
Estrogenic and anti-estrogenic compounds from the Thai medicinal plant,
Smilax corbularia (Smilacaceae)

Boonsong Wungsintaweekul, Kaoru Umehara ⇑, Toshio Miyase, Hiroshi Noguchi
School of Pharmaceutical Sciences, University of Shizuoka, 52-1 Yada, Shizuoka 422-8526, Japan

a r t i c l e i n f o

Article history:
Received 23 October 2010
Received in revised form 18 December 2010

Keywords:
Smilax corbularia
Smilacaceae
Rhizome
Estrogenic activity
Anti-estrogenic activity
Flavonoid
Acetyl astilbin
Acetyl engeletin
Acetyl isoastilbin
Corbulain

a b s t r a c t

From the rhizomes of Smilax corbularia Kunth. (Smilacaceae), 11 compounds, (2R,3R)-200-acetyl astilbin,
(2R,3R)-300-acetyl astilbin, (2R,3R)-400-acetyl astilbin, (2R,3R)-300-acetyl engeletin, (2R,3S)-400-acetyl
isoastilbin, 2-(4-hydroxyphenyl)-3,4,9,10-tetrahydro-3,5-dihydroxy-10-(3,4-dihydroxyphenyl)-(2R,3R,
10R)-2H,8H-benzo [1,2-b:3,4-b0] dipyran-8-one, 2-(4-hydroxyphenyl)-3,4,9,10-tetrahydro-3,5-dihy-
droxy-10-(3,4-dihydroxyphenyl)-(2R,3R,10S)-2H, 8H-benzo [1,2-b:3,4-b0] dipyran-8-one, 3,4-dihydro-
7-hydroxy-4-(3,4-dihydroxyphenyl)-5-[(1E)-2-(4-hydroxyphenyl) ethenyl]-2H-1-benzopyran-2-one,
3,4-dihydro-7-hydroxy-4-(3,4-dihydroxy-phenyl)-5-[(1E)-2-(3,4-dihydroxyphenyl) ethenyl]-2H-1-benz-
opyran-2-one, 3,4-dihydro-7-hydroxy-4-(4-hydroxy-3-methoxyphenyl)-5-[(1E)-2-(4-hydroxyphenyl)
ethenyl]-2H-1-benzopyran-2-one, and 5,7,30,40-tetrahydroxy-3-phenylcoumarin along with 34 known
compounds were isolated and characterized as 19 flavonoids, 14 catechin derivatives, 6 stilbene deriva-
tives, and 6 miscellaneous substances. All isolates had their estrogenic and anti-estrogenic activities
determined using the estrogen-responsive human breast cancer cell lines MCF-7 and T47D. The major
constituents were recognized as flavanonol rhamnosides by the suppressive effect on estradiol induced
cell proliferation at a concentration of 1 lM. Meanwhile, flavanonol rhamnoside acetates demonstrated
estrogenic activity in both MCF-7 and T47D cells at a concentration of 100 lM, and they enhanced the
effects of co-treated E2 on T47D cell proliferation at concentrations of more than 0.1 lM.

� 2011 Elsevier Ltd. All rights reserved.

1. Introduction

As a part of our continued research on estrogenic compounds
from Thai medicinal plants, a methanol extract of Smilax corbularia
Kunth. (Smilacaceae) was investigated. Smilax corbularia is a climb-
ing vine distributed in South-East Asia, and its rhizomes have
mostly been used as a Thai folk medicine not only for the treat-
ment of female diseases, such as breast and ovary cancers but for
AIDS treatment (Tewtrakul et al., 2006). However, no scientific re-
ports about the constituents of S. corbularia have been published.

This paper deals with the isolation of constituents from these
plants, their structural characterization by spectroscopic methods,
and the assessment of the estrogenic and anti-estrogenic activity of
the isolates using the estrogen responsive MCF-7 and T47D cell
lines.

2. Results and discussion

The methanol extract of rhizomes of S. corbularia (70 g) was
partitioned with ethyl acetate and water. The ethyl acetate-soluble
and water-soluble fractions had their estrogenic and anti-estro-

genic activities tested in MCF-7 and T47D cells. As a result, it
was found that the ethyl acetate-soluble fraction enhanced prolif-
eration of T47D at 10 lg/mL and suppressed activity of co-treated
estradiol in both cell lines, especially in MCF-7 cells, at 1 lg/mL.
Due to these results, the ethyl acetate-soluble fraction was sub-
jected to silica gel column chromatography and eluted with chloro-
form–methanol–water as a gradient solvent system to afford 15
combined fractions. Further purification of the active fractions
was carried out using preparative HPLC to give 45 pure compounds
including 11 new compounds (1–11). The following 34 known
compounds were identified by comparisons of their spectroscopic
data and optical rotations with the values reported in the litera-
ture: astilbin (12) (De Britto et al., 1995), neoastilbin (13) (De Britto
et al., 1995), isoastilbin (14) (Gaffield et al., 1975), neoisoastilbin
(15) (De Britto et al., 1995), engeletin (16) (Gaffield et al., 1975),
isoengeletin (17) (Gaffield et al., 1975), (+) taxifolin (18) (Nonaka
et al., 1987), (+) dihydrokaempferol (19) (Xu et al., 2005), naringe-
nin (20) (Perry et al., 1999), eriodictyol (21) (Gaffield et al., 1975),
homoeriodictyol (22) (Ibrahim et al., 2003), quercetin (23) (Lee
et al., 2004), quercitrin (24) (Fukunaga et al., 1988), luteolin (25)
(Sugamoto et al., 2008), (�) catechin (26) (Kumar and Rajapaksha,
2005), (�) epicatechin (27) (Ban et al., 2006), cinchonain Ia (28)
(Chen et al., 1993), catechin-(7,8-b,c)-4b-(3,4-dihydroxyphenyl)-
2(3H)-pyranone (29) (Chen et al., 1993), cinchonain Ib (30) (Chen

0031-9422/$ - see front matter � 2011 Elsevier Ltd. All rights reserved.
doi:10.1016/j.phytochem.2010.12.018

⇑ Corresponding author. Tel./fax: +81 54 264 5661.
E-mail address: umehara@mail.u-shizuoka-ken.ac.jp (K. Umehara).

Phytochemistry 72 (2011) 495–502

Contents lists available at ScienceDirect

Phytochemistry

journal homepage: www.elsevier .com/locate /phytochem

http://dx.doi.org/10.1016/j.phytochem.2010.12.018
mailto:umehara@mail.u-shizuoka-ken.ac.jp
http://dx.doi.org/10.1016/j.phytochem.2010.12.018
http://www.sciencedirect.com/science/journal/00319422
http://www.elsevier.com/locate/phytochem


et al., 1993), rhinchoin Ia (31) (Foo, 1987), cinchonain Id (32) (Chen
et al., 1993), (4S,8R,9S)-4,8-bis(3,4-dihydroxyphenyl)-3,4,9,10-tet-
rahydro-5,9-dihydroxy-2H,8H-benzo[1,2-b:3,4-b0]dipyran-2-one
(33) (Chen et al., 1993), cinchonain Ic (34) (Chen et al., 1993),
(4R,8R,9S)-4,8-bis(3,4-dihydroxyphenyl)-3,4,9,10-tetrahydro-5,9-
dihydroxy-2H,8H-benzo[1,2-b:3,4-b0]dipyran-2-one (35) (Chen
et al., 1993), phyllocoumarin (36) (Foo, 1989), epiphyllocoumarin
(37) (Foo, 1989), trans-resveratrol (38) (Nakajima et al., 1978),
piceatannol (39) (Yao et al., 2005), isorhapontigenin (40) (Silayo
et al., 1999), eucryphin (41) (Tschesche et al., 1979), (�) syring-
aresinol (42) (Deyama, 1983), 5-O-caffeoylshikimic acid (43)
(Silayo et al., 1999), caffeic acid (44) (Flamini et al., 2001), and pro-
tocatechuic acid (45) (Wu et al., 2007) (Fig. 1).

The spectroscopic features of the new compounds (1–5) were
very similar to one another, suggesting they were flavonoid glyco-
sides and 200-acetyl astilbin (1) was assigned the molecular for-
mula, C23H24O12, as determined from its molecular ion [M + H]+

peak at m/z 493.1355 in HRFABMS. The 1H NMR spectrum of 1
showed a pair of doublet aromatic proton signals [d 5.90 (d,
J = 2 Hz) and 5.92 (d, J = 2 Hz)] and ABX-type aromatic proton sig-
nals [d 6.76 (d, J = 8 Hz), 6.79 (dd, J = 8, 2 Hz) and 6.93 (d, J = 2 Hz)],
and it was suggested that the aglycone moiety was a 2,3-trans fla-
vanonol from the characteristic signals for H-2 and 3 observed at d
5.11 (d, J = 10.5 Hz) and 4.53 (d, J = 10.5 Hz), respectively. The 1H
NMR spectrum also indicated the presence of a rhamnose moiety
from the following signals: [d 3.97 (d, J = 2 Hz), 1.18 (d, J = 6 Hz)],
which are unique for the H-100 and Me-600 of the sugar, respectively.
Acid hydrolysis of 1 gave (+)-taxifolin (18) as an aglycone and a su-
gar moiety, which was identified by GC analysis as L-rhamnose. The
HMBC spectrum of 1 indicated the bonding position of L-rhamnose
to be C-3 according to the H–C long-range connectivity of H-100 [d
3.97 (d, J = 2 Hz)] to C-3 (d 78.3). The spectrum supported the
NMR assignments since the aromatic proton signals at d 6.79 (dd,
J = 8, 2 Hz) and 6.93 (d, J = 2 Hz) showed correlations with C-2 (d
83.7). Furthermore, a correlation of the proton resonance of rham-
nose at d 4.87 (H-200) with the carbonyl carbon signal at d 171.5
(MeCO-200) suggested that the bonding position of the acetyl moi-
ety was C-200. The absolute configuration of the C-2 of 1 was deter-
mined as 2R due to the detection of a positive Cotton effect
([h]328 + 6900, [h]295 – 39,400) in the CD spectrum (Gaffield et al.,
1975). On the basis of the above spectroscopic evidence, 1 was
found to be a new compound with the structure (2R,3R)-5,7,30,40-
tetrahydroxyflavanonol 200-acetyl rhamnoside or (2R,3R)-200-acetyl
astilbin.

300-Acetyl astilbin (2), 400-acetyl astilbin (3), and 400-acetyl isoa-
stilbin (5) were assigned the molecular formula C23H24O12, which
is same as that of 1, as determined from their molecular ion
[M + Na]+ peaks at m/z 515.1174, 515.1146, and 515.1188 in
HRFABMS, respectively. Their 1H NMR spectra indicated that they
shared a pair of doublet aromatic proton signals around the d
5.9, ABX-type aromatic proton signal at d 6.8–7.0 and rhamnose
sugar moieties. From their 1H NMR spectra, 2 and 3 were deduced
to be as 2,3-trans flavanonol rhamnosides from their H-2 coupling
constants [2: d 5.09 (d, J = 11 Hz), 3: 5.06 (d, J = 11 Hz)], whereas 5
was found to be a 2,3-cis flavanonol rhamnoside [5: d 5.42 (d,
J = 2 Hz)]. Acid hydrolysis of these compounds (2,3, and 5) gave
(+)-taxifolin (18) as an aglycone with a common sugar moiety,
which was identified by GC analysis as L-rhamnose. The HMBC
spectra indicated that these compounds commonly bore an L-
rhamnose moiety at their C-3 position, as determined by the H–C
long range correlations of H-100 [2: d 4.01 (d, J = 1.5 Hz), 3: 4.05
(d, J = 1.5 Hz), 5: 4.96 (d, J = 1.5 Hz)] to C-3 (2: d 75.7, 3: 78.7, 5:
74.7). Additionally, the bonding positions of their acetyl moieties
were confirmed from the correlations between their rhamnose
proton signals [2: d 4.90 (dd, J = 10, 3, H-300), 3: 4.85 (t, J = 10, H-
400), 5: 4.65 (t, J = 10, H-400)] and carbonyl carbon signals [2: d

172.7 (MeCO-300), 3: 172.6 (MeCO-400), 5: 172.6 (MeCO-400)]. The
absolute configurations of the C-2 of 2, 3, and 5 were determined
to be 2R due to the detection of a positive Cotton effect at
330 nm and a negative Cotton effect at 295 nm in their CD spectra.
From these results, the structures of 300-acetyl astilbin (2), 400-acetyl
astilbin (3), and 400-acetyl isoastilbin (5) were determined to be
(2R,3R)-5,7,30,40-tetrahydroxyflavanonol 300-acetyl rhamnoside or
(2R,3R)-300-acetyl astilbin (2), (2R,3R)-5,7,30,40-tetrahydroxyflava-
nonol 400-acetyl rhamnoside or (2R,3R)-400-acetyl astilbin (3), and
(2R,3S)-5,7,30,40-tetrahydroxyflavanonol 400-acetyl rhamnoside or
(2R,3S)-400-acetyl isoastilbin (5), respectively.

300-Acetyl engeletin (4) was assigned the molecular formula
C23H24O11, as determined from its molecular ion [M + Na]+ peak
at 499.1237 in HRFABMS. The 1H NMR spectrum of 4 indicated
the structure to be a flavanonol rhamnoside like 2 from the similar-
ity between the two spectra, and 4 was recognized to have a 1,4-
disubstituted B-ring from its A2B2-type aromatic proton signals [d
6.82 (d, J = 8 Hz), 7.36 (d, J = 8 Hz)] while ABX-type aromatic pro-
ton signals were observed in 2. That is the only difference between
these two compounds. Acid hydrolysis of 4 gave (+)-dihydroka-
empferol (19) as an aglycone and a sugar moiety, which was iden-
tified as L-rhamnose by GC analysis. In the HMBC spectrum of 4,
correlations were observed (i) from the anomeric proton of rham-
nose [d 4.08 (d, J = 1.5 Hz) to C-3 (d 79.2) and (ii) from H-300 [d 4.91
(dd, J = 10, 3 Hz)] to the carbonyl carbon (d 172.6), which suggested
its structure to be (2R,3R)-5,7,40-trihydroxyflavanonol 300-acetyl
rhamnoside or (2R,3R)-300-acetyl engeletin (4).

Corbulain Ia (6) and Ib (7) were assigned the molecular formula
C24H20O8, as determined from their molecular ion [M + H]+ peak at
m/z 437.1242 and the [M]+ peak at m/z 436.1187 in HRFABMS,
respectively. The 1H and 13C NMR spectroscopic data of 6 and 7
were similar to those of cinchonain Ia (28) and Ib (30), respectively.
However, the 1H NMR spectra showed the presence of a 1,4-disub-
stituted phenyl group [6: d 7.09 (2H, d, J = 8.5 Hz), 6.68 (2H, d,
J = 8.5 Hz); 7: d 7.28 (2H, d, J = 8.5 Hz), 6.77 (2H, d, J = 8.5 Hz)]
and a 1,3,4-trisubstituted phenyl group [6: d 6.60 (1H, d,
J = 2 Hz), 6.69 (1H, d, J = 8 Hz), 6.51 (1H, dd, J = 8, 2 Hz); 7: d 6.52
(1H, d, J = 2 Hz), 6.60 (1H, d, J = 8 Hz), 6.42 (1H, dd, J = 8, 2 Hz)], in-
stead of the two 1,3,4-trisubstituted phenyl groups found in the
cinchonain I series. In the HMBC spectra of 6 and 7, correlations
were observed from the H-700 [6: d 4.44 (dd, J = 7,1.5); 7: d4.52
(dd, J = 7.5,1.5)] to C-200 and 600 [6: d115.3 (C-200), 119.4 (C-600); 7:
d115.0 (C-200), 119.2 (C-600)], which suggested the bonding position
of the catechol group to be C-700. The NOE spectrum of 7 indicated
the configuration of C-700 from enhancement of the H-20 and H-60

proton signals of its B-ring (d 7.28) when H-700 (d 4.52) was irradi-
ated, and no NOE enhancement was observed in the case of 6. The
CD spectra of 6 and 7 also showed good accordance to the corre-
sponding compounds (28 and 30) (Chen et al., 1993). From these
results, corbulain Ia (6) and Ib (7) were defined as 2-(4-hydroxy-
phenyl)-3,4,9,10-tetrahydro-3,5-dihydroxy-10-(3,4-dihydroxy-
phenyl)-(2R,3R,10R)-2H,8H-benzo [1,2-b:3,4-b0] dipyran-8-one (6)
and 2-(4-hydroxyphenyl)-3,4,9,10-tetrahydro-3,5-dihydroxy-10-
(3,4-dihydroxy phenyl)-(2R,3R,10S)-2H,8H-benzo [1,2-b:3,4-b0]
dipyran-8-one (7).

Gnetumontanin E (8), F (9), and G (10) were assigned the molec-
ular formula C23H18O6, C23H18O7, and C24H20O6, respectively, as
determined from their molecular ion peaks at m/z 390.1111 [M]+,
406.1071 [M]+, and 404.1288 [M]+ in HRFABMS, respectively. The
spectroscopic features of these compounds were very similar to
one another and shared many features with those of gnetumonta-
nin C, a stilbene analogue (Li et al., 2004). The 1H NMR spectrum
of 8 showed a pair of meta-coupled aromatic proton signals [d
6.48 (d, J = 2.5 Hz) and 6.90 (d, J = 2.5 Hz)], aromatic proton reso-
nances from a 1,3,4-trisubstituted phenyl group [d 6.47 (dd, J = 8,
2 Hz), 6.53 (d, J = 2 Hz), and 6.70 (d, J = 8 Hz)], aromatic proton
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