
Homo-aro-cholestane, furostane and spirostane saponins from the
tubers of Ophiopogon japonicus

Lun Wang a, b, Xi-Lan Jiang b, Wen-Ming Zhang c, Fu Li a, b, *, Ashfaq-Ahmad Khan e,
Xin Liu d, Kai Yu c, Ming-Kui Wang a, b, **

a School of Pharmacy and Bioengineering, Chengdu University, Chengdu, 610106, China
b Key Laboratory of Mountain Ecological Restoration and Bioresource Utilization and Ecological Restoration Biodiversity Conservation Key Laboratory of
Sichuan Province, Chengdu Institute of Biology, Chinese Academy of Sciences, Chengdu, 610041, China
c School of Life Science and Engineering, Southwest Jiaotong University, Chengdu, 610013, China
d Beijing Entry-Exit Inspection and Quarantine Bureau, Beijing, 100026, China
e Department of Chemistry, Women University of Azad Jammu and Kashmir, Bagh, 12500, Pakistan

a r t i c l e i n f o

Article history:
Received 15 October 2016
Received in revised form
4 January 2017
Accepted 12 January 2017
Available online xxx

Keywords:
Ophiopogon japonicus
Liliaceae
C29-steroidal saponins
C27-steroidal saponins
Cytotoxic activity

a b s t r a c t

Phytochemical investigation of the tubers of Ophiopogon japonicus led to the isolation of five previously
undescribed steroidal saponins, ophiojaponins AeE, together with twelve known ones. The structures of
these isolated compounds were elucidated by detailed spectroscopic analyses and chemical methods.
Ophiojaponins AeC are rare naturally occurring C29 steroidal glycosides possessing a homo-cholestane
skeleton with an aromatized ring E. Ruscogenin 1-O-a-L-rhamnopyranosyl-(1 / 2)-4-O-sulfo-b-D-
fucopyranosido-3-O-b-D-glucopyranoside was isolated as single component and its full spectroscopic
data was reported for the first time. The isolated steroidal saponins were evaluated for their cytotoxicities
against two human tumor cell lines MG-63 and SNU387. Among them, five known spirostane-type
glycosides showed cytotoxic activity against both MG-63 and SNU387 cell lines with IC50 values
ranging from 0.76 to 27.0 mM.

© 2017 Elsevier Ltd. All rights reserved.

1. Introduction

Ophiopogon japonicus (Thunb.) Ker.-Gawl. (family Liliaceae) is an
evergreen perennial, widely distributed in Southeast Asia, espe-
cially in the mainland China. Its tubers have been used for thou-
sands of years as a traditional Chinesemedicine for the treatment of
acute and chronic inflammation and cardiovascular diseases
(Jiangsu College of New Medicine, 1986; Xiao, 2002; Kou et al.,
2005). Additionally, the tubers of O. japonicus are edible and are
widely consumed in China, with effects on reducing blood sugar,
blood pressure and improving immunity. Previous phytochemical
studies of the tubers derived from O. japonicus resulted in the
isolation and structure elucidation of C27 steroidal saponins
(Watanabe et al., 1977; Dai et al., 2005; Xu et al., 2008; Zhou et al.,

2008; Duan et al., 2010; Zhang et al., 2012; Li et al., 2013; Kang et al.,
2013; Ye et al., 2013; Qi et al., 2015; Yan et al., 2016), homoiso-
flavonoids (Chang et al., 2002; Anh et al., 2003; Zhou et al., 2013),
terpenoids (Adinolfi et al., 1990; Cheng et al., 2004; Liu et al., 2016)
and amides (Nakanishi and Kameda, 1987). In recent years, steroi-
dal saponins have attracted muchmore scientific attention because
of their structural diversity and significant bioactivities, including
antitumor (Sparg et al., 2004), anti-inflammatory (Lee et al., 2014),
and hypoglycemic (Liu et al., 2012) activities as well as therapeutic
potential for cardiovascular diseases (Vasanthi et al., 2012). As a
part of a program to search for bioactive steroidal saponins from
traditional Chinese medicines, a methanol extract of the tubers of
O. japonicus was investigated. This procedure led to the isolation of
five previously undescribed steroidal saponins, named ophiojapo-
nins AeE (1e5), together with twelve known steroidal saponins
(6e17) (Fig. 1). Among the identified compounds, the aglycones of
compounds 2 and 3 were reported for the first time. In this paper,
we describe the isolation and structural elucidation of these ste-
roidal saponins, along with the evaluation of the cytotoxic activities
of the 17 compounds against two human tumor cell lines, MG-63

* Corresponding author. School of Pharmacy and Bioengineering, Chengdu Uni-
versity, Chengdu, 610106, China.
** Corresponding author. School of Pharmacy and Bioengineering, Chengdu Uni-
versity, Chengdu, 610106, China.

E-mail addresses: lifu@cib.ac.cn (F. Li), wangmk@cib.ac.cn (M.-K. Wang).

Contents lists available at ScienceDirect

Phytochemistry

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

http://dx.doi.org/10.1016/j.phytochem.2017.01.006
0031-9422/© 2017 Elsevier Ltd. All rights reserved.

Phytochemistry xxx (2017) 1e8

Please cite this article in press as: Wang, L., et al., Homo-aro-cholestane, furostane and spirostane saponins from the tubers of Ophiopogon
japonicus, Phytochemistry (2017), http://dx.doi.org/10.1016/j.phytochem.2017.01.006

mailto:lifu@cib.ac.cn
mailto:wangmk@cib.ac.cn
www.sciencedirect.com/science/journal/00319422
www.elsevier.com/locate/phytochem
http://dx.doi.org/10.1016/j.phytochem.2017.01.006
http://dx.doi.org/10.1016/j.phytochem.2017.01.006
http://dx.doi.org/10.1016/j.phytochem.2017.01.006


and SNU387.

2. Results and discussion

2.1. Structural elucidation

The tubers of O. japonicas were extracted with hot MeOH. The
extract was partitioned with CHCl3 and n-BuOH, successively. The
n-BuOH-soluble portion was subjected to macroporous resin
(D101), silica gel and RP-C18 silica gel column chromatography (CC),
and to reversed-phase preparative HPLC, giving compounds 1e17.
Compounds 6e17 were identified as 26-O-b-D-glucopyranosyl-
3b,26-diol-25(R)-furost-5,20(22)-dien 3-O-a-L-rhamnopyranosyl-
(1/2)-O-b-D-glucopyranoside (6) (Ali et al., 2013), pallidiflosides A
(7) (Shen et al., 2011), ruscogenin 1-O-a-L-rhamnopyranosyl-
(1 / 2)-4-O-sulfo-b-D-fucopyranosido-3-O-b-D-glucopyranoside
(8), ruscogenin 1-O-a-L-rhamnopyranosyl-(1 / 2)-4-O-sulfo-b-D-
fucopyranoside (9) (Watanabe et al., 1984), ophiopogonin D (10)
(Dai et al., 2001), ophiopogonin C (11) (Watanabe et al., 1977),
(25R)-spirost-5-ene-3b,14a,17a-triol-3-O-a-L-rhamnopyranosyl-
(1 / 2)-b-D-glucopyranoside (12) (Chen et al., 2000), ophiopogo-
nin D0 (13) (Watanabe et al., 1977), ophiopojaponin C (14) (Dai et al.,
2005), 14-hydroxydiosgenin 3-O-a-L-rhamnopyranosyl-(1 / 2)-
[b-D-xylopyranosyl-(1 / 4)]-b-D-glucopyranoside (15) (Wang
et al., 2008a,b), pennogenin 3-O-a-L-rhamnopyranosyl-(1 / 2)-
[b-D-xylopyranosyl-(1 / 4)]-b-D-glucopyranoside (16) (Wang

et al., 2008a,b), and diosgenin 3-O-[2-O-acetyl-a-L-rhamnopyr-
anosyl-(1 / 2)]-b-D-xylopyranosyl-(1 / 3)-b-D-glucopyranoside
(17) (Dai et al., 2005), respectively, based on mass spectrometric
and NMR data compared with those reported.

Compound 1 was obtained as a white amorphous powder with
themolecular formula C52H80O20, as established by HRESIMS atm/z
1047.5157 [MþNa]þ (calcd for C52H80O20Na, 1047.5135) and 13C
NMR (DEPT) spectrum, requiring 13 degrees of unsaturation. The IR
spectrum showed absorption for hydroxy (3434 cm�1), methyl
(2932 cm�1) and olefinic (1634 cm�1) groups. The 1H NMR (Tables 1
and 2) spectrum of 1 contained signals for four characteristic
methyl groups at dH 0.94 (3H, s), 1.05 (3H, d, J ¼ 6.7 Hz), 1.11 (3H, s)
and 2.32 (3H, s), an olefinic proton at dH 5.35 (1H, br s), a pair of
ortho-coupled aromatic protons at dH 7.03 (1H, d, J ¼ 7.5 Hz) and dH
7.11 (1H, d, J ¼ 7.5 Hz), as well as signals for four anomeric proton
signals at dH 4.85 (1H, d, J¼ 7.8 Hz), 4.97 (1H, d, J¼ 7.3 Hz), 5.02 (1H,
d, J ¼ 7.7 Hz) and 6.25 (1H, s). The 13C NMR (Tables 1 and 2), DEPT
and HSQC spectra showed 52 carbon resonances, of which four
were attributed to anomeric carbons (dC 100.1, 102.0, 104.9 and
105.7), two were attributed to a trisubstituted double bond (dC
141.0 and 121.8) and six were attributed to a tetrasubstituted
benzene ring (dC 122.9, 127.5, 131.3, 139.8, 140.7 and 151.8). The
above NMR data coupled with literature references (Tagawa et al.,
2003; Xiao et al., 2010) indicated the presence of a homo-aro-
cholestane glycoside skeleton. Acid hydrolysis of 1 with 1 M HCl
(dioxane�H2O ¼ 1:1) gave 1a as the aglycone, and D-glucose, L-

Fig. 1. Structures of compounds 1e17.
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