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Radiosensitizing Effect of New Hypoxic Cell Radiosensitizer,
RK-28 on Experimental Animal Normal
Tissue and Ehrlich Tumor

Yuji Miyamato
Department of Radiology, Kyoto Prefectural University of Medicine

Research Code No. : 407

Key Words : Hypoxic cell Radiosensitizer, RK-28, Ehrilich
tumor, Enhancement Ratio.

The toxicity and effects of a new hypoxic cell radiosensitizer, RK-28 were studied using bone
manow death of ICR mice and tumor control of Ehrlich ascites tumors. The LD50/30 of RK-28 was ().83
+ 0.07mg/g. This agent had no radiosensitizing effect on bone manow death; the LD50/30 value was
8.53 Gy for radiation alone, and 8.70 Gy for combined treatment of radiation with RK-28. The effects on
the Ehrlich tumor cells were studied by the TCD50/90 method. No significant differences were found in
the TCD50/90 value between aerobic tumor cells treated by radiation alone and those treated by
radiation in combination with RK-28. If bone marrow death is an indicator of radiosensitivity of normal
tissues, RK-28 showed no enhancement. both on ‘‘normal tissues’ and Ehrlich tumors.

However, RK-28 proved to radiosensitize on hypoxic tumor cells. The enhancement ratioes of
clamped tumors were 1.63, 1.97 and 2.34 at 0.075, 0.15 and 0.3 mg/g, respectively.
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Fig. 1 Chemical structures of RK-28 and Misonid-
azole.
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U 2-Nitroimidazole 2D FEHCcH 5, RK-2813{
FICHEEIF T Y RBROFEETH S, RK-
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1. EFEMMIT(C & 230 REEBIERE (LD
50/301&)

8 AHS ICR Rl = 7 A\ i, M EEFI BT
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o, ChbDEFY <y ADERENCES LES
PR24IFR ¥ TR BRI T, D30 T 1 H
1 BIR CRACREL, B b hickE R 5 LD 50/
S0MEZ B H LTe,

Fig. 2i 5RO RRHER % H# 5 LD 50fEDHE
BERRLE, RIcRSh 3 LD 50{E13 12850
¥FCTHEL, IE0E FcRCMEXRLE. LD
50/301&1%0.83+0.07mg/gb.w. TH o7z,

¥, B5# 3 BT o LD 5013, 1.12mg/g.b.
w., 5 EITiX0.94mg/g.b.w., 120 LARE%0.83
mg/gbw. TIOHRMEEBRERLA—TH -1,

2. ME#RHEA (2 & % LD 50/5, 304&

8 Bl ICR Rk~ 7 A% o, Az~
2 0 3R B 3k o> LD50/301E D 36% 1z 24 7= 50.3
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Fig. 2 Changes of the LD-50 values after intraper-
itoneal administration of RK-28 in ICR mouse.
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Table 1 LD 50/5 and LD 50/30 values for ICR
mouse after irradiation combined with or without
RK-28, 0.3mg/g.

RK.-28 LD-50/5 (8.D.) LD-50/30 (S.0.)
0.3mg/g b.w. rad rad
- 1292.6 (1333.5—1246.7) | 870.6 (901.3 - §39.9)
+ 1385.7 (1446.7—1324.7) | 853.1 (931.5-774.7)

AF w2 OEEE3mm TH5D,
BAEER—ERMIC <Y ROFTE R F v = 7
L, LD50/5{E % 0* LD50/30fE# B H L4, Table
LB ONIEREYR L, 3T b bBER 2 Kk
3 % LD50/5ME 13 5 47 B 30 B¥ T 131,292, 6rad,
FEH & oG B T1,385. Trad, BEA%E % K3
HEEZ bR T A LD 50/30{E13F -+ 1870.6
rad, 853.1lrad THEEHICHEEZITZD i,
—HoEBrREEREMBCEREhTWBIE
BTN L T RK- 28 S B2 45 L
T e EAHIBE Ui,

3. F4E#%4855M > Ehrlich JE/KEE =X+ %
HEHRIBR R
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AW EE MR, #ABEL -5 EEMK
DO—ER X FRFRM~ v 2O EENICEE L BiES
3 B HoxREEMoMcad s, Zhbofii
wEELL, 0.05%® Trypan blue ¥&12 & b 4§l
% Hemocytometer TH#E Lz 0o LMo —%F
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Hypoxic fdef:13, MEHRBE 5 98~ v =
AABRT L CEELOKEYIED S & Lk
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FRAEE1L0.3mg, 0.15mg, 0.075mg/g.b.w. @
ZHHEOBE CEER R 1T o fo, FHNI ST RS
04N~ v AMEHERCRE L, BT 5
B AR R SHZEE L T 1) Pentobarbital sodium 12
THERE Lic, BHEH308 EClER, Thilk
g s F 2 CEEER R M LES G
Bakol, BEEEHV M B SX0=HR
DEEBERY & 4«3, b,ckt LT V=a+brcea/
6DA, TR DI,

(1) FEHFI 8w 5 DR 53R

RK-28 0.3mg/gbw. #E5H EIEHRERFHD
Tumor Growth curve % Fig. dic/~d, MHEICE
BED bR, FEHI BT Aerobic e 4R
DEFH L CfFRLRE VBl bR

(2) Aerobic tumor ~DHEHH AR

RK-2800.3mg/gbw. % # 5 L, 305 # i
Aerobic &4 F THAHRIBE Ui X OBUHR
AT D Tumor Growth curve /L 7:

W

Days
.

0 10 20

30

(Fig. 5) MZBREZFD BRI,

Fig. 4 The effect of RK-28 (0.3mg/g) on the
growth curve for ICR mouse-Ehrlich tumor.
This Ehrlich tumor was innoculated sub-
cutaneously on the right thigh 48 hours before
irradiation.
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Fig. 5 Tumor growth curves for ICR mouse-Ehr-
lich tumor after irradiation combined with or
without RK-28, 0.3mg/g. under aerobic condi-
tion.

Table 2 TCD 50/90 for ICR mouse-Ehrlich tumor
after irradiation combined with or without RK-
28, 0.3mg and 0.15mg/g. under aerobic or hypox-
ic condition.

Cenditien | RK-128 (mg/g.bow.) | TCD-50/90 Rad (5.D.) | Enhancement Ratio
T={ mear aseo~ onm
AIR 0.3 i 0.95
|+ | 11608 (13529~ 969.0)
U | 266 (3777.5~2155.1
Hypoxic 0.3 ' 2.34
|+ | 12683 (1476.4~1058.2)
i - | 1432 (218~ 8348
AR 0.15 k 1.02
P+ [ mme (1322~ 9036)
i — | 2647.0 (3023.7~2270.3)
Hypozic 0.15 k 1.97
| 13043 (draa~a2isg)

o TCD 50/90fE X, A 55 (0.3mg/gb.w. #
G8$) T1.161rad, EE5 8 T1,109rad TH Y,

ChODHMIBEAEERIBED LRI,

Aerobic 4 F = @ Enhancement ratio %0.95
(0.3mg/g.b.w. 5 1.02 (0.15mg/g.b.w. #
5B w5 RSB, RK-281% Aerobic 7t
£ T TR S hicEE R LT b s R R
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Fig. 6 Tumor growth curves for ICR mouse-Ehr-
lich tumor after irradiation combined with or
without RK-28, 0.3mg/g. under hypoxic condi-
tion.
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(3) Hypoxic tumor i3 5 Bt 6 1 2

Fig. 612 RK-28 # 0.3 mg / gb.w i & L Hy-
poxic & T CRET L 7B & MR BB HEO
Tumor Grouth curve %7R L7z, [E#fi20.15mg/
gbw i 5#% Fig. 7ic, 0.075mg/g.b.w. 3y 5.8
% Fig. 8Ic/_L 7z,

WThOBREDOHETH, EHBREFHNIERS
PR LTS 81,550rad B0 T B 2 i
Tumor growth delay 2°38® b %,

Table 2120.3mg/g.b.w., 0.15mg/g.b.w. ¥ 5.1
@ % 7z Table 3120.075mg/g.b.w.3¢ 58 TCD
50/90fE % 7= L 7=, Hypoxic &4 F ¢o Enhance-
ment Ratio %0.3mg/g.b.w 5 C132.34, 0.15
mg/gb.w i 581,97, 0.075mg/g.b.w. it 55
KRWTL.63L T 5 #R 21§, RK-2813 Hypoxic
Tumor cell IZ%f L T3 Il SR B8R B %
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Fig. 7 Relative tumor growth curves for ICR
mouse-Echrlich tumor after irradiation combined
with or without RK-28, 0.15mg/g under hypoxic
condition.

Table 3 TCD 50/90 for ICR mouse-Ehrlich tumor
after irradiation combined with or without 0.075
mg/g. RK-28 under aerobic or hypoxic condition.

RK-28
0.075ma /g buwe

Enhancement

TCD- 50/90 ( rad) Ratio

AlR - 1352.1 ( 873.0-1831.2)
2651.6 (2413.2-2890.0)
HYPOXIA 1.63
+ 1631.2 (1444.7-1817.7)
FTAENHALMC T, FoERREENS
WS\ Enhancement Ratio M Hh Tk b,
FEHREEEEEENR LD E NI,
I

EER R ERANCIR &3, 3H % HatEak
EOFRT 5 & &, EEABCHT 5 RIGEEE
HTAHRO, Wb BEREEHRILIOWTE
W& 2 e hdlie bizys, 2% b [EEMKEO ST
MEZHEY EEERL ) I EBEDLLEND
5,
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Fig. 8 Relative tumor growth curves for ICR
mouse-Ehrlich tumor after irradiation combined
with or without RK-28, 0.075mg/g. under hypox-
ic condition.
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H5., ThbbEMTHSRIPBRINE 5 & EHE
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REOTEMSNEATFOE BEThE S CERE
PEELEEBEYRET EE2bRATH
52, L LBRIESA CIEME L alc
T A VESLCHERBEIHEME L V150
pm~200xm EEh e HRR OMFR S ERIZIE0 &
o TLEDY, ZZBFHMENEL tkh
SREDE BT L Y B ERFEMRE CE
hic B CEIFE T B = & DT ¥ 2 EEE MR
FloBHEYRD 5, EBRRAARERA E Lok
B &t 0 — DI IEFEBOBESHRRE 2 5D
Az &23H B, RK-28DIFH M3 % bkt
BLobtHBELY -7 2 LDOMERIREL LT
S L7, Table 1W@RT X 5 o i 55 B Jh B &
RK-280t ¥ & TIX LD50/30EIcE R ED b h
e\, o=y AOBRMBIGREEL LTEEE
BT AR OB AMEY RI-BA Lk
SHREEIF L OFRF L ORI ERBD LAV &
EhTuwa,

ZhboZ &k b RK-280LIE % i 0 s 18
REEYHEBRIRRV EXELNE T,
Ehrlich 7K IE %40 o s 1 £ 4805 ] 0 B U IE B 1
3 % HEREEHR OB SR X Table 210777
h, Aerobic 7 & T C v i S 5 FR 5 B B &
RK-286f A B & ol TCD 50/90fE o 2 1332
b, ¥ RE-280FB5PEICL 522 LRDH
Rz, TindB, Enhancement ratio 130.3mg/
gbw. #580.95, 0.15mg/g.b.w. #EE1.02&
WREGF 2R LTty

RK-28REH B CcHhESMETHhEHBR
MR DB R RS I B L RUE & 7o & & A3
bk inoiz,

ERFEMREEA & L UEBREARCH LT
RPRVLRUNETH S, Tk hBERHE
HABEehEZ EEFE L,

RK-28 D XA MR 3 2 BRSO e FT 1%
[ U Ehrlich [EKEH % F - TfT o 7o, Table 2,
3R TR IZ Hypoxic 44 F T Bk 5t 47 B 3 B¥ &
RK-280F %% TCD 50/90fE% - Hhilg4 5% &
Enhancement ratio %0.3mg/g.b.w. #5#2.34
ERVESHREESREY R U, & ORROBES
R (OER) 132.6TH H RK-28DEEER AR

(54)

RK-28 o SEEA B IEIF -1 5 Bt SUE R R

T 5 R R OER fEIc Il 2 B\ ER R L
T3, F720.15mg/gb.w. #50521.97, 0.075
mg/g.b.w. 5 KL, 1.630 Enhance ment ratio
AL, BWOLCEGREKFENRED SR,
%7z, 0.075mg/gb.w. &5 EF|EHO LD 50/
30D 9 % &\ 5 R TL.63 &\ 5 B U Bt
WS REE B hic o b REELE 22, BB
Hik?® HeLa Sk X U'F + 4 ==X ~a R
# —-V79ifa T D in vitro TOEER T, RK-28i%
Tl B 5% v U C Aerobic fafi I it & o0 <
TS R RGN R 12 e <, Hypoxic iefifgicss LT
O RBECART L BUH RS R Y R U L8
HLTW5, ToEEEHIIX, HeLa S3ififa©
1mM DIREET1.83, 5mM DIERET2.54, *7-
V794 f8 0.5mM D EE ©2.06, ImM DiEE -«
22LESHEREB WD, ThbOERERR
LEDE 4 D invivo TORBREFE LA L <, RK-
281k, {EERRMMC ORI 5 REARE
RE LB VR RERSRYE TS Z E%RL
T b, i, fE B, RK-281ERE Mg
HLUCERMCHREELZELTBY, RCERE
TUHEER SR M fR o L € RK-2813 Misonidazole
Ib b RIS RS L ORT D,

M, ICR =7 A% F - 1cHBR T, £ LD
50/30fE L3, 0.83+0.0Tmg/gbw. T - = (Fig. 2).
Misonidazole TOR UEMESEB CTHP S LD
50/30{E132.1+0.3mg/gbw. L MEL T, B
L RK-28D 503 @E\ & #E 2. bh b,

LD 50/30fEAME & & kB AR ERE & LT
—ODOMBERTRDHBLUTZ20H EEbRT
%z bhitir iz bine,

H— LR RS R SR L T E 2l
i bl w2 & TH %5, RK-282VERE
T ) ECEERIE O AUTHERH & LT
FRLEbIS,

I RIRER &R ik L OHORETH
%, FERHBRCRHCAR» PRI hBER I
IRONETES BORERS T H b BRKE &
LTERLEZLNS,

ZoDEH OBESHRERS R L T 5 & &,
A—B—EERTOEBERCLET Sz &H

BAREREE H45E H8HF
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BETHH5, X, BROGRrBCEARSET
45 0 Tikic {, Relative Toxicity, 2% b
KRS LD 50/301 & D EETd » THEHRE
THZEDBBETHD,

T & T Misonidazole & RK-28D i 5 47 58 R %h
Rz ol #3247, Misonidazole izBiL T
SR USY—EERTOER T, HbHDIXL.0
mg/g.bw. ¥ 5K, 2% b Misonidazole ® LD
50/30fE ©48%#% 4 K Enhancement ratio (32.5
ThHolcbBELTBYZDF— 22\, B
#hiz Relative Toxicity 2% #(C, ##hiic Enhan-
cement Ratio # & b, Misonidazole & 4 EIDE
BRTEOLRLRK280F—22RALY 5 7 kic
RLTAT (Fig. 9). Zh¥ R % & HSGiERs
RREBHABO MM EETH B2, SH
D EEAKE B A B 12 RK-2813 Misonidazole & 1313
RAEEOHEELFLTWHEEL LIS,

R RK-280 B 5 H OGN TOHFl b VI
PHtc oW TR L., ZhionwToF— 21k
FALI VBRI LDOTHBH,

ERAEhERBYLICR Bi~Y A TH Y, [
%% Sarcoma-180% ¥ rhic BHE L, 0.8g~2.0g
DEEILI-7cbDTHB. RK-28%0.5mg/gb.
w. [REARE 21T\, BRI &880 RK-281
BEEHE LR Fig. 10RTEY TH 5,
ISR EE 3.3 554605 E TL55ME D 6 BITET
LT 5 MEERRE 3120pg/g > H50ug/g &

o
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Fig. 9 Comparison of efficiency of the RK-28 with
Misonidazole. For a given drug dose, the enhan-
cement ratio achieved is plotted against the rela-
tive toxicity of the drug dose (expressed as a
percentage of the LD-50/30).
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Fig. 10 Elimination curves of RK-28 from Plasma
and Tumor. Distribution of RK-28 in ICR mouse
bearing Sarcoma-180 as a function of time after
intraperitoneal injection at dose level, 0.5mg/g.
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