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(1) AR iE#E & FERILALL

Hepa 1c1c7/ U Hepa 1clc7BPrCliz v §°
$5.0~10%4-HE Y1, 100U/ ml dR=>1) >
G, 100ug/mi DA MV T =LA vy EEL
MEM ##tih ¢ 3~4 HRH, 5 %REA A,
37T°CIC THE#% %, % D10,000cells/180ul T2 %
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AFSAUHHEEENLNQOLIC LY AF YA
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N rERICBIES A RRE LTEL 2, fiE
2T, ZOWHMELKT %2 L2k ) NQOL W
PRI TE 2, L EO NQOL i Pl JH B %
R Fig.1 @R d,

(5) FRBEUHE

HHK D RGN Bt 3 2 Y LT P e UM R
WBL ORI D TR L 7 fR % Fig.2 1R 3
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% LR ORI LKL v b OO
BUFREE RO SNte, THEHLT, L5
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WM 28T % 2 DS i ok, RIS,
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Fig.1 Principle of Quinone reductase (QR)-:

G-6-Pi : Glucose-6-phosphate; 6-PiG: 6-Phosphogluconate;
G6PDH : Glucose-6-phosphate dehydrogense.
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Fig.2 Effects of Charcol-treatment on the Growth of Hepa lclc7 and Hepa 1c1c7PPrCl
(A), Growth in medium containing non-charcol-treated fetal calf serum (FCS).

(B), Growth i

Symbols: 4, 5% FCS;

, 7.5% FC
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Fig.3 Effect of BNF-
Treating time:
v, 48h.
Medium: Containing 10% Charcol-treated fetal calf

reating Time on the NQOl-induction
>, 1h; A, 3h; +, 6h; O, 12h; O, 24h;

cerum.

B, RFEHEPEDI5~50% L L »ifd s h
7N, F 7 24REHIALERX L AGIRFHILHE X 12 55 1) 2

medium containing charcol-treated fetal calf serum (FCS).
O, 10% FCS; for Hepa lcle7; %, 10% FCS; for Hepa lclc7BPrCl
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Figd Effect of Charcol-treating of fetal calf serum on the
NQOI-induction in Heap lcleT.
Media: O, 10% charcol-non-treated FCS; O, 10%
charcol-treated FCS
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ZEicliz,

II. Hepa lclc7 #8A2 & Hepa 1clc¢7BPrCl
fEAEC &3 NQO1 /Ny —  DRER
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Bifunctional K7D 2D ¥ 4 7HHI S h
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TR&EM 25— HEECBER T & 5 P -450i{z
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% #%3 T & % %%, Hepa 1clc7BPrCliz Ah—v
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HRFIZE > TL2 NQOL 2T & g1z,
Z 2T, AREBRTHMT 3 MMlds 2 h 2 ek
CHEERTFITIBETEZ 0 E D R T 28
HhHolz,
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NQO1 OFFHEE X, LLBERMC LY #l
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pl) ELTe, ZRKOBEMKE RS L
FEE 2 OIS B & 5 W HIRHRE AR O 7
&, kL OREAR2AREE T Hepa 1clc7 & ZI1Z[A
Ffilasc sz L5 ICKE LD THS,

(2) FRRUHR

onrfifts Figs oRkd, ZZicihsns
& 912 Hepa 1clc7 Tl Monofunctional #35K
TT® 5% BHQ & Bifunctional #FH K 7T dH %
BNF O i /51 & © NQO1 33 i & . % 23,
Hepa 1c1c7BPrC1T I3 BHQ WK & » T D &
NQO1 »ifdsfah s Z e ant, 2hs
DFERH S, ARFFETHM T 2 Wil 1 IE <
FEL, WEHPOFBERETO L 4 7OKANC 5T
FIHWHETH 2 2 LR TE 12,
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B NQO1 FHiMEHE D LEBARES

PULEofificsEo &, HmHthtorn s 4
ay (), Fr~y @), 27 (W) 2H0T,
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NQOI #FiliEtk 2ty s e e b, 7774
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Fig.5 NQOl-induction with BNF and BHQ in Hepa lclc7 (0) and Hepa lclc7BPrCl (+).
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(2) FrrmoHRR

L 22777l (Fig.6) 13, 3-77 =1 (3
BITC), 4-~_>7 =) (PITC), 3-AFNF %
ZaEn BMTP), &-AFNLF A 7FNL (4
MTB), 5-AFNF ARy F) GMTP), Rv
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O 7EFOER G E YA 320 o WML 74
SAFNFA-3-TF=VIFFH (MTBD 0t
SHMTH %, TNSRILL T 77 FRIEFRICH
fiTBHFHELTHISATVRSRY, Zhbidy
VAGNAT LA NI 57 4 =N &Y plE

s ~UNCs
3-Butenyl isothiocyanate (3BITC)
s

4-Pentenyl isothiocyanate (4PITC)

Galangin : R=OH, R1, R2, R3=H " Quercitrin : R=Rhamnose, RI=OH H C/S\/\/NCS
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n HoOu A ~_NCS
O OH HO OH S
- I 4-Methylthio-3-butenyl isothiocyanate (MTBI)
avans
H NCS
(+)-Catechin : (2R, 3 Ho O NCS
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Fig.6 of ids and Isothi Used in This Study
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(3) 77XR/4 FO#HK

ML 77K /4 F§ (Fig.6) &, 7>~
¥ > (3,5,7-trihydroxyflavone), 7 £ % = >~
(5,7,4-trihydroxyflavone), 7 > 7 = o — )
(3,5,7,4'-tetrahydroxyflavone), 7 Vvt F >~
SRR 4 o
>~ (3,5,7,3,4’,5 - hexahydroxyflavone),

(£)=%*v 7 %Y > 3,5,7,34-pentahy-
droxyflavanone), (+) -#7 %> (2R3S-3,5,
7,34 -penta-hydroxyflavane), (=) -T E 7%
7 ¥ ~ (2R,3R-3,5,7,3",4’- pentahydroxy-
flavane) KU vt F > 0 3 (i-Fihik, T72b

b, 78 ¥ 2 7Y >~ (quercetin-3-a-L-

(3,5,7,3,4-pentahydroxyflavone),

arabinofuranoside), 7 V¥ bV > (quercetin-
3-rhamnoside), 4 ¥ 7 )L~ b1V >~ (quercetin-
3- glucoside), /» 4 78 ) > (quercetin -3- 8 -
galactoside), W F# ¥ (quercetin -3-
rutinoside), quercetin -3,4- diglucoside &z O*
quercetin- 4 -monogulucoside ® 8 flifi % A v»
foo THHOW, RBED2HMIZY <2 F» 5
BHOL, HMEI0%L LI L7z, ZhsShE
A Cililiih & vz,

(4) NQOI MO HIE

NQO1 ki b o> Fe - THIE L, 8k
R L, SRASHZRRI0.5g Xi7e ) THIEL 72,

(5) MRKUHEE

Table 1 12 53 B 0 B ML O HIC X 2

Table 1 NQOI-inducibility of Cruciferous Vegetables in
Hepa lclc?

NQO1 Specic A

Sample ————— .
Nonautolyzed  Autolyzed (2 hours)
None (Control) 1.00 1.00
Radish (roots) 1.44 1.89
Cabbage(Leaves) 1.11 2.4
‘Tumip (roots) 1.13 1.16

a) Expressed as the ratio of NQOI specific activity between
the samples and control.

Hepa 1clc7 I2 51 %3 NQO1 ## 5 %2R T,

F4 3y EF e XY TREACHLGROFBIG LS
HOHbseauEarnHLL AL, 12
VR OBy, BERICEEEHE T2 AT
BT EMREE N, ZhicHL, #7TREC
HLOFIC &k 2FHEED LA BT 5 2E5%13
ELAERSNAED STz, F v~V AR OB
X Y NTET B FF FIACH A RRER TH 5 3 0
yF—¥icky, 7YAIFTHOMC 3 -MTP
KUAMTB D 2D w- A FNF AT L F VIHFT
A FERS E LTERT 2 2 DS NT WS,
# 7 D¥E i, 3-BITC, 4-PITC J& U PEITC
O 3FNFITERT 219, —K, ¥4 3K
FTAHFFMIREDBMTBLTH Y, Zhlisto
FFMRRANCEbOTH BV, ZThbD Ik

ZFHWE LTIl NQO1 i1 % LM
L7z, ZOfEH % Table2 2 d, ZZchioh
% &9, FToHRTIE3-MTP, 4-MTB K&
V5-MTP D w— A FNVF 4 7 IV F VIFFilins
VARG BOTFT L D E» NQOL JF g %

R, Y YVIT S R TG & R
Lo £, P43V DEFERKFITDH 3

MTBI & PEITC & ZIZ[1% 0 Lty s o i 5 g
T3 epBOONI, TNHITHLT, &

TOEEFTMTDH % 3-BITC RV 4-PITC O

Table 2 Effects of Isothiocyanates on the NQO1-induction

Isothiocyanate Ratio of NQOI Specific Activity®

(RNCS) 0xM® 2.54M 5.04M 7.0xM 10.0xM

3BITC 100 1.60 178 1.9 1.78
APITC 100 1.5 158 L78  1.66
3MTB 1.0 2.40 2.58  2.79 2.2
AMTB .00 2.1 2.9 261 226
SMTB 100 241 249 236 2.3
MTBI 100 1.89 212 234 234
BzITC 1.00 244 239 239 2.07
PEITC 1.00 213 2.06 218 1.78

between the NQO1 specific acti-
vities of the samples and that of control.
The specific activity of the control ranged from 0.56 to
0.64 xmol/mg/min.

b) Dose of the isothiocyanates, and the values denote their
final concentration in the wells.
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N Fv-4-% /7 Nay FOABHEEEEE
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B, KRR LW (TEF=ZY) »2
fir, oG EEMNBO7 78 v (F%y
TZAVY) ERB7IIN/ =NV (ITFVRUT
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Fig.7 NQOI Inducibility of Flavonoids (A) and Quercetin glucosides (B).
(A) v Kaempferol O Galangin O Quercetin A Apigenin

B Myricetin W Taxifolin + Catechin <
(B) O Quercetin-4"-glucoside A Querceti

» Epicatechin
+4-glucoside V Quercetin-3

< Quercetin-3"

O Quercetin-3-glucoside B Quercetin-3-arabinoside +Quercetin-3-rutinoside
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(3) MRKRUHE

¥, WHlecs 3% PEITC &7 veF >0
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Fig.8 Synergistic Effect of Phenethyl Isothiocyanate and Quercetin on the Induction of NQO1

in Hepa lclc7 and Hepa lclc7BPrCl.

¥, Sole dose of PEITC; O, sole dose of Quercetin; O, mixture (1:1)

(A): Response in Hepa lclc7;

(B): response in Hepa 1clc7BPrCl.
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Inducibility of a cancer-protective phase II enzyme, quinone reductase (NQO1) was
studied using some cruciferous vegetables and their characteristic components, isoth-
iocyanates and flavonoids. The NQO1l-induction was detected in mouse hepatoma cells,
Hepa 1clc7 and Ah-receptor-defective strain, Hepa 1c1c7BPrCl. Sensitivity in the
NQO1-induction increased by using charcoal-treated fetal calf serum at a concentration of
10% in minimum essential medium. Hepa lclc7 cells could response to both mono-
functional and bi-functional inducers, such as B-naphthoflavon (BNF) and tert-
butylhydroquinone (BHQ), but the Ah-receptor-defective cells could induce NQO1 only
with mono-functional inducer (BHQ). Thus, both cell-lines were beneficial for a
primary screening of NQO1l-inducers in food systems.

Among the vegetables examined, radish and cabbage induced NQO1 when the vegeta-
bles were autolyzed for 2 hours, but not with their non-autolyzed extracts. These results
suggested that their characteristic components, isothiocyanates that should be generated
through an enzymatic degradation of glucosinolates were involved in the NQO1-induction.
Then, eight different isothiocyanates were studied for the NQO1-inducibility. It was found
that @-methylthioalk (en)yl isothiocyanates, such as 3-methylthiopropyl, 4-methylth-
iobutyl, 5-methylthiopentyl and 4-methylthio-3-butenyl isothiocyanates showed a higher
NQO1-induction. These isothiocyanates are known to be contained in cabbage and radish.
Thus, they were undoubtedly involved in the NQO1-inducibility of the vegetables.

On the other hand, flavonoids, such as quercetin and its glycosides are known to be
components of the vegetables. Hence, we investigated their NQO1-inducibilities. As the
results, galangin, kaempferol and quercetin were good inducers of NQO1 at a concentra-
tion below 20 xM. Among seven glycosides of quercetin, however, only 4’-monoglucoside
could be a NQOIl-inducer. No other glycoside could induced NQOIl. A structure-
inducibility relationship was observed: 3-hydroxy group in the flavonoid skeleton played
as an essential role to induce NQO1. In addition, some reaction products that should be
produced from the radish pungent principle, 4-methylthio-3-butenyl isothiocyanate, in the
presence of water were found to have a NQOIl-inducibility. Among them, methyl 4-

methylthio-3-butenyldithiocarbamate and its saturated compound were the most effective
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inducer, where the compounds induced NQO1 at a level of 4~6 folds than that of control.
In conclusion, cruciferous vegetables can be act as a good NQOI-inducible food, and both
isothiocyanates and flavonoids can also play as inducers of the cancer-protective phase II

enzyme, NQOL.



