KOREAN J. FOOD SCI. TECHNOL. Vol. 38, Nc

ntzd|7t
#718) - olay

e stz

0. S, pp. 707711 (2006)

FZ£E0| quinone reductase

- HEA - ol

NEZFES A%, At QgAY

KOREANJOURNAL OF

S=AZ YA

FOOD SCIENCE AND TECHNOLOGY

©The Korean Society of Food Science and Technology

(=]

Mol olxl=

LR

o AkIEdTH(TMR) ATE

o2

oo:l

Induction of Quinone Reductase Activity in Hepatoma Cells by
Paprika (Capsicum annuum L.)
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The Center for Traditional Microorganism Resources, Keimyung University

Abstract Phase 2 enzymes are transcriptionally induced by a wide variety of chemical agents and natural products, and
their induction plays a critical role in protection against chemical carcinogens and other toxic xenobiotics. The activity of
the methanol extract and fractions of paprika (Capsicum annuum L.) was examined in murine Hepalclc7 cells for the
induction of nicotinamide adenine dinucleotide (phosphate) NAD(P)H/quinone reductase (QR). The ethyl acetate (EtOAc)
fraction induced QR activity in a dose-dependent manner in the concentration range of 10 to 500 pug/mL with a maximum
of a 3.3-fold increase in induction. The EtOAc fraction also showed high QR induction potency in Ah-receptor-defective
mutant of Hepa 1clc7 cells (BP'cl cells), which indicates that this fraction is a monofunctional inducer of QR. These
results suggest that useful cancer chemopreventive materials could be isolated from EtOAc fraction of Paprika.

Key words: paprika (Capsicum annuum L..), chemoprevention, quinone reductase, monofunctional inducer, Hepalclc7
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L :?’LHI—@] ELOL 7] A} 7~ [HEX%] g]
A & 58} Al7]+= NADP(H):quinone
redu:;tase(QR)SaP glutathione  S-transferase(GST) 2 UDP-glucu-
ronosyltransferase 2] phase 1I &4A2] E4-F=2} phase | &
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2718 cytochrome P450 £484 o7 glutathion A543, trans-
formed celloll A 2 f,%‘%}ol Z7}5% polyamine BAoIAH 59 5
2 AU3). QR ZHEZOA FE MAEE phase 1| T4
g FFE quinones FAA FEsH THEL Azl fx 1
of ofe] Ede] 2o g ol Edio]el Foksls ¥
ol S TR sl 98 Stl4),
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QRE #E8te &4 HEL2 2= polycyclic aromatic hydrocar-
bons, ﬂavonmds, azo dyes, diphenols, thiocarbamates, isocyanates,

1,2-dithiol-3-thiones AlE-¢] 3= Fo| A Jths,6). 18t
QR FEgA o) alAl S-2lvtebes BlEe B HOWOP 2] ol Af
Zg ok alRo) Falujo] WAy} ¥l Qe Furelw, 7t =

2 L} AT ok 7

o FAskE AAE, YAm 2 HAFo]
BIE Bt Ao glE AR o)

g} e] 7= 7FA #(Solanaceae), L —%%(Capsicum) SLEE
(Annuum)e &8s FHEako] A B2 e/lle] olFo] glom, Tt
Sk e olqle] SIlE, A FEONE BE REE %
A3l ATKT). 3ZE] 7= capsanthin, B-cryptoxanthin, zeaxanthin
o FhRE|L-0|=A] Mg ShFekal floH, viERl A B, ¥
O/} ERF QAR PEAFoR LEA dvkE-10). EA7A
sz %“J’r 2H8-& veEhlle ofe] 7 GEES] ol
et el-prh ghde] e flor(11-16), gt Sl el &
Aotk At Barso] 9ouk(17), thiAsl b 24w
A2l quinone reductase FrEEACl Feh AtE o] FolA A o
T ook weld B egelie st 22% 9 28 o

435l quinone reductase?] = &

E ey
M=o M= ¥ =&

B Agel AbgE vhaelhe UY vEECA et & AR
o] FAlEted Mol TAZ AAT = 109§ 80% methanol
I ggete] 247 B9 B2 FE8h, o] F 33 9 S
E3rh 29 o3 (Whatman No. 1 Maidstone, England)
=2 Akgsle] 28] oSl SR F571(R-3000, Buchi, Flawil,
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Switzerland)Z F=5lo] SHAAZRE 3 o] B A
o) AEZ ARSIt e 28-S Bo 59 5 FAo] A
2 ThE Euil(n-hexane, dichloromethane, ethyl acetate, »-butanol,
water)S g3}l At 18] & 27} FEea vAzE o
W2y gl 3 REES Ak

s |

0
™

!

f
n -101'
A

ol

MEZF % b
B Aol A AE

2 2 F2e dhes fele) 19 AR
Hepa lclc7(murine hepatoma cell

line), BP'cl(Ah-receptor-defec-
tive mutant of hepa Iclc7 cell line) SBX, o]= k= A|EF
23] (Seoul, Korea) 2 ZHE] £-oF W9Eo ™ 10% FBS(fetal bovine
serum)2l 1% antibiotics(penicillin/streptomycinys 4713+ MEM 8}
Ag olgate] 5% COF EAERE 37°C Wi olA] 15 o) 2-
33} Al vkt

Mz QR &4 %’H
A QRe] %L < Benson 5(18)2] e wlgl 245
=, wiokst Al 4% trypan blue GHHOE HEFE 54T

T 1x10° cells/wellol 5= 96-well microtiter plate2] 2} wellol
200 pLA Bl 2447 wiYE 3 HiRAE A A S o 7)ol A]
22 MEMEIA] 200 pLell =59 w2 AEE 2 wellel 718
th AlE7F A b wieFelol A 48417 wiekEk B nfokele A A
Stal pH 749] phosphate buffered saline(PBS)Z 33 M &3k ot
&, 339 freeze-thaw cyclesoll &8l MES A ATH AEE
SNAZ T ZF wellol 50uLe] 2% triton X-1002 718 &
microplate shaker& ©]-83} 300 rpmeollA] 1027 £50] Fr}, of
7iell #kg 200 uL [FHrE A7KE #E 150 mLel g 7.5mL
o] 05M TiisHCl (pH 74), 100mgel BSA, 1.0mLe] 1.5%
tween-20, 0.1mLS] 7.5mM FAD, 1L.O0mL2] 150 mM glucose-6-
phosphate, 90 pLel 50 mM NADP, 300 units®] yeast glucose-6-
phosphate dehydrogenase, 45mg®] MTT % 150uL2] 50mM
menadione 15 7+ welld] A7}t 587 9k A #HTH BH8-
£, 05% DMSO9| =2l 03mM dicumarols} 5mM potassium
phosphate”} E-+¥ 89 50ulLE A7) }04 Whe-& BAIATI,
microplate readerE ©1-8-3t] 610 nmell Y FFE=Z &4 5T)

Quinone reductase®] H]EH] (specific act1v1ty)v# SdE MTTS}
crystal violetol] 23 SHEE 25T, QR FEFHE A|5E
AelelA] e dZe] QR &4 dig NEE 22T Qr &
ol B2 uEepdt. RlgA el AMke e o)

WEA] = [absorbance change of MTT/min x
protein}/absorbance of crystal violet

3,345 nmoles/mg of

ol =¥ 3345nmoles/mg of proteine crystal violet¥}
MTTS] SBAFREE Aske Blgabarolrt,

Crystal violet $424

i gk Bl dolle AMEel og Qrel AEEARRE =
Drysdale 5(19)¢] Wl 53}

A3t £ crystal violet G4
of AAlsioitt. QR E4 A 9lg o A A %6
well platecl] A ZZ HEslo] 244170 vkl & A58 2l
48717 v ket WieF & w2 A AslT, PBSE 38 Al
‘:]‘O'* 2% ]E}‘Q—Oﬂ = J 0.2%(w/v) crystal violete]l 108

Al o17le] 50% oekgol =<9 0.5%
(w/v) sodlum dodecyl sulfate(SDSYE 200 uL® 7+ weltdl] # 713t
3 37°C9] CO, incubatorl| A 1417 ¥HE-AZL B 610 nmollA] B

g 29890,

38 A A 5 & (2006)

= Zg9m %S Folin-Denis B(Q20)S S-&38lo 243}
Z Mg F25 2 2IE AE 1mgd THT 1mLd 39
3 o10v) slAet gldal 2mLefl 28] 5433 Folin AeF 2mLg
A7yela & E3e § 387 UAE 3 10% Na,Co, 2mLs 9
T IAZE HES AjZL F UV/Visible spectrophotometer{UVIKON
922, Kontron, ltaly)E AR&3t 700 nmollx] SFEE 27451
A% HEAAN O RE BE 79tk o] W tannic acidE
o] 4% XFTAL tannic acid®] HFFLIT S, 25, 50 pug/mL7t
HEE slo] 99} e o 700 nmollH FEEE g3t

& Eéyo|E FE

NEFE F SRt FFE Moreno(21) 59 ¥H
& =gyl 7 £¥E 4 %%%— 1 mL$} 80% ethanol 0.9
mLE 8% EFE 0.5mLo 10% aluminium nitrate} 1M
potassium acetate 0.1 ml 2] 80% ethanol 43mLE 7}3}]
Aoo) 408 WA H 415melx] FHEE STk 4 F

5o FHLE HFEERER AMSE quercetin A H]aslo]
& ZylHwolzo] SRS F3FAT) Querceting: }Q*Q} xET

AL quercetin®] HFFEZIF S, 25, 50 ugmlL7F =5 sto] 2]
gt e PHo B 415 amofiA EEEE S7YE] 3}‘40} =3

FE AW S4AT 38 0E dAgle] 2 ddage s
= SAS programe ©]-8-3t0] HAF EA1E
& Helxtt ‘il% J%OH EHEHH‘C Duncan’s multiple range test
];]__F:‘ 74 x% Oﬂ 1:]_

m=g|7t REEe F5&
gzz7le] e FE5E 5g2 nhexane, dichloromethane,
ethyl acetate, n-butanol & F=52 SuiFE £335)}% hexane &
2 0.0455g(0.91%), CH,ClL, T2 02252 g(4.5%), EtOAc &<
00165 g(0.33%), BuOH 28 03297 g(9.61%) AL, YA
water 2 3.5210 g(70.42%)2] FHE-S LAAUTHTable 1.

o8

o=Z2|7} HEE F28 ¥ B¥E9 QR /L Y
kg2 7] 7FdA 2] Hepa lele? AET] digh afaZg)
7} Wghs #5282 2B QR FLE@4S HAs] $lsl

CD(the concentration required to double the specific activity of

QR), IC,, 2223 Cl(the ratio between ICy, and CDYaS &4

A= Table 28 2t} Z2F £EHEES] CDke Has] B 23
23} EtOAc Fol ZM7F 47, T2ug/mle, 7HE 9 5

}-”1

hexane

Table 1. Recovery vyields of various solvent fractions from
methanol extract of paprika

Weight (g) of fraction recovered

Extract Fractions
MeOH  Hexane CH,Cl, EtOAc  BuOH Water
5% 0.0455 0.2252 0.0165 0.3297 3.5210

091)  (450)  (0.33)  (9.61)

*5 ¢ of powdered methanol extract was dissolved in distilled water
and partitioned with hexane, CH,Cl,, EtOAc, BuOH in order.
Values in parenthesis indicate recoverd yield (%).

(70.42)
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Table 2. Induction of quinone reductase (QR) and cytotoxic
effects mediated by a methanol extract of paprika and its
fractions in Hepalclc7 cells

CDhY 1C,»

Sample (mg/mL) (mg/mL) Cr®
MeOH extract fraction 3.443 3915 1.137
Hexane fraction 0.047 0.608 12.936
CH,Cl, fraction 0.484 0.851 1.758
EtOAc fraction 0.072 1.031 14.319
BuOH fraction 0.429 1.396 3.254
Water fraction 2.767 3.423 1.237

"Mean value of the concentration required to double the specific
activity of QR.

IMean value of the half-maximal inhibitory concentration of cell
viability.

“The ratio between 1C,, and CD.

Table 3. Total phenolics and total flavonoids of a methanol
extract of paprika and its fractions

Total phenolics” Total flavonoids”

Sample (mg/2) (mg/e)
MeOH extract 18.22+£2.04 10.02 + 0.56
Hexane fraction 6.06+1.27 935+£2.52
CH.CI, fraction 12.92+0.95 16.54 £0.04
EtOAc fraction 4490+ 3.19 53.71£2.53
BuOH fraction 28.22+3.05 50.23+£3.39
Water fraction 19.58 + 0.87 9.90 £ 1.56

"Total phenolics is expressed as tannic acid equivalents.
“Total flavonoids is expressed as quercetin equivalents.
Each value represents the mean + SD of 3 independent experiments.

oA QR B4L wE FTMTIE AS & F UsUTh AES
2 YERE 1C,782 vEre FE2E3 waer FolA =7 L}E}
U osAle] g selsilD, 29402 FoAc 39 CIgt
;é 15 L}E}L} H —mq Exg ] %gui/q QR ,QL/H(% %o:}?":
2e mxajzhel E0Ac Fof EAshs Aew AzhE:
2ol 2 Zg|HE dEy Zgreolr dEke Al eH QR
E FOAC ZolA 7Y #4 et Table 3).
/ QR =B dieliE Ha ag @t 84
3}=lH A sulforaphane(5), brassinin(22) 2 sulforamate(23) G

J}L s £

\

FR AEEC] By B, tl=elME T2 XH/\TL’E °
g3l A7E Aggsle] 2 7PA 2% flavonoid SHEE
et o, 0% olatel A = 94 flavonoid BHgHEl o
g 213 23} flavoned] THEdE F=AS]L 4 bromoﬂavoneol AR
3+ QR inducer® HEHA7|E SFHTH24). Wb Zelgiesd &

=%

gricols fge] w2 Buerlel BOAc RAEINM QR ¥
BRRe] e BT ojFol 4ok o Helr,

=8 “/]f‘/] o] Z‘/‘é%_ofu A G, I8Y A, ﬁc}OﬂOWZ, Ak
&, 3t Tel theket AL 71ITh2S). dEavtel ”ﬂ

F3EY 7 BEE EAlske £ E2EE B rTj/]rfé‘i ‘?ﬁ
29 717} tannic acid, querceting 71FEEE slo] 249t
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Fig. 1. Induction of quinone reductase (QR) in Hepalcle7 cells
by a EtOAc fraction from paprika. Cells were treated with the
fraction in a concentration range of 10 to 500 pg/mL for 48 h. Each
value represents the mean + standard deviation of 3 independent
experiments and is expressed relative to a vehicle control.

(Tabe 3). 71 Az, #2el7h EtOAc 8= l i
449mg/g, Z Zglr ol heke 5371 mg/g°% WEe
Ea 72 REEE £ 7V =A vERt QR

s}“ A3E Bk #LH b g EFY] F Ea}u‘ﬂéz ol

Lt
dol
2
o
[
°
>

ZelR oS TS 25t AnE ARE U AgEE o
Boohgel A9 B4, QA 53 dae) LeleE gEe 7

n
% o
o
L
lo ¢
_11\~_|

Zk 101.51, 28.30, 94.90, 95.81 mg/ge] L, EThHwo]=
7} 16.75, 329, 6.72, 6.06 mg/e°|™(26), T3, & 2 Fe| Ei
Hs dge 74z 1234, 5.10, 8.05%(27), ShHolEel A E<QI
Salvia officinalis, Matricaria recutita, Potentilla fruticosa®] &2
= wERe 727} 226, 7.5, 379 mg/eolH, FEIE ol ekl 7}
7k 35, 7.1, 6.1 mggl® B EACH28). Ze]al ok lEt o
2] A9 propolis®] ZEpEwO|E FreFd 133-42.06 mg/ge 2 K
ZETQRN. o5 4= vlwsl] B W wZFle] Et0Ac £
JINE

=
2o 5o o o) FUOEE PN Y A0 U

oj=2|7} EtOAc =82 QR-monofunctional inducer2e]

S
=S

akze)7ke] BOAC £8%9 QR f% B4 Fig 13+ o]
e gEqor 2 @Al Fkeklen, 200 ug/l O} 5ol
4 QR %%*39— oF 33d= 7}11 =7 L%E} ok ol 8 QR

ok
] ——.

O o} £

inducer. LPﬂoVﬂ T}, Bifunctional inducere of 3
Ah Zegacn Ao AgEke] cytochrome P 4508 233t 1‘*&" a
Aol gxzte] 2pR-ate]l E2Ae FHFE, FEE 1

O‘

2
ZoAlol oYEiA] At 39S monofunctional inducer®} Tor/\]‘é}
Aoz 24 AxAE AT A2 FHstal vt
Monofunctional inducers> Ah 8A|9k= S0 = 24 a47
Tre MelFo s $5ER=H), procarcinogen?] bioactivation= 2
Ho] ¢JOoT 2 bifunctional inducer Btie YA ol v -8
Ao odHA ArH6,20-30). 24 EAATHS E3A7]E mono-
AAAE A 2=

functional inducer®t 17 = bifunctjonal
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Ratio of QR specific activity
(treated/control)
>

4] 10 50 100 200 Quercetin

Concentration of paprika EtOAc fraction

Fig. 2. Quinone reductase (QR) activity of Ah-receptor-defective
mutant of Hepalclc7 cells (BPcl) treated with a EtOAc fraction
of paprika. Cells were treated with the fraction in a concentration
range of 10 t0 200 pg/mL for 48 h. Twenty (M quercetin served as a
positive control for the monofunctional inducer of QR. Each value
represents the mean + standard deviation of 3 independent experiments.

inducers 37| #1814 BAAY 24
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= Fig. 28 2T BPel AlZEFNAME Hepalcle7®] MEFolA
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tional inducer2 LT quercetin®] 20 uMoliA] o 2ufe] AL
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