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ABSTRACT : Five known anthraquinones, physcion (1), 1-O-methylemodin (2), emodin (3), physcion-8-0-/,-D-glucopyrano-
side (5), emodin-8-0-/,-D-glucopyranoside (6) and two known stilbenes, frans-resveratrol (4), frans-resveratrol-3-0-/,-D-glu-
copyranoside (7) were isolated from MeOH extract of Reynoutria sachalinensis (Polygonaceae). All structures were
unambiguously established by 1D and 2D NMR and MS data and the compounds were evaluated for their cytotoxicity against
L1210, HL-60, BIGF10 tumor cell lines in MTT assay. Among the compounds, frans-resveratrol (4) exhibited significant cyto-
toxic activity with ICs values of 9.2, 6.7 and 9.8 ug/mé against the test cell lines respectively, but compounds 1-3 exhibited the

moderate cytotoxic activity.
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INTRODUCTION

Reynoutria sachalinensis (Fr. Schm.) Nakai is a perennial
shrub which is distributed in Korea, China, and Japan. The
roots of R sachalinensis and R. japonica have been used as a
source of Reynoufriae Radix-Chinese name of Huzheng (Bae,
1999), for the treatment of arthralgia, jaundice caused by
damp-heat, amenorrhea, mass formation in the abdomen,
cough with profuse expectoration, scalds, burns, traumatic
injuries, carbuncles andscores etc. (Pharmacopia Commission
of PRC, 1997).

R. sachalinensishas been investigated extensively, resulting
in the isolation of anthraquinones (Chi er al., 1983; Umek et
al., 1983; Kang et al., 1982b), stilbenes (Chi et al., 1983;
1986), flavonoids (Kang, 1981), flavonoid glycosides (Kang et
al., 1982a) and phenolcarboxylic acids (Vechar et al., 1980).
Some anthraquinones were also reported to have antidoting
activity (Tahara et al., 1993) and stilbenes were reported to have
antibacterial and antifingal activities (Chi ef al., 1983). As a part
of our ongoing study to identify cytotoxic compounds from
natural products, the root of R. sachalinensiswas found to have
cytotoxic activity. In this paper, we investigated the cytotoxic
constituents of R sachalinensisagainst murine L1210 leuke-
mia cells, human HL-60 leukemia cells and murine B16F10
melanoma cells.

MATERIALS AND METHODS

Plant material

The root of R. sachalinensis was collected in August 2003 at
the medicinal plant garden of Chungnam National University
and identified by one of the authors (Prof. Bae). Voucher spec-
imen (CNU 482) was deposited at the herbarium in the Col-
lege of Pharmacy, Chungnam National University.

Instruments and reagents

Melting points were measured by using an Electrothermal
melting point apparatus, UV spectra with a Beckman Du-650
UV-VIS recording spectrophotometer and FT-IR spectra with a
Jasco Report-100 infrared spectrometerNMR spectra were
measured by using a JEOL 400 or 600 FT-NMR spectrometer
(‘H, 400, 600 MHz, *C, 100, 150 MIz) and MS were car-
ried out with a JEOL IMS-HX/HX110A tandem mass spec-
trometer. Column chromatography was performed by using
silica gel (Kieselgel 60, 70~230 mesh and 230~400 mesh,
Merck), thin layer chromatograply (TLC) on pre-coated silica
gel 60 F254 (0.25 mm, Merck) and Sephadex LH-20 (Amer-
sham Biosciences).

Extraction and isolation
The root of R. sachalinensis (4.5 kg) was extracted with meth-
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Fig. 1. Structures of compounds 1-7 isolated from R. sachalinensis

anol (MeOH) three times under reflux for 15 h, filtered and
concentrated to yield MeOH extract (435 g). The MeOH
extract was suspended in H,O and extracted with n-hexane,
ethyl acetate (EtOAc) and n-butanol (BuOH) to yield the hex-
ane soluble fraction (27 g), EtOAc soluble fraction (59 g) and
BuOH soluble fraction (140 g), respectively. The EtOAc frac-
tion showed moderate cytotoxic activity against L1210 cell
line. Therefore, the EtOAc fraction was subjected to column
chromatography in silica gel and eluted using a stepwise gradi-
ent of methylene dichloride and MeOH to afford eight frac-
tions (Fr. 1~8). Repeated silica gel column chromatography
using hexane-EtOAc (15:1) of fraction 1 gave compound 1
(185 mg) and compound 2 (380 mg). Compound 3 (1,097 mg)
and 4 (258 mg) were obtained from fractions 2 and 4 by
recrystallization in EtOAc. Repeated silica gel column chro-
matography of fractions 6, 7 and 8 using CHCl;-MeOH (15:1,
10:1, 5:1) and Sephadex LH-20 (100% MeOH) gave com-
pounds 5 (8 mg), 6 (27 mg) and 7 (403 mg), respectively.

Compound 1 — Red brick needle, mp 275~278°C, FeCl; posi-
tive, EI MS m/z:284 [M]", IR (KBr)p, cm': 3400 (OH), 1622,
1598 (C = 0), 1480 (C = C), 'H-NMR (400 MHz, CDCL):
12.20 (1H, s, OH), 11.99 (1H, s, OH), 7.60 (1H, d, J = 2.4 Hz,
H-4),733 (1H, d, /=24 Hz , H-2), 7.06 (1H, d, /= 2.5 Hz,
H-5), 6.66 (1H, d, J= 2.5 Hz, H-7), 3.94 (3H, s, OCH;), 2.43
(3H, s, CH;), *C-NMR (100 MHz, CDCls): 161.8 (s, C-1),
119.5 (d, C-2), 149.2 (s, C-3), 120.8 (d, C-4), 108.0 (d, C-5),
164.8 (s, C-6), 106.5 (d, C-7), 162.1(s, C-8), 192.0 (s, C-9),
181.3 (s, C-10), 137.2 (s, C-11), 113.7 (s, C-12), 115.8 (s, C-
13), 133.4 (s, C-14), 22.0 (g, C- CH,), 56.3 (q, C-OCHj).

Compound 2 - Orange solid, mp 257~260°C, FeCl; positive,
FAB MS m/z: 285 [M+H]", IR (KBr)y. cml: 3400 (OH),
1622, 1598 (C=0), 1480 (C=C), 'H-NMR (400 MHz,
CDCl;) &: 12.28 (1H, s, OH-8), 12.11 (1H, s, OH-6), 7.59
(1H, d, J=.4 Hz, H-4), 7.33 (1H, d, J=2.5 Hz, 1I-5), 7.06
(1H, d, /=24 Hz, H-2), 6.66 (1H, d, J=2.5 Hz, H-7), 3.93
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GH, s, OCH;), 244 (3H, s, CH;), *C-NMR (100 MHz,
CDCL): 1623 (s, C-1), 1244 (d, C-2), 1483 (s, C-3), 121.1
(d, C-4), 108.2 (d, C-5), 166.4 (s, C-6), 106.7 (d, C-7), 165.0
(s, C-8), 190.6 (s, C-9), 181.8 (s, C-10), 134.9 (s, C-11), 110.2
(s, C-12), 113.6 (s, C-13), 133.1 (s, C-14), 22.2 (q, C-CHy),
65.1 (g, C- OCH}).

Compound 3 — Orange needle, mp 259~260°C, FeCl; posi-
tive, EI MS m/z: 270 [M}’, IR (KBr)py cm: 3400 (OH),
1622, 1598 (C =0), 1480 (C=C), 'H-NMR (400 MHz,
DMSO-d;):12.03 (1H, s, OH), 11.95 (1H, s, OH), 7.40 (1H, d,
J=24Hz H-4),7.09 (1H, d, J = 2.4 Hz, H-2), 7.05 (1H, d, J
=2.3 Hz, H-5), 6.55 (1H, d, J=2.3 Hz, H-7), 2.38 (3H, s,
CH3), "C-NMR (100 MHz, DMSO-dy): 161.3 (s, C-1), 123.9
(d, C-2), 148.1 (s, C-3), 120.3 (d, C-4), 108.7 (d, C-5), 164.5
(s, C-6), 107.8 (d, C-7), 164.3 (s, C-8), 189.5 (s, C-9), 181.1
(s, C-10), 134.9 (s, C-11),108.7 (s, C-12), 113.1 (s, C-13),
132.6 (s, C-14), 21.4 (q, C-CHs).

Compound 4 — White needle, mp 258~260°C, FeCl; posi-
tive, E1 MS m/z: 228 [M]", IR (KBt)mx cm™: 3350 (OH),
1580, 1513 (aromatic C = C), 965 (trans C = C), UV A,y nm:
208, 217, 309, 322, '"H-NMR (400 MHz, CD;0D): 7.30 (2H,
d, J= 8.6 Hz, H-2, 6), 6.90 (1H, d, /= 164 Hz, H-7), 6.75
(1H, d, J = 16.4 Hz, H-8), 6.71 (2H, d, J = 8.6 Hz, H-3, 5),
6.40 (2H, d, J=2.1 Hz, H-2, 6), 6.14 (1H, d, /= 2.1 Hz, H-
4), BC-NMR (100 MHz, CD;0D): 130.3 (s, C-1), 128.7 (d, C-
2, 6), 116.4 (d, C-3, 5), 158.2 (s, C-4), 129.3 (d, C-7), 126.8
(d, C-8), 141.2 (s, C-1), 105.7 (d, C-2, 6), 159.5 (s, C-3, 3),
102.6 (d, C-4).

Compound 5 — Orange needle, mp 230~232°C, FeCl; posi-
tive, FAB MS m/z: 492 [M+Na]", UV Apq nm: 201, 211, 216,
268, IR (KBr)m cm™: 3400 (OH), 1622, 1598 (C = O), 1088
(glycoside C-O), '"H-NMR (600 MHz, DMSO): 7.48 (1H, s,
H-4), 7.36 (1H, d, J = 2.4 Hz, H-5), 7.18 (1H, d, /=24 Hz,
H-7), 7.16 (1H, s, H-2), 5.16 (1H, d, J= 7.6 Hz, H-1"), 3.95
(3H, s, OCH;), 2.40 (3H, s, CHj), PC-NMR (150 MHz,
DMSO) :161.5 (s, C-1), 124.1 (d, C-2), 147.0 (s, C-3), 119.3
(d, C-4), 107.2 (d, C-5), 164.6 (s, C-6), 106.4 (d, C-7), 160.5
(s, C-8), 186.3 (s, C-9), 181.7 (s, C-10), 136.2 (s, C-11), 114.3
(s, C-12), 114.3 (s, C-13), 131.9 (s, C-14), 21.5 (g, C-15), 56.1
(g, C-16), 100.6 (d, C-19, 73.2 (d, C-2"), 76.6 (d, C-3"), 69.7
(d, C-4), 774 (d, C-5"), 60.7 (t, C-6").

Compound 6 — Orange needle, mp 192~193°C, FeCl; posi-
tive, FAB MS m/z: 455 [M+Na]*, UV A, nm: 201, 222, 284,
IR (KBr)pa nm': 3400 (OH), 1622, 1598 (C = O), 1088 (gly-
cosidic C-0), 'H-NMR (600 MHz, CD;0D): 7.44 (1H, d, J =
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0.8 Hz, H-4), 7.27 (1H, d, J = 2.4 Hz, H-5), 7.14 (14, d, J =
0.8 Hz, H-2), 6.98 (1H, d, J=2.4 Hz, H-7), 5.05 (1H, d, J =
7.6 Hz, H-1", 239 (3H, s, CH;), "C-NMR (150 MHz,
CD;0D): 161.6 (s, C-1), 124.1 (d, C-2), 146.8 (s, C-3), 119.2
(d, C-4), 108.2 (d, C-5), 163.9 (s, C-6), 108.2 (d, C-7), 160.9
(s, C-8), 186.3 (s, C-9), 181.9 (s, C-10), 136.4 (s, C-11), 113.2
(s, C-12), 1143 (s, C-13), 131.9 (s, C-14), 21.5 (g, C-15),
100.6 (d, C-1, 73.2 (d, C-2"), 76.4 (d, C-3), 69.4 (d, C-4",
773 (d, C-5"), 60.5 (t, C-6").

Compound 7 — White needle, mp 228~229°C, FeCl; posi-
tive, FAB MS m/z: 391 [M+H]", IR (KBr)pay cm™: 3310 (OH),
1584, 1513 (aromatic C = C), 1088 (glycoside C-O), 965
(trans C=C), UV Apq nm: 215, 318, '"H-NMR (400 MHz,
CD;OD): 7.32 (2H, d, J= 8.4 Hz, H-2, 6), 6.97 (1H, d, J =
16.4 Hz, H-7), 6.80 (1H, d, J= 164 Hz, H-8), 6.73 2H, d, J
=84 Hz, H-3, 5), 6.56 (2H, d, J = 2.1 Hz, H-2, 6), 6.40 (1H,
d, J=2.1 Hz, H-4), 4.84 (1H, J= 7.2 Hz, H-1"), 3.67 (1H,
dd, J=5.6, 12.0 Hz, H-2"), 3.44 (3H, m, H-3", 4", 5"), *C-
NMR (100 MHz, CD;OD): 130.2 (s, C-1), 128.8 (d, C-2, 6),
116.4 (d, C-3, 5), 158.3 (s, C-4), 129.9 (d, C-7), 126.6 (d, C-
8), 141.3 (s, C-1), 106.9 (d, C-2), 159.5 (s, C-3), 104.0 (d, C-
4), 160.3 (s, C-5), 108.3 (d, C-6), 102.3 (d, C-1"), 749 (d, C-
2"), 78.0 (d, C-3"), 71.5 (d, C-4"), 78.2 (d, C-5"), 62.6 (t, C-
6").

Cytotoxicity assay — Cells were maintained in RPMI 1640
including L-glutamine (JBI) with 10% FBS (JBI) and 2% pen-
icillin-streptomycin (GIBCO). Trypsin-EDTA was used to sep-
arate cell from the culture flask. All cell lines were cultured at
37T in an atmosphere of 5% CO, incubater.

Cytotoxicity was measured by a modification of the Microc-
ulture Tetrazolium (MTT) assay (Mosmann, 1983). Viable
cells were seeded in the growth medium (180 ym) into 96 well
microtiter plate (1x10* cells per each well) and allowed to
attach in 37 C, 5% CO, incubator. The test sample was dis-
solved in DMSO and adjusted to the final sample concentra-
tions ranging from 30 ug/mé to 1.875 ug/ml by diluting with
the growth medium. Each sample was prepared to triplicate.
The final DMSO concentration was adjusted to < 0.1%. After
standing 2 h, 20 £ of test samples were added to each wells
in same concentration of DMSO and were added in the control
group. After 48 h test sample addition, 20 ¢ MTT (final con-
centration, 5 £g/mé) was added to the each wells. Two hours
later, the plate was centrifuged for 5 minutes in 1,500 rpm, the
medium was removed and formed formazan crystals were dis-
solved with 150 g DMSO. The optical density (O.D.) was
measured at 570 nm using a Titertek microplate reader (Multi-
skan MCC/340, Flow). The ICs, value was defined as the con-
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centration of sample to reduce a 50% of absorbance relative to
the vehicle-treated control.

RESULTS AND DISCUSSTION

Compound 1 was obtained as a red brick needle. Its EI-MS
spectrum gave a molecular ion peak at m/z 284 [M]", with a
molecular formula Cy¢H,,0s, which was supported by the °C-
NMR spectrum. The 'H-NMR spectrum of 1 showed two aro-
matic protons appeared at 8 7.60 (1H, d) and 7.33 (1H, d),
which could be assigned as meta-coupled protons of an
anthraquinone moiety. Two additional meta-coupled protons
were observed at & 7.06 (1H, d, /= 2.5 Hz) and 6.66 (1H, d,
J =2.5 Hz). The signals at & 3.94 and 2.43 showed the typical
resonance of methoxyl and methyl group, respectively,
attached to a benzene ring. Two hydrogen-bonded hydroxyl
protons appeared at & 12.20 and 11.99. In the C-NMR spec-
trum, two ketone signals (8 181.3 and 192.0), twelve aromatic
carbons, one methoxyl and one methyl signal were detected.
The structure of compound 1 was finally identified as phy-
scion (emodin 3-methyl ether) by comparing its physicochemi-
cal and spectroscopic data with these reported reference (Ko et
al., 1995). The 'H- and *C-NMR spectra data of compounds
2, 3, 5 and 6 were similar to those of 1. Compound 2 was
identified as 1-O-methylemodin (William & Latchezar, 1997;
Peter & Neil, 1995), 3 as emodin (Francis & Holt, 1998).
Compounds 5 and 6 were found to have a sugar moiety, which
identified as glucose on TLC by a comparison with an authen-
tic compound after acid hydrolysis. Furthermore, the sugar
was determined to be D-glucose by the GLC of its trimethylsi-
lylated L-cysteine methyl ester derivative (Melek et al., 2003).

Table 1. Cytotoxic activity of compounds 1-7 isolated from R.
sachalinensis

ICso (ug/me)?

Compounds
L1210 HL-60 B16F10
1 15.5 25.1 17.2
2 17.3 22.2 20.1
3 12.2 10.2 15.3
4 9.2 6.7 9.8
5 >30 >30 >30
6 >30 >30 >30
7 >30 >30 >30
AMP 0.8 1.9 0.9

3Csy values mean the 50% inhibition concentration and were
calculated from regression lines using five different concentrations in
triplicate experiments.

bAdriamycin (AM) was used as a positive control.
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Therefore, compound 5 was identified as physcion-8-O-4-D-
glucopyranoside (Takeshi & Yutake, 1987, Maksut ef al.,
1990) and 6 as emodin-8-S-D-glucopyranoside (Takeshi &
Yutake, 1987; Maksut ef al., 1990). Compound 4 showed dif-
ferent pattern from compounds 1, 2, 3, 5 and 6. In 1H-NMR
spectrum, ortho-coupling protons at 8 7.30 and 6.71 (J = 8.6
Hz), meta-coupling two protons at & 6.40 (J=2.1 Hz) and one
proton showing meta coupling as doublet at & 6.14 (J=2.1
Hz) were observed, which indicative of 1,4-disubstituted and
1,3,5-trisubstituted benzene moieties. Trans olefinic protons
were observed at § 6.90 and 6.75 (J= 16.4 Hz), suggesting the
presence of a stilbene moiety. In combination with *C-NMR,
4 was supposed to be trans-resveratrol, which finally identified
by comparison with those of reported data (Ko ef al., 1998).
The NMR spectra of compound 7 were similar to those of 4
except the additional sugar moiety. The sugar was identified as
D-glucose with the same method of compound 5 and 6. There-
fore, compound 7 was identified as trams-resveratrol-3-3D-
glucopyranoside, which wag accorded with these reported data
(Pierre ef al., 1998; Yaki ef al., 1971).

The isolated compounds 1-7 were evaluated for their cyto-
toxicity against murine 11210 leukemia cells, human HL-60
leukemia cells and murine B16F10 melanoma cells using a
MTT assay. As shown in Table 1, compounds 1-3 exhibited
the moderate cytotoxic activity with ICs, values of 10.2~22.2
1g/ml, whereas, anthraquinone glycosides, compound 5 and 6,
were found to have no cytotoxic activity, suggesting that
hydroxyphenyl moiety is important for the cytotoxicity. These
results are in accordance with reported data that is
anthraquinone aglycones possess strong cytotoxic acitivity but
glycosides are inactive (Yeh et al., 1988). Compound 4, res-
veratrol, exhibited the strongest cytotoxic activity against
L1210, HL-60 and B16F10 tumor cell lines with IC50 values
of 9.2, 6.7 and 9.8 xg/md, respectively. Resveratrol was came
into the spotlight as potential therapeuticagents for several
pathological diseases (Bianchini & Vainio, 2003; Bhat ef al.,
2001). Moreover, The cytotoxic activity of resveratrol has
been reported to have potent cytotoxic activity on various can-
cer cells such as leukemia, colon, breast and prostate cancer
cells and has been suggested as one of the cancer chemopre-
ventive agents (Schneider et al., 2000; Gautam et al., 2000;
Dorrie et al., 2001; Michell et al., 1999; Damianaki et al.,
2000). For this reason, extensive searches for novel naturally
occurring stilbene derivatives have been undertaken (Huang et
al., 2000; Ito et al., 2003). Interestingly, in our observations,
compound 7, a glycoside of 4, was found to be completely
devoid of cytotoxicity against all tumor cell lines. This result
suggested that 3,5-dihydroxypheny! moiety of stitbenes may
be important for cytotoxicity. Therefore, it will be in much
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interest to synthesize reseveratrol analogues and evaluate their
cytotoxicity. Further studies will be undertaken to elucidate the
antitumor activity of the compounds 1-4.

ACKNOWLEDGEMENTS

This study was supported by a grant of Korea Science and
Engineering Foundation (R01-2002-000-00276-0). We are
grateful to Chungnam National University Center for Research
Facilities and Korea Basic Science Institute (KBSI) for supply-
ing the NMR spectra.

LITERATURE CITED

Bae K (1999) The Medicinal Plants of Korea. Kyo-Hak Publish-
ing Co., Seoul. p. 98.

Bhat KPL, Kosmeder JW, Pezzuto JM (2001) Biological
effects of resveratrol. Antioxid Redox Signal. 3:1041-1064.

Bianchini F, Vainio H (2003) Wine and resveratrol: mechanisms
of cancer prevention. Eur. J. Cancer Pre. 12:417-425.

Chi HJ, Kim HS (1986) Phytochemical studies of Reynoutriae
Radix (Hu-Zhang). Korean J. Pharmacogn. 17:73-77.

Chi HJ, Moon HS, Lee YJ (1983) Anthraquinones from the rhi-
zome of Polygonum sachalinense. Yakhak Hoechi 27:37-43.

Damianaki A, Bakogeorgou E, Kampa M, Notas G , Hatzo-
glou A, Panagiotou S, Gemetzi C, Kouroumalis E, Martin
PM, Castanas E (2000) Potent inhibitory action of red wine
polyphenols on human breast cancer cells. J. Cell Biochem.
78:429-441.

Dorrie J, Gerauer H, Wachter Y, Zunino SJ (2001) Resvera-
trol induces apoptosis by depolarizing mitochondrial mem-
branes and activating caspase-9 in acute lymphoblastic
leukemia cells. Cancer Res. 61:4731-4739.

Francis GW, Holt Q (1998) Assignment of the 1H and 13C
NMR spectra of anthraquinone glycosides from Rhamnus
Sfrangula. Mag. Res. Chem. 36:769-772.

Gautam SC, Xu YX, Damaguin M, Janakiraman N, Chap-
man RA (2000) Resveratrol selectively inhibits leukemia
cells: a prospective agent for ex vivo bone marrow purging,
Bone Marrow Transplant. 25:639-645.

Huang KS, Lin M, Yu LN, Kong M (2000) Four novel oligos-
tilbenes from the roots of Vitis amurensis. Tetrahedron.
56:1321-1329.

Ito T, Akao Y, Yi H, Ohguchi K, Matumoto K, Tinuma M,
Nozawa Y (2003) Antitumor effects of resveratrol oligomers
against human cancer cell lines and the molecular mechanism
of apoptosis induced by vaticanol C. Carcinogenesis. 24:
1489-1497. ,

Kang SS, Woo WS (1982a) A flavonoid glycoside from the
leaves of Polygonum sachalinense (I1). Arch. Pharm. Res. 5:
13-15.

Kang SS, Woo WS (1982b) Anthraquinones from the leaves of
Polygonum sachalinense. Korean J. Pharmacogn. 13:7-9.

Kang SS (1981) Flavonoids from the leaves of Polygonum



WenYi Jin, MinKyun Na, GyuYong Song, Young Mi Lee, and KiHwan Bae

sachalinense Fr. Schm. 1. Korean J. Pharmacogn. 12:208-
210.

Ko SK, Whang WK, Kim IH (1995) Anthraquinone and stil-
bene derivatives from the cultivated Korean Rhubarb Rhi-
zomes. Arch. Pharm. Res. 18:282-288.

Ko SK, Whang WK, Kim IH (1998) Stilbene compounds from
cultivated Korean Rhubarb Rhizomes. Yakhak Hoeji 42:1-4.

Maksut C, Toshiko S, Kazuyuki H, Yasuhisa S, Mekin T
(1990) Anthraquinone glycoside from Rhamnus libanoticus.
Phytochemistry 29:2018-2020.

Melek FR, Toshio M, Ghaly NS (2003) Triterpenoid saponins
from Meryta lanceolata. Phytochemistry 62:557-562.

Michell SH, Zhu W, Young CY (1999) Resveratrol inhibits the
expression and function ofthe androgen receptor in LNCaP
prostate cancer cells. Cancer Res. 59:5892-5895.

Mosmann TJ (1983) Rapid colorimetric assays for cellular
growth and survival, Application of proliferation and cyto-
toxicity assays. J. Immunol. Methods 65:55-63.

Peter AC, Neil Towers GH (1995) Anthraquinones and phenan-
throperylene- quinones from Nephroma laevigatum. J. Nat.
Prod. 58:520-526.

Pharmacopia Commission of PRC (1997) Pharmacopoeia of
the People's Republic of China. 1:202.

Pierre WT, Bernard FG , Francois H, Joseph V, Jean-Michel
M (1998) Isolation, identification, and antioxidant activity of

84

three stilbene glucosides newly extracted from Vitis vinifera-
cell cultures. J. Nat. Prod. 61:655-657.

Schneider Y, Vincent F, Duranton B, Badolo L, Gosse F,
Bergmann C, Seiler N, Raul F (2000) Antiproliferative
effect of resveratrol, a natural component of grapes and wine,
on human colonic cancer cells. Cancer Lett. 159:85-91.

Tahara S, Matsukura Y, Katsuta H, Mizutani J (1993) Natu-
rally occurring antidotes against benzimidazole fungicides. J.
Biosci. 48:757-765.

Takeshi K, Yutaka M (1987) Anthaquinone compounds in
Rumex acetosaL.. Shoyakugaku Zasshi. 41:67-74.

Umek A, Bohinc P (1983) Anthraquinones of Polygonum
sachalinense. Acta Pharm. Jugosl. 33:51-57.

Vechar AS, Kuznyetsova ZP, Chekalinskaya II (1980) Study
of phenolcarboxylic acids of Polygonum species. Vestsi Aka-
demii Navuk BSSR, Seryya Biyalagichnykh Navuk. 6:71-74.

William AA, Latchezar ST (1997) Anthraquinones and a 10-
hydroxyanthrone from Phialophora alba. J. Nat. Prod.
57:317-319.

Yaki A, Koizumi Y, Nishioka I (1971) Studies on Rhubarb
(Rhei rhizoma). Stilbene derivatives from "Dodaioo". Syoy-
akugaku Zasshi. 25:52-54.

Yeh SF, Chou TC, Liu TS (1988) Effects of Antraquinones of
Polygonum cuspidatum on HL-60 Cells. Planta Med. 54:413-
414.



