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Three new compounds, (7E)-2â,3R-dihydroxy-megastigm-7-en-9-one (1), 3-[5,7-dihydroxy-2-(4-
methoxyphenyl)-4-oxo-4H-chromen-8-yl]-4-methoxybenzoic acid (2), and 4′-O-methyl myricetin 3-O-
(6-O-R-L-rhamnopyranosyl)-â-D-glucopyranoside (3), were isolated from Ginkgo biloba, together with
27 known compounds. The structures of the new compounds were determined primarily from 1D-
and 2D-NMR analysis. The 4-O-methylbenzoic acid structural feature at C-8 in 2 is encountered for
the first time. The antioxidant activities of 29 compounds isolated from Ginkgo biloba were evaluated
on intracellular reactive oxygen species in HL-60 cells. It was found that quercetin, kampferol, and
tamarixetin had antioxidant activity that was approximately 3-fold greater than that of their respective
glycosides and also approximately 3-fold greater than that of a standard ascorbic acid with an IC50

at maximum effectiveness.
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INTRODUCTION

Ginkgo biloba(Ginkgoaceae) is the only representative of
the ginkgophyta now in existence. It is a dioecious tree, with
height up to 30 m and up to 9 m in circumference, which has
been naturalized in Europe and America, although considered
to be indigenous to China (1). Ginkgo, among the oldest
surviving species of trees, flourished around 150 million years
ago, but almost became extinct later during the ice age. The
surviving wild stands were in China and parts of Asia.Ginkgo
is among the most valued medicinal plants and has been since
it was described in medical treatises of the ancient world; its
fruit has been used for thousands of years by mankind (2).
Prolific chemical and pharmacological studies have enhanced
its traditional reputation and has madeGinkgoone of the most
widely used phytopharmaceuticals in the world.

The unique botany ofGinkgois rivaled by its chemistry. Its
flavonoid content is particularly varied. The structural variations
in theGinkgoare represented by a variety of flavonol glycosides
mainly based on kaempferol and quercetin as the aglycon with
up to 3 sugar moieties. The minor components are derived from
isorhamnetin, myricetin, 3′-methylmyricetin, apigenin, and
luteolin as aglycons. The glycosides found are either monosac-

charides containingâ-D-glucose andR-L-rhamnose or disac-
charides containing biloside and rutinose as sugars. Less
common compounds fromGinkgo include flavonol glycosides
esterified with p-coumaric acid (3). Besides their structural
novelty, these compounds are useful in quality control ofGinkgo
preparations. The bioactivity ofGinkgopreparations is attributed
to the presence of a number of terpenoids (ginkgolides and
bilobalide) and flavonoid constituents. The antioxidant, anti-
ischemic, cardioprotective, neurosensory, cerebral, and anti-
aging activity has been established on standardizedGinkgo
extract, Egb 761 (4,5). However, the biological evaluation of
Ginkgoflavonoids, and especially flavonol glycosides, has not
been pursued because of the unavailability of individual flavonol
glycosides. Therefore, the ongoing work of our group is focused
on the isolation of these flavonol glycosides and evaluation of
their antioxidant activities on intracellular reactive oxygen
species (ROS) in HL-60 cells.

MATERIALS AND METHODS

General Experimental. IR spectra were recorded with an ATI
Mattson Genesis Series FTIR spectrophotometer. The 1D- and 2D-
NMR spectra were obtained on a Bruker Avance DRX 500 FT
spectrometer operating at 500 and 125 MHz, respectively, for1H and
13C measurements. The chemical shift values are reported as parts per
million (ppm) units relative to tetramethylsilane (TMS) for1H- and
13C-; and the coupling constants are in Hz (in parentheses). For the
13C NMR spectra, multiplicities were determined by a DEPT experi-
ment. High-resolution electrospray ionization Fourier transformation
mass spectrometry (HRESIFTMS) were obtained using a Bruker
BioApex FT-MS in ESI mode.
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Chromatographic Conditions. The following conditions were
used: TLC, precoated Si 250F plates (Merck); developing system,
EtOAc/MeOH/H2O (100:17:13); visualization, vanillin/H2SO4; column
chromatography, silica gel 230-400 mesh (Baker).

Extraction and Isolation. The dried and powdered leaves extract
(0.9 kg) of Ginkgo biloba, provided by USA NutraSource, Inc., was
extracted with acetone (20 L) at room temperature. The solvent was
removed by rotary evaporation, yielding a 722.6 g extract. This acetone
extract was subjected to vacuum liquid chromatography (VLC) using
silica gel (1.25 kg) as the stationary phase eluting with hexane, diethyl
ether, ethyl acetate, and acetone to give 13 fractions: fractions A-M.
Fraction D (1.2 g) was subjected to vacuum liquid chromatography
using reversed-phase material (Sepralyte 40µm, 100 g), and eluted
with H2O/MeOH (100%-0%) to yield 5 fractions (fractions D1-D5).
Fraction D4 (232.7 mg) was separated by silica gel column chroma-
tography (120 g) using CHCl3 and CHCl3/MeOH (95:5) solvent systems
to give 7 fractions (fractions D4a-D4g). Fraction D4a (27.4 mg) was
purified on preparative RPTLC (50% MeOH in H2O) to give1 (3 mg,
0.004%). Fractions F, G, H, and I were combined and subjected to
Sephadex LH-20 column chromatography (275 g) using MeOH to
afford 3 fractions (FI-I, FI-II, FI-III). Fraction FI-II was chromato-
graphed on RP material (Sepralyte 40µm, 500 g), employing MeOH/
H2O (0%-100%) to give 7 fractions (FI-IIa-FI-IIg). Fraction FI-IIg
(850 mg) was subjected to silica gel column chromatography (170 g)
using CHCl3/MeOH (97.5:2.5) and CHCl3/MeOH (95:5) to yield 13
fractions (FI-IIg1-FI-IIg13). Fraction FI-IIg6 (9.4 mg) was purified
further on a Sephadex LH-20 column (20 g) using MeOH to give2
(6.8 mg, 0.009%). Fraction L (97.0 g) was applied to a Sephadex LH-
20 column (275 g), and eluted with MeOH to give 4 fractions (L1-
L4). Fraction L2 (90.0 g) was chromatographed on a polyamide column
(400 g) using CHCl3/MeOH/methyl ethyl ketone/acetone (3:2:0.5:0.5)
to afford 5 fractions (L2a-L2d). Fraction L2d (75.0 g) was subjected
to silica gel column chromatography (1.6 kg) using EtOAc/MeOH/
H2O mixtures (100:10:2.5, 100:10:5, and 100:15:10) and yielded 8
fractions (L2d1-L2d8). Fraction L2d7 (4.2 g) was subjected to
Sephadex LH-20 column chromatography, and eluted with MeOH to
give 4 fractions (L2d1A-L2d1D). Fraction L2d1B (1.2 g) was
chromatographed on RP material (Sepralyte 40µm), employing MeOH/
H2O (20%:40%) to give 4 fractions (L2d1B1-L2d1B2). Fraction
L2d1B1 (156.0 mg) was further purified by Sephadex LH-20 column
using MeOH to afford3 (38.5 mg, 0.05%). Further studies performed
on same material have resulted in the isolation of compounds4-30.

(7E)-2â,3R-Dihydroxy-megastigm-7-en-9-one (1). White powder.1H
NMR (d6-DMSO, 500 MHz)δ 6.59 (dd,J ) 15.8, 9.8 Hz, H-7), 5.98
(d, J ) 15.8 Hz, H-8), 3.42 (m, H-3), 2.78 (d,J ) 9.3 Hz, H-2), 2.24
(s, H3-10), 1.80 (m, H-4a), 1.48 (m, H-5), 1.38 (m, H-6), 0.87 (m, H-4b),
0.84 (s, H3-11), 0.79 (s, H3-12), 0.74 (d,J ) 6.2 Hz, H3-13). 13C NMR
(CDCl3, 125 MHz) δ 198.7 (s, C-9), 148.3 (d, C-7), 134.1 (d, C-8),
82.4 (d, C-2), 70.5 (d, C-3), 57.7 (d, C-6), 41.4 (t, C-4), 39.7 (s, C-1),
30.3 (d, C-5), 27.3 (q, C-10), 21.1 (q, C-13), 17.2 (q, C-11), 15.3 (q,
C-12). HRESIFTMSm/z [M + H]+ calcd. for C13H22O3, 227.3244;
found, 227.3120.

3-[5,7-Dihydroxy-2-(4-methoxy-phenyl)-4-oxo-4H-chromen-8-yl]-
4-methoxy-benzoic acid (2). Brown powder. [R]D

25 +10°(c 0.04,
MeOH). UV (MeOH) λmax (log ε) 216 (1.93), 272 (1.41), 324 (1.00)
nm. IR (KBr) νmax 3399, 2929, 1658, 1604, 1511, 1425, 1371, 1263,
1180, 1110, 1025, 835 cm-1. 1H NMR (d6-DMSO, 500 MHz)δ 8.13
(dd,J ) 8.6, 2.1 Hz, H-6′′), and 7.98 (d,J ) 2.1 Hz, H-2′′), 7.54 (x2)
(d, J ) 8.8 Hz, H-2′and H-6′), 7.17 (d,J ) 8.7 Hz H-5′′), 6.92 (×2)
(d, J ) 8.7 Hz, H-3′ and H-5′), 3.83 and 378 (each s, OCH3). 13C
NMR (d6-DMSO, 125 MHz)δ 184.7 (s, C-4), 176.0 (s,COOH), 165.9
(s, C-2), 164.7 (s, C-4′), 163.9 (s, C-7), 162.5 (s, C-5), 161.8 (s, C-4′′),
156.8 (s, C-9), 135.9 (d, C-2′′), 132.8 (d, C-6′′), 131.0 (s, C-1′′), 129.5
(x2) (d, C-2′and C-6′), 124.8 (s, C-1′), 121.9 (s, C-3′′), 115.9 (x2) (d,
C-3′ and C-5′), 111.6 (d, C-5′′), 106.9 (d, C-8), 105.7 (s, C-10), 104.0
(d, C-3), 100.4 (d, C-6), 56.7 and 56.5 (each q, OCH3). HRESIFTMS,
m/z [M + Na]+ calcd. for C24H18O8, 457.3924; found, 457.1041; and
LCMS m/z433.0 [M - H]- (negative mode), and 435.0 [M+ H]+.

4′-O-Methylmyricetin 3-O-(6-O-R-L-rhamnopyranosyl)-â-D-glucopy-
ranoside (3). Yellow powder. [R]D

25 -25°(c 0.04, MeOH). UV (MeOH)
λmax (log ε) 212 (1.94), 266 (0.96), 348 (0.74) nm. IR (KBr)νmax 3351,

2929, 2360, 2341, 1726, 1654, 1602, 1504, 1452, 1365, 1301, 1203,
1060, 809 cm-1. 1H NMR (CD3OD, 500 MHz)δ 7.26 (×2) (s, H-2′
and H-6′), 6.37 (br s, H-8), 6.20 (br s, H-6), 5.17 (d,J ) 7.1 Hz, H-1glu),
4.57 (br s, H-1rha), 3.85* (H-6aglu), 3.69* (br s H-2rha), 3.57* (H-3rha),
3.52* (H-2glu), 3.50* (H-3glu), 3.44* (H-5rha), 3.42* (H-6bglu), 3.39*
(H-5glu), 3.34* (H-4glu), 3.33* (H-4rha), 1.14 (d,J ) 6.6 Hz, H3-6rha)(*
signal pattern was unclear due to overlapping and assignments
confirmed by G-DQFCOSY and G-HMQC).13C NMR (CDCl3, 125
MHz) δ 178.4 (s, C-4), 165.4 (s, C-7), 161.8 (s, C-5), 157.6 (s, C-2),
157.5 (s, C-9), 150.2 (×2) (each s, C-3′ and C-5′), 138.5 (s, C-4′),
135.2 (s, C-3), 126.1 (s, C-1′), 109.6 (×2) (each d, C-2′ and C-6′),
104.7 (s, C-10), 103.4 (d, C-1glu), 101.4 (d, C-1rha), 99.2 (d, C-6), 94.1
(d, C-8), 77.1 (d, C-3glu), 76.2 (d, C-5glu), 74.7 (d, C-2glu), 73.0 (d,
C-4rha), 71.3 (d, C-3rha), 71.1 (d, C-2rha), 70.5 (d, C-4glu), 68.7 (d, C-5rha),
67.6 (t, C-6glu), 60.0 (q, OCH3), 16.9 (q, C-6rha). HRESIFTMS,m/z[M
+ Na]+ calcd. for C28H32O17, 640.4010; found, 640.5435.

Microplate Assay for the Detection of Oxidative Products.This
method is based on a fluorimetric assay described by Rosenkranz et
al. (6). Myelomonocyctic HL-60 cells (1× 106 cells/mL, ATCC) were
suspended in RPMI 1640 medium with 10% FBS and antibiotics at 37
°C in 5% CO2:95% air. A 125-µL aliquot of the cell suspension was
added to a well on a 96-well plate. Different concentrations of the test
materials were added, and the incubation continued for 30 min at which
time the cells were stimulated by the addition of 100 ng/mL phorbol
12-myristate 13-acetate (Sigma). The incubation continued for another
30 min before adding 5µg/mL 2′,7′-dichlorofluorescin diacetate
(Molecular Probes), and the incubation continued for a further 15 min
(the time needed for the nonfluorescent probe to diffuse into cells and
the acetate groups to be hydrolyzed by cytoplasmic esterases to release
2′,7′-dichlorofluorescin, which is transformed by reactive oxygen
species to the fluorescent dye 2′,7′-dichlorofluorescein). The ability of
the test materials to inhibit exogenous cytoplasmic ROS-catalyzed
oxidation of 2′,7′-dichlorofluorescin diacetate in HL-60 cells was
measured by treated control incubations with and without the test
materials. 2′,7′-Dichlorofluorescin formation, which reflects the effect
of ROS and how it might be removed by variousGinkgoconstituents,
was measured using a CytoFluor 2350 fluorescence measurement
system (Millipore) with excitation wavelength at 485 nm (bandwidth
20 nm) and emission at 530 nm (bandwidth 25 nm) (6). Ascorbic acid
(Sigma), at maximally effective concentrations, served as a positive
control.

RESULTS AND DISCUSSION

Structures of compounds1-3 are shown inFigure 1. The
molecular formula of1 was determined as C13H22O3 by
HRESIMS, which exhibited a molecular ion atm/z 227.3120
[M + H]+. Inspection of the1H NMR of 1 showed two tertiary
methyl groups (δ0.79 and 0.84, each s), a secondary methyl
(δ 0.74, d,J ) 6.2 Hz), as well as an acyl methyl (δ 2.24, s).
Additionally, a trans disubstituted double bond (δ 5.98, d,J )
15.8 Hz, andδ 6.59, dd,J ) 15.8, 9.8 Hz), and two oxymethine
protons (δ3.42, m andδ 2.78, d,J ) 9.3 Hz) were observed.
In the 13C NMR spectrum of1, the resonances for the olefinic
carbons and oxygenated carbons [δ 134.1 (d), 148.3 (d), and
82.4 (d), 70.5 (d), respectively] also supported the presence of
the vinylic system and two oxymethine protons. Moreover, the
resonance atδ 198.7 indicated one carbonyl carbon. Of the 3
degrees of unsaturation indicated by the molecular formula of
1, two were attributed to a disubstituted double bond and
carbonyl group, indicating the molecule to be monocyclic.

The combined use of the G-DQFCOSY and G-HMQC spectra
of 1 allowed the assignment of one major spin system:
H-2fH-8 (Figure 2). The spin system starts with the oxyme-
thine proton atδ 2.78 (d,J ) 9.3 Hz, H-2) which showed cross-
peaks with another oxymethine proton (δ 3.42, m, H-3) in the
G-DQFCOSY spectrum. H-3 is coupled with methylene protons
of C-4 (1.80, m; 0.87, m, H2-4) which displayed correlations
with a methine proton atδ 1.48 (m, H-5), while the latter proton
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showed cross-peaks with H-6 (δ 1.38, m) and H3-13 (δ 0.74,
d, J ) 6.2 Hz). H-6 coupled with an olefinic proton (6.59, dd,
J ) 15.8, 9.8 Hz, H-7) which, in turn, exhibited cross-peaks
with the other olefinic proton (δ 5.98, d,J ) 15.8 Hz, H-8). To
associate the remaining fragments (two tertiary methyl groups
and an acyl group) with the aforementioned spin system, it was
necessary to perform a gradient long-range1H-13C (G-HMBC)
NMR measurement. The observation of the long-range correla-
tions shown (Figure 2) revealed the molecule to be a megastig-
mane derivative (7,8).

The relative stereochemistry of1 was resolved by NOESY
data. The cross-peaks observed in the NOESY spectrum for H-2
to H3-11 and H-6, and for H-6 to H3-13 implied that these
protons were cofacial (R), whereas observation of the key
NOESY couplings from H-3 to H-5 and H3-12 revealed that
these protons occupy theâ-face of the molecule. On the basis
of all this evidence, the structure of1 was established as (7E)-
2â,3R-dihydroxy-megastigm-7-en-9-one.

Compound2 was isolated as a yellow amorphous powder.
Its 1H- and13C NMR spectra showed the presence of aromatic

systems. The molecular formula of2 was determined as
C24H18O8 by HRESIMS, which exhibited a molecular ion at
m/z457.1041 [M+ Na]+, and by LC-MS which provided ions
at m/z433.0 [M - H]- (negative mode), and 435.0 [M+ H]+

(positive mode).
Initial 1H NMR and G-DQFCOSY studies of2 defined an

aromatic system atδ 8.13 (1H, dd,J ) 2.1, 8.6 Hz, H-6′′),
7.98 (1H, d,J ) 2.1 Hz, H-2′′), and 7.17 (1H, d,J ) 8.6 Hz,
H-5′′). Taking into account the coupling pattern, i.e., onemeta
and oneortho coupling, it was inferred that2 possesses a
trisubstituted-aromatic ring. The chemical shifts of themeta-
coupled protons observed atδ 8.13 and 7.98 indicated that these
protons were adjacent to an electron-withdrawing substituent.
This assumption was supported by long-range correlations in
the G-HMBC spectrum between these protons and a carbonyl
carbon atδ 176.0 (C-1′′), suggesting the presence of a 3′′,4′′-
disubstituted benzoyl moiety. Complete carbon assignment and
the substitution pattern of this aromatic ring were achieved by
inspection of the G-HMQC and G-HMBC spectra of2. The
carbon signal atδ 161.8 indicating an electron-donating group,
either a hydroxyl or a methoxyl group, showed HMBC
connectivities to H-6′′(δ 8.13) and H-2′′ (δ 7.98) (Figure 3),
allowing it to be assigned unambiguously to C-4′′ of the benzoyl
moiety. Additionally, based on the HMBC correlations between
C-4′′and the methoxy methyl atδ 3.78, the first methoxyl group
was affixed to C-4′′. As we did not observe any signal that
indicated either acetylation or esterification, or an aldehyde
proton signal, we presumed that the aromatic ring was a 3′′,4′′-
disubstituted benzoic acid moiety. Therefore, C-3′′ was assigned
as the position for the linkage between the 3,4-disubstituted
benzoic acid moiety and the remainder part of the molecule.

After subtraction of the 8 carbon resonances of the afore-
mentioned aromatic system, the remaining 16 signals were
attributable to a flavonoid skeleton (15 resonances) and a
methoxy carbon. Of the remaining 6 protons, 4 were observed
as coupled doublets (A2B2 system) atδ 6.92 (2H) and 7.54 (2H,
J ) 8.8 Hz). This suggested that the B-ring waspara-substituted,
with a hydroxyl or methoxyl group. This observation was
supported by the13C NMR spectral data of2 which indicated
that a methoxyl group was attached to C-4′ based on the HMBC
connectivities between C-4′ (δ 164.7) and the methyl signal at
δ 3.82. The combined use of G-DQFCOSY, G-HMQC, and
G-HMBC spectra of2, allowed for the complete assignment of
the flavonoid skeleton and its substitution pattern. Thus, one of
the two singlets atδ 6.65 showed correlations with the carbonyl
carbon atδ 184.7, which was attributed to C-4, and C-1′ of the
B-ring (δ 124.8), indicating that there was no substitution on
C-3 of the C-ring. The remaining proton signal atδ 6.38
indicated 5-,7-, and either 6- or 8- substitution pattern for A-ring.

Figure 1. Structures of compounds 1−3.

Figure 2. Partial structures deduced from DQFCOSY, HMQC, and key
HMBC of 1.

Figure 3. Key HMBC of 2.
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Therefore, the aglycon of2 was characterized as anO-methyl
derivative of apigenin with an A-ring substitution (9). The
carbon resonances atδ 162.5 and 163.9 were attributed to C-5
and C-7, respectively, a characteristic feature of the 5,7-
dihydroxy A-ring (9). On the basis of long-range connectivities
in the HMBC spectrum between the aromatic proton signal at
δ 6.38, and C-5 and C-7, the proton was readily assigned to
H-6, implying the position of the linkage as C-8. The large
deshielding of C-8 (ca. 10 ppm) and the HMBC connectivities
between C-8 (δ106.9) and H-2′′of the benzoic acid moiety (δ
7.98), and H-6 (δ 6.38) confirmed our assumptions. Conse-
quently, the structure of2 was established as 3-[5,7-dihydroxy-
2-(4-methoxy-phenyl)-4-oxo-4H-chromen-8-yl]-4-methoxyben-
zoic acid. Compound2 represents the first example of the series
of flavonoids possessing a 4-O-methyl-benzoic acid at C-8. The
significance of this metabolite is not fully understood. However,
because biflavonoids are produced in the plant by phenol

oxidative coupling of appropriate flavonoid precursors (10,11),
the resemblance ofGinkgo bilobabiflavonoids and2 suggests
compound2 to be a product of catabolism.

The HRESIMS of3 provided an [M+ Na]+ ion at m/z
640.5435 indicating the molecular formula C28H32O17. The IR
spectrum of3 showed a large hydroxyl absorbance (3351 cm-1)
and a carbonyl absorbance at ca. 1654 cm-1.

The1H NMR spectrum of the aglycon moiety of3 displayed
the typical spin patterns of anO-methylated myricetin moiety
(12): two metacoupled doublets atδ 6.20 and 6.37 for the
A-ring correlated with carbons atδ 99.2 and 94.1 in the
G-HMQC spectrum, and a two proton singlet atδ 7.26 for the
3′,4′,5′-trioxygenated B-ring. The three-protonO-methyl singlet
at δ 3.91 showed long-range correlation with the carbon
resonance atδ 138.5 in the G-HMBC spectrum, hence locating
the methoxyl group to C-4′ of the ring. The resonances of two
anomeric protons, observed in the low-field region atδ 5.17

Figure 4. Structures of compounds 4−30.
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(d, J ) 7.5 Hz) and 4.57 (br. s), implied that compound3 was
a disaccharide of 4′-O-methylmyricetin.

The full assignment of the proton and carbon signals of the
aglycon and sugar moieties of3, secured by G-DQFCOSY,
G-HMQC, and G-HMBC spectra, and the comparison of these
data with those of 3-O-[6-O-(R-L-rhamnopyranosyl)-â-D-glu-
copyranosyl] myricetin previously isolated fromGinkgo biloba
(13), indicated that3 was its 4′-O-methyl derivative, i.e.,
myricetin 4′-O-methyl 3-O-(6-O-R-L-rhamnopyranosyl)-â-D-
glucopyranoside.

From the leaves ofGinkgo biloba, quercetin, kaempferol,
myricetin, apigenin, 4′-O-methylapigenin, tamarixetin, amento-
flavone, ginkgetin, bilobetin, sciadopitysin, sesamin, 3-O-(â-
D-glucopyranosyl) quercetin, 3-O-(â-D-glucopyranosyl) kaempfer-
ol, 3-O-[2-O-(6-O-{p-hydroxy-trans-cinnamoyl}-â-D-glucopy-
ranosyl)-R-L-rhamnopyranosyl] quercetin, 3-O-[2-O-(â-D-gluco-
pyranosyl)-R-L-rhamnopyranosyl] kaempferol, 3-O-[2-O-(6-O-
{p-hydroxy-trans-cinnamoyl}-â-D-glucopyranosyl)-R-L-rham-
nopyranosyl] kaempferol, 3-O-[2-O-(â-D-glucopyranosyl)-R-L-
rhamnopyranosyl] quercetin, 3-O-[2-O-(6-O-{p-hydroxy-trans-
cinnamoyl}-â-D-glucopyranosyl)-R-L-rhamnopyranosyl] quercetin,
3-O-[6-O-(R-L-rhamnopyranosyl)-â-D-glucopyranosyl] querce-
tin, 3-O-[6-O-(R-L-rhamnopyranosyl)-â-D-glucopyranosyl] kaemp-
ferol, 3′-O-(â-D-glucopyranosyl) luteolin, 3-O-[6-O-(R-L-rham-
nopyranosyl)-â-D-glucopyranosyl]-3′-O-methylmyricetin, sy-
ringaresinol-4′-O-â-D-glucopyranoside, ginkgolides A, B, C, J,
and bilobalide were also isolated and identified by comparison
of their 1H- and13C NMR spectral data with literature values
(14-23). This appears to be the first report of the occurrence
of 4′-O-methylapigenin, and syringaresinol-4′-O-â-D-glucopy-
ranoside inGinkgo biloba.

Earlier studies of plant-derived antioxidants have examined
the reduction potential or radical-scavenging effects of natural

products in solution-based chemical assays (24-26). Fluores-
cence technology has made it possible to evaluate antioxidants
in live cells using specific probes such as 2′,7′dichlorofluorescin
diacetate. This assay is based on the detection of intracellular
respiratory burst activity in phagocytic cells such as neutrophils
and macrophages (6). We evaluated the antioxidant activity of
compounds2-30 (structures of4-30 are shown inFigure 4),
isolated fromGinkgo biloba, which we compared with the
known antioxidant ascorbic acid using the assay. Ginkgolides
(25-28) and bilobalide (24), which are unique constituents of
Ginkgo biloba, were not very potent inhibitors of the respiratory
burst; their inhibitions range between 28% and 37.3% at 31.3
µg/mL. Strong antioxidant activity, as expected, was observed
for the flavonoids, although not for the biflavonoids (20-24)
(Table 1). Among the aglycons, a hydroxyl group in the C ring
(3-OH), e. g., kaempferol (4), quercetin (5), myricetin (8), and
tamarixetin (9), conferred more antioxidant activity than if this
group is lacking, e. g., apigenin (6) 4′-O-methylapigenin (7)
and biflavonoids (20-24). The importance of a hydroxyl group
at either C-3′ or C-4′ of the B ring for high antioxidant capacity
of flavonoids has been described (27-29) and is confirmed by
our findings, which also suggest the importance ofortho-
hydroxyl groups at C-3′ and C-4′as in quercetin (5), which is
the most potent antioxidant of the compounds tested. Thus,
quercetin (5) (IC50, 0.6µg/mL), with nearly 4 times the potency
of ascorbic acid (IC50, 2.6 µg/mL), is more potent than
tamarixetin (9) (IC50, 1.5µg/mL) in which the 4′-hydroxy group
is methylated, and myricetin (8) (IC50, 3.9µg/mL) which bears
the 3,4,5-trihydroxy B ring. Moreover, our finding that kaempfer-
ol (4) (IC50, 1.2 µg/mL) is more potent than9 contradicts a
conclusion of Cao et al. (28) that antioxidant potency increases
with the number of hydroxyl groups.Table 1also demonstrates
that glycosylation of flavonoids diminishes their antioxidant
effect. Thus, the IC50 values of glycosides10-13indicate that
they have only approximately one-quarter the potency of their
respective aglycons (4 and5), a phenomenon that did not appear
to be influenced by any variation of the sugar moiety.

The order of antioxidant potency of glycosides in the assay
was as follows: quercetin-3-glucorhamnoside (16)> quercetin-
3-glucoside (12)> kaempferol-3-glucoside (10)> luteolin-3′-
glucoside (19)>kaempferol-3-rhamnoglucoside (11)> quercetin-
3-rhamnoglucoside (13)> kaempferol-3-glucorhamnoside (14).
The acylation of glycosides (14 and 16) by p-coumaric acid,
distinctive compounds forGinkgo biloba(15, 17, and18; IC50

values 25.0, 3.0, and 6.9µg/mL, respectively) led to minor
changes or was devoid of any effect. The results suggest that
the co-occurrence of hydroxyl group at C-3 (ring C), andortho-
hydroxyl groups at C-3′and C-4′(ring B) is essential for this
class of compounds to exhibit strong antioxidant activity.
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