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The methanolic root extract of Glycine max (L.) Merr. was chromatographed, which yielded 10
flavonoids, including three isoflavones 1—3, five pterocarpans 4—8, one flavonol 9, and one
anthocyanidin 10. All isolated compounds were examined for LDL-antioxidant activities using four
different assay systems on the basis of Cu?*-mediated oxidation. Among them, seven compounds
showed potent LDL-antioxidant activities in the thiobarbituric acid reactive substances (TBARS) assay,
the lag time of conjugated diene formation, relative electrophoretic mobility (REM), and fragmentation
of apoB-100 on copper-mediated LDL oxidation. Three pterocarpans 4, 6, and 7, never reported as
LDL-antioxidant, showed potent activities with 1Cso values of 19.8, 0.9, 45.0 uM, respectively, in
comparison with probucol (ICso = 5.6 uM) as positive control. Interestingly, coumestrol 6 (ICso = 0.9
uM) showed 20 times more activity in the TBARS assay than genistein (ICso = 30.1 xM) and daidzein
(ICso = 21.6 uM), representative antioxidants in soybean. Moreover, coumestrol 6 had an extended
lag time of 190 min at 3.0 «M in measuring conjugated diene formation, while both genistein (120
min) and daidzein (93 min) lag times were extended to less than 120 min at the same concentration.
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INTRODUCTION soybean as dietary supplement. Recently, we found that ptero-
garpans from roots dBlycine max(L.) Merr. showed a potent
low-density lipoprotein (LDL) oxidation inhibitory activity
?'milar to the three representative isoflavones described above
7).

Soybeans or soy products have had unprecedented attentio
due to their potential beneficial effects on various chronic
diseases such as cancer, coronary heart disease, osteoporos
and menopausal discomfort (1—6). Due to lower rates of heart
disease and the association of cancer with higher intakes of soy ~The oxidative modification of LDL plays a considerable role
products, soy has been subjected to extensive investigationin the early atherosclerosis process (13). When LDL is
regarding its bioactive function. It is well established that Oxidized, it is modified in several ways through the reaction
flavonoids are responsible for the antioxidant activity of soy With reactive oxygen species (ROS), and the oxidized LDL
(7, 8). Even though there are more than 30 valuable flavonoids within arterial walls promotes several steps in atherosclerosis
in soybean, researchers mainly have focused on three repre{13), including endothelial cell damagé¥, 16), foam cell
sentative isoflavones: genistein, daidzein, and glycitéin (  accumulation (1718), and growth 19, 20) and synthesis of
11). It is generally accepted that roots contain more abundantautoantibodies21). Moreover, oxidized LDL promotes mono-
secondary metabolites than other parts of the plant, but thecytes to cause expression of adhesion molecules on the cell
elucidation of the biologically active substance from soybean surface 22). Monocyte-derived macrophages recognize oxidized
roots has not been studied extensively. Moreover, the earlierLDL through the scavenger receptor, resulting in the massive
reports on roots were based on the analyses using HRRIC ( accumulation of lipids (23).
and not isolated by silica gel column chromatography. Thus, |n this study, we isolated 10 flavonoids from the rootsGof
evaluation of a biological function of other isoflavones i max and identified their structures through spectroscopic
soybean and its roots are of great importance to enhance noimethods (seBigure 1). Isolated compounds were also evaluated
only the value of roots as functional materials but also that of foy their inhibitory activity on copper-induced LDL oxidation
through four methods: thiobarbituric acid reactive substances

Ol;scoéfesp?ngg\g akugor- Phonfﬁ82-55-751-5472- Fax:82-55-757- (TBARS) assay (24), measurement of the formation of conju-
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Figure 1. Chemical structures of isolated compounds 1-10 in roots of Glycine max (L.) Merr.

MATERIALS AND METHODS compound# (69 mg) andb (45 mg). Fraction E was chromatographed
using a stepwise gradient of CHfzlcetone [15:1 (500 mL), 12:1 (400
mL), 8:1 (400 mL), 5:1 (400 mL), 2:1 (400 mL), 1:1 (400 mL)], then
purified by second flash silica gel column (2:050 cm, 236-400
mesh, 100 g) using a gradient of CHf@ketone [10:1 (250 mL), 6:1
(180 mL), 3:1 (180 mL), 2:1 (180 mL), 1:1 (180 mL)] to yield

Plant Material. The roots ofG. max(Taekwangkong) were collected
on 10 days after R8 at Moonsan, Jinju, Korea at the end of September
2003. The fresh roots d&. maxwere then dried.

General Apparatus and Chemicals.All purifications were moni-
tored by TLC (E. Merck Co., Darmstadt, Germany) using commercially
available glass-backed plates and visualized under UV at 254 and 36600mpounds6 (58 mg). .and 7 (21 mg). The BUOH phase was
nm or sprayed witip-anisaldehyde solution. Column chromatography Cchfomatographed on silica gel (4:560 cm, 236-400 mesh, 650 g)
was carried out using 230—400 mesh silica gel (kieselgel 60, Merck, USing @ gradient of CH@MeOH [ 30:1 (1.0 L), 20:1 (1.0 L), 15:1
Germany). Melting points were measured on a Thomas Scientific (10 L), 10:1 (1.0'L), 6:1 (1.0 L), 3:1 (1.0 L), 1:1 (1.0 L)] to give
capillary melting point apparatus (Electrothermal 9300, U.K.) and are ractions A—F. Fraction D (940 mg) was repeatedly chromatographed
uncorrected. IR spectra were recorded on a Bruker IFS66 (Bruker, OVer silica gel (2.5x 60 cm, 230—400 mesh, 130 g) using CHCI
Karlsruhe, Germany) infrared Fourier transform spectrophotometer MeOH [15:1 (400 mL), 10:1 (200 mL), 6:1 (200 mL), 3:1 (200 mL),
(KBr), and UV spectra were measured on a Beckman DU650 11 (200 mL)]to yield compound (42 mg), and fraction E (220 mg)
spectrophotometer (Beckman Coulter, Fullerton, CA)and*C NMR was separately subjected to S|I|c_a gel column (£.80 cm, 230—400
along with 2D NMR data were obtained on a Bruker AM 5081 ( mesh, 40 g) chromatography with the same solvent [10:1 (100 mL),
NMR at 500 MHz,3C NMR at 125 MHz) spectrometer (Bruker, 6:1 (80 mL), 3:1 (80 mL), 1:1 (80 mL)] used f& and rechromato-
Karlsruhe, Germany) in CDg)l acetone-g DMSO-d;, and CROD. graphed on a Sephadex LH-20 (1x050 cm) and a & column for
EIMS was obtained on a JEOL JMS-700 mass spectrometer (JEOL, €lution with methanol in order to yield compoud® (29 mg).

Tokyo, Japan). All the reagent grade chemicals were purchased from Compound Identification. The structures of isolated compounds

Sigma (Sigma Chemical Co, St. Louis, MO). 1-3 were confirmed by spectroscopic analysis and comparison with
Extraction and Isolation. The roots (2.4 kg) of5. maxwere air- values previously reported28—30). Herein, we report:C NMR
dried, chopped, and extracted three times with methanol (32 3) spectroscopic data.

for 10 days at room temperature. The combined methanol extract was  Glyceofuran (4): colorless needles; mp 181—F&3[lit. mp 181
concentrated in vacuo to yield a green gum (120 g). The methanol oc (dec)] (31); EIMSm/z (relative intensity) 354 (M, 25%), 339
extract was dissolved in 1.2 L of a mixture of water and methanol (1009%), 336 (36%); IR (KBrWmax 3414, 1660, 1555 cm; UV Amax
(3:1) and successively partitioned with EtOAc and BuOH (each 3 nm 306, 293, 287, 250, 226 (EtOH‘H NMR (500 MHz, CQOD) )
1.2 L), yleldlng an EtOAc extract (424 g), a BUOH extract (209 g), 1.60 (6H, s, 15-Chland 16-CH), 3.98 (1H, d,J = 11.4 Hz, H-6ﬂ),
and a HO extract (48.6 g). The EtOAc phase was chromatographed 4 16 (1H, d,J = 11.4 Hz, H-6), 5.37 (1H, s, H-11a), 6.23 (1H, d,
on silica gel (7x 60 cm, 236-400 mesh, 850 g) using hexane/acetone _ 5 ¢ Hz, H-10), 6.42 (1H, dd] = 8.2, 2.1 Hz, H-8), 6.60 (1H, d]
[20:1(1.21),15:1 (1.2 1), 10:1 (1.2L), 5:1 (1.2L), L1 (1.20)]and  _— g Hz, H-12), 6.97 (1H, s, H-4), 7.18 (1H, di= 8.2 Hz, H-7), and
CHCly/MeOH [10:1 (1.2 L), 6:1 (1.2 L), 3:1 (1.2 L), 1:1 (1.2 L)] 7.63 (1H, s, H-1)%C NMR (125 MHz, CDOD): seeTable 1.
mixtures to give fraction A (14.2 g), fraction B (6.5 g), fraction C (3.5
), fraction D (1.3 g), fraction E (2.7 g), fraction F (3.0 g), and fraction
G (5.9 g). Fraction B was applied to a silica gel column{%0 cm,
230—400 mesh, 220 g) and chromatographed with hexane/acetone (30: .
— 2:1) to afford 60 subfractions; subfractions-382 were subjected 280, 262, 230 (EtOH)31); *H NMR (500 MHz, CRCI) 6 1.36 (3H,
to silica gel column (3x 60 cm, 230—400 mesh, 170 g) chromatog- S 19°CH), 1.39 (3H, s, 16-CH}, 3.95 (1H, d,J = 6.9 Hz, H-60),
raphy with hexane/acetone (12:14:1) to yield compounds (24 mg) 4.15 (1H, dJ = 6.9 Hz, H-6), 5.18 (1H, s, H-11a), 5.52 (1H, 3=
and8 (12 mg). Fraction C was subjected to silica gel colummnx(85 10.0 Hz, H-13), 6.23 (1H, s, H-10), 6.29 (1H, 8= 8.1 Hz, H-8),
cm, 236-400 mesh, 200 g) chromatography with hexane/acetone (10:1 6.49 (1H, d,J = 8.4 Hz, H-2), 6.55 (1H, dJ = 10.0 Hz, H-12), 7.05
— 1:2) and then purified by a second flash silica gel columrx (30 (1H,d,J=8.1Hz, H-7), and 7.15 (1H, d,= 8.4 Hz, H-1).°C NMR
cm, 230—400 mesh, 150 g) using a gradient of hexane/acetone [8:1(125 MHz, CRCI): seeTable 1.

(500 mL), 6:1 (350 mL), 4:1 (250 mL), 2:1 (250 mL), 1:1 (250 mL), Coumestrol (6): yellow needles; mp 35859 °C [lit. mp 360~
1:2 (250 mL)] to yield compound® (18 mg) and3 (32 mg). Fraction 365 °C (dec)] (32); EIMSm/z (relative intensity) 268 (M, 100%),
D was submitted to silica gel column (2:6 60 cm, 230—400 mesh, 240 (15%), 211 (9%), 280 (6%); IR (KBr)max 3500, 2820, 1710 cri;
130 g) chromatography and eluted with a Ckl&@tetone gradient (25:1 UV Amaxnm 378, 310, 280, 210 (MeOHY4 NMR (500 MHz, DMSO-
— 4:1) resulting in 55 subfractions; subfractions-3% were rechro- ds) 6 6.92 (1H, d,J = 2.2 Hz, H-4), 6.94 (1H, dd) = 8.5, 2.1 Hz,
matographed on silica gel with CHgAcetone (12:1= 2:1) to yield H-2), 6.96 (1H, ddJ = 8.3, 2.1 Hz, H-8), 7.18 (1H, d] = 2.0 Hz,

Glyceollin I (6): amorphous yellow powder; mp 16204°C; EIMS
m/z (relative intensity) 338 (M, 22%), 323 (100%), 321 (38%), 280
1(6%); IR (KBr) vmay 3460, 1860, 1650 cm; UV Amax M 350, 298,
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Table 1. 3C NMR of Compounds 1-10 at 125 MHz (ppm, m)?
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compound
position 1 2 3 4 5 6 7 8 9 10
1 124.5d 131.3d 123.1d 127.8d 121.9d
2 153.5d 153.2d 154.3d 125.4s 111.5d 114.2d 121.8s 114.1d 147.1s 162.5s
3 1235s 1239s 1216s 157.2s 154.4s 161.6 s 1453 s 155.7 s 136.0 s 146.6 s
4 175.0s 175.1s 180.6 s 99.4d 110.7 s 103.4d 98.2d 109.6 s 176.1s 134.2d
4a 117.0s 117.0s 104.8s 1545s 150.7 s 155.0s 156.5s 1489 s 113.7s
5 127.6d 127.7d 162.4s 160.8 s 158.2 s
6 115.6d 115.6d 99.3d 72.1t 70.1t 158.0 s 708t 157.6s 98.5d 103.2d
6a 78.0s 77.1s 102.4 s 76.8s 103.0s
6b 121.6s 120.3s 115.0s 1215s 114.8s
7 163.0 s 163.1s 164.7 s 125.6s 124.6d 121.0d 125.2d 121.2d 164.1s 169.4 s
8 102.5d 102.5d 94.0d 109.9d 109.2d 114.4d 109.0d 114.5d 93.7d 94.9d
8a 157.8s 1579 s 158.0 s
9 161.6 s 161.1s 156.3 s 162.0s 156.4 s 156.5s
10 99.3d 99.2d 99.1d 98.6d 99.1s 103.3s
10a 162.7 s 158.8 s 157.4s 160.7 s 1575s
11
1la 87.2d 85.5d 160.0 s 86.4d 159.6 s
11b 118.8s 112.7s 104.5s 112.0s 106.1s
12 101.4d 116.8d 34.41t 114.7d
13 165.7 s 129.8d 87.3d 132.4d
14 70.1s 76.8s 162.0 s 78.1s
15 114.0t
15CH3 29.3q 28.2q 28.2q
16CH3 29.3q 28.2q 17.3¢q 28.2q
1 124.6s 123.0s 122.7s 122.3s 122.0s
2' 130.4d 130.5d 130.5d 115.4d 118.1d
3 114.0d 115.4d 115.4d 1453s 1475s
4 159.3s 157.6s 157.8s 1479s 155.3s
5 114.0d 115.4d 115.4d 115.9d 117.4d
6' 130.4d 130.5d 130.5d 120.3d 127.3d
OCH; 55.5q

2The chemical shifts of compound 7 were determined in acetone-ds, compounds 1-3, 6, 8, and 9 were measured in DMSO-ds, and compound 5 was measured in

CDClz. Compounds 4 and 10 were measured in CD30OD.

H-10), 7.71 (1H, dJ = 8.4 Hz, H-7), and 7.87 (1H, d] = 8.6 Hz,
H-1). 23C NMR (125 MHz, DMSO-g): seeTable 1.

Glyceollin Il (7): colorless needles; mp 149—18€; EIMS m/z
(relative intensity) 338 (M, 15%), 323 (100%), 297 (32%); IR (KBr)
Vmax 3414, 1660, 1555 cnm; UV Amax Nm 306, 293, 287, 250, 226
(EtOH); (29,33) *H NMR (500 MHz, acetoned) 6 1.74 (3H, s, 16-
CHs), 3.01 (1H, m, H-128), 3.33 (1H, m, H-120), 4.02 (1H, d=
11.3 Hz, H-6p), 4.12 (1H, dJ = 11.3 Hz, H-6a), 4.88 (1H, m, 1),
5.05 (1H, m, 1B), 5.24 (1H, tJ = 8.5 Hz, H-13), 5.27 (1H, s, H-11a),
6.24 (1H, s, H-10a), 6.25 (1H, s, H-4), 6.44 (1H, dd+ 8.2, 2.1 Hz,
H-8), 7.20 (1H, dJ = 8.1 Hz, H-7), and 7.24 (1H, s, H-13C NMR
(125 MHz, acetoned). seeTable 1.

Plicadin (8): yellow solid; mp 127#129°C [lit. mp 127°C, 289—
290 °C] (34, 35); EIMS m/z (relative intensity) 334 (M, 24%), 319
(100%), 318 (6%); IR (KBrymax 3341, 1750, 1640, 1600, 1522 cin
UV Amaxnm 364, 351, 302, 224 (MeOHY4 NMR (500 MHz, DMSO-
ds) 0 1.47 (6H, s, 15-Ckland 16-CH), 6.00 (1H, d,J = 10.1 Hz,
H-13), 6.85 (1H, dJ = 10.1 Hz, H-12), 6.94 (1H, dJ = 8.6 Hz,
H-2), 6.98 (1H, ddJ = 8.3, 1.8 Hz, H-8), 7.19 (1H, d] = 2.0 Hz,
H-10), 7.74 (1H, dJ = 8.4 Hz, H-7), and 7.80 (1H, dl = 8.6 Hz,
H-1). 3C NMR (125 MHz, DMSO-d): seeTable 1.

Quercetin (9): yellow powder; mp 28285 °C [lit. mp 300-302
°C] (36); EIMS m/z (relative intensity) 302 (M, 100%), 273 (7%),
153 (3%), 137 (3%); IR (KBrymax 3407, 1665, 1662, 1519 crh UV
Amax NM 382, 353, 274 (MeOH):H NMR (500 MHz, DMSO¢) ¢
6.21 (1H, d,J = 1.8 Hz, H-6), 6.43 (1H, dJ = 1.8 Hz, H-8), 6.90
(1H, d,J = 8.5 Hz, H-8), 7.56 (1H, ddJ = 8.5, 2.1 Hz, H-6), and
7.69 (1H, d,J = 2.1 Hz, H-2').23C NMR (125 MHz, DMSO#dg): see
Table 1.

Cyanidin (10): dark red powder; mp 22230 °C [lit. mp 194—
195°C] (37); EIMS m/z (relative intensity) 287 (M, 7%); IR (KBr)
Vmax 3425, 3187, 2918, 2860 crf) UV Amax NM 476, 380, 364, 303,
278 (MeOH);'H NMR (500 MHz, CROD) ¢ 6.62 (1H, d,J = 1.6

Hz, H-6), 6.86 (1H, s, H-8), 7.00 (1H, d,= 8.7 Hz, H-5'), 8.10 (1H,
d,J = 2.3 Hz, H-2'), 8.21 (1H, dd) = 8.7, 2.3 Hz, H-6'), and 8.56
(1H, s, H-4).13C NMR (125 MHz, CRQOD): seeTable 1.

Isolation of LDL. The blood was obtained from healthy volunteers.
EDTA was used as anticoagulant (1.5 mg/mL of blood). After low-
speed centrifugation of the whole blood to obtain plasma and to prevent
lipoprotein modification, 0.1% EDTA, 0.05% NaNand 0.015% PMSF
(phenylmethanesulfonyl fluoride) were added. LDL (1.019—1.063
g/mL) was isolated from the plasma by sequential density ultracen-
trifugation at 4°C in a Beckman TL ultracentrifuge (Beckman
Instruments, Mountain View, CA) as described previou8§)( After
the isolation, LDL was dialyzed overnight against three changes of
phosphate buffer (pH 7.4), containing 150 mM NacCl, in the dark at 4
°C to remove EDTA. The LDL in phosphate-buffered saline (PBS)
was stored at 4C and used within 4 weeks.

LDL Oxidation. LDL (120 ug protein/mL) was diluted in PBS
buffer (10 mM, pH 7.4). Oxidation was initiated by adding freshly
prepared .uM CuSQ,, and the reaction was stopped by adding of 1
mM EDTA. In our experiments, oxidation was carried out in the
presence or absence of compounds. After incubation, TBARS, conju-
gated diene, REM, and ApoB-100 fragmentation of LDL were measured
as described below. Probucol, a known antioxidant having antiathero-
genic activity, was used as a positive control substance in a series of
experiments.

Thiobarbituric Acid Reactive Substances (TBARS).The formation
of TBARS assay of Buege and AusP4) was used with minor
modifications. Briefly, the LDL solution (25@L, 120 ug of protein)
in PBS (10 mM, pH 7.4, 0.15 M NacCl) was supplemented with:30
CuSQ. The oxidation was performed in a screw-capped 5 mL glass
vial at 37 °C in a shaking water bath. Aftet h of incubation, the
reaction was terminated by addition of 1 mL of 20% trichloroacetic
acid. Following precipitation, 1 mL of 0.67% TBA in 0.05 N NaOH
was added and vortexed, and then the final mixture was heated for 5
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min at 95°C, cooled on ice, and centrifuged for 2 min at 190The

Lee et al.

Table 2. Inhibitory Effects of Isolated Compounds 1-10 on

optical density of the produced malondialdehyde (MDA) was measured cy2+.Mediated LDL Oxidation by Measurement of TBARS Assay

at 532 nm.
Conjugated Diene Formation.The formation of conjugated diene

compounds

ICs0 (uM) values?

was measured by monitoring the absorbance at 234 nm using the
method of Esterbauer et al. (25). Briefly, LDL (12@/mL), in PBS

(pH 7.4) was incubated with 8M CuSQ solution, in the presence or
absence of test compounds, at°&7 for 4 h; thereafter, the absorbance

at 234 nm was measured every 10 min. The plot of absorbance against
time produces three phase: (1) a lag phase, (2) a propagation phase,
and (3) a decomposition phase. The lag time (the extent to which the
compounds protected LDL from oxidation was reflected by the
prolongation of the lag phase compared to that of the control) was
measured as the intercept between the baseline and the tangent of the
absorbance curve during the propagation phase.

[

P Ooo~NooobhswiN

0
probucol

NI
21.6
30.1
19.8
NI
0.9
45.0
NI
51
445
5.6

Relative Electrophoretic Mobility (REM). The electrophoretic
mobility of native or oxidized LDL was detected by agarose gel
electrophoresis (Ciba Corning Diagnostics, Palo Alto, CA) using the
method of Reid and Mitchinsor26). The LDL (120ug/mL) in PBS
(pH 7.4) was oxidized with %M CuSQ, for 12 h at 37°C with or
without compounds. Thereafter, the agarose gel (0.7% agarose) was
electrophoresed (85 V) in a buffer containing 40 mM Tris, 40 mM
glacial acetic acid, and 1 mM EDTA for 1 h. After electrophoresis,
lipoprotein bands were stained with coomassie brilliant blue; REM was
defined as the ratio of the migrating distance of oxidized LDL to that
of the control.

Electrophoresis of ApoB-100 FragmentationThe electrophoresis
of apoB-100 fragmentation was performed according to the procedures
of Noguchi and Niki 27). Briefly, after the oxidation with or without
antioxidants, samples were denatured with 3% SDS, 10% glycerol, and
5% 2-mercaptoethanol at 3& for 10 min. SDS-polyacrylamide gel
electrophoresis (SDS—PAGE, 3—15% gradient) was performed to
detect the apoB-100 fragmentation. The electrophoresis was processed
at 48 V for 150 min. After the electrophoresis, the gel was dried and
stained with coomassie brilliant blue R250 and subjected to densito-
metric scanning by a Bio Rad model GS-800 with Bio Rad Quantity
One-4.4.0 software.

Absorbance at 234 nm

RESULTS AND DISCUSSION

Repeated silica gel chromatography of the methanolic root
extract of G. maxand recrystallization yielded 10 flavonoids,
which were identified as three isoflavongs 3, five pterocar-
pans4—8, one flavonol9, and one anthocyanidi0. The
physical and spectroscopic data of the isolated compounds
showed identity with those of formononetin (1), daidzein (2),
genistein (3), glyceofuran (4), glyceollin b)Y, coumestrol (6),
glyceollin 11l (7), plicadin ), querceting), and cyanidin10).
Among them, this is the first report on the isolation of plicadin
8 from this plant. The 10 isolated flavonoids were evaluated
for their inhibitory activity on Cé&™-induced LDL oxidation by
four systems in vitro: the thiobarbituric acid reactive substances
(TBARS) assay, a lag time of conjugated diene formation, the
relative electrophoretic mobility (REM), and the fragmentation
of apoB-100. As a result, seven flavonoids4, 6, 7, 9, and
10 showed potent LDL-antioxidant activities. The ability of
isolated compoundd—10 to attenuate Cif-induced LDL

Absorbance at 234 nm

2 All compounds were examined in triplicate; ICso values of compounds represent
the concentration that caused 50% inhibition of LDL antioxidant activity. NI is no
inhibition.
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Figure 2. Effects of compounds 2—4, 6, and 9 on the generation of
conjugated diene. Conjugated diene formation was measured by determin-

oxidation was measured by the TBARS assay. As shown in ing the absorbance at 234 nm every 10 min for 4 h. Probucol was used

Table 2, compound2—4, 6, 7, 9, and 10 showed potent
antioxidant activities with 16, values of 21.6, 30.1, 19.8, 0.9,
45.0, 5.1, and 44.5M, respectively, and probucol, which was
used as a positive control, exhibited and@alue of 5.6uM.

It is well-known that daidzeir2 and genisteir8 have a potent
inhibitory effect on LDL oxidation, and antioxidant activity in

as a reference antioxidant.

On the basis of TBARS assay results, five potent LDL-
antioxidants2—4, 6, and9, were determined by measuring the
conjugated diene formation at 234 nm for 240 min. The lag
time of conjugated diene production, indicating the resistance

soybean has been mainly focused on these two compounds. Irof LDL to oxidation, was prolonged when LDL was incubated

this study, it was found that pterocarpah$, and7 had potent

with compound2—4, 6, and9. As shown inFigure 2A, the

LDL-antioxidant properties as constituents of soybean; ptero- control LDL (120ug/mL) incubated with 5«M CuSQ, had a
carparb especially showed 30 times more activity than genistein lag time of 70 min, whereas the lag time was extended to 93

(|C50 = 30.1#M).

(2), 120 @), 88 @), and 130 ming), when treated with each of
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Figure 3. Effects of compounds 2-4 (A), 6 (B), and 9 (C) on the Cu?*-
mediated oxidation and electrophoretic mobility of LDL. (A) Lane 1, native
LDL (absence of CuSOy); lane 2, ox-LDL; lane 3, 2 (50 uM); lane 4, 2
(25 uM); lane 5, 3 (50 uM); lane 6, 3 (25 uM); lane 7, 4 (50 uM); lane
8, 4 (25 uM); lane 9, probucol (50 «M); lane 10, probucol (25 x«M). (B)
Lane 1, native LDL (absence of CuSQOy); lane 2, ox-LDL; lane 3, 6 (20
uM); lane 4, 6 (10 uM); lane 5, 6 (5 uM); lane 6, 6 (3 «M); lane 7, 6 (1
uM); lane 8, probucol (20 #M); lane 9, probucol (10 M); lane 10, probucol
(5 uM); lane 11, probucol (3 #M); lane 12, probucol (1 xM). (C) Lane 1,
native LDL (absence of CuSQy,); lane 2, ox-LDL; lane 3, 9 (20 x«M); lane
4,9 (10 uM); lane 5, 9 (5 uM); lane 6, 9 (3 uM); lane 7, 9 (1 uM); lane
8, probucol (20 u«M); lane 9, probucol (10 uM); lane 10, probucol (5 «M);
lane 11, probucol (3 uM); lane 12, probucol (1 x«M).

the compounds at 3M. Pterocarpat® extended the lag time
to 132 min at 1.uM and 190 min at 1.«M (Figure 2B).
These data revealed that pterocarpaxtended the a lag time
to double that of probucol, which extended the lag time to 82
min at 3.0uM. As in the TBARS system, compouriigave a
better result than the flavonoids, daidzein, and genistein.

To understand another parameter that is affected by LDL
oxidation, LDL-antioxidant2—4, 6, and9 were applied to the
relative electrophoretic mobility (REM) assay system. As shown
in Figure 3, native LDL in the absence of &M CuSQ; (lane
1) and the 5uM CuSQ alone (lane 2) were employed to
oxidized LDL for 12 h. When each of the compouris4 was
treated at 50 and 2&6M, respectively, the mobility of the LDL
was reduced moderately (Figure 3A). Also, when aB! of
compound®—4were incubated, LDL oxidation was protected
by 21%, 57%, and 14%, respectively, compared to that of
oxidized LDL. The more active compounfi&nd9 were carried
out at a dose-dependent concentration of'@uediated oxida-
tion of LDL (Figure 3, partsB andC). Both compound$ and
9 reduced the mobility of LDL up to the concentration of 5
uM and inhibited oxidation of LDL by 67% and 63%,
respectively. Among them, compoudshowed more potent
antioxidant activity against LDL oxidation than that of probucol
to be a positive control.
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Table 3. Antioxidant Effects of 2—4, 6, and 9 on the CuZ*-Mediated
Oxidation and ApoB-100 Fragmentation in LDL

compounds («M) area (AU/mm)?2

native LDL 12.95
ox-LDL 0

2 6.68
3 9.48
4 8.80
6 9.40
9 9.26
probucol 12.00

2 Areas of the peaks of the apoB-100 are expressed as absorbance units per
millimeter.

1 2 3 4 5 6 7 8 9
B
AvoB100 —> 2 B3 ey
200kpa —> W
1 2 3 4 5 6 7 8 9

Figure 4. Effects of compounds 6 and 9 on the apoB-100 fragmentation.
(A) Lane 1, marker; lane 2, native LDL (absence of CuSQy,); lane 3, ox-
LDL; lane 4, 6 (10 u«M); lane 5, 6 (5 uM); lane 6, 6 (1 uM); lane 7,
probucol (10 «M); lane 8, probucol (5 uM); lane 9, probucol (1 x«M). (B)
Lane 1, marker; lane 2, native LDL (absence of CuSQ,); lane 3, ox-LDL;
lane 4, 9 (20 uM); lane 5, 9 (10 «M); lane 6, 9 (5 uM); lane 7, probucol
(20 uM); lane 8, probucol (10 «M); lane 9, probucol (5 u«M).

Radical reaction of LDL causes fragmentation of apoB-100
which is a major component of LDL. The inhibition of the
oxidative process by compounds-4, 6, 9, and probucol was
evaluated also by the fragmentation of apoB-100 through the
electrophoretic analysis on 4% polyacrylamide gel in the
presence of sodium dodecyl sulfate (SEFSAGE). The band
of apoB-100 was observed on native LDL (12§/mL in PBS),
which had been incubated withoup1 CuSQ, for 12 h at 37
°C, but the band completely disappeared when LDL (&80
mL in PBS) was incubated with BM CuSQ.. As shown in
Table 3, the densitometric values related to the areas of the
peaks of the apoB-100 are expressed as absorbance units per
millimeter for the compound2—4, 6, and9 and probucol at
50 and 10uM, respectively.

When compound2—4, 6, and9 were applied to the apoB-
100 fragmentation system, compour&iand9 showed a dose-
dependent concentration of &umediated oxidation of LDL
(Figure 4). The pterocarpaf protected fragmentation of the
apoB-100 up to uM (Figure 4A), and flavonol9 was up to
10 uM (Figure 4B), whereas daidzeid and genisteir8 could
not protect the oxidation of the apoB-100 band a0 The
pterocarpart and flavonol9 were significantly active in the
protection of apoB-100 fragmentation against copper-induced
oxidation of LDL.
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In conclusion, five pterocarpané-8) were isolated, together
with five other flavonoids from the roots db. max Three
pterocarpans (46, and7) showed potent activities, with kg
value of 19.8, 0.9, and 45M, respectively in TBARS assay.
Interestingly, coumestrd showed 20 times more activity than
genistein (1G, = 30.1u4M) and daidzein (IGo = 21.6 M) in
the TBARS assay and extended the lag time to 190 min at 3.0
uM for conjugated diene formation. Thus, the LDL oxidative
inhibitory activity of pterocarpans would contribute to enhance

the value of soybean and its root as a dietary supplement because

both contain all three pterocarpans.

Supporting Information Available: ~ *H NMR and*3C NMR
of compoundd.—10; HMBC NMR of compoundd and3—10;
IH-1H NMR and 'H—-13C NMR of compound6; EIMS of
compounds, 8, and9; and characteristic HPLC chromatogram
of isolated compound$—9. This material is available free of
charge via the Internet at http://pubs.acs.org.
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