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Antioxidant Constituents from the Roots of

Sophora flavescens Ait.

Hee-Jin Jung

Department of Food and Life Science, Graduate School,
Pukyong National University

Abstract

Sophorae Radix, the dried roots of Sophora flavescens, a well-known Chinese
traditional medicine has been used as a diuretic, stomachic, antipyretic, anthelmintic
and eczema. This plant grows as a perennial herb, and is widely distributed in northeast
Asian countries; it is currently rare in the wild, but commonly cultivated and available
commercially in Korea. Phytochemical studies on this plant have so far yielded such as
alkaloids, flavonoids, chromones, and saponins.

In the present studies, the antioxidant activity of the MeOH extract and its organic
solvent soluble fractions such as CH,Cl,, EtOAc, n-BuOH fractions and H,O layer
from the roots of S. flavescens were evaluated by the DPPH radical, total ROS, ONOO"

and -OH scavenging or inhibitory tests. Among those fractions of the MeOH extract of

the roots of S. flavescens tested in four model systems, generally the EtOAc fraction
showed the strong inhibition activity, The radical scavenging effect of the EtOAc
fraction on DPPH radical exhibited strong antioxidant activity, whereas CH,Cl,
fraction showed moderate activities in test model systems. In this study, the antioxidant

effect for the potential to scavenge of CH,Cls fraction derived from S. flavescens was



investigated.

The CH,Cls-soluble fraction was successive-column-chromatographed over silica
gel, Sephadex LH-20 and RP-18 to isolate compounds (compounds 1-14) as
represented by four phenolic compounds [frans-hexadecyl ferulic acid (1), cis-
octadecyl ferulic acid (2), trans-hexadecyl sinapic acid (3), umbelliferone (12)], three
pterocarpan compounds [(—)-4-hydroxy-3-methoxy-(6aR,11aR)-8,9-
methylenedioxypterocarpan (4), (-)-maackiain (5), trifolirhizin (14)] and seven
flavonoid compounds [xanthohumol (6), formononetin (7), desmethylanhydroicaritin
(8), (25)-2-methoxykurarinone (9), (25)-3B,7,4-trihydroxy-5-methoxy-8-(y,y-
dimethylallyl)-flavanone (10), (25)-7,4"-dihydroxy-5-methoxy-8-(y,y-dimethylallyl)-
flavanone (11), kuraridin (13)]. The structural identification of these compounds was
performed by analysis of 1D ('"H- and “C-NMR) and 2D NMR (HMQC and HMBC)
spectral data, and by comparisons with published spectral data. Among them,

compounds 2, 4, 6, 8, and 10 were isolated from this plant for the first time.

Also, the antioxidant activities of some isolated compounds were evaluated by the
DPPH radical and ONOQ' scavenging tests. Among the tested compounds, compounds
1-4 and 8 showed the DPPH radical scavenging effects with ICs, values of 33.01,
57.06, 39.84, 3583, and 18.11 uM, respectively. 1-Ascorbic acid, when used as a
positive control, exhibited an ICs, value of 7.39 xM. 1-4 and 8 appear to exert
significant scavenging effects on authentic ONOO". The ICs, values of 1-4 and 8 are
576 +1.19,15.06 + 1.64,8.17 £ 4.97, 1.95 + 0.29, and 4.06 + 2.41 uM, respectively.
Penicillamine (ICs, = 2.36 + 0.79 uM) was used as a positive control. However, the
other compounds (5-7, 9-14) showed no activity at the highest concentration (100
4M) in both free radical and ONOQO" scavenging tests.

The antioxidant effects of active compounds 1-4 and 8 on both DPPH radicals and
ONOO' are believed to be attributable to their hydrogen-donating ability. Compounds

1-4 and 8 contain free phenolic hydroxyl groups in their structures, and phenolic



hydroxyls have been recognized to function as electron or hydrogen donors. These
results suggest that flavonoids, hydroxycinnamates and related phenolic acids are
reported to function as potent antioxidant by virtue of their hydrogen donating. Thus,
the free radical and ONOO'™ scavenging activity of these compounds may be mostly
related to their phenolic hydroxyl groups and it may play an important role in the
actions of the S. flavescens.

The present work would tend to isolate the antioxidant capacities from the S.
flavescens. It will be interesting to further investigate the antioxidant activity of these
natural compounds in preventing various radical-mediated injures in pathological

stations in vivo.



a4k (%%, Sophorae Radix)2 &% (Leguminosae)®] THAA ZE O 2 A

F9E 97 W2 PlAE ok, o4, Adi AEF B 2ele

ahkel Ao ZE 34 %2 alkaloids$t 6~10 %2] flavonoids ~L2] 31 saponins
ol g3t dgo] €A At} (Kyogoku et al., 1973 ; Wu et al., 1985 ; Ryu
etal., 1997b ; Yagi et al., 1989 ; Ding ¢t al., 1992).

vako 2 HE] 229 prenylated flavonoids 8htE 2] 87| Ba SR
o]Fol 2 isoprenyl groupX} ®rA 10702 lavandulyl groups  7HAIE
flavonoids= A 1 A& Ae|&de] digt A7t @ol o] Fo{A i Utk
(Barron and Tbrahim, 1996 ; Matern et «l., 1988 ; Peters and Nagern, 1997 ; Tahara and
Ibrahim et al., 1995). ©] 2J&2] ¥ 5 Chinese medicine®] & AF A=
Abg 55 o]l AE FAMEELS flavonoids F4 TX dEZA
isoprenyl  (3,3-dimethylallyl), geranyl (E-3,7-dimethyl-2,6-octadienyl), 1,1-
dimethylallyl 78] lavandulyl (5-methyl-2-isoprenyl-hex-4-enyl)X715 7HA|=
538t groupelTF (Yamamoto er al., 2002). ©1A R iio] wpZH, prenylated
flavonoids2] Ag] FHo 2= 49 W ANA (Ko et al., 1999), 5%
& (Ryu et al.. 1997a), phospholipase Cy, A3l 24 (Lee et al, 1997),
cyclooxygenase} lipoxygenase 240l thgk d3ko] B e v} ok (Kimura et
al., 1986 ; Chi et al., 2001). B3+ Kim & (2003)2 314H2] CH,Cl, @& 25
Tyrosinase  inhibitory ~ &4Joll  th3+  prenylated  flavonoids 33 &<

S g - . o B - )= 51 4] O
sophoraflavanone G, Kuraridin “72] 3! kurarinone2 W&, & dste] 7 24=



H.i 39t 53] prenylated flavonoidst= URFAQ! flavonoidsH T} 54

(hydrophobic) & 7FAlEtl, ol 1A 22 (opically WHE AHET o

AL ARELe B 44 zoss olgel dok

L3k prenylated
flavonoids 7} arachidonic acid metabolizing & 4o di3l] 3] &8 7FAA =2
g ool & FGFAE AFEHET old AdFolAM=  thromboxanes (TX),
prostaglandin  (PG), hydroxyeicosatetraenoic  acid (HETE) tHA} &4,
cyclooxygenase (COX) 12|31 lipoxygenases (LOX)ol &l 2 7§2| prenylated
flavonoids®] A& &Ado) sl R Ut (Kim er al, 2002a). ©| AL
Z|-g-Adell g prenylation®  EI7E HA FFEte AeZ FoA
Ay oziel A AgEo] olFsty]l wiEEelth o9k el 4hshH

Folel~e} 2e A5 27 AEo| olfd &9 Ao
P& okEstyl BAEo] &S HiEit) (Dufall er al., 2003).

A a7 faElel AE el Al o] 82 o, superoxide anion radical
(-0,), hydrogen peroxide (H,0,), hydroxyl radical (-OH), singlet oxygen ('0,) 1% il
7] @ 9| free radical =5, alkoxy radical (RO-), alkly peroxy radical (ROO-)Z} 2
g4 A& (reactive oxygen species, ROS)¢] F4bE 2 A4 E T} (Singh, 1989).
3 peroxynitrite (ONOO)T A Al ol A nitric oxide (NO)TF O, 2] HEgo =2
A= 24 A4 (reactive nitrogen species, RNS) 22 ROS9} 4] &4 F
(reactive species)ol] X FE T} (Sawa et af., 2000 ; Balavoine and Genletii, 1999).
A el Ed AaF (RO EiF RNS)E AlEZW o A
Aeel Ad, wed #4 ggjal DNAE e A 9458 FEsia
¥ 222 &AAI A (Beckman ef al, 1990). %2 HgA Az = oF

j}
(Dreher ¢t al., 1996), B, HES, U4, -2 23 AEH 019

LU

ot

A Aol He e ¢d9de AFsta =3E FUATE
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197592 dialslzl Y8, JddeFE AEIHA 540l 8l
atelAlg ety Aol HAHs oL

e 2 AFel s mate]l a4akslAd flavonoids®]  FA I Fabst
gdidol 7ol thE ATE Hste] 14te] MeOH FEE7 CHCl, BtOAc,
n-BuOH 5 H,0 2 EE°] 4t 44& DPPH radical, ROS 47 ¥4,
peroxynitrite 2 hydroxy radical £ Aoz Aw Bt 7 AFLZ EtOAc

grol Bo] hou, B ATHE 1 B AT Bol olFoiAA)

oFe v ZA B CH,ClL #%S 7FA] 1 silica gel column chromatography 2}

Sephadex LH-20 Z2]il RP-18 gel2 AM&38t] AHES Esti, 39

slgEol FZE IR, UV, 'H-NMR, "C-NMR, HMBC, HMQC % EIMS ¢]
BpetA W e o] 83t EFE 1~148 E-5HAY. olE EyE
phenols]l 3}¥HE | pterocarpan #FE  I1E]31 flavonoids &= el datst
23S DPPH radical?} peroxynitrite 7 A4S Este] kst &Aoo

6



I. As % 9

1. A=

B Ao ALE-3F 313t (Sophora flavescens)e 200313 4 Ao A%
G dA ektelM Aoz FYsAd. AE ZES B AT

L

H A3 (NO.20030320).

2. Aok R 717

2-1. Aok

Column packing materials< kiesel gel 60 (Si gel, 70-230 mesh ASTM, Merck, Art.
7734)7} sephadex LH-20 (bead size 25-100 zm, Sigma), RP-18 (Lichroprep ® RP-18,
40-63 gm, Merck)S A3t 2™, TLC (Thin layer chromatography) plate™
Kieselgel 60 Fys;(0.25 mm, precoated, Merck, Art. 5715)3} RP 18 Fys (Merck, Art.

5685)8 42312, spray reagentt S50 % H,SO0,% AM&3ldtt F&

#a,

column chromatographyoll = 15 #l°F& AFE3HSIth NMR S3 A AHE

2

2 vl= DMSO-d, (Merck, deuterium degree 99.95 %), CDCl; (Merck, deuterium
degree 99.95 %)°|t}t. DPPH (1,1-diphenyl-2-picrylhydrazyl) radical Z} L-ascorbic
acid, DL-penicillamine (DL-2-amino-3-mercapto-3-methylbutanoic acid), trolox (6-
hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid), DCFH-DA (2,7-
dichlorodihydrofluorescein diacetate) 2 DHR 123 (dihydrorhodamine 123)<
Molecular Probes (Eugene, OR, US.A)&E H-E] %32 2, ONOO &= Cayman
Chemicals Company (Ann Arbor, MI, US.A)2.2 HF-E Tt F4ta &4

22 A gsac



2-2. 717}

IR spectrum< Perkin-Elmer 2000 spectrophotometerS A}M8-3}o] KBr disc
HogZ  ZHA3YrE UV spectrophotometer=  VARIAN — UV-Visible
spectrophotometer® AFE39131, CD F 42 JASCO-715 spectropolarimeter&
Abgste] ZAE o, AMFTE Perkin-Elmer polarimeter 341 (U.S.A)S
A&&F3iTh E3 EIMST JEOL JMS-700 spectrometer® AF8-3FS1TEH TLC
platedl] ¢t st3t= FAA] UV lamp (Model ENF-240C, Spectroline, U.S.A)E
A3 (365 nm), DI (254 nm)oll Al 74z B EEESITE DPPH  radical
% =% microplate reader spectrophotometer VERSA max (Molecular Devices, CA,
US.A)E FA38F a1, 2'7-dichlorodihydrofluorescein (DCF)2} oxidized DHR
1232] &% %5 microplate fluorescence reader FLX 800 (Bio-Tek Instruments
Inc.)& %439 th NMR spectrum< JEOL JNM-ECP 400 (‘H-NMR 400 MHz;
"C-NMR 100 MHz)S AF&3lo] £33 90, 2D-NMR 91 HMBC, HMQCE

pulsed field gradient& AH& 38} A&kl
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3-1. &

a4 (Sophora flavescens Ait) 2|2l MeOH F% % 7 fvjd £
74 scheme 194 WEPHAT 1A=z
W78 FE4e FH7Ide 92 F 10 Lo MeOHE 92 § 5874004
FEsot 28 FEARL o 31519 25 rotary vaccum evaporators
Abgatel FEHsTh et e W os ohA 23 o WESted F 1,067 g
MeOH F&%& A3t 2 F MeOH F% 55 % 05 g & 24 4¥8&
A3l vialoll ©ol desiccatore] R 3T W A 1,066 g2 H,O : MeOH (9/1,
viviel e 59l ke B8 Zirlel Fol %9 CHCLE 9
7HERE Tol F4wE (sodium  osulfate, anhydrous)® A $H TR
FESHCh olef @& W o R o] ¥EEe] CHCL w8 114 g& AUt
FLE WHOE EOAcE H0 8350 7tstol 459 EOAc 713 E
Fo} EtOAc E# 124 g& Adth 3 4-BuOH el A= FAg uy
Aledstol 452 p-BuOH =t 305 ¢ ¥ 859 H,0 E& 524 ¢ & dArh

25 29 9 olge &4 H4EE 980 vialol Fol desiccatorol] B3H3 T



Sophora flavescens
(5 Kg)
’ MeOH (70 C reflux, 10 LX3 times)

Filtration, evaporation

Concentrated MeOH extract (1,067 g)

‘ H;0:MeOH:CH,Cl; (9:1:10, v/v/v)

CH,CL, fr. (114 g) H,O layer
EtOAc
EtOAc fr. (124 g) H,O layer
n-BuOH
n-BuOH fr. (305 g) H,O0 fr. (524 g)

Scheme 1. Extraction and fractionation of the roots of

Sophora flavescens Ait.
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3-2. AR By

29l CH,Cl, EtOAc, n-BuOH

fLs

14 (S, flavescens)?] MeOH F+Z=3 1
A B, XY g4 AAE A AdA)

23 H,0 Z°| DPPH radical
H radical £~A €A I2]3 peroxynitrite A~AH EAAHE

hydroxy

mi
tlo
QL
¥
Au)

o]l Lalo] Azl A A3
olef EtOAc Hwo]l Aol wdou, & dAve 44 E0] H®ol
98 22 2GS CH,ClL P& WA O E silica gel, Sephadex LH-20 18] i1 RP-
18 column chromatography® T3t 4tst &4 H2& 28k z
subfractions 2 el A A E e sl CH,CL, : MeOH (20:1, 15:1, 10:1),

AAEv 24 TLC 3+ 50 % H,SO, (TLC sprayer,

Hexane : EtOAc (10:1, 5:1)
Merck) & A A 200 °C 2] hot plateoll A EFEAI ZTh 18] 11 254 nme} 365
) =

nm®| UVlampE AH&3le] o3& e 248 dEsslch



3-3. 114 CH,Cl, 889 AE £

349 MeOH FEEZFE 92 CHCL & tidos 48 g
74 & Scheme 20141 LFEFWITE 14 CHCL S 114 g5 70 g& 718w
CH,Cl, : MeOH (CH,Cl, - CH,Cl, : MeOH = 80:1 — 1:1, MeOH, gradient) = 4
silica gel column chromatography®}o] 187119] subfractions (Fr.1-18)= A %lth

Fr.5 (770 mg)= A 7}-& v} Hexane : EtOAc (12:1 — 10:1, EtOAc, gradient)=
silica gel column chromatographydt<] subfraction (fr. 5-1 ~ fr. 5-6)= YA H,
o] F fr.5-5% MeOH A ZAA A 28] compound 1 (rrans-hexadecyl ferulic acid,
15 me)S Helatd o, fr.5-4 (250 me)et Fr6+7 (1.63 g)2 THA(1.88 g)
HA7)-8 0 Hexane : EtOAc (20:1)2 silica gel 3} compound 2 (cis-octadecyl
ferulic acid, 9 mg) 2 AATk Fr.9 (8.77 gy MeOH ZA A Hl ]3] B-sitosterol
(55 mg)yT Aelar, 1 2L (872 g) AANE T CH,CL : MeOH (100:1 — 1:1,
MeOH, gradient)Z silica gel column 3} compound 3 (frans-hexadecyl sinapic
acid, 15 mg)®} compound 4  [(-)-4-hydroxy-3-methoxy-(6aR,11aR)-8,9-
methylenedioxypterocarpan, 10 mg], compound 5 [(-)-maackiain, 70 mg] 1&]iL
compound 6 (xanthohumol, 10 mg)S A UTh Fr.10 (9.15 g)& @71& = CH,Cly:
MeOH (80:1 — 1:1, MeOH, gradient)= silica gel column 3} compound 7
(formononetin, 15 mg)2 ATk Fr.1l (6.6 gy= A7j8v] CH,Cl, : MeOH (40:1
— 1:1, MeOH, gradient)2 A}-83}] silica gel column 3+, subfraction (fr.11-1 ~
11-23)2 4t fr11-11 (150 mg)@F fr.11-12 (165 mg)e &A1 (315 mg)
Sephadex LH-202.2 A A3} compound 8 (desmethylanhydroicaritin, 10 mg)<
AANoH, frll-l6 (12 g= A& Hexane : EtOAc (2:1 — EtOAc,
gradient) 241 silica gel column &} Sephadex LH-20 (MeOH)¥} RP-18

column©. 2 A 45k compound 9 [(29)-2"-methoxykurarinone, 24 mg]2 A %L,



fr.11-17 (819.5 mg)S A7H-&vl Hexane : EtOAc (1:1 -—> FEtOAc, gradient)S
AFE-Gle] silica gel column 3Fo1 Sephadex LH-20 (MeOH) column$} RP-18
column®. 2  AHA 3] compound 10 [(25)-3B,7,4"-trihydroxy-5-methoxy-8-(y,y-
dimethylallyl)-flavanone, 18 mg]® compound 11 [(25)-7,4'-dihydroxy-5-methoxy-8-
(v,y-dimethylallyl)-flavanone, 25 mgle LATE Fri4 425 g ZH7N&vl
Hexane : EtOAc (1:1 — EtOAc, gradient)2 A}-8-3} silica gel column 3}
compound 12 (umbelliferone, 52 mg)S &l on, vz B (42 gy
Sephadex LH-20 (MeOH)™} RP-182 A A5} compound 13 (kuraridin, 8 mg)<
AATH Fr.15(1.56 g)=> MeOH A 24 W 28] compound 14 (trifolirhizin , 100

mg)e AATh

13



CH,CHL fr. (70 g)

' « Sigel c.c.
(CH,Cl, : MeOH , gradient)
Fr.l Fr.5 (770 mg) Fr. 6+7 (1.63 g) Fr.9(8.77 g) Fr. 10 (9.15 g)
Sigelc.c l Recrystalized in MeOH
= (B-sitosterol)
Compound 1 Compound 3
Residue Compound 4 v
Compound 5 Compound 7
Compound 2 Compound 6
Fr.11(6.6 g) Fr.14(4.25 g) Fr.[5(1.56g) Fr. 18(13 g)
Sigelc.c Recrystalization in MeOH

’ [ ‘ | | (B-sitosterol glucosides)

I 11+12 16 1723 v
L;" C01‘I'1p0und 12 Compound 14
Compound 8 Compound 13
Compound 9

Compound 10
Compound 11

Scheme 2. Isolation of compounds 1—14 from the CH,Cl, fraction

of Sophora flavescens Ait.
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3-4. CH,Cl, 8 2oA #eld A2 +34 42

s}&4 o] (chemical shift)> &1 peakE 7|To 2, S YF ETFE32
tetramethylsilane (TMS)S AF&3ted ppm @ E YElIT = d
3y 2.507F 8¢ 39.5 ppmol A 2] peak, CDCl,= WH¥F 23 (IMS)S 7|02
HER ST 'TH-NMR# PC-NMRQ| T IE (multiplicities) ZtZ} s (singlet), d
(doublet), t (triplet), dd (double doublet), brd (broad doublet), brt (broad triple) L& 31
m (multiplet) © £ FE A5+ ).

Compound 1 (trans-hexadecyl ferulic acid). Colorless needles, recrystallized from
MeOH-CH,Cl,. EIMS (m/z, %) : 418 (M, 100), 194 [(M-CH3,)", 75], 177
[(M—C sHy,O-H)', 27], 150 [(M—C);H3,0,)", 19], 137 (24), 117 (8), 89 (9); 'H-NMR
(400 MHz, CDCl,) 6 : 7.61 (1H, d, J/=16.1 Hz, H-7), 7.08 (1H, dd, J=1.9, 8.1 Hz, H-6),
7.04 (1H, d, J=1.9 Hz, H-2), 6.92 (1H, d, /=8.1 Hz, H-5), 6.29 (1H, d, /=16.1 Hz, H-8),
4.19 (2H, t, J=6.7 Hz, H-1"), 3.93 (3H, s, OCH;), 1.70 (2H, m, H-2"), 1.25 (26H, s, H-
3'~15", 0.88 (3H, t, J=6.5 Hz, H-16"); “CNMR (100 MHz, CDCL,) & : 167.4 (C-9),
147.9 (C-4), 146.7 (C-3), 144.1 (C-7), 127.0 (C-1), 123.0 (C-6), 115.7 (C-5), 114.7 (C-
&), 109.3 (C-2), 64.4 (C-1", 55.9 (OMe), 31.9 (C-14"), 29.7, 29.6, 29.6, 29.5, 29.4, 29 3,
28.8 (C-5'~13", 25.9 (C-3"), 22.7 (C-15"), 14.1 (C-16").

Compound 2 (cis-octadecyl ferulic acid). EIMS (n/z, %) : 446 (M), 194 [(M—C,(>H3z)+,
100], 177 [(M—C\sH3,0-H) ', 73]; "H-NMR (400 MHz, CDC1y) & : 7.77 (1H, d, J=1.9
Hz, H-2), 6.88 (1H, d, J=8.1 Hz, H-5), 7.10 (1H, dd. /=1.9, 8.1 Hz, H-6), 6.79 (1H, d,
J=12.9 Hz, H-7), 5.82 (1H, d, /=12.9 Hz, H-8), 4.12 (2H, t, J=6.7 Hz, H-1"), 3.93 (3H,
s, OCHy), 1.68 (2H, m, H-2"), 1.25 (30H, s, H-3-17"), 0.88 (311, t, J=6.5 Hz, H-18);
BCNMR (100 MHz, CDCL) & : 166.6 (C-9), 147.0 (C-4), 145.9 (C-3), 143.6 (C-7),
127.3 (C-1), 125.6 (C-6), 116.9 (C-8), 113.8 (C-5), 112.8 (C-2), 64.4 (C-17), 55.9
(OMe), 31.9 (C-3", 29.7, 29.6, 29.5, 29.4 (C-5-15'), 22.7 (C-17"), 14.1 (C-18").



Compound 3 (trans-hexadecyl sinapic acid). EIMS (m/z, %) : 448 (M), 224
M —(CH,),sCH:+H, 88], 207 (224-OH, 43), 180 (224-COOH+H, 30), 167
(224-CHCOOH+H, 39); 'H-NMR (400 MHz, DMSO-d,) & : 7.54 (1H, d, J=15.9 Hz,
H-7), 7.02 (2H, s, H-2, H-6), 6.52 (1H, d, /=15.9 Hz, H-8), 4.11 (2H, t, J=6.7 Hz, H-1"),
3.77 (3H, s, OCH;x2), 1.63 (2H, m, H-2"), 1.22 (26H, s, H-3'~15"), 0.88 (3H, t, /=6.5
Hz, H-16'); "C-NMR (100 MHz, DMSO-d,) & : 166.6 (C-9), 148.0 (C-3, 5), 138.4 (C-
7), 124.3 (C-1), 114.9 (C-8), 106.2 (C-2, 6), 63.7 (C-17, 56.1 (OMe), 31.2 (C-14", 28.9,
28.9, 28.7, 28.6 (C-5'~13"), 25.4 (C-3"), 22.1 (C-15"), 13.9 (C-16").

Compound 4 [(-)-4-hydroxy-3-methoxy-(6aR,11aR)-8,9-methylenedioxypterocarpan].
Colorless needles; m.p 172-173C; EIMS (m/z, %): 314 (M, 100); [a]y: — 14.12°
(¢=0.004, MeOH); UV A (MeOH): 241 (sh, log € 3.69), 312 (3.59) nm ; + NaOMe
309 (3.66) ; + NaOAc 311 (3.66) ; + NaOAc + H;BO; 241 (3.72), 313 (3.59) ; + AlCl,4
240 (3.70), 311 (3.59) ; + AICl,+ HCI 240 (3.67), 312 (3.58) nm; 'H-NMR (400 MHz,
CDCl) 8 : 7.04 (1H, d, J=8.6 Hz, H-1), 6.73 (1H, s, H-7), 6.67 (1H, d, J=8.6 Hz, H-2),
6.44 (1H, s, H-10), 5.91 (2H, each d, J/=12.9 Hz, -OCH,0-), 5.52 (1H, d, /=6.9 Hz, H-
11a), 4.34 (1H, dd, J=5.0, 10.9 Hz, H-6eq), 3.91 (3H, s, OCH;), 3.70 (1H, t, /=10.9 Hz,
H-6ax), 3.52 (1H, m, H-6a); ""C-NMR (100 MHz, CDCl,) & : 154.2 (C-10a), 148.2 (C-
9), 147.3 (C-3), 143.3 (C-4a), 141.8 (C-8), 134.0 (C-4), 121.0 (C-1), 117.7 (C-6b),
113.9 (C-11b), 105.4 (C-2), 104.8 (C-7), 101.3 (-OCH,0-), 93.8 (C-10), 78.4 (C-11a),
66.9 (C-6), 56.3 (OMe), 40.3 (C-6a).

Compound 5 [(—)-Maackiain]. mp 165 C; [a]p: — 12.93° (¢=0.03, MeOH); 'H-NMR
(400 MHz, DMSO-d;) & : 7.24 (1H, d, J=8.3 Hz, H-1). 6.96 (1H, s, H-7), 6.52 (1H, s,
H-10), 6.48 (1H, dd, J=2.4, 8.3 Hz, H-2), 6.28 (1H, d, J=2.4 Hz, H-4), 5.92 (2H, each d,
J=13.7 Hz, -OCH,0-), 5.50 (1H, d, /=6.9 Hz, H-11a), 4.22 (1H, dd, /=4.0, 10.5 Hz, H-
6eq), 3.59 (1H, t, /=10.5 Hz, H-6ax), 3.57 (1H, m. H-6a); PC-NMR (100 MHz,
DMSO-d,) & : 158.7 (C-3), 156.3 (C-4a), 153.7 (C-10a), 147.5 (C-9), 141.0 (C-8),
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132.0 (C-1), 118.2 (C-6b), 111.3 (C-11b), 109.7 (C-2), 105.3 (C-7), 102.8 (C-4), 101.0
(-OCH,0-), 93.2 (C-10), 77.9 (C-11a), 65.8 (C-6), 39.6 (C-6a).

Compound 6 (xanthohumol). 'H-NMR (400 MHz, DMSO-d,) & : 7.76 (1H, d, J=15.3
Hz, H-2), 7.66 (1H, d, /=15.3 Hz, H-3), 7.57 (2H, d, J=8.6 Hz, H-2', 6", 6.84 (2H, d,
J=8.6 Hz, H-3', 5", 6.07 (1H, s, H-6), 5.14 (1H, br t, J=6.9 Hz, H-2"), 3.86 (3H, s,
OCH3), 3.13 (2H, d, J=6.9 Hz, H-1"), 1.70 (3H, br s, H-4"), 1.60 (3H, br s, H-5"); *C-
NMR (100 MHz, DMSO-d) & : 191.4 (C-4), 162.9 (C-7), 160.6 (C-5), 160.5 (C-9),
159.9 (C-4"), 142.3 (C-2), 130.4 (C-2', 6", 129.8 (C-3"), 126.0 (C-1'), 123.8 (C-3),
123.1 (C-2"), 115.9 (C-3, 5", 107.3 (C-8), 104.4 (C-10), 91.1 (C-6), 55.7 (OMe), 25.5
(C-4"), 21.0 (C-1"), 17.7 (C-5").

Compound 7 (formononetin). 'H-NMR (400 MHz, DMSO-d,) & : 8.44 (1H, s, H-2),
7.97 (1H, d, J=8.9 Hz, H-5), 7.51 (2H, d, /=8.6 Hz, H-2', 6'), 6.98 (2H, d, J/=8.6 Hz, H-
3, 5%, 6.94 (1H, d, J=2.4 Hz, H-8), 6.87 (1H, dd, J=2.4, 8.9 Hz, H-6), 3.78 (3H, s,
OCH;); "C-NMR (100 MHz, DMSO-d,) & : 174.6 (C-4), 162.6 (C-7), 158.9 (C-4"),
157.4 (C-9), 153.1 (C-2), 130.0 (C-2', 6", 127.3 (C-5), 124.3 (C-1"), 123.1 (C-3), 116.6
(C-10), 115.2 (C-6), 113.6 (C-3', 5", 102.1 (C-8), 55.1 (OMe).

Compound 8 (desmethylanhydroicaritin). 'H-NMR (400 MHz, DMSO-d;) & : 12.40
(1H, s, 5-OH), 10.73 (1H, s, 7-OH), 10.12 (1H, s, 4-OH), 9.36 (1H, s, 3-OH), 8.03 (2H,
d, /=8.9 Hz, H-2', 6"), 6.93 (2H, d, J=8.9 Hz, H- 3, 5", 6.29 (1H, s, H-6), 5.17 (1H, t,
J=6.8 Hz, H-2"), 3.42 (2H, d, J=6.8 Hz, H-1"), 1.74 (3H, br s, H-4"), 1.62 (3H, br s, H-
5"); PC-NMR (100 MHz, DMSO-d;) & : 176.1 (C-4), 161.1 (C-7), 159.1 (C-4), 158.3
(C-3), 153.4 (C-9), 146.7 (C-2), 135.5 (C-3), 130.9 (C-3"), 129.3 (C-2', 6"), 122.5 (C-
2"), 121.9 (C-1"), 115.4 (C-3', 57, 105.6 (C-8), 102.9 (C-10), 97.8 (C-6), 25.4 (C-5"),
21.2(C-1"), 17.8 (C-4").



Compound 9 [(25)-2-methoxykurarinone]. Yellow amorphous powder; mp
102~104 C; [a]y: + 0.25° (¢=0.012, MeOH); UV (MeOH) Amax (log €) 288 (4.02)
nm; CD (¢ 1.4 x 10, MeOH) [0]33, + 2.49, [8]250 — 8; 'H-NMR (400 MHz, DMSO-d;)
&:7.30 (1H, d, /=8.3 Hz, H-6"), 6.42 (2H, m, H-3', 5"), 6.12 (1H, s, H-6), 5.44 (1H, d,
J=2.4,13.4 Hz, H-2), 4.87 (1H, br t, J/=6.7 Hz, H-4"), 4.55 (1H, br s, H-9"a), 4.47 (1H,
br s, H-9"b), 3.72 (3H, s, 2'-OCHs), 3.70 (3H, s, 5-OCHa), 3.17 (1H, dd, J=13.4, 16.4
Hz, H-3a), 2.86 (1H, dd, J=2.5, 16.4 Hz, H-3b), 2.50 (2H, m, H-1"), 2.49 (1H, m, H-
2", 1.92 (2H, m, H-3"), 1.58 (3H, s, H-10"), 1.52 (3H, s, H-6"), 1.42 (3H, s, H-7");
BC-NMR (100 MHz, DMSO-d,) & : 188.7 (C-4), 162.3 (C-9), 162.2 (C-7), 159.6 (C-5),
158.8 (C-4"), 157.3 (C-2"), 147.9 (C-8"), 130.6 (C-5"), 127.3 (C-6"), 123.4 (C-4"), 117.5
(C-1, 110.7 (C-9"), 106.9 (C-8), 106.8 (C-5"), 104.3 (C-10), 98.9 (C-3"), 92.5 (C-6),
73.1 (C-2), 55.3 (5-OMe), 55.2 (2'-OMe), 46.8 (C-2"), 44.1 (C-3), 30.7 (C-3"), 26.8
(C-1M), 25.5 (C-6"), 18.5 (C-10™), 17.5 (C-7").

Compound 10 [(29)-3B,7,4"-trihydroxy-5-methoxy-8-(y,y-dimethylallyl)-flavanone].
Yellow amorphous powder; [a]5: — 0.71° (¢=0.018, MeOH); UV (MeOH) Amax (log
g) 289.3 (4.03) nm, 325.9 (3.57) nm; CD (¢ 1.2 x 10-4, MeOH) [0]135+ 3.46, [0]250 —
16.32; '"H-NMR (400 MHz, DMSO-d,) & : 7.29 (2H, d, J=8.6 Hz, H-2', 6", 6.77 (2H, d,
J=8.6 Hz, H-3', 5'), 6.16 (1H, s, H-6), 5.08 (1H, br t, /=6.8 Hz, H-2"), 4.90 (1H, d,
J=11.3 Hz, H-2), 4.25 (1H, d, /=11.3 Hz, H-3), 3.70 (3H, s, OCHs), 3.06 (2H, d, /=6.8
Hz, H-1"), 1.50 (3H, br s, H-5"), 1.53 (3H, br s, H-4"); “C-NMR (100 MHz, DMSO-
dy) & : 190.3 (C-4), 161.1 (C-7), 160.9 (C-9), 160.8 (C-4"), 159.5 (C-5), 130.0 (C-3"),
129.0 (C-2', 69, 128.1 (C-1"), 122.6 (C-2"), 114.8 (C-3", 5", 107.3 (C-8), 102.4 (C-10),
92.8 (C-6), 82.2 (C-2), 72.5(C-3), 55.3 (OMe), 25.5 (C-4"), 21.3 (C-1"), 17.5 (C-5").

Compound 11 [(25)-7,4-dihydroxy-5-methoxy-8-(y,y-dimethylallyl)-flavanone].
Amorphous yellow powder; m.p 204~206 °C; 'H-NMR (400 MHz, DMSO-d,) & :
7.28 (2H, d, J=8.6 Hz, H-2', 6"), 6.77 (2H, d, /=8.6 Hz, H-3", 5"}, 6.14 (1H, s, H-6), 5.31



(1H, dd, J=3.0, 12.4 Hz, H-2), 5.09 (1H, tt, J=7.1 Hz, H-2"), 3.70 (3H, s, OCH}), 3.11
(2H, d, J=7.1 Hz, H-1"), 2.93 (1H, dd, /=12.4, 16.4Hz, H-3eq), 2.54 (1H, dd, J=3.0,
16.4 Hz, H-3ax), 1.58 (3H, br s, H-5"), 1.53 (3H, br s, H-4"); "C-NMR (100 MHg,
DMSO-dy) & : 188.2 (C-4), 161.6 (C-7), 161.4 (C-9), 159.6 (C-5), 157.4 (C-4), 129.9
(C-1, 129.6 (C-3"), 127.8 (C-2', 6'), 122.9 (C-2"), 115.1 (C-3', 5'), 107.4 (C-8), 104.5
(C-10), 92.7 (C-6), 77.9 (C-2), 55.3 (OMe), 44.6 (C-3), 25.5 (C-4"), 21.5 (C-1"), 17.5
(C-5").

Compound 12 (umbelliferone). 'H-NMR (400 MHz, DMSO-d;) & : 10.56 (1H, s, 7-
OH), 7.92 (1H, d, /=9.4 Hz, H-4), 7.52 (1H, d, J=8.6 Hz, H-5), 6.78 (1H, dd, J/=2.2, 8.6
Hz, H-6), 6.71 (1H, d, /=2.2 Hz, H-8), 6.19 (1H, d, J=9.4 Hz, H-3); "C-NMR (100
MHz, DMSO-dy) 6 : 161.3 (C-2), 160.4 (C-7), 155.5 (C-9), 144.5 (C-4), 129.7 (C-5),
113.1 (C-6), 111.4 (C-4), 111.3 (C-10), 102.2 (C-8).

Compound 13 (kuraridin). Yellow amorphous powder; 'H-NMR (400 MHz, DMSO-
dy) 8:14.87 (1H, s, 9-OH), 7.94 (1H, d, /=15.6 Hz, H-2), 7.85 (1H, d, J/=15.6 Hz, H-3),
7.43 (1H, d, J=8.9 Hz, H-6"), 6.38 (1H, d, /=2.4 Hz, H-3"), 6.32 (1H, dd, /=2.4, 8.9 Hz,
H-5", 6.04 (1H, s, H-6), 4.98 (1H, m, H-4™), 4.57 (1H, br s, H-9"a), 4.50 (1H, br s, H-
9"b), 3.84 (3H, s, OCHj3), 2.50 (2H, m, H-1), 2.49 (1H, m, H-2"), 2.01 (2H, t, /=6.7 Hz,
H-3"), 1.65 (3H, s, H-10"), 1.59 (3H, s, H-7"), 1.51 (3H, s, H-6"); "C-NMR (100 MHz,
DMSO-d;) 8 : 191.9 (C-4), 165.2 (C-5), 162.6 (C-7), 161.1 (C-9), 160.3 (C-4"), 158.9
(C-2"), 147.8 (C-8"), 138.6 (C-2), 130.4 (C-5"), 130.3 (C-6"), 123.4 (C-4"), 122.8 (C-3),
113.7 (C-1%, 110.8 (C-9"), 108.0 (C-8), 106.6 (C-5, 104.4 (C-10), 102.5 (C-3", 90.6
(C-6), 55.5 (OMe), 46.1 (C-2"), 30.8 (C-3"), 26.7 (C-1"), 25.6 (C-6"), 18.5 (C-10"),
17.6 (C-7").

Compound 14  [trifolirhizin:  (~)-maackiain-3-o-B-p-glucopyranoside]. ~ White

amorphous powder; m.p 145~148 °C; EIMS: m/z 446 [M]’; "H-NMR (400 MHz,
DMSO-d,) 6 : 7.36 (1H, d, J=8.6 Hz, 11-1), 6.99 (1H, s, H-7), 6.70 (1H, dd, J=2.4, 8.6
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Hz, H-2), 6.55 (1H, d, J=2.4 Hz, H-4), 6.53 (1H, s, H-10), 5.93 (2H, each d, /=12.9 Hz,
-OCH,0-), 5.57 (1H, d, J=7.2 Hz, H-11a), 4.84 (1H, d, J=7.6 Hz, H-1"), 4.27 (1H, dd,
J=4.0, 10.5 Hz, H-6eq), 3.62 (1H, t, /=10.5 Hz, H-6ax), 3.32-3.43 (2H, m, H-5', H-6"),
3.15-3.28 (3H, m, H-2"H-3"H-4"); “C-NMR (100 MHz, DMSO-d) & : 158.4 (C-3),
156.2 (C-4a), 153.6 (C-10a), 147.4 (C-9), 141.1 (C-8), 131.8 (C-1), 118.2 (C-6b), 114.2
(C-11b), 110.4 (C-2), 105.3 (C-7), 104.0 (C-4), 101.0 (-OCH,0-), 100.2 (C-1", 93.2
(C-10), 77.6 (C-11a), 69.7 (C-2', 3', 4"), 65.8 (C-6), 60.6 (C-6"), 39.7 (C-6a).
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4. 3atst @44 Ad
4-1. DPPH radical 274 24

DPPH radical AAWHEL 3y 9)3}
53] phenol ¥ aromatic amine IFEC] LS DA FHH ol
AbEE = g elth (Blois, 1958). ¥F9] 95<l diphenylpicrylhydrazine &
Adel 7hA L e EFe A& wlEe] 520nm oA I FT band E
Bolx= EAS Jxlm vl Z#y phenol I o] FAY HAE
AT A2 FAAd wsaA H FoAA2HE HdAL hydrogen
radical & %} phenoxy radical = 4337 #Hrl olw 5 band = AlEFA] 3L
AFAe £ "o &, Fo" dAAE wirtgHo® Afete], 1 o
dlelete] R el DPPH ¢ M AR oA A w1, FHE Fast

ggoe] Mol we Mol meHdoz wWas FYEI Pad

L =

Hu

=]
FHTO 8N radical 2ALAEE Y 7 2Urh (Fig 3) [Yokozawa et al., 1998;
Hatano ez al., 1989].

Zz} Al &2] DPPH radical o gk &~ASA =42 tha-7 2T} (Blois, 1958).
2 EEE AR (1.25-120 mvmL)E Al EHEel 5590 160 4L A FHstol 15
x 10* M =2 9ekgo] 8270 DPPH & 40 4L 9} 2 Z3H31 T} o]

VERSA max %2 520 nm oA FHEE SAHSATH A 5E HrletA &<
st BlaEke]  free radical A71EAE WEER Urhlal 50 %
2AFLE (ICs= pgml Z2 M 2 BE)E ALbstalrl 544 33 dky
Agsle]l 42 AINE Haoh o= YehSlth (scheme 3) [Yoshida et al.,
1989; Yamasaki et al., 1994].



AL AL

N NH
O,N NO, O:N NO,
+ AOH —————— + ArO
pH5.0-6.5
N02 NO,
DPPH (DPPH)H
520 nm (purple) 520 nm (yellow)

Fig.3 . DPPH radical scavenging action of antioxidants [ArOH].
(Blois, 1958)

MeOH solution of sample at Methanolic solution of DPPH
various concentrations (1.5 X 10*M)
(160 1L) (40 L)

Shaking vigorously (10~20 sec)

l

Standing at room temperature for 30 min

Measurement of optical density at 520 nm

Scheme 3 . Measurement of DPPH radical scavenging activity.



4-2. DA AAE A A g4

Ade FHEL Fd7(free radicalzt 3HH, o]E2 AL HE EE
He e o] A Ee] olFA i L= ol XALE FE AddE SAY
o 2 Ax FEAEC] o FEZIEHR 7 wrEstd O Aol
radical ©] F+=08] ©] €2 reactive oxygen species (ROS)&} &}
AETA A Aitbstel o &Y AEE FAE7] A,
1 #®]&3F probe 9 DCFH-DA & ©¢|&3ldq AE AE2]
e ss AFACRE A 4T £ e HHEE AFRE AT (Bass
et al., 1983 ; Hempel et al., 1999 ; Wang and Joseph., 1999). DCFH-DA & <+7% gt
A A Bz A Tdhel] g mak Agstd A XU EASIE esterase o
o]3} deacetylation ¥ o] Hls3A Y EA<Q 2 7 -dichlorodihydrofluorescein
(DCFH)E  A#€ch. DCFH = AU 24 a7y E2AswH 343
batwo] A AstE A9l 27,7 -dichlorofluorescein (DCF)7F HAIF 22 (Fig.

=

Hols SdFozH Axy 24 daF 53], - 0,9 27
MAeks Aekst 4= 9l #r} (LeBel and Bondy, 1990). 2811 DCFH-DA &
TEA @A T diEide SolAol @17l wiEel 1 AREel tha
Algts = A7 A (Delia et al., 1997).

Scheme 4°] YER2I 5ol LPS A 2]k 7 Wistar rats (5 150 - 200 g)

M

o] 2143 kidney homogenate A5 190 ul o &) EX9] extract

compound = 10 4l & Z36}31, 125 mM DCFH-DA £ 50 mM phosphate buffer
(pH 7.2 1008) 243 A 50 ul < F7 5337t shaking $rh A A€
reactive oxygen species (ROS)T microplate fluorescence spectrophotometer (Bio-Tek

Instruments Inc.,)ll A excitation wavelength 485 nm £} emission wavelength 530

am oA 3 ~ 55 Ao ® 3087 450 (LeBel and Bondy, 1990). &3

A
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Fig. 4 . Assay of the inhibitory activity on the ROS generation.
(LaBel and Bondy, 1990)
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190 ul of supernatant of rat kidney homogenates
from freshly killed male Wistar rats

l

Addition 50 gl of 12.5 mM of DCFH-DA

Addition 10 ul of samples at various concentrations

|

Shaking for 5 min

l

Measurement of fluorescence intensity for 30 min
Excitation wavelength at 485 nm
Emission wavelength at 530 nm

Scheme 4 . Measurement of the inhibition on the ROS generation by

DCF method.
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4-3. Peroxynitrite 2~ &4

Peroxynitrite (ONOO)E NO- ¢ -0, 7} #33lo] AAFHE Ao,
NO -9 FAbst Az8S 7HAn, 78 A #HEozs IH #HI2

Axe] ok FA 33 H3 L guanyl cyclase®] 2}=, tyrosine nitration
2] lysine, protein®] methionine #+7]2] Atsl 9 A F4bsl Fxo o
AE 54 Fol #oA3h L3 v|EF=gfolo] s TF A, membrane
pump <7, GSHe] 11Z, ADP ribose synthase®] €43 <13 DNA &4 2
A3 oy 2] 11Z, mitochondrial ATP synthase, aconitase @ H|X A F 49
Aot ofe]l WA dghel M n dEgo] Huwo] th (Althaus er al,
1994 ; Haenen et al., 1997 ; Lin et al., 1997). ONOO & U} free radicalol 4|3l
ooz A sA R, A A pHollA A Al protondt Flo] ¥hgAo] mi-¢-
%2 peroxynitrous acid (ONOOH)=Z A &5 =4, o] 52 wHz7] (1.9 s)y7}t
uf g #a1, A ME 54 EFQ nitrogen dioxide, nitronium ion 2 hydroxy
radical®] AT A& 283} oxidation, nitration, hydroxylation ®¥F-5-S fwk3lc}
(Nonoyama et al., 1999). 1e{t} A2 Ulel Al = ONOO™ ~AH & Ao #ofss
EaA7 glonz, O 2 AZHEHTE e Aol % Fad ) (Choieral,
2002). AE7kA Ba" HAA Ee ghde]l ONOOT 2715 e BEEE
flavonoid (Choi et al., 2002), catechin, polyphenol (Van ez al., 2000 ; Chung et al.,

1998), ergothioneine (Aruoma et al., 1999), defroxamine, urate, glutathinoe (Menconi

et al., 1998), melatonin (Cuzzocrea et al., 1999) 18] 11 p-(-)-penicillamine (Fici et
al, 1997y o] olch

ONOO™ 47152 Kooy et al., (1994)°] ¥l-S <7k W& 3te] DHR 1239]
2elE F 73 (Scheme 5). Dimethylformamide 2 %<1 DHR 123 (5 mM)+&
A4 Fstel 80 °C A stock solution®® A F3HTE 90 mM sodium
chloride, 50 mM sodium phosphate, 5 mM potassium chloride = =% 3+ buffer (pH
7.4)E  diethylenetriaminepentaacetic acid (DTPA) 100 xM=} 410, DHR 1232]



HE 271 5 ,UMO] Y EE Srl o working solution®] A] =2} authentic
ONOO & d7tatdd 52 &, w@dAdel DHR 123°] €44d2] rhodamine
12302 v A E (Fig.5). ©] ¥4 =4< microplate fluorescence reader FL
800 (Bio-Tek Instruments Inc.)Z excitation, emission wavelength Z}Z} 480 nm%}t
530 nmol A ZAeAct A= DHR 123 4Hsl AHs HEEZA] mean +
standard error (n = 3)Z YERJ AT}
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H,N o} NH,

Dihydrorhodamine 123

(DHR 123)
\
OCH,4
+ Oxidation
H,N o} NH,"*

Rhodamine 123

\
OCH;

Fig. 5. ONOO -mediated oxidatin of DHR 123.
(Crow, 1997)

Diethylenetriaminepentaacetic acid (DTPA) 100 @M

Dihydrorhodamine 123 (DHR 123) 5 ;M

}

Incubation at 37 °C for 5 min

|

Sample at various concentrations

|

Authentic ONOO 5 uM

}

Measurement of fluorescence intensity
Excitation wavelength at 480 nm
Emission wavelength at 530 nm

Scheme 5 . Measurement of the ONOO' scavenging activity.
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4-4. Hydroxy radical A€/

MAira el S/ ZE superoxide radical, hydroxy radical, hydrogen peroxide 3

i)

singlet oxygens©°] Uth I FollA hydroxy radical fenton HH&-ollA Fe, 9}
2o Aol F&o] EAE uf H0,2HEH AAHAUT AdHH O F hydroxy
radical > 2 WHH7] (<107 sec)E 7HA7] wjEo] wig wkgAdo]l w4 7
FEo AE (HAFEE 05 mgmL)ol ImM H,0, 1231 02 mM FeSO,& %
dolA 37 Teold 58 Fob sigsilch v o2 M 207

% 4tsl"l DCF
3% ZJEE microplate reader® A}83}0] excitation wavelength 460 nm,

emission wavelength 530 nmol| A} 30% 7 B3 WsE FH3 ) (Scheme 6).

dichlorodihydrofluorescein diacetate (DCFH-DA)E 3 7FA171

o™
S



Sample (final 0.5 mg/ml)
l I mM HzOz
0.2 mM FeSO4

Incubatated at 37 C for 5 min

l

2 uM 2'7'-dichlorodihydrofluorescein diacetate (DCFH-DA)

|

Measurement of fluorescence intensity
Excitation wavelength 460 nm

Emission wavelength 530 nm

Scheme 6. Measurement of the hydroxy radical scavenging effect

(LaBel and Bondy, 1990)
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m. 23 2 33

1.MeOH FZE3 Z} 3£ 59 itst &4

14l MeOH F=5 1811 7z 238 E CH,ClL, EtOAc, n-BuOHI} H,0%
3t DPPH radical &7 &7, 4445 A4 AAS24, ONOO 47 &

s
H %% ¢33 7 g% CH).CL, FtOAc, n-BuOH# H,0 Zol
et kst gAd 49 Table 19 YERATE 314 DPPH radical &7 €
S > CHCl, 8% > MeOH F+E% > n-BuOH % > H,0
07 uEytorn, o] AxE 1149l DPPH radical 24 €A4E Ad A&
& UJFE EOAc FET CHCL ol &A4%3E & + Ak
0.03 ugmL=E SkA| LERGE

o, 79 trolox: 23.67 £ 0.82 wgmL HUF ¥ A 24& YepWle

EtOAc 8¢ @4 FE A4 F=e 163 +
o} MeOH FZ &, CH,Cl, €%, n-BuOH 2 TO2%, 1682 £ 0.98, 18.98 *
481, 27.17 £ 055 ugmLE ZHHE Ao 2 Hol HOZFS #H93 BE &
Tgso] g Aoz ARG
ONOO 2:7] 24L& EtOAc 2 8o] 464 = 1.78 pugmLZE 7} & A3 &
w2 JElgon, 1 t&o® CHClL, &%, MeOH #EE, n-BuOH &,
H,O0 % 22 ueErstth Hydroxy radical 27 42 CH,CL Ei©] 11.78
i(”7ﬂﬁii7ml%%xﬁ FRE vERler, 1 thE 2% 4-BuOH
28 >EOAc 28 >H0 & o8 As) =7 ¥4 UEpskch

iyoll thek oleldt Fatstea] ZabE rlFolrol tskdA] Aol

ofel FE F BOAc B3 CHCL SRl Bol AFT AeL F3
v ooom, FE radical 270 B HAE oA B4 o8 FUHBHL

UEbd Ao ol Atk W AT dikah 24 2Tk Wol o] Fe)A]
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Table 1. Antioxidant activities of extracts derived from S. flavescens

on DPPH, ROS, ONOO', and -OH

Samples DPPH" ROS’ ONOO™ -OH?
MeOH 55.10 16.82 £ 0.98 2576 +£2.58  8.69+0.34
CH,(Cl, 37.01 18.98 + 4.81 2341+1.70 11.78+0.37
EtOAc 23.57 1.63+0.03 4.64+1.78 14.68 +£0.29
n-BuOH 108.06 27.17+£0.55 27.78 £0.95 14.66 +£0.91

H,O 053.85 NS 57.76 £5.22 NS
L-Ascorbic acid 1.94
Trolox 23.67+0.82 1.6 +£0.31
Penicillamine 1.58+0.11

“DPPH is the free radical scavenging activity (ICso: #g/mL). °ROS is the inhibitory activity of total free
radical generation in kidney postmicrosomal fraction at the concentration of 40 pg/mL (ICsq2 pg/mL).
‘ONOQO- is the inhibitory activity of authentic peroxynitrite (ICsg: #2/mL).“OH is the inhibitory activity
of hydroxyl radical generation in 1.0 mM H,0, and 0.2mM FeSO, at the test concentration of 40 yg/mL
(ICsy: g/mL). NS represents no inhibitory effect at 40 mg/mL.
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2. CH,Cl, 3 %A Ealg 338 +24A4

‘

Aol B3l F CH,CL B8-S S E column chromatographydte] 14&
o] #3}E trans-hexadecyl ferulic acid (1), cis-octadecyl ferulic acid (2), trans-
hexadecyl sinapic acid 3), {(—)-4-hydroxy-3-methoxy-(6aR,11aR)-8,9-
methylenedioxypterocarpan (4), (~)-maackiain (5), xanthohumol (6), formononetin
(7), desmethylanhydroicaritin (8), (2S)-2'-methoxykurarinone (9), (2S)-3B,7,4"-
trihydroxy-5-methoxy-8-(y,y-dimethylallyl)-flavanone  (10), (2S)-7,4'-dihydroxy-5-
methoxy-8-(y,y-dimethylallyl)-flavanone (11), umbelliferone (12), kuraridin (13),
trifolithizin (14)& e]-AA Aoy x5 ¥3]7] Y3 IR, UV, EIMS, 1D
(‘"H-NMR, “C-NMR)#} 2D (HMBC, HMQC) NMR¢] 2 338+% s AL-&3}o]
=Astodrt. Ea9 33 E S silica gel TLC 34 52 Z numberings 8491

t},

2-1. PhenolX 3329 +2 24 (1-3,12)

o] 3t5tEo Mol FAs Bubg o]z ovf EIMS spectrum (Fig. 6)°l A
m/= (%, intensity) 194 ((M=CiHp]", 100)2} 177 ([M-C\HyO-H]', 54)] peak7}
e S A 22 methoxy® hydroxy group®] 2 #E cinnamic%t7]9] 4
2 4 A ATh 'H-NMR spectrum (Fig. 7)@ “C-NMR spectrum (Fig. 8)°l A1 A3
29l ABX spin system®] 4 & 6.92 (1H, d, /=8.1 Hz, 11-5), 7.08 (1H, dd, J=1.9, 8.1
Hz, H-6), 7.04 (1H, dd, J=1.9 Hz, H-2)= 27 ortho, ortho/meta 12 1L meta
coupling 7} A7) 2] aromatic protons!S ISt Th EF frans double
bondi= coupling constant”} <+ & 7.61 (1H, d, J=16.1 Hz)?} § 6.29 (1H, d, J=16.1
Hz)©| signaloll ©}3 <13t} B3k aliphatic alcohol 7] 1= & 1.25 (26H, s)°l
A p-hexadecyl long-chain methylenes¥ & 0.88 (3H, t, J=6.5 Hz)oll A &}t
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terminal methyl & ZQ1&adch ool R3FgH WE Fa o] ES

trans-hexadecyl ferulic acid (1)2 & A 33 tF (Kim et al., 2001).

Compound 2% FAHE 34 B2 F2 =3 2™ EIMS spectrum (Fig.
9yl A m/z 446 [M] 9] base peak’} YEFSE O, m/z 194 [(M-CiHsp)', 100194
177 [(M—=CoH3,0+ H)", 73]°1 4| Z+Z} methylcaffeic acid®} methylcaffeoyl®] <&
peak’} #2531tk 'H-NMR spectrum (Fig. 10)°l4] & 3.93 (3H, s)©] methoxy
group} § 6.79, 5.82 (J=12.9 Hz)o| 4| F709] cis-olefinic protons 1211 A7} €]
aromatic protons (ABX) & 6.88 (1H, d, J/=8.1 Hz), 7.08 (1H, d, J=1.9, 8.1 Hz), 7.77
(1H, d, J~1.6 Hz)2| feruloyt?”]e] EAE& st X3 aliphatic
alcohol 2 7]+= 8 0.88 (3H, t, J=6.5 Hz)°ll Al 3}1}2] terminal methyl group® & 1.25
(30H, s), & 1.68 (2H, m) “22]3L & 4.12 (2H, t, J=6.7 Hz)°l Al A A% triplet©]
oxycarbonyl #8719 Q13 methylene?t &3+ A& AT F AT
Baldé er al., (1991) 5°] Pavetta owariensis (Rubiaceae)®] n-hexane 5% = °l 4|
278 9] ferulic acid esters$] octadecyl trans- <} cis-ferulic acidgE 8] Rl
ek o] #¥Eo] compound 1 ¥ M]3} terminal methyl groupoll
(CH,),7}F T @2 octadecyl ferulic acid® cis-octadecyl ferulic acid (2)%
FAs9 o9, o] Hel| Bernards and Lewis (1992) 5| Salnum tuberosum ©l 4]
rans-forme  FE st o] FHFEE 1Y MeOH FEE° CH(CL
2oz Ry ALoR s 2w a2, "C-NMR spectral
datat= ol@el Haw]x] erekort, HMBC9 HMQCE 483t PC-NMR
assignmentE A Y3l A Al ST (Table 2).

Compound 32 w-ghdo] B2y Bube Blw o] oo EIMS spectrum (Fig.
14)ol A m/z (%, intensity) 224 [M'—~(CH,),sCH,+H, 88], 207 (224-OH, 43), 180
(224-COOI+H, 30), 167 (224-CHCOOH+H, 39)°ll ] peak7} #Z5]2lc) o]
gghsol FAEE acyl group<> sinapic acid® 'H-NMR spectrum (Fig. 15)°l 4]
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3 3.77 3H. )2 2742l methoxy group™} & 7.02 (1H, s, H-2, 6)2] 27]9] singlet
proton®] #&E ¢ 20 §7.54 (1H, d, J=15.9 Hz, H-7)¥} & 6.52 (1H, d, J/<15.9 Hz,
H-8)oll A1 coupling constant”} ©F 16 Hz2 YElE AR Hol o] g3tEd
E-configurationd &F1l A& & 4 ATt (Asada et al., 1988). =3t aliphatic
alcohol@7] = 8 1.22 (26H, s)°1 4 n-hexadecyl long-chain methylenes¥ & 0.86 (3H,
t, /=6.5 Hz)olA] 3l}2] terminal methylS& =13FST} (Zhang et al., 2000).
ol el ¥ty WS F3 o] 3FE-E rrans-hexadecyl sinapic acid (3)F

53t th (Zhang et al., 2000).

Compound 122 3o A4 AH o2 DMSO-d,Z 'H-NMR spectrum (Fig.
17)7 “C-NMR spectrum (Fig. 18)2 FA3lo 1 dataE w3 A<t vl sttt
(Jung et al., 1994). "H-NMR spectrum (Fig. 17)°14] & 6.19 (1H, d, J=9.4 Hz, H-
3)3 8 7.92 (1H, d, J=9.4 Hz, H-4)ol 4 olefinic proton signal2 &2 T
Q9 31, Bk 56,78 (1H, dd, J=2.2, 8.6 H2)3} 6 6.81 (1H, d, /=22 Hz)1 A H-63}
H-8°] benzylic meta couplings 3t A2™, § 10.562] hydroxy”|7} ] &H¥
coumarin® S & F Addch ool ZAIE umbelliferone (12)°0.=

& Aol
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Fig. 11. BC-NMR spectrum of compound 2 in CDCl;
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Table 2. 'H- and ?C-NMR data of compound 2

(400MHz, CDCly)
'H-NMR
Position BC-NMR
8 (m, J in Hz)
1 127.3
2 7.77 (1H, d, J=1.9 Hz) 112.8
3 145.9
4 147.0
5 6.88 (1H, d, J=8.1 Hz) 113.8
6 7.08 (1H, dd, /~1.9, 8.1 Hz) 125.6
7 6.79 (1H, d, J=12.9 Hz) 143.6
8 5.82 (1H, d, J=12.9 Hz) 116.9
9 166.6
1'- OCH, 4.12 (2H, 1, J=6.7 Hz) 64.4
3'- OCH,CH, 1.68 (2H, m) 31.9
(CH,), 1.25 (30H, s) 29.7,29.6,29.5,29.4
17' 227
18'-CH; 0.88 (3H, t, J=6.5 Hz) 14.1
OCH; 3.93 (3H, s) 55.9

Assignments based on HMQC, HMBC experiments.
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2-2. Pterocarpan $}&E9] 7+ Z4A (4,5,14)

Pterocarpans  Z321 8 (Leguminosae) 2| B2 FoA &I
isoflavonoids©] TF. Aol A & a)3}= pterocarpant 6aR,11aR 12}3L 6aS,11aS
Z, dextro % laevo-isomerdl &3l Tl dAloldA Heprt yepdtot
olfd  HFFEL ring B €9 u HHE  cisfusionE THAA ®HTH
Pterocartan< phytoalexins & 2 A] 3} A= Aew #F dHA
don, Fi ABoMe @S BH Fast oofF HAA "d

(Maximo et al., 1998).

=8
et

X
fje

Compound 4% M) a2 2% %2, EIMS spectrum (Fig. 19)el 4]
m/z 314 [M]' 2] base peak7} L}EFSE .M, 'H-NMR spectrum (Fig. 21)°l 4] & 5.52
(1H, d, J=6.9 Hz), 4.34 (1H, dd, J=5.0, 10.9 Hz), 3.70 (1H, t, /=10.9 Hz)®} 3.52 (1H,
m) signal® 2tz H-l1la, H-6eq, H-6ax < H-6all $A3t3, o)A
pterocarpan® Aol 4+-&3tE peakE LFERATE 'H-NMR spectrum (Fig. 21)3% "C-
NMR spectrum (Fig. 22)21 4] C-11a (8 5.52)2] oxymethine?} & 7.04 (H-1)°] AB
doublet Atol7} #FH 02X ring A2l C-17} C-11a%] AB system?] A&
Zol&koict, W3k 8 5.91 (2H, each d, J=12.9 Hz), & 6.73 (H-7) “1€]il 6.44 (H-
10)ol A aromatic ring DA methylenedioxy?71 8 &1 4 AAi1. § 3.91
(3H, s)°ll A methoxy group= 2213}tk HMBC experiment (Fig. 23)°l olafl 8
3.912] methoxy group®] & 147.3 (C-3)¢] signal®] correlation B-& & + AAtt
o]  FHEe]l 2o siflE 9=l negative signe® 1 7 E7b
6aR,11aRe] PATTEE 7}At} (Park er al., 2003). o]l 2382 whylo
o}t compound 49  FEE (-)-4-hydroxy-3-methoxy-(6aR,11aR)-8,9-
methylenedioxypterocarpan (4)2.2 FA3IATE ol Aol Petalostemon purpureus

Rydb. (Leguminosae) 1 ZollAl A7k positive signal?! (+)-4-hydroxy-3-
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methoxy-(6aS,11aS5)-8 ,9-methylenedioxypterocarpan< ey Bt e,
(Chaudhuri e/ al., 1995), IE3F Amazonas®} Para States Brasil®| upland forests
‘terra firme’oll Al A 8= 21 & 91 Dalbergia nigra (Vell)) Fr. Allem timber tree
(Cook et al., 1978) ¢ Z 3282 M4l (Echinosophora koreensis Nakai)ol 4|
compound 4 ¥ B3d vl oy (Kim e al, 2002b), SlitolAE
Agon BelEAFEReH, o #AFEe] 2 PC-NMR assignments
dHste] A AR T (Table 3).

Compound 5% @] Ruza Felsder, DMSO-d:Z 'H-NMR
spectrum (Fig. 24)¥} “C-NMR spectrum (Fig. 25)% A3 1 data®
239 vty AFE FHAAM (-) signe 2 YA T RA DS
LeRRT} (Park et al., 2003). Compound 5& (-)-macckiain (5) 2.5 &7 8} 31Tt

Compound 14+= 4o £Ag o2 A DMSO-d, = 'H-NMR spectrum (Fig.
28)7 "C-NMR spectrum (Fig. 29)2 =3 3lo] 71 datad T HA A2} Hlwakqlct
(Stevenson et al., 1996). IR spectrum (Fig. 26)°1 A1 hydroxyl group (3368 em) 3}
aromatic C=C (1622 cm’') 28] 1L glycosidic linkage (1074 cm™) 2] &5 peak 7t
LERETE TE3E HMBC experiment (Fig. 31)l 41 § 4.84 (1H, d, J=7.6 Hz, H-l')ﬂ
maackiain &2 9] C-3 (3 158.4)3} correlationdt= Z o2 Kol o] FRE (-)-

maackiain-3-O-B-D-glucopyranoside, 5 trifolirhizin (14)2.2 & A 3}3it}.



Table 3. 'H- and "C-NMR data of compound 4

(400MHz, CDCl;)
"H-NMR
Position “C-NMR
8 (m, Jin Hz)

1 7.04 (1H, d, J=8.6 Hz) 121.0

2 6.67 (1H, d, /=8.6 Hz) 105.4

3 1473
4 134.0
4a 143.3
6-ax 3.70 (1H, t, J/=10.9 Hz) 56.9

6-eq 4.34 (1H, dd, J=5.0, 10.9 Hz)

6a 3.52 (1H, m) 40.3
6b 117.7
7 6.73 (1H, s) 104.8

8 141.8

9 148.2
10 6.44 (1H, s) 93.8
10a 154.2
1la 5.52 (1H, d, J/=6.9 Hz) 78.4
11b 113.9
-OCH,0O- 5.91 (2H, each d, /=12.9 Hz) 101.3
OCH; 3.91 (3H, s) 56.3

Assignments based on HMQC, HMBC experiments.
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2-3. Flavonoid 33t&9 +x 44 (6-10,13)

Compound 6 w=&hd EFZA DMSO-d,2 'H-NMR spectrum (Fig. 33)7
BCNMR spectrum (Fig. 34)2 =43sted I datad #HA 9 BlusA
(Stevens et al., 1997). C-22] double bonde= H-2 (5 7.76)%+ H-3 (3 7.66)AF°] &
coupling constant 15.0 Hz®] peak@ 1 | FZ7} EformO = #ZE o™
3t y,y-dimethylallyl group®] peakE #<I3stqict. ©] #3EL xanthohumol
(6)Z Cannabinaceae <5 Humulus lupulus L., 21 EZ 5 € &5 A S (Stevens

etal,1997), Aol E Loz F2 Buste ggEolth

Compound 7% o] HAAHOoZ DMSO-d,Z 'H-NMR spectrum (Fig.
35)7 “C-NMR spectrum (Fig. 36)% ZA 3] 1 datas T3 A2 ¥lustsich
(Ryu et al., 1997b). ©] 3352 formononetin (7). 5 &% a5 oh

Compound 88 w=Ae] Eda2 'H.NMR spectrum (Fig. 37)% “C-NMR
spectrum (Fig. 38)°14 A,B, type2l BE2| proton signals & 8.037 & 6.93°]
vyl on) Bghel 7)918kHE signal & 129.3 (C-2, 67 5 1154 (C-3, 5)&
skl 3 one proton siglet & 6.29% C-8°] A E carbons 7HR
kaempferol > 7|2 0% 3 aglyconPy S FAHT £ Atk £ 'H-NMR
spectrum (Fig. 37)°1 41 y,y-dimethylallyl group< 8 1.62, 1.74 (3H, br s)°l1 X methyl
protonZ} & 3.42 (2H, d, J=6.8 Hz)°l*] methylene proton —L&|il § 5.17 (1H, ¢,
J=6.8 Hz)°l*1 olefinic proton®l] <ls) =Ad = Adnom, =T yy-
dimethylallyl group2] 9% HMBC experiment (Fig. 40)% 5 %3+ prenyl
group®] H-1" [8 3.42 (2H, d, /=6.8 Hz)]°| C-3" (5 161.1YZ C-9 (5 153.4)°l 2}
correlation & el skt o] %2 A= o] g
desmethylanhydroicaritin - (8)°. % Marshallia72] 2| =258 F5] el o

(Jakupovic ef al., 1988), ai7ko A1z 2 &0 il #e] Halske Adioloh
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Compound 98 wghl o] T E A DMSO-d, 5 'H-NMR spectrum (Fig. 43)}
“C-NMR spectrum (Fig. 44)2 43t 71 data® & 2| oF Hl kit (Kang
et al., 2000). '"H-NMR spectrum (Fig. 43)°l 4] § 2.86 (1H, d, J=2.5, 16.4 Hz, H-3a),
3.17 (1H, d, J=13.4, 16.4 Hz, H-3b), 5.44 (1H, dd, /~2.5, 13.4 Hz, H-2)?} "C-NMR
spectrum (Fig. 44)°14 & 73.19F & 44.1914] flavanone Fst&] 54 A< C2-
C39] AFEL g 3 4 Qdh =3 §3.72 BH, s, 2'-OMe)9} 8 3.70 (3H, s,
5-OMe)l A1 571 methoxy group3} & 1.42, 1.52, 1.58 (%7t 3H, s)2 § 1.92
(2H, m), 2.49 (1H, m), 2.50 (2H, m), 4.55 (1H, br s), 4.47 (1H, br s), 4.87 (1H, br t,
J=6.7 Hz)°| A lavandulyl group®] U&< <1513 c} Lavandulyl group®l
A 29} flvanoneZ 2ol A F782] methoxy groupel $ %= HMBC experiment
(Fig. 46)° oJal A 242t -8, C-59F C-2'9) correlationd}il &S H&EsHATH
o] F+%9 c20l4 A siE D FAHol o#A 335 nmet 289 nmell A
positive  effect® UEMHOoR T JAFEE Sform IS FlskATh
2212 & compound 9% (25)-2'-methoxykurarinone (9)2-Z & A3 TH (Kang et

al., 2000).

Compound 102 =2t Bt a Pdojzl o] DMSO-d,Z 'H-NMR spectrum
(Fig. 48)7} "“C-NMR spectrum (Fig. 49)2 ZH3t9 I data® A
Hl W3 T (Jakupovic et al., 1988). 'H-NMR spectrum (Fig. 48)°1 4] & 7.29 (2H, d,
J=8.6 Hz, H-2", 6)¥} 8 6.77 (2H, d, J=8.6 Hz, H-3', 5"}l /] & &2l para X &¥
benzene ring®] signald <13t 1, “C-NMR spectrum (Fig. 49)°l 4] C-29]
resonance’} & 82.22] A A% chemical shift® WEFH O 23 flavan unit7} 2, 3
trans configuration® sl 2 g-& WHERU AL (Jakupovic ef al., 1988), KEZE vy
dimethylallyl group< & 1.54, 1.57 (3H, br s)°l A1 methyl proton¥ & 3.06 (2H, d,
J=6.8 Hz)ol 1 methylene proton “12]3l § 5.08 (1H, t, J/=6.8 Hz)°llA] olefinic

protonl] ol&l #eler = 2dflvh EE yy-dimethylallyl group®l 2=

HMBC experiment (Fig. 50)2 <573 prenyl group®l H-1"[3 3.06 (2H, d, J=6.8



Hz)]ol C-3" (8 130.0)% C-9 (3 160.8)° Z+Z} correlation & &Rlstaich. ©]
a5l Az diYE cpZAel sl 335 nm@F 289 nmoll 4] positive
effect® YERHE ZAozZ Hol o SJATFI7 SformYUE FlEdth
ol4fe] st WHE FI o sFE

8-(v.y-dimethylallyl)-flavanone (10)2.2 &% 3tdom, o]l Mashallia®
2 (Jakupovic et al, 1988)°]4 ¥ B1 Hor}t JgtollAE HFog
g Hasdch

flo

(25)-3B,7,4"-trihydroxy-5-methoxy-

s 2224 'H-NMR spectrum (Fig. 51)% "C-

4n

Compound 11& :=3HAY
NMR spectrum (Fig. 52)-& 43t 1 datags &3 % 9} Bl w3t} (Komatsu
et al., 1970). 'H-NMR spectrum (Fig. 51)2} BC-NMR spectrum (Fig. 52)°A]
flavanone 322 54 signals S 1T 5 A2 (Komatsu et al.,
1970), 3+ yy-dimethylallyl groupol AL dAstdint o] =9 YA

TZx= H-29% H-3A0]2]  diaxial  couplings (J=12.4 Hz)v C-29] S-

configulationdt 12 &S & 4 Uk ol FFTH ZAHA o) o]
TZEE (25)-7,4-dihydroxy-5-methoxy-8-(y,y-dimethylallyl)-flavanone  (11)2.&

T A5 ot (Komatsu et al., 1970).

Compound 13= Q@A 2] oil2A, DMSO-d,Z 'H-NMR spectrum (Fig.
53)3} BC-NMR spectrum (Fig. 54)2 %3t 1 data® T 9} #|aLstod
et Eo] FZ2E kuraridin (13) 2.2 5 AU (Ryu et al., 1997b).
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Fig. 37. "H-NMR spectrum of compound 8 in DMSO-ds
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Fig. 43. "H-NMR spectrum of compound 9 in DMSO-d;
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314 CHClL, @8 S o2 silica gel, Sephadex LH-20, RP-18 column
chromatographyS S 33t} #itslgyd AP e 22lstadch 4% phenol
a3ge (1-3, 12), 352 pterocarpan 3¢ E (4-5, 14)7} 7% 9] flavonoids
e (6-11, 13)S Z2 Be-AAstdernd, 1 Fol 559 Ssh= [rans-
hexadecy! ferulic acid (1), cis-octadecyl ferulic acid (2), frans-hexadecyl sinapic acid
(3)2}  (-)-4-hydroxy-3-methoxy-(6aR,11aR)-8,9-methylenedioxypterocarpan D
desmethylanhydroicaritin (8)]°] t &} DPPH radical 224 €47 ONOO 4:A
24 skt olele] gFtEolAs 4ol el ettt &5 E
Fatst g AP ANE Table 40 HERASITH

3-1. PhenolA] 3}31E3} pterocarpan 35HE 9] shitsl &4

a4k CHCL gREes R Eed

ot

352 phenold 3= mrans-
hexadecyl ferulic acid (1), cis-octadecyl ferulic acid (2) “12]il frans-sinapic acid
hexadecyl (3)9} pterocarpan 3= (-)-4-hydroxy-3-methoxy-(6aR,11aR)-8,9-
methylenedioxypterocarpan  (4)2] DPPH radical 27 24 A3& it
5 13 2% ferulicacid’t 289 &2 s3bE 13 22] DPPH radical
27 A= 10, #ol 33.01 I 57.06 Mol FAES Below, vl
339 prans-ferulic acid®] ICs, #°] 9.79 pM2] A4S WAooz ok
719l aliphatic long chain®] Aoz o) 4aTE & F AT (1
vs 1A, 8 vs 3A). I8 ONOO A @AM = 1Cs, Fhol 5.
1.64 (ME EFS ZA FE et g3t e 2 cis-foms 7R
S grans-forme) FEE 13 Hlugozy o] FLAEHES ¢ T

=
AT (1 v 2). 835 32 DPPH radical 24 243 ONOOA~A E4d&

N
L~

J7F 1Cs, 3ke) 39.84 M I 817 + 497 pME T VEA Al A A E2



ok 1ejy o] #gtEol A e aliphatic long chain®] A3 24
gado] gads 4 5 Aok 9 28 sFEel UM dits ade
cis-form& 2 ZEA3k= AT} aliphatic long chain®] ARTFOZAN ZAdo]
Zaagke o = Ad9lth Pterocarpan TEQ) (-)-4-hydroxy-3-methoxy-
(6aR,11aR)-8,9-methylenedioxypterocarpan (4)> DPPH radical®ll th3ll ICs, 7kl
3583 uMe] E4o] UEelstou, ONOO A Al A= ICs, dkol 1.95 + 0.2

(ME I ZT0] penicillamine] 1Cs, #t©] 236 + 0.79 xM BT} £ &4

O

tjo

k

Bt} Phenolic acid®] &2+3} &4 FZU| hydroxycinnamic acid& 7HA
A7l W&l HoZ AAAY, §3] ol FEEL ONOO ek &7
gAdo] ¥arg wk v} (Foley er al.,, 1990 ; Natella er al., Cuvelier et al., 1992 ;
Pannala et al., 1998 ; Ketsawatsakul et al., 2000). ©]¢} @& ZI2 DPPH
radicaloll gt Azt A7 @42 1729 hydrogen donating F H ol
7)0l8tE Ao g AgztE]o] 2Tl (Hatano ef al., 1989). Compounds 1-4+ &

+Ze) free phenolic hydroxy groups& X §shil 2l 29, phenolic hydroxyls+
Az = A4 donor® A #E-dhriarl B gk vb TE (Saracoglu ef al., 2004).

Pannala 5 (1998)> ONOO 9 2717 AAEA 71d& AAs=d, (1)
nitration (2) electron donation®l ©]3] monohydroxy groups 7FZ! phenol’d
gt o 2palo] pitration® & E A ONOO A~AHZ AL ERNL, o-dihydroxy
groupy 74 catechol FF¢] 7% electron donation 7]FE T3 A
AA2FEL 7FAA7ITE SkC} (Pannala et al., 1997, 1998 ; Kerry and Rice-Evans,

1999).



3-2. Flavonoid 3}3t&E9] aikst &4

a4 CHCL oA 28k flavonoid8t 3 E & desmethylanhydroicaritin
(8)% Hlu #3E2 kaempferol (8A)7} 7l DPPH radical 24 A7
ONOO A2A 84& 7z+7t =439 t) Compound 82 aglycon?! kaempferol®l]
prenyl groupo]l ZA%s 3FEZ DPPH radicalZr ONOOO| tigh AA
Ao A 77 1, o] 18.11 xM 3 406 £ 241 pME FL2 2AGAHE
BATH (8 w 8A). TE FHIY HHA radical &7 BHEZDL fre
radicall Al At AlFst A, AAgE ot #F4ds veEp =,

C-39 % 9] free hydroxy group 4-keto groupdt T2ZATS FAAAHLEA

[¢]

b
il

free radical 271 &4 FA A7t gkl (Williams ef al., 1975 ; Heijnen, et

al., 2001).
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Table 4. Antioxidant activities of compounds derived from

S. flavescens on DPPH and ONOO

Compounds )
DPPH" ONOO”

1 33.01 576 £1.19
2 57.06 15.06 + 1.64

3 39.84 8.17 +4.97

4 35.83 1.95+0.29

8 18.11 4.06 £2.41

1A (trans ferulic acid) 9.79 0.35+0.22
3A (trans sinapic acid) 3.28 0.47+0.12
8A (kaempferol) 6.33 1.12+0.26
penicillamine 2.36 £0.79

L-ascorbic acid 7.39

“DPPH is the frec radical scavenging activity (ICsq: #M). PONQO" is the inhibitory activity

of peroxynitrite (1Cs,: 2M).
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A el 4 AT (ROS)T BAFT RNS)S HEY o T4

AAEQ ZA, el ik aBla DNAS AFSAA d4FE fdeta
AE z221E E4AAY, g2 =5y 48 5 o ded, HEF,
T A-dw 243 5 guige Ayl WHe Ay ddE AFE
=3t HA7E Aoz F e vk ZE free radicalol ©]3 4HEH
E4e HAs7] Y8 AAERFEH FigEd ARe 24, 4
Mt s A7t ®ol o|Foixar k. ool AAstE siike] kst
g4¢ gAsAdrt

714ke] MeOH F& &7 CHClL, EtOAc, n-BuOH % H,0 #&=E9]
skAbgl 248 DPPH radical, hydroxy radical, peroxynitrite % ROS A7
g oz asmcrt. 9o od AnE BE8E Folr EtOAc EF0

=
Fakslgagdol FEokon, @ikl g4 Aol @ol dEAA @2 CHCL
RS htog HrEHOF column chromatographyste] 1452 33t=
trans-hexadecyl ferulic acid (1), cis-octadecyl ferulic acid (2), trans-hexadecyl sinapic
acid (3), (-)-4-hydroxy-3-methoxy-(6aR,11aR)-8,9-methylenedioxypterocarpan (4),
(-)-maackiain (5), xanthohumol (6), formononetin (7), desmethylanhydroicaritin (8),
(25)-2"-methoxykurarinone (9), (25)-3B,7 4'-trihydroxy-5-methoxy-8-(y,y-
dimethylallyl)-flavanone (10), (25)-7,4-dihydroxy-5-methoxy-8-(y,y-dimethylallyl)-
flavanone (11), umbelliferone (12), kuraridin (13), trifolirthizin (14)&
el A4t on, F2E d4]7] 98 IR, UV, EIMS, ID ('H-NMR, “C-
NMR)%} 2D (HMBC, HMQC) NMR9] 334 whf-& A8t ZA 3ok

8

1¥l &3HE 5 cis-octadecyl ferulic acid (2), (—)-4-hydroxy-3-methoxy-

A
X

1

(6aR,11aR)-8,9-methylenedioxypterocarpan (4), xanthohumol (6),

21



desmethylanhydroicaritin (8), (25)-3B,7,4'-trihydroxy-5-methoxy-8-(y,y-
dimethylallyl)-flavanone  (10)2  aiiellA] #go=z Reld SFEEoith
1452 stgtE FolA 5F9 saEd date] FitE 24 S-SR H,
trans-hexadecyl ferulic acid (1), cis-octadecyl ferulic acid (2), rrans-hexadecyl sinapic
acid (3)= DPPH radical®| ] ICs, %k©] 33.01, 57.06 ¥} 39.84 Mo &4 &
22009, ONOO AFAANAE ICs kel 576 £ 1.19, 15.06 + 1.64 3} 8.17 +
497 yME £ 24 375 e Y. (-)-4-Hydroxy-3-methoxy-(6aR,11aR)-
8,9-methylenedioxypterocarpan (4)< ONOO 27 ZAdol A ICs, kol 1.95+0.29
(ME T ZTQ) penicillamine®] 1Cs, #F 236 + 0.79 @MET} F2 A&
B9tk 3 desmethylanhydroicaritin (8)2 DPPH radical &7 221} ONOO

o] ¢} 7 AR phenoldd 3ES FF W hydroxycinnamic acidS 7}HA| 11
7] el Ao7 oA, 9] hydrogen donating ol 7|13l =

Ao Abgdrh



Althaus, J. S., Oien, T. T, Fici, G T., Scherch, H. M., Sethy, V. H. and Von Voigtlander,
P. F., Structure activity relationships of peroxynitrite scavengers. An approach to
nitric oxide neurotoxicity, Res. Commu. Chem. Datho. Pharmacol., 83, 243-249,
1994.

Asada, Y., Hirayama, Y. and Furuya, T., Acylated flavonols from Crocosmia
crocosmiiflora, Phytochemistry, 27, 1497-1501, 1988.

Aruoma, O. L, Spencer, J. P. E. and Mahmood, N., Protection against oxidative damage
and cell death by natural antioxidant ergothioneine, Food Chem. Toxicol., 37, 1043-
1053, 1999.

Balavoine, G. G. and Genleti, Y. V., Peroxynitrite scavenging by different antioxidants,
Part [ :convenient assay, Nitric Oxide, 3, 40-45, 1999.

Balde, A. M., Claeys, M., Pieters, L. A., Wray, P. V. and Vlietinck, A. J., Ferulic acid
esters from stem bark of Pavetta owariensis, Phytochemistry, 30, 1024-1026, 1991.

Barron, D. and Ibrahim, R. K., Isoprenylated flavonoids a survey, Phytochemistry, 43,
921-982, 1996.

Bass, D. A., Parce, J. W., Dechatelet, .. R., Szejza, P. Seeds, M. C. and Thomas, M.,
Flow cytometric studies of oxidative product formation by neutrophils; a graded
response to membrane stimulation, J. /mmun., 130, 1910-1917, 1983.

Beckman, J. S., Beckman, T. W., Chen, J., Marshell, P. A. and Freeman, B. A., Apparent
hydroxyl radical production by peroxynitrite: implications for endothelial injury
from nitric oxide and superoxide, Proc. Natl. Acad. Sci., USA4, 87, 1620-1624, 1990.

Bernalds, M. A. and Lewis, N. G, Alkyl ferulates in wound healing potato tubers,
Phytochemistry, 31, 3409-3412, 1992.

Blois, M. S., Antioxidant determination by the use of a stable free radical. Nature, 181,

1199-1200, 1958.

83



Branen, A. L.. Toxicology and biochemistry of butylated hydroxyanisole and butylated
hydroxytoluene, J. Am. Oil Chem. Soc, 52, 59-63, 1975.

Chaudhuri, S. K., Huang, L., Fullas, F., Brown, D. M., Wani, M. C. and Wall, M. E.,
Isolation and structure identification of an active DNA strand-scission agent, (+)-3,4-
dihydroxy-8,9-methylenedioxypterocarpan, J. Nat. Prod., 58, 1966-1969, 1995.

Chi, Y. S., Jong, H. G, Son, K. H., Chang, H. W., Kang, S. S. and Kim, H. P., Effects of
naturally occurring prenylated flavonoids on enzymes metabolizing arachidonic
acid: cyclooxygenase and lipoxygenase, Biochemistry Pharmacology, 62, 1185-1191,
2001.

Choi, J. S., Chung, H. Y., Kang, S. S., Jung, M. J,, Kim, J. W, No, J. K. and Jung, H. A,,
The structure-activity relationship of flavonoids as scavengers of peroxynitrite,
Phytochemistry, 16, 232-235, 2002.

Chung, H. Y., Yokozawa, T., Soung, D. Y., Kye, I. S., No, J. K. and Baek, B. S.,
Peroxynitrite-scavenging activity of green tea tannin, J. Agric. Food Chem., 46,
4484-4486, 1998.

Crow, J. P., Dichlorodihydrofluorescein and dihydrorhodamine 123 are sensitive
indicators of peroxynitrite in vitro: implications for intracellular measurement of
reactive nitrogen and oxygen species, Nitric Oxide: Biology and Chemistry, 1, 145-
157, 1997.

Cook, J. T., Ollis, D. W., Sutherland, I. O. and Gottlieb, O. R., Pterocarpans from
Dalbergia spruceana, Phytochemistry, 17, 1419-1422, 1978.

Cuzzocrea, S., Tan, D. X., Costantino, G., Mazzon, E., Caputi, A. P. and Reiter, R. J,,
The protective role of endogenous melatonin in carrageenan-induced pleurisy in the
rat, FASEB J., 13, 1930-1938, 1999.

Cuvelier, M. E., Richard, H. and Berst, C., Comparison of the antioxidative activity of
some acid-phenols; Structure-activity relationship, Biosci. Biotech. Biochem., 56,
324-325,1992.

Delia, D., Aiello, A., Meroni, L., Nicolini, M., Reed, J. C. and Pierotti, M., Role of
antioxidants and intracellular free radicals in retinamide-induced cell death,

Carcinogenesis, 18, 943-948, 1997.

84



Ding, Y., Tian, R. H., Kinjo, J., Nohara, T. and Kitagawa, L, Three new oleanene
glycosides from Sophora flavescens, Chem. Pharm. Bull., 40, 2990-2994, 1992.

Dreher, D. and Junod, F., Role of oxygen free radicals in cancer development, £ur. J.
Cancer, 324, 3038, 1996.

Dufall, K. G, Ngadjui, B. T., Simeon, K. F., Abegaz, B. M. and Croft, K. D., Antioxidant
activity of prenylated flavonoids from the West Africa medicinal plant Dorstenia
mannii, Journal of Ethnopharmacology, 87, 67-72, 2003.

Fici, G J., Althaus, J. S. and Von Voigtlander, P. E., Effects of lazaroids and a
peroxynitrite scavengers in a cell model of peroxinitrite toxicity, Free Radic. Biol.
Med., 22,223-228, 1997.

Foley, S., Naveratnam, S., McGarvey, D. J., Land, E. J., Truscott, T. G and Rice-Evans,
C. A., Singlet oxygen quenching and the redox properties of hydroxycinnamic acids,
Free Radic. Biol. Med., 26, 1202-1208, 1999.

Haenen, G. R. M. M., Paquay, J. B. G., Korthouwer, R. E. M. and Bast, A., Peroxynitrite
scavenging by flavonoid, Biochem. Biophys. Res. Commun., 236, 590-593, 1997.
Hatano, T., Edamatsu, R., Hiramatsu, M A., Fujita, Y., Yasuhara, T., Yoshida, T. and
Okuda, T., Effect of the interaction of tannins with co-existing substances VI.
Fffects of tannins and related polyphenols on superoxide anion radical and 1,1-

diphenyl-2-picrylhydrazyl radical, Chem. Pharm. Bull., 37, 2016-2021, 1989.

Heijnen, C. G M., Haenen G. R. M. M., Van Acker, F. A. A, Van der Vijgh, W. ]. F. and
Bast, A., Flavonoids as peroxynitrite scavengers: the role of the hydroxyl groups,
Toxicology In Vitro, 15, 3-6, 2001.

Hempel, S. T., Buettner, G. R., O'Malley, Y. Q., Wessels, D. A. and Flaherty, D. M,,

Dihydrofluorescencein diacetate is superior for detecting intracellular oxidants:
comparison with 2'.7'-dichlorodihydrofluorescein diacetate, 5 (and-6)-carboxy-2',7'-
dichlorodihydrofluorescein diacetate, and dihydrorhodamine 123, Free Radic. Biol.
Med., 27, 146-159, 1999.

Jakupovic, J. J., Paredes, L., Bohlmann, F. and Watson, L., Prenyl flavans from

Murshallia species, Phviochemistry, 27, 3273-3275, 1988,



Jung, N. L, Yook, C. S. and Lee, H. K., Coumarins from the roots of Angelica decursiva-
albiflora, Kor. J. Pharmacogn, 25, 311-318, 1994.

Kang, T. H., Jeong, S. J., Ko, W. G, Kim, N. Y., Lee. B. H,, Inagaki, M., Miyamato, T.,
Higuchi, R. and Kim, Y. C., Cytotoxic lavandulyl flavanones from Sophora

flavescens, J. Nat. Prod., 63, 680-681, 2000.

Kerry, N. and Rice-Evans, C. A., Inhibition of peroxynitrite-mediated oxidation of
dopamine by flavonoid and phenolic antioxidants and their structural relationship, J.
Neurochem., 73, 247-253, 1999.

Ketsawatsakul, U., Whiteman, M. and Halliwell, B., A reevaluation of the peroxynitrite
scavenging activity of some dietary phenolics, Biochem. Biophys. Res. Commun.,
279, 692-699, 2000.

Kim, J. S., Yoo, Han, S. J., Byun, J. H,, Xu, Y. N., Yoo, S. W, Kang, S. S,, Son, K. H,,
Chang, H. W. and Kim H. P, Minor constituents from the roots of Sophora
Sflavescens, Natural Product Sciences, 7, 5-8, 2001.

Kim, D. W., Chi, Y. S., Son, K. H., Chang, H. W., Kim, I. S., Kang, S. S. and Kim, H. P,,
Effects of Sophora flavescens, on cyclooxygenase-2 and /n Vivo inflammatory
response, Arch. Pharm. Res., 25, 329-335, 2002a.

Kim, J. S., Byun, J. H,, Kang, S. S., Son, K. S., Kim, H. P. and Chang, H. W., Isolation
of flavonoids and a saponin from Echinosophora koreensis, Kor. J. Pharmacogn, 33,

110-115, 2002b.

Kim, S. ., Son, H. K., Chang, H. W., Kang, S. S. and Kim, H. P., Tyrosinase inhibitory
prenylated flavonoids from Sophora flavescens, Biol. Pharm. Bull., 26, 1348-1350,
2003.

Kimura, Y., Okuda, H., Nomura, T., Fukai, T. and Archi, S., Effects of flavonoids and
homogenates, Chem. Pharm. Bull., 34, 1223-1227, 1986.

Ko, F. N., Cheng, Z. J., Lin, C. N. and Teng, C. M., Scavenging and antioxidant
properties of prenylflavones isolated from Artocarpus heterophyllus, Free Radical
Biology Medicine. 25, 160-168, 1998.

Komatsu, M., Tomimori, T., Hatayama, K. and Mikuriya, N.. Studies on the constituents

of Sophora species. [\V. Constituents of the root of Sophora angustifolia Sieb. Et

56



Zucc. (1), Yakugaku Zasshi, 90, 463-468, 1970.

Kooy, N. W, Royall, J. A., Ischiropoulos, H. and Beckman, J. S. Peroxynitrite mediated
oxidation of dihydrorhodamine 123, Free Radic. Biol. Med., 16, 149-156, 1994.

Kyogoku, K., Hatayama, K. and Komatsu, M., Constituents of Chinese crude drug
“Kushen” (the root of Sophora flavescens Ait.). Isolation of five new flavonoids and
formononetin, Chem. Pharm. Bull., 21, 2733-2738, 1973.

LeBel, C. P. and Bondy, S. C., Sensitive and rapid quantitation of oxygen reactive
species formation in rat synaptosome, Neurochem. Int., 17, 435-440, 1990.

Lee, H. S., Ko, H. R, Ryu, S. Y., Oh, W. K., Kim, B. Y., Ahn, S. C,, Mheen, T. L. and
Ahn, J. S., Inhibition of phospholipase Cy; by the prenylated flavonoids from
Sophora flavescens, Planta Med., 63, 266-268, 1997.

Lin, K. T,, Xue, J. Y., Sun, F. F. and Wong, P. Y. K., Reactive oxygen species participate
in peroxynitrite induced apoptosis in HL-60 cells, Biochem. Biophys. Res. Commun.,
230, 115-119, 1997.

Matern, U., Strasser, H., Wendoff, H. and Hamerski, D., Coumarins and
furanocoumarins. In: Constabel, F., Vasil, I. K. (Eds.), cell culture and somatic cell
genetics of plants, Vol. 5. Academic Press, San Diago, pp. 3-21. 1998.

Maximo P. and Lourencgo, A., A pterocarpan from Ulex parviflorus, Phytochemistry, 48,
359-362, 1998.

Menconi, M. J., Unno, N., Smith, M., Aguirre, D. E. and Fink, M. P., Nitric oxide donor-
induced hyperpermeability of cultured intestinal epithelial monolayers: role of
superoxide radical, hydroxy radical, and peroxynitrite, Biochem. Biophys. Acta, 1425,
189-203, 1998.

Natella, F., Nardini, M., Felice, M. D and Scaccini, C., Benzoic acid and cinnamic acid
derivatives as antioxidants: structure-activity relationship, J. Agric. Food Chem., 47,
1453-1459, 1999.

Nkengfack, A. E., Vouffo, T. W., Vardamides, I. C., Kouam, J., Fomum, Z. T., Meyer, M.
and Sterner, O., Phenolic metabolites from En:thrina species, Phytochemisiry, 46,
573-578, 1997.

Nonoyama. N., Chiba, K., Hisatome, K., Suzuki. H. and Shintani, F, Nitration and



hydroxylation of substituted phenols by peroxynitrite. Kinetic feature and an
alternative mechanistic view, Tetrahedron Letter, 40, 6933-6937, 1999.

Pannala, A., Rajaq, R., Halliwell, B., Singn, S. and Rice-Evans, C. A., Inhibition of
peroxynitrite  dependent tyrosine nitration by hydroxycinnamates: nitration or
electron donation? Free Radic. Biol. Med., 24, 594-606, 1998.

Pannala, A., Rice-Evans, C. A. Halliwell, B. and Singn, S., Inhibition of peroxynitrite
mediated tyrosine nitration by catechin polyphenols, Biochem. Biophys. Res.
Commun., 232, 164-168, 1997,

Park, J. A., Kim, H. J,, Jin, C. B,, Lee, K. T. and Lee, Y. S., A new pterocarpan, (-)-
Maackiain sulfate, from the roots of Sophora subprostrata, Arch. Pharm. Res., 26,
1009-1013, 2003.

Peters, V. and Nagem, T. J., Trioxygenated naturally occurring xanthones,
Phytochemistry, 44, 197-214, 1997.

Ryu, S. H,, Choi, S. U, Kim, S. K., No, Z., Lee, C. O. and Ahn, J. W., In vitro antitumor
activity of flavonoids from Sophora flavescens, Phytotherapy Res., 11, 51-53, 1997a.

Ryu, S. Y., Lee, H. S., Kim, Y. K. and Kim, S. H., Determination of isoprenyl and
lavandulyl positions of flavonoids from Sophora flavescens by NMR experiment,
Arch. Pharm. Res., 20, 491-495, 1997b.

Saracoglu, ., Varel, M., Harput, U. and Nagatsu, A., Acylated flavonoids and phenol
glycosides from Veronica thymoides supsp. Pseudocinerea, Phytochemistry, 63,
2379-2385, 2004.

Sawa, T., Akaike, T. and Maeda, H., Tyrosine nitration by peroxynitrite formed nitric

oxide and superoxide generated by xanthine oxidase, J. Biol. Chem., 275, 32467-
32474, 2000.

Singh, A., Chemical and biochemical aspects of activated oxygen: singlet oxygen,
superoxide anion, and related species, In Miquel, J., Quintanilha, A. T., and Weber,
H. (Eds.). CRC Handbook of free radicals and antioxidants in Biomedicine. CRC
Press, Inc., Boca Raton, Flonda, 1, 17-28, 1989,

Stevens, J. F., Ivancic, M., Hsu, V. L. and Deinzer, M. L., Prenylflavonoids from

Humudus lupulus, Phyvtochemistry, 44, 1575-1585, 1997.

kel



Stevenson, P. C. and Veitch, N. C., Isoflavans from the roots of Cicer judaicum,
Phytochemistry, 43, 695-700, 1996.

Tahara, S. and Ibarahim, R. K., Prenylated isoflavonoids an update, Phytochemistry, 38,
1073-1094, 1995.

Van, D. K., McConnell, P. and Marquardt, L., Green tea extract and its polyphenols
markedly inhibit luminol-dependent chemiluminescence activated by peroxynitrite
or SIN-1, Luminescence, 15, 37-43, 2000.

Wang, H. and Joseph, J. A., Quantifying cellular oxidative stress by dichlorofluorescein
assay using microplate reader, Free Radic. Biol. Med., 27, 612-616, 1999.

Williams, R. F., Shinkai, S. and Bruice, T. C., Radical mechanisms for 1,5-dihyrdoflavin
reduction of carbonyl compounds, Proc. Natl. Acad. Sci. USA., 72, 1763-1767, 1975.

Wu, L. I., Miyasa, T., Ueno, A., Kuroyanagi, M., Noro, T., Fukushima, S. and Sasaki, S.,
Studies on the constituents of Sophora flavescens Ait. IV, Yakugaku Zasshi, 105,
1034-1039, 1985.

Yagi, A., Fukunaga, N., Okuzako, N., Mifuchi, I. and Kawamoto, F., Antifungal
substances from Sophora flavescens, Shoyakugaku Zasshi, 43, 343-347, 1989.

Yamamoto, H., Zhao, P. and Inoue, K., Origin of isoprenoid units in a lavandulyl moiety
of sophoraflavanone G from Sophora flavescens cultured cells. Phytochemistry, 60,
263-267, 2002.

Yamasaki, K., Hashimoto, A., Kokusenya, Y., Miyamoto, T. and Sato, T,
Electrochemical method for estimating the autoxidative effects of methanol extracts
of crude drugs, Chem. Pharm. Bull., 42, 1663-1665, 1994.

Yokozawa, T., Chen, C. P., Dong, E., Tanaka, T., Nonaka, G, . and Nishioka, I., Study
on the inhibitory effects of tannins and flavonoids against the 1,1-diphenyl-2-
picrylhydrazyl radical, Biochemical Pharmacology, 56, 213-222, 1998.

Yoshida, T., Mori, K., Hatano, T., Okumura, T., Uehara, 1., Komagoe, K., Fuyjita, Y. and
Okuda, T., Studies on inhibition mechanism of autoxidation by tannins and

flavonoids. V. Radical-scavenging effects of tannins and related polyphenols on

1,1-diphenyl-2-picrylhydrazyl radical, Chem. Pharm. Bull., 37, 1919-1921, 1989.

8Y



Zhang J. H., Zhao, Y. Y., Liu, Q. X. and Ye, X. J., Studies on the chemical constituents
from Sophora flavescens Ait, China J. Chin. Mat. Med., 25, 37-38, 2000.

90



2 xFo) BAEIA #2353 EFF [l AWl o) AHF

A WP YD ShzH oz oZe FHod, op

3 SEES
AEsh 459 Ad, 220 Aoz AN AN 2459 AL EYT

B

4P EREAY A Y-IAGEA BAY s FUd S
A RS ESE FA 80k MG s 4BIAIA 43N
AP o)A, dAH A2} HAF 43 qz Yol A F
FAQM, W 343 BT 2pew g, 484 o
2800, Y59 v £ N0 99 AdelE I3 delel, =R

£
pats
ol
rj?. ‘L"" “'&

= 5
ojxjete 2 FAHY A FHer FHuiHx HFAR, FFF A
230 o)A L A oA, ofeiy 2R FA ASe) o] =L
245 BAE, Aoz ) BRI

20044 12%

797 $3.



	표지
	목차
	Abstract
	1. 서론
	2. 재료 및 방법
	2.1 재료
	2.2 시약 및 기기
	2.3 방법
	2.4 항산화 활성 실험

	3. 결과 및 고찰
	3.1 MeOH 추출물과 각 획분들의 항산화 활성
	3.2 CH2CI2 획분에서 분리된 화합물의 구조결정
	3.3 분리된 화합물의 항산화 활성

	4. 요약 및 결론
	5. 참고문헌

