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Abstract

Two major flavonoid compounds having inhibition activity of xanthine oxidase from onion skin were separa-
ted, isolated and identified by ODS chromatography, Sephadex LH-20 chromatography, UV/visible absorption
spectroscopy and FAB Mass. Spectral analyses indicated that F, was a flavonol having 3,5,7,3'-OH and 4'-glu-
coside (quercetin 4'-glucoside), and F, was a flavonol having 3(5),7,3',4-OH (quercetin). FAB-Mass of frac-
tion F, and F, in positive-ion-mode produced a spectra containing main ions at m/z 465, corresponding to the
(M+H)" ion of quercetin 4'-glucoside, and m/z 303, corresponding to the (M+H)" ion of quercetin. The in-
hibition mechanisms of F, and F, were a mixture of the uncompetative and non-competative modes, with

respect to xanthine as a substrate.
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wjo] W aziolol dieh, TEe] el AR T
£ hypoxanthine®] -#-4}al<] allopurinol®} alloxanthine
o] 9l+&=Hl allopurinol- xanthine oxidaseol] 2]3}ed al-
loxanthine © 2 4F3}% th&-, o] 7o) xanthine oxidaseo]]
Z33tAl Ajtsle] g4F AAe] FEAlH Bk
xanthine oxidase?] & AFA]S g oz Q4H9)
AL AAB= o2 e A Urk” BFe] /14le]
%] 31 ¢} xanthine oxidase®] ¥A1-S- A& B o g
HAZE o e 7ot Agslel guh S5
A gA de) EAsHe Eehiicolng 4 ¥t
W hydroxy7] 9] $1x]o)l we} 2 Ae)azr} chag®,
gallate7)& R Feli wol== AAH e 2 A3
ok was 3 ok, ® 23 AaRel Qe 4
3l folate'9} B 5-o] ¥ o2 Hef Red
genkwanin, luteolin-7-methyl ether ¥ luteolin™ 3 -3}
9] Za]#)53}3}5ol 2%} xanthine oxidaseol] ™3}t =]
S AEF FE BorEe] 9Juit,

ofglolli= quercetin 4'-glucoside, quercetin 4',7-digly-
coside, quercetin 3,7-diglycoside, quercetin 3,4'-digycoside,
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quercetin aglycone, isorhamnetin monoglycoside, kaemp-
ferol monoglycoside 5-2] Z2} ¥ rol= 87} &85 ¢
St} o]% 80%7} quercetin diglycoside, monoglycoside,
quercetin aglycone > 2 F41=|o] 9Tk, opstel] that
oJ2] A2 752 wo| ¥ u= 7 9] 21} xanthine ox-
idasee]] i3t M) A= M wEle] QR ko], 53
GI7EA] FAER 2ol Gt g Aol did e
7)ol ek A= Ao A Fg Holu)

2 Aol E AR wdh o) gaAe] gat
3} &} 2]<l xanthine oxidaseol| 3t sl A3}5 Ho)
t Foluxo|SfE e, $Yskict

L

FakollA AuiE kg Folsle] ¥l ofsl 7
A, A 2 24-Ad S AX SRR Zs
d FAe BHEte] Q& Bug A8 4}
4319} Felr o= Aol A3t Sephadex LH-
20-2 Pharmacia Co., xanthine oxidase= Sigma Co. |

F& FUstel AHgatalel.

Xanthine oxidase Xai&A £5

Xanthine oxidase®] X314 24L& Strips} Corte®
of ol Eshof AA|BATH 3 A8 FEF 1 mLol
40 mU2] xanthine oxidase 0.1 mL % 1/15 M phosphate
buffer (pH 7.5) 2.9 mLE 7}3}o] 25°Coljr] 1587}
preincubation 2] Zt}. ej7lell 7AW 24 150 mM xan-
thine 2 mL-& 7}3}3 3027F ¥kS-A)171 & 1 N HCI=
7ksto] HES-2 AHAAA 290 nmol|H FHEE 23
8}¢] xanthine oxidase2] 43S vhehigic}.

FE Y 22

oz Eodoll 10u)3ke) vhg-& slely BHY
Zhatoll A 33] &3 F 3} FE3lo] vRke 258
+ 40 vEhe 3252 Parkd} Lee'?] uiwof
a2} ODS column® 2 #2]3}e] Q& oek-g 23le
Leighton 5092] wl+ ol w}2} Sephadex LH-20 column
chromatographyel] ©] & 2] 3}gic).

SEE9 XM Y 7IAIZM L B TiE

FHEE vlehgol 43817 F Markham o)
<+5led NaOH, AICI/HCl, NaOAc % NaOAc/H,BO.Z
A7iste] wkg AFe] Al W spA B L] 5
€1¢] W3lE 2Alslgl e, o)ul UV/Vis spectrophoto-

meter (Beckman DU-65, U.S.A)S AF&-8ked 200~500
nme] 14 23 shsie.

FAB ZateA|

Positive ion FAB mass (VG70-VSEQ) systeme] ©]
3 A A5 EAleks 24 sgich o|u) FAB source
£ 35 keV Cs’ jon beam-$- matrix= 3-nitrobenzyl alco-
holg- A-§-5te3c}.

HPLColl o5t ZEalE o= Mat

Ohara %] whbyle] we} Fupgide] Fid =
Bhaole] e HAsdth = NovaPak C,
(Waters Co.) column, UV detector (350 nm)2} 2.5%
acetic acid/acetonitrile/methanol (70 : 20 : 10)2] mobile
phaseE AF8-3}o] 0.5 mL/ming] f-%203 B35}

dat ¥ 0§

5% % 22l

PYAE HE) Fehrvo|=HE 2estunt ¥,
50% WL, 9% & AHE-sto] 228 A, 7
7+ 7.7%, 8.8%%} 12.8%2) #%48 RolchkAT v]A)
A Fzt A FRE] gl Felr o= g A
A} Wjeh-g #2282 0ODS column chromatoghra-
phyel ofa) rielste] 3t chE B Be A7 shod
@2 vjgh-g $3-2 Sephadex LH-20 column chromato-
graphy & &+ Z3H(Fig. 1), F W] £&(F, F)E 24
t}. Leighton 598 oz} 7802 Mg quercetin di-
glycosides, isorhamnetin glucoside, quercetin 4'-mono-

25
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Fig. 1. Chromatogram of methanol fraction obtained
from ODS column on Sephadex LH-20 column. Frac-
tions were eluted with methanol that contained 7.5%
acetic acid as a mobile phase at 0.8 ml/min.
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glucoside®} quercetin 5 4702] %38 H v3}5i oo,
Lee 52 oy} 580 & HE] quercetin diglycosides,
rutin, isorhamnetin glucoside, quercetin 4'-monogluco-
side?} quercetin 5 57H2] ¥ 3-& ¥elsla, Futahs
ol] 41 2] quercetin 4'-monoglucoside7} FAIE Y-S ¥ 51
oot 2efvt B AEeA] A2 F He] F8E o]
€9 B3""®e} chromatogram2 v]lwg Z3}, quer-
cetin 4'-monoglucoside (F,)?} quercetin (F.)2 53 i},
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Sephadex LH-20 column chromatographyel] 2]s] <2
& 59 Fa B 24 $4S A8 1eAds 7hag
AeflM ] F591l S &3k 47 (Table 1), F, +3-&
253 nm#®} 364 nmel|A] HAFFI2E Jehligich
dytxl o2 ZFeluEe] Fael 3-OH7}F X3 7
$ 250~280 nm (band IN®} 330~360 nm (band Iyoi| 4]
o H=E, 3-0H7} 2F}=]x] ¢4 A 250~280
nm (band 112} 350~385 nm (band I)ell4] o)} ==&
Uepj 2 o Eale] ZelrEels o 4 sl
=3 2 M NaOHE *7}4] band Ie] 410 nm2 46 nm
o] At o] F-& vheigl e, A7le] AAYTE
F4xot AasEe %S 2ol wel 3-0He} 4' 9
2l -OH7] djAlell o}& A A7} 2A)¢E st
F ldet. 327 nmell A A 2§ FH=zr}t Gl wet
7-0H71& 7HAle ke S #Helstgdc). AI° ion
714 -OH7|2} 2143} keton7] A}e]e]|, o-dihydroxyl
groupsZtel] B3HA7] HAJ A, olu] XE Byt
HCl #7}2 913 hydroxy-keto 2§ A|7o] A ¥ich,
AICL 7)) 2} AICI/HCI & 7}4] band To] M3}7} 9a=
712 hydroxy-keto #-3H4e] AIwkS o]vlslr g 5-
OH7} &3} 71o]n], B-ring®)| o-dihydroxyl groups
o] ZA3}A] ¢+ 7S 2v|gke}. Sodium acetate= F
ZH rol=2] 713k AMAIQ) -OH7|8] 7-OH®] o3}
of] Fojsle] 1 EA Flol] o]8-%]nd sodium acetate/
boric acid= 0-OH7] Ale]el] 7} ez 1 &elel A}
L=t} Table 10]4] 2= v}e} 7Zto] sodium acetate 3
7}A] band H+= 22 nm 4] 4} o] E(bathochromic shift)-8-

¥glo g 7-0H®] Z&z|E 2|v]aled o, sodium acetate/
boric acid 7}A] band Io] MeOH$} 2+ 7384 2ol
o wpz} 33 4'F 3 7i7}F -OH7} gle o8 #ly
ek o]l Aol o5t F, #8-& 3,57,3-0HF
VR = EetEEE Eqle] Hoh F £3589 AL 4
7b28) F TLCH 9|8 A 5S #lg Ax(H =
" A A, glucose 2 Felgoll uje} 4' ¢)x|ol glucose
7t Agtd S st

F, 232 2M NaOHE #7}A] band I¢] 51 nm2]
b o8 viehlenl, Akl Ashstelw F3
%8 Zpav) vieksleg 4-0He| ZAj= L5 &
qlat 5= qldct. 327 nmel A AR2$ 2] =7} 2l o
ule} 7-0H71& 7lAle EelEEdS st
AICI/HCl A 7}A] band 18] 59 nm 4] o] %-2. 3-0H
W5 e 5-OH7L A EAEE ovisid, AICLS}
AICIL/HCl #7}A] band 12] #=°] ¥Wsl= B ringel
o-hydroxyl7| 8] Za1& 9|m|3ln2 3, 4-OH7|7} &)
gHS o 4= 9J9dv). Sodium acetate 7}A] band I+
15 nm A o] 5-& B0 2 7-OHS| EAE 9|93,
sodium acetate/boric acid 3 7}4] band I°o] 15 nm 4] A4
°]%-& B ringell o-diOHE 9|v|3ic). wleli F, £33
& 3(5),7,3,4-OHE& 717 = Selu &2 #Falxglo)

FAB H&&EN

g ZAR Fe] Ze¥ ¥ Fa B2 ExlEE
22131512} FAB massS ©|-83}ic). Fig. 2] Z |
A o 4 9l%e] F £82] F-$ miz 465 M+H)'E
quercetin monoglucosideol] == EAES BHAo
wl, m/z 1763} 329%= matrixol] 3}|v}5] = 3-nitobenzyl al-
coholel] 2|&f A Zlolc}. F, 8-& m/z 303 (M+
Hy'Z quercetinell 3= ExleFS Helon], mz
1763} 329+= matrixof] 3]%=|+= 3-nitobenzyl alcohole]]
2js) A= Aot o]ake] Aol 23t F, £
quercetin 4'-glucosidec] 7. F, #3812 quercetin®]-S ¢
4 2r}. o]= Leighton 392 B we} dx]sig] o,
o}y} 3hg-3= 2] quercetin 4'-glucoside®} quercetino]
st 79 F2 Febrcol=alE HalF 5 glgleh.

Table 1. Spectral charateristics of F; and F, fraction obtained from onion skin in six shift reagents

Fraction MeOH NaOMe AICL, AICI,/HC1 NaOAc NaOAc¢/H,BO;
(Aenax, M) (Amax, NM) (Amax, NM) (Amex, NM) (Amax, NM) (Aax, NIM)
F, 253, 302sh”, 364 277, 327, 410(dec) 272, 300sh, 351sh, 266, 302sh, 351sh, 275, 334sh, 379 252, 268, 363
420 421
F, 255, 302sh, 369 244, 330, 420 271, 437 267, 428 270, 327sh, 388 223, 260, 384

Ysh: shoulder, dec: decomposition of sample evidenced by decreasing band intensity with time.
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Fig. 2. FAB Mass spectrum of F, and F, fraction from
onion skin.

HPLCOll of3t ZatRrol= M&

ofm} 74 &% 100 mgd vlehE 1 mLo| §-3%
& 2008 343} HPLCS o]-&sto] ¥4% A
(Fig. 3), 5 71¢) 9=2& Ao, 678 viehd
7] =& quercetin monoglucosideo] ™, 15.9%th ol 1}
'} 33 quercetin® 2 gl et ofg 7 A ¥
4% quercetin monoglucoside2} quercetin®] of-& 742}
ofu}7d Al 1kgoll 1940 mg3} 3150 mg o] HAck. o] = &
5} 7341 9] quercetin®} quercetin 4'-glucoside®] el
3} Leighton 5099] B we} fAM Ax-E wolrh
ODS%} Sephadex LH-20 chromatographyel] o)) £z
&k F, (quercetin 4'-glucoside)?} F. (quercetin)- 1106
mg/kg# 1953 mgkg o & 77t 57%%} 62%2] ©| A

o Eouy 3588 v

Xanthine oxidase Xs{&4

Quercetin 4'-glucoside?} quercetin®. 2 &lgd &
F,3} Foll 213} xanthine oxidaseol] &t 237 2-&
A3l 7124] xanthine®] £ 7tzh gl &
7} 23] 3 uM A 7}3}ed xanthine oxidaseol] o3t A
#2848 ZA3}od Lineweaver-Burk plotE #4431l
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Fig. 3. Chromatogram of analytical HPLC of onion skin
flavonoids.
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Fig. 4. Double-reciprocal plot of xanthine oxidase kinetics
in the presence of F, and F, fraction.

cHFig. 4). 7 A7 £35 F3} F.2] Km' gto] 0.98 uM
3} 0.81 uMeo|, olwel Vmax' S 21.74 pMe}
1428 uME Km3} Vmaxgke] Z2H2t b8 7leg ®o}
o= WA} £AAA Ao Feirh M2 £
o] gl elolch oleldt WYL Fepuio|sal
myricetin, keampferol 2} quercetin®] xanthine oxidase

o disll A YA Asfer FAAHAN] EFHA=
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oFut 7o) vigkE FEFo giElsle FEkn
ol % ¥-2)3}:72} Sephadex LH-20 column chro-
matography & ¥ Z3}, F, B, 7 79| &4 & o
vk F3b F 232] 2o s} 7P gl o] F4
A& A skeict Bt F, £3 9] band 13} band 11+
Ayl zetdze 3= IS ¥elon], MeOH,
NaOMe, AICL, AICL/HCI, NaOAc®} NaOAc/H,BO:2]|
shift reagentE o] 83t FalvlS £33 F3h F &
& 35,7,3-O0HE 7125 4' 9|2l glucoseE 7}A|
= EelEEE #qle] Hlrh F, B2 3(5),7,3.4-
OHE 7[Al&= Zel 52 #alo] 5.

T H-3lo] ¥xleks =3)3)31%} FAB massE o]-&
g+ A3}, F, B389 79 m/z 465 (M+H)'Z quercetin
monoglucosideo)| & %3== B-Aleks Helow, F, &
28 m/z 303 (M+H)' & quercetinol] 8jw5 &= F-x}2
< B9t} Quercetin 4-glucoside} quercetin® 2 3}t
¢l¥l 23 F 3} Fell 23} xanthine oxidaseo] thgh #]
71z v A AR A Al Jeprl M2 &
gtEle] 9l Fefo]gdct.
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