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Radiosensitizing Effect of the Nitroimidazole Derivatives
FK28 and DNIE on Murine Tumors
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The toxicity and radiosensitizing effect of 1-(4-hydroxy-2"-butenoxy)-methyl-2-nitroimidazole
(RK28) and 2,4-dinitroimidazole-1-ethanol (DNIE) were examined iz vivo in male C3H/He mice bearing
transplantable FM3A tumors derived from murine breast cancer. The pharmacokinetics of these
compounds in mice and rabbits was also examined with a reversed-phase high-pressure liquid
chromatography (HPLC).

Tumor cells were transplanted to the footpad of the mcie and a single irradiation was done
without anesthesia. The enhancement ratio (ER) of the compounds was calculated in terms of the ratio
of the single dose of radiation needed to delay the growth of the tumor by 20 days with or without
sensitizer.

The LD50 of RK28 and DNIE given by intraperitoneal injection was 830 and 300 mg/kg,
respectively. The ER of RK28 was 1.74 with 1/2 of the LD50 and 1.37 with 1/4 of the LD50. That of
DNIE was 1.52, 1.18, and 1.00 with 5/6, 1/2, and 1/4 of the LD50. In the same system the ER with 1/2
of the LD50 of misonidazole was 1.41.

After RK28 was injected into the peritoneal cavity, its concentrations in the plasma and the brain
decreased more quickly than those of misonidazole given in the same way. If sensitizer must be
administered every day to fit the daily schedule of radiation therapy, the total amount of drugs will not
be small. As adverse effects are assumed to depend on concentration and biological half-life, the
pharmacokinetics of RK28 suggests that it may be less neurotoxic than misonidazole. The ER of RK28
is as satisfactory as that of misonidazole, so RK28 may be useful as a new hypoxic cell radiosensitizer

FEM63F10H25H (53)
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clinically in the near future.
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After DNIE was injected into the peritoneal cavity, it was rapidly metabolized and unidentified
metabolites were detected by HPLC. DNIE was less effective than misonidazole at the same toxicity
level and its toxicity was a problem that needs to be solved before further investigation.
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BAEREE T 2 BEHRIGHR O BETHI R,
ZhTCRBEREROES I b v ELTEL
2%, HMALHESR X s TR T LT F E3E
Z 7\, BURESE O R O — o iSRRI AE
DR DFEDE 2. bR T3, BN OEM
I & BRI EBRFREOMEE UTE
BFEMA LBET) MHHFEL, BRIFTOHBESH
Tofifa X b X8, v BEE LET By L <
2 ~ 3REEBCHIBEPCBEROFEHE L 5,

EBRFMARIC T 5 B RERSD R v m L3¢
Biced, BaADRLADBERL VTR TWS, F
TR, B4V, 2 PFREITFEOBEH RO o
& LET BSHROE A, & LET MR %6 55
B EEREREO G A, SEIFEOK
=299, BEREOHBAONETHS, L LELE
oL ERTE 5FELELT, ELET K
SHR & EBR SR M A BRI 1 B R % A
(EBR SRR B EREA], DITHEREH o
BF IR ZET b h 512, (KB MR O BT
FHEEDLEHI AT TR ISHERIIT
W5, % ® % b misonidazole (LLF MISO & B
TN D WTIRERRE 3 HER T TER I hichs,
FELTEOHEBUOL DR ETREREINES
n, BEMEREYBZTH W ebihote,
MISO DEBR%#EE 2T, LHOMRAEGYE
DERIhTWAHY, RBERCHETE 53
Flidizw, I HcEN - g5 o B VCEREF OB
ENEFhT\5,

4O, HATER EH in vitro TEI - BR%D
BERLIc=tref 3 £y -1 RoEH oW
T, ¥V AR5 E56EE, BHEEECHT
HRE R R X CEFERRE 2T MISO & it
BT L,

¥ e ik
HEREH & LT ik RK28 (1-((4'-hydroxy-2'-bute-
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Fig. 1 Structural formulae of RK28 (A), DNIE
(B), and misonidazole (C) .

noxy ) methyl J-2-nitroimidazole, 4 ¥ &213.0;
B 0 X b #EE), DNIE(2, 4-dinitroimidazole-
l-ethanol, 7+ F&:170.2 ; BEA-fRIL X v 4RED %
& U8 MISO(1-(2-nitro-1-imidazonyl)-3-methoxy-
2-propanol, - F&201.2; HA = » > a X hiE
#) 2EA L (Fig. D.
1. [EEHOBE

SMEEMES50% D = 7 2 53308 LIBT3 %
FHIE (UF LD50 &3 e Lic,

EEBWICI3 6 ~ 78, KE18§~20g Ok C3
H/He=v 2 (B&R7v7) REHLE, #5E
PFIImL 78 B X 5 I SERBAMAE AN R & A&
BEEKCEBLE, BERYE B L3l
M=y AEEMCE S L, 30RRAETEREZEL
fo, WEEZ LOFRTRY ERERKIZT = » b
L, B/ EFEET dose-mortality curve % -—¥ (gl
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JRL LDSOMEZ B Lic, BEFHE S X OFiEE
Ay 12 (3. Hewlett Packard # @ 16bit ~¢ — v 7
2 v £ a—% HP9816 & [ # @ Statistical
Library (polynominal analysis) % f\ 7z,

2. BRHR O

RERENY—EHH

6~ 7HROHED C3H/He =7 2 (HK7 v
7) DEEKRERIC, < v AFMEEFE DO FM3A
MIfg (RIBA - X DR #10°~10"ER
5., #28% BEEEIS~6mm &itsi:
B a TERICEFER L,

X #REES & & UEHIIREZE

BEBEIHIml T b L 5w EEREATE Bl ic 1
RH & EEREAKICEEL, LDSED 1/4 &
U1/ 2 EFEEACES L, DNIE ot
BHEEH205 1, RKZ8E MISO iz 2T k405
1z, 10Gy 2:H40Gy £ cHE YR T X % 1E
B L., BB~y 2% E=—L+k— =z
o, B O MK 2 g5 s & 5, v = —
TTHREZE EE Lk, EHHLAZ4mm
Eo#itk CERL, &F 0BT, ¥
LEEERER X OXBBHIERBTCT 7. X
P B 3 Stabilipan IT (> — 2 v &, FEH)
AL, R WEERE3dcm, REXK3.7Gy/
min, BE200KVp, 2mnmE7 v I =a v A7 4
/A %, Roentgen-rad 25 # R #1212 0.95% A v
e,

BRI R O 5 %

ELBREROEED 3 MoK (@, b, )&/
FACTHEL, BEAE (LT VoL 13,

wXaXbXc
6

e

Voz

&Lk,

LIt 2 ~ 3 Bk iAo HECEBEELY K
B, VoTERL THMAR (LIT RV BT 2k
5, NBE (EEKEKOR), BHEMEE (EE
BIEKEBHOL) kL OHRABEE (MRS
LBHGEEIZoWT, RV 2 itdnz, BHEOR
et st b, B/hBREY VT3 REKT
WAL X 2T growth curve ¥187-, WREE & B
BB s L OUEREHIE 58 O growth curve O
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HWITEOEgEOZE (F-— RV ICEET 5 % Cro3E
THHEDE) # RV #2.0~5.00 & £ 120.5%
Zpskd, SEYE%R growth delay (BIF GD & B
) L L, HRHEBED &0 GD O AR KL
Medhe, BeHREZHEECL Y, BB RECT
dose-response curve O — &k EIFEM 2157, 20 H
Mo GD 285 0w hB i X #5582 B M
Bl X OHBEHBE SO WTERF N De, Ds
P 1% I
HEREER (Enhancement Ratio DUF ER & Bg4)
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& Lafe,

DEOHEMBIIEIBELRAL Y E 2 —2
KI5k ERALE,

3, &£BRBES S URBOKE

BB

e C3H/He =9 A (H& 2 v 7) LEEDHA
HERE (BAREHHED Rk,

EEER

~ v ADREREA W LD50ED 1/ 2 o RK28,
DNIE 35 X O* MISO %#45 L, ERFEI B0 RS
Lic, BB, o &€ 24— + B X OUILERY4ml @
7 b= bV ATHREAL, WOSER EERRE
WL (SJHV 013NS BA 3 UV A7 THE), BEER
7 e= 1+ 7774 (high performance liquid
chromatography LL'F HPLC & BE3) oz & L
7o, B DNIE B LTk, FRAE3S0mg BT
%, KERBHHR & b BERAYICHM L, ~v A MiFE
R MRS L ECHRIE L.

HPLC #i&

#f L7 HPLC {813 LC-4A, C-R3A(J& 5
fEAT) % X 08 C18 ODScolumn (Zolbax, USA)
Th5H, TN EFEIBBHHICS~40%07 €+ =}
Yy A—KFRE R, HEL0F 72120.5ml/min &
Liz, SfmicivicRi = b r ZORIMRTIR
B FD325nm ZEAH Lic, EEMELE-TH I 2
DEMEXS0CIcfRo7, HEHEARIZXIOL TH
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Table 1 Mortality of mice after i.p. injection of
REK28

dose(mg/kg)
2000 1000 900 800 700 600 500 250
6/6 7/9 5/6 0/6 0/6 0/6 1/6 1/6

Table 2 Mortality of mice after i.p. injection

of DNIE
dose(mg/kg)
1000 500 250 100 50 25
6/6 6/6 9/34 0/41 0/6 0/6
fm =
1. s

RK28 ; 2,000mg/kg 58, < v Alx+~TIHE
L, 1,000mg/kg T 9 PEeh 7 PE, 900mg/kg T
(% 6 Purk 5 FEAET L7z, 800, 700, 600mg/kg @
FE Tl =y AIFETE Lish o7z, 500, 250mg/
kg BERFICREFO6EF 1EDO~ Y AHRFETL
7o (Table 1), REAHEGHED <7 ALLERS
LK, i, BELIOREESHIDEIR
Hdbhhirhote, FETHREIKL BE,L 6 BEE
TR T Y F 0D bz, LD501k830me/ kg
THoTo,

DNIE ; 1,000mg % X U%500mg/kg 5 L 7=~
T AGEABFO6IUR6PLE HFET L, 250mg/kg
BE Lo~y A4 9 PUhIET Ui, 100, 50,
25mg/kg DBEETRET Lz~ AL wic
otz (Table 2), 73T+ AEHlicoTix
500mg/kg Ll E#E L= v 2 T3 1 ~20RLL
HIZFETT 5 Z &2i% <, 250mg/kg 5 Lic &
W URFE AT T 5 2 RS hoie,
LD50i%300mg/kg TH - 7z,

2. BEBR

RK28 ; RK28#¢ 5-F D growth curve —4f%
Fig. 2R+, LDo0 1 /2 ®E5#E5 1L, 20Gy,
100Gy B Lz 2o GD I xhFhld4.1, 5.3H
Eizote, 30Gy b T EEIR b EE AR
N2 ERT GDHHE TR T ENTET,
25Gy TO GD 1122.3HTH -7z, 1/ 4 EXEE
L, 30Gy, 20Gy FBHt L7 & mix24.18, 7.98

(56)
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Fig. 2 Relative volume of the FM3A tumor as a
function of days after irradiation. Groups : mice
injected with saline, mice injected with saline 40
min before the start of irradiation with a dose of
20 Gy, and mice injected with 1/2 of the LD50 of
RK28 40 min before such irradiation.

| 1 I
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= il
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2 9/ / P
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Fig. 3 Growth delay of the FM3A tumor as a

function of the radiation dose for mice treated
with RK28. The mice recieved 1/2 (A) or 1/4
(@) of the LD50 of RK28. The broken line is for
mice injected with saline.

THY, 0Gy TREEEEN 2 BTk bicho
7= (Table 3), MBEHEMBFO GD k40, 30, 20,

10Gy DS T%& 425.7, 9.3, 6.4, 5.3HTH -
fz. B EX D208 @ GD %18 % 0ic hEir X $ii5
B3 LD500 1/ 2 B8 58522.3Gy, 1/4 &85
#528.3Gy, BH BB TIL.8Gy Lizh, #H-T

HARENSE $548%  H105
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Table 3 Growth delay in days

compounds dose® 10 Gy 20 Gy 25 Gy 30 Gy 40 Gy
1/2 5.4 14.1 22.3 NE NE
= 1/4 7.9 24.1 NE
5/6 3.3 13.5 34.7 NE
DNIE /2 2.7 6.5 17.1 NE
1/4 2.6 2.8 13.2  23.0
MISO 1/2 6.1 12.4 30.1 NE
Control 5.3 6.4 9.3 25.7

a ;ratio to the dose of LD50 of the sensitizer.
NE | relative volume did not reach twice of the initial

volume.
T T T T
3o | i
= 2
z20
a s
= .
>'lo C =
< N i
a N i
o
a 6 | ™
- d
« 3 F .
=
(=]
-3 2 [
(<]
= =
1 1 | |
1o 20 aao 40
DOSE (Gy)

Fig. 4 Growth delay of the FM3A tumor as a
function of the radiation dose for mice treated
with DNIE. The mice recieved 5/6 (H), 1/2 (A),
or 1/4 (@) of the L.D50 of DNIE. The broken line
is for mice injected with saline.

Table 4 Enhancement Ratios of
Hypoxic Cell Radiosensitizers

Dose(ratio to LD50)

Compound

1/4 /2 5/6
RK28 1.37 1.74
DNIE 1.00 1.18 1.52
MIS0 1.41

ERZ1/2 Ef561.74,

7z -7z (Fig. 3, Table 4),
DNIE ; LD50® 5 / 6 &% #4- L, 30Gy, 20Gy,

10Gy BH L7c & 2o GD X hFh34.7, 13.5,

1/4 BB 5F1.37E

FEFN634E10/325H

(57)
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Table 5 Physico-chemical characteristics of the

compounds
Partition

Electron : LD50
Compound % coefficient i

affinity® o anol - water (mg/kg)
RK28 —0.97 0.53 830
DNIE —-0.72 0.51 300
MISO —1.05 0.43 2,000

a'E ]chi (8/8-)/V vs Ag/Ag*

3.38, 1/28%#%51L, 30Gy, 20Gy, 10Gy W&
UM 2wi3l7.1, 6.5, 2.7H, 1/4E%WBE
L, 40Gy, 30Gy, 20Gy, 10Gy #¢5 L7z & 1223.0,
13.2, 2.8, 2.6HTH -7, 5/6&, 1/2&5H
LERc40Gy BT 5 L EBARM 2 i b i
Mote, FEFRERH DB SF10GY BE L 1=
EERUVLD50D 1/ 4 &5 L20Gy B Lz &
EnXHwclE PRECIEHERELD L
GD avpEERAEA A B Rz (Table 3), Ll EX b
208 GD %155 0B e X #7478 LD500
5/6, 1/2, 1/4E#&5K23.5Gy, 31.8Gy,
38, 8Gy L 725, - TERIXLDS0D 5/ 6 ficf
5R1.52, 1/2 %5 K1.18, 1/ 4 B 5851.00
tig o1z (Fig. 4, Table 4),

MISO ; LD50o 1/ 2 % #5-1, 30Gy, 20Gy,
100Gy B Lz 2 GD X hFh30.1, 12.4,
6.1H & e oz, 40Gy B Uiz & B4
P2 &I le b drote (Table 3), #-T208 D
GD% 5 DI LB XAFIRE1327.5Gy & /e b,
ER 1%1.41¢ 7z - 7= (Fig. 5, Table 4),

3. &R HE L URB OB

RK28 ; BN #5405 # @ 1% © chromato-
gram % Fig. 6 I27=""3, control & [ — @ reten-
tion time @ ¥ — 2 2338 b A, AN T b FE
BELE 2z b, BENEE105EO MEE, E
B, BPIEEEE 12292, 166, 181ug/g, 20551k 177,
111, 159ug/g, 403 #121%115, 73, 114ug/g & 7 -
7= (Fig. 7).

DNIE ;| = v 2 A E 5304 1=1X DNIE i
WHT <Y, retention time DEILAHIFFL
W — 27 T &7 (Fig. 8). ZofRBESHD
BAHRBIES S L Lok, BE, BMEos
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Fig. 5 Growth delay of the FM3A tumor as a
function of the radiation dose for mice treated
with misonidazole. The mice received 1/2 of the
LD50 (&) of misonidazole. The broken line is for
mice injected with saline.

—_— \T___‘T - ,—--—
f I t I
(A) (B)
Fig. 6 Chromatogram of reversed-phase HPLC of
RK28. Column, C18 ODS; carrier, 20%

acetonitrile in water ; detection, 325 nm. RK28
alone (A) and plasma obtained from mice 20 min
after the intraperitoneal injection of 1/2 of the
LD50 of RK28 (430 mg/kg) (B). RK28 was
almost completely stable in vivo.

(58)

NAAIOD/AQIANIVLIUOD %

= b rA 32— A RERRAI A RIS R B 3 5 SRRV 5T

100 -
W Plasma 400
B Tumor
75} O Srain 300
50 =200
254 100
0

20 min

TIME

Fig. 7 Distribution of RK28 in C3H/He mice bear-
ing FM3A tumors as a function of time after the
intraperitoneal injection of 1/2 of the LD50 of
RKZ8. Each point is a mean of the data from six
mice.

10 min

DHIE

E

3

2

E

|
"TITﬂm') Ll: '_\J IR R
f I 1 :: t I I g
(A) (B)

Fig. 8 Chromatogram of reversed-phase HPLC of

DNIE. Column, C18 ODS; carrier, 20% ace-
tonitrile in water . detection, 325nm. DNIE alo-
ne (A) and plasma obtained from mice 30 min
after the intraperitoneal injection at 100mg/kg of
DNIE (B). DNIE was rapidly metabolized in
vivo. The original peak of DNIE disappeared and
a new peak at a shorter retention time appeared.

BAERSE $48%E HLS
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Fig. 9 Distribution of metabolites of DNIE in C3
H/He mice bearing FM3A tumors as a function
of time after the intraperitoneal injection of 1/2
of 1/2 of the LD50 of DNIE. Each point is a mean
of the data from six mice.

+—J

(A)
| | | I
L 8 12 16 20 24 28
X2 DHIE
(8) “M—M/\
I I 1 ! [ 1 [
4 8 12 16 20 2L 28
1 MIN )

Fig. 10 Chromatogram of reversed-phase HPLC
of DNIE. Column, C18 ODS; carrier, 20% ace-
tonitrile in water; detection, 325 nm. DNIE
alone (A) and plasma obtained from rabbit 20
min after the intravenous injection at 350 mg of
DNIE (B). Metabolites X1 and X2 were found.

MHEE% Fig9 wwrd, b icflEw Y 58, &
H3 %7251 HPLC OBRIEDOTHER B 35 &,
REBEHD L 2@O—27 X1, X2itGHTE
(Fig. 10). FEBIPR M 0 PEEE D ERFHIEAL %
Fig. 11 wird, BE3ESHORHE (45), it
BHENREOEANHEEYHHbL T35, DNIE
LELITIE A LT < 25, REEY X1, X223
b LR L, XUZ605H E TiisR— e
o Tk D, X2AX205H IR S BB ITHE U LI
WL,

FEFI634£10/325H

EM 6% s
1.0‘\
\;\H‘“
_(}']- %‘-3_-0---»-.‘,_“ B Tl = S Y
S T e T — T
: o “‘=-.,_-:_i:; S
z &8s -yl
= S
&0.01. za
0 15 30 L5 )
Time [min.)

Fig. 11 Concentrations of DNIE and its me-
tabolites X1 and X2 over time in the plasma of
a Japanese white rabbit after an intravenous

injection o

|
|

8-

injection —

(A)

f 350 mg.

HISO

HETABOLITE

L

|
o

(2in)

(min)

(B)

Fig. 12 Chromatogram of reversed-phase HPLC
of misonidazole. Column, C1& ODS : carrier, 20%

acetonitrile
azole alone

in water ; detection, 325 nm. Misonid-
(A) and plasma obtained from mice

30 min after the intraperitoneal injection of 1/2

of the LD50

of misonidazole (1,000mg/kg) (B).

A small amoyunt of a metabolite was detected.

MISO ; FEEA #5404 o [f17# @ chromato-

gram % Fig,
(59)

12 2Ry, LEORBMEDD peak
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120 min

30 min

Fig. 13 Distribution of misonidazole in C3H/He
mice bearing FM3A tumors as a function of time
after the intraperitonal injection of 1/2 of the
LD50. Each point is a mean of the data from six
mice.

PRRDONDD, EENTRIZERELT WA &
Zxbhic, BEARSNSEOMK, EE, K
PIERE 13923, 795, 630ug/g, 60541 IL717, 615,
491pg/g, 120534113492, 425, 280ug/g L 1s-
7z (Fig 13).

z =

BRBROBELROBFICOWT ELEFSITIX
B ERTWEWE, ZoMEZELLTomE
REHELRIBEE RT3, ThbbEERHGEOR
HIZL>TIWEEOHFGOHEBELNVE X
h, BFEMEOR BRI OEMIE L KICL,
R LE L, BABRORMEL T
HEEzZzLRTWAY, [EFIIEEMICHEET S
e D MEFAERRTES T, BHME I HE T
LB O CHEROFHETRE DI DB B &
%, BIEH L ERRRIEOEFMIE & BRI
T3 5 (R TR R O [EF M fa 0 i R H bt 23 ik
SR X 2EEORFTHIEcROEEFRO—
DEELZLRATHAY,

BEO X 5 BEHEMT X - TRE 2 h 31T,
EAMIMAF 2 SIRALZ D 5 BB cEETE,
OMRSE L RBRICE TRt OB W LamIELE
ThiE, BRTRR CTHBRELUOHEHRELY H
BbhTivbhTuna®,

Pl Eo % & &z U TEBRZMRT 3 50k
BERIARREI R [ - X B b i (R R b
BEEHOFER RIS T, MR

(60)

= bR A3 E - A RERRFE I O SRR AN B 3 5 BRI SR

Fa% B\ 1o SRR GHERR O X & BT S
& ORI IIAEBMEEA R GIE &R, 3L BRE
YERTEEEDHRIT - T\ 519, M ir BFK
H= e {bBEYWELU~T =+ r{bLEHITE
R SERAE O B MR U RS R AR L
fo, = bea 38V -V RIGEYIIEN, TEE,
KEERR L BELEBERH LT Ehk
MEHEEZLNS X st P EFA
OBEFEERE LU UEREREAER T kb= b =
1 3 £ = ib-& % T H 5 metronidazole
(FlagyD%xtad & LT, &< 0FFNAL LRT
& 728 invitro ¥ X OBiEEE LV <L TE R
R AR L7 MISO 23 B Eh, F—HH o8
Fle L THRYBECERSE SHRAB X Thh
7o, L, FEMEEEo by EHE
ERETET, REBALHERMYHEIT IR
UsTe B T ds o fn 1929

MISO iZksiF 55 B & LT, #RRHER
FRETHhEL Y EE GFemEE) 2MEv
EH|, mHELREETHIEL Y HBRBHFEOE
EH ORI ED LR T WD, MISO 35X vEL
LEHOFEMFIBR D= e g 3 57V - 1R
ERlomEEE L LTfigigsc ) - THE
Shalgrtt, RESHMcBERL, BEGE
A 3 &Y -2V BoBEicl - THEShAEF
B TR I3 L vwbhTWw 52, JEEMI
BALCixA 2 % 7 —n « KOEHRHE (octanol
water partition coefficient LI'F P L B§3) »3—
DDIFE Lo TWBH, MISO (P=0.43) X h &
BE ¥ #E o 4> 72 v~ desmethy] misonidazole (P=
0.13) PEERABR DN & fn o 7o dd, KFITIRe
I MBS bR, FI SR AR O
INEVEEELT2-= bR I XYV LT 3 F
@ SR-2508 (1-[N-(2-hydroxyethyl)acetamidel)-
2-nitroimidazole, P=0.046)2\&H S huic. £F
AR 2 B OB b ke T, KRER L <
TRESKEIRIATV22, 1 HEKRR
THREMPEND R, BAET 2V » T 3 HE
KRBT oo H 5300,

AFPzBLThH, BLUOFEY v — B -TEL
D=trA LY - VRERAEHRDE > EHE

AAE R $48% 15
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nicn, D% IKEHE, BEMH, BYOET
in vitro TIXEZ TS in vivo TIXEDTH - 1o,

&[Ein Vivo RER T o1z 2 208 E X O
MISO DEFHMME, +27 & 7 — oK SEEE,
LD50t% Table 5 D= & < TH B, 2D 5 H RK28
%3 A % nucleoside 7B 1 7 B8 P9 % 58 38 L &
ZLIHEB LTSS R BRI 5 REE & L7 RA-263
DEELEDE LTHB LAY TH B, ¥
JDNIE k=t eE%22Brdszticty, B
FHEAMEY @D, BMRREELERDLZ LR EABE
L THRELL B AEHEL L 7%,

RK28% in vitro D#E Tk MISO @ #520% D
RECTREE OB RYRTZ EXmbh T
5%, AFNZBFHAM: T MISO & i2FREE
L@, =¥ 20 LD50iE MISO %
R THotz, 287 =N« KGREHE TS
ERRBEEEE . £ HPLC o X ABMNIEE L
RA-263CHEEARE D0%LL T Th -1z L8
HFIh T 589, RK28i23r L ABAIRE 05 2%
PREETH 7. L LEFEL D oPERE 12
MISO itz LTE L < B< (Fig. 7, 13), 2o
BEEPEOBTHD L H-T, BEENES
£2405 D BP9 8 BE (346 54 1 T MISO »20%LLF
(LD50% 2% & L - HHAHET50% L T) Th - 1z,
SHIAE»CE&EE 5 BREARH T 5B
OFER IEHHRIEIRA 7 2 = — MV ICHREH % 6
RAT5ETHE EA»LEPLHICHEE X h 5
BHRREHESTELCTBEE L bR, T
Ll b0 Rotar rod ERIC X % e ShES T 13400
mg/kg ¥ X 0*700mg/kg © 1 Bl#F 5 il B %%
Y, HEH400mg/kg © 4 ERIEE 5B IZ1120%
(2/7) GRS & htch 4 BRI OB L
HETHRIERCEE LA E8BE L T 53,
> TEHEBE L I-BEH B CRmEEE Rt
WeEEZ bR, TR TLS L LD50D
1/2 & TER1.74, 1/4 & ©1.37& MISO ©
LD50m1/2& T ER1.41%# %, EEEKicfEA T
EHURELIESARTHD EEX DA,

DO TRHEDGER H b DIF & FREC b IR
RETGENTHRE, BEBID KL TT A,
REBICIESHETHIH LI RERHLE L LR

FEFI63F10H 258
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5, DNIERZ0fiEz 0 LitdREh, —2
DA IFLT VB 2flio=t e EEESL, B
FHRIEDE BN BB RELFE IR, in
vitro DR R - MBS TE 2 5 & MISO
I HLWIEENTH Y, EREY L A oKk
DR TV, $EO in vivo DBRE T
LD50o 1/2 & To ER (%1.18% MISO X b &
<, LD50D 5 /6 &TX 5% < MISO DV~
by, Bk HREOHCE S CEALITESE &
% %2 bhic, DNIE ofSHEDcH 5 X1, X2k
DNIEDE Fefo7 s vBEELIEZL LI T
H, ThBEOBRBHRCOWTLZILEYE
BRLTRETAZ LLMELRbhic, WwTh
128 X DNIE QAGAFSHEELHICARB 2 h
5, Licho TEACHTIYEETH D, HBW
A I ABEN L EREE L RET L 5
RS2 2 5 & & 23T & hidA G e R B
Wi D HEEMED S 549, F 7= DNIE 0B ER A
—EHGFEC—EEARELY T EZRE I LicX
h BAREES R O EER L RT L S
HBD FanF — £ T DNIE OB IcBIE
72 < 10Gy fE 5t L7cBE & LD50m 1/ 4 B 5RO
20Gy BBEHIRFIC (L GD DM RS bh, HEHE
BFEERIVER LT\ 5, &M5R <5 v D ATEE
EbHD, BIEHROBEF I oWTHRBEDE
DA, BAHRERA LR L T ETIE
WCHEREWBRETH S L Bbhi,

BEHOHROBLLHIETHEEL LT, B
EERP—BHZAV-LRATED, =% 2z
MISO #1Img/g &5 L 72 & & D ER131.7~2.0
BELVIHENRS O SO DI
772 MISO @ LD50D 1/ 2 &# 58 d ER 1
L41TH Y, oL b b4 LEVEREIRED
bhiz, RRE LT, EHT 5 EREY—EER,
BAE, ER OFFMiEENnElis - T 5 & & ik
zZbh, Pl EERTIEFORE KEIN
Rich L, TOREET D EBREMEO RN
Rich, 2HREYHATHEMEXETL, &
B M FE DK T o 72 81— R i S B 2 /B H 1
M35, ILIHRBLC L 5 EAROKES, Kk
BEDOS OTHHREER DB E V5 8BE D
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BB ZoRICEREPICE T h 5 EBREME
SEOHREROELL Sk b, AUERAHESET

b ENFEER BEBTHE Licin b, o TH
BEIOBE, BEEyED T kT, E#ELkS
BEY AT ADEILL TV WS OB TIL ER
DB D HTHEA DTS 2 BT 5 = L i3]
ErbsHEERLRA, in vitro ®RTIX oxygen
enhancement ratio (OER) & D HCHEI+5 2
ELBBETHBD, invivo DR TIIRETH 5,
T~y AEREBV <V CTEBAICHRELYRT
Z D B MISO #&#ic LT, R UEER
D MISO D ER X BT\ 50\ ERE
THLELBRERATHELELLRS,

I & ®

= b A &Y — A RIEER RO SRR
D 5% RK28& DNIE ico\WCatEk, EBE
MBI 5 RAHRERSR, FRREICOWT
C3H/He =¥ A% X (" FM3A BHEES % A\ T
EBRE TV, MISO & B LU TORRYE.

1. RK28, DNIE & iz in vivo T % #E& R
AL, BTFHRAELEEL LICHRAEEOZ
Witk TR LI, MREEOREL LT, MISO
OEERIEBETAZLREELVWEEZLR
7=,

2. RK28® LD5013830mg/kg T# b, R
X LD50D 1/ 28, 1/4 B#H58C1.74, 1.37T
»ote, FUERRTO MISO R LD50
D1/2EBHERHCLATH o7, EEA T K
HZLE T, PBEHIELHTH -7, BERERHS40
SO AR MISO ©20% L FTh b, i
HEEEATE IR, MISO X b $ %K - BE
HaMERTE Y, BROCERTE5TEENS
L,

3. DNIE o LD50i%300mg/kg TH b, HEEEK
X LD5005/6, 1/2, 1/4E5RIC1.52,
1.18, 1.00TH ~tc, AEATIRESCHIZAB S
h, ¥ieHEd - -HRED MISO CRIET, Z0%
¥ TCRBERIGCARITAETHY, BROKMI D
5 EMRE NI,

ZOWR TR ERFHRE RS AL 1 DEEYIC X
B LEBMETS.
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