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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.,
ioengineering, Chengdu Uni-

ioengineering, Chengdu Uni-

ib.ac.cn (M.-K. Wang).

, et al., Homo-aro-cholestane
doi.org/10.1016/j.phytochem.
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
, furostane and spirostane saponins from the tubers of Ophiopogon
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Fig. 1. Structures of compounds 1e17.
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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
Please cite this article in press as: Wang, L., et al., Homo-aro-cholestane
japonicus, Phytochemistry (2017), http://dx.doi.org/10.1016/j.phytochem.
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-
, furostane and spirostane saponins from the tubers of Ophiopogon
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Table 1
1H and 13C NMR data for the aglycone moieties of compounds 1e5 and 8 (d in ppm, J in Hz).

Position 1a 2a 3a 4a 5b 8a

dH dC dH dC dH dC dH dC dH dC dH dC

1b, 1a 0.98 m, 1.75 mc 37.4 1.09 m, 1.83 m 37.7 1.09 m, 1.81 m 37.5 1.04 m, 1.80 mc 37.8 0.96 m, 1.73 m 37.6 3.60 m 83.6
2b, 2a 1.89 m, 2.11 m 30.2 1.92 m, 2.14 m 30.3 1.90 m, 2.19 m 30.2 1.89 m, 2.11 m 30.2 1.88 mc, 2.13 m 30.2 2.32 m, 2.66 mc 35.3
3 3.87 m 78.2 3.89 m 78.2 3.90 m 78.2 3.89 m 78.2 3.89 m 77.9 3.95 m 75.1
4b
4a

2.73 m
2.80 m

39.0 2.80 m
2.88 mc

39.1 2.81 m
2.88 m

39.1 2.76 m
2.82 m

39.0 2.74 m
2.79 m

39.0 2.48 m
2.65 mc

39.7

5 141.0 140.7 140.4 140.4 140.8 138.4
6 5.35 br s 121.8 5.48 br s 122.5 5.49 br s 122.5 5.40 br s 122.3 5.29 br s 121.8 5.49 d (5.5) 125.6
7a
7b

2.42 m
2.62 mc

32.4 1.97 m
2.64 m

26.8 1.99 m
2.66 m

26.2 1.86 mc

2.48 m
26.8 1.48 mc

1.86 mc
32.4 1.41 mc

1.80 m
32.0

8 1.63 m 31.0 2.04 mc 34.2 1.94 m 34.1 2.00 m 35.0 1.46 mc 31.4 1.48 mc 33.0
9 1.00 m 50.5 2.04 mc 43.4 2.21 m 40.1 1.81 mc 43.6 0.88 m 50.3 1.40 mc 50.4
10 37.1 37.5 37.0 37.4 37.1 42.9
11b
11a

1.59 mc 21.3 1.69 m 20.2 2.08 m
2.11 mc

30.1 1.57 m 20.5 1.39 m
1.43 m

21.3 1.49 mc

2.83 m
23.9

12a
12b

1.60 mc

1.74 mc
37.0 2.78 m

2.17 m
29.7 4.90 br s 74.3 1.50 mc

2.34 m
31.8 1.14 m

1.74 m
39.7 1.27 m

1.49 mc
39.9

13 47.2 53.3 55.5 47.8 43.4 40.1
14 1,51 m 57.7 83.4 85.9 84.8 0.86 m 55.0 1.12 m 57.0
15a,
15b

2.63 mc

2.67 m
31.3 2.88 d (15.1)c

2.94 d (15.1)
41.4 2.86 d (14.9)

2.90 d (14.9)
41.4 1.94 m

2.46 m
42.4 1.45 mc

1.96 m
34.5 1.48 mc

1.99 m
32.4

16 140.7 139.3 140.2 5.28 m 85.2 4.85 m 84.5 4.49 m 81.1
17 151.8 150.8 148.8 3.37 d (9.7) 61.6 2.46 d (10.1) 64.5 1.79 m 62.9
18 0.94 s 16.6 1,13 s 21.2 1,08 s 22.7 0.96 s 17.7 0.74 s 14.1 0.82 s 16.7
19 1.11 s 19.4 1.19 s 19.2 1.17 s 19.4 1.14 s 19.4 1.05 s 19.4 1.26 s 14.7
20 131.3 132.2 132.5 104.0 103.5 1.89 m 42.0
21 2.32 s 14.7 2.29 s 14.5 2.61 s 14.1 1.68 s 11.9 1.66 s 11.9 1.05 d (6.9) 14.9
22 139.8 140.0 139.7 152.2 152.5 109.2
23a, 23b 1.99 mc 32.0 2.61 m 31.3 2.67 m 31.4 2.25 m 23.8 2.24 m 23.8 1.61 m, 1.68 m 31.8
24a, 24b 1.44 m, 1.83 m 35.5 1.38 m, 1.74 m 35.4 1.39 m, 1.75 m 35.4 1.51 mc, 1.86 mc 31.4 1.48 mc, 1.92 m 31.4 1.53 mc 29.3
25 1.99 mc 34.1 1.95 m 34.4 2.10 mc 34.5 1.98 m 33.5 1.96 m 33.6 1.53 mc 30.6
26a
26b

3.63 dd (9.4, 6.1)
3.96 m

75.0 3.63 dd (9.5, 6.1)
3.96 m

75.0 3.60 dd (9.6, 6.0)
3.96 m

75.0 3.63 dd (9.5, 5.6)
3.95 m

75.0 3.55 dd (8.9, 5.3)
3.90 m

74.8 3.47 m
3.55 m

66.8

27 1.05 d (6.7) 17.4 1.04 d (6.7) 17.4 1.01 d (6.7) 17.3 1.03 d (6.6) 17.3 1.06 d (7.3) 17.2 0.66 d (5.3) 17.3
160 7.11 d (7.5) 122.9 7.10 d (7.5) 124.0 7.14 d (7.5) 123.7
220 7.03 d (7.5) 127.5 6.97 d (7.5) 127.3 7.02 d (7.5) 127.4

a Recorded at 600 (150) MHz in pyridine-d5.
b Recorded at 400 (100) MHz in pyridine-d5.
c Overlapped with other signals.
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rhamnose and D-xylose as the carbohydrate moieties. Aglycone 1a
was identified as homo-aro-cholest-5-ene-3b,26-diol (Tagawa
et al., 2003; Xiao et al., 2009) from its spectroscopic data. The ab-
solute configurations of the sugars were determined on the basis of
the HPLC analysis of their derivatives (section 3.4). The b-configu-
rations of glucose and xylose were assigned based on the large
coupling constants (3J1,2 > 7.0 Hz) of their anomeric protons. The
carbon signals for dC 72.8 (C-3 of Rha) and dC 69.5 (C-5 of Rha)
provided the evidence for the a-configuration of rhamnose
(Agrawal, 1992). The downfield shifts for C-3 and C-26 of the
aglycone (dC 78.2 and 75.0) allowed the deduction that C-3 and C-
26 were both glycosylated. The sequence of the trisaccharide chain
rhamnosyl-(1 / 2)-[xylosyl-(1 / 4)]-glucosyl at C-3 was deduced
from the HMBC correlations (Fig. 2) between dH 6.25 (H-1 of Rha)
and dC 77.3 (C-2 of Glc1), dH 5.02 (H-1 of Xyl) and dC 81.5 (C-4 of
Glc1), and dH 4.97 (H-1 of Glc1) and dC 78.2 (C-3). The second
glucose residuewas determined to be linked to C-26 by observation
of an HMBC correlation between dH 4.85 (H-1 of Glc2) and dC 75.0
(C-26). Thus, the structure of 1 was determined to be 3b-O-a-L-
rhamnopyranosyl-(1 / 2)-[b-D-xylopyranosyl-(1 / 4)]-b-D-glu-
copyranosyl homo-aro-cholest-5-ene-26-O-b-D-glucopyranoside,
and named ophiojaponin A.

Compound 2 was isolated as a white amorphous powder. The
positive HRESIMS showed an [MþNa]þ ion at m/z 931.4674, corre-
sponding to the molecular formula C47H72O17. In the 1H NMR
spectrum (Tables 1 and 2), four methyl group signals, two ortho-
Please cite this article in press as: Wang, L., et al., Homo-aro-cholestane
japonicus, Phytochemistry (2017), http://dx.doi.org/10.1016/j.phytochem.
coupled aromatic proton signals and one olefinic proton signal,
together with three anomeric proton signals were observed. The
13C NMR (Tables 1 and 2), DEPT and HSQC spectra exhibited 47
carbon signals. These data allowed to assign compound 2 to the
same saponin family of 1. Comparison of the NMR data of aglycone
of 2 with those of 1 indicated that these two compounds shared a
similar aglycone except for themain differences at C-12 (�7.3 ppm),
C-13 (þ6.1 ppm), C-14 (þ25.7 ppm), C-15(þ10.1 ppm), suggesting
the presence of one hydroxyl group at C-14 in 2 instead of one
hydrogen at C-14 in 1. This was further confirmed by long-range
correlations between C-14 (dC 83.4) and H-18 (dH 1.13), H-15a (dH
2.88) and H-15b (dH 2.94) in the HMBC experiment. The significant
downfield shifts of the H-9, H-12a protons, and the upfield shifts of
the C-9, C-12 could be explained by the 1,3-diaxial interactions and
g-effects with the C-14a hydroxy group. Thus, the aglycone of 2was
identified as homo-aro-cholest-5-ene-3b,14a,26-triol, which was
an unknown steroidal aglycone.

Acid hydrolysis of 2 gave D-glucose and L-rhamnose. A com-
parison of the 13C-NMR data attributed to the sugar residues of 2
with those of 1 indicated that the only difference of the sugar parts
of these two compounds was the absence of b-D-xylopyranosyl in
2. In the HMBC spectrum, the long-range correlations between dH
4.85 (H-1 of Glc2) and dC 75.0 (C-26), dH 6.25 (H-1 of Rha) and dC
77.3 (C-2 of Glc1), and dH 4.97 (H-1 of Glc1) and dC 78.2 (C-3) further
confirmed the sugar sequence and linkage sites. Therefore, the
structure of 2 was elucidated as 3b-O-a-L-rhamnopyranosyl-
, furostane and spirostane saponins from the tubers of Ophiopogon
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Table 2
1H and 13C NMR data for the sugar moieties of compounds 1e5 and 8 (d in ppm, J in Hz).

position 1a 2a 3a 4a 5b 8a

dH dC dH dC dH dC dH dC dH dC dH dC

Glc1-1 4.97 d (7.3) 100.1 5.03 d (7.1) 100.3 5.03 d (7.1) 100.3 5.00 d (7.3) 100.2 5.10 d (7.1) 100.3 5.06 d (7.7) 102.6
2 4.22 mc 77.3 4.25 mc 78.0 4.25 mc 77.9 4.24 mc 77.8 4.27 mc 77.8 4.00 m 75.1
3 4.20 mc 77.6 4.27 mc 79.6 4.27 mc 79.6 4.25 mc 79.6 4.28 mc 79.7 4.29 mc 78.4
4 4.18 m 81.5 4.15 m 71.8 4.14 m 71.9 4.14 m 71.8 4.18 mc 71.8 4.27 mc 71.5
5 3.84 m 76.2 3.89 m 77.9 3.89 m 77.9 3.88 m 77.9 3.89 mc 77.9 3.94 m 78.4
6 4.52 m

4.45 br. d (11.8)
61.7 4.35 mc

4.50 br. d (11.8)
62.7 4.35 mc

4.50 br. d (11.8)
62.7 4.35 mc

4.49 br. d (11.8)
62.6 4.33 mc

4.49 br. d (11.8)
62.7 4.37 dd (11.9, 4.9)

4.50 m
62.5

Fuc-1 4.44 d (7.7) 99.9
2 4.42 m 75.6
3 4.11 dd (9.0, 3.5) 76.0
4 5.05 m 78.7
5 3.63 m 70.4
6 1.63 d (6.2) 17.3
Rha-1 6.25 br s 102.0 6.36 br s 102.1 6.36 br s 102.1 6.34 br s 102.0 6.38 br s 102.1 6.26 br s 101.5
2 4.79 br s 72.5 4.80 br s 72.6 4.80 br s 72.5 4.79 br s 72.5 4.79 br s 72.6 4.74 br s 72.3
3 4.60 dd (9.4, 3.2) 72.8 4.64 dd (9.2, 3.2) 72.9 4.64 dd (9.2, 3.2) 72.8 4.61 dd (9.2, 3.3) 72.8 4.62 dd (9.2, 3.3) 72.8 4.60 dd (9.4, 3.3) 72.4
4 4.35 m 74.1 4.36 mc 74.2 4.36 mc 74.2 4.33 mc 74.1 4.34 mc 74.2 4.28 mc 74.1
5 4.93 m 69.5 5.00 m 69.5 5.00 m 69.5 4.97 m 69.5 5.00 m 69.5 4.78 m 69.4
6 1.78 d (6.2) 18.7 1.79 d (6.2) 18.7 1.78 d (6.1) 18.7 1.77 d (6.2) 18.6 1.77 d (6.2) 18.7 1.71 d (6.2) 19.0
Xyl-1 5.02 d (7.7) 105.7
2 3.99 mc 74.9
3 4.10 dd (8.9, 8.7) 78.3
4 4.15 m 70.8
5 3.67 dd (10.8, 10.8)

4.27 m
67.3

Glc2-1 4.85 d (7.8) 104.9 4.85 d (7.8) 104.9 4.84 d (7.7) 104.9 4.83 d (7.8) 104.8 4.87 d (7.6) 103.2
2 4.05 m 75.2 4.05 m 75.2 4.04 m 75.2 4.02 m 75.1 4.15 m 84.1
3 4.20 mc 78.6 4.25 mc 78.6 4.26 mc 78.6 4.24 mc 78.5 4.29 mc 78.0
4 4.23 mc 71.8 4.22 m 71.8 4.22 m 71.8 4.21 m 71.7 4.19 mc 71.3
5 3.97 mc 78.5 3.95 m 78.5 3.96 m 78.5 3.94 m 78.4 3.88 mc 78.3
6 4.39 mc

4.57 br. d (11.7)
62.9 4.39 mc

4.57 br. d (11.8)
62.9 4.39 mc

4.57 br. d (11.8)
62.9 4.37 mc

4.57 br. d (11.7)
62.8 4.33 mc

4.49 mc
62.5

Glc3-1 5.30 d (7.7) 106.5
2 4.10 m 77.1
3 4.28 mc 78.3
4 4.30 mc 71.4
5 3.90 mc 78.6
6 4.31 m, 4.49 mc 62.5

a Recorded at 600 (150) MHz in pyridine-d5.
b Recorded at 400 (100) MHz in pyridine-d5.
c Overlapped with other signals.

Fig. 2. Key 1H-1H COSY (bold) and HMBC (arrow) correlations of compounds 1, 3 and 4.
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(1 / 2)-b-D-glucopyranosyl homo-aro-14a-hydroxy-cholest-5-
ene-26-O-b-D-glucopyranoside, and named ophiojaponin B.

Compound 3 had a molecular formula C47H72O18 as determined
by HRESIMS (947.4623 [MþNa]þ, calcd for C47H72O18Na, 947.4611).
Its molecular weight was larger than that of 2 by one oxygen atom.
Comparison of the 1H and 13C NMR data of 3 with those of 2 indi-
cated that the structure of 3 is similar to that of 2, with an addi-
tional hydroxy group at aglycone. The additional hydroxy group
Please cite this article in press as: Wang, L., et al., Homo-aro-cholestane
japonicus, Phytochemistry (2017), http://dx.doi.org/10.1016/j.phytochem.
substituent at C-12 position was confirmed by the HMBC correla-
tions (Fig. 2) between H-18 (dH 1.08) and C-12 (dC 74.3), H-12 (dH
4.90) and C-13 (dC 55.5), and H-12 (dH 4.90) and C-14 (dC 85.9). The a
configuration of the hydroxy group at C-12 of the aglycone was
determined by the NOESY correlations between H-12 (dH 4.90) and
H-18 (dH 1.08). Thus, the structure of the aglycone moiety of 3 was
identified as homo-aro-cholest-5-ene-3b,12a,14a,26-tetrol, a pre-
viously undescribed steroidal sapogenin. Consequently, the
, furostane and spirostane saponins from the tubers of Ophiopogon
2017.01.006



Table 3
Cytotoxic activities of the isolated compounds 1e17, and cisplatin against MG-63
and SNU387 cells.

Compound IC50 (mM)a Compound IC50 (mM)a

MG-63 SNU387 MG-63 SNU387

1 >40 >40 10 15.56 >40
2 >40 >40 11 19.76 15.51
3 >40 >40 12 >40 >40
4 >40 >40 13 3.09 3.63
5 >40 >40 14 >40 >40
6 >40 >40 15 22.51 27.01
7 >40 >40 16 6.38 10.60
8 >40 >40 17 1.90 0.76
9 >40 >40 cisplatinb 11.31 5.59

a Compounds with IC50 > 40 mM were considered inactive.
b Positive control.
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structure of 3was assigned as 3b-O-a-L-rhamnopyranosyl-(1/2)-
b-D-glucopyranosyl homo-aro-12a,14a-dihydroxy-cholest-5-ene-
26-O-b-D-glucopyranoside, and named ophiojaponin C.

Compound 4 was isolated as a white amorphous powder. The
molecular formula of 4 was determined to be C45H72O18 based on
the pseudomolecular ion peak at m/z 923.4619 [MþNa]þ in its
positive HRESIMS. The IR spectrum showed the absorption bands
for hydroxyl (3412 cm�1), methyl (2931 cm�1) and olefinic
(1641 cm�1) groups. The 1H NMR spectrum (Tables 1 and 2) of 4
showed three singlet methyl signals at dH 0.96 (3H, s, CH3-18), 1.14
(3H, s, CH3-19) and 1.68 (3H, s, CH3-21); two doublet methyl signals
at dH 1.03 (3H, d, J¼ 6.6 Hz, CH3-27) and 1.77 (3H, d, J¼ 6.2 Hz, CH3-
Rha). Furthermore, signals for an olefinic proton at dH 5.40 (br s, H-
6), three anomeric protons at dH 4.83 (1H, d, J ¼ 7.8 Hz), 5.00 (1H, d,
J ¼ 7.3 Hz) and 6.34 (1H, s) were observed. The 13C NMR spectrum
(Tables 1 and 2) displayed 45 carbon signals, in which the charac-
teristic carbon signals at dC 140.4 (C-5), 122.3 (C-6), 104.0 (C-20),
152.2 (C-22), 85.2 (C-16) and 75.0 (C-26) were assigned readily.
These data indicated that 4 is a furostanol saponin with a D20,22

double bond (Mimaki et al., 1996). Comparison of the NMR data of 4
with those of ophiopogonin J (Kang et al., 2013) suggested that they
shared the same aglycone and sugar chain linked to C-3 of the
aglycone. The HMBC correlation (Fig. 2) between dH 4.83 (H-1 of
Glc2) and dC 75.0 (C-26) indicated the existence of a glucose unit
linked to C-26 of the aglycone moiety. The C-25 configuration was
deduced to be R based on the difference of chemical shifts
(Dab ¼ Da�Db) of the geminal protons at H2-26
(Dab ¼ 0.32 < 0.48 ppm) (Agrawal, 2004). Acid hydrolysis of 4 gave
D-glucose and L-rhamnose. The b-configuration of glucose was
determined by large J values of the anomeric protons while the
rhamnose had an a-configuration evidenced by carbon signals of C-
3 and C-5 of rhamnose. Thus, the structure of 4 was determined as
(25R)-26-O-b-D-glucopyranosyl-14a-hydroxy-furost-5,20(22)-
diene 3-O-a-L-rhamnopyranosyl-(1 / 2)-b-D-glucopyranoside,
and named ophiojaponin D.

Compound 5 was obtained as white amorphous powder. Its
molecular formula was determined as C51H82O22 by HRESIMS. The
1H NMR spectrum (Tables 1 and 2) of 5 exhibited three tertiary
methyls at dH 0.74 (s, CH3-18), 1.05 (s, CH3-19) and 1.66 (s, CH3-21),
two secondary methyls at dH 1.06 (d, J¼ 7.3 Hz, CH3-27) and 1.77 (d,
J ¼ 6.2 Hz, CH3-Rha), an olefinic proton at dH 5.29 (br s, H-6),
together with four anomeric protons at dH 4.87 (1H, d, J ¼ 7.6 Hz),
5.10 (1H, d, J ¼ 7.1 Hz), 5.30 (1H, d, J ¼ 7.7 Hz) and 6.38 (1H, s). The
13C NMR spectrum (Tables 1 and 2) of 5 showed the characteristic
carbon resonances at dC 140.8 (C-5), 121.8 (C-6), 103.5 (C-20), 152.5
(C-22), 84.5 (C-16) and 74.8 (C-26). These data revealed that 5 is
also a furostanol saponin with a D20,22 double bond. A detailed
comparison of the NMR data of 5 with those of 6 and 7 indicated
that they shared the same aglycone. The 13C NMR spectral data of
the sugar moieties of 5 were closely identical to those of 6 except
the presence of an additional b-glucopyranosyl unit at C-2 of Glc2
unit. This was further confirmed by the HMBC corrections of dH 5.30
(H-1 of Glc3) with dC 84.1 (C-2 of Glc2) and dH 4.87 (H-1 of Glc2)
with dC 74.8 (C-26). Thus, ophiojaponin E (5) was determined to be
(25R)-26-O-b-D-glucopyranosyl-furost-5,20(22)-diene 3-O-[a-L-
rhamnopyranosyl-(1 / 2)]-b-D-glucopyranoside.

Compound 8 had a molecular formula C45H72O20S, as deter-
mined byHRESIMS (m/z: 963.4260 [M�H]� and 965.4412 [MþH]þ).
On the basis of 1D, 2D NMR and mass spectrometry data, the
structure of the 8 was elucidated as ruscogenin 1-O-a-L-rhamno-
pyranosyl-(1 / 2)-4-O-sulfo-b-D-fucopyranosido-3-O-b-D-gluco-
pyranoside, previously isolated fromO. jaburan andwas reported in
the form of a mixture (Watanabe et al., 1984). In this paper, 8 was
isolated and identified for the first time as a single component, and
its full spectroscopic data were also reported.
Please cite this article in press as: Wang, L., et al., Homo-aro-cholestane
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2.2. Cytotoxic activity

The isolated compounds 1e17 were tested for their cytotoxicity
against MG-63 and SNU387 human cancer cell lines using the MTT
assay, with cisplatin as the positive control (Table 3). Compounds
11,13 and 15e17 showed cytotoxic activity against both MG-63 and
SNU387 cell lines with IC50 values ranging from 0.76 to 27.0 mM.
Compound 10was only cytotoxic toMG-63 cells. Compound 13was
a derivative of 17 without the acetyl group at C-2 of the a-L-
rhamnopyranosyl moiety and the cytotoxicity of 13was less potent
than that of 17. According to the cytotoxic activities of 13e16, it can
be concluded that the presence of a hydroxyl group at C-14 or C-17
of the aglycone reduced their cytotoxicities. Compound 14, pos-
sessing hydroxyl groups at both C-14 and C-17 position, displayed
no cytotoxicity.

2.3. Conclusion

Phytochemical investigation of the tubers of O. japonicus resul-
ted in the isolation and characterisation of five previously unde-
scribed steroidal saponins (1e5), including three C29 steroidal
glycosides possessing a homo-aro-cholestane skeleton (1e3) and
two furostanol saponins (4e5), together with twelve known ones
(6e17), including two furostanol saponins and ten spirostanol sa-
ponins. Among these known compounds, 8 was isolated and
identified for the first time as a single component. All the isolates
were evaluated for cytotoxic activities against MG-63 and
SNU387 cell lines, and the spirostanol saponins 11, 13 and 15e17
showed cytotoxic activity against both MG-63 and SNU387 cells.
Spirostanol glycoside 17 was the most cytotoxic to MG-63 and
SNU387 cells with IC50 values of 1.90 mM and 0.76 mM, respectively.

3. Experimental

3.1. General experimental procedures

Optical rotations were measured with a Perkin-Elmer 341
polarimeter at room temperature. IR (KBr-disks) spectra were
recorded by a Perkin-Elmer 1725X-FT spectrometer. NMR spectra
were recorded on Bruker Avance 600 and Bruker Avance Ⅲ 400
spectrometers in pyridine-d5, with TMS as the internal standard.
HR-ESI-MS were recorded on a LTQ Orbitrap XL mass spectrometer.
Analytical HPLC was carried out on Prominence LC-20AT with a
model SPD-M20A detector and Ultimate ® C18 column
(250 mm � 4.60 mm, 5 mm). Preparative HPLC was carried out on
P3000 with a UV3000 detector (Beijing ChuangXinTongHeng Sci-
ence and Technology Co., Ltd) and Ultimate ® C18 column
(250mm� 21.2 mm, 5 mm; 250mm� 30 mm,10 mm, respectively).
, furostane and spirostane saponins from the tubers of Ophiopogon
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Silica gel (200e300 mesh, Qingdao Marine Chemical Co., People's
Republic of China) and silica gel 60 (40e63 mm, Merck, Germany),
RP-C18 (20e40 mm, Welch materials, Inc., USA) were used for col-
umn chromatography (CC). TLC was performed on precoated silica
gel GF254 plates (Qingdao Haiyang Chemical Co. Ltd), and detection
was achieved by 5% H2SO4-EtOH for saponins.

3.2. Plant material

The tubers of Ophiopogon japonicus (Thunb.) Ker.-Gawl. (Lil-
iaceae) were purchased from Sichuan Neautus Traditional Chinese
Medicine Co., Ltd, People's Republic of China, which were collected
from Huayuan town, Santai county, Mianyang city, Sichuan prov-
ince, People's Republic of China, in April 2013. The plant identifi-
cation was verified by Prof. Wei-Kai Bao of Chengdu Institute of
Biology, Chinese Academy of Sciences. A voucher specimen (CIB-A-
418) has been deposited at the Laboratory of Phytochemistry,
Chengdu Institute of Biology, Chinese Academy of Sciences.

3.3. Extraction and isolation

The dried and powdered tubers of O. japonicus (48 kg) were
extracted with MeOH at 50 �C three times (200 L, 1 d, each). After
removal of the solvent by evaporation, the residue was suspended
in H2O and then extracted with CHCl3 (3 � 6 L) and n-BuOH
(3 � 6 L), successively. The n-BuOH extract (1150 g) was subjected
to an D101 macroporous resin column, eluted with MeOHeH2O
(0:100, 30:70, 50:50, 90:10, v/v) to afford three fractions, Fr.1eFr.3.
Fraction 3 (154 g) was chromatographed on silica gel with
CHCl3eMeOHeH2O (50:1:0, 20:1:0, 10:1:0.1, 5:1:0.1, 4:1:0.1,
3:1:0.1, 5:2:0.1, 2:1:0.1, 1:1:0.1) to give twelve fractions, Fr.3aeFr.3l.
Fr.3d (11 g) was subjected to RP-C18 CC, eluting with MeOHeH2O
(from 60% to 90%) to obtain subfractions 3d1 to 3d7. Subfraction
3d7 (4.1 g) was purified by preparative HPLC (MeOHeH2O, 86:14)
to afford 17 (180 mg). Fr.3e (10 g) was applied to a RP-C18 column
eluted with MeOHeH2O (from 60% to 90%) to give nine sub-
fractions, 3e1�3e9. Subfraction 3e7 (0.4 g) was separated by silica
gel CC with CHCl3eMeOHeH2O (10:1:0.1) to yield 11 (120mg). Fr.3f
(10.5 g) was subjected to a RP-C18 column eluting with MeOHeH2O
(from 60% to 90%) to produce nine subfractions 3f1�3f9. Sub-
fraction 3f4 (1.5 g) was further purified by the preparative HPLC
using MeOHeH2O (72:28) to yield 12 (620 mg), Subfraction 3f8
(1.2 g) was purified by the preparative HPLC using MeOHeH2O
(86:14) to give 13 (0.8 g). Fr.3g (15.1 g) was separated by RP-C18 CC
in elution with gradient solvent system (from 60% to 90%) to give
seven subfractions (3g1�3g7). Subfraction 3g4 (1.4 g) was further
separated by preparative HPLC eluted with MeOHeH2O (75:25) to
afford 14 (105 mg). Compounds 15 (240 mg) and 16 (150 mg) were
obtained by using preparative HPLC with MeOHeH2O (75:25) from
subfraction 3g5. Subfraction 3g7 (3.8 g) was purified by the pre-
parative HPLC using MeOHeH2O (83:17) to yield 10 (1.8 g). Fr.3i
(19.5 g) was chromatographed on a RP-C18 column eluting with
MeOHeH2O (from 50% to 80%) to give subfraction 3i1 to 3i8. Sub-
fraction 3i4 (3.6 g) were further separated by repeated preparative
HPLC eluted with MeCNeH2O (30:70) to obtain 3 (58 mg) and 4
(67 mg). Subfraction 3i5 (2.8 g) were separated by repeated pre-
parative HPLC eluted with MeCNeH2O (30:70) to give pure 2
(65 mg). Compounds 1 (55 mg), 6 (72 mg), 7 (34 mg) and 9 (50 mg)
were obtained from subfraction 3i6 by the preparative HPLC using
MeCNeH2O (30:70). Fr.3j (22.4 g) was submitted to a RP-C18 col-
umn eluted with MeOHeH2O (from 50% to 80%) to afford six sub-
fractions, 3j1�3j6. Subfraction 3j4 was separated by silica gel CC
with CHCl3eMeOHeH2O (4:1:0.1) to yield 5 (60 mg). Fr.3l (8.4 g)
was separated initially by RP-C18 CC, eluted with MeOHeH2O (from
40% to 70%), to afford four subfractions (3l1e3l4). Compound 8
Please cite this article in press as: Wang, L., et al., Homo-aro-cholestane
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(185 mg) was isolated from subfraction 3l3 by silica gel CC with
CHCl3eMeOHeH2O (5:2:0.1).

3.3.1. Ophiojaponin A (1)
White amorphous powder; ½a�20D �65.3 (c 0.06, MeOH); IR (KBr)

nmax 3434, 2931, 1634, 1041 cm�1; 1H and 13C NMR (pyridine-d5)
data for the aglycone moiety, see Table 1; 1H and 13C NMR (pyri-
dine-d5) data for the sugar moieties, see Table 2; HRESIMS m/z
1047.5157 [MþNa]þ (calcd for C52H80O20Na, 1047.5135).

3.3.2. Homo-aro-cholest-5-ene-3b,26-diol (1a)
Amorphous solid; ½a�20D �31.8 (c 0.11, CHCl3); IR (KBr) nmax 3427,

2922, 1644, 1456, 1059 cm�1; 1H NMR (CDCl3, 600 MHz) dH: 5.40
(1H, br s, H-6), 1.03 (3H, s, CH3-18), 1.08 (3H, s, CH3-19), 2.29 (3H, s,
CH3-21), 1.02 (3H, d, J ¼ 6.7 Hz, CH3-27), 6.98(1H, d, J ¼ 7.4 Hz, H-
160), 6.92(1H, d, J ¼ 7.4 Hz, H-220); 13C NMR (CDCl3, 150 MHz) dC:
37.3 (C-1), 32.4 (C-2), 71.9 (C-3), 42.5 (C-4), 141.2 (C-5), 121.6 (C-6),
32.1 (C-7), 30.9 (C-8), 50.4 (C-9), 36.8 (C-10), 21.3 (C-11), 36.9 (C-
12), 47.2 (C-13), 57.6 (C-14), 31.8 (C-15), 140.8 (C-16), 151.7 (C-17),
16.5 (C-18), 19.5 (C-19), 131.3 (C-20), 14.7 (C-21), 139.4 (C-22), 31.2
(C-23), 34.7 (C-24), 36.2 (C-25), 68.4 (C-26), 16.8 (C-27), 122.6 (C-
160), 127.0 (C-220). HRESIMS m/z 445.3079 [MþNa]þ (calcd for
C29H42O2Na, 445.3077).

3.3.3. Ophiojaponin B (2)
White amorphous powder; ½a�20D �61.6 (c 0.06, MeOH); IR (KBr)

nmax 3429, 2932, 1633, 1035 cm�1; 1H and 13C NMR (pyridine-d5)
data for the aglycone moiety, see Table 1; 1H and 13C NMR (pyri-
dine-d5) data for the sugar moieties, see Table 2; HRESIMS m/z
931.4674 [MþNa]þ (calcd for C47H72O17Na, 931.4662).

3.3.4. Ophiojaponin C (3)
White amorphous powder; ½a�20D �40.7 (c 0.05, MeOH); IR (KBr)

nmax 3419, 2930, 1636, 1044 cm�1; 1H and 13C NMR (pyridine-d5)
data for the aglycone moiety, see Table 1; 1H and 13C NMR (pyri-
dine-d5) data for the sugar moieties, see Table 2; HRESIMS m/z
947.4623 [MþNa]þ (calcd for C47H72O18Na, 947.4611).

3.3.5. Ophiojaponin D (4)
White amorphous powder; ½a�20D �40.5 (c 0.07, MeOH); IR (KBr)

nmax 3412, 2931, 1641, 1043 cm�1; 1H and 13C NMR (pyridine-d5)
data for the aglycone moiety, see Table 1; 1H and 13C NMR (pyri-
dine-d5) data for the sugar moieties, see Table 2; HRESIMS m/z
923.4619 [MþNa]þ (calcd for C45H72O18Na, 923.4611).

3.3.6. Ophiojaponin E (5)
White amorphous powder; ½a�20D �34.8 (c 0.08, MeOH); IR (KBr)

nmax 3413, 2932, 1642, 1075 cm�1; 1H and 13C NMR (pyridine-d5)
data for the aglycone moiety, see Table 1; 1H and 13C NMR (pyri-
dine-d5) data for the sugar moieties, see Table 2; HRESIMS m/z
1069.5204 [MþNa]þ (calcd for C51H82O22Na, 1069.5190).

3.3.7. Ruscogenin 1-O-a-L-rhamnopyranosyl-(1 / 2)-4-O-sulfo-b-
D-fucopyranosido-3-O-b-D-glucopyranoside (8)

White amorphous powder; ½a�20D �64.6 (c 0.09, MeOH); IR (KBr)
nmax 3436, 2927, 1627, 1047 cm�1; 1H and 13C NMR (pyridine-d5)
data for the aglycone moiety, see Table 1; 1H and 13C NMR (pyri-
dine-d5) data for the sugar moieties, see Table 2; HRESIMS m/z
963.4260 [M�H]� (calcd for C45H71O20S, 963.4265) and m/z
965.4412 [MþH]þ (calcd for C45H73O20S, 965.4410).

3.4. Acid hydrolysis of the saponins and determination of absolute
configurations of sugar moieties

Compound 1 (21 mg) was dissolved in 1 M HCl in dioxane�H2O
, furostane and spirostane saponins from the tubers of Ophiopogon
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(1:1; 20 ml) and heated at 95 �C for 2 h under an Ar atmosphere.
The solutions were individually evaporated to remove dioxane and
extracted with CHCl3 (3� 10ml). The CHCl3 extract was purified by
chromatography on silica gel column eluted with CHCl3�(CH3)2CO
(50:1) to yield aglycone 1a (5 mg). The H2O layer was evaporated
under vacuum, diluted repeatedly with H2O, and evaporated in
vacuo to furnish a neutral residue. A portion of the residue (2 mg)
was dissolved in pyridine (0.5 ml) containing L-cysteine methyl
ester hydrochloride (2 mg) and heated at 60 �C for 1 h, phenyl-
isothiocyanate (2 ml) was then added, and the mixture was heated
at 60 �C for 1 h. The reaction mixture was directly analyzed by
reversed-phase HPLC (Tanaka et al., 2007) using a model LC-20AT
pump, a SPD-M20A photodiode array detector, and a SIL-20AHT
autosampler (Shimadzu, Japan). The column used was a
250 mm � 4.60 mm i.d., 5 mm, Ultimate ® C18 column (Welch ma-
terials, Inc., USA); mobile phase MeCNeH2O (25:75, v/v) containing
50 mM H3PO4; detection UV (250 nm); flow rate 0.8 ml/min; col-
umn temperature 35 �C. From the acid hydrolysate of 1, D-glucose,
L-rhamnose and D-xylose were identified by comparison of the
retention times of their derivatives with those of authentic sugars
(SigmaeAldrich) derivatized in the same way, which showed
retention times of 23.90, 17.52 and 28.30 min, respectively. The
constituent sugars of compounds 2e5 were identified by the same
method as 1, and D-glucose and L-rhamnose were detected in 2¡5.

3.5. Cytotoxicity assay

Cytotoxic activities of all isolated compounds against MG-63
(osteosarcoma) and SNU387 (hepatoma) cell lines (obtained from
the Shanghai Cell Bank, Chinese Academy of Sciences) were eval-
uated by using the MTT method (Mosmann, 1983). Briefly, test cells
were seeded in 96-well plates at a density of 5 � 103 cells per well
in the medium. After being cultivated at 37 �C for 24 h in a 5% CO2,
cells were treated with tested compounds at different concentra-
tions and incubated for 48 h. Then 100 ml of MTT solution (1 mg/ml)
was added to each well and incubated for 4 h, after this, 100 ml of
‘‘triplex solution’’ (10% SDS/5% iBuOH/12 mM HCl) was added into
each well, and the plate was allowed to stand overnight in the
incubator. Absorbance was recorded on a microplate reader at
490 nm. Cell viability (%) was measured and cell growth curve was
plotted. IC50 values were calculated by the Reed and Muench
method (Reed and Muench, 1938).
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