
Fabaceae plant Caragana tibetica KOM. has been tradition-
ally used in Tibet, Sichuan, Yunnan and Gansu area of China
to treat atherosclerosis, hyperlipidemia, hypertension and
arthritis.1) During the course of study on antioxidant com-
pounds contained in Chinese medicinal plants, 70% acetone
extract of the stems of C. tibetica was found to exhibit a po-
tent superoxide anion scavenging activity. The extensive frac-
tionation of the 70% acetone extract afforded a new piceatan-
nol dimer, tibeticanol (1), along with eleven known com-
pounds, resveratrol (2),2) piceatannol (3),3,4) isorhapontigenin
(4),4) cassigarol E (5),5) cassigarol G (6),5) kompasinol A
(7),6,7) scirpusin A (8),8) scirpusin B (9),8) sativan (10),9) (�)-
(6as, 11as)-medicarpin (11)10) and syringaresinol (12).11)

Their structures were identified on the basis of NMR and MS
data. The NMR spectra of the known compounds, 2—12
were identical to those reported in the literatures. The 
reported structures of cassigarol E and cassigarol G were 
deduced by biogenetic consideration and lacked rigid evi-
dences on the proposed benzodioxane structures.5) In this
study, the C–O bonds between two piceatannol moieties in
cassigarol E (5) and cassigarol G (6) have been unambigu-
ously established by Constant Time-HMBC (CT-HMBC)
analysis.12) Phenol oxidative coupling reaction of piceatannol
(3) with horse radish peroxidase (HRP) and hydrogen perox-
ide gave cassigarol E (5) and cassigarol G (6) as main reac-
tion products.

Results and Discussion
Compound 1 was obtained as amorphous brown powder.

High Resolution FAB-MS (HR FAB-MS) gave a [M�H]�

peak at m/z 485.1261 corresponding to the molecular for-
mula C28H22O8 indicating a dimer of a simple stilbene,
piceatannol (3). The 13C-NMR gave 28 aromatic carbon sig-
nals. The 1H-NMR spectrum showed two pairs of trans
olefinic protons at d 6.74 (1H, d, J�16.1 Hz, H-b), 6.34 (1H,
d, J�16.1 Hz, H-a), 6.59 (1H, d, J�16.3 Hz, H-b�), 6.49
(1H, d, J�16.3 Hz, H-a�); protons of an AMX aromatic sys-
tem at d 6.61 (1H, d, J�8.2 Hz, H-5�), 6.60 (overlapped, H-
2�), 6.51 (1H, dd, J�8.2, 1.7 Hz, H-6�); protons of an AX2

system at d 6.00 (1H, br s, H-4�), 6.08 (2H, d, J�1.7 Hz, H-
2� and H-6�), protons of an AX system at d 6.63 (1H, d,

J�1.7 Hz, H-6), 6.30 (1H, d, J�1.7 Hz, H-4), and two singlet
signals at d 7.17 (1H, s, H-3�) and 6.41 (1H, s, H-6�). The
1H-NMR data suggest that 1 is a dimer of piceatannol (3), in
which two monomeric moieties form a C–C bond between
the aromatic rings of piceatannol (3). The correlation ob-
served between H-6� (6.41, s) and C-2 (118.02) in the
HMBC spectrum (shown with a thick arrow in Fig. 1) indi-
cates that the C-2 of one piceatannol moiety is linked to C-1�
of the other piceatannol moiety. Together with the other cor-
relations observed in the HMQC and HMBC spectra, the
structure was unambiguously established to be 1. Since it is a
new compound, 1 is called tibeticanol. 1H- and 13C-NMR
spectral data are summarized in Table 1.

The acetylated cassigarol E (5) and cassigarol G (6) were
isolated from the acetylated fraction of the extracts of Cassia
garrettiana,5) however the mode of linkages between the two
piceatannol moieties were deduced by biogenetic considera-
tion. The HMBC correlations between two monomeric moi-
eties are essential to determine their structures unambigu-
ously, however normal HMBC measurements failed to detect
the definitive correlations. Constant Time-HMBC method
was then applied to the structure determination of cassigarol
E (5) and cassigarol G (6). The correlations between H-a
and C-3�, H-b and C-4� rigorously established that the a and
b carbons of piceatannol ethylene group are bonded to the
catechol hydroxyl groups of the other moiety. These decisive
correlations in CT-HMBC are shown in thick arrows in Fig.
2.

Stilbene oligomers were reported to have a wide variety of
structures.13) These oligomers are regarded to be formed by
oxidative coupling reaction of phenolic groups of monomeric
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Fig. 1. Significant HMBC Correlations Observed in 1



stilbene. It is well known that horse radish peroxidase (HRP)
is a good oxidative enzyme that catalyzes the formation 
of C–O or C–C coupled products from phenolic sub-
strates.14—16) Since cassigarol G (6), a piceatannol dimer, was
obtained in a low yield (1.5 mg), it was difficult to investigate
its superoxide scavenging activity. In order to obtain an
enough quantity of cassigarol G (6) for biological activity
testing, phenol oxidative coupling reaction of monomeric
stilbene piceatannol (3) was carried out with horse radish
peroxidase (HRP) and hydrogen peroxide system. Two main
products were isolated from the reaction mixture and identi-
fied to be cassigarol E (5) and cassigarol G (6) by NMR
spectroscopy. C–C coupling product was not obtained from
the reaction mixture. The results indicate that the reaction is

initiated by the oxidation of the phenol group of catechol
para to the olefinic double bond.

Superoxide anion scavenging activity of the isolated com-
pounds was tested except for sativan (10), which was ob-
tained in too low yield to submit for the assay. The results are
summarized in Table 2. Tibeticanol (1) showed the strongest
activity, which was followed by scirpusin B (9), komposinol
A (7), piceatannol (3), scirpusin A (8), cassigarol G (6) and
cassigarol E (5). The other compounds showed no significant
effect in the bioassay system. The results indicate that the
presence of catechol groups is essential for high activity and
well conjugated structures also contribute to their antioxidant
activity. This would be the reason why tibeticanol (1) showed
the highest activity, since it possesses two catechol groups in
a molecule and a well conjugated structure. Scirpusin B also
possesses two catechol groups, but it lacks conjugated struc-
ture. This results in a slightly decreased activity. Piceatannol,
scirpusin A and cassigarol G exhibit similar activity, since
they possess only one catechol group. The structural differ-
ence between cassigarol G and cassigarol E is the C–C bond
between C-6 and C-2� in cassigarol G, which affords cassi-
garol G a well conjugated structure and results in a higher
antioxidant activity than cassigarol E.

The stems of C. tebetica are used to treat atherosclerosis,
hyperlipidemia, hypertension and arthritis which are re-
garded to be related to reactive oxygen species (ROS) and
lipid peroxidation.17) The antioxidant activity of the isolated
stilbenoids of C. tibetica indicates that they are the active
constituents for the treatment of diseases mentioned above.

Experimental
General Materials and Spectoroscopies NMR spectra (except CT-

HMBC) were recorded on a JEOL 400X NMR spectrometer using TMS as
internal standard. CT-HMBC was measured on a JEOL ALPHA-600 NMR
spectrometer. HR-FAB-MS was measured with JMS-700T spectrometer
(JEOL DATUM Ltd.). UV spectra were recorded on UV-160A spectropho-
tometer (Shimadzu). Mid-pressure column chromatography was performed
on a YAMAZEN YFLC-6004-FC-GR instrument equipped with a UV de-
tector. A Lichroprep RP-18 (40—63 mm) column (Merck) was used.
Sephadex LH-20 was obtained from Amersham Pharmacia Biothech AB
(Sweden). Xanthine oxidase (XOD, EC 1.1.3.22, 0.5 units/mg) was pur-
chased from Wako Pure Chemical Ltd. The absorbance at 560 nm was mea-
sured with the Vmax kinetic microplate reader (Molecular Devices Corpora-
tion, California). Horseradish Peroxidase Type XII (HRP, EC 1.11.1.7, 250
units/mg) was the product of Sigma.

Plant Material The stems of C. tibetica were provided by Arura Ti-
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Table 1. NMR Data of 1 in DMSO-d6

No. 13C 1H

1 137.75
2 118.02
3 155.88
4 101.62 6.30 (1H, d, J�1.7 Hz)
5 156.82
6 101.81 6.63 (1H, d, J�1.7 Hz)
1� 128.72
2� 112.30 6.60 (overlapped)
3� 145.31
4� 145.49
5� 115.59 6.61 (1H, d, J�8.2 Hz)
6� 118.65 6.51 (1H, dd, J�8.2, 1.7 Hz)
1� 128.23
2� 127.59
3� 111.25 7.17 (1H, s)
4� 144.40
5� 145.02
6� 118.65 6.41 (1H, s)
1� 139.44

2�, 6� 103.97 6.08 (2H, d, J�1.7 Hz)
3�, 5� 158.32

4� 101.52 6.00 (1H, br s)
a 123.79 6.34 (1H, d, J�16.1 Hz)
b 128.36 6.74 (1H, d, J�16.1 Hz)

a� 126.74 6.49 (1H, d, J�16.3 Hz)
b� 125.14 6.59 (1H, d, J�16.3 Hz)

Table 2. Superoxide Anion Scavenging Activity of Compounds from C. ti-
beticaa)

Compounds IC50 (mM, �S.E.)

(�)-Catechinb) 3.67�0.14
Tibeticanol (1) 1.33�0.01
Scirpusin B (9) 2.83�0.03
Komposinol A (7) 2.99�0.05
Piceatannol (3) 4.66�0.14
Scirpusin A (8) 4.68�0.14
Cassigarol G (6) 4.89�0.13
Cassigarol E (5) 11.49�0.18

Activity at 100 mM (%)
Resveratrol (2) 50.5�1.7
Isorhapontigenin (4) 45.7�0.7
Syringaresinol (12) 55.1�0.3
Medicarpin (11) No activity

a) n�4. b) Positive control.

Fig. 2. Significant HMBC Correlations

Observed in the CT-HMBC spectra of 5 and 6.



betan Medicine Center. A voucher specimen (K031025A) is deposited in
Kanebo Kampo Health Care Institute, Japan. The plant was identified at
Arura Tibetan Medicine Center.

Extraction and Isolation The dried stems of C. tibetica (325 g) were
cut into small pieces and extracted twice by refluxing with 70% acetone at
55 °C (2 h, 1 h) to give a 70% acetone extract (ca. 30 g). The extract was sus-
pended in water, and then partitioned successively with hexane, chloroform
and ethyl acetate, to obtain a hexane fraction (ca. 1 g), chloroform fraction
(ca. 2.5 g), ethyl acetate fraction (ca. 18.5 g) and water fraction (ca. 8.0 g).
The ethyl acetate fraction was further chromatographed on a Sephadex LH-
20 column eluted with water/methanol (0—100%) to give 9 fractions. Fr. 3
(20—40% MeOH eluate) was submitted to silica gel chromatography and
eluted with CHCl3/MeOH to give syringaresinol (8.0 mg). Fr. 4 (60% MeOH
eluate) was further isolated by silical gel and Sephadex LH-20 chromatogra-
phy to give kompasinol A (149.2 mg). Fr. 5 (60% MeOH eluate) was sub-
jected to silical gel, Sephadex LH-20, mid-pressure column chromatography
and reversed-phase TLC to give resveratrol (73.5 mg), piceatannol (ca.
500 mg), isorhapontigenin (45.4 mg), sativan (2.0 mg), medicarpin (15.0 mg),
respectively. Scirpusin A (5.0 mg) and B (25.4 mg), cassigarol E (ca. 30 mg),
cassigarol G (1.5 mg) and tibeticanol (7.3 mg) were obtained from Fr. 6 and
7 (80% MeOH eluate).

Compound 1: Amorphous brown powders; HR-FAB-MS m/z: Found
485.1261, Calcd for C28H22O8–H: 485.1236; UV lmax (MeOH) nm (log e):
330 (4.44), 220 (4.52); 1H-NMR (DMSO-d6, 500 MHz) and 13C-NMR
(DMSO-d6, 125 MHz), see Table 1.

HRP Catalyzed Oxidative Coupling of Piceatannol The reaction was
performed by using the reported method.14) A solution of piceatannol
(244 mg) and HRP (100 unit) in acetone (70 ml) and water (28.5 ml) was
treated with hydrogen peroxide (3%, 1.1 ml) at 25 °C and stirred for 1.5 h.
The reaction mixture was extracted with ethyl acetate three times after the
acetone was removed. The extracts were combined together and washed with
water twice, dried with Na2SO4, and concentrated in vacuo to give a crude
extract (220 mg). The crude extract was dissolved with a small amount of
methanol which was then applied to a Sephadex LH-20 column (2�45 cm)
chromatography, eluted with water/methanol (55—100%) to give 9 frac-
tions. Fr. 4 (ca. 35 mg) from 60% methanol was further separated with re-
versed-phase TLC (developed with 60% MeOH) to give cassigarol E (ca.
20 mg); Fr. 8 (ca. 23 mg) from 70% methanol was further separated with re-
versed-phase TLC (developed with 70% MeOH) to give cassigarol G (ca.
13 mg).

Assay for Superoxide Anion Scavenging Activity Superoxide anion
scavenging activity was tested according to the reported method18) with
some modifications. 50 mM Na2CO3 buffer (pH 10.2, 120 m l), 3.0 mM xan-
thine, 3.0 mM EDTA, 0.15% BSA and 0.75 mM NBT each 5.0 m l were added
to the 96-well microtiter plate, successively. After 99.9% ethanol (5.0 m l) or
the test sample (dissolved with 99.9% ethanol, 5.0 m l) were added to the
above mixture, it was pre-incubated at 25 °C for 10 min. This was followed
by the addition of 250 fold diluted xanthine oxidase (5.0 m l, 7.0�10�4 U) or
Na2CO3 buffer (5.0 m l) to the mixture, and incubation at 25 °C for 20 min.
The reaction was stopped by adding 6 mM CuCl2 (5.0 m l), and the ab-
sorbance at 560 nm of the reaction mixture was measured. Superoxide anion
scavenging activity was calculated by the following equation: scavenging ac-
tivity�[1�(A�A�)/(B�B�)]�100, and was given as the mean value of four

experiments. A is the absorbance of the reaction mixture containing test
sample and XOD; A� is the absorbance of the reaction mixture containing
test sample but without XOD which was replaced with 5.0 m l Na2CO3

buffer; B is the absorbance of the reaction mixture containing XOD without
test sample which is replaced by 99.9% ethanol 5.0 m l; B� is the absorbance
of the reaction mixture without test sample and XOD which are replaced by
99.9% ethanol 5.0 m l and Na2CO3 buffer 5.0 m l.
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