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Abstract Four flavonoids 1-4 and one phytosterol 5 were isolated from methanol extract of Taekwangkong, one of the
soybean cultivars, and the structures of these compounds were fully characterized by physical and spectral analysis. The
content of compounds 1-4 as determined by C,g reversed phase HPLC (high-performance liquid chromatography) coupled
with diode-array detector were 12.1, 624.6, 18.0, and 219.6 ug/g, respectively, and the total phenolic content of this cultivar
was measured as 3.7 mg gallic acid equivalent per g dry material (GAE/g). Also, compound 1 showed strong radical
scavenging activity in the 2,2’-azino-bis-(3-ethylbenzthiazoline-6-sulfonic acid) (ABTS) assay (ICsy = 47.6 uM), five-fold
higher than seen in the 1,1-diphenyl-2-picrylhydrazyl (DPPH) assay. These results lead to the conclusion that soybean not only
has many phytoestrogens but also has potent antioxidant activity.
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Introduction

Phytoestrogens are compounds naturally present in many
foods of plant origin and include isoflavones, lignans,
dihydrochalcones, and coumestans (1-3). Many studies
and reviews have been reported concerning the health
properties of phytoestrogens as hormone substitutes with
respect to estradiol (4-6). Following the consumption of
phytoestrogens, heterocyclic phenols are formed which
have a stereochemical structure similar to estrogen, and
have the capacity to bind to estrogen receptors (7).
Although there are many valuable phytoestrogens found in
natural sources and fermented beverages (8-11), Soybean
(Ghcine max L. Merr.) and soy products have important
secondary metabolic compounds and phytoestrogens as
well as potential beneficial effects on various chronic
diseases such as cancer, coronary heart disease,
osteoporosis, and menopausal discomfort (12-15). For
these reasons and the popularity of soybean cultivars in
Korea, research into the identification and determination of
phytoestrogens using HPLC from this species is
continuing. Also the isolated phytoestrogen exhibits potent
antioxidant properties towards 2,2'-azino-bis-(3-ethyl-
benzthiazoline-6-sulfonic acid) (ABTS).

Antioxidants are used widely in the production of foods,
drugs, and cosmetics (16, 17). They help to maintain the
quality of many food products by delaying or inhibiting
the oxidation of molecules including lipids by inhibiting
the initiation or propagation of oxidative chain reactions
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(18). The occurrence of oxidation in living organisms is
known to cause damage to proteins, lipids, and DNA,
resulting in cancer, heart disease, macular degeneration,
and accelerated aging (19-21).

In this study, we report the isolation of five phyto-
chemicals including 4',5,7-trihydroxyisoflavone (1), 4,
3,7-trihydroxyisoflavone-7-O-p-D-glucopyranoside (2), 4/,
7-dihydroxyisoflavone (3), 4',7-dihydroxyisoflavone-7-O-
B-D-glucopyranoside (4), and [-sitosterol (5) from
soybean and their structures as determined by
spectroscopic methods. Furthermore, we provide the first
reported isolation of compounds 1-4 as characterized by
Cys reverse phase HPLC as well as the total phenolic
contents from this cultivar. We also demonstrate selective
ABTS radical scavenging activity compared with the 1,1-
diphenyl-2-picrylhydrazyl (DPPH) radical in compound 1
among the isolated soybean compounds.

Materials and Methods

Plant material Tackwangkong (G max) was collected
during the period of October 12-15, 2004, in the
experimental field of the Yeongnam Agricultural Research
Institute, National Institute of Crop Science, Rural
Development Administration, Milyang, Korea.

Reagents Gallic acid, Folin-Ciocalteau’s phenol reagent,
ABTS, DPPH, sodium persulfate, butylated hydroxyl
anisol (BHA), and 6-hydroxy-2,5,7,8-tetramethylchroman-
2-carboxylic acid (Trolox) were purchased from Sigma
Chemical Co. (St. Louis, MO, USA). HPLC-grade water
and acetonitrile (EMD Chemicals, Darmstadt, Germany)
were used. Standard samples for the calibration curve were
obtained from Taeckwangkong by isolation and
identification.
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Instruments Melting points were measured on a
Thomas Scientific capillary melting point apparatus
(Electrothermal 9300; London, UK) and were uncorrected.
IR spectra were recorded on a Bruker [FS66 (Bruker,
Karlsruhe, Germany) infrared Fourier transform spectro-
photometer and UV spectra were measured on a Beckman
DU650 spectrophotometer (Beckman Coulter, Fullerton,
CA, USA). 'H- and ®C-NMR along with 2D-NMR data
were obtained on a Bruker AM 500 (‘"H-NMR at 500
MHz, *C-NMR at 125 MHz) spectrometer (Bruker) in
CDCl;, and DMSO-ds (Sigma-Aldrich Co). TLC was
conducted on precoated Kieselgel 60F,s4 plates (E. Merck
Co., Darmstadt, Germany) and the spots were detected
either by examining the plates under a UV lamp or by
treating the plates with a 10% ethanolic solution of
phosphomolybdic acid (Wako Pure Chemical Industries,
Osaka, Japan) followed by heating at 110°C. HPLC was
performed using an Agilent 1100 series (Boeblingen,
Germany) quaternary pump (flow speed: 1 mlL/min),
Agilent 1100 series diode-array detector (260 nm), and
LichroCART 125-4 HPLC-Cartridge (Lichrophore 100
RP-18e; Merck KGaA, Darmstadt, Germany) column.
EIMS (electron imfact mass spectroscopy) were obtained
on a JEOL JMS-700 mass spectrometer (JEOL, Tokyo,
Japan). All the reagent grade chemicals were purchased
from sigma (Sigma Chemical Co).

Extraction and isolation Taekwangkong (8.0 kg) were
pulverized and extracted with MeOH (2 L x 5) at room
temperature for 7 days. Filtration and concentration gave
the resultant brown extract (1.6 kg), which was suspended
in H,O and then partitioned with n-hexane, EtOAc, and
BuOH to give n-hexane- (600 g), EtOAc- (5.1 g), and
BuOH-extractable (8.6 g) residues. The EtOAc extract
(5.1 g) was chromatographed over silica gel using »-
hexane:acetone and CH,Cl,:acetone gradient to give 25
fractions (F1-F25). The F10 (0.8 g) was applied to a silica
gel column chromatography with n-hexane:acetone (20:1 —
5:1) to afford 40 subfractions (20-28) which were
subjected to a silica gel chromatography (#-hexane:EtOAc
=14:1—>5:1) and purified by recrystallization (r-hexane: EtOAc)
to yield [B-sitosterol 5 (45 mg). The F21 (1.4 g) was
chromatographed over a silica gel as stationary phase
using n-hexane:acetone gradient (20:1 — 1:1) as mobile phase
to afford 75 subfractions. Subfractions 50-58 were pooled
and rechromatographed on silica gel with a n-hexane:
acetone gradient (8:1—1:1) to give compound 1 (9 mg). Subfrac-
tions 60-68 were evaporated and submitted to preparative
TLC [n-hexane:acetone (2:1)] to give compound 3 (11
mg). The BuOH phase was chromato-graphed on silica gel
using CHCl;: MeOH mixture to give 9 fractions (1-9).
Fraction 6 (940 mg) was repeatedly chromatographed over
silica gel using CHCl;:MeOH to give compound 2 (155
mg) and fraction 7 (640 mg) was separately subjected to
silica gel column chromatography with the same solvent
and further purified through Sephadex LH-20 and eluted
with methanol to yield compound 4 (69 mg).

HPLC apparatus and measurements The pulverized
Taekwangkong (1.0 g) were extracted with 20 mL MeOH
overnight in a vortex mixer at room temperature to form
the final extract which was then centrifuged. The extracts

393

used for HPLC analysis were passed through a 0.45-pm
filter (Millipore, MSI, Westboro, MA, USA) before
injection into a reverse phase LichroCART 125-4 HPLC-
Cartridge (5 um, Merck KGaA) and a 10 pL portion of
these solutions was injected into the HPLC system
(Agilent 1100 series). The mobile phase was water
containing 0.1% acetic acid (A) and acetonitrile (B). The
gradient was as follows: 0 min, 10% B; 20 min, 20% B,
30 min, 25% B; 40 min, 35% B; 50 min, 40% B; 60 min,
45% B; 70 min, 50% B and then held for 10 min before
returning to the initial conditions. The flow rate was 1.0
mL/min and the wavelengths of detection were set at 260
nim,

Calibration curve preparation and quantification of
compounds 1-4 About 10 mg of each isolated
compound (1-4) was accurately weighed and dissolved in
a 10 mL volumetric flask in MeOH to obtain stock
solutions. For calibration curves, the stock solution was
diluted with MeOH to obtain the concentration sequence.
The linear range and the equations of linear regression
were obtained through a sequence of 50, 25, 12.5, and
6.25 ug/mL. Mean areas generated from the standard
solutions were plotted against concentration to establish
calibration equations.

Total phenolic contents Total phenolic contents were
measured according to the modified Folin-Ciocalteau
colorimetric method (22, 23). Briefly, sample (1.0 mL)
was mixed with Folin and Ciocalteu’s phenol reagent (1.0
mL). After 5 min, 2 mL of 2% Na,CO; solution was
added to the mixture, and the volume brought up to 10 mL
by adding distilled water. After the reaction mixture was
kept in the dark for 2 hr, absorbance was measured at 724
nm. A calibration curve was constructed with different
concentrations of gallic acid as a standard. Total phenolic
contents were determined as mg of gallic acid equivalents
(mg GAE/g extract).

Measurement of Trolox equivalent antioxidant capacity
(TEAC) TEAC assay is based on the relative ability of
antioxidants to scavenge the radical cation ABTS™ in
comparison to a standard (Trolox) (24, 25). The radical
cation was prepared by mixing 7 mM ABTS stock
solution with 2.45 mM potassium persulfate. The reaction
mixture was maintained for 4-8 hr until the mixture was
complete and the absorbance stable. ABTS™ solution was
diluted with ethanol and the absorbance was read at 734
nm. For the photometric assay, 0.9 mL ABTS™ solution
and 0.1 mL of test compound was mixed for 45 sec and
the absorbance measured immediately after 1 min at 734
nm. Antioxidant activity of each compound was calculated
by determining the decrease in absorbance at different
concentrations using the following equation: E = [Ao-Ae/
Ao]x100, where Ae and Ao were absorbances of samples
with and without isoflavones, respectively. Antioxidant
activity was expressed as TEAC values. TEAC values,
which express the uM of Trolox having the antioxidant
capacity corresponding to 1.0 uM of the test substance.

Measurement of scavenging activity of the DPPH
radical Antioxidant activities of the isolated compounds
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were measured on the basis of the scavenging activity of
the stable DPPH firee radical following the method
described by Braca ef al. (26). Various concentrations of
the compounds were added to a concentration of 0.15 mM
in EtOH, and the mixture was shaken vigorously.
Absorbance at 517 nm was determined after 30 min, and
the radical scavenging effect was calculated as [Ao-Ae/
Ao]x100, where Ae and Ao were the absorbance of
samples with and without isolated compounds, respectively.

Data analysis and curve fitting Each assay was
conducted in triplicate in separate experiments. The data
analysis was performed by using Sigma Plot 2001. The
inhibitory concentration leading to 50% activity loss (ICs)
was obtained by fitting experimental data to the logistic
curve by the equation as follows (27) where [I] is the
inhibitor concentration of the remaining free radical.
Activity (%) = 100[1/(1 + ({1} ICso)]

Results and Discussion

The pulverized Tackwangkong (8.0 kg) was extracted with
MeOH. After filtration and concentration the resulting
extracts were suspended in H,O and successively
partitioned with n-hexane, EtOAc, and BuOH, which
yielded r-hexane-, EtOAc-, and n-BuOH-extractable
residues. Through various chromatographic purifications
of EtOAc and n-BuOH fraction, five compounds (1-5)
were isolated and analyzed by physical and spectral data to
determine their structures (Fig. 1).

Compound (1): amorphous yellow powder; mp 297-299

Fig. 1. Structures of isolated compounds 1-5.

J H Leeetal

°C; EIMS m/z 180; IR (KBr) v 3414, 1653, 1570/cm;
UV e nm 305, 262 (MeOH); 'H NMR (500 MHz,
DMSO-dy) 6 6.12 (1H, d, J = 2.1 Hz, H-6), 6.28 (1H, d, J
= 2.1 Hz, H-8), 6.99 (2H, dd, /= 6.7, 1.8 Hz, H-3’ and H-
5", 728 (2H, dd, J = 6.7, 1.8 Hz, H-2' and H-6), 8.20
(1H, s, H-2), and 12.8 (1H, s, 5-OH). "C NMR (125
MHz, DMSO-d;): see Table 1.

Compound (2): slightly yellow powder; mp 255-257°C;
EIMS m/z 432; [a]s -25.7 (¢ 0.8, MeOH); IR (KBr) Vipax
3340, 1655/cm; UV Aga nm 338, 272 (MeOH); 'H NMR
(500 MHz, DMSO-dy) 8 3.19 (1H, dd, J=9.9, 4.8 Hz, H-
4),3.29 (1H, dd, J = 134, 74 Hz, H-2),3.32 (1H, dd, J =
13.4, 4.8 Hz, H-3""), 3.45 (1H, m, H-5"), 3.48 (1H, dd, J =
11.4, 5.5 Hz, H-6"B), 3.73 (1H, dd, J = 114, 4.8 Hz, H-
6""a), 5.06 (1H, 4, J= 7.4 Hz, H-1"), 6.49 (1H, d, J=2.1
Hz, H-6), 6.72 (1H, d, J = 2.1 Hz, H-8), 6.84 (2H, d, J =
6.6 Hz, H-3' and H-5"), 7.41 (2H, d, J = 6.6 Hz, H-2" and
H-6"), 8.41 (1H, s, H-2), 9.53 (1H, s, 4-OH), and 12.9
(1H, s, 5-OH). °C NMR (125 MHz, DMSO-d): see Table
1

Compound (3): yellow needles; mp 317-320°C; EIMS m/
z 254; IR (KBr) vpa 3412, 1645/cm; UV Aps nm 303,
259, 249, 238 (MeOH); '"H NMR (500 MHz, DMSO-dy) &
6.85 (1H, d, J = 2.1 Hz, H-8), 6.93 (1H, dd, J = 8.8,
2.1Hz, H-6), 6.99 (2H, d, J= 8.6 Hz, H-3" and H-5"), 7.38
(2H, d, J = 8.6 Hz, H-2' and H-6"), 7.96 (1H, d, J = 8.8
Hz, H-5), and 8.28 (1H, s, H-2). *C NMR (125 MHz,
DMSO-dy): see Table 1.

Compound (4): slightly yellow powder; mp 230-232°C;
EIMS m/z 416; [o.]) -35.4 (c 0.6, MeOH); IR (KBr) Vina
3420, 1635/cm; UV Ame nm 330, 280 (MeOH); '"H NMR
(500 MHz, DMSO-d;) 3.30 (2H, m, H-4" and H-2"), 3.47
(3H, m, H-3", H-5”, and H-6"B), 3.73 (1H, dd, J = 14.2,
7.4 Hz, H-6"a), 5.12 (1H, m, H-1"), 6.82 (2H, d, J= 8.6
Hz, H-3’ and H-5"), 7.15 (1H, dd, J = 8.6, 2.1 Hz, H-6"),
7.24 (14, d, J = 2.1 Hz, H-8), 7.41 (2H, d, J = 8.6 Hz, H-
2’ and H-6"), 8.04 (1H, d, J = 8.9 Hz, H-5), 8.39 (1H, s, H-
2), and 9.56 (1H, s, 4’-OH). 1*C NMR (125 MHz, DMSO-
ds): see Table 1.

Compound (5): whiter powder; mp 140-142°C; EIMS m/z
414; [o]3 -3.9 (c 0.62, CHCL); IR (KBr) Vi 3400, 1640/
cm; 'H NMR (500 MHz, CDCl;) & 0.61 (3H, s, H-18),
0.75 (3H, d, J = 6.7 Hz, H-26), 0.76 (3H, d, /= 7.0 Hz, H-
27), 0.77 (3H, t, J = 9.3 Hz, H-29), 0.83-0.89 (1H, m, H-
24), 0.83-0.86 (1H, m, H-9), 0.85 (3H, d, J = 6.4 Hz, H-
21), 0.89-0.93 (1H, m, H-14), 0.94 (3H, s, H-19), 0.91-
1.01 (1H, m, H-15a), 0.95-1.05 (1H, m, H-1a), 0.99-1.08
(1H, m, H-17), 1.06-1.12 (2H, m, H-23), 1.06-1.12 (1H,
m, H-12a), 1.10 (2H, m, H-22), 1.15-1.21 (2H, m, H-28),
1.16-1.19 (1H, m, H-16a), 1.18 (1H, m, H-25), 1.24-1.30
(1H, m, H-20), 1.37-1.41 (1H, m, H-8), 1.37-1.44 (2H, m,
H-11), 1.41-1.47 (1H, m, H-7a), 1.48-1.53 (1H, m, H-
158), 1.75-1.81 (1H, m, H-1p), 1.75-1.79 (2H, m, H-2),
1.77 (1H, m, H-16p), 1.84-1.90 (1H, m, H-7p), 1.88-1.95
(1H, m, H-12p), 2.17 (1H, ddd, J = 11.4, 4.9, 2.0 Hz, H-
4a), 2.21 (1H, ddd, J = 13.1, 4.9, 2.0 Hz, H-4§3), 3.41-3.45
(1H, m, H-3), 528 (1H, dd, J = 2.6, 5.2 Hz, H-6), °C
NMR (125 MHz, CDCl;): d 12.3 (C-18), 12.4 (C-29), 19.2
(C-21), 19.4 (C-26), 19.8 (C-19), 20.2 (C-27), 21.5 (C-11),
23.5 (C-28), 24.7 (C-15), 26.5 (C-23), 28.6 (C-16), 29.6
(C-25), 32.1 (C-2), 32.3 (C-8/7), 34.4 (C-22), 36.5 (C-20),
36.9 (C-10), 37.7 (C-1), 40.2 (C-12), 42.7 (C-4/13), 46.3
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Table 1. *C-NMR of compounds 1-4 at 125 MHz (ppm, m)"

Position Compounds
2 3 4
1
2 1543 () 1549(d) 1532(d) 153.8(d)
3 122.7 (s) 121.4 (s) 1239(s)  122.8(s)
4 180.6(s)  180.9(s) 175.1(s) 1752(s)
43 1048(s) 1065(s) 117.0(s) 1189(s)
5 162.4(s) 162.0(s)y 127.7(d) 127.4(d)
6 99.3 (d) 1000 (d) 1156(d) 116.0(d)
164.7 (s) 1634 (s) 163.1 (s) 161.9 (s)
94.0 (d) 95.0 (d) 1025  100.5(d)
8a 158.0(s)  1579(s) 1579(s) 157.7(s)
I 1216 (s)  123.0(s) 123.0(s) 124.2(s)
2Zand 6" 1305(d) 130.5(d) 1305(d) 130.6 (d)
4’ 1578(s) 157.6(s) 1576(s) 157.5(s)
3’and 5’ 154 1155 1154 1156 (d)
1 100.4 (d) 104.5 (d)
27 73.6 (d) 73.6 (d)
3 76.9 (d) 76.9 (d)
4" 70.1 (d) 70.1 (d)
5 77.6 (d) 77.7 (d)
6 61.1 () 6L.1 (t)

DChemical shifts of compounds 1-4 were determined in DMSO-ds.

(C-24), 50.6 (C-9), 56.5 (C-17), 57.2 (C-14), 77.1 (C-3),
122.1(C-6), and 141.2 (C-5).

Identification of isolated compounds Structural identifica-
tion of five compounds was carried out by the inter-
pretation of several spectral data. Isolated compounds
were readily identified as 4',5,7-trihydroxyisoflavone (1),
4',5,7-trihydroxyisoflavone-7-O-B-D-glucopyranoside (2),
4'7-dihydroxyiso-flavone (3), 4',7-dihydroxyisoflavone-7-
O-B-D-glucopyranoside (4), and B-sitosterol (5). Compound
1 was obtained as a yellow powder and in the EIMS, the
molecular ion peak showed at m/z 270. UV spectrum
analysis showed an absorption maximum at 305 nm and
IR spectrum analysis showed strong hydroxyl and
carbonyl group absorption bands at 3414 and 1653/cm
respectively. The '"H-NMR spectrum of compound 1
showed signals for two symmetric protons of the B-ring [&
7.28 (2H, dd, J = 6.7, 1.8 Hz, H-2’ and H-6"), 6.99 (2H,
dd, J=6.7, 1.8 Hz, H-3" and H-5")], two aromatic protons
of the A-ring [6 6.12 (1H, d, /=2.1 Hz, H-6), 6.28 (1H, d,
J = 2.1 Hz, H-8)], and one olefinic proton [§ 8.20 (1H, s,
H-2)]. Also, a characteristic hydrogen bonded proton
signal of the hydroxyl group was detected at 5 12.8 (1H, s,
C-5-OH). Hence, this inferred that compound 1 has an
isoflavone skeleton. The HMBC (heteronuclear multiple
bond connectivity spectroscopy) spectrum of 1 showed
correlations of H-2 with C-3, C-1’, C-4, and C-8a, and B-

2'/6" with C-3', C-1’, C-4’, and H-6 with C-4a, and H-8
with C-4a (Fig. 2). Thus, based on all the above obtained
spectral data, compound 1 was identified as 4',5,7-
trihydroxyiscflavone. Compound 2 is a slightly yellow
powder and its EIMS showed a major ion peak at m/z 432.
UV spectrum analysis showed an absorption maximum at
338 nm and IR spectrum analysis showed strong hydroxyl
and carbony! group absorption bands at 3340 and 1655/
cm, respectively. The "H-NMR spectrum of compound 2
were almost the same as those for 1, except for the sugar
moiety. Sugar conformation was assumed to be [-
configuration form from the chemical shift and coupling
constant value of this anomeric proton signal at 5.06 (1H,
d, J=7.4 Hz, H-1). The signal at & 100.4, 77.6, 76.9, 73.6,
70.1, and 61.1 in the *C-NMR spectrum, and 3.19 (1H,
dd, J= 4.8, 9.9 Hz, H4), 3.29 (1H, dd, J = 7.4, 134 Hz,
H-2), 3.32 (1H, dd, J = 4.8, 13.4 Hz, H-3), 3.45 (1H, m,
H-5) and 5.06 (1H, d, J = 7.4 Hz, H-1") in the 'H
spectrum suggested the presence of a B-glucopyranose
group. All data mentioned above indicate that the structure
of compound 2 is 4,5,7-trihydroxyisoflavone-7-O-B-D-
glucopyranoside. The characteristics of compounds 3 and
4 were essentially the same as those for 1 and 2 except for
the 'H spectrums [3: 6.93 (1H, dd, J = 8.8, 2.1Hz, H-6),
7.96 (1H, d, J = 8.8 Hz, H-5) 4: 7.15 (1H, dd, /= 8.6, 2.1
Hz, H-6), 804 (1H, d, J = 89 Hz, H-5)] and “C
spectrums [3: 127.7 (C-5), 115.6 (C-6), 4: 127.4 (C-5), 116
(C-6)]. These results suggested that compounds 3 and 4
are 4’ 7-dihydroxyisoflavone and  4',7-dihydroxy-
isoflavone-7-O-B-D-glucopyranoside, respectively. Compound
5 was obtained as a white powder and had a molecular ion
peak at m/Zz 414. IR spectrum analysis showed peak
absorption bands of 3400 and 1640/cm. The 'H-NMR
spectrum showed evidence for six methyl protons [3 0.61
(3H, s, H-18), 0.75 (3H, d, J= 6.7 Hz, H-26), 0.76 (3H, d,
J = 7.0 Hz, H-27), 0.77 3H, t, J = 9.3 Hz, H-29), 0.85
(3H, d, J = 6.4 Hz, H-21), and 0.94 (3H, s, H-19)], eight
methine protons [6 0.83-0.86 (1H, m, H-9), 0.83-0.89 (1H,
m, H-24), 0.89-0.93 (1H, m, H-14), 0.99-1.08 (1H, m, H-
17), 1.24-1.30 (1H, m, H-20), 1.18 (1H, m, H-25), 1.37-
1.41 (1H, m, H-8), 3.41-3.45 (1H, m, H-3)], one olefinic
proton [& 5.28 (1H, dd, J = 2.6, 5.2 Hz, H-6)], and eleven
methylene protons [6 0.95-1.05 (1H, m, H-1a), 1.75-1.81
(1H, m, H-1B), 1.75-1.79 (2H, m, H-2), 2.17(1H, ddd, J =
2.0,4.9, 11.4 Hz, H-4w), 2.21 (1H, ddd, /= 2.0, 4.9, 13.1
Hz, H-4p), 1.41-1.47 (1H, m, H-7w), 1.84-1.90 (1H, m, H-
7B), 1.37-1.44 (2H, m, H-11), 1.06-1.12 (1H, m, H-12a),
1.88-1.95 (1H, m, H-128), 091-1.01 (1H, m, H-15a),
1.48-1.53 (1H, m, H-15p), 1.16-1.19 (1H, m, H-16a), 1.77
(1H, m, H-16f), 1.10 (2H, m, H-22), 1.06-1.12 (2H, m, H-
23), 1.15-1.21 (2H, m, H-28)]. The methyl proton signal at
8 0.94 (3H, s, H-19) correlated with the methine carbon
signal & (50.6, C-9) in the HMBC, and the methine proton
signal at 6 0.83-0.86 (1H, m, H-9) was coupled with the
methylene proton signals at § 1.37-1.44 (2H, m, H-11) in
the 'H-"H COSY. Both of the methyl proton signals at &
0.61 (3H, s, H-18) and 0.85 (3H, d, J = 6.4 Hz, H-21)
correlated with the carbon signal at & (56.5, C-17) and the
methine proton signal at 0.99-1.08 (1H, m, H-17), which
was assigned by the HMQC (heteronuclear multiple
quantum coherence spectroscopy), was coupled with the
methylene proton signals at & 1.12 (2H, m, H-16). Thus,
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Fig. 2. Important HMBC correlations in compounds 1, 2, and
5. :

these assignments and analysis of HMBC spectra allowed
the unequivocal assignment of all carbons (Fig. 2). All
data mentioned above indicate that the structure of
compound 5 was {3-sitosterol.

Determination of isolated compounds 1-4 Isolated
compounds 1-4 were investigated by quantitative analysis
using HPLC, and these compounds were identified by
physical and spectroscopic data with the use of authentic
standards. The concentrations of 1-4 were calculated on
the basis of peak areas in the chromatogram and the
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Fig. 3. Calibration curves of isolated compounds 1-4.
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Table 2. Calibration curves of the isolated compounds 1-4

Compound Equation of linear regression Correlation coefficient (R?)

1 y=69.85x + 60.70 0.999
2 y=136.70x + 78.40 0.998
3 y=52.28x—-26.35 0.999
4 y=739.13x + 36.00 0.999

plotting standard concentration was obtained at four
concentrations (50, 25, 12.5, and 6.25 pg/mL) (Fig. 3). A
high linearity (R>>0.997) was obtained for each curve
(Table 2).

Figure 4A displays HPLC profiles of the methanol
extract from Taekwangkong. Although major peaks and
other minor peaks were not completely identified, four
peaks corresponding to the isolated compounds 1-4 were
determined by C;s reversed phase HPLC coupled with a
diode-array detector and retention times for the isolated
compounds were as follows: compound 1 (#=33.9 min),
compound 2 (#z=15.1 min), compound 3 (#=24.8 min),
and compound 4 (#=9.4 min) (Fig. 4B).

The content of compounds 1-4 (pg/g) in Tackwangkong
cultivar were as follows: compound 1: 12.1 pg/g,
compound 2: 624.6 pg/g, compound 3: 18.0 pg/g, and
compound 4: 219.6 pg/g. These results demonstrate that
the soybean cultivar Tackwangkong is rich in flavonoids,
especially compounds 2 and 4 which are present mainly in
the form of glycosides (Fig. 4).

Total phenolic contents The total phenolic contents in
the methanol extracts of the tackwangkong were expressed
as mg/g of gallic acid. A calibration curve was constructed
with different concentrations of gallic acid (200, 100, 50,
25, and 12.5 pg/mL) as a standard. The linear regression
equation of this curve and coefficient of determination
(R?) were calculated as y = 0.0026x — 0.00045, R>=0.999.
These results show that the total phenolic content of the
methanol extract of Tackwangkong was 3.7 mg GAE/g.

Radical scavenging activity of isolated compounds (1-4)
The systems ABTS and DPPH are both commonly used to
measure the total antioxidant status of various biological
specimens because of their reproducibility and ease of
quality control (28, 29). Therefore, ABTS and DPPH
radicals were chosen to test the antioxidant activities of the
isolated compounds 1-4. For the measurement of anti-
oxidant activity, the UV/Vis spectrophotometry method
was used to detect ABTS and DPPH radicals. The change
in absorbance produced by reduced DPPH was used to
evaluate the ability of isolated compounds to act as free
radical scavengers. Compounds 1-4 were not capable of
reacting with DPPH at a concentration of 200 pM,
showing less than 10% scavenging activity. ABTS radical
scavenging activity was measured immediately after the
addition of potassium persulfate to an ABTS solution.
Compound 1 suppressed the absorbance of the ABTS
radical with ICsy values of 47.6 uM, and Trolox used as a
positive control exhibited ICsp values of 13.5 pM. The
scavenging activity of compound 1 against ABTS was
five-fold higher compared to its DPPH radical scavenging
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Fig. 4. Characteristic HPLC chromatograms: (A) Profile of MeOH extract of Tackwangkong cultivar; (B) Profile of the isolated

compounds 1-4,

Table 3. Antioxidant activities of isolated compounds 1-4 on
ABTS and DPPH radicals

ICso (mM)”
Compound

ABTS DPPH
1 47.6 +2.38 >200
2 >200 >200
3 >200 >200
4 >200 >200

BHA/ Trolox ~ 13.5+225 (Trolox) ~ 33.4 £2.15 (BHA)

PInhibitory activity was expressed as the mean of 50% inhibitory con-
centration of triplicate determinations.

activity (Table 3). Interestingly, glycosylation of the
hydroxyl in C-7 (2, 4) or hydration in C-5 (3) compounds
lead to a large decrease in scavenging activity as shown by
an increase in ICsy to 200 uM. Thus, the S-hydroxyl
isoflavone (1) seems to be important in eliciting potent
ABTS radical scavenging activity. These results demon-
strate that the 5-hydroxylated group in the A-ring might be
important for antioxidant properties exhibited in the ABTS
radical system.

In conclusion, five compounds were isolated from
methanol extract of Tackwangkong, and these compounds

were characterized using physical and spectroscopic data.
The content of compounds 1-4 was determined by Cig
reversed phase HPLC analysis in addition to determining
the content of total phenolics in this cultivar. Furthermore,
the 5-hydroxylated group on isoflavone 1 showed stronger
antioxidant activity in the ABTS radical system than other
isolated compounds 2-4.
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