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Abstract

The induction of phase II enzymes including quinone reductase [ NAD(P)H dehydrogenase(quinone);
NAD(P)H : (quinone acceptor) oxidoreductase, EC 1.6.99.2] is a major mechanism of whereby a large
group of heterogeneous compounds prevent the toxic, mutagenic, and neoplastic effects of carcinogen.
Using murine hepatoma cells(Hepalclc7 cells), quinone reductase(QR) inducers as the possible chemo-
preventive agents were screened from rice bran, wheat bran, soymilk residue, defatted soybean cake,
defatted sesame and perilla residues. The 80% methanol extracts of defatted sesame and perilla resi-
dues induced quinone reductase significantly while the others did have little effect on the enzyme
induction. Thin layer chromatogaphy of the extracts showed that the fastest moving band(Rf=0.70}
in the developing solvent of n-butanol : n-propanol : 2N ammonia(10 : 60 : 30) was responsible for the
enzyme induction by the 80% methanol extracts of defatted sesame and perilla residues. Further
identification of active component(s) is in progress.
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Alepo] kB A& 7ol Ao R oA i)
agd #H 2 g delal g o] A9
o} B2 (xenobiotics) 8] thAlel| #-oydl= 24 A 4 A (Phase
I enzyme)& #A3tA|Zlch= Aol dEg el o, &
tE Al Agg HMo] spsstA =AY F, 24
A4S ST Bl 2 SRR AEY
TbsAe]l ¥7] wFel dxpHoR o] EAE W
Aol olglAl F FEAMNID IGANE Hshe
FAR AFE gy v|&e] Wyrdg 49 2§
ol agtgae) o] ok PFHEFFTAR AL
253 ¢]+& oltiprazy= ICR/Ha 3 & dhrtoz 3 4
#ol| 4] benzo(a)pyrene °)v} aflatoxinss] &4 F=
g Wt aapyo g oAsts Aos vElde
o 2 dbe]7late] AM2AtE AL BAdstel WA A
o] Ql& Zeo] BaEe] Qujio-V AFA] eiAl A2
AEAA S 23] ake qbgAle] bel ko2 s}
ol ZF Az ExEF wgste S A Aol
Prochaska 527 ® mouse hepatoma cell line& o]
sto] A4 AM2HELA FAHE FHste AR
Mralel o, o} 5 o]4-3te] broccoliRHE Sl
© 2 sulphoraphane& ¥2|, $A3=dl 4Fstdcl™
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AT AL Vg 5 el s sl HEAg
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B ATl g ARZA U7 WS A
" Selan e, e ($)%
4 Ak
BB RFAR PYAFA S vk 4

F23F 328% Hol 45C0)F el 4 obsSetar 3
FHog FAAzsI] 80T witstwiA] 345k
t}. tert-butylhydoquinone(t-BHQ), B-naphthoflavone(B-
NF)& Aldrich(St. Louis, MO)Z ¥, 24-dichlorophe-
nolindophenol(DCPIP)3}  benzo(a)pyvrene-2  Sigma(St.
Louis, MO)Z X-E] F-9]3}9] e, fetal bovine serum
(FBS)2} alpha-modified minimal essental medium{a-
MEM)-& Gibco BRL(NY, USA)Z -] F<)shaicl.

MEZMe| HF

Hepalclc74) E(mouse hepatoma cell)& 10% fetal
bovine serum(heat and charcoal treated, FBS)E &
3} alpha-minimal essential medium(a-MEM)) 2] ol 4]
wjoraleirt. AlE= 13)8 A FulloF plate(100 mm, Cor-
ning)el 4] monolayer2 el 2 slgdow, mjoker gl
COEEE 37C, 5% §38ksict

NEFEF) AEEA(cytotoxicity) & FH 3] #38)
o] Aok plates) AFF 3x10% cells/mL 52 &
F3lar, 4417k whekE of7)el dAFEe AEFEFNE
74k o, F-2 21771 confluencyoll exbalslg d(R%
T5F 39 AEe A g v o pEsA, AXE
trypsin-EDTA S04 0. & dejgt vh5, o 4aFe) A %o
Ho| HerAlF)aL hemocytometer s o] &3sle] A ETE
At

Quinone reductase &4 £

Hepalclc74l 25 10% FBS# penicillin(10° units/L),
streptomycin(100 mg/L)S %3t o-MEM 8l #]of 4
skt MEE Aok plate(100 mm)oll 3X10¢/
ml FEZ BRI 48417 wlkgt ofg, &Ll
2347 FAAE A58 05mg/ml FEZ H7hsie
24217t ¢ wokslodct. vl oko] sha =W wl 2 & A A5 L
phosphate buffered saline(PBS)2.2 5mL4 33] 4H%
3lo] Agdct Plateo] 0.25M sucrose£98 1 mlE 713},
cell scraper o) &&to] A ¥ 2 43844, ultrasonic cell
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disrupter(50W, Kontes)ol| 4 A E& 23l M2
F A l(cell extract)-2 microfugeol 4] 2 A1#-2)(5000X g,
1083 & QRAE-ZA ) b Agdad Zdo) 2183l
vl QR £434-2 Benson %9 #hE W olel, 2-dich-
lorophenolindophenol(DCPIP)E #3471+ HEE 5
Hato} Lpebgch =, wieal 3mlel 25mM Tris-HCI
(pH7.4), 0.7 mg BSA, 0.01% Tween 20, 5uM FAD, 0.2
mM NADH, 0 =+ 10pM dicumarol, 0.2 mL A ¥

ANg Egtsto] st} o37]el 40 uM DCPIPE
Horgh ez Ay ure-g A28l 3L 600 nmoll A 249k sca-
nningg FAsch QRAASEA-E 187 FhHE F
# %9} DCPIP2] molar extinction coefficient (2.1X 10
M lem HEBE] silsl DCPIPY oFg A 4telz A%
Aol vhul A gtelk-s %35t} nmoles DCPIP redu-
ced/min/mg protein®. 2 vehlgich &9 gy A
Lowry" o 2 Z33sloich
Arylhydrocarbon hydroxylase(AHH) SAEMEY
AHH¥ Nebert'¢] wholl w2}, benzo(a)pyrene&
1A zste] ZAslelrt ATaloke QREZIANFYA
o} e zA sl A Fastgiod, 13] H4 o of 5X10°
cellsE Ah&sladck 2709] plate(100 mm)ell 7}5 =gt
AEE 015M KCL-10 mM potassium phosphate 3
£ol(pH 725)02 & ¥ Ze S 1mig 713
cell scraper® M|ZE FA 33l ultrasonic cell disrup-
teroll 4] FAste] AxgANS Ax:sdch 02ml Al
EANAL 076 ml W-g-ol-g Egsled 37TAM 387
of| o35t 7] 24 40 W 2 mM benzo(a)pyrene-g 718l
60%-7r wreA A} &, HFALTEY 1mide 50
pmol potassium phosphate buffer(pH 7.25), 0.39 ymol
NADH, 0.36 pmol NADPH, 0.2 m!/ cell extract, 80 nmol
benzo(a)pyrene(in 40 yl methanol)e] %= % 3lich
uheg £243)7] 93te] 4.25ml cold hexane-acetone
(325: )& 7hsta 37CelA 1087 ubSAbEE &3
Aok §714eiZ 1miet 10N NaOH 3m/E &3t
oS, 1000X goll 4} 287} A Rel3 v, FA) ebvtel s
#slo] 3 sdx A(SFM-25, Kontron)oll 4l 3 F= &
Z2(Ex 398 nm, Em 522 nm)3}ted Ao Hel & A-8AlE
A 4bsted et

Z& 22| Thin layer chromatography
BAe wi= preparative TLC plate(Kieselgel 60 F
254, Merck)ell A& z}z} 5 WH AHIE7] E=es 100

w # (preparative TLC) band 3 e} 2. spotting3}e n-buta-
nol : n-propanol : 2N ammonia(10 : 60 : 30)& % 7§-&=}
& 3le] 14cm AAANADG A7 289 F 494
(short UV light: 254 nm)a}lell 2] Felgd A =v uF
gkl 3lo] #A|5}edch. Preparative TLC plate| 4] #17H&F
283 Rigroll wtel 7 28-S razor blade® )3t
80% v&t& R
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Table 1. Cytotoxicity of

gharAl Eatsbs] 2] A 27 B Al 6 & (1995)

water and 80% methanol extracts

water extract (mg/m/)

80% methanol extract (mg/mf)

item(s) R S A
1.25 25 1.25 0.5

rice bran - - + 4+ + +

wheat bran - + .

soymilk residue - -

defatted soybean cake — - - -

defatted sesame residue - - ++ +

defatted perilla residue - - ++ +

+_+ +:less than 10% cell survival, + +: less than 50% cell survival, +: less than 80% cell survival, —: not cytoto-

XI1C
Alstedet,
r< Il g (e £

HESM

Hepalclc? AEE QAo 2 A 89| =558 A%
3 AF Axeiddd dHFE2 Hrlste] 3U7L )
A b, AESAHE 22 A= Table 15} 7l
Aupd o2 80%ueh-g F&Eo) AEEAe] s
ehd wt E3E52 B Ay AHeg Hdiseq
25 mg/ml| E A EEA] Has R it AEF
FHEE v)7e 80%ieteF2Eo] 71y Zdat MESE
e Yehion, Sauta Aiute Agg A4S
Boch Uree ofg MEEAS vehon], w@xt)
Tl Fhube] 80% g FEEL 1183 FHuls
%9l 125 mg/mi = AL bR eigich

B RAEEANYEL AgAde) AJEEAL de g
gtopr]E} A EEALS Jepx FHd ABFEE
AR 3}7] Yt} st on, 0.5 mg/miF el 17,

[

ol
LA

A7nt, E7iuke] 80% vstE FEEo| i AEx
e Hgor}, o] oldL & A|(continuous exposure)
#Ag Axjoly, MAE quinone reductase A%
Aol A wmEEE 24417 Fobolls HEZAe] 79
TaE R ¥} o] FEE o)F My gtk
Quinone reductase EMAIAXY| EfA

ghEokg ~4 9 s}l QRELETAS ZpA]F)E A
B digk dxA ZHA4HI= Fig 13 2ok A,
7t F280] QREAZAY S FYHOR F7PAIE
Ao vepgon, vUwA] AgEe A AsdAed o
&S v xA] dskel 53] AR, S4He] 80% &
Z22E9 7L 05mg/mis Tl Zzh F-zelFel H]
slo] QRS 2.7wie} 298] BAFAFHOH, FEEEL
k252l Wlste] A e oAt folH o
2 EAYE FUHITE Ao delyth g9 ofv|
QR inducer® %23l B-naphthoflavone(2 pM)ejrt t-
BHQ(0 uM)z} vl watel g o, Azrbrehs wokAlwh t-
BHQel wlsiAde o ¥ &n84s dehhol(Fig. 2)
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Fig. 1. Quinone reductase induction by methanol(80%)
extracts of agricultural byproducts
RB, rice bran; WB, wheat bran; DSC, defatted soybean
cake; SMR, soymilk residue; DSR, defatted sesame resi-
due; DPR, defatted perilla residue.

&k inducerd] EA7F FH ) ulepd ofujg A
o] ojaig HAFEE vehlluH| oolrr] 93l
2}4 9 2. preparative TLCZ 3 t}-2, 2 ul(band)
E3slo] 80% vleh-g 2 FEste] Azwioddel A
7kgt A3, Rfgrel 7F¢ -2 band(Rf=0.70)ol1%1 QR
inducer &4do) 74 FA viebdehFig. 3, 4). oW A
7§-8-v] Z3= n-butanol : n-propanol : 2N ammonium hyd-
roxide(10 ; 60 : 30)& AF&3tei o, d7)-guje] EX o
u] 3o FYojutal EAfulel] EAEFR= QR inducery
ol mlwd F2 FAY Row FA™c

QR A48 AMo] fxE+y 7]zt W8] 41 Favreau
L6 100)) o) 4] oA F-Egle], o] EL HHe QRFA
a}2] 5'-regulatory sequenceel] phenol#] 2] HAk3}A) el
o 8} uk-S-3}+= antioxidant responsive element$} 2,3,7,8-
tetrachlorodibenzo-p-dioxin(TCDD) ¢} 32 A A 8] o] &
#lof] wFS-8}: xenobiotic responsive element7} )
e =mglgl onm, o] 9l 7]4jde] transcriptional ac-
tivation® ¥edo] S-S Hwstsch ol¥% HAFA

SIS £3HE ot sl QRE A A
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Fig. 2. Comparison of Quinone reductase induction by
methanol(80%) extracts of defatted sesame and perilla
residues with known inducers

The concentrations of t-BHQ and B-NF were 30 and
2 uM respectively, while defatted sesame and perilla
residues were added to culture medium at the level
of 0.5 mg/ml. t-BHQ, fert-butylhydroquinone; B-NF, B-
naphthoflavone; DSR, defatted sesame residue; DPR.
defatted perilla residue.

Fig. 3. Thin layer chromatograms of methanol(80%)
extracts of defatted sesame(A) and perilla(B) resi-
dues
Aliquots(3 u/) of methanol extracts(0.25g/m/) were app-
lied to analytical TLC plate(F254) and developed in the
solvent of n-butanol:n-propanol: 2N ammonia water(10:
60:30), following visualization under UV lamp(254 nm).
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Fig. 4. Quinone reductase induction by TLC fractions
isolated from methanol(80%) extracts of defatted se-
same and perilla residues
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Fig. 5. Arylhydrocarbon hydroxylase induction by qui-
none reductase inducers
See the note under Fig. 2 for the abbreviations.

37t

Aryl hydrocarbon hydroxylase(AHH) kpn-1g5|

Fig. 5o ¥4l uje} zro] F7p Sojube AHH &
284S G g 25X A)E o B Jelyr) &
Auts) Zoiake] 80% wiEHE F5ES 05mg/ml 4
ol 4] oAl £ AHH A4 848 zHzh 21u) e} 18+H
Z7kA1Zc). g8 +-BHQE RaX® wle} zhe] 7423)
QR inducer24] zt&-&}x|ak AHH jf\%}*jd]‘“ o3 3k-g-
W] 2] A] ebgkct. Fafutoint EAute) Aol g Aol
AHH®} QRE EAoll F7HAl7l 7Aal 1] LS 74’7—1‘4
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AEE Fte] WS Aobd FHAE doiglch AHHE 1
A A (phase 1 enzyme)?] stz EXE39) i}
Watehvel wjEdEAe] 54532 A %
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FHAE o] e}, QRO A F7]Ffe] o}A] HEhE uhE A
NAE @A 2 7hed shirt AHHO &fste] o=t
Moz uiabzt g g oL ARl 24 E A0 &
43HE Fuie Aol Barse] Qi wepd v
79 QRE A7) 43S AHH 3284% %
741 7hEAdel =k @3 AHHw 248t A)7|x
QRell= ofbF-& &g mA 7] ¢u HEE Wehs &
=¥ 7hgAe) =k & 4 ok sfjibstel AHH+ benzo
(@pyrenes}t 7 FA& wWtEAR AgA)I|=d B
oshs AA0)7] dfolu) aFokasiA FAJEALEA
74wk A g 542 AHHEA S 271491 4] koA
QR Mel A o2 &5k 7= AU o]z £319
g8 el Bl By HA el ool &
ol o]zle] AN whdEAZ Helr} 7l53tclbwd
71 RAAEFLNZA Rohiel JoupAie] oekgo g
NE 1 8L & Aoz g

8 o

Quinone reductase(QR)E &% 24E4AS 84
A7 ARES B FEAFAA HgtEAe] Ax
W 2HE-2 dAIFe RN FFJATNE Helle AR
Bige} glek, B AFel e A FARAREE A
7, H7E, gAY R S5l Akl ek 6
9 A8 A SAYEAE e T EAJ-E
et 517] 2)8bed, mouse hepatoma cell line(Hepalclc?
cells) & o]&3led, quinone reductase#Af% oJ¥&
ZA stk Auta Eo0dte] 80%H RS F2EE 05
mg/m/ FEAH FHI QR FEHAL Jehlew,
2 FEAAH o AEES A9 QR AL¥AE F

AN esteh @ QREARAE FEE AR
fohil7) slstel AaHe TLCE 543 Ak 3

spp Soputel kg 358 7heel AHEa 140
butanol : n-propano! : 2N ammonium hydroxide(10 : 60 :
30l 7H me] o] Fshe FEH(Rf=0.70)0] FEA
& FHET S Fdskden, A BPEEe
4ol APFol stk

LA &
B ATE 1904KE BAEA AR o
o3 AFn] Pz oE Sdd ATAse REA
oo ZA=ele Hheieh,
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