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Antioxidative compounds were isolated from the 50% methanol extract of dried leaves of Celastrus
hindsii. Eight phenolic compounds (1-8) were finally obtained by reversed-phase high-performance
liquid chromatography, and their structures were elucidated by nuclear magnetic resonance
spectrometry and mass spectrometry analyses. They were the five known compounds, rutin (1),
kaempferol 3-rutinoside (2), rosmarinic acid (3), lithospermic acid (4), and lithospermic acid B (6),
and three novel oligomers of rosmarinic acid, a dimer (5) and two trimers (7 and 8). The major
components in the extract were rosmarinic acid (3) and lithospermic acid B (6). These phenolic
compounds were shown to have antioxidative activities against the autoxidation of methyl linoleate
in bulk phase and the radical-initiated peroxidation of soybean phosphatidylcholine in liposomes. In
the liposomal peroxidation, the number of phenolic hydroxyl group in each molecule was correlated
with the effectiveness of antioxidative activity.
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INTRODUCTION

Celastrus hindsiiBenth (Chinese bitter-sweet) is a species
of the Celastraceae family, which is used as a traditional
medicine for the treatment of ulcers, tumors, and inflammation
in Vietnam. In the search for antitumor agents from the
Celastraceae family, a number of sesquiterpenoids and triter-
penoids have been isolated from the ethanol extract of the dried
stems ofC. hindsii (1-3). Among the isolated compounds,
maytenfolone A and celasdine B showed potent cytotoxicity
against cancer cell lines as well as anti-HIV replication activity
(2). In Vietnam, leaves ofC. hindsii have been used for the
manufacturing of tea products as a healthy drink. However, the
water-soluble components in the tea are still unknown.

The oxidative deterioration of unsaturated lipids takes place
in living organisms as well as in food. An increased intake of
natural antioxidants, such as vitamin C, vitamin E, and polyphe-
nols, may therefore have a number of health effects, such as
reducing the incidence of cancer and cardiovascular diseases
(4). Many phenolic constituents are present in plant materials
as secondary metabolites, and these compounds are shown to
be effective antioxidants (5-7). Therefore, some antioxidative
compounds might be also present in the leaves ofC. hindsii.

This study undertook the isolation and structural elucidation
of some antioxidative compounds from the leaves ofC. hindsii.
The isolated compounds have been evaluated for their inhibitory
effects against the autoxidation of methyl linoleate in bulk phase
and the free radical initiated peroxidation of soybean phos-
phatidylcholine (PC) in liposomes.

MATERIALS AND METHODS

Materials. Fresh leaves ofC. hindsiiwere collected in March 2004
in Ha-Tay province, Vietnam. The leaves were lyophilized (yield)
31%) and stored at-20 °C until experiment.RRR-R-Tocopherol was
purchased from Sigma Chemical Co. (St. Louis, MO) and purified by
reversed-phase high-performance liquid chromatography (RP-HPLC)
(8). Methyl linoleate (Tokyo Chemical Co., Tokyo, Japan) was purified
by silica gel column chromatography to be peroxide-free (9). Soybean
L-R-PC (95%) was purchased from Avanti Polar Lipids, Inc. (Alabaster,
AL) and purified by silica gel column chromatography. The PC (≈5
g) was subjected to chromatography on a 16× 3.5 cm inside diameter
(i.d.) silica gel 60, 70-230 mesh, column (Kanto Kagaku Co., Tokyo,
Japan). The column was sequentially eluted by increasing methanol
concentration in mixtures of chloroform and methanol, and PC was
obtained from the elution of chloroform/methanol (4:6, v/v). Methyl
linoleate hydroperoxides and PC hydroperoxides (PC-OOH) were
prepared as described previously (10, 11). Two free radical initiators,
a water-soluble 2,2′-azobis(2-amidinopropane) dihydrochloride (AAPH)
and a lipid-soluble 2,2′-azobis(2,4-dimethylvaleronitrile) (AMVN), were
obtained from Wako Pure Chemical Industries (Osaka, Japan). All other
reagents were of analytical grade.

Apparatus. Specific rotations were determined with a SEPA-300
polarimeter (Horiba, Ltd., Kyoto, Japan). Ultraviolet (UV) spectra were
measured with an Ubest-30 UV-vis spectrophotometer (Japan Spec-
troscopic Co., Tokyo, Japan).1H and13C nuclear magnetic resonance
(NMR) spectra were recorded with an ECA-500 FT-NMR spectrometer
(JEOL, Ltd., Tokyo, Japan) with CD3OD as the solvent and tetra-
methylsilane as the internal standard.1H NMR was performed at 500.16
MHz, and the1H-1H chemical shift correlated (COSY) technique was
employed to assign1H shifts and couplings.13C NMR was at 125.77
MHz with proton decoupling. Heteronuclear multiple-bond correlation
(HMBC) and heteronuclear multiple-quantum coherence (HMQC)
techniques were used to assign correlations between1H and13C signals.
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Fast-atom bombardment mass (FABMS) spectra were measured
with a JMS-700/GI mass spectrometer (JEOL, Ltd., Tokyo, Japan).
m-Nitrobenzyl alcohol or glycerin was used as the matrix. Electrospray
ionization (ESI) and atmospheric pressure chemical ionization (APCI)
mass spectra were obtained with a Shimadzu LCMS-QP8000R instru-
ment (Shimadzu Co., Kyoto, Japan). Sample was delivered into the
ion source using acetonitrile/water (35:65, v/v) containing 0.2% formic
acid at 0.2 mL/min. Elemental analysis was performed by a CHN
Corder MT-6 apparatus (Yanaco Co., Kyoto, Japan).

Extraction and Isolation Procedures.Dried leaves ofC. hindsii
(70.0 g) were sequentially extracted with hot hexane (1 L) and hot
ethyl acetate (1 L) for 1 h. The defatted leaves were then extracted
three times with 1 L of hotwater/methanol (1:1, v/v) for 1 h. The
solvent was removed to afford hexane extract (7.61 g), ethyl acetate
extract (0.72 g), and 50% methanol extract (20.1 g), respectively. All
of these extracts had antioxidative activity with>90% inhibition against
methyl linoleate autoxidation in bulk phase after a 36 h incubation (each
extract was added at 0.1% based on methyl linoleate). The 50%
methanol extract was subjected to chromatography on a 25× 4.8 cm
i.d. Diaion HP-20 column (Mitsubishi Chemical Co., Tokyo, Japan)
with stepwise elution of methanol in water (water, 10, 20, and 40%
methanol; each 1 L), and four fractions were obtained: fraction I (8.42
g) from the water eluate, fraction II (2.93 g) from the 10% methanol
eluate, fraction III (1.39 g) from the 20% methanol eluate, and fraction
IV (2.37 g) from the 40% methanol eluate. Fractions I and II were
further subjected to chromatography on an 18× 4.0 cm i.d. ODS-A
120-S 150 silica gel column (YMC Co., Kyoto, Japan) with stepwise
elution of methanol in water and then purified by HPLC. RP-HPLC
was done with a 250× 10 mm i.d. Inertsil PREP-ODS column (GL
Sciences Inc., Tokyo, Japan) developed with acetic acid 0.1% in
acetonitrile/water (23:77, v/v) at a flow rate of 5.0 mL/min. The eluate
was monitored by an absorbance at 280 nm. Compounds5 (29.2 mg)
and8 (167.2 mg) were isolated from fraction I, and compounds3 (62.2
mg), 4 (24.8 mg),6 (179.5 mg), and7 (24.0 mg) were isolated from
fraction II. Fraction IV was subjected to chromatography on an 18×
3.4 cm i.d. silica gel 60, 70-240 mesh, column with elution by
increasing the methanol concentration in mixtures of chloroform/
methanol. Two fractions eluted with chloroform/methanol (70:30 and
60:40, v/v) were further purified by HPLC. RP-HPLC was done with
a 250× 10 mm i.d. Hydrosphere C18 column (YMC Co.) developed
with acetonitrile/water (23:77, v/v) at a flow rate of 5.0 mL/min.
Compound1 (26.5 mg) was isolated from the fraction of chloroform/
methanol (70:30, v/v), and compound2 (35.0 mg) was from the fraction
of chloroform/methanol (60:40, v/v).

In another experiment, the dried powder ofC. hindsii leaves (1.00
g) was extracted with 30 mL of boiling water for 5 min, or the dried
powder was extracted with methanol, 50% methanol, ethanol, or 50%
ethanol (each 30 mL) at 50°C for 1 h on awater bath. After the
extraction, each sample was centrifuged at 2500g for 10 min. The
supernatant was then filtered through a 0.45µm membrane and
subjected to RP-HPLC analysis.

HPLC Analysis. HPLC was carried out using a Shimadzu LC-
10AVVp pump equipped with a Shimadzu SPD-10AVVp UV-vis
detector (Shimadzu Co.). The extracts were separated on a 100× 2.0
mm i.d. Hydrosphere C18 column at 40°C, using a 15 min linear
gradient of 20% acetonitrile with 0.2% formic acid to 35% acetonitrile
with 0.2% formic acid at a flow rate of 0.2 mL/min. Compounds were
detected by monitoring the elution at 280 nm.

Derivatization. To 10 mL of dry acetone solution containing
compound5, 7, or 8 (15 mg) were added methyl iodide (2 mL),
tetrahydrofuran (2 mL), and potassium carbonate (100 mg), and the
reaction mixture was allowed to stir at room temperature for 48 h. Each
reaction mixture was then filtered to remove the salt, and the solvent
was removed to yield the corresponding methylated compound (12).

Structures of Compounds 1-8. Quercetin 3-O-â-D-rutinoside
(rutin, 1): yellow amorphous solid; [R]25

D -18.6 (c0.07, methanol);
UV (methanol)λmax (log ε) 257 (4.45) and 356 nm (4.30); FABMS,
m/z611.17 ([M+ H]+, 100%); ESIMS (negative),m/z609.05 ([M-
H]-, 100%).

Kaempferol 3-O-â-D-rutinoside (2): yellow amorphous solid; [R]25
D

-9.5 (c 0.31, methanol); UV (methanol)λmax (log ε) 266 (4.41) and

349 nm (4.30); FABMS,m/z 595.17 ([M + H]+, 100%); ESIMS
(negative),m/z593.05 ([M - H]-, 100%).

[[(2E)-3-(3,4-Dihydroxyphenyl)-1-oxo-2-propenyl]oxy]-3,4-dihy-
droxybenzenepropanoic acid (rosmarinic acid,3): white-yellow amor-
phous solid; [R]25

D +90.5 (c 0.21, methanol); UV (methanol)λmax

(log ε) 290 (4.24) and 326 nm (4.28); ESIMS (negative),m/z358.80
([M - H]-, 100%), 719.05 ([2M- H]-, 30%); APCIMS (negative),
m/z358.95 ([M- H]-, 100%);1H NMR, seeTable 1; 13C NMR, see
Table 2.

4-[3-[1-Carboxy-2-(3,4-dihydroxyphenyl)ethoxy]-3-oxo-1-propenyl]-
2-(3,4-dihydroxyphenyl)-2,3-dihydro-7-hydroxybenzofuran-3-carbox-
ylic acid (lithospermic acid,4): pale yellow-green wax; [R]25

D +158.4
(c 0.36, methanol); UV (methanol)λmax (log ε) 253 (4.29), 289 (4.23),
and 309 nm (4.22); ESIMS (negative),m/z537.05 ([M- H]-, 100%);
1H NMR, seeTable 1; 13C NMR, seeTable 2.

4-[2-[3-(3,4-Dihydroxyphenyl)-1-oxo-2-propenoxy]-2-carboxy-1-eth-
yl]-2-(3,4-dihydroxyphenyl)-2,3-dihydro-7-hydroxybenzofuran-3-car-
boxylic acid 1-carboxy-2-(3,4-dihydroxyphenyl)ethyl ester (5): pale
yellow-green wax; [R]25

D +78.3 (c0.30, methanol); UV (methanol)
λmax (log ε) 287 (4.39) and 331 nm (4.33); ESIMS (negative),m/z
717.05 ([M- H]-, 100%);1H NMR, seeTable 1; 13C NMR, seeTable
2. Anal. Calcd for C36H30O16‚4H2O: C, 54.69; H, 4.84. Found: C,
55.27; H, 5.00. Nonamethyl derivative of5: FABMS (positive),m/z
883.39 ([M+ K]+); APCIMS (negative),m/z843.25 ([M- H]-, 50%),
621.25 (40%), and 577.20 (100%);1H NMR (acetone-d6) δ 2.90 (m,
1H, H-7′a), 3.00 (dd,J ) 9.2, 14.3 Hz, 1H, H-7′b), 3.04 (dd,J ) 9.2,
14.3 Hz, 1H, H-7*′a), 3.20 (dd,J ) 4.0, 14.3 Hz, 1H, H-7*′b), 3.64
(s, 3H, OCH3), 3.67 (s, 3H, OCH3), 3.70 (s, 6H, OCH3), 3.74 (s, 3H,
OCH3), 3.78 (s, 3H, OCH3), 3.84 (s, 3H, OCH3), 3.85 (s, 3H, COOCH3),
3.88 (s, 3H, COOCH3), 4.53 (d,J ) 6.3 Hz, 1H, H-8*), 5.19 (dd,J )
4.0, 9.7 Hz, 1H, H-8′), 5.39 (dd,J ) 4.0, 9.2 Hz, 1H, H-8*′), 5.87 (d,
J ) 6.3 Hz, 1H, H-7*), 6.31 (d,J ) 16.0 Hz, 1H, H-8), 6.66 (dd,J )
2.3, 8.0 Hz, 1H, H-6*′), 6.75 (d,J ) 8.0 Hz, 1H, H-6*), 6.79 (d,J )
8.0 Hz, 1H, H-5*′), 6.82 (d,J ) 2.3 Hz, 1H, H-2*′), 6.83 (d,J ) 8.0
Hz, 1H, H-5*), 6.86 (d,J ) 8.6 Hz, 1H, H-6′), 6.92 (d,J ) 2.3 Hz,
1H, H-2*), 6.96 (d,J ) 8.0 Hz, 2H, H-5, H-5′), 7.02 (dd,J ) 1.7, 8.6
Hz, 1H, H-6), 7.20 (d,J ) 1.7 Hz, 1H, H-2), and 7.61 (d,J ) 16.0
Hz, 1H, H-7).

4-[3-[1-Carboxy-2-(3,4-dihydroxyphenyl)ethoxy]-3-oxo-1-propenyl]-
2-(3,4-dihydroxyphenyl)-2,3-dihydro-7-hydroxybenzofuran-3-carbox-
ylic acid 3-[1-carboxy-2-(3,4-dihydroxyphenyl)ethyl] ester (lithospermic
acid B, 6): pale yellow-green wax; [R]25

D +120.4 (c 0.29, metha-
nol); UV (methanol)λmax (log ε) 287 nm (4.39); ESIMS (negative),
m/z716.95 ([M- H]-, 100%);1H NMR, seeTable 1; 13C NMR, see
Table 2.

4-[2-[3-(3,4-Dihydroxyphenyl)-1-oxo-2-propenoxy]-2-carboxy-1-
ethyl]-2-(3,4-dihydroxyphenyl)-2,3-dihydro-7-hydroxybenzofuran-3-
carboxylic acid 1-carboxy-2-[2-(3,4-dihydroxyphenyl)-2,3-dihydro-
7-hydroxybenzofuran-3-carboxylic acid 1-carboxy-2-(3,4-dihydroxy-
phenyl)ethyl ester]ethyl ester (7): pale yellow-green wax; [R]25

D +57.7
(c 0.27, methanol); UV (methanol)λmax (log ε) 286 (4.52) and 329 nm
(4.35); ESIMS (negative),m/z1075.55 ([M- H]-, 100%);1H NMR,
seeTable 1; 13C NMR, seeTable 2. Anal. Calcd for C54H44O24‚6H2O:
C, 54.73; H, 4.76. Found: C, 53.88; H, 4.94. Tridecamethyl derivative
of 7: FABMS (positive),m/z1297.52 ([M+ K]+); APCIMS (negative),
m/z1257.10 ([M- H]-, 10%), 1035.25 (45%), and 991.40 (100%);
1H NMR (acetone-d6) δ 3.08 (m, 6H, H-7′, H-7*′, H-7**′), 3.66 (s,
3H, OCH3), 3.68 (s, 3H, OCH3), 3.69 (s, 3H, OCH3), 3.71 (s, 3H,
OCH3), 3.76 (s, 3H, OCH3), 3.77 (s, 3H, OCH3), 3.78 (s, 3H, OCH3),
3.79 (s, 3H, OCH3), 3.83 (s, 3H, OCH3), 3.84 (s, 3H, OCH3), 3.855 (s,
3H, COOCH3), 3.865 (s, 3H, COOCH3), 3.871 (s, 3H, COOCH3), 4.30
(d, J ) 5.7 Hz, 1H, H-8**), 4.53 (d,J ) 5.7 Hz, 1H, H-8*), 5.21 (dd,
J ) 4.0, 9.2 Hz, 1H, H-8′), 5.36 (m, 2H, H-8*′, H-8**′), 5.87 (d,J )
6.3 Hz, 1H, H-7**), 5.89 (d,J ) 5.7 Hz, 1H, H-7*), 6.32 (d,J ) 16.0
Hz, 1H, H-8), 6.60 (d,J ) 8.0 Hz, 1H, H-6**′), 6.63 (d,J ) 1.7, 8.0
Hz, 1H, H-6*′), 6.85 (m, 12H, H-5, H-5′, H-6′, H-2*, H-5*, H-6*,
H-5*′, H-2**, H-5**, H-6**, H-2** ′, H-5**′), 7.01 (dd,J ) 1.7, 8.0
Hz, 1H, H-6), 7.21 (d,J ) 1.7 Hz, 1H, H-2), and 7.60 (d,J ) 16.0
Hz, 1H, H-7).

4-[3-[1-Carboxy-2-[2-(3,4-dihydroxyphenyl)-2,3-dihydro-7-hydroxy-
benzofuran-3-carboxylic acid 1-carboxy-2-(3,4-dihydroxyphenyl)ethyl
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ester]ethoxy]-3-oxo-1-propenyl]-2-(3,4-dihydroxyphenyl)-2,3-dihydro-
7-hydroxybenzofuran-3-carboxylic acid 1-carboxy-2-(3,4-dihydroxyphen-
yl)ethyl ester (8): yellow wax; [R]25

D +99.1 (c0.35, methanol); UV
(methanol)λmax (log ε) 287 nm (4.40); ESIMS (negative),m/z1075.20
([M - H]-, 100%); 1H NMR, seeTable 1; 13C NMR, seeTable 2.
Anal. Calcd for C54H44O24‚6H2O: C, 54.73; H, 4.76. Found: C, 55.29;
H, 4.66. Tridecamethyl derivative of8: FABMS (positive),m/z1297.52
([M + K]+); APCIMS (negative),m/z 1257.85 ([M - H]-, 10%),
1035.35 (20%), 991.30 (35%), and 577.35 (100%);1H NMR (acetone-
d6) δ 2.96 (m, 4H, H-7′, H-7*′a, H-7**′a), 3.09 (dd,J ) 4.6, 14.9 Hz,
1H, H-7**′b), 3.17 (dd,J ) 4.6, 14.3 Hz, 1H, H-7*′b), 3.56 (s, 3H,
OCH3), 3.62 (s, 3H, OCH3), 3.63 (s, 3H, OCH3), 3.68 (s, 6H, 2OCH3),
3.70 (s, 3H, OCH3), 3.74 (s, 6H, 2OCH3), 3.79 (s, 3H, OCH3), 3.81 (s,
3H, OCH3), 3.94 (s, 9H, 3COOCH3), 4.46 (d,J ) 5.7 Hz, 1H, H-8*),
4.58 (d,J ) 5.7 Hz, 1H, H-8**), 5.15 (d,J ) 4.0, 9.2 Hz, 1H, H-8′),
5.22 (dd,J ) 4.0, 9.2 Hz, 1H, H-8**′), 5.36 (dd,J ) 4.0, 9.2 Hz,
1H, H-8*′), 5.85 (d,J ) 5.7 Hz, 1H, H-7**), 5.94 (d,J ) 5.7 Hz,
1H, H-7*), 6.14 (d,J ) 15.5 Hz, 1H, H-8), 6.59 (dd,J ) 1.7, 8.0 Hz,
1H, H-6**′), 6.64 (dd,J ) 1.7, 8.0 Hz, 1H, H-6*′), 6.70 (d,J ) 1.7
Hz, 1H, H-2**′), 6.74 (d,J ) 8.0 Hz, 1H, H-5**′), 6.77 (d,J ) 8.0
Hz, 1H, H-5*′), 6.87 (m, 8H, H-5′, H-6′, H-5*, H-6*, H-2*′, H-2**,
H-5**, H-6**), 6.99 (d, J ) 1.7 Hz, 1H, H-2*), 7.02 (d,J ) 8.6, 1H,
H-5), 7.07 (d,J ) 8.6 Hz, 1H, H-6), and 7.60 (d,J ) 16.0 Hz, 1H,
H-7).

Antioxidative Activity. The antioxidative activity of each isolated
compound was measured by its inhibition against methyl linoleate
autoxidation in bulk phase (13). Methyl linoleate (294 mg, 1.0 mmol)
containing the isolated compound (each 0.05µmol; 0.005 mol %, based
on methyl linoleate),R-tocopherol, or quercetin (0.005 mol %, based
on methyl linoleate) was placed in a test tube (1.5 cm in diameter) and
incubated at 60°C in the dark. After intervals of 12 h of incubation,
each sample (25µL) was withdrawn and dissolved in 1.0 mL of ethanol.
The peroxide value in each sample solution was determined by using
the iodometric method (9). Methyl linoleate monohydroperoxide was
used as the standard peroxide.

The antioxidative activity was also determined using PC liposomal
systems. Large unilamellar liposomes containing antioxidants were
prepared according to the extrusion method (14). Soybean PC containing
the isolated compound,R-tocopherol, or quercetin (0.05 mol % or
0.025% based on PC, in case of AAPH or AMVN, respectively) was
suspended by vigorous mixing for 2 min in a 50 mM sodium phosphate
buffer (pH 7.4, containing 50 mM NaCl). The milky suspension was
transferred into a LiposoFast apparatus (Avestin, Ottawa, Canada),
extruded 21 times back and forth through a polycarbonate membrane
(100 nm pore size), and diluted with the same buffer to give a final
PC concentration of 10 mM. In the experiment with a water-soluble
radical initiator, the liposomal suspension was added to the AAPH
solution (final concentration of AAPH) 3 mM) to start lipid
peroxidation. When a lipid-soluble radical initiator was used, the ethanol
solution of AMVN (final concentration of AMVN) 2 mM) was mixed
with PC before liposomes were prepared. In this case, the liposomes
were quickly prepared at 4°C to prevent the start of AMVN
decomposition. The peroxidation was carried out at 37°C under air
with mechanical shaking. At regular intervals, an aliquot of reaction
mixture (50µL) was withdrawn and dissolved in 0.45 mL of ethanol.
The amount of PC-OOH was analyzed by RP-HPLC (14).

RESULTS AND DISCUSSION

Structures of Isolated Compounds.The 50% methanol
extract fraction of dried leaves ofC. hindsii was analyzed by
RP-HPLC (Figure 1). Many peaks including1-8 appeared on
the chromatogram detected at 280 nm. For the isolation and
characterization of the detected peaks, the 50% methanol extract
was subjected to Diaion HP-20 column chromatography fol-
lowed by ODS-silica gel or silica gel column chromatography.
Finally, the fractions containing antioxidative compounds were
isolated by preparative RP-HPLC to obtain compounds1-8,

Table 1. 1H NMR Data for Compounds 3−8a

proton 3 4 5 6 7 8

2 7.05 (s) 6.93 (d, 1.6) 6.93 (d, 1.7)
5 6.78 (d, 8.6) 6.82 (d, 8.6) 6.77 (d, 9.2) 6.83 (d, 8.6) 6.76 (d, 8.2) 6.86 (d, 8.6)
6 6.95 (d, 8.6) 7.21 (d, 8.0) 6.80 (dd, 1.7, 8.0) 7.15 (d, 8.6) 6.79 (dd, 1.7, 8.0) 6.98 (d, 8.6)
7 7.55 (d, 15.5) 7.83 (d, 16.0) 7.49 (d, 16.0) 7.52 (d, 16.0) 7.49 (d, 15.5) 7.52 (d, 16.0)
8 6.27 (d, 16.0) 6.34 (d, 16.0) 6.04 (d, 16.0) 6.20 (d, 15.5) 6.05 (d, 16.0) 6.06 (d, 16.0)
2′ 6.76 (s) 6.77 (s) 6.52 (d, 2.3)
5′ 6.70 (d, 8.0) 6.69 (d, 8.0) 6.77 (d, 9.2) 6.55 (d, 8.0) 6.76 (d, 8.6) 6.74 (d, 8.0)
6′ 6.62 (d, 8.0) 6.63 (d, 8.0) 6.72 (d, 8.6) 6.31 (dd, 2.3, 8.6) 6.70 (d, 8.6) 6.69 (d, 8.0)
7′a 3.01 (dd, 8.6, 14.3) 3.00 (dd, 8.0, 14.3) 2.93 (m) 2.83 (dd, 9.7, 14.3) 2.94 (m) 2.90 (m)
7′b 3.10 (dd, 4.0, 14.3) 3.07 (dd, 4.0, 14.3) 2.93 (m) 3.00 (m) 2.94 (m) 2.90 (m)
8′ 5.19 (dd, 4.0, 8.0) 5.17 (dd, 4.0, 8.0) 5.09 (dd, 4.0, 9.2) 5.18 (m) 5.09 (dd, 4.0, 9.2) 5.11 (dd, 4.0, 8.6)
2* 6.80 (s) 6.75 (d, 1.7) 6.77 (d, 2.3) 6.78 (d, 2.3) 6.76 (d, 2.3)
5* 6.76 (d, 8.0) 6.63 (d, 7.4) 6.750 (d, 8.6) 6.62 (m) 6.73 (d, 8.0)
6* 6.72 (d, 8.0) 6.58 (dd, 1.7, 8.0) 6.66 (dd, 2.3, 8.0) 6.62 (m) 6.65 (dd, 2.3, 9.2)
7* 5.92 (d, 4.6) 5.74 (d, 5.2) 5.86 (d, 4.6) 5.83 (d, 5.2) 5.84 (d, 4.6)
8* 4.38 (d, 4.6) 4.42 (d, 5.2) 4.36 (d, 5.2) 4.45 (d, 5.2) 4.33 (d, 4.6)
2*′ 6.63 (d, 2.3) 6.749 (d, 2.3) 6.62 (d, 2.3)
5*′ 6.63 (d, 7.4) 6.71 (d, 8.0) 6.62 (d, 8.6) 6.63 (d, 8.0)
6*′ 6.40 (dd, 1.7, 8.0) 6.62 (dd, 2.3, 8.6) 6.39 (d, 8.6) 6.39 (dd, 2.3, 8.6)
7*′a 2.93 (m) 3.00 (m) 2.94 (m) 2.90 (m)
7*′b 3.09 (dd, 3.4, 14.3) 3.07 (dd, 4.0, 14.3) 2.94 (m) 3.08 (dd, 3.4, 14.3)
8*′ 5.23 (dd, 4.0, 9.2) 5.18 (m) 5.21 (dd, 4.0, 8.6) 5.24 (dd, 3.4, 9.2)
2** 6.78 (d, 2.3) 6.76 (d, 2.3)
5** 6.72 (d, 8.6) 6.63 (d, 8.0)
6** 6.62 (m) 6.61 (dd, 1.7, 9.7)
7** 5.70 (d, 5.7) 5.74 (d, 5.2)
8** 4.23 (d, 4.6) 4.41 (d, 5.2)
2**′ 6.62 (m) 6.56 (d, 2.3)
5**′ 6.61 (d, 9.2) 6.57 (d, 8.0)
6**′ 6.35 (d, 9.7) 6.34 (dd, 2.3, 8.6)
7**′a 2.94 (m) 2.90 (m)
7**′b 2.94 (m) 3.00 (dd, 3.4, 14.3)
8**′ 5.28 (dd, 4.6, 8.0) 5.14 (dd, 3.4, 9.2)

a Measured in CD3OD (multiplicity, J in Hz).
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which correspond to peaks 1-8 in Figure 1, respectively. The
structures of compounds1-8 were characterized as follows
(Figure 2).

Compounds1 and 2 were obtained as yellow amorphous
solids. Their structures were identified to be quercetin 3-O-â-
D-rutinoside (rutin,1) and kaempferol 3-O-â-D-rutinoside (2)
by comparison of their1H and13C NMR data with those in the
literature (15-17). Rutin and kaempferol 3-O-â-D-rutinosides
are major flavonoid glycosides found in a variety of plants (15,
18).

Compounds3, 4, and 6 were obtained as a white-yellow
amorphous solid (3) and pale yellow-green wax (4 and6). Their
structures were identified to be rosmarinic acid (3), lithospermic
acid (4), and lithospermic acid B (6), respectively, by compari-
son of their1H and 13C NMR data with those reported in the

literature (19-26). Rosmarinic acid (3), and its derivatives,4
and6, are polyphenols synthesized through the phenylpropanoid
pathway in plants (21,27, 28): 3 is an ester of caffeic acid
with 3,4-dihydrophenyl lactic acid, and4 and6 are conjugates
of rosmarinic acid with caffeic acid and rosmarinic acid,
respectively. Rosmarinic acid (3) and its derivatives,4 and6,
have been found in some plants,Lithospermum ruderale(19,
20), Perilla flutescens(23), SalVia officinalis (24), Borago
officinalis L. (25), and SalVia miltiorrhizae (29). The cell
suspension cultures ofLithospermun erythrorhizonhave pro-
duced a large amount of these compounds (21, 28). These
compounds are expected to have some biological and pharma-
ceutical activities (23,29-35): rosmarinic acid (3) showed
antioxidative activity in the biological systems through the
scavenging of superoxide anion (23) and antiallergic activity
through the inhibition of hyaluronidase andâ-hexoamindase
(31); lithospermic acid (4) and lithospermic acid B (6) were
potent and nontoxic inhibitors of human immunodeficiency virus
type HIV-1 replication (33). In addition, lithospermic acid B
(6) showed endothelium-dependent vasodilator effects (29) and
an ameliorative effect on ischemia reperfusion induced acute
renal failure in rats (35).

Compound5 was obtained as a pale yellow-green wax. The
molecular formula of5 was the same as that of6, determined
by low-resolution MS and elemental analyses to be C36H30O16.
The1H NMR spectrum of5 showed signals similar to those of
6, indicating the presence of two trans olefinic proton sig-
nals atδ 6.04 (d,J ) 16.0 Hz, H-8) and 7.49 (d,J ) 15.5 Hz,
H-7), two sets of oxygen-bearing methine proton signals atδ
5.09 (H-8′) and 5.23 (H-8*′), methylene proton signals atδ 2.93
(H-7′a, H-7′b, and H-7*′a) and 3.09 (H-7*′b), and a pair of
mutually coupled aliphatic proton signals atδ 4.42 (H-8*) and
5.74 (H-7*) (Table 1). The13C NMR spectrum of5 showed
36 carbon signals, including characteristic signals of 4 carbo-
nyls at δ 168.6 (C-9), 172.7 (C-9′), 173.1 (C-9*), and 173.5
(C-9*′), 2 olefinic carbons atδ 148.0 (C-7) and 114.0 (C-8),
and 2 aliphatic carbons atδ 88.3 (C-7*) and 58.2 (C-8*) (Table
2). Methylation of5 with methyl iodide afforded a nonamethyl
derivative, indicating the presence of five hydroxyl and two
carboxyl groups. The structural assignment was supported by
HMBC analysis: the correlations were observed between the
trans olefinic proton signal atδ 7.49 (H-7) and carbon signals
at δ 115.5 (C-2), 123.3 (C-6), and 168.6 (C-9); between the
oxygen-bearing methine proton signal atδ 5.09 (H-8′) and
carbon signals atδ 126.9 (C-1′), 168.6 (C-9), 172.7 (C-9′);
between the proton signal atδ 5.23 (H-8*′) and carbon signals

Table 2. 13C NMR Data for Compounds 3−8a

carbon 3 4 5 6 7 8

1 127.7 124.7 127.6 124.7 127.6 124.5
2 115.2 127.6 115.5 126.4 115.5 126.4
3 146.8 148.9 146.5 149.1 146.6 148.9
4 149.7 145.2 149.7 145.0 149.7 145.0
5 116.3 118.3 116.5 118.4 116.5 118.4
6 123.2 122.0 123.3 123.3 123.3 122.0
7 147.7 144.1 148.0 143.5 148.0 143.7
8 114.5 116.5 114.0 116.6 114.1 116.1
9 168.5 168.2 168.6 168.1 168.6 168.1
1′ 129.4 129.3 126.9 129.0 126.9 126.6
2′ 117.6 117.7 126.2 117.3 126.2 126.1
3′ 146.2 146.1 148.9 145.9 149.0 148.8
4′ 145.3 145.3 141.4 145.0 141.5 141.4
5′ 116.5 116.4 118.1 116.4 116.7 116.4
6′ 121.9 121.8 123.7 121.8 123.8 124.0
7′ 38.0 38.0 34.7 37.9 34.8 34.6
8′ 74.8 74.8 75.0 75.7 75.0 74.5
9′ 173.6 173.5 172.7 172.7 172.7 172.6
1* 133.9 134.1 133.7 134.1 133.6
2* 113.5 113.5 113.4 113.6 113.5
3* 146.6 146.4 146.6 146.4 146.6
4* 146.7 146.6 146.7 146.6 146.7
5* 116.4 116.6 116.5 116.5 116.4
6* 118.4 118.3 118.4 118.4 118.1
7* 88.8 88.3 88.3 88.4 88.2
8* 57.6 58.2 58.0 58.3 57.7
9* 175.2 173.1 172.3 173.0 172.2
1*′ 129.1 129.3 125.7 129.0
2*′ 117.3 117.6 125.8 117.3
3*′ 146.1 146.1 148.7 145.9
4*′ 145.2 145.2 141.3 145.1
5*′ 116.5 116.4 118.1 116.5
6*′ 121.9 122.1 124.2 121.9
7*′ 37.6 37.5 34.0 37.5
8*′ 75.6 74.8 74.0 75.4
9*′ 173.5 173.8 172.9 172.6
1** 133.8 134.0
2** 113.8 113.4
3** 146.4 146.4
4** 146.6 146.5
5** 116.5 116.5
6** 118.6 118.6
7** 88.4 88.3
8** 58.0 58.1
9** 173.1 173.1
1**′ 129.0 128.9
2**′ 117.5 117.3
3**′ 146.0 146.0
4**′ 145.2 145.0
5**′ 118.1 116.4
6**′ 122.1 121.9
7**′ 37.6 37.4
8**′ 75.6 75.5
9**′ 173.6 173.5

a Measured in CD3OD.

Figure 1. HPLC chromatogram of the 50% methanol extract from dried
leaves of C. hindsii.
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atδ 129.1 (C-1*′), 173.1 (C-9*), and 173.5 (C-9*′); and between
the methine proton signal atδ 4.42 (H-8*) and carbon signals
at δ 126.9 (C-1′), 148.9 (C-3′), and 134.1 (C-1*); and a proton
signal atδ 5.74 (H-7*) was long-range coupled to carbon signals
at δ 113.5 (C-2*), 118.3 (C-6*), 126.2 (C-2′), 148.9 (C-3′), and
173.1 (C-9*). Furthermore, the1H and 13C NMR data were
compared with those of known compounds,3, 4, and6. The
results indicate that compound5 was a condensation product
of two rosmarinic acid molecules formed via an oxidative
cyclization leading to the formation of 2,3-dihydrobenzofuran
ring structure, in which the C-7* and C-8* positions of the
caffeic acid moiety of one rosmarinic acid are substituted by
the addition of C-2 and C-3 positions of the 3,4-dihydrophenyl
lactic acid moiety of the other molecule (28). Thus, the structure
of compound5 was determined to be 4-[2-[3-(3,4-dihydroxy-
phenyl)-1-oxo-2-propenoxy]-2-carboxy-1-ethyl]-2-(3,4-dihydroxy-
phenyl)-2,3-dihydro-7-hydroxybenzofuran-3-carboxylic acid 1-car-
boxy-2-(3,4-dihydroxyphenyl)ethyl ester. The stereochemistry

of the C-7* and C-8* positions of the dihydrobenzofuran moiety
could not be resolved.

Compounds7 and 8 were obtained as a pale yellow-green
wax (7) and a yellow wax (8). The same molecular formula of
C54H44O24 was assumed from the data of low-resolution MS
and elemental analyses of7 and 8. Methylation of7 and 8
afforded tridecamethyl derivatives, indicating the presence of
10 hydroxyl groups and 3 carboxyl groups in each molecule.
The1H NMR and13C NMR spectra of7 and8 were similar to
one another (Tables 1and2). However, differences in chemical
shift were observed. The1H NMR spectrum of each compound
indicates the presence of two trans olefinic proton signals [7, δ
6.05 (d,J ) 16.0 Hz, H-8) and 7.49 (d,J ) 15.5 Hz, H-7);8,
δ 6.06 (d,J ) 16.0 Hz, H-8) and 7.52 (d,J ) 16.0 Hz, H-7)],
three oxygen-bearing methine proton signals [7, δ 5.09 (H-8′),
5.21 (H-8*′), and 5.28 (H-8**′); 8, δ 5.11 (H-8′), 5.14 (H-8**′),
and 5.24 (H-8*′)], and two pairs of mutually coupled aliphatic
proton signals [7, δ 4.23 (H-8**) and 5.70 (H-7**), andδ 4.45

Figure 2. Structures of compounds 1−8 isolated from leaves of C. hindsii.
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(H-8*) and 5.83 (H-7*);8, δ 4.33 (H-8*) and 5.84 (H-7*), and
4.41 (H-8**) and 5.74 (H-7**)]. The13C NMR spectrum of
each compound showed 54 carbon signals including character-
istic signals of 6 carbonyl carbons [7, δ 168.6, 172.7, 172.9,
173.0, 173.1, and 173.6;8, δ 168.1, 172.2, 172.6 (2C), 173.1,
and 173.5], a set of olefinic carbons (7, δ 114.1 and 148.0;8,
δ 116.1 and 143.7), and 4 aliphatic carbons (7, δ 58.0 and 88.4,
58.3 and 88.4;8; δ 57.7 and 88.2, 58.1 and 88.3). The structural
assignments of7 and8 were supported by HMBC analyses.7:
the one methine proton signal atδ 4.45 (H-8*) gave cross-peaks
with carbon signals atδ 126.9 (C-1′), 149.0 (C-3′), and 134.1
(C-1*); the other methine proton atδ 4.23 (H-8**) gave cross-
peaks with carbon signals atδ 125.7 (C-1*′), 148.7 (C-3*′),
133.8 (C-1**); the proton signal atδ 5.83 (H-7*) gave cross-
peaks with carbon signals atδ 113.6 (C-2*), 118.4 (C-6*), 126.2
(C-2′), 149.0 (C-3′), and 173.0 (C-9*); and the proton signal at
δ 5.70 (H-7**) gave cross-peaks with carbon signals atδ 113.8
(C-2**), 118.6 (C-6**), 125.8 (C-2*′), 148.7 (C-3*′), and 173.1
(C-9**). 8: the one methine proton signal atδ 4.33 (H-8*) gave
cross-peaks with carbon signals atδ 124.5 (C-1), 148.9 (C-3),
and 133.6 (C-1*), the other methine proton atδ 4.41 (H-8**)
gave cross-peaks with carbon signals atδ 126.6 (C-1′), 148.8
(C-3′), and 134.0 (C-1**); the proton signal atδ 5.84 (H-7*)
gave cross-peaks with carbon signals atδ 113.5 (C-2*), 118.1
(C-6*), 126.4 (C-2), 148.9 (C-3), and 172.2 (C-9*); and the
proton signal atδ 5.74 (H-7**) gave cross-peaks with carbon
signals atδ 113.4 (C-2**), 118.6 (C-6**), 126.1 (C-2′), 148.8
(C-3′), and 173.1 (C-9**). Furthermore, these NMR data were
compared with those of compounds3, 5, and6. The results
indicate that7 and 8 are both trimers of rosmarinic acid: in
compound7, the conjugated olefinic linkage of the caffeic acid
moiety of the first rosmarinic acid is attached to the benzene
ring of the 3,4-dihydrophenyl lactic acid moiety of the second
rosmarinic acid, and olefinic linkage of caffeic acid moiety of
the third rosmarinic acid is attached to the benzene ring of the
3,4-dihydrophenyl lactic acid moiety of the first rosmarinic acid;
and in compound8, the conjugated olefinic linkage of the caffeic
acid moiety of the first rosmarinic acid is attached to the benzene
ring of the caffeic acid moiety of the second rosmarinic acid,
and olefinic linkage of caffeic acid moiety of the third rosmarinic
acid is attached to the benzene ring of the 3,4-dihydrophenyl
lactic acid moiety of the second rosmarinic acid. Thus, the
structures were determined to be 4-[2-[3-(3,4-dihydroxyphenyl)-
1-oxo-2-propenoxy]-2-carboxy-1-ethyl]-2-(3,4-dihydroxyphenyl)-
2,3-dihydro-7-hydroxybenzofuran-3-carboxylic acid 1-carboxy-
2-[2-(3,4-dihydroxyphenyl)-2,3-dihydro-7-hydroxybenzofuran-
3-carboxylic acid 1-carboxy-2-(3,4-dihydroxyphenyl)ethyl ester]-
ethyl ester (7) and 4-[3-[1-carboxy-2-[2-(3,4-dihydroxyphenyl)-
2,3-dihydro-7-hydroxybenzofuran-3-carboxylic acid 1-carboxy-
2-(3,4-dihydroxyphenyl)ethyl ester]ethoxy]-3-oxo-1-propenyl]-

2-(3,4-dihydroxyphenyl)-2,3-dihydro-7-hydroxybenzofuran-3-
carboxylic acid 1-carboxy-2-(3,4-dihydroxyphenyl)ethyl ester
(8), respectively. The stereochemistry of compounds7 and8 at
the positions of C-7*, C-8*, C-7**, and C-8** of the dihy-
drobenzofuran moieties could not be resolved.

Compounds1-8 in the dried leaves ofC. hindsii were
extracted with different solvent systems, and the amount of each
compound was quantified by RP-HPLC (Table 3). The solvents
for extraction affected the yields of compounds1-8. The highest
yield was obtained in the use of 50% methanol as the solvent.
On the other hand, the ethanol extract gave only small amounts
of these compounds. In the 50% methanol extract, the most
abundant compounds were rosmarinic acid (3) and lithospermic
acid B (6) in addition to relatively large amounts of rosmarinic
acid trimers (7and8).

Antioxidative Activities of Compounds 1-8. Water-soluble
phenolic acids, such as caffeic acid, rosmarinic acid, and their
derivatives, lithospermic acid and lithospermic acid B, have been
reported to possess various biological effects, including anti-
oxidative activities (23,32). Therefore, we evaluated the
antioxidative activities of compounds1-8 because of the
existence of phenolic groups in the molecules.

Figure 3 shows the inhibitory effect of compounds1-8
during the autoxidation of methyl linoleate in bulk phase.
Differences in antioxidative behavior of the isolated compounds
were observed in their inhibition of methyl linoleate autoxida-
tion. Rosmarinic acid (3) and its derivatives (4-8) showed high
antioxidative activity, which was comparable to that ofR-toco-

Table 3. Contents of Compounds 1−8 in Extracts of Dried Leaves of C. hindsii

solvent for extraction

compound H2Oa 50% methanolb methanolb 50% ethanolb ethanolb

1 2.09 ± 0.62c 2.74 ± 0.63 0.49 ± 0.07 2.73 ± 0.05 ndd

2 1.19 ± 0.71 2.37 ± 0.26 1.10 ± 0.12 1.59 ± 0.44 0.35 ± 0.07
3 6.07 ± 0.86 10.63 ± 0.74 6.60 ± 0.49 9.95 ± 0.61 1.50 ± 0.19
4 2.66 ± 0.39 1.70 ± 0.48 0.49 ± 0.21 1.03 ± 0.14 nd
5 0.85 ± 0.22 0.70 ± 0.17 0.26 ± 0.05 0.59 ± 0.03 nd
6 9.37 ± 0.53 13.82 ± 0.53 4.84 ± 0.45 10.10 ± 0.98 0.43 ± 0.12
7 3.38 ± 0.25 4.30 ± 0.71 2.25 ± 0.10 2.65 ± 0.61 nd
8 3.80 ± 0.11 5.87 ± 0.54 1.27 ± 0.50 4.42 ± 0.72 nd

a Sample was extracted with boiling water for 5 min. b Extracted at 50 °C for 1 h. c Amount of each compound was determined by HPLC analysis as described under
Materials and Methods (mg/g of dried leaves). Each value is expressed as mean ± SD (n ) 3). d Not detected.

Figure 3. Effect of compounds 1−8 on the autoxidation of methyl linoleate
in bulk phase: (O) no addition; (0) 1; (9) 2; (4) 3; (2) 4; (3) 5; (1) 6;
(]) 7; ([) 8; (b) R-tocopherol; (×) quercetin. Each value is expressed
as mean ± standard deviation of three different experiments.
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pherol and quercetin. However, two flavonol glycosides (1 and
2) exhibited less antioxidative activity. Among the rosmarinic
acid compounds (3-8), the degree of polymerization affected
their effectiveness of antioxidation. The results indicate that the
antioxidative activity of the isolated compounds might be
influenced by their solubility in the bulk oil.

The antioxidative activity of compounds1-8 during the
peroxidation of soybean PC liposomes induced by AAPH or
AMVN was also evaluated (Figure 4). Figure 4A shows the
effect of compounds1-8 on the AAPH-induced PC peroxida-
tion. The formation of PC-OOH was inhibited by the addition
of compounds1-8, R-tocopherol, or quercetin. Quercetin and
rosmarinic acid compounds (3-8) showed higher antioxidative
activity compared with flavonoid glycosides (1and 2) and
R-tocopherol. The order of their inhibitory effect correlated with
the number of phenolic hydroxyl groups in each molecule. The
water-soluble radical generator, AAPH, produces peroxyl
radicals in the aqueous phase, and the resulting peroxyl radicals
can attack phospholipids on the membrane surface. Thus,
compounds3-8 and quercetin might be located near the
membrane surface, where they would scavenge aqueous chain-
initiating peroxyl radicals from AAPH. On the other hand,
R-tocopherol could not suppress this liposomal peroxidation
efficiently due to the existence of the inner lipid phase. When
the peroxidation was started in the lipid phase, their antioxidative
effects were slightly different (Figure 4B). The peroxidation
was suppressed effectively by the addition of1, 3-8, R-toco-
pherol, and quercetin.R-Tocopherol is a well-known lipid-
soluble antioxidant. Thus, these antioxidants might be located
on the surface of or inside the membranes, where they scavenge

peroxyl radicals generated in the lipid phase. In the present
liposomal systems, rosmarinic acid (3) and its derivatives
(4-8) exhibited stronger antioxidative activity than that of
R-tocopherol or flavonoid constantly.

This study shows that the dried leaves ofC. hindsiicontain
large amounts of rosmarinic acid (3), lithospermic acid B (6),
and lesser amounts of their derivatives (4, 5, 7, and8). These
compounds could suppress the autoxidation of methyl linoleate
in bulk phase and the radical-initiated peroxidation of soybean
phosphatidylcholine in liposomes. Therefore, the extract ofC.
hindsii is expected to be as a source of natural antioxidants.
Further studies are needed to understand the possible benefits
of C. hindsiipolyphenols to human health and food products.
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J.; Domı́nguez, H.; Nu´ñez, M. J.; Parajó, J. C. Natural antioxi-
dants from residual sources.Food Chem.2001,72, 145-171.

(8) Yamauchi, R.; Yamamoto, N.; Kato, K. Iron-catalyzed reaction
products ofR-tocopherol with methyl 13(S)-hydroperoxy-9(Z),-
11(E)-octadecadienoate.Lipids 1995,30, 395-404.

(9) Yamauchi, R.; Goto, Y.; Kato, K.; Ueno, Y. Prooxidant effect
of dihydroxyacetone and reducing sugars on the autoxidation of
methyl linoleate in emulsions.Agric. Biol. Chem.1984, 48, 843-
848.

(10) Terao, J.; Matsushita, S. Geometrical isomers of monohydro-
peroxides formed by autoxidation of methyl linoleate.Agric. Biol.
Chem.1977,41, 2401-2405.

(11) Yamauchi, R.; Mizuno, H.; Kato, K. Preparation and character-
ization of 8a-(phosphatidylcholine-dioxy)-R-tocopheronones and
their formation during the peroxidation of phosphatidylcholine
in liposomes.Biosci., Biotechnol., Biochem.1998,62, 1293-
1300.

(12) Kyo, Y.-H.; Lee, S.-M.; Lai, J.-S. Constituents of the whole herb
of Clinoponium laxiflorum. J. Chin. Chem. Soc.2000, 47, 241-
246.

(13) Yamauchi, R.; Kato, K.; Oida, S.; Kanaeda, J.; Ueno, Y. Benzyl
caffeate, an antioxidative compound isolated from propolis.
Biosci., Biotechnol., Biochem.1992,56, 1321-1322.

(14) Koga, T.; Nagao, A.; Terao, J.; Sawada, K.; Mukai, K. Synthesis
of a phosphatidyl derivative of vitamin E and its antioxidant
activity in phospholipid bilayers.Lipids 1994,29, 83-89.

(15) Sawada, H.; Miyakoshi, M.; Isoda, S.; Ida, Y.; Shoji, J. Saponins
from leaves ofAcanthopanax sieboldianus. Phytochemistry1993,
4, 1117-1121.

(16) Bilia, A. R.; Mendez, J.; Morelli, I. Phytochemical investigation
of Licania genus. Flavonoids and triterpenoids fromLicania
carii. Pharm. Acta HelV.1996,71, 191-197.

Figure 4. Effect of compounds 1−8 on the AAPH-induced (A) and AMVN-
induced (B) peroxidation of soybean PC in liposomes: (O) no addition;
(0) 1; (9) 2; (4) 3; (2) 4; (3) 5; (1) 6; (]) 7; ([) 8; (b) R-tocopherol;
(×) quercetin. Each value is expressed as mean ± standard deviation of
three different experiments.

3792 J. Agric. Food Chem., Vol. 54, No. 11, 2006 Ly et al.



(17) Kazuma, K.; Noda, N.; Suzuki, M. Malonylated flavonol
glycosides from the petals ofClitoria ternatea. Phytochemistry
2003,62, 229-237.

(18) Kim, K. H.; Lee, K. W.; Kim, D. Y.; Park, H. H.; Kwon, I. B.;
Lee, H. J. Optimal recovery of high-purity rutin crystals from
the whole plant ofFagopyrum esculentumMoench (buckwheat)
by extraction, fractionation, and recrystallization.Bioresour.
Technol.2005,96, 1709-1712.

(19) Kelley, C. J.; Mahajan, J. R.; Brooks, L. C.; Neubert, L. A.;
Breneman, W. R.; Carmack, M. Polyphenolic acids ofLitho-
spermum ruderaleDougl. ex Lehm. (Boraginaceae). 1. Isolation
and structure determination of lithospermic acid.J. Org. Chem.
1975,40, 1804-1814.

(20) Kelley, C. J.; Harruff, R. C.; Carmack, M. The polyphenolic
acids ofLithospermum ruderale. II. Carbon-13 nuclear magnetic
resonance of lithospermic and rosmarinic acids.J. Org. Chem.
1976,41, 449-455.

(21) Fukui, H.; Yazaki, K.; Tabata, M. Two phenolic acids from
Lithospermum erythrorhizoncell suspension cultures.Phy-
tochemistry1984,23, 2398-2399.

(22) Tanaka, T.; Morimoto, S.; Nonaka, G.; Nishioka, I.; Yokozawa,
T.; Chung, H. Y.; Orura, H. Magnesium and ammonium-
potassium lithospermates B, the active principles having a uremia
preventive effect fromSalVia miltiorrhiza.Chem. Pharm. Bull.
1989,37, 340-344.

(23) Nakamura, Y.; Ohto, Y.; Murakami, A.; Ohigashi, H. Superoxide
scavenging activity of rosmarinic acid fromPerilla frutescens
Britton Var. acuta f. Viridis. J. Agric. Food Chem.1998, 46,
4545-4550.

(24) Lu, Y.; Foo, L. Y. Rosmarinic acid derivatives fromSalVia
officinalis. Phytochemistry1999,51, 91-94.

(25) Wettasinghe, M.; Shahidi, F.; Amarowicz, R.; Abou-Zaid, M.
M. Phenolic acids in defatted seeds of borage (Borago officinalis
L.). Food Chem.2001,75, 49-56.

(26) Zhang, Y.; Akao, T.; Nakamura, N.; Hattori, M.; Yang, X.-W.;
Duan, C.-L.; Liu, J.-X. Magnesium lithospermate B is excreted
rapidly into rat bile mostly as methylated metabolites, which
are potent antioxidants.Drug Metab. Dispos.2004,32, 752-
757.

(27) Petersen, M.; Simmonds, M. S. J. Rosmarinic acid.Phytochem-
istry 2003,62, 121-125.

(28) Yamamoto, H.; Yazaki, K.; Inoue, K. Stimultaneous analysis of
shikimate-derived secondary metabolites inLithospermum eryth-
rorhizon cell suspension cultures by high-performance liquid
chromatography.J. Chromatogr. B2000, 738, 3-15.

(29) Kamata, K.; Iizuka, T.; Nagai, M.; Kasuya, Y. Endothelium-
dependent vasodilator effects of the extract fromSalViae
miltiorrhizae radix. A study on the identification of lithospermic
acid in the extracts.Gen. Pharmacol.1993,24, 977-981.

(30) Englberger, W.; Hadding, U.; Etschenberg, E.; Graf, E.; Leyck,
S.; Winkelmann, J.; Parnham, M. J. Rosmarinic acid: a new
inhibitor of complement C3-convertase with anti-inflammatory
activity. Int. J. Immunopharmacol.1988,10, 729-737.

(31) Ito, H.; Miyazaki, T.; Ono, M.; Sakurai, H. Antiallergic activities
of rabdosiin and its related compounds: chemical and biochemi-
cal evaluations.Bioorg. Med. Chem.1998,6, 1051-1056.

(32) Lu, Y.; Foo, L. Y. Antioxidant activities of polyphenols from
sage (SalVia officinalis).Food Chem.2001,75, 197-202.

(33) Abd-Elazem, I. S.; Chen, H. S.; Bates, R. B.; Huang, R. C. C.
Isolation of two highly potent and non-toxic inhibitors of human
immunodeficiency virus type 1 (HIV-1) integrase fromSalVia
miltiorrhiza. AntiViral Res.2002,55, 91-106.

(34) Bais, H. P.; Walker, T. S.; Schweizer, H. P.; Vivanco, J. M.
Root specific elicitation and antimicrobial activity of rosmarinic
acid in hairy root cultures ofOcimum basilicum.Plant Physiol.
Biochem.2002,40, 983-995.

(35) Kang, D. G.; Oh, H.; Sohn, E. J.; Hur, T. Y.; Lee, K. C.; Kim,
K. J.; Kim, T. Y.; Lee, H. S. Lithospermic acid B isolated from
SalVia miltiorrhiza ameliorates ischemia/reperfusion-induced
renal injury in rats.Life Sci.2004,75, 1801-1816.

Received for review November 4, 2005. Revised manuscript received
March 23, 2006. Accepted April 2, 2006. This work was supported in
part by a Grant-in-Aid for JSPS Fellows to T.N.L.

JF052743F

Antioxidants from Leaves of C. hindsii J. Agric. Food Chem., Vol. 54, No. 11, 2006 3793


