J Korean Soc Food Sci Nutr
33(6), 946 ~950(2004)

SEAIH| X 2|7 A2l Quinone Reductase &

NEREEDELEE)

EEE Moo 0lxl= g

=/ (=]
o MEDEE

Quinone Reductase Inducer from Radish Leaf Cultivated
in the Soil Containing Sulfur

Kyung-A Kun Chi-Woong Rho Kyung-Rak Ch01

Hae-Jun Hwang and Hye-Seon Choi'"

Dept. of Biological Sciences and Immunomodulation Research Center,
University of Ulsan, Ulsan 680-749, Korea
ZGyeongsangnam—a’o Agricultural Research and Extension Service, Jinju 660-370, Korea

Abstract

Young radishes which were grown in the soil containing sulfur increased quinine reductase (QR) activity
in Hepa 1clc cells and isothiocyanate-like compound analyzed by HPLC. QR inducing activity was maximum
in young radishes grown with 1,818 g/m® sulfur and was decreased when the soil was neutralized with lime
mortar in order to improve a recovery. These results have suggested that consumption of young radishes,
especially grown in the presence of sulfur, would prevent from cancer incidence through inducing detoxification
enzymes and could have therapeutic effects for chemoprevention.
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%} phase II detoxification enzyme?l glutathione trans-
ferase, NADH:quinone reductase® %A 7] E&o|x =
&} cytochrome P-4509] §41-& 3 #3] vl¥x] %3 phase
I enzyme®] 4458 58 dl52H4-& A5 A 7]7] Wil &
2 v 2 T3 9)oh(3). Sulforaphanes] 2%+ enzyme in-
duction-2 murine hepatoma, human adult retinal pigment
epithelial cell ¥ o} 2} sulforaphaneS # <l 9 71, &,

22 Az}, # 58 o]8-3 ¥ 37} ¢ oH2). Sulforaphane?]
oxidative damage®l] g B3%¥e FL44L in vivo
modele A & Zg o] 9=t o4 DMBA® 98l f=%
mammary tumor?} incidence, multiplicity, 2715 7}AA]
ZtH4). Sulforaphane-& Helicobacter pyloriE < A3+ ben-
zopyreneell &8 =% stomach tumorS 9|4}8} 2 sulfor-
aphane®] A3} phase Il enzyme®] %55 A3} AlXE
W Ex5F2] 24 xFel Nrf2-Keapl complex AFo] 2] A4
2 a3 A o] glrh= Aol A A = 2l vH5). NF-E2 transcription
factor familyel 43} Nrf2: antioxidant response ele-
mentdl] %#-23}e] phase II enzyme-& f-=%+c}. Sulforaphane
2 wild-type animal®l 4]+ chemoprotective®] A] ¥t Nrf27}

sulforaphane-2-
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Z % miceoll 4= benzopyrene-induced gastric tumordl]
i3k &84 o] FSheh6). ohE Al Abs ) A Eoll 4] A E =
isothiocyanate®] 7-$- animalo]4] ¥ ojv}= c}okdl carci-
nogenesisell 7}® ¥} inhibitor2 ¢4 lch7-11). Y&
o] F8 7]=

cytochrone P450 enzyme% A

-2 carcinogen metabolic activationel] Z.&%
A 0 2 oA 3} phase 11
enzyme<r =39 apoptosisE F4&c}(12). Benzyl iso-
thiocyanate(BITC)+ A/J mice®l| 4} benzopyrenedll 2]} &
X5+ lung tumorigenesis& & A &= ¥k phenethyl iso-
thiocyanate(PEITC)+ E37} §lvia a2 ¢low(13),
BITCell 214 &3+ benzopyreneo] &4 3}5 o] benzopy-
rene-DNA adductg 843 2L JA3517) o2 F3
"t} PEITC+= Fisher ratell 8 mmol/kgs $99 4] carcin-
ogen?l 4-(methylnitrosoamino)-1-(3-pyridol)-1-butanone
(NNK)9l 2]&F lung tumorigenesis®] < x4 67%
2, WAL 9%2 FaAZH14). = PEITCS allyl
isothiocyanate<= in vitro systemel 4] human leukemia HL
603} human myeloblastic leukemia cell®ll 4] apoptosis & &
E3te] A 25 B} Serum FA Aol & GC500)
0.8~0.9 uMe] I serume] $1& wW&= 1.49~3.22 IME =4
o] oA A H Al oF HAEE IS5+ 72t i st &
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i Hepa _clcE ©] 43} bioassayll 4] 7+9) phase II enzyme
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7 AT A et A B AL ofA 2 dFE A
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M=

E A% ol A48 Hepa Iclc murine cell line& ATCCe
A], acetonitrile, methanol2 HPLC grade® Trizma base,
BSA, FAD, NADH, 2,6-dichloroindophenol, Tween 20,
dicumarol2 Sigma-Aldrich(St. Louis, MDA 3] ?‘5}9&
ok G 5-2| Al = 58% 38X 8 cm] Fef g AR}of] A 4 3
Ql Ak 44, 532] 39 kg/ha  ¥W] 15 M/T, 43 2 M/TE 4 3
o S E +#-3H1,818 g/m’, 1,364 g/m”, 909 g/m®)+ A 3] 4
2] W kR A2l g o] BEoto] 45 A Satatel AHE

3},
HRo REMES FE
AR 222 575 AT 3] 24 Yed
-20 COM Bl on G5 YL 4°ColA] A gake] 50%

2] Quinone Reductase F-2E2 Ao vlx]le odg 947

4 71 ice—chilled bead beater(Bio-Spec) & o4&
&}e] 587 pulse® I homogenization? %l ¥ homo-
genate= A-8.24 rotorg- ©] -3t T-324 refrigerated centri-
fugeE ©]-4-3Fo 10,000 X gol| A 40%-7F LA E2] A A A5
< A9k A5 AL evaporationA A 40l S ge vulz
t}A] ZFSol F9lF Amicon membrane filterS o] -&-3}o]
PM-102.2 ultrafiltration] # 10,000 dalton ©)3}9] filtrate
& 93, ] S E A F A TAE S s A3

methanolS ¥

Quinone reductase(QR)2| inducer potency

Quinone reductase?] &AL 96 welld|A] Hepa lclc
murine hepatoma cell-2- A}-8-3}o] =3 '8}9311:]-. A 510,000/
well 2 g o] 24%] 7y wjoksto] XA A ) 3 F AR} FH
effector 4-& FoJ3s}od 4841 7F f ) °J’b‘}°3 t}. Effector7}
ol ol ]%“’Ht FE7}0.2% ©) 37t H =5 84wl
A}-8-8ht}, Inducer activity 2} 1 uniti= 150 uL. ] oF<y-g- £ 3}
g 1709 wellell B 3 H & =} QRS specific activity 2 28] 2
3l ok o 2 Ak} Effector 32 3 A £Z ice-cold PBSE
29 A 3 125 mM sucrosed E33F 25 mM Tris-HCl(pH
7.4) buffer2 dg YL S} A Ezy bl 2 13000%g,
20%, 4°CollA A3l 45dez thilldsxel QR
B4 Chang 59 v 16)22 238k 5 ugd cyto-
solic proteine &%9 7} 200 uL7} ¥ =& assay buffer(25
mM Tris-HCl(pH 7.4), 60 1g BSA, 5 pM FAD, 0.2 mM
NADH, 80 uM 2,6-dichloroindophenol, 0.01% Tween 20)9}l
A2 A 58 22l E 30 uM
TR EE 245

g 1 cytosolic protein 714,
dicumarol 2 ¥F-$-& E4 1 600 nmel A &
7] S E 7Yt

Isothiocyanate®} glucosinolate2] £H

4 F5& N 9] isothiocyanated] 5%+ 1,2-benzenedith-
iol#} cyclocondensation.2. 2 1,3-benzenodithiole-2-thione
2 3 A 38}od spectrophotometer® 365 nmelA] &A%}
(17). F2+73 1818 g/m’ 5 8714 247 o} 2 A 2] S 3t
At dF5 st 23 100 ¢& 8l DMSO/di-
methylforamide/acetonitrilesl] %24 homogenization*] 7]
% 49 ¥5-F& evaporationA] 7! ¥ Eoll 5] myrosinase
£ #H7}5le] glucosinolates isothiocyanate® %34 7]
clocondensationA}# 365 nmel| A F3 & & =453, HPLC
of| 4] &alatr] 918l 20 ULE Cig columnel] loading 3o 809
methanolZ. isocratic elution¥ Z 3} retention timee] 3.9+
ol A peak”?} WeEbt}(result not shown). Standard com-
poundQl sulforaphane®} ¥] 23438 o F-A18}A o] &3l
£ 2 g isothiocyanateo] v} 29} f-Ag ZA 2 A},
o] & o] £3-& isothiocyanate-like compoundz} %7]3+43
t}. Inducerd] &2 retention timeo| 3.9% <} Yehd peak
9] A& AAtslA deiH o} Standard® sulforaphaned}
A&,

sulforaphene%
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Table 1. Effect of sulfur on production of radish

Treatment lezzl/lrcr?()m
Yellow soil' +Sulfur 1,818 g/m’ 10.70
Yellow soil + Sulfur 909 g/m° 18.28
Yellow soil + Sulfur 455 g/m’ 1851
Yellow soil 17.01
Control soil 24.15
Yellow soil +Sulfur 1,818 g/m°+Lime mortar®  15.60
Yellow soil +Sulfur 909 g/m®+Lime mortar 17.16
Yellow soil +Sulfur 455 g/m®+Lime mortar 18.07
Yellow soil+Lime mortar 15.60

"Yellow soil was obtained from local area near Jinju, and it
contained low level of P, K, Ca, and Mg, comparing with
_control soil.

?Lime mortar: commercially available in local market
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cyanate®] %2 A 24 A2 A AT Aol
A1 isothiocyanate—hke compound®] % Table 264 B.oJ
FE0) spectrophotometerd] F#x2] A X1} HPLCHA]
vhehd peak®] Aol A A& Bl RA] BI % K3 & BT
HPLCo A peak?] HA-& 3 & +-#3F 1818 g/em’® A 2] Fo]]
A 7P E L bR ekellA] 718 AR} 25M7F £kt
AS5AH=F e ste] A3 Y7 65% 2 oFeol 221 14
 odut 29knrl 1649 Z71gS Bod F3 9t} Isothio-
cyanate-like compound®] ¥-& & +-6-3 1818 ¢/m’ A &
A9} 7)1 2A ] 2ule] A3, 3+ 43 909 g/cm’ A2l o=
Az AZEEH R, o] Al o] dF2HA] ¢l brocoliz-&-
Al Apgl s} Al o A 7 =) = 733 @ chemoprevention®] &
& 71 R8st Eo] G FA A EAFIA L 2 EF
ol §3-& A7 7§43 FrHH e AL BT gl

gEol XA HR2olM quinone reductase in-
ducing activity
7 A&z e dFoA AEsA &35 »] A8 qui-
none reductase inducing activity& Hepa lclc cell lines- ©]
4-5}e] 2 A] Table 33} 22 A5 Qo). AESSH FA
o] Table 214 HJ5F satAql 22 JehFE iso-
thiocyanate—like compound®] 3} A &3] A=A & °-‘7<]
% 70 A BF 32 1818 g/m’ AHEA AV &
%}’“ Bk 8] F2rb A A3 H A =
none reductase inducing activity7t €23 Z4agE &

At

qui-

A
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£ AFol A= AFAA ol o)v] R E broccolish 22 4]
A3}t A Eol| A A E = 733§ chemoprevention effect
¢} anticarcinogenic activity= 7F* isothiocyanate 7% 2]
fr33gtEo] EAsle As T/ 2w & 58 B
91l @712+ spectrophotometer® ©] 83t FF=S
228} 31, o] & B7}s)r) Y8 HPLCE £3 isothiocyanate-
like compound®] & &A1 3t} L2y} HPLCel| A LoiAl

Table 2. Effect of sulfur on amount of isothiocyanate-like compound from radish

b Relative area of

Treatment As/g isothiocyanate/g®
Yellow soil+Sulfur 1,818 g/m3 1.30 5434591
Yellow soil +Sulfur 909 g/m3 0.84 3171916
Yellow soil + Sulfur 455 g/m3 0.83 2887330
Control soil 0.69 2139170
Yellow soil +Sulfur 1,818 g/m’+Lime mortar 0.92 3517271
Yellow soil + Sulfur 909 g/m3+Lime mortar 0.75 2823900
Yellow soil +Sulfur 455 g/m’+Lime mortar 0.59 1986345
Yellow soil+ Lime mortar 0.89 2912731

YEach absorance value at 365 nm was divided by dry weight of each preparation.
2The arbitrary area of peak at retention time of 3.9 min, determined by an integrator attached with HPLC, was divided by dry

weight of each preparation.



8A1u) 2 2] 7} dF2] Quinone Reductase HE 54 Aol v sk 949

Table 3. Effect of sulfur on quinone reductase-inducing
activity from radish

Relative
Treatment QR-inducing

activity
Yeliow soil + Sulfur 1,818 g/m” 5.32
Yellow soil +Sulfur 909 g/m’ 351
Yellow soil +Sulfur 455 g/m® 345
Control soil 3.60
Yellow <oil+ Sulfur 1,818 g/m3+Lime mortar 3.75
Yellow soil+Sulfur 909 g/m’°+Lime mortar 395
Yellow soil + Sulfur 455 g/m3+Lime mortar 4.20
Yellow soil+Lime mortar 3.80

Y Absorbance change at 600 nm was divided by dry weight of
each predaration, which was incubated in Hepa lclc cell.

peakol] ti gt F2FA]S 314 k7] W Fel standard com-
pound?! sulforaphane, sulforaphene retention time®]
Abslcha A 2 EA-olglw & = Aot ey f-AKRE
TZ RA+A HPLC columng ¥3& o v]5:3}F A7 ol &
29 Ao 2R d¥oA A& A EAL ol E sul-
foraphane A A2t 3 & 4= g)o}. = o} & 9 2 2 = Hepa
lclc cell lines ©]-8-3F bioassayol4l quinone reductase®
fFEdle EAE 7R e AS Egh = ol g 7%
FPEL AA = F3E AT Bl 75 A5
A AA 8] F7vE ol 3o} whebA] sulforaphanes f-ARE 2
E 7, 22 AESA G4E BH4E 0] Aol EA
g, Bkl §3A /A 1 =7 S = Ao ® B]lth

Isothiocyanatex= A]&o 4 glucosinolatez} s E2]$+&
thioglucoside conjugate A 9] &3 2 watercress, Brussel
sprout, broccoli, cabbage, kale, horseradish 59 4 x}3}3}
Aol A &5 r}18). Glucosinolates= C=N bondell 43
g} sulfateE 7}% thioglucoside®} side chain® 2 T4 =] o]
gl=d FF ol e} side chaine] ®=H21t}. Glucosinolate®
E &8}l myrosinase®l 2] 8} glucoses} E3+A 3 aglu-
conee] AR H =], B¢ EAS ZA FAHA - isothi-
ocyanate 2 A 3= th(19). Myrosinaset A F£3¥ myrosin
cellell 24 =o] glo] FrHH oz FelFe] glov A&l &
24 g.glelvt (el Fdd ol &4l Hds o 24 A&
o] 7158} = o], isothiocyanateS A& 4= 31 A F=H20).
ote] bl Frof o5 ok}l FHAd o AFHt FUAE 5
o} S} 7o) whal A A T isothiocyanated] ¥-72 ¢l o
= AT Ee] AAFLE el broceolidl A Al 2FE ¢
ok & 4= glv}. Broceoliol v 818H3 st EAl ol thgh B3
288 3 4 )& isothiocyanate’} 2317 &3] wolx
719] of&l Al &e] 10~100¥] F& FE= S o] AL
DMBA®] 93} ¢ %% mammary tumor %3-& oA rh3).
Wasabia japonicaol A %% 6-methylthiohexyl isothio~
cyanatet- ¥otE3 £9] slrtel 4-(methylnitrosamine)-1-
(3-pyridyD)-1-butanone®l] 2}&F lung tumor®} 7] @A &

o A §1c}(21). Glucosinolate HPLC¢ll 9] 8] Oriental mus-
tardo| A= HAE=¢l+dl F degradation product+ allyl
isothiocyanate®] tH(22). Brussel sprout® A% 47}%] £
Fo] AE3kA &4 o) gl+ glucosinolated 3t ¢+l
0] 7 E-2 nitrile, 1-cyano-2-hydroxy-3-butene, indole-3-
carbinol, 1-isothiocyanato-3-(mehtylsulfinyl)-propane, ph-
enylethyl isothiocyanate®]t}. % 1-cyano-2-hydroxy-
3-butene= pancreatic glutathione S-transferase® 2 &
oA §E3t3 7rell A phase I enzymedl P-450 1A A
o] o33k FR] 931 glutathione S-transferase®} quinone
reductaseS - =3%cH23). Indole-3-carbinol, phenylethyl
isothiocyanate-2 7Fell 4] phase I3 phase II detoxification
enzymes 5 R0 2] 271 AE A3t 8%
A kol B2 o] 2]FF Fof] gk chemoprevention effectS B
S8 7o 2 oalx girh(24). Beet 8] EE N 7}
& AakstEA o] A& E %3 ©] 42 Hapa lclc cellolA
quinone reductase® =3t} (25). o] ATEL] A=
A A} skzk Al &l thoFst isothiocyanatef-E A Eol 735
L 7ro]t} pancrease 5-¢ll4] phase II enzymes -fr=38}e] ¢t
HHAS- oA s A A= RS BT gle] &
A Aol A ofavt R H 7 PR EUAvh= AFE
o A&k 43 A A 2AE BAFa gt B Aol +=
24 ok = AFH s gl A5 A={gA AT che-
moprevention®} et Al of) F+od 3} isothiocyanate’} &
A star o2 gk A Hol AT Eofel] F3 M2l {94
AA F7tE e AL HoAFAdoh F3 A= GFlA qui-
none reductase inducing activity7} 7]1Z&2] sulforaphanegl
A, old a2 AR = AFFE5H A=gy £3&
44 AAF F2E W8l 2d-E B8 A A Folh
a2y G 5o §38x8] A HPLC 4] sulforaphane®} f-AF
g E-3)o] AR sHA| S = 3 19} 45 o] biological ac-
tivity G A 71822 33 D57 A FH A A AW NA
detoxification enzyme& f+E3}o] HHA-S A A7) AY
I FZ 4 9l chemoprevention®] &2 7| & 4+ 9lo
gt AR & dFAAA LS Y 5 U= Ao
& mousedll A1 in vivo A% AFFolc},

2 <

¥ ATE G5oA v AAE Al g 3 E =
sulforaphane f+AHE-2 2] £33} quinone reductase inducing
activity & A 3] 2 A5 A EA] f-3-& Aol 71 o)F
gk &Ao) F R3] Zr1H = Z1-& Bgkr} Sulforaphane -f-AF
2] 23L& 438 Bkl 1818 g/m’ H7HA 74 &3t
AL, A2 A S et EokE A3 R FEAZE o
A=k F3-8 Hste] 7 ATl AN ES
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