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A New Megastigmane Glucoside from the Aerial Parts of Erythronium japonicum
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Abstract — The purification of the MeOH extract from the aerial parts of Erythronium japonicum using column
chromatography furnished a new megastigmane glucoside, erthrojaponiside (1), together with six known
megastigmane derivatives (2 - 7). The structure of the new compound (1) was determined through 1D and 2D
NMR spectral data analysis and chemical means. The isolated compounds (1 -7) were tested for cytotoxicity
against four human tumor cells in vitro using a Sulforhodamin B (SRB) bioassay.
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Introduction

Erythronium japonicum (Liliaceae) is a plant that is
widely distributed throughout Japan, China, and Korea. This
indigenous herb is an edible wild vegetable that is
traditionally used as a folk medicine for the treatment of
stomach and digestive disorders (Lee et al., 1994). Previous
phytochemical investigations on this plant reported the
isolation of sterol, steroidal saponin, fatty acid and flavonoid
(Isono, 1976; Yasuta et al., 1995; Moon and Kim, 1992; Lee
et al., 1994). Some biological studies, e.g. anticancer (Shin
et al., 2004), antioxidant and cytotoxicity activities (Heo et
al., 2007) of the MeOH extract of this source have also been
reported. As parts of our continuing search for biologically
active compounds from Korean medicinal plants, we have
investigated the constituents from the aerial parts of E.
Jjaponicum. Column chromatographic separation of the
MeOH extract led to isolation of a new megastigmane
glucoside, erthrojaponiside (1), together with six known
megastigmane derivatives (2 - 7). The structure of 1 was
elucidated by spectroscopic methods, including 1D and 2D
NMR. The isolated compounds (1-7) were tested for
cytotoxicity against four human cancer cell lines (A549,
SK-OV-3, SK-MEL-2, and HCT15 cells) in vitro using a
SRB bioassay.

Experimental

General — Optical rotations were measured on a Jasco
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P-1020 polarimeter in MeOH. IR spectra were recorded
on a Bruker IFS-66/S FT-IR spectrometer. FAB and
HRFAB mass spectra were obtained on a JEOL JMS700
mass spectrometer. NMR spectra, including "H-"H COSY,
HMQC, HMBC and NOESY experiments, were recorded
on a Varian UNITY INOVA 500 NMR spectrometer
operating at 500 MHz ('H) and 125MHz (**C) with
chemical shifts given in ppm (8). Preparative HPLC was
conducted using a Gilson 306 pump with Shodex refractive
index detector and Apollo Silica 5 column (250 x 22 mm
i.d.). Silica gel 60 (Merck, 70 - 230 mesh and 230 - 400
mesh) was used for column chromatography. The packing
material for molecular sieve column chromatography was
Sephadex LH-20 (Pharmacia Co.). TLC was performed
using Merck precoated silica gel Fys4 plates. Spots were
detected on TLC under UV light or by heating after
spraying with 10% H,SO, in C,HsOH (v/v).

Plant materials — The half dried aerial parts of E.
Jjaponicum (3 kg) were collected at Yangyang-gun in
Gangwon-Do province in May 2008 and identified by one
of the authors (K.R.Lee). A voucher specimen (SKKU-
2009-04) of the plant was deposited at the School of
Pharmacy at Sungkyunkwan University, Suwon, Korea.

Extraction and isolation — The aerial parts of E.
Japonicum (3 kg) were extracted with 80% MeOH at
room temperature and filtered. The filtrate was evaporated
under reduced pressure to give a MeOH extract (570 g),
which was suspended in water (800 mL) and then
successively partitioned with n-hexane, CHCl;, EtOAc
and n-BuOH, yielding 32, 8, 5, and 60 g, respectively.
The n-BuOH soluble fraction (60 g) was chromatographed
on a diaion HP-20 column, eluting with a gradient solvent
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system consisting of 100% water and 100% MeOH,
yielded two subfractions (A-B). Fraction B (17 g) was
separated over a silica gel column (230 - 400 mesh, 360 g)
with a solvent system of CHCI;/MeOH/water (9 : 4 :0.2)
as the eluent to give six fractions (B1 - B6). Fraction B4
(3 g) was subjected to Sephadex LH-20 column chroma-
tography eluted with 90% MeOH as to give three sub-
fractions (B41 —B43). Subfraction B42 (1 g) was subjected
to column chromatography (CC) over a silica gel (230 -
400 mesh, 20 g) eluted with a solvent system of CHCI5/
MeOH (5:1) to give four sub-fractions (B421 —B424).
Subfraction B421 was purified with a RP-C,g prep HPLC
(35% MeOH) to yield 2 (4 mg, R,= 16 min) and 3 (4 mg,
R, =19 min). Subfraction B422 was purified with a RP-
Cys prep HPLC (35% MeOH) to yield 4 (19 mg, R =
15min) and 6 (17 mg, R =17 min). Subfraction B423
was purified with a RP-C;g prep HPLC (35% MeOH) to
yield 1 (4mg, R,=14min) and 7 (6 mg, R,= 16 min).
Compound 5 (10 mg, R,=13 min) was obtained from
subfraction B424 by RP-HPLC using 30% MeOH.

Erthrojaponiside (1) — Colorless gum. [oc]zD5 :-20.3 (c
0.12, MeOH); IR (KBr) vy, cm™': 3382, 2951, 1655,
1452, 1261, 1032, 799; UV (MeOH) A (log ) 217 (4.0),
275 (3.7) nm; FABMS m/z 403 [M + H]"; HRFABMS n/
z 403.1968 [M + H]'; (caled for CjoH3,09, 403.1968); 'H-,
BC-NMR : see Table 1.

Euodionoside A (2) — Colorless gum, [oc]]2)5 1 —40.5 (c
0.25, MeOH); ESI-MS m/z: 409.18 [M + Na]"; 'TH-NMR
(CD;0D, 500 MHz): 6 7.08 (1H, d, J=16.0 Hz, H-7),
6.19 (1H, d, J=16.0 Hz, H-8), 4.31 (1H, d, /=8.0 Hz,
H-1", 3.98 (1H, m, H-3), 2.37 (1H, dd, J=15.0, 7.0 Hz,
H-4b), 2.29 (3H, s, CH5-10), 1.91 (1H, dd, J=15.0, 10.0
Hz, H-4a), 1.53 (2H, m, H-2), 1.25 (3H, s, CH;-11), 1.17
(3H, s, CH;-13), 0.97 (3H, s, CH;-12); *C-NMR (CD;0D,
125 MHz): 198.9 (C-9), 142.5 (C-7), 133.3 (C-8), 101.8
(C-1", 76.9 (C-3"), 76.8 (C-5"), 73.9 (C-2", 70.9 (C-3),
70.8 (C-6), 70.6 (C-4"), 65.7 (C-5), 61.7 (C-6'), 39.7 (C-
2), 37.2 (C-4), 34.7 (C-1), 26.3 (C-12), 26.1 (C-10), 23.7
(C-11), 20.2 (C-13).

Icariside B, (3) — Colorless gum, [oc]zD5 :=102.1 (¢ 0.97,
MeOH); FAB-MS m/z: 385.18 [M-H]; 'H-NMR
(CD;0D, 500 MHz): 6 7.16 (1H, d, J=16.0 Hz, H-7),
6.19 (1H, d, J=16.0 Hz, H-8), 4.34 (1H, d, /=8.0 Hz,
H-1', 3.91 (1H, m, H-3), 2.40 (1H, m, H-4b), 2.29 (3H, s,
CH;-10), 1.81 (1H, m, H-4a), 1.74 (1H, m, H-2b), 1.41
(1H, m, H-2a), 1.21 (3H, s, CH5-13), 1.19 (3H, s, CH;-
12), 096 (3H, s, CHs-13); C-NMR (CD;OD, 125
MHz): & 199.1 (C-9), 144.1 (C-7), 132.6 (C-8), 101.8 (C-
1), 76.9 (C-3"), 76.8 (C-5"), 73.9 (C-2"), 71.6 (C-3), 70.5
(C-4", 70.0 (C-6), 67.2 (C-5), 61.5 (C-6"), 44.0 (C-2),
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Table 1. 'H and '°C NMR data of 1 in CD;0D. (8 in ppm, 500
MHz for 'H and 125 MHz for 3C)*

1

Position
Su e
1 414
2 3.69d (11.0) 71.3
3 3.83 dd (11.0, 4.5) 77.9
4 424 d 4.5) 69.9
5 130.1
6 139.4
7 7.24 d (16.0) 142.8
8 6.14 d (16.0) 133.9
9 199.6
10 232s 26.1
11 1.05s 20.0
12 1.14s 25.3
13 1.86s 18.6
' 4.46d(7.5) 101.7
2' 3.20-3.40 m 73.7
3 3.20-3.40 m 76.9
4 3.20-3.40 m 70.3
5! 3.20-3.40 m 76.5
6' 3.66 m, 3.85 m 614

¢J values are in parentheses and reported in Hz; the assignments
were based on 'H-'H COSY, HMQC, and HMBC experiments.

37.0 (C-4), 34.8 (C-1), 28.3 (C-12), 26.3 (C-11), 24.3 (C-
10), 19.0 (C-13).

3 f-Hydroxy-5a,6 o~epoxy-S-ionone-2 o-O-D-glucopy-
ranoside (4) — Colorless gum, [oc]zD5 : —145.0 (¢ 0.14,
MeOH); ESI-MS m/z: 425.17 [M+Na]"; 'H-NMR
(CD;0D, 500 MHz): 6 7.13 (1H, d, J=16.0 Hz, H-7),
6.18 (1H, d, J=16.0 Hz, H-8), 4.32 (1H, d, J=7.5 Hz,
H-1'), 3.66 (1H, m, H-3), 3.17 (1H, d, J=10.0 Hz, H-2),
2.43 (3H, dd, J=15.0, 5.0 Hz, H-4b), 2.29 (3H, s, CHs-
10), 1.82 (1H, dd, J=15.0, 10.0 Hz, H-4a), 1.32 (3H, s,
CH3-12), 1.16 (3H, s, CH;-13), 1.00 (3H, s, CH;-11); *C-
NMR (CD;0OD, 125 MHz): 8 199.1 (C-9), 143.6 (C-7),
132.5 (C-8), 105.4 (C-1", 90.7 (C-2), 76.9 (C-3"), 76.8 (C-
5", 74.2 (C-2'), 70.1 (C-4'), 70.0 (C-6), 66.6 (C-5), 65.2
(C-3), 61.3 (C-6"), 40.5 (C-1), 38.4 (C-4), 26.3 (C-12),
25.4 (C-10), 18.4 (C-13), 17.4 (C-11).

(2R,3R,5R,6S,9R)-3-Hydroxy-5,6-epoxy-/-ionol-2-O-
-D-glucopyranoside (5) — Colorless gum, [oc]zD5 1 =825 (¢
0.325, MeOH); ESI-MS m/z: 427.19 [M + Na]*; '"H-NMR
(CD;0D, 500 MHz): & 5.89 (1H, d, J=16.0 Hz, H-7),
5.67 (1H, dd, J=16.0, 6.0 Hz, H-8), 4.30 (1H, d, J=8.0
Hz, H-1"), 427 (1H, m, H-9), 3.66 (1H, m, H-3), 3.15
(1H, d, J=10.0 Hz, H-2), 2.39 (3H, dd, /=15.0, 5.0 Hz,
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H-4b), 1.75 (1H, dd, J=15.0, 10.0 Hz, H-4a), 1.27 (3H,
s, CH;-12), 1.22 (3H, d, /= 6.5 Hz, CH;-10), 1.16 (3H, s,
CHs-13), 1.00 (3H, s, CHs-11); 3C-NMR (CD;OD, 125
MHz): 5 138.0 (C-8), 124.6 (C-7), 105.3 (C-1"), 91.2 (C-
2), 77.0 (C-3"), 76.9 (C-5"), 74.2 (C-2"), 70.2 C-4"), 70.1
(C-6), 67.4 (C-9), 65.8 (C-5), 65.4 (C-3), 61.3 (C-6"), 40.5
(C-1), 38.4 (C-4), 25.6 (C-12), 22.6 (C-10), 18.5 (C-13),
17.2 (C-11).
(6R,9R)-3-Ox0-0~ionol-9-0-S-bD-glucopyranoside (6) —
Colorless gum, [oc]zD5 : =116.0 (c 0.79, MeOH); ESI-MS m/
z: 409.18 [M +Na]"; '"H-NMR (CD;OD, 500 MHz): §
5.86 (2H, m, H-7, 8), 4.42 (1H, m, H-9), 4.34 (1H, d,
J=28.0 Hz, H-1"), 2.51 (H, d, J=17.0 Hz, H-2b), 2.14
(IH, d, J=17.0 Hz, H-2a), 1.91 (3H, s, CH5-13), 1.29
(3H, d, J=6.5 Hz, CH;-10), 1.03 (3H, s, CHs-11), 1.02
(3H, s, CH;-12); *C-NMR (CD;0D, 125 MHz): § 200.0
(C-3), 166.1 (C-5), 134.1 (C-8), 130.4 (C-7), 126.0 (C-4),
101.6 (C-1"), 78.8 (C-6), 76.9 (C-3"), 76.8 (C-5"), 76.1 (C-
9), 74.0 (C-2'), 70.5 (C-4"), 61.7 (C-6"), 49.5 (C-2), 41.2 (C-
1), 23.52 (C-12), 22.3 (C-11), 20.0 (C-10), 18.3 (C-13).
(6R,95)-Megastigman-4-en-3-one-9,13-diol-9-0O-
glucopyranoside (7) — Colorless gum, [a]zDS: +27.1 (c
0.70, MeOH); FAB-MS m/z: 387.19 [M — HJ; '"H-NMR
(CD;0D, 500 MHz): & 6.04 (1H, s, H-4), 436 (1H, d,
J=16.0 Hz, H-13b), 433 (1H, d, J=7.5 Hz, H-1"), 4.19
(1H, d, J=16.0 Hz, H-13a), 3.89 (1H, m, H-9), 2.56 (1H,
d, J=18.0 Hz, H-2b), 2.01 (1H, d, J=18.0 Hz, H-2a),
1.94 (1H, m, H-6), 1.62 (2H, m, H,-8), 1.51 (2H, m, H»-7),
1.18 (3H, d, /= 6.5 Hz, CH5-10), 1.10 (3H, s, CH3-12), 1.01
(3H, s, CH;-11); PC-NMR (CD;0OD, 125 MHz): & 200.0
(C-3), 166.1 (C-5), 134.1 (C-8), 130.4 (C-7), 126.0 (C-4),
101.6 (C-1", 78.8 (C-6), 76.9 (C-3"), 76.8 (C-5"), 76.1 (C-9),
74.0 (C-2"), 70.5 (C-4"), 61.7 (C-6"), 49.5 (C-2), 41.2 (C-
1), 23.52 (C-12), 22.3 (C-11), 20.0 (C-10), 18.3 (C-13).
Cytotoxicity assay — A sulforhodamine B bioassay
(SRB) was used to determine the cytotoxicity of each
compound against four cultured human cancer cell lines
(Skehan et al.,, 1990). The assays were performed at the
Korea Research Institute of Chemical Technology. The
cell lines used were A549 (non small cell lung
adenocarcinoma), SK-OV-3 (ovarian cancer cells), SK-
MEL-2 (skin melanoma), and HCT15 (colon cancer
cells). Doxorubicin (Sigma Chemical Co., >98%) was
used as a positive control. The cytotoxicities of
doxorubicin against the A549, SK-OV-3, SK-MEL-2, and
HCT15 cell lines were ICsy 0.0017, 0.0117, 0.0011 and
0.296 uM, respectively.
Enzymatic hydrolysis of 1 — Compound 1 (3.0 mg) in
1 ml of HO and 4 mg of S-glucosidase (Emulsin) were
stirred at 37 °C for 2 days, and then extracted with CHCl;
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three times, and the CHCI; extract was evaporated in
vacuo. The CHCI; extract (2.5 mg) was purified using RP
Silica HPLC 50% MeOH to afford an aglycone 1a as a
colorless gum {[a]} : —37.0 (¢ 0.1, MeOH); 'H-NMR
(Pyridine-ds5, 500 MHz)} and glucose.

1a: Colorless gum; [oc]zDS: -37.0 (¢ 0.1, MeOH); 'H-
NMR (Pyridine-ds, 500 MHz): 6 7.36 (1H, d, J=16.5
Hz, H-7), 6.30 (1H, d, /J=16.5 Hz, H-8), 440 (1H, d,
J=4.0 Hz, H-4), 4.17 (1H, d, J=10.5 Hz, H-2), 4.08
(1H, dd, J=10.5, 4.0 Hz, H-3), 2.29 (3H, s, H-10), 2.01
(3H, s, H-13), 1.27 (3H, s, H-12), 1.25 (3H, s, H-11); HR-
FAB-MS (positive mode) m/z=241.1441 [M +H]" (caled
for C13H2104, 2411440)

Preparation of the (R)- and (S)-MTPA ester
derivatives of 1a — 1a (1.0 mg) in pyridine (400 pL) was
stirred with 4-(dimethylamino)pyridine (2 mg) and (R)-
(+)-a-methoxy- o~(trifluoromethyl)phenylacetyl chloride
(MTPA-CI, 10 uL) at room temperature for 12 h. The
reaction mixture was then passed through a silica gel
Waters Sep-Pak Vac 6cc and eluted with CHCl;-MeOH
(20 : 1) to give (S)-Mosher ester (1b). In the same way, 1a
(1.0 mg) yielded (R)-MTPA ester (1c).

1b. '"H-NMR (Pyridine-ds, 500 MHz): & 1.785 (3H, s,
H-13), 2.291 (3H, s, H-10), 4.100 (1H, d, /= 11.5 Hz, H-
2), 4485 (1H, dd, J=11.5, 4.5 Hz, H-3), 6.118 (1H, d,
J=4.5 Hz, H-4), 6.228 (1H, d, J=16.0 Hz, H-8).

1c. 'TH-NMR (Pyridine-ds, 500 MHz): § 1.592 (3H, s,
H-13), 2.229 (3H, s, H-10), 4.224 (1H, d, J=11.5 Hz, H-
2), 4.588 (1H, dd, J=11.5, 4.5 Hz, H-3), 6.101 (1H, d,
J=4.5 Hz, H-4), 6.062 (1H, d, J=16.0 Hz, H-8).

Results and Discussion

Compounds 2-7 structures were determined by
comparing 'H-, *C-NMR, and MS spectral data with
those in the literatures to be euodionoside A (2)
(Yamamoto et al., 2008), icariside B, (3) (Otsuka et al.,
1995), 3 f-hydroxy-5 a,6 a-epoxy- f-ionone-2 or-O-D-gluco-
pyranoside (4) (Habib et al., 2006), (2R,3R,5R,6S,9R)-3-
hydroxy-5,6-epoxy-Fionol-2-O-D-glucopyranoside (5)
(Feng et al, 2007), (6R,9R)-3-0x0-c-ionol-9-O-f-D-
glucopyranoside (6) (Yamano et al., 2005), and (6R,9S)-
megastigman-4-en-3-one-9,13-diol-9-O-glucopyranoside
(7) (Sueyoshi et al., 1997). Compounds 2 - 7 were isolated
from this source for the first time.

Compound 1 was obtained as a colorless gum. The
molecular formula was determined to be C;oH3,O9 from
the molecular ion peak [M +H]" at m/z 403.1968 (calcd
for Cy9H310o, 403.1968) in the positive-ion HR-FAB-MS.
The IR spectrum of 1 indicated the presence of hydroxy
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HO

Fig. 1. The structures of 1 - 7 isolated from E. japonicum.

(3382 cm™) and ketone groups (1655 cm™). The 'TH-NMR
spectrum of 1 displayed signals for four methyl groups at
oy 2.32 (3H, s), 1.86 (3H, s), 1.14 (3H, s), and 1.05 (3H,
s), three oxymethine proton signals at oy 4.24 (d, J=4.5
Hz), 3.83 (dd, J=11.0, 4.5 Hz), and 3.69 (d, /= 11.0 Hz)
and two olefinic proton signals at 6y 7.24 (d, /= 16.0 Hz),
and 6.14 (d, J=16.0 Hz). In the >C-NMR spectrum, 13
carbon signals appeared, including four methyl carbons at
Oc¢ 26.1, 25.3, 20.0, and 18.6, three oxygenated methine
carbons at d¢ 77.9, 71.3, and 69.9, four olefinic carbons
Oc 142.8, 139.4, 133.9, and 130.1, one quaternary carbon
at d¢c 41.4, and one carbonyl carbon at & 199.6. These
spectral data implied that 1 was to be a megastigmane
derivative (Xie et al., 2005; Shinichi ef al, 1990).
Additionally, the signals for D-glucopyranose appeared at
dy4.46 (1H, d, J=1.5 Hz), 3.85 (1H, m), 3.66 (1H, m),
and 3.20-3.40 (3H, m) in the '"H-NMR spectrum and 8¢
101.7, 76.9, 76.5, 73.7, 70.3, and 61.4 in the *C-NMR
spectrum. The coupling constant (J=7.5 Hz) of the
anomeric proton signal at g 4.46 of D-glucose indicated
to be the BSform (Perkins et al., 1977). The NMR spectral
data of 1 were similar to those of komaroveside A
isolated from Cardamine komarovii (Lee et al., 2011),
except for a additional oxygenated methine signal [dy
3.69 (d, J=11.0 Hz); 8¢ 71.3]. The position of OH group
was to be placed at C-2, based on the comparison of 'H-
and PC-NMR chemical shifts of 1 with those of
komaroveside A. This was confirmed by the HMBC
experiment which showed correlations between the
oxygenated methine signal (dy 3.69, H-2) and C-1, C-4,
C-11 and C-12. The position of D-glucose was
established by an HMBC experiment, in which a long-
range correlation was observed between H-1' (5 4.46) of
D-glucose and C-3 (8 77.9) of the aglycone (Fig. 2). The
relative configuration of 1 was deduced on the basis of

OH
Fig. 3. Key NOESY («------») correlations of 1.

the J values in the "H-NMR spectrum and the NOESY
experiment (Fig. 3). The coupling constants of H-3 (dd,
J3=11.0Hz and J;,=4.5 Hz), H-2 (d, J,5=11.0 Hz)
and H-4 (d, J54 = 4.5 Hz) in the 'H-NMR spectrum were
almost same as those of H-3/H-4 and H-3/H-2 in
indaquassin B (Koike and Ohmoto, 1993). Moreover,
NOESY correlations between H-3 (6 3.83) and H-4 (8
4.24), and no correlations between H-2 and H-3 and H-4
were observed (Fig. 3). These data suggested that the
hydroxyl groups at C-3 and C-4 are to be cis- and at C-3
and C-2 frans-configurations, respectively. Enzymatic
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1b : R = (S)-MTPA
Ic: R = (R)-MTPA

Fig. 4. Values of 35 - Or of the MTPA esters of 1a.

hydrolysis of 1 with fglucosidase (emulsin) yielded
2,3,4-trihydroxy-5,7-megastigmadien-9-one (1a) and
glucose; 1a was identified by the 'H-NMR and HR-FAB-
MS data and the sugar by co-TLC (EtOAc:MeOH :
H,0=9:3:1, Ry value : 0.2) with a D-glucose standard
(Aldrich Co., USA) and its specific rotation value {[oc]zD5 :
+52° (¢ 0.03, HO)} (Gan et. al, 2008). The absolute
configuration at C-4 in 1a was determined by a modified
Mosher’s method (Lee ef al., 2011). The treatment of 1a
with (R)-, and (S)-MTPA-CI gave the (S)-, and (R)-MTPA
esters 1b and 1¢, respectively. The '"H-NMR data of two
MTPA esters indicated that the absolute configuration at
C-4 was to be R form (Fig. 4). Thus, the structure of 1
was determined to be 2,3 4R-trihydroxy-5,7-megastig-
madien-9-one-3-0-D-glucopyranoside, and named
erthrojaponiside.

The cytotoxicities of compounds 1 - 7 against the A549 (a
non small cell lung carcinoma), SK-OV-3 (ovary malignant
ascites), SK-MEL-2 (skin melanoma), and HCT15 (colon
adenocarcinoma) human cancer cell lines were evaluated
using the SRB assay. All the compounds showed little
cytotoxicity against any tested cell line (ICsy > 30 mM).

Acknowledgements

This research was supported by the Basic Science
Research Program through the National Research
Foundation of Korea (NRF) funded by the Ministry of
Education, Science and Technology (20110028285). We
thank Drs. E. J. Bang, S. G. Kim, and J. J. Seo at the
Korea Basic Science Institute for their aid in obtaining the
NMR and mass spectra.

References

Feng, W.S., Li, HK., Zheng, XK., and Chen, S.Q., Two new
megastigmane O-glucopyranosides from the leaves of Broussonetia
papyrifera. Chin. Chem. Lett. 18, 1518-1520 (2007).

Gan, Ma., Zhang, Y., Lin, S., Liu, M., Song, W., Zi, J., Yang, Y., Fan, X.,

Natural Product Sciences

Shi, J., Hu, J., Sun, J., and Chen, N., Glycosides from the root of /odes
cirrhosa. J. Nat. Prod. 71, 647-654 (2008).

Heo, B.-G, Park, Y.-S., Chon, S.-U., Lee, S.-Y., Cho, J-Y., and Gorinstein,
S., Antioxidant activity and cytotoxicity of methanol extracts from
aerial parts of Korea salad plants. Biofactors 30, 79-89 (2007).

Inoso, H., Studies on the constituents of Liliaceae plants. VI. Analysis of
aliphatic compounds in the leaves, stems, flowers and fruits of
Erythrnium japonicum Dgeng. Yakugaku Zasshi 96, 957-961 (1976).

Koike, K., and Ohmoto, t., Indaquassin A and B: Quassinoids from
Quassia indica. Phytochemistry 34, 505-509 (1993).

Kuang, H.-X., Yang, B.-Y., Xia, Y.-G, and Feng, W.-S., Chemical
Constituents from the Flower of Datura metel L. Arch. Pharm. Res.
31, 1094-1097 (2008).

Lee, LK, Kim, K.H., Lee, S.Y., Choi, S.U., and Lee, K.R., Three new
megastigmane glucopyranosides from the Cardamine Komarovii.
Chem. Pharm. Bull. 59, 773-777 (2011).

Lee, M.S., Lim, S.-C., and Park, H.J., Phthalate ester and flavonoids
isolated from leaves of Erythrnium japonicum. Korea J. Medicinal
Crop Sci. 2, 67-72 (1994).

Moo, Y.H. and Kim, Y.H., Studies on the chemical components from
Erythrnium japonicum. Kor. J. Pharmacogn. 23, 115-116 (1992).
Otsuka, H., Kamada, K., Yao, M., Yuasa, K., Kida, 1., and Takeda Y.,
Alangionosides C-F, megastigane glycosides form Alangium

premnifolium. Phytochemistry 38, 1431-1435 (1995).

Oueslati, M.H., Jannet, H.B., Mighri, Z., Chria, J., and Abreu, PM.,
Phytochemical Constituents from Salsola tetrandra. J. Nat. Prod. 69,
1366-1369 (20006).

Perkins, S.J., Johnson, L.N., and Phillips, D.C., High-resolution 'H and
BC.N.MR. spectra of D-glucopyranose, 2-acetamido-2-deoxy-D-
glucopyranose, and related compounds in aqueous media. Carbohydr:
Res. 59, 19-34 (1977).

Shin, YJ., Jung, D.Y., Ha, HK., and Park, S.W., Anticancer effect of
Erythrnium japonicum extract on ICR mouse and L1210 cells with
alteration of antioxidant enzyme activities. Korea j. Food Sci. Technol.
36, 968-973 (2004).

Shinichi, T., Keizo, S., and Junichi, 1., Carotenoids from the aerobic
photosynthetic bacterium, Erythrobacter longus: f-carotene and its
hydroxyl derivatives. Arch. Microbiol. 153, 118-122 (1990).

Skehan, P., Stroreng, R., Scudiero, D., Monks, A., Mcmahon, J., Vistica,
D., Warren, J.T., Bokesch, H., Kenney, S., and Boyd, M.R., New
colorimetric cytotoxicity assay for anticacer-drug screening. J. Natl.
Cancer Inst. 82, 1107-1112 (1990).

Sueyoshi, E., Liu, H., Matsunami, K., Otsuka, H., Shinzato, T., Aramoto,
M., Takeda, Y., Bridelionosides A-F: Megastigmane glucosides from
Bridelia glauca f. balansae. Phytochemistry 67, 2483-2493 (2006).

Xie, H., Wang, T., Matsuda, H., Morikawa, T., Yoshikawa, M., and
Tadato Tani, T., Bioactive Constituents from Chinese Natural
Medicines. Inhibitory Effect on Aldose Reductase and Structures of
Saussureosides A and B from Saussurea medusa, Chem. Pharm. Bull.
53, 1416-1422 (2005).

Yamamoto, M., Akita, T., Koyama, Y., Sueyoshi, E., Matsunami, K.,
Otsuka, H., Shinzato, T., Takashima, A., Aramoto, M., and Takeda, Y.,
Euodionosides A-G: Megastigmane glucosides from leaves of Euodia
meliaefolia. Phytochemistry 69, 1586-1596 (2008).

Yasuta, E., Terahata, T., Nakayama, M., Abe, H., Takatsuto, S., and
Yokota T., Free and conjugatied brassinosteroids in the pollen and
anthers of Erythrnium japonicum Decne. Biosci. Biotech. Biochem.
59, 2156-2158 (1995).

Received June 15, 2012
Revised July 9, 2012
Accepted July 16, 2012




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


