEMCH UTHERER
BHTHET D N HM Looks L, @
Y vopke PHA RSac 563 % Sha bRz i)
T4 LEH L HoERELY O ST
L, @ HWWHLLTOEREETBC Licd
DRRIFEHFORBFEREHET 5L 0D 5
5HDTHS.

L L Z @Ay Misonidazole o[ HIE I &
T TRERMEELIL D0 E D hofEHICOWT
ERE TR b, b, BIRIG
MoEEizi3 Misonidazole Oy 557 e T
ThHY, LrdRFFIREShTWERLY, &
BIOKBR L IMERFUERKE S R DD TH
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