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Structure and Isolation of Xanthine Oxidase
Inhibitor from Oolong Tea
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Abstract

Xanthine oxidase involved in pruine metabolism oxidizes hypoxanthine to xanthine and xanthine
to uric acid. The derangement of pruine metabolism results in gout that associates painful deposit
of monosodium urate in the cartilage of joints. In the continuous study for natural compound, six
flavan-3-ols have been isolated from the leaves of Qolong tea. The structures of procyanidin B-1,
B-3, procyanidin B-3-3-O-rhamnose, procyanidin B-1-3-O-gallate, (—)-epicatechin, (—)-epicatechin-3-O-
gallate were established by NMR and their inhibitory effect on xanthine oxidase activity was investiga-
ted. Flavan-3-ols containing the gallate had a high inhibitory capacity. Procyanidin B-1-3-O-gallate show-
ed complete inhibition at 50 uM and inhibited on the xanthine oxidase competitively.
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W9y Alzd Alag $5x3(Camellia sinensis) &
apgsloj om AJeko g 4= Sephadex LH-20(Pharma-
cia Co. Sweden), MCl-gel CHP-20(Mitubish chemical
Ind. Co. Ltd. Japan), Fuji gel(Hambai Co. Ltd. Japan)
Bondapak C,; Porasil B(Water U.S.A.) € xanthine oxi-
dase(Sigma Co. US.A)E Fqlsted A&o AlR3iinh

7121
'H-NMR(JEOL GX-270, Japan)-3 A}-£-3}of acetone-
de+ D0 Hufell S3lstar TMSE 7|EEAR 3t &

A a}ed 51, IR(JASCO IR-700, Japan)& KBr Ao 2,
MS(JEOL JMX-DX 300, Japan)-2 negative ion FAB-
Mass systemell ojs] Fzjskg =3 shodch
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5kge FE&el A4l 80% acetone — 75 35
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Oolong tea(7.5 kg) S : Sephadex LH-20
LSO% ag. Me;CO M: MCl-gel CHP-20
] — F . Fuji-gel ODS-3G
B : Bondapak Cis Porasil B
ppt filtrate
LS(HZO—MeOH-SO% aq. Me,CO)
1 7 1I 111
S(EtOH) M(H,0-MeOH) S(EtOH)
M(H,0-MeOH) S(EtOH)
Compound I Compound I B(H,O-MeOH) M(H;0-MeOH)
(529 (18.29)

Compound III
(73 mg)

F(H,0-MeOH) IS(SO% MeOH)

Compound IV
(42 mg)

I S(60% MeOH) | F(H,O-MeOH)

Compound V. Compound VI
(182 mg) (541 mg)

Fig. 1. A procedure for isolation of polyphenol from QOolong tea

12 7}sbe] ARollA 24417 AAIgE F 41821(3,000
rpm, 30 min) 3ty A5z AHAEL
HEofl 80% acetone—PEN-S Hrl BT &
43 whE FFEspgdvy. 7Azhe] AFAdS Rel &
sto] Su¥ F228E A Asta 212 shich &
Fig. 13} 7+o] Sephadex LH-20 columnell loadings}x.
H,0 I MeOH(1:0—0:1)& $&4v2 s}od fraction
I, II, 12 B3steict #3555 4] MCl-gel CHP-20,
Sephadex LH-20, Bondapak Cs, Fuji-gel 52 column
chromatography®} ¢ 2 compound 1~VIE #2|3}ic)
22]% Sephadex LH-20 column®] £%&vi= EtOH
2 H,0:MeOH(1:0-0: 1) &3t MCl-gel
CHP-20, Fuji-gel, Bondapak Cis column2 H,O : MeOH
(1:0-0:1) A&s}o] gradientZ &3 F3E
£ Thin Layer Chromatography(TLC)el ghde] ¥
Ax 3§55 Zalalw] ubE YA stk

3tgt=2(compound 1~VI1)e| 2|

Compound I : Fraction Ie| 4] Sephadex LH-20, MClI-
gel CHP-205 ®ejslgdony F-ae] Aty 234 (H,
0)F 2d9drt

mp ; 240~243C, [a]? : —38.6°(C=10, acetone)

IR(KBr)ecm ' ; 3400(OH), 1625, 1520(arom. C=C)

'H-NMR(acetone-ds+D:0) & 2.88(1H, brs, 2-H),
3.10(1H, dd, J=4, 16Hz, 4-H), 5.12(1H, brs, 2-H), 5.50
(1H, m, 3-H), 6.04(1H, d, J=8Hz, 5'-H), 6.90(1H, dd,
J=2, 8Hz, 6'-H), 7.06(1H, d, J=2Hz, 2'-H), FAB-MS
(%) ; 289[M-H]"

Compound 1I : Fraction IIZ3€ MCl-gel CHP-20,
Sephadex LH-202 #2/%l ¥4 345 (H0) ¢ 2t

mp ; 266~269C, [aly : —190.2°(C=1.0, acetone)

'H-NMR (acetone-ds+D-0)6 5 2.88(1H, dd, J=18, 3
Hz, 4-H), 3.10(1H, dd, J=18, 8Hz, 4-H), 5.12(1H, brs,
2-H), 550(1H, m, 3-H), 6.04, 6.08(each 1H, d. J=2Hz,

6, 8-H), 6.75(1H, d, J=8Hz, 5'-H), 6.90(1H, dd, J=38,
2Hz, 6'-H), 7.03(2H, s, G-H), 7.06(1H, J=2Hz, 2’-H)

Compound III : Fraction II[.> 2% ¥ Sephadex LH-
20, Bondapak Cis, Fuji-gelssoll o)sf ®-ej®l F33 ¥
22 4] anisaldehyde-H,S0,9} FeCly, &0l A Muk-3-&
shoict.

[a]?; ~198.1°(C=1.0, acetone)

IH-NMR (acetone-ds+D;0)8 : 2.54~2.96(2H, m, 4'-
H), 4.04~4.99(5H, in total, m, 2, 3, 4, 2', 3'-H), 5.87~
6.19(3H in total, m, 6, 8, 6'-H), 6.32~7.20(6H in total,
m, B, B-H), FAB-MS(%) : 577[M-H]

Compound IV : Fraction III.2. 2%t Sephadex LH-
20, Bondapak C;;? Sephadex LH-20 columnel 60%
MeOHE. 4-%8lo] ¥3)atgc) 743 #2424 anisal-
dehyde-HzSO49¥ FeCly &-9fof A Au-8-g shdch

'H-NMR(acetone-ds+ D,0)8 5 1.16~1.24(3H, m, Me-
5", 25~2.9(2H, m, H-4), 58~6.3(3H, m, A-ring H),
6.4~7.1(6H, m, B-ring H), FAB-MS(%) : 723[M-H]"

Compound V : Fraction IIl.2 2 %€ Sephadex LH-20,
MCl-gel CHP-20 % Sephadex LH-20¢] 60% MeOH=
tte]gk 71& 34| anisaldehyde-H,S0.9} FeCl; 8-<4ef
HAake-S & FAY Bgs <ok

[al? 1 40.2°(C=1.0, acetone)

'H-NMR (acetone-ds+ D,0)8 : 2.58(1H, dd, J=16, 8
Hz, 4'-H), 2.83(1H, dd, J=16, 6Hz, 4'-H), 3.98(1H,
brs, 3-H), 4.10(1H, m, 3'-H), 4.68(1H, brs, 4-H), 4.76(1
H, m, 2’-H), 508(1H, m, 3'-H), 5.94(1H, d, J=2Hz,
6-H), 597(1H, s, 6-H), 6.03(1H, d, J=2Hz, 8-H),
6.62~7.08(6H in total, m, B, B'-ring H). FAB-MS
(%) 5 577LM-H]"

Compound VI : Fraction 112 2+€] Sephadex LH-
20, MCl-gel CHP-20 % Fuji-gel-& AMg-3led FH3E &
S Ao

[al?: -18.6°(C=10, acetone)
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'H-NMR (acetone-ds+D,0)8 : 255(1H, dd, J=8, 16
Hz, 4'-H), 290(1H, dd, J=6, 16Hz, 4'-H), 4.03(1H,
m, 3-H), 4.42(1H, d, J=6Hz, 2'-H), 4.62(1H, s, 4-H),
532(1H, s, 3-H), 547(1H, s, 2-H), 5.96~6.18(3H in
total, m, A-ring H), 6.69~6.95(6H in total, m, B-ring
H), 6.97(2H, s, galloyl H)

Xanthine oxidase X{SH&AM =X

Xanthine oxidase A&l &4 %42 xanthine- 7] A2
sle] WA= urateE spectrophotometry®] & &2 &3 3}&=
Stripe 5-9¢] uh-& W3 A]lA #3}3ick & 0.1 M pota-
ssium phosphate $+%<}(pH 7.5)¢l 7] Z.'_C:l 0.1 mM xan-
thine % &4 m/% 0.02 unitE &3s}3 37C Oﬂ 4 3
F7F wke A Zck vk #8% 1N HCLE 7hs) ube&
Zehx)7) 3 AAAH urateS 292 nmel| 4] & A k o)
ols) 4tEalsich

Lo

An Y oF

Compound |~VI2| 22| & &=

Fraction I, II, IITe}| A} 2+ column chromatography it
w219 sahEe TLC Aolld &gt whlsdz Fu
%l9lgo| #elxel il ani-saldehyde-H.SO,2} FeCl; &
ofof] zhzk 73*“ 2l Aalube.o sled o v g flavan-3-ol
=& FAsA skqdek TLCe] Righell 4 com-
pound I¥ II& flavan-3-0l monomeric compound &
III~VI dimeric compoundz A 7+s] o] H o}

Compound & IR spectrumell 4] 3400 cm '¢] OH<¢}
1615, 1520cm 'ellq C=C ZAgg oF + 2ol 'H-
NMRo| A% 288, 3.10 ppmell 4 z+zke] 1HY-2] 4-H7},
5.12 ppm2] 1HH®-9} 2-H % 550 ppme} 1HH-2] 3-H7}
signal®] #{Zo] 7153kl 22 6.04~6.90 ppm Alo]of = B-
ring®] 2HY 5',6'-H7} grel= o) Negdtne FAB-MS5sL
225 Fxpeke 289(M-H! 7] (
2 FA3dch

Compound IT1i= 'H-NMRE] signal-2 compound I2}
719l el st o} 7.03 ppmell 4 2H2] singlet i F?
7} 3} gallate 3H3HE-2] H7} Eaf3to] ghel¥l nj( -
epicatechin-3-O-gallate 3}3H52 54 3ksich

Compound 11 negative FAB-MS -zpak ol
o] 577[M-H] & <} o} 71& flavan-3-ol 3}3H4
I B2}z 22 E-g ghelshel i 'TH-NMRoll 4] 2.54~2.96
ppm *le] 2HE-2] 4'-He} 6.32~7.20 ppm *}o] 6HE-2]
B.B’-ring H”} &A%l v} o]#}&}t spectrum-> Kashiwada
Z"9] signal¥}t o #] s 2 catechin Y- W27} da—8%
217 % procyanidin B-3i £ 3 shgich.

Compound IVi= ¥-z}efo] 723[M-H] & 2#hals|g]
1.16~1.24 ppmell A 3HE-9] methyl7]el| sjedsl= pro-
tone] #atgl v} o] A slew oF & slxdvh &g

'H-NMR¢] 2.5~29 ppm *}o] 2H¥H-©] 4-He} 64~7.1

)-epicatechin O
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Compound IV

Compound VI

Compound V

Fig. 2. Structure of polyphenols isolated from oolong
tea

ppm& 6HH-2] B-ringell #lw8l= protond A3 Al
flavan-3-ol §}§}%°&3 o 4= glglrh =3 Morimoto
i=lo] Wk E}l procyanidin B-3-3'-O-rhamnose®} < |
b}ﬂit]r‘

Compound V& 4] flavan-3-0l9] dimericel] i3}
1= wakek 577[M-H] & ¢l 'H-NMR-& 258, 2.83
ppmel 4 zhzb 1HE-2] 4-H7} 594 ppmell 4 J3te] 2
Hzel 6-H, 5.97 ppmell A singlet2] 6'-H7} ¥ 2 v} co-
mpound 113} v} 2 &ejo] 313167 gy o] 7 &
Hashimoto 5] ¥F3i&t procyanidin B-13% °’7<]6}°*
©. 22 epicatechini} catechine. 2 7Aghyl 3gEZ &
sl

Compound VIi= 'H-NMR 9] signal-2 compound Ve}
712 el a)skel ovt 6.97 ppmel| 2HE 2] protonol sing-
let? FA3h= gallate 3}3}50] Zase] 9l-8o] =al
¥lggoery o] 3352 procyanidin B-1-O-gallate 2
~‘*—1"3}°3L‘} o]% compound IV, V % VIi= B4l -

(Ao T E) ol A Ao R stehtar) ghelE g
7tz ’5‘73% e I‘lg.29¥ fass

=2| xanthine oxidased| CHEH XaH A
BT

A sbal Ha) asti
monomeric compound e

A%l 7pzke] shghee 10~100 M=
aarsteltt. Fig. 3-8 flavan-3-0l9)
sjvtski= () -epicatechin®}
( )-epicatechin-3-O-gallate 2] #} &l & 3}-i- B]5gk slo
i (- )-epicatechin eF7te] Asf o] glgion} (~)
epicatechin-3-O-gallates= 25 uM¥E] ghukal Aaf /b &
Ao 100 pMel) ] 49%2] A&7} = vl

Fig. 43 dimeric compoundg! procyanidin§i-& Bl
A1&d e procyanidin B-1, B-3, B-3-3'-O-rham-
noses> 4l&fgol ¥k #¥ 2] ¢3kot procyanidin B-1-3-
O-gallates= 25 pMeoll A sl 7} 28] Z7}sle] 50 uM
of 43 xanthine oxidase® 2b4is] H3HAdspr 7} =
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Fig. 3. Effect of isolated polyphenols from oolong tea
on the xanthine oxidase
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Fig. 4. Effect of isolated polyphenols from oolong tea
on the xanthine oxidase

gallate”} A% flavan-3-ol 3HgtEo] Edeo] FSkn
monomeric Rt} dimeric flavan-3-ol 3t3&eo| gL
N a7} #AE RE hydroxy7|e] F7he] @& A
2 2R =¢ich 28] rhamnoser} 23 proc-
yanidin B-3-3'-O-rhamnoset #&f-50] a2 ¢S
om@ cro] Aghe Aej@Ads Fag Aoz Py
o] "} o]2gt A3E-2 Hattori 5'"e] #it%F glucos-
yltransferase sl A 24 gallates ¥F-F3F flavan-3-ol
s}gtEo] AHs#llso] $retddvh: Hielh FAbskadch
Fig. 5+= #4de] $-Fsledwl (—)-epicatechin-3-O-gal-
late9} procyanidin B-1-3'-O-gallate2] Lineweaver-Burk
plotell 4 % 3}3+% 2% xanthine oxidaseoll &l 7
PRo g Hafghs AL o+ Ark oL fla-
van-3-ol 3}§H%o] xanthine oxidaseell thg 712H& A&
ulg) o o] g 71L& gallate 3}§HEo] Aot A5l

Y] #rocyanin 8-1
3-0-gaHate

ai

A

1S g )

Fig. 5. Inhibition of uric acid formation by (—)-epicate-
chin-3-O-gallate and procyanidin B-1-3-O-gallate at 25
umole

Substrate: xanthine

%2 hypoxanthine-s Absslel 24b& AASHA 3=
Froltk o] At s FAH 24 HA
zAgle] 222 Tuete 53E fUdch £ dve
AAB 2 RE] EEANRAL ML FHoR §

o8 gehras By 2 85HEe (—)-epicatechin,
(—)-epicatechin-3-O-gallate, procyanidin B-1, B-3, pro-
cyanidin  B-3-3'-O-rhamnose procyanidin B-1-3-O-gal-
late it} Xanthine oxidase #& <dgkg #aat 24
gallte7t A g% flavan-3-ol 3gHEo] A @Ade] 2t
o122 procyanidin B-1-3-O-gallatet= 50 pMell kg A
#a= JehHeli xanthine oxidaseo] ZAAHo=
A el ghehs Aol whe Fch
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